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Section I 

INTRODUCTION 

1-1. PURPOSE OF MANUAL 

This manual contains operation and maintenance instructions for the 

ASN-24 Computer and associated test equipment, designed and manu­

factured by Libra scope Division, General Precision, Inc., and is 

written to the level of field engineers and technicians who are skilled 

in the handling of digital computers. 

1-2. PURPOSE OF EQUIPMENT 

The ASN-24 Computer is a versatile, general-purpose, electronic 

digital computer which, by virtue of its non-fixed internally- stored pro­

gram, is easily adaptable for many commercial, scientific, and mili­

tary uses. In addition, the computer's small size and weight and its low 

power requirements make it well suited for application in compact 

systems. 

1-3. DESCRIPTION 

The computer occupies 0. 55 cubic feet of space, weighs 31 pounds in­

cluding its magnetic memory drum, and has a memory capacity of 2560 

words. An input-output unit, expressly designed for the specific com­

puter application, is used with the ASN -24. 

1-4. POWER REQUIREMENTS 

The computer requires the following DC power: 
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Voltages Watts 

+60 31. 7 

+35 22. 3 

+23 6. 1 

+20 . 7 

-8 2.0 

-2,0 17.4 

The computer also requires 30 watts of 115V AC, 400 cycles, 3 phase, 

assuming a power factor of 50 percent. A total of 110 watts of AC and 

DC power are required. 
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Section II 

PHYSICAL DESCRIPTION 

2-1. WEIGHT AND VOLUME 

The computer weighs 31 pounds and is 0. 55 cubic feet in volume. 

2-2. MAGNETIC MEMORY DRUM 

The magnetic memory drum has a 4-1/2-inch diameter, is 3-1/2 inches 

long, and is driven by a 400-cycle, three-phase, hysteretic synchronous 

motor at 6000 rpm. The drum surface has 1600 equidistant grooves 

along its full length. The grooves are filled with magnetic material to 

a depth of 0. 0015-inch. Sixty-three magnetic heads are mounted 0. 001 

inch from the surface of the drum. Each head can magnetize the ma­

terial in the grooves to a 0. 050-inch wide channel or track. The heads 

are spaced to provide for 47 separate channels (some have more than 

one monitoring head). Channels are subdivided into 25-bit words, 64 

words per channel. Two of.the main design features of the drum are: 

a. The bearings, housing, drum, and associated structure are de­

signed to ensure a change in read-record head-to-drum spacing of less 

than 0. 0001 inch in an airborne environment. 

b. The motor is de.signed as an integral part of the drum, produc­

ing a lighter and more compact assembly. 

2-3. READ-RECORD HEADS 

a. Size: case, 0. 4-in, diameter by 0. 75-in. long; core, 0. 3-in. long 

by 0. 25-in. wide with 0. 05-in. square cross-section. 

b. Material: case, aluminum; core, ferramic H. 
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c. Core gap: 0. 001 in. with silver shim filling gap. 

d. Turns: read, 600; write, 100 center tap. 

e. Shielding: 0. 04-in. thick Mu metal. 

f. Inductance: read, 16 millihenries; write, 0. 06 millihenries for 

half-head. 

The core is secured to the case as close to the gap as possible so that 

temperature variations will result in small absolute variations in drum 

surface-to-head spacing. The cores are mechanically mounted in the 

case and are entirely enclosed {except for pole pieces), thereby pre­

venting entrance of foreign particles. 

2-4. CIRCUIT CARDS 

The computer has 19 circuit cards. Nine are large, 9-1I2 X 6 in., and 

ten are small, 4 X 6 in. (see figure 2-1 ). Each large one has two 37-

pin connector sections; each small one has one 37-pin connector section. 

Listed below are each type of card and identification numbers. 

a. Five large flip-flop cards, numbers 1, 2, 3, 4, and 9. 

b. Two large write amplifier cards, numbers 5 and 6. 

c. Two large read amplifier cards, numbers 7 and 8. 

d. Four small flip-flop cards, numbers 15, 16, 17, and 19. 

e. Two small read amplifier cards, numbers 11 and 12. 

f. Two small head switching cards, numbers 10 and 18. 

g. One small emitter follower card, number 13. 

h. One small write amplifier and clock generator card, number 14. 
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~ l h D J I I 1 
-· 

CARD NO 19 (FLIP- FLOP) 
P19 

CARD NO 18(f<fAD !>£LEC. MATRIX) 
plli_ 

CARD NO 17 (FU{l_-J:LOP) 
DI 

CARD NO 16(FLI P- FLOP) 

CRL-M ASSEMBLY P16 

CARD NO 15 (FLIP-FLOP) 
Pl,2_ 

CARO NO ILl(CLOCK ~WRITE AMP) 
PILI 

C.ARD NO 13(EMITTER FOUOWER) 
Dl3 

CARD NO 12 &~D Ai"IP) 

CARD NOi i (READ AMP) 
Pll 

CARD NO 10 (HEAD SELE( MATRIX) 
PIO 

P95 CARD N09 (FllP-nOP) P9A 

Pee CARD N08(R£AD AMP) pe,. 

P7e CARD N07 (READ AMP) P7A 

P6e CARD N06 (WRITE AMP) PG,. 

P5e (ARD NOS (WRITE AMP) ps,. 

P4e CARD N04 (a1P->'LOP) P4,. 

P;)e (ADD N03 (FLIP-FLOP) p~A 

P2"' CARD NO 2 (FLIP- noP) P2A 

Pl"' CARD NO I (FLIP- FLOP) PIA 

BACK 

Figure 2-1. Computer Component Location 
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Section III 

ELECTRICAL DESCRIPTION 

3-1. GENERAL 

All electronic circuits in the computer are de signed to operate under 

severe environmental conditions and to tolerate large differences in 

individual component parameters and a wide variation in supply line 

voltage. 

3- 2. COMPONENTS 

3- 3. Resistors 

The resistors are 1/4-watt, carbon composition-type, have low dielec -

tric loss, high DC resistivity, and high thermal shock resistance. 

3-4. Semiconductors 

.The semiconductors in the ASN - 24 Computer are silicon transistors 

and diodes with high back resistance and low leakage characteristics 

at high temperatures. The higher collec~or voltage ratings of silicon 

transistors permit larger logic swings. This reduces the susceptibility 

of the computer to noise disturbance. 

3- 5. Magnetics 

The magnetic heads and flip-flop input transformers have ferrite cores. 

Although ferrites tend to change their magnetic characteristics over 

temperature extremes, the ferrite s in the ASN - 24 Computer have a 

comparatively flat permeability curve over the operating temperature 
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range and have a minimum decrease in saturation flux density with in­

creasing temperature. Silicon steels and permalloy, which hold their 

magnetic characteristics over a large temperature range, are used in 

some transformers. 

3-6. Capacitors 

Most of the capacitors are a solid tantalum type, have high dielectric 

and insulation strength, and have no derating of voltage over a large 

temperature range. The very small capacitors are the subminiature 

ceramic type. 

3-7. CLOCK AMPLIFIER 

a. Type: DC preamplifier, trigger- shaping stage, blocking oscilla­

tor' power stage. 

b. Transistors: three 2N337, preamplifier; one 2N337,blocking 

oscillator; one 2N699, power stage. 

c. Input: 300 millivolts minimum into 5000 ohms. 

d. Output: 1. 5 watts peak; 12-volt negative pulse and 5-volt positive 

pulse {read sync), each of 1 µsec duration; rise time, 0. 15 µsec; and 

fall time, 0. 4 µsec {fully loaded). 

e. PRF: 100 to 200 kc. 

f. Total power dissipation: 900 milliwatts. 

Because a pulse amplification-clipping technique is employed in the pre -

amplifier section, there is no change in phase shift, output relative to 

input, as a function of input amplitude, frequency, or temperature. 

Stabilization in the regenerative fe'edback circuit of the blocking oscil­

lator makes the pulse width indeperi.dent of temperature and transistor 

parameters. A DC gain of less than one provides a high degree of sta­

bility in the DC preamplifier. See figure 3-1. 
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3-8. FLIP-FLOPS 

a. Type: bi-stable Eccles-Jordan with output buffers and power gain 

stages. Logically a J-K type flip-flop (inherent cross-coupled feedback 

from the output of one side to the input of the other). 

b. Transistors: two 2N337, flip-flop; two 2N337, emitter follower 

buffers; and two 2N699, power gain stages. 

c. Input: clock pulse six volts minimum; 1 µsec duration and 5 

milliwatts; transformer-coupled. 

d. Output: 26 volts (+9 to +35 volts); 1 µsec rise time and 0. 5 µsec 

fall time; drive approximately 40 gates at 0. 55 ma/gate. 

e. PRF: 0 to 200 kc. 

f. Total power dissipation: 300 milliwatts (fully loaded). 

Co"llector saturation in all transistors is prevented by a technique which 

also compensates for transistors 1."ga:in variation. Compensation is pro­

vided for change in leakage currents. The lower level of output is reg­

ulated to ensure that an equal division of load current is supplied to a 

multiple input AND gate. See figure 3-2. 

3-9. DIODE GATES 

a. Type: AND-OR pyramid with a flip-flop input at apex. 

b. Diodes: HD6621. 

c. Input: +9 to +35 volts. 

d. Current transfer ratio: 0. 8 maximum. 

e. PRF: 300 kc maximum. 

f. Power dissipation: 28 milliwatts per AND-OR gate. 

The number of AND and OR inputs permitted in a single gate structure 

exceeds that required for instrumenting the logic. 
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3-10. EMITTER FOLLOWERS 

a. Type: standard. 

b. Transistors: one ZN,697 per emitter follower. 

c. Input! direct drive from the logic {+9 to +35 volts). 

d. Output: direct drive from the emitter {+9 to +35 volts) with logic 

pull-down resistor. 

e. PRF: 0 to 500 kc. 

Transistors are allowed to saturate as there is no minority carrier 

storage problem in this configuration. This permits minimum dissipa­

tion of power in transistors, maximum utilization of logic swing, and 

increased reliability due to reduction of components. See figure 3-3. 

3-11. WRITE AMPLIFIERS 

a. Type: push-pull pulse recording on milled tooth channels. For 

recording "one 11 or "zero" there is flip-flop type input, blocking oscil­

lator, intermediate power stage, power output stage. 

b. Transistors: two 2N699, blocking oscillators; two 2N341, inter­

mediate stages; two 2N389, output stages. 

c. Input: negative clock pulse, six volts minimum, 1 µsec duration, 

transformer - coupled. 

d. Output: 300 ma current pulse of 2. 5 µsec duration into 50-turn 

magnetic record head represents 15 ampere turns of magnetic field 

strength required from write head for recording; 0. 5 µsec rise time 

and 0. 7 µsec fall time. 

e. PRF: 100 to 180 kc. 

f. Total power dissipation: l watt. 

The input is logically a flip-flop input of set-reset type with additional 

capability of inhibiti~g recording of both 11one" and "zero". By clamp­

ing collector and/ or controlling emitter current, the transistors are 

not allowed to saturate. The pulse width, as determined by the blocking 
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oscillator, is independent of transistor parameters. The stability fac­

tor for transistors (dic/dic 0 ) is less than two in all stages. A current­

limiting feature in the output power stage prevents power runaway. See 

figure 3-4. 

3- 12. PREAMPLIFIERS 

a. Type: emitter follower. 

b. Transistors: one 2N495(PNP) each read head. 

c. Input: O. 5 volt peak-to-peak sinusoidal into lOK load. 

d. Output: 0. 5 volt peak-to-peak. 

e. Amplifier response: 100 to 250 kc. 

f. Total power dissipation: 10 milliwatts. 

The emitter follower preamplifiers are mounted close to each read 

head on the drum, permitting switching of heads and increased driving 

capabilities while reducing noise interference. See figure 3-5. 

3-13. HEAD-SWITCHING MATRIX 

a. Type: diode-gated. 

b. Transistors: included in preamplifiers. 

c. Input: Logic signals +9 to +35 volts. 

d. Output: head signal (0. 5 volt peak-to-peak). 

e. Amplifier response: 100 to 250 kc. 

£. Total power dissipation: 850 milliwatts. 

3-14. READ AMPLIFIERS (READ FLIP-FLOPS) 

a. Type: amplifier with modified flip-flop. 

b. Transistors: two 2N337 and to 2N697, amplifier; two 2N337, 

gating; four 2N337 and two 2N699, flip-flop. 
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c, Input: 300 millivolts minimum into 5000 ohms. 

d. Output: standard flip-flop. 

e. Amplifier response: 100 to 250 kc. 

f. Total power dissipation: 850 milliwatts. 

A DC gain of less than one in the amplifier provides a high degree of 

stability. Collector saturation is prevented in all stages. The signal is 

symmetrically clipped and shaped independently of changes in the opera­

ting point and parameters of the transistors. To eliminate noise and 

feedback through the power supply, collectors of transistors in the am­

plifier stages are decoupled. See figure 3-6. 

3-15. DRUM 

a. Type: milled; hysteretic synchronous motor, 400 cycles, 3 phase. 

b. Tracks: 4 7. 

c. Bits per track: 1600. 

d. Bit rate: 160 kc at 6000 rpm. 

e. Input: magnetic field from write head. 

f. Output: read by read head (non-destructive read-out). 

g. Total power dissipation: 30 watts AC (steady state). 
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Section IV 

THEORY OF OPERATION 

4-1. GENERAL 

The ASN-24 Computer performs arithmetic and logical operations called 

orders. These orders include such operations as add, subtract, multi­

ply, divide, extract, and conditional transfer. An order is a part of an 

iRstruction; other parts of an instruction define the address of the oper­

and on which the order is to be performed and the address of the next 

instruction to be performed. Instructions are sequentially arranged to 

form a program which enables the computer to solve mathematical oper­

ations of various complexities. A program, when internally stored on 

the computer's memory drum, governs over-all computer operation, 

whereas a system of internally-fixed logic and control patterns governs 

the method by which the computer performs each type of instructi9n. It 

is essentially the built-in logic and control system, and not a specific 

program, that is the concern of this section on theory of operation. 

Information stored in the computer is of two general types: control data 

and numerical data. Control data governs machine operation; numerical 

data is processed under specific control conditions. All information in 

the computer is represented by electrical pulses within the circuitry and 

by magnetic polarities on the memory drum. Two voltage levels, or 

magnetic polarities, are significant: a high voltage level (+35 volts) or 

magnetic polarization in the north direction represents the presence of 

a condition, or "l" state; a low voltage level(+ 9 volts) or magnetic po­

larization in the south direction represents the absence of a condition, 

or "0" state. Slight amplitude variations are meaningless. The signi­

ficance of the conditions thus represented is dependent on the point and 

time at which they occur. Thus, a high and low voltage, respectively, 

may signify at various points and times any of the following: the binary 
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digits 1 and 0 to some power of the base 2, the arithmetic signs - and +, 

or simply the presence or absence of some specific control condition. 

Information is stored magnetically over extended periods of time on an 

oxide-coated, rotating drum. During brief intervals, when information 

is being processed, it is stored in flip-flop circuits. 

4-2. BASIC LOGICAL ELEMENTS 

Any presentation of the theory of operation of the ASN-24 computer must 

employ logical equations and equivalent pictorial symbols to represent 

the electronic circuitry. Through use of these symbols, all unnecessary 

repetition of standard electronic details can be avoided. At the same time, 

all pertinent information can be presented concisely. The basic electronic 

elements are de scribed in section III. 

Although the basic electronic circuits used in the computer are relatively 

simple, the computer as a whole is a complex machine. This complexity 

arises from the fact that the computer is essentially an elaborate switch­

ing network with many switching configurations. A knowledge of configu­

rations which define the theory of operation is necessary for successful 

diagnosis of machine malfunctions. 

The symbology used to represent the basic elements is shown in figure 

4-1 and the logical functions of these elements are de scribed in the follow­

ing paragraphs. 

4-3. AND Gate 

An AND gate is a logical device whose output follows its lowest input level. 

When all inputs are high, the output is high. When any or all inp:its are 

low, the output is low. An AND gate is represented in row a of figure 4-1. 

4-4. OR Gate 

An OR gate is a logical device whose output follows its highest input level. 

When any or all inputs are high, the output is high. When all inputs are 

low, the output is low. An OR gate is represented in row b of figure 4-1. 
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4-5. Flip-Flop 

A flip-flop is a bi- stable device having complementary outputs. It is used 

as a temporary storage medium. The two states which a flip-flop may 

assume are referred to as its set and reset states. A flip-flop is in the 

set state (also called true or 1 state) when its non-barred output is high 

and its barred output is low; it is in the re set state (also called false or 0 

state) when its non-barred output is low and its barred output is high. A 

flip-flop sets, as shown in row c of figure 4-1, when its set input (desig­

nated by a non-barred lower case letter) is high, its barred output is high, 

and a clock pulse T occurs. Conversely, a flip-flop resets when its re-

set input (designated by a barred lower case letter) is high, its non-barred 

output is high, and a clock pulse T occurs. A flip-flop's cross-coupling and 

clock triggering logic terms are not represented symbolically in either the 

pictorials or the logic equations because this logic is internal to a flip-flop. 

Because of clock pulse triggering of flip-flops, a one-bit delay is created 

between the time a flip-flop changes state and the time its outputs have 

effect upon other flip-flops. 

4-6. Emitter Follower 

An emitter follower is a device whose output follows its input. There is 

no significant time delay between input and output signal levels. Emitter 

followers have no inherent logical function; they are used to provide power 

gain for heavily loaded signals. An emitter follower is shown in row d of 

figure 4-1. ~ 

4-7. Read Flip-Flop 

A read flip-flop (also called read amplifier) is a device which receives 

its input from an associated read head and generates two complementary 

outputs. When an associated read head senses a "1 11 on the drum, the 

read flip-flop produces a high A output and a low A output; when the read 

head senses a "0" on the drum, the read flip-flop produces a low A output 

and a high A O'.ltput. A read flip-flop is shown in row e of figure 4-1. 
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4-8. Write Amplifier 

A write amplifier is a device which receives complementary inputs from 

a flip-flop and generates high current pulses to an associated write head. 

When the write amplifier receives a high "a" input, a "l" is written on the 

drum; when it receives a high "a" input, a "0" is written on the drum. 

A write amplifier is shown in row f of figure 4-1. 

4-9. MEMORY SECTION 

The memory section is the major information storage medium in the com­

puter. It comprises the memory drum, its associated read/ record heads 

and their respective read flip-flops or write amplifiers, preamplifiers, 

and the head selecting matrix. 

4-10. Memory Drum 

The memory drum is a cylindrical, motor-driven unit which is rotated 

at a nominal speed of 100 revolutions per second. On the periphery of 

the drum and running parallel to its rotational axis are 1600 magnetic 

oxide-filled grooves. These grooves are evenly spaced around the drum. 

Encasing the drum is an aluminum shroud on which read/record heads are 

installed. A read/record head thus defines a particular line around the 

drum which intersects each of the 1600 grooves during one drum revolu­

tion. These 1600 bit paths are called tracks. A track may have one or 

more read/record heads, depending on its function. 

4-11. Read/Record Heads 

The read/record heads are similar; however, the function of each head 

is determined by its wiring to either a read flip-flop or to a write ampli­

fier. Each read/ record head is wired either to one or the other of these 

circuits, never to both. A read/ record head wired to a write amplifier 

continuously records information onto its associated track; a read/record 

head wired to a read flip-flop continuously reads information from its 
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associated track. A read/ record head wired to a read flip-flop will sub­

sequently be referred to as a read head; a read/record head wired to a 

write amplifier will be referred to as a write head. The process of 

writing information erases automatically any previously recorded infor­

mation. No sp·ecial erase process is necessary. 

4-12. Tracks 

The drum shroud contains 63 read/record heads which define 47 tracks 

on the memory drum. These tracks and their associated heads and 

read flip-flops or write amplifiers are shown in figure 4-2 and are de­

fined in the following paragraphs. 

4-13. Clock Track 

The clock track is prerecorded with each of its 1600 grooves polarized 

in the same direction. The clock track has one associated read head 

which feeds amplification and wave-shaping circuits located in the clock 

amplifier (see figure 4-2). The clock amplifier generates spiked pulses 

at a frequency of approximately 160 kilocycles (1600 pulses per drum 

revolution at 100 revolutions per second). These spiked pulses, called 

clock pulses, provide a 12-volt negative-going pulse, T, which is used 

to trigger all flip-flops in the computer with the exception of the read 

flip-flops which are triggered by a 5-volt positive-going pulse, T. The 

clock pulses are used to synchronize the computer circuitry with the 

memory drum. This synchronization is accomplished by triggering all 

flip-flops with clock pulses, thereby preventing change of state of flip­

flops during the intervals between clock pulses. Since the computer cir­

cuitry is synchronized from the memory drum, slight variations in the 

rotational speed of the drum cannot adversely affect computer operation. 

Setting and re setting of flip-flops is accomplished only at clock pulse 

time, as shown in row c of figure 4-1. 
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4-14. Sector Address Track 

The sector address track contains permanently-recorded control infor­

mation which is continuously read by the Sot read flip-flop via its as­

sociated· read head (see figure 4-2). The primary function of the sector 

address track is to define each of the 64 sectors of the main memory 

tracks to enable location of particular ,.,.,ords for computing purposes. A 

sector is a 25-bit, one-word, storage segment. The sector address track 

also provides synchronization pulses which are used to initially enter, and 

then maintain, the pulse time indicator in synchronism with the drum. In 

addition, the sector address track furnishes control codes used for set­

ting the input-output selection register and the sigmator program. 

The Sot signals occur at the following pulse times of each word: sector 

address codes occur at P 14 through P 9 time (sf:\) and are repeated at P 8 
through P 3 time (sa ); a "1 11 occurs at every P 15 time for synchroniza-

tion of the pulse time indicator; the inp'.lt-output selection register control 

codes occur at P 24 through P 20 time; and sigmator program information 

occurs at P 2 and P 1 time. For detailed explanation on locating the sector 

address of a word, refer to paragraphs 4-30 and 4-33; for pulse time indi­

cator synchronization, refer to paragraph 4-27; for input-output selec­

tion register control, refer to paragraph 4-31; and for sigmator program 

control, refer to paragraph 4-69. 

4-15. Main Memory 

Main memory comprises 40 tracks on the memory drum - 37 permanent 

storage tracks and 3 temporary storage tracks. Associated with main 

memory is the track selecting matrix and the time-shared, main memory 

read flip-flop, M The permanent storage tracks are described in para-
oy 

graph 4-16, the temporary storage tracks are de scribed in paragraph 4-1 7, 

and the head selecting matrix is described in paragraph 4-18. 

4-16. Permanent Storage Tracks. The permanent storage tracks com­

prise 37 of the 40 main memory tracks (see figure 4-2). These 37 tracks 

store the program which consists of both instruction and operand words. 
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Each track has one associated read head num.bered 0 through 27, 31, _Q_, 

_!_, ~· ~. ~ .!2• ~ and !1_. The outputs of all 37 read heads are routed 

to the head switching matrix which, under control signals from the track 

selection register, selects the track of a desired word, then passes the 

word to the commonly shared main memory read flip-flop, M The 
oy 

output of M may be routed to the instruction register, the order register, 
oy 

the- multiplicand-divisor register, and to the serial adder via flip-flop D 1. 
" ' 

These registers accept the M information under specified control condi-
oy 

tions. Normally, instruction words are routed to the instruction register. 

-Operand words are routed to the multiplicand-divisor register and the 

serial adder. 

4-17. Temporary Storage Tracks. The temporary storage tracks com-

p:r;,ise 3 of the 40 main memory tracks (see figure 4-2). These three tracks 

store data temporarily while it is still required in the computation. Nor­

mally, the data consists of intermediate solutions such as a sum or a 

product which is needed for larger scale problem solutions defined by the 

program, or to temporarily store input-output data. The three tracks have 

one read head each, numbered 28, 29, and 30 which are wired to the head 

switching matrix. Upon selection of a read head the respective signal 

passes to the M read flip-flop. Each track also has a write head and as-
oy 

sociated write amplifier. The write amplifiers, m , m , and m , 
ov ox oz 

receive information from the accum.ulator register under specified control 

conditions. The spacing of the write heads with relation to the read heads 

is such that a word written on m Xis available at M four word-times 
oz oy 

later, a word written on m is available at M 32 word times later, and 
oz oy 

a word written on m is available at M 60 word times later. 
ov oy 

Track M contains a second read head and associated read flip-flop. The 
ox 

output of the read flip-flop may be routed to the m write amplifier to per­
ox 

mit recirculation of the information, if required. The output of the M 
. ox 

read flip-flop is also routed to the error determining circuits where it is 

used for output operations, refer to paragraph 4-43. Separation between 

the read and write heads is equivalent to eight word times. This recir­

culation line, or loop, permits more rapid access to desired words con­

tained on the M track. 
ox 
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4-18. Head Selecting Matrix. The head selecting matrix is used to 

select any one of the 40 main memory tracks for read-out via read flip­

flop M • The head selecting matrix comprises 40 gating circuits, one oy 
for each main memory track. See figures B-16 and B-17. Each AND 

gate of the matrix has a unique gating code derived from various con­

figurations of the track selection register flip-flops (S 1 , s2 , s3 , s4 , S5) 

and the externally located relay s6 . Refer to paragraph 4-30 for particu­

lars on the track selection register. 

~ 

When a specific code is generated by the track selection register and the 

s6 relay, it is decoded by its associated gate in the matrix to electrically 

connect the de sired main memory read head via a preamplification stage 

to read flip-flop M • It may be noted that there is always an M output 
oy oy 

i.e. , M is always copying the contents of some main memory track. 
oy 

However, the computer circuits only accept M information at specific 
oy 

control times. 

4.19 Instruction Register 

The instruction register is a 25-bit recirculating register on the drum 

used for storing instruction words, see figure 4-2. The instruction 

register contains one write head and associated write amplifier i , and 
0 

one read head and associated read flip-flop I • The write and read heads 
0 

are spaced to provide a 25 bit delay to make the instruction word in the 

register available every word time. 

An instruction word is routed into the instruction register from main 

memory via the M read flip-flop during the instruction read-in phase. 
oy 

At this time recirculation of the register is blocked. During all other 

phases, except last word phase, the instruction recirculates. 

4.20 Accumulator Register 

The accumulator register is a 24-bit recirculating register used for storing 

operand words during computation, see figure 4-2. The accumulator 
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register contains one write head and one read head and their respective 

write amplifier a and read flip-flop A • Between the read flip-flop A 
0 0 0 

and write amplifier a is a serial adder which, in addition to other control 
0 

logic, controls information flow into the accumulator register. The serial 

adder is discussed in paragraph 4-40. 

The accumulator register normally receives operand words from main 

memory read flip-flop M via the serial adder. While the M operand 
oy oy 

is passing through the adder to the register, the operand stored in the 

register may be added or subtracted from it thus entering the sum or 

difference into the accumulator register. Other types of arithmetic oper­

ation may also be performed. At the time that the M operand is passing 
oy 

through the adder, recirculation of the accumulator may also be blocked 

to permit the accumulator register to simply copy M • The contents 
oy 

of the accumulator may only be altered during first word phase FW, 

additional words phase AW, or last word phase LW phase; during all 

other phases the contents of the accumulator is permitted to recirculate. 

The operand word in the accumulator register may be routed to any of the 

three working storage registers M , M , or M , or to I, long line 
ox oy oz 

Y , in addition to being recirculated in the accumulator. 
0 

4-21. Multiplicand-Divisor Register 

The multiplicand-divisor register is a 24-bit recirculating register used 

for storing the multiplicand during a multiplication order or the divisor 

during a divide order, see figure 4-2. The multiplicand-divisor register 

contains one write and one read head and their resepctive write amplifier 

d and read flip-flop D . 
0 0 

For detailed descriptions of how the multiplicand-divisor register is used 

refer to multiplication order, paragraph 4-6 7; divide order, paragraph 

4-68; and extract order, paragraph 4-63. 

4-22. Multiplier-Quotient Register 
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The multiplier-quotient register is a 24-bit recirculating register used 

for storing the multiplier during a multiplication order or the quotient 

during a division order, see figure 4-2. The multiplier-quotient 

register contains one write and one read head and their respective write 

amplifier r 0 and read flip-flop R 0 • 

For detailed descriptions of how the multiplier-quotient register is used 

refer to multiply order, paragraph 4-67; and divide order, pa'ragraph 4-68. 

4-23. Sigmator Long Line 

The sigmator long line is used as an integrand register in the sigmator 

section of the computer. The sigma tor long line contains one write head 

and associated write amplifier y 0 , and two read heads and their as­

sociated read flip-flops Y 01 and Y OZ" Head spacing provides an 8-word 

delay between input y 0 and output Y ol' and a 32-word delay between input 

y 0 and output Y 02 . 

Information may be received by input y 0 from the accumulator register A 0 

during FW of a normal store order (0 3 o2 0 1 SS s4 s3 S-2 S} or from the 

output of the sigmator two-input adder. Outputs Y ol or Y 02 may be trans­

ferred to the accumulator register during modified store orders 0 3 o2 o1 

·s-Ss4 s-3 s2 sl and 03 02 01 SS s4s3 52 sl, respectively. Output yo2 is 

also sent to the error determining circuits during output operations, refer 

to paragraph 4-43. 

4-24. Sigmator Short Line 

The sigmator short line is used as an increment accumulation register in 

the sigmator section of the computer. The sigmator short line contains 

one write head and associated write amplifier x 0 , and five read heads to 

provide increased availability of information. One read head is associated 

with read flip-flop X 01 and provide a word delay between x 0 and X 01 . The 

other four read heads (.6. l, .6. 2, .6. 3, and .6. T) time share read flip-flop X 02 . 

Head selection is accomplished by a head selecting matrix which is program 
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controlled via flip-flops W 1 and W 2 of the input-output selection register, 

refer to paragraph 4-31. Head spacing provides the following delays with 

respect to X01 : head t::.. l - 6 words, head t::..2 - 12 words plus 19 bits, head 

t::..3 - 16 words plus 13 bits, head t::..T - 29 words plus 5 bits. 

Incremental information is received by input x 0 from the output of the 

sigma tor one -increment adder-subtractor. Output X 01 is used as an input 

to the one-increment adder-subtracter, and output x02 is used as an input 

via the sigma tor two -input adder to the sigmator long line. 

4-25. CONTROL 

The major over -all control governing computer operation is the stored 

program on the memory drum. Important subsidiary controls which enable 

the computer to follow the program include ( 1) the pulse time indicator, 

(2) the phase sequencing control, (3) the order register, (4) the track 

selection register, and (5) the input-output selection register. 

The pulse time indicator enables designation of each pulse time of a com­

puter word to afford precise timing of all operations. The phase seqtienc­

ing control provides over -all sequential control of operations. During a 

particular phase, for example, only certain types of computer operation 

are permitted. When these operations are completed, another phase is 

entered thereby allowing other types of operation to be performed. The 

various phases normally follow one another in a limited number of fixed 

sequential patterns. The order, track selection, and input-output selec­

tion registers receive coded program information from the drum during 

specified control phases. The registers store the codes until phase control 

permits the codes to be sampled and acted upon. 

The order register stores the order part of an instruction word, the track 

selection register normally stores the code of a de sired track in main 

memory, and the input-output selection register normally stores the code 

of a desired converter in the input-output equipment. 
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The following paragraphs provide detailed descriptions of these controls 

which are essential to the general purpose section of the computer. Con­

trols peculiar to the sigmator section are separately discussed in para­

graph 4-69. 

4-26. Pulse Time Indicator 

The pulse time indicator consists of five flip-flops and their interconnecting 

logic. These flip-flops, T 1 through T 5 , are used to define each bit of a 

11 computer word". The configuration of the pulse time indicator changes 

at each clock time. One computer word is composed of 25 bits which are 

termed P 24 through P 0 . The P 24 bit occurs first, the P 0 bit last. Each 

of the pulse time indicator flip-flops has a distinct output. The output 

waveforms of these flip-flops and logical derivations of these outputs with 

respect to their pulse times are illustrated in figure 4-3. The pulse 

time indicator normally recycles every word time. The pulse time indi­

cator logical diagram, figure 4-4 illustrates the logic for the pulse time 

indicator together with its logical equations. 

4-27. Initial Synchronization. Synchronization of the pulse time indi-

cator is accomplished in less than two drum revolutions at computer start. 

This initial synchronization is accomplished by a 11 111 that is contained in 

all 64 words on the sector address track {S0 t) at pulse time 15 only. When 

the T flip-flops come on, they may or may not be defining the correct 

time. That is, the pulse time defined by the indicator may not be the 

same as the true pulse time at any read flip-flop. Whether or not the 

indicator is defining the correct pulse time, it will count down in a normal 

sequence until the P 15 pulse is defined. At this time the indicator will 

sample S 0 t. The condition of S 0 t determines whether the indicator con­

tinues in a normal manner, or precesses to the P 20 state. This operation 

is described in the following paragraphs. 

At P 15 time the pulse time indicator flip-flops assume the following 

states. 
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1 0 

In order to define P 14, the indicator flip-flops must assume the following 

new states. 

The T 3 and T 2 flip-flops do not require a change of state. However, the 

state of T 5 , T 4 , and T 1 must change. 

To change the state of T 4 , the following logic is required: t 4 = T 3 T 2 T 1 
+ P 0 . This equation is satisfied at P 15 time by the T 1, T 2 and T 3 flip­

flops. T 1 and T 2 are low, and T 3 is high; i.e., T 3 T 2 T 1. Therefore, 

T 4 changes state. 

To turn on T 1, the following logic is required: 

The state of the pulse time indicator flip-flops at P 15 allow only the T 5 T 4 

S 0 t portion of the OR gate to satisfy the equation. The T 1 flip-flop is now 

dependent on the condition of the sector address track (S 0 t). 

To turn on T 5 , the following logic is required: S0 t T 3 T 4 T 2 . The con­

dition of the pulse time indicator flip-flops indicator time P 15 is such that 

the T 3 T 4 T 2 portion of the OR circuit is satisfied. However, the T 5 flip­

flop is dependent on the condition of sot' 

The condition of Sat will now dictate the pulse time defined by the indicator. 

Where a 1 appears in all 64 words of S 0 t at indicator time P 15 , the T 1 and 

T 5 flip-flops will turn on and the indicator condition will be as follows: 
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The pulse time indicator is then defining P 14, and the normal count will 

continue. 

However, where a 0 appears in any word of the S0 t track at indicator time 

P 15, the T 1 and T 5 flip-flops will remain off and the condition of the pulse 

time indicator will be as follows: 

This condition defines the P 20 pulse time. The indicator will now count 

down from P 20 through P 15, where the condition of S0 t will again decide 

whether the pulse time indicator will continue the count in a normal manner 

or reset to P 20 and attempt to sync once more. 

The possibility of a "false sync 11 exists due to the fact that the data on the 

S 0 t track, except for P 15 time, is random with respect to the sync opera­

tion. This 11 false sync 11 condition is compensated for by the fact that every 

time P 15 is defined by the indicator, a 1 on the sector address track is 

required to continue the count. The true P 15 time is the only time that 

S will contain a 1 in all 64 words of the track every time it is defined. 
ot 

4-28. Sigma tor Program Delay. Another function of the pulse time indi-

cator is to delay part of the sigmator program from S t into the sigmator 
. 0 

control flip-flops. This is defined by the following logic: 

t5 = Sot T 2 T 1 T 3 

t 4 = Sot T 5 T 1 T 3. 

This function is described in paragraph 4-69. 

4-29. Order Register 

The order register is comprised of three flip-flops, 0 1, o2, and 03' which 

allow for eight basic orders. Thirty-two additional operations are pro­

vided by time sharing the output of the track selection register flip-flops, 
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s 1 through s5 , with a store order (Sr) to define unique kinds of store 

orders. This provides a total of 39 operations, of which, 38 are used to 

provide 13 different commands. Store order codes are listed in section 5 

of this manual. Listed below are the eight basic commands. 

01 02 03 ORDERS 

At 0 0 0 Clear and Add 

Ex 0 0 1 Extract 

Mu 0 1 0 Multiply 

Tc 0 1 1 Conditional Transfer 

Ad 1 0 0 Add 

Dv 1 0 1 Divide 

Su 1 1 0 Subtract 

Sr 1 1 1 Store (Normal) 

The order is read from the instruction in the main memory during the IR 

phase and is stored in the order flip-flops until the next order is read in 

except for certain modified store orders. The order is read in to o3 and 

shifted through to 0 2 and 0 1, so that the bit at P 2 ends up in 0 1, the bit at 

P 1 ends up in o2 , and the bit at P 0 remains in o3 . Figure 4-5 shows the 

wave forms of the order register flip-flops as the order is shifted through 

to its final configuration. The order from the main_memory (M0 ) is read 

in to the order register during the IR phase (K 1 K 2 K 3). The arrows indi­

cate where each bit is stored. The order illustrated by the figure is the 

divide order. 

Figure 4-5 illustrates the logic network for the order register. Logic for 

the order register flip-flops is listed below. 

01 = (K 1 K 2 R3 + L) o2 

01 = (K 1 K 2 K 3 + L) 02+0203KlK2S5PO 

02 = (K 1 K 2 R3 + L} o3 

02 = (K 1 K 2 R3 + L} o3 + R 3 



L 
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Figure 4-5. Order Register, Logic and Timing Diagram 
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o 3 = K 1 K 2 K 3 M 0 y + L E 3 

o 3 = K 1 K 2 R3 M 0 y + L :E 3 + R 3 

The logic for the order register flip-flops is contained in the computer 

with the exception of L, E3' and R 3 . The Fill Test Unit supplies L and 

E3' with L being the "fill test instruction fill control" which is normally 

low, and E 3 being the output of the "time-shared data hold and error 

detecting flip-flop". The external control provides R 3 which is the 

11 computer stop sequence control." This signal is also normally low. 

When R 3 is high, it sets the order register to 02 o3 (Add or Clear and 

Add). The equation o2 o3 R 1 R2 s5 P 0 resets 0 1 at P 0 of FW during 

transition to AW and when s5 is high; this changes the order from store 

to Conditional Transfer. 

4-30. Track Selection Register 

The primary purpose of the track selection register is to store main 

memory track address codes for selecting tracks in main memory. The 

stored codes are sampled in the head selecting matrix, and the desired 

track information is routed from the selected head via the time-shared 

M read flip-flop. During store orders the track selection register 
oy 

stores codes which designate specific store orders. Particular flip-flops 

of the track selection register are time shared in multiply and divide 

orders (see parts b and c of figure 4-6). During AW, flip-flop s5 is used 

for coincidence detection (see part d of figure 4-6). The track selection 

register comprises five flip-flops (S 1, s 2 , S3' s4 , and s 5) and associated 

logic. 

Track and store order codes are shifted into and stored in the track selec­

tion regi.ster from the instruction register I 0 during Wa , Wj3, and LW 

phases as shown in part a of figure 4-6. The outputs of the track selection 

register are wired to the head selecting matrix, but are only effectual 

during IR, FW, and LW phases; that is, during read-in times. 
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The coding of the main memory track addresses employs the natural 

binary number system with flip-flop 51 representing the least significant 

bit. For example, the code for head Z4 is s 1 Sz 53 s4 s 5 . Heads 4 

through 15 and ZO through 31 are fully coded by the track selection 

register independent of relay s 6 . Heads 0, 1, Z, 3, 16, 17, 18, and 

19 are coded by the natural binary number system of the track selection 

register plus the condition that s6 is high. Heads _9, .!_, -~-' 2_, ~' ..!2., 
_!i, and .!_2 are also coded by the natural binary number system of the 

track selection register but with 56 high. 

Track selection register information is interpreted as store order 

qualifier codes when the order register contains the store order code 

(0 1 Oz 0 3) during the FW phase or the Tc order code (01 Oz 0 3 ) during 

the AW phase. These codes which are without binary significance, 

are listed in section 5 of this manual. 

For detailed explanation on the use of flip-flops 51, Sz, s3, and s4 

during multiplication and division orders, refer to paragraphs 4-67 

and 4-68, respectively. For details on the use of flip-flop s 5 for co­

incidence detection during AW, refer to paragraphs 4-66, 4-67, and 

4-68. 

4-31. Input-Output Selection Register 

The input-output selection register is used to store program codes for 

one word time periods. These codes are used (1) to select analog-to­

digital converters in external control for input and output functions, (2) 

to select output information from M 0 x or Y 02 , or. 01 time word, (3) to 

select sigmator short line readheads t.l, t.Z, t.3, or t.T via the sigmator 

head selecting matrix and read flip-flop X02 , and (4) to control recircu­

lation of Mox· 

The input-output selection register comprises five flip-flops (W l• W z• 
W 3, W 4 , and W5) and their associated logic. As shown in figure 4-7, 

the input output selection register is filled during Pz4 through Pzo of 
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each word time by the programmed codes on the sector selection 

register S 0 t. Flip-flop W 5 is time shared with the sigmator [logic 

term F 3R4K 5K 6 W 1W 2 (P23 + Pzz>] for the purpose of allowing or 

deleting integrations. 

The input-output selection register codes are provided in table 4-1. 

Table 4-1 

!nput-Output Selection Register Codes 

W5 w4 W3 w2 wl Sigma tor Converter 
Head Output Address Other 

0 0 0 0 0 A 1 MOX 0 M (recirculates) ox 

0 0 0 0 1 A 2 Mox 1 M 0 x (recirculates} 

0 0 0 1 0 A 3 Mox 2 M 0 x (recirculates) 

0 0 0 1 1 A T Mox 3 M {recirculates} ox -
0 0 1 0 0 A 1 M 4 M 0 x (recirculates) 

ox 

0 0 1 0 l A 2 M 5 M 0 x (recirculates) 
ox 

0 0 1 1 0 A 3 M 6 M (recirculates) 
ox OX 

0 0 1 1 1 A T Mox 7 M 0 x (recirculates) 

0 1 0 0 0 A 1 Yoz 8 M 0 x (recirculates) 

0 1 0 0 1 A 2 Yoz 9 M o(recirculates) OX 

0 1 0 1 0 A 3 Yoz 10 M (recirculates) 
OX 

0 1 0 1 1 A T y 
o2 11 M (recirculates) ox 

0 1 1 0 0 A 1 Yoz 12 M 0 x (recirculates) 

0 1 1 0 1 A 2 Yoz 13 M 0 x (recirculates) 

0 1 1 1 0 A 3 Yoz 14 M 0 x (recirculates) 

x 1 1 1 1 AT 01 Time M 0 x (recirculates) 
Word 
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ws 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

x 

w4 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 
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w3 W2 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

Table 4-1 (continued) 

Input-Output Selection Register Codes 

w1 Sigmator Converter 
Head Output Address 

0 A 1 M 16 
OX 

1 !:::,. 2 Mox 17 

0 !:::,. 3 M 18 
OX 

1 A T Mox 19 

0 A 1 M 20 
OX 

1 !:::,. 2 Mox 21 

0 A 3 M 22 
OX 

1 !:::,. T Mox 23 

0 A 1 Yo2 24 

1 !:::,. 2 Yo2 25 

0 A 3 y 
o2· 

26 

1 !:::,. T y 
o2 

27 

0 !:::,. 1 Yo2 28 

1 !:::,. 2 y 
o2 

29 

0 A 3 Yo2 30 

1 !:::,. T 01 Time 
Word 

Phase Sequencing 

Other 

M 0 x(non recirculate) 

M (non recirculate) ox 

M 0 x(non recirculate) 

M 0 x(non recirculate) 

M 0 )non recirculate) 

M 0 x{non recirculate) 

M {non recirculate) ox 

M 0 x{non recirculate) 

M 0 x{recirculates) 

M 0 x(recirculates) 

M 0 x(recir culate s) 

M 0 x(recirculates) 

M 0 x{recirculates) 

M 0 x(recirculates) 

M 0 x{recirculate s) 

M 0 x(recirculate s) 

The phase sequencing control provides overall sequential control of 

operations. The various phases normally follow one another in a limited 

number of fixed sequential patterns as shown in figure 4-8. Each phase 

is individually discussed in paragraphs 4-33 through 4-39. 
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Wa IR W{J FW 
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START """' ... 
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AW LW SP 
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At 
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ORDER Ji. Sr(M) ....: - ?-----+ Mu_ -."] K2 .. K2 r--- K2 r--
Dv r ... ,... 

Sr(MJ (STOP) 

K3 K3 K3 

Figure 4-8. Phase Sequencing Diagram 
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4-33. Wait Alpha Phase (Wa) R1K 2R3 . During wait alpha phase, a 

search is made for the next instruction to be performed. The search 

consists of a comparison of the sector address portion (Sa) of the 

present instruction in the instruction register I 0 with the sector address 

track S 0 t. When I 0 equals Sot' control signals are generated which 

pass the computer into phase 2. 

The computer enters wait alpha phase when the K flip-flops are in the 

following states: K 1 = 0, K 2 = 1, and K 3 = 0 or, in logical terms, 

W = R 1 K 2R 3 . Wait alpha is entered from either phase wait beta, fir st 

word, or stop. When phase wait alpha ends, after an indefinite num­

ber of word times, the computer unconditionally enters the instruction 

read-in phase IR'. 

Detailed description of wait alpha phase is as follows: The Kc flip-flop 

is set at P 23 of each word time by R 1K 2T 5T 3 as shown in figure 4-9. 

During pulse times Ps through P 3 of each word time I0 /S 0 t sector 

address comparison is made. If any of the bits of I 0 and S 0 t are not 

identical, a high signal is passed by one of the comparator AND gates 

to emitter follower Fi· The high Fi output resets Kc thereb preventing 

K 1 from being set. Thus the computer is forced to remain in phase 1 

for another word time. This type of event is shown in the first word 

time illustrated in figure 4-9. 

During the word time that Io equals S 0 t in the P 8 through P 3 interval 

the comparator AND gates remain low. Thus Fi remains low and Kc 

cannot reset. At P 0 time, therefore, Kc is high to set K 1 at P 0 thus 

terminating wait alpha phase. This type event is shown in the second 

word time illustrated in figure 4-9. 

4-34. Instruction Read-In Phase (IR) K 1 K 2K 3 . The instruction read-

in phase is always one word time long and is the same for all orders. 

During the IR phase, a selected instruction word from main memory is 

read into the instruction register I0 and concurrently shifted into the 

order register via the M 0 y read flip-flop. See figure 4-10. The track 

address of the instruction word is defined by the track address register 

which received the track address code during the previous phase. 

4-28 



INSTRUCTION 
REGISTER 

SECTOR 
ADDRESS 

TRACK 

K2 ----- - ---

RFF 

s 
K 

R 

K2 

K3 s 

Po Kl 
c R 

--------------------------, r--, r-------------------------, r-., r------
10 L_j L_J L_J L_J 

r-, r - -, r ., r - -, r-, 
Sot ------------------------_J L_J L----------------------------_J L_j L_j L ____ _ 

-------------------------1 r----------------------------, r------
F1 L ______ _J L _______ _J 

------, 
Kc L ___ _ 

Figure 4-9. Wait Alpha, Logic and Timing Diagram 
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Figure 4-10. Instruction Read-In, Logic Diagram 
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The IR phase may be entered from the Wa, the W13, or the LW phase. 

The IR phase is normally ep.tered from Wa following sector coincidence; 

from W13 during a conditional transfer order when the sign of the ac­

cumulator is positive (refer to paragraph 4-64); and from LW 

at the completion of multiply, divide, and modified store orders (refer 

to paragraphs 4-67, 4-68, and 4-66, respectively). When the IR phase 

is completed, the computer normally proceeds to the Wl3 phase. An 

exception to this occurs when R 4 is held low causing the K1 flip-flop to 

remain high. This sends the computer into the stop phase (SP). 

The logic for the transition for IR to W13 is: 'k1 = P 0K 2R 3JR 4 , and 

k 3 = P 0K 1K 2. The signals J and R 4 are high during the run mode. 

4-35. Wait Beta Phase (W13) K 1K 2K 3 . During the wait beta phase, a 

search is made for the operand by comparing the 13 portion of the in-
s 

struction with the number in the sector address track (S 0 t ). When the 

numbers are the same (coincidence), the operand is contained in the next 

word of the track specified by the 13 track number (13t). After the Wl3 

phase, the K 2 flip-flop is reset and the first word phase (FW) is entered. 

The K 2 flip-flop is reset by the following logic: k 2 = J P 0R 1 K 3 (0 1 + 0'2 

+ o3 ) Kc. At coincidence (KcPo) goes from Wl3 to FW for all orders 

except conditional transfer (Tc). 

When the conditional transfer takes place, the W13 state goes to wait 

alpha (Wa) at P 24 of the fir st W13 word, if the contents of the accumulator 

are negative. That is, when a conditional transfer order exists and 

the sign of the accumulator contents is negative, the K 3 flip-flop is 

reset and w13 goes to Wa at P 24 . The K 3 flip-flop is reset by the fol­

lowing logic: k 3 = A 1P 24R 1o1o 2o3 . When A 0 is positive, the 13 address 

specifies the address of the next instruction instead of an operand. That 

is, when a Tc order exists and A 0 is positive, K 1 is set and K 3 is reset. 

At coincidence (KcPO) Wj3 goes to IR. The K 1 flip-flop is set by the fol­

lowing logic: k 1 = P 0K 2 (01 o 2o3) Kc, while the K 3 flip-flop is reset as 

follows: k 3 = P 0rR1 KzKc. 
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Another exception to the rule exists when the operation is a store order 

(Sr). During this condition the {3 address either specifies where the 

contents of the accumulator are to be stored in the main memory, or 

one of the several modified store commands. In either case the W{3 

phase goes on to FW at P 0 . 

4-36. First Word Phase (FW) K 1 K 2 (K 3 or K 3). The first word phase 

is one word time in duration. In this phase, the operation specified by 

the order code is begun. All clear and add (At), add (Ad), subtract (Su), 

extract (Ex), and normal store operations are completed in this phase. 

After completion of any of the operations listed above, the K 2 flip-flop 

is set by the following logic: k 2 = K 1P 0 J 01 0 3 + 0 1 o2s5 (S'"4 + S 3) 

+ o1o2 • This sends FW to Wa at P 0 . When the order specified is 

multiply (Mu), divide (Dv), or one of the modified store commands, K 1 

and K 3 are set thereby sending the FW phase to additional words (AW). 

The K 1 flip-flop is set by the following logic: k 1 = P 0K 2 0 1 o2 + 0 1 0 3 
(S 5 + s4s3) + o1o2o3 , while K 3 is set as follows: k 3 = P 0K 1R2 o1o3 

(S5 + S4S3 + 02) + Rl R})102 (Ao + P 0). 

4-37. Additional Words Phase (AW) K 1 K 2K 3 . In the additional words 

phase, multiplication and special operations of the modified store order 

are completed. All but the last step of the division problem is com­

pleted in this phase also. When coincidence occurs (S 5P 0 ) K 3 is reset 

and the computer goes from AW to LW. The K 3 flip-flop is reset by 

the following logic: k 3 = P 0JK1 R 2s5 . 

The last word (LW) phase is bypassed when the stop command is given 

in the form of a modified store order. That is o1 is reset by s5 at P 0 
of FW during transition to AW, and the logical equation (k2 = P 0K 1 o1 
o3s 4s3s2s1 ) sets the K 2 flip-flop sending the computer into the stop 

phase (SP). 

4-38. Last Word Phase (LW) K 1 R2K 3 . In this phase division is 

completed and the quotient is transferred between registers. The LW 

phase lasts for one word time. The K 2 flip-flop is set at P 0 of LW by 

the following logic: k 2 = P 0K 1 K 3 . This action returns the computer to 

the IR phase. The LW phase is entered from the AW phase. 
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4-39. Stop Phase (SP) K 1 K 2Ky In this phase only the sigmator con-

tinues to compute and if the control switch is in the off position, elec­

trical power is removed from the computer. 

The stop phase is entered into from the AW phase (paragraph 4-39) or 

the IR phase (paragraphs 4-57 and 4-58. After the stop phase two types 

of starts may be used. The normal start sequence where the computer 

enters the W13 phase by resetting the K 1 flip-flop, or the fill test start 

in which K1 and K3 are reset. For the normal start sequence K 1 is 

reset by the following logic: 'k1 = S 0 tP18R 1. A control sequence relay 

provides R 1 and S 0 tP18 is a normal program start. For the fill test 

start, K 1 is reset by the following logic: k1 = JP0K 2R 4 F; K 3 is reset 

by the following logic: k3 = P 0JK 1KzMdF. Signal Fis a fill-test start 

signal, R 4 is provided by a control sequence relay, and Md is the 

signal designating Wa time from the fill-test unit. 

4-40. Serial Adder 

The serial adder and its carry control flip-flop performs three basic 

operations. These operations are: 

Add 

Normal Subtract 

Abnormal Subtract 

A1 + D1 = ao 

A1 - D1 = ao 

D1 - Al = ao 

Normal subtraction is used in the multiplication and division orders 

and is accomplished during the AW phase. Abnormal subtraction is 

used for subtraction during the FW phase. The state of the carry con­

trol flip-flop (Kc) determines whether Ca is to operate with carry logic 

(addition) or borrow logic {subtraction). When the carry control flip­

flop is low (Kc), Ca operates with carry logic, and an add operation 

takes place. When Kc is high, Ca operates with borrow logic and a 

subtraction operation takes place. The carry control flip-flop is set 

to its proper state at Po of the Wl3 phase prior to FW. 
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The operation of the serial adder is determined by the applied logic. 

Figure 4-11 illustrates the logic circuitry for the serial adder. The 

logic for the add operation is divided into three steps. These steps 

are: 

1. ca= RcA1D1Pz4 

ca= RcA.l D1 + Pz4 

2. fa=CaAl+CaAlFb 

fa= CaAl + CaAl Fb 

3. ao = Ef (F aDl + F aD1) 

ao = Ef (Fa D1 + F aD1) 

In step 1 the carry flip-flop (Ca) output is determined. The carry con­

trol flip-flop (Kc} is low for the add operation by the following logic: 

kc = K1K 2o2P 0 • The states of the A 1 and D1 flip-flops are determined 

by the Ao read flip-flop and the M 0 y read flip-flop respectively. The 

A 1 flip-flop copies A 0 during FW while the D1 flip-flop copies M 0 Y' 

In step 2 the output of the A 1 flip-flop and the carry flip-flop are used 

to control the Fa and Fa emitter followers. When the outputs of A1 

and Ca are not of the same state, the Fa output is high. When the 

outputs of A1 and Ca are both high or both low, the output of the Fa 

emitter followe! is high. Whenever the Ca output is employed with 

the A 1 or A 1 output to control the Fa or Fa emitter followers, the F b 

output of the normal serial adder qualifier emitter follower is added 

to the input logic. 

In step 3 the signal Ef is normally high. The outputs Fa or Fa and 

D 1 or 151 provide input logic for the A 0 write amplifier. When D 1 and 

Fa are unlike, ao is high. When D 1 and Fa are alike, a 0 is produced. 

The contents of the accumulator (A 0 ) and the number contained in the 

main memory (M0 y) are added together during FW and stored in the 

A 0 register. Addition is performed as follows: 
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Figure 4-11. Serial Adder, Logic Diagram 
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Pz3 
LSD 

Ca O 1 0 0 1 1 1 1 1 

A1 1 0 1 1 1 0 1 0 

D1 1 0 0 1 0 1 1 1 

fa 11.1101 0 1 

ao 0 1 1 0 0 0 1 0 

The normal subtraction {A 1 -D1 = a 0) which is used in the multiplication 

and division orders require much the same logic as the addition opera­

tion. Steps 2 and 3 of the add logic are used in both of the subtraction 

operations of the serial adder. However, the first step is changed 

somewhat in that ca= KcA 1D 1P24 {K 1 +0 1), and ca= KcA 1D1 {K1+o1) 

+ P 24 . Normal subtraction is performed in the following manner: 

Pz3 

LSD 

Ca O O O 1 0 0 O O 

A1 1 1 O 1 1 1 0 1 

D 1 0 1 1 0 1 0 0 1 

fall001101 

aol0100100 

The abnormal subtraction (D1 - Ai = a 0 ) employs the same logic for 

steps 2 and 3 as does the add and normal subtract operations of the 

serial adder. In the fir st step of this operation the logic is: ca = 

K 1K 2KcA1D101P24, and ca= K 1R2Kc0 1A 1D 1 + P 24 . Abnormal sub­

traction is performed in the following manner: 

Pz3 
LSD 

Ca 0 O O 1 1 1 O 0 0 

D1 1 0 0 1 0 1 1 1 

A 1 1 0 1 1 1 0 1 0 

f a 1 0 1 0 0 1 1 0 

ao 0 0 1 1 0 0 0 1 
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In both normal and abnormal subtraction when the minuend is zero and 

the subtrahend is one, the carry is set high. Where the minuend is 

one and the subtrahend is zero, the carry is reset. Where both num­

bers are alike, the carry remains in its previous state. 

4-41. INPUT-OUTPUT OPERATIONS 

Converter scan flip-flop Mn receives brush signals from externally 

located analog-to-digital converters as selected by input-output selec­

tion register codes. Refer to paragraph 4-31. When a particular 

converter is selected, a +35V DC signal is passed to the converter to 

sample its binary-coded discs through the agency of associated brushes. 

Brushes which are in contact with conductive segments of the code 

discs pass the 35 volt signal to the scan matrix to produce a parallel 

binary representation of the shaft value of the converter. The serial 

scan matrix samples this parallel binary representation which is then 

copied by flip-flop Mn. 

During input operations the output of Mn is transferred to the accumu­

lator register via flip-flop Al· During output operations, the output 

of Mn is sent to the error determining circuits which compare Mn with 

either the general purpose output M 0 x or the sigmator output Y 02 • 

Difference or error signals are generated by the error determining 

circuits and are used to drive the converter shaft in a direction to 

reduce the error; that is, to make the converter value approach the 

value of M 0 x or Y 02 • The error signals control converter shaft 

positions by means of a servo amplifier, servomotor, and gear train 

associated with the converter. 

4-42. Scan Matrix 

In the scanning process, flip-flop Mn is initially reset at Po time, as 

shown in part a of figure 4-12. It remains reset until the occurrence 

of 1, the first high starred brush signal (the first one possible occurs 

at P16 time if B':'lS• the least significant bit, is high). When Mn is 
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A. SERIAL SCAN MATRIX 

F 
u 

.------. w4 

l--w_4-+--• W4 HIGH COMPARES Mn WITH Mox 
....._ _ ___. LOGIC IS SIMILAR TO THAT SHOWN FOR Y02 

B. ERROR DETERMINING CIRCUITS 

NOTES: 

TO ACCUMULATOR REGISTER 
VIA A1 DURING INPUT 
TO ERROR DETERMINING 
CIRCUITS (SHOWN BELOW) 
DURING OUTPUT 

I. BRUSH SIGNALS B~5 -B; 'Bl4 -Bo 

FROM CONVERTERS AS SELECTED BY 
INPUT OUTPUT SELECTION REGISTER 

2. PULSE TIMES ARE SHOWN IN 
ABBREVIATED FORM FOR CLARITY. SEE 
FIG. 4-4 FOR ACTUAL LOGIC 

f 0 =I =ERROR 

F0 = 0 = NO ERROR 

F p =I= NEGATIVE ERROR 

F P = 0 = POSITIVE ERROR 

F0 = I= POSITIVE ERROR 

F0 = 0 =NEGATIVE ERROR 

Figure 4-12. Input and Output Operations, Logic Diagram 



set, the next high unstarred brush signal (0) will reset Mn· The scan­

ning process continues in this manner until the sign digit is sampled at 

P 1time. The one-bit delay of the Mn flip-flop brings the converter 

number into correspondence timewise with other computer data; that is, 

the sign bit occurs at P 0 time. 

4-43. Error Determining Circuits 

During output operations the shaft value of a converter as represented by 

Mn is compared with the desired output value of either M 0 x or Y o2· When 

Mn :I M 0 x or Y 0 z, error determining output signals F 0 , F P' and F n in­

dicate the error and its direction (either positive or negative) which are 

used to drive the converter shaft in the direction which are used to drive 

the converter shaft in the direction which reduces the error. When Mn = 
M 0 x or Y 0 z, the equality, or no-error condition, is indicated by F 0 , F P' 

and F n and the position of the converter shaft is not altered. 

Flip-flops Cc and Cn (see part b of figure 4-12) are initially reset by the 

P 24 pulse and remain reset until the comparison of Mn with M 0 x or Y 02 

begins at Pi 5 or later. Throughout the remaining discussion Y 0 z will 

be used as an example; however whatever is said of Y 0 z applies equally 

to Mox· Flip-flop Cc is used to store a difference in numerical value 

of Mn and Y 0z. During any bit time should a difference exist, emitter 

follower Fu will go high and set Cc. Flip-flop Cc would then remain set 

for the remainder of the word time. If there is no numerical difference 

between Mn and Y 0 z, Fu will not go high and Cc will be in its re set con­

dition at Po time.when it is sampled by the error emitter follower F 0 • 

The Fu signal bypasses Cc to skirt the one-bit delay of the flip-flop, so 

that the signs of Mn and Y o2 may also be sampled at P 0 time. If any 

difference (either numerical or sign) exists between Mn and Y 0 z, "F 0 will 

go high at Po time to indicate an error. If no difference exists, F 0 will 

be low at Po time to indicate no-error. 

While Mn and Y 0z are being compared to detect a difference by Fu• Cc, 

and F 0 logic, the en logic is comparing the magnitudes of the two 
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numerical values. Flip-flop Cn is set whenever Mn > Y 0 z, and reset 

whenever Mn < Y o2· Therefore, at Po time the output of Cn will be 

set if the numerical value of Mn > Y 0 z, or reset if the numerical value 

of Mn< Y o2· The outputs of Cn are compared at Po time with Fu 

(unlike signs} and Fu (like signs) to control output emitter followers 

Fp and Fn. 

If Cn is high at P 0 indicating that Mn > Y o2 numerically, and Fu is also 

high indicating like signs, then Cn Fu makes F p high at Po to indicate 

a negative error whjch is used to reduce the shaft value of the converter. 

If Fu is high (unlike signs}, then Cn Fu makes F n high at Po to indicate 

a positive error which is used to increase the shaft value of the con-

,verter. Similar type logic, as shown in part b of figure 4-12, accounts 

for the cases in which en is high. 

In the event that Mn = Y o2• Fu will remain low throughout the word 

time, while Fu will be high. Flip-flops Cc and Cn will remain reset. 

F 0 will be low at Po time to indicate no-error, since both Fu and Cc 

are low; Cn and Fu both high will make F n high to indicate a positive 

error; but high Cc will make F p high to indicate a positive error. The 

negative and positive error indications cancel each other. 

Truth table 4-2 indicates all possible configurations of the error de­

termining circuits at Po time. 
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Table 4-2 

Error Determining Truth Table 

FUPO 0 0 1 1 0 1 1 0 

CNPO 0 0 1 0 1 0 1 1 

Cc Po 0 1 1 1 1 0 0 0 

Zero Pos. Error Neg. Error Never Occurs 

MN= M OX MN< MOX MN> MOX 

+ Yoz +Yoz + Yoz 

FP 1 0 1 

Fo 0 1 1 

FN 1 1 0 

Turn Disc Turn Disc 

c.c.w. c.w. 
As viewed As viewed 

from Brush from Brush 

Block end of Block end of 

Converter Converter 

4-44. STAR TING SEQUENCE 

The computer is turned on and off through the agency of associated input­

output equipment w:hich is generally referred to in this manual as external 

control. When the computer is turned on (or off), power is sequentially 

applied (or removed) and definite patterns of logic control imposed. 

During normal computer operation the computer may be internally con­

trolled by means of its program to cease computations and enter an 
-

idling phase. The idling phase may also be automatically terminated 

and computations resumed at predetermined time intervals. External 

and internal control methods are individually described in the following 

paragraphs. 
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4-45. External Control 

Primary control of the starting sequence is effected by an OFF I 
STANDBY /RUN switch associated with external control. When this 

switch is set from OFF to STANDBY, power is sequentially applied to 

the computer, as shown in figure 4-13, to energize the drum motor 

(about 40 seconds for full speed) and all circuits except certain write 

amplifiers. 

Signal R3 is set high in external control to set phase flip-flops K 1, K 2, 

and K3 (stop phase), to reset order register flip-flops Oz and o 3 

(Ad or At order), and to enter all "l's" into the instruction register 10 . 

When the external control switch is set from STANDBY to RUN, signal 

R 4 is set high; then R1 is set high and R3 reset. The high R4 signal 

ensures that the computer will not go from IR to SP phase by resetting 

K1 with the term K2K3JR4Po. The high R 1 signal gates the solitary 

S 0 t pulse occurring atP 18 of word 1 (this is the only P 18 pulse on S 0 t) 

to reset flip-flop Ki (kl= S 0 tR1T5T4T2T1) which puts the computer in 

the wait beta phase. With the computer out of the stop phase, driver 

No. 4 signal goes low causing the reset of R 1 . The reset of R3 (R3 high) 

causes application of power (+ 35V DC) to the write amplifrers listed 

in the previous paragraph. Note that the pulse time indicator is syn­

chronized with drum time previous to the setting of R 1 (refer to para­

graph 4-27 for details). 

During the wait beta phase a search is made for the fictitious operand 

(address: track 11111, sector 111111). When sector coincidence occurs, 

the computer enters the fir st word phase in which the fictitious operand 

is routed into the accumulator under control of the Ad or At order. 

From the fir st word phase the computer enters the wait alpha phase 

and a search is made for the instruction, the address of which is iden­

tical to that of the operand noted above. This address must contain the 

first programmed instruction, and must contain an order which will 

clear the accumulator of its meaningless data. Thereafter the computer 

operates normally under program control. 
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NOTE 
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F NORMALLY LOW 

208V. 400~.-sv DC. 
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OFF---.!•!'"•~- STANDBY -------j----- RUN ·----·-'+----- STANDBY -----'+---OFF 

..,__ NORMAL PHASE SEQUENCING --

,...___ NORMAL PROGRAMMED INSTRUCTIONS --+ ------ --------------

Figure 4-13. External Control, Logic and Timing Diagram 



When the external control switch is set from RUN to STANDBY, R 4 

goes low. The low state of R4 causes the computer to go to stop at 

the end of the next instruction read-in phase. The stop phase signal 

(K 1 KzK3) sends a high driver No. 4 signal to external control which 

causes power to be removed in the inverse sequence from which it 

was applied. 

4-46. Internal Control 

Under internal or program control the computer may be instructed 

to enter an idling period, ceasing all normal computation. In the 

idling period all power is removed except for idling power which is 

used to maintain flip-flops V 1 through V 6· c 4 , C 5, Ts• and associated 

circuits in operation. When entering the idling phase the above noted 

flip-flops are logically controlled to form a shift register permitting 

a computed or predetermined mn:nber from the accumulator to be 

shifted into and stored in these flip-flops. After the number is stored, 

the flip-flops are altered through logical control to form a count-down 

register. The output from a real time generator in external control 

is used as input to the count-down register. Each input pulse reduces 

the binary count of the register by one. When the register reaches its 

next to the last count {000000001}, the output configuration is decoded 
I 

to generate a signal to initiate the starting sequence. On the last count 

(000000000) a second signal is decoded which generates another signal. 

This second signal continues the starting sequence to return the com­

puter to normal operation. 

The duration of the idling period is a function of the real time generator's 

frequency and the number transferred to the count-down register from 

the accumulator. This number may, of course, be either predetermined 

or computed, and may be varied for idling periods of different desired 

durations. 

Two modified store orders and a special code to set an externally lo­

cated H flip-flop are required to idle the computer and initiate count­

down. It is assumed in the following description that the desired 
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number to be counted down is in the accumulator and that the H flip-

flop is set. The logic pertinent to the operation is shown in figure 4-14; 

a timing diagram appears in figure 4-15. The following paragraphs 

describe events in a phase by phase sequence. 

4-4 7.. Instruction Read-In (IR) K 1 Kz R 3 . Instruction is read into 

instruction register I0 and order (111) is shifted into order register 

01 Oz0 3• At Po time, K3 is set and K1 is reset. 

k3 = K1 Kz Po 

k1 = Kz R3 R4 J Po 

4-48. Wait Beta {W(3) R 1 K 2 K3. Track beta {T~} portion of instruc-

tion is shifted into track selection register by high F s gating signal. 

The code is 5 5 54 5 3 5 2 5 l · When sector coincidence occurs, Kc is 

high at Po to reset K 2 and K 3 . 

4-49. 

f s = R 1 K 2 K 3 T 5 (T 3 + T 2) 

kz = R1 K3 Kc J 01 Po 

k3 = R 1 Kz Kc J Po 

Fir st Word (FW) R 1 R 2 . At P 0 , flip-flop 01 of the order 

register is re set by 5 5 and K 1 and K3 are set. 

0 1 = Kl K2 °2 o3 55 Po 

k 1 = K2 0 1 0 3 5 5 P 0 

k 3 = K 1 K"2 O 1 O 3 55 P 0 

4-50. Additional Words {AW) K1 Kz K3. The order register contains 

the conditional transfer order 0 1 o2 03. The AW-Tc code (K1 R2 K 3 

01 o3) causes emitter follower F g to become high throughout the entire 

phase. The high F g signal in conjunction with the high H signal and 

the code 54 5 3 52 5 1 makes emitter follower Fm high. The high Fm 

signal forms flip-flops V 1 through V 6• c 4 , C 5 , and Ts into a shift 

register and gates the contents of the accumulator into this register. 

At Po of the present word sector coincidence occurs, and K3 is reset. 
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Figure 4-14. Internal Idling Control, Logic Diagram 



4-Sl. 

fg = Kl K 2 K3 o1 Oz 03 

fm= F g H S" 4 5 3 5 2 5 1 

k3 = K 1 R2 5 5 J Po (Flip-flop 5 5 is reset 

during P 8 through P 3 if 

sector coincidence does 

not occur.) 

Last Word (LW) K 1 R 2 K 3 . During P 24 through P 20 (Ta) 

the track address of the next instruction is shifted into the track 

selection register. Emitter follower Fm is made high to form the V 1 

through V 6• c 4 , Cs• and Ts flip-flops into a count-down register. 

These flip-flops remain as a count-down register until the idling period 

is completed. Actual count-down begins with the first real-time pulse 

received. At Po time, K 2 is set. 

4-SZ. 

fs = K 1 R 2 R 3 Ts 1'4 (1' 3 + Tz) 

k2 =Ki K3 Po 

Instruction Read-In (IR) K1 K 2 K 3• The ne.xt instruction is 

read into the instruction register I0 • The sector address of the in­

struction is determined by the timing of the program since there is no 

wait alpha phase. The order, which is another store order, is shifted 

into the order register. Ki is reset and K3 set at P 0 . 

4-S3. Wait Beta (Wl3) Ki Kz K3. The modified store order code is 

shifted into the track selection register by the high F s gating signal. 

The code is Ss 54 S3 5 2 5 1 . When sector coincidence occurs, Kc is 

high at Po to reset K 2 and K 3 . 

4-S4. 

f s = R1 K2 K3 Ts (T3 + Tz) 

kz = R1 K3 Kc J 01 Po 

k3 = Rl K2 Kc J Po 

First Word (FW) R 1 R 2 . At Po flip-flop 01 of the order regis-

ter is reset by 5s, and K1 and K3 are set. 
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Figure 4-15. Internal Idling Control, Timing Diagram 
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0 l = K1 Kz Oz 03 s 5 Po 

k1 = Kz 01 03 S5 Po 

k3 = R1 Rz 01 03 S5 Po 

4-55. Additional Words (AW) Ki Kz K3. The order register contains 

the conditional transfer order 01 Oz o 3 . The AW-Tc code (K1 Rz K3 01 o3 ) 

causes emitter follower Fg to become high for the entire phase. The 

high F g signal in conjunction with the high H signal and the code S4 53 

Sz 5 1 generates a high driver No. 3 signal to external control to make 

R 4 low. At Po of the present word, sector coincidence is programmed 

to occur, and K3 is reset. 

4-56. 

fg = K 1 K z K 3 0 1 0 z 0 3 

k3 = K1 Rz S5 J Po 

Last Word (LW) K1 Kz R3. During Pz4 through Pzo (Ta) the 

track address of the next instruction is shifted into the track selection 
~ 

register by a high F s signal. At Po time Kz is set. 

f s = K1 Kz K3 T5 T4 (T3 + Tz) 

kz = K1 R3 Po 

4-57. Instruction Read-In (IR) K1 Kz R3. At Po time K3 is set, but 

the low R4 signal from external control inhibits the resetting of Kl· The 

computer therefore enters the stop phase (K1 Kz K3}. 

k3 = K1 Kz Po 

k1 = Kz R 3 J R 4 Po (R4 is low at this time) 

4-58. Stop (SP) K 1 Kz K 3• The stop phase code generates a high 

driver No. 4 signal to external control where R 3 is set high to remove 

write amplifier power, then drum and circuit power. Idling power 

remains on. 

4-59. Idling Period and Idle to Run. The idling period continues 

until the count-down register reaches the next to the last count 

(000000001 }, at which time F r8 (driver No. l) is made high, which in 
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turn causes the power sequence to start, and sets R3 and R4 in external 

control. The high R3 signal sets flip-flops K1 Kz K3 Oz 03 and causes 

"l's" to be written in the instruction register as described in the de­

scription of external control. When the count-down register reaches 

the last count (000000000), F r 4 (driver No. 2) is made high which 

causes the reset of the H flip-flop, the reset of R3 which applies write 

amplifier power, and the setting of R 1 which yields the start signal. 

The occurrence of the P 18 pulse on Sot re sets R 1 and begins normal 

computations as described under external control. 

4-60. CLEAR AND ADD ORDER (At) 01 Oz 03 

The clear and add order routes the selected operand word from main 

memory to the accumulator register while destroying the previous 

contents of the accumulator. 

The clear and add instruction is located during the wait alpha Wa 

phase, R1 K 2 R 3 . It is routed from main memory into the instruction 

register with the order being stored in the order register during the 

instruction read-in IR phase, K1 Kz K 3 . During the wait beta W~ 

phase, R1 Kz K3, the operand is located in main memory and the Kc 

flip-flop is re set at Po by the high 0 3 of the order register. 

During the first word FW phase, R1 Kz R 3, flip-flops Ca and A1 are 

reset at Pz4 time, see figure 4-16, and remain reset for the entire 

word time. Therefore, the "anded" expression A.1 CA F g maintains 

a high emitter follower Fa output which gates the outputs of flip-flop 

D1 to write amplifier ao. Signals Ef and Fb are normally high. On 

the AND gates controlling write amplifier ao, therefore, the D1 out­

puts are the only varying signals and have full control of the gates. 

Since Di simply copies the word from Moy• ao, in turn, simply copies 

D1. At the end of one word time the operation is complete, and Kz is 
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set to put the computer in the wait alpha phase with the new word 

normally recirculating in the accumulator register. 

4-61. ADD ORDER (Ad} 01 Oz 03 

In the add order, figure 4-17, a sum is formed of the number contained 

in the accumulator (Ao) and the operand from main memory (M0 y). 

The contents of the accumulator is added to the number specified by 

the 13 address of the instruction. Addition is begun and completed in 

one word time during the FW phase. The final sum is stored in the 

Ao register. 

The logic for the serial adder is the same for both addition and sub­

traction with the exception of the input logic carry flip-flop (Ca). The 

output of the carry control flip-flop, Kc, determines the operation of 

Ca. When Kc= 0, Ca operates with carry logic and the add operation 

takes place. Conversely, when Kc = 1, Ca operates with borrow logic 

and a subtraction operation takes place. The Kc flip-flop assumes its 

proper state at Pz4 of the FW phase. 

In the FW phase A1 and D1 copy the Ao and M 0 y registers respectively. 

Due to the ,one bit delay of the A1 and D1 flip-flops, the L. S. D. infor­

mation which appears at Ao and M 0 y at Pz4 time will appear in the 

adder and the L. S. D. of the sum will be written on Ao at Pz3 time. 

The logic for the add order is: 

a 1 =Ao R1 o 1 Fj G 

a1 =Ao R 1 01 Fj G 

d1 = ~ 1 Kz M 0 y Oz 03 

d1 = K1 Moy 

ca= Kc A1 D1 Pz4 

ca=KcA1D1+Pz4 

The signal Fj is an emitter follower amplifier that is high for all orders 

except certain modified store orders, and G is a test signal that is high 

during normal operation. 
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The second part of the add logic is centered around the Fa and Fa 

emitter followers. The input logic for these emitter followers is: 

fa = A 1 Ca+ A 1 Ca Fb 

fa= A1 Ca+ A1 Ca Fb 

The Fb signal is an emitter follower output that is high at all times 

except for Su AW and Sr AW. 

The final step in the add order involves writing the sum of the accumu­

lator contents and the operand from the main memory on the accumulator 

register. This is accomplished b:y the Ao write amplifier. Input logic 

for the write amplifier is: 

ao = (Fa 151 + Fa D1) Ef 

ao = (Fa D1 + Fa D1) Ef 

Ef is a test signal which is high during normal operation. 

4-62. SUBTRACT ORDER (Su) 01 Oz 03. 

The subtract order (Su) allows the computer to subtract the contents 

of the accumulator (Ao) from the contents of the main memory (M0 y). 

This type of subtraction (M0 y - Ao) is defined as abnormal subtraction 

(refer to paragraph 4-40) and is accomplished during the FW phase. 

The subtraction logical diagram and waveforms are illustrated in 

figure 4-18. The logic for Su is the same as the logic for the add 

order (Ad) with the exception of the carry logic. For the Su order the 

Ca flip-flop operates with borrow logic. The input logic for the Ca 

flip-flop is: 

ca =R1 RzKcA1 D 1 o 1 F> 24 

ca = Pz4 + K1 Kz 01 Kc A.1 D1 
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4-63. EXTRACT ORDER (Ex) o1 Oz 0 3 . 

The extract order is frequently used to modify instructions by changing 

the address portion of the instruction. The Ex order allows the compu­

ter to take the logical or boolean product of the contents of the accumu­

lator (Ao) and the contents of the main memory (M0 y). This operation 

results in writing a "1 11 in the accumulator wherever there is a 11 l11 in 

both A 0 and Moy• and "0' s" everywhere else. By this method data 

contained in a given part of the word can be selected by a control word 

containing all "1 1 s" in that part of the word. This number can be either 

in the accumulator or main memory as the numbers are treated 

identically. 

Figure 4-19 is the logical diagram and waveforms of the extract order. 

Logic for the extract order is as follows: 

al = R1 Rz 01 

d 1 = R1 Kz M 0 y (Ao o1 o3 ) 

d 1 = K1 ~y + A 0 o 3 R 1 

ca = Rc A 1 D1 Pz4 

The extract operation centers around the D 1 flip-flop, as the A 1 flip­

flop is reset for FW Ex. Whenever Ao and M 0 y are both "1 1 s 11 during 

FW Ex, the D 1 flip-flop is set. The D1 flip-flop is reset when a 11 0 11 

occurs in either A 0 or Moy• The carry flip-flop operates with add 

logic since Kc is low during FW Ex, An example of the extract opera­

tion is shown below: 

4-64. 

A 0 0 l 0 1 l 1 0 1 1 0 1 1 1 

M 0 y 0 0 0 0 0 1 1 l 1 0 0 0 0 

D1 0 0 0 0 0 1 0 1 1 0 0 0 0 

CONDITIONAL TRANSFER ORDER (Tc) 01 Oz 03. 

The Tc operation selects one of two addresses for the next instruction 

based upon the sign digit of the accumulator. If the sign digit is nega-
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tive (high), the location of the next instruction is taken from the a 

address of the present instruction. If the sign digit is positive (low), 

the next instruction is taken from the f3 address of the present instruc­

tion. The sign digit occurs in A1 at Pz4 time. The contents of the 

accumulator remains unchanged during the Tc order. The Tc order is 

accomplished during the Wf) phase. 

When the sign digit is negative, K3 is reset at P23 time of the first 

word and the computer goes to the Wa phase. The K3 flip-flop is re­

set in this instance by the following logic: 

When the sign digit is positive, the computer goes into the IR phase. 

To accomplish this, Ki is set and K3 is reset by the following logic at 

the end of one word time: 

k 1 = Kz Kc Po o1 o 2 o 3 

k3 = K1 Kz Kc J Po 

The Tc order code also occurs during AW and LW phases when per­

forming modified store orders; however, its function is entirely di­

vorced from the normal conditional transfer order (Tc Wf3) described 

above. The conditions for Tc occurring in the AW phase are 15 relay 

set commands of the modified store order wherein the information 

stored in S5 is shifted to the 01 flip-flop of the order register by the 

following logic: 

This type of modified store order occurs at Po of FW where the K1 

and K3 flip-flops are set by the following logic and the computer goes 

to the AW phase: 

k1=K2Po0103S5 

k3 = K1 R2 Po 01 03 S5 
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4-65. NORMAL STORE ORDERS (Sr) 01 Oz 03 S 5 s4 . 

The normal store orders provide capabilities in the program of storing 

information from the accumulator register Ao to one or more of the 

temporary storage tracks Mov• Mox• and M 0 y or the sigmator track 

Y 0 • The normal store order is a one word operation which is com­

pleted in the FW phase. The store order code {01 Oz 0 3) in conjunction 

with S5 and 54 of the track selection register defines normal store 

orders. Specific configurations of flip-flops 53, Sz, and 51 define 

particular storage locations. The codes are programmed and stored 

in the main memory as part of an instruction word. 

The order code is shifted into the order register during the IR phase 

with flip-flops 0 1, Oz, and o 3 being set. During the Wf3 phase the Tf3 

portion (P19 through P 15) of the instruction register 10 is shifted into 

the track selection register. At sector coincidence (Kc Po) the com-
1 

puter enters FW. During FW the information from the accumulator 

register Ao is accepted by the temporary storage or sigmator track 

write amplifiers as determined by the code stored in the track selection 

register flip-flops S l' Sz, and;.S 3 as qualified by the term Oz 03 S4 S 5 . 

R1 Kz. The FW phase is terminated by setting flip-flop Kz by the term 

K1 0 1 Oz 55 54 Po. 

The operations performed by the normal store order are: 

Number Code 

01Oz03S1 SzS3S4S5 

1 1 1 0 0 0 0 0 Ao stored in Yo 

1 1 1 1 0 0 0 0 Ao stored in M 0 v 

l l 1 0 1 0 0 0 Ao stored in Mox 

1 l 1 1 1 0 0 0 Ao stored in M 0 v and Mox 

l l 1 0 0 1 0 0 Ao stored in M 0 z 

1 1 1 l 0 1 0 0 Ao stored in M 0 v and M 0 z 

1 1 1 0 1 1 0 0 Ao stored in Mox and Moz 

1 1 l 1 1 l 0 0 AO stored in M 0 v and Mox and M 0 z 
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Logic 

Copy Ao Storage Location FW Sr 

mov = Ao 5 1 S"4 S"5 l Track 28 R1 Kz Oz 03 

mov = Ao 5 1 S"4 S"s R1 Rz Oz 03 

mox = Ao 5 2 S"4 S"s j Track 29 R1 Kz Oz 03 

mox = Ao 5 2 S"4 5 s R1 Rz Oz 03 

moz = Ao 5 3 S"4 S"5 l Track 30 R1 Kz Oz 03 

moz = Ao 8 3 S"4 S"s R1 Kz Oz 03 

yo = Ao S"1S"2S"3S"4S"5 I write in R1 Kz Oz 03 

yo = Ao S"1S"z'S"3S"4S"5 yo R1 Kz Oz 03 

kz=K1PoJ [0103+010zS5(S4+S3)1 

4-66. MODIFIED STORE ORDER o 1 Oz 03 55 S4 

The modified store order provides the program with the capabilities 

of reading into Ao from three sources: extracting and left or right 

shift, relay set orders and program stop, and left or right shift. 

The modified store order can be either a one or additional word opera­

tion. The binary code of the order register and the combination of 

the track selector flip-flops provide the code for the command to be 

selected. The Tj3 numbers are programmed and stored in the main 

memory as part of the instruction word. 

The order code is shifted in the order register during the IR phase. 

The order register flip-flops are all high to define the store order, 

while the S5 flip-flop is low and the S4 flip-flop is high which determines 

that the store command is a modified store. During the Wl3 phase, the 

track information (P19 through P15) is shifted into the track selector 

flip-flops. This portion of the track determines the exact modified 

store command to be used. At coincidence, the computer enters the 

FW phase. If the command selected is the read-in command (Y 0 1 + 

Y 0z + Mn into Ao) the operation is completed in one word time. 
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During the extract (Ao with Mn) and recirculate (Ao) commands, an 

additional word phase is required. A modified store code on kl and 

k3 [01 03 (S5+ S4 S3)] causes the control transfer from FW to AW. 

The Sz clarifier in the command determines whether a left or right 

shift modification occurs. That is, when Sz is zero a right shift 

occurs, and when Sz is one a left shift occurs. The program determines 

how many words are necessary, and one bit of the Ao is shifted for 

each additional word. In the last word phase the contents of Ao are 

recirculated for one word. This does not modify the contents of Ao. 

Logic for FW read-in commands. 

FW Sr Read-in Yol Yoz Mn 

ai = R1 Rz Oz 03 S5 S4 S3 (Yo1SzS1 + Y 0z Sz +Mn S1) 

a1 = R1 R2 Oz 03 S5 S4 (S3 Y 01 Sz s 1 

Number code -

01 Oz03S1S2S3S4S5 

1 1 1 1 0 0 1 0 Y o2 read into Ao 

l l l 0 1 0 1 0 Mn read into Ao 

1 1 l 1 1 0 l -0 Y ol read into Ao 

Logic for FW Extract (Ao with Mn) and recirculate (Ao) 

a 1 = GAo R1 01 (Fj + s3Mn + S1 S3) 

a1 = G Ao K1 01 (Fj + S3) + R1 Kz Oz 03 S5 S4 (Mn S1) 

Number code 

01 Oz03S1SzS3S4S5 

1 1 1 0 0 l l 0 

1 1 l 1 0 l l 0 

Ex Ao with Mn 

Recirculate 
Right Shift 

+ Y 0zS2s 3 +Mn S1) 

A one results when Ao and Mn both contain a one, and a zero results 

when a zero occurs in Ao, S3 is high, or when a zero occurs in Mu 

and the S l flip-flop is reset. 
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Example: 

Ao 1 O 0 1 O 1 1 1 0 1 

Mn 0 0 0 1 1 1 1 1 1 0 
0 0 0 1 0 1 1 1 0 1 

The right shift modification occurs during the AW phase .or the LW 

phase. For the right shift in AW, Ao is copied at all times except Pz4, 

or when Fb is l?w· The sign digit is extended to P24 by Ca, which is 

not reset until Pz4. 

Logic for AW right shift. 

fa= CA {Ao 01 Oz K1 Kz K3 Sz Pz4) 

fa =CA {Ao 01 Oz K1 Kz K3 Sz Pz4) 

At coincidence (S5 Po) the K3 flip-flop is reset and the LW phase is 

entered. 

Logic for LW right shift. 

fa= CA (A1 Fb) 

fa= CA {A1 Fb) 

fb = 01 + Oz+ R1 + Kz + R3 + Sz + Pz4 

During the right shift command in the last word phase the contents of 

Ao are recirculated for one word by the following logic: 

a1 = G Ao (Kz + K1 Oz) 

a1 = G Ao (Kz + K1 Oz) 

Example of right shift (scope view) 

1 1 0 l 1 1 1 1 0 1 

1 1 0 1 l 1 1 1 0 1 1 

l 

1 Right- shift 

The FW extract (Ao with Mn) and recirculate (Ao) logic is identical for 

either left or right shift. The number code for this operation is the 

same in both cases with the exception of the Sz clarifier. For the left 
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shift modification, Sz contains a one. The left shift also occurs during 

the AW and LW phases. Normal add and carry logic is used for the left 

shift command. 

Logic for the left shift modification: 

a 1 = G Ao (K z + K 1 0 z) 
a1 = G Ao (Kz + K1 Oz) 

d1 = K1 Kz K3 01 Oz 03 Sz Ao 

For a left shift during the LW phase, Ao is recirculated for one word. 

The D 1 flip-flop is reset in the LW phase by the following logic: 

The remaining 16 modified store orders include the program stop and 

15 relay set commands. The number code for the track selector flip-

flops during the program stop and relay set commands is listed below. 

S5S4S3SzS1 

1 0 0 0 0 Stop 

1 0 0 0 1 Relay Set 

1 0 0 1 0 Relay Set 

1 0 0 1 1 Relay Set 

1 0 1 0 0 Relay Set 

1 0 1 0 1 Relay Set 

1 0 1 1 0 Relay Set 

1 0 1 1 1 Relay Set 

1 1 0 0 0 Relay Set 

1 1 0 0 1 Relay Set 

1 1 0 1 0 Relay Set 

1 1 0 1 1 Relay Set 

1 1 l 0 0 Relay Set 

1 1 1 0 1 Relay Set 

1 l' 1 1 0 Relay Set 

1 1 1 1 1 Relay Set 
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These commands are recirculated during the FW phase then shifted 

to Tc AW. The 15 relay set commands vary with computer application, 

so no attempt at logic description is included in this publication. 

The program stop is recirculated for one word time in the FW phase. 

At Po qf FW, the K1 and K3 flip-flops are set, and the 01 flip-flop is 

reset. The computer therefore, goes to AW. 

Logic for K1 K3 and 01 settings: 

k1 = Po Kz 01 03 S5 

k3 = Po K1 R2 01 03 S5 

01 = Po K1 Kz Oz 03 S5 

The stop code of the modified store order causes the computer to re­

main in the AW phase for one word time while the Kz flip-flop is set 

at Po and the logic for the stop phase is completed. 

Logic for K 2 set: 

4-67. MULTIPLY (Mu) 01 Oz o3 (See figures 4-20 and 4-21.) 

The multiplication order forms the product {Pr) of the number in the 

accwnulator (Ao) and the number in main memory (M0 y). The contents 

of Ao represents the multiplier (Mr), whereas the multiplicand {Md) 

from M 0 y is located by the j3 address of the instruction. The order 

originates in the Wj3 phase, continues through FW and AW and is com­

pleted during LW. The number of additional word operations performed 

is determined by the sector address of the next instruction. This 

allows the multiplication operation to be terminated when the desired 

accuracy has been obtained in the product. The most significant digits 

of the product are generated first. That is, the most significant digit 

of the multiplier is used in the first step. In successive steps the mul­

tiplier is shifted left so that the digits are used in decreasing order of 

significance. The multiplicand is shifted right one bit per step, and 
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EXAMINE SIGN 

DIGIT OF Ao 
(Mr) AND SET 

OR RESET Kc 

EXAMINE MSD 
OF Mr IN S3 
AND SET OR 

RESET Kc 

Wfj PHASE 

0-Md(M 0 y) 

Ro COPIES Ao 
Do COPIES Moy 

1-----+-J.._-a! RECIRCULATE Ao 

RECIRCULATE 
PARTIAL Pr 

ADD Md TO 
PARTIAL Pr 

AW PHASE 

FW PHASE 

RIGHT 
SHIFT 

Md 

LEFT 
SHIFT 

Mr 

NOTES 

Mr= MULTIPLIER 

Md= MULTIPLICAND 

Pr= PRODUCT 

RIGHT SHIFT .__ __ 

Md 

NO 

LAST WORD 
MULTI· 

PLICATION 
COMPLETED 

PRODUCT 
IN Ao 

LW PHASE 

Figure 4-20. Multiply Order, Flow Diagram 
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a bit is dropped from the least significant end of the word for each 

step. 

Binary multiplication is similar to decimal multiplication in the sense 

that: 

Mr 

1 

0 

1 

0 

Md 

0 

0 

1 

1 

Pr= Mr Md 

0 

0 

1 

0 

However, in binary multiplication the most significant digit (M. S. D.) 

of the multiplier is the first term used in obtaining the product. 

Example: 

Step 1. 

Md= 

Mr= 

Partial Pr = 

':' M. S. D. 

0.1101 

0.1':'0 1 1 

0.01101 

::; 13/16 

= 11/16 

Arithmetic Solution 

13/16 x 11/16 = 143/256 

After each multiplication, the Md is right shifted one bit position, and 

the product of the preceding multiplication is added to the partial 

product. 

Example: 

Step 2. 

Rt. shift Md = 

Mr= 

Old partial Pr = 

New partial Pr = 

0. 0 1 1 0 1 

0. 1 0 1 1 

0. 0 1 1 0 1 

0. 0 0 0 0 0 0 

0. 0 1 l 0 1 0 
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Step 3. 

Rt. shift Md = 

Mr= 

Old partial Pr = 

o. 0 0 1 1 0 1 

o. 1 0 1 1 

0. 0 1 1 0 1 0 

0. 0 0 0 1 1 0 1 

New partial Pr = 0. 1 0 0 0 0 0 1 

Step 4. 

Rt shift Md = 

Mr= 

Old partial Pr = 

Final Pr = 

0.0001101 

o. 1 0 1 1 

o. 1 0 0 0 0 0 1 

o. 0 0 0 0 1 1 0 1 

0. 1 0 0 0 1 1 1 1 = 143/256 

If, however, the multiplier is a negative number, i.e., the sign digit 

(digit immediately preceding the decimal) is a one, a modified type of 

multiplication is employed. The symbol Mr 1 represents the digits 

following the decimal point in the multiplier, and the product Mr 1 Md 

is formed. Since a one in the sign digit is equal to the quantity minus 

one, then the equation Mr 1 = Mr - (-1) = Mr + 1 is valid. Therefore, 

the product is equal to Mr' times Md. Which, when substituting Mr + 
1 in the place of Mr 1 , is equal to Md (Mr-1 ), or Mr Md + Md. Hence, 

to obtain a correct solution, Md must be subtracted from the product. 

Example: 

Md= 

Mr= 

Pr= 

1. 0 0 1 1 

1.0101 

0. 1 1 0 1 (O-Md) 

0. 0 0 0 0 0 

1.110011 

0. 0 0 0 0 0 0 0 

1.11110011 

I olo. 1 o o o 1 I 1 1 

lover flow 
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The multiplication order begins in the Wf3 phase where the sign digit 

of Mr is examined at Po to determine whether Md is to be subtracted 

from 0 or not. The carry control flip-flop (Kc) is used to make this 

decision. If Kc = 1, Mr is subtracted from O. If Kc = 0, Ao is re­

circulated. The output of the Kc flip-flop is determined by the follow­

ing input logic: 

kc = R1 Kz T 5 T3 
kc = R 1 K 2 K 3 Fi [ Ts T 4 (T 3 + T 2) ] + R 1 K 2 O 1 Ao Po 

The Kc flip-flop is set for Sf3 coincidence and reset if no 513 coincidence 

occurs. If Sf3 coincidence is found, the sign bit in Ao is copied at Po. 

Where Kc is high at Sf3 coincidence it remains high into the FW phase 

providing Ao Po = 1, The FW phase is entered at Po of Wf3 by resetting 

the K2 flip-flop. 

Logic 

The K3 flip-flop is also reset at Po of Wf3 if Kc is high at sector 

coincidence. 

In the FW phase if Kc is one, Md is subtracted from 0. That is, 

A 1 = 0 and Md enters the adder from D1 and the resulting operation 

Ai - D1, or 0 - Md, takes place. This operation is illustrated by 

the examples i.n the paragraph following step 4. 

Logic for Al - D1 ( 0 - Md): 

ca = Kc A 1 D1 O 1 F> 24 

~a= Kc A1 151 01 + Pz4 

al = R1 Rz 01 

d1 = R1 R 2 03 Kc Moy 

<l1 = R1 Moy + Kz 

When Moy is copied into the 24 bit register (Do) at Po of FW, the 

multiplicand is right shifted and the least significant digit (Pz4) is lo st. 
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Logic for Do: 

do= R1 Moy 

do= R1 Moy 

The K3 flip-flop copies Ao and contains the mo st significant digit at 

Po time. The Kc flip-flop copies K3 for multiplication during the first 

additional word. K3 is set at Po for AW, and Kc copies K3 for FW Mu. 

Logic for K3 and Kc: 

k 3 = R 1 R z O 1 oz (Ao + Po) 

k3 = R1 Rz 01 Oz Ao Po 

kc = R1 03 R3 Po 

kc = Kl R z 0 3 K 3 Po 

In the additional word phase, Kc determines if Md or zeros are added 

to the partial product. The Kc flip-flop is set by 5 3 which contains 

the most significant multiplier digit. If 53 and Kc are reset Ai and 

D1 are added. The a1 input signal copies Ao for AW Mu while the -Di 

flip-flop copies Do for AW Mu if Kc = 0. The d1 input copies 0 if Kc = 1. 

Hence, if Kc = 0, Ai and Di are added, and Ca is reset at Pz4. When 

53 is 0 and Kc is high, no operation takes place. 

Logic for Ca, Kc, A1 and D1 flip-flops: 

ca =Re Al D1 Pz4 

ca =Re A1 D1 + Pz4 

kc = Kl R 2 0 3 S 3 p 0 

kc = K 1 R z 0 z 5 3 Po 

a1 = K1 Oz Ao 

a1 = K1 Oz Ao 

d 1 = K1 R 2 03 Re Do Po 

d1 = K1 ( 03 Do Po + 03 Kc) 
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- The multiplicand is right shifted in Do by means of a 24 bit register. 

The sign digit is extended from S2 on Po of each word. Since the 

L. S. D., or P24, was lost during the right shift in FW, the sign digit 

is now in Ro at P1 time in the fir st additional word. However, S 2 

copies Do so that the sign digit is contained at Po. The do input to the 

Do flip-flop copies S 2 for the extended sign digit at Po.· For all the 

other 23 bits, do copies the Do recirculation register. When do copies 

S2 1 another digit on the least significant end is lost. At the end of 24 

additional words the Do register contains all ones or all zeros, de­

pending upon the sign digit. 

Logic for S2 and Do: 

s 2 = K 1 R 2 K 3 O 3 Do 

62 = K1 R2 K3 03 Do 

do = K 1 R 2 (s 2 Po+ o3 Do Po) 

'd0 = K 1 R 2 (s 2 Po+ o3 o0 F>0 ) 

The multiplier is left shifted in Ro so that the most significant digit 

may be used as the multiplier. This is accomplished by using a 26 bit 

register which is formed by the Ro register and the S3 and S4 flip-flops. 

The sign digit of Mr was lo st at Po of FW when K3 was set for AW. 

At P24 of the first AW, the 26 bit register contains the following: 

P1 - Pz4 in Ro. Po in 54, and P1 in 53. The S4 flip-flop was reset 

at Po of FW and a zero was shifted into the register at P24 instead of 

recirculating the used multiplier digit contained in S 3. At Po of the 

first AW, S3 contains the next significant Mr digit (P2). All succeeding 

Mr bits are contained in 53 at Po of each additional word. At the end 

of 24 additional words the Ro register contains all zeros. 

Logic for the 26 bit register: 

s4 = K 1 K2 K3 03 Ro 

s4 = K 1 R2 K 3 03 Ro + K1 K2 Po 03 

s 3 = K 1 Kz K 3 03 s4 

s3 = K1 K2 K3 03 54 
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ro = K1 Kz S3 P24 

r 0 = K1 R2 03 (S3 + Pz4) 

For the Ro register S4 copies Ro for AW Mu and is reset at Po of FW. 

The S3 flip~flop copies S4 during AW Mu, while Ro copies S3 except 

at P...z4. At Pz4 time ro = O. 

To go from AW to LW beta sector coincidence is used. Since the Ro 

contains all zeros after 24 additional words no further multiplication 

takes place. Therefore, sector coincidence may be anywhere on the 

memory drum. In this instance S 5 is used as the sector coincidence 

detector instead of Kc. The S5 flip-flop is set at Pz1 or P16 of AW. 

The S 5 flip-flop is reset if no coincidence is detected during AW Sa 

(Ps - P3). If sector coincidence occurs and S5 is set, K3 is reset at 

Po and the LW phase is entered. 

ss = K1 R2 K3 Ts T3 

ss = K1 Kz K3 Ts T4 Fi 

k3 = K1 Kz Ss Po J 

In the last word phase all operations continue exactly as in AW with 

one term of multiplication being completed at the end of L W. The 

product is located in Ao, while Do contains either zeros or ones as 

stipulated by the sign of Md, and Ro contains all zeros. The Kz 

flip-flop is set at Po of LW thereby returning the computer to the 

IR phase. 

Logic for K 2: 
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4-68. DIVIDE ORDER (Dv) o1 o2 o3 (See figures 4-22 and 4-23.) 

The divide order forms the quotient of the dividend and the divisor. The 

dividend is stored in the A 0 register from a previous operation. The 

divisor is selected from main memory via M and is read into the D 0 oy 
register during the FW phase. The quotient is developed in the R 0 reg-

ister, one quotient bit per word time starting with the sign bit. The 

length of the division order, or the number of quotient bits generated, 

is determined by the program through sector coincidence termination of 

the AW phase. During the LW phase the quotient is rounded-off. Whether 

the round-off entails an addition or subtraction is determined during the 

last word time of the AW phase. The round-off occurs as the quotient is 

transferred from the R 0 register to the A 0 register. 

Initially, during the FW phase', the R 0 register is cleared to all zeros, 

then an index bit is inserted at P 0 of FW. Also during P 0 of FW, the 

sign bits of the dividend and the divisor are compared and the result, 

as shown in figure 4-25, is stored in the K flip-flop for use during the 
c 

following word time. During the first word time of AW, the bit stored 

in Kc (sign bit of the quotient) is inserted in the R 0 register one bit time 

after the reappearance of the index bit. The index bit reappears at P 24 

time; therefore, the quotient bit is stored at P 0 time. The index bit is 

then right shifted one bit position so that the next quotient bit generated 

will be stored at P 1 time. The quotient bits are not shifted, but simply 

recirculated. This process continues throughout the AW phase. The 

sign of the quotient in the R 0 register is actually the reverse of the proper 

sign; however, during the LW phase the sign bit is again reversed to 

yield the proper sign. 

Meanwhile, during AW, the dividend (or initial remainder) is left shifted 

one bit position each word time. The divisor is simply recirculated in 

the D 0 register and added to or subtracted from the remainder as deter­

mined by the state of the K flip-flop. At the completion of each addition 
c 

or subtraction, the result of the comparison of the most significant bits 

(sign bits) of the remainder and the divisor is again stored in the K 
c 

flip-flop to control the adder circuits during the next word time, and to 
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enter the new quotient bit in the D 0 register. This process continues 

until sector coincidence occurs as determined by the program and the 

computer enters the LW phase. 

During the one word time of the LW phase, the generated quotient in the 

R 0 register is shifted into the A 0 register. As it is being shifted, it 

passes through the adder circuit where D 1 is either added or subtracted. 

Flip-flop D 1 is initially (at P 24 time) reset, and then is set by the oc­

currence of the index bit from the R 0 register and remains set until re -

set by P 0 . If Kc is in the set state (again, as the result of previous 

comparison of the divisor and the remainder) D 1 is subtracted from the 

quotient A 1 which effectively adds a one to the last generated quotient 

bit. If Kc is in the reset state, D 1 is added to the quotient (A1 ) which 

effectively leaves the quotient unchanged except for deleting the index 

bit. In either event (K or R ) the sign of the quotient is reversed to 
c c 

provide the correct sign bit. The rounded quotient recirculates in the 

A 0 register. 

The following example illustrates the division process: 

Given: dividend= 1. 101000 = -3/8 

divisor = 1.100000 = -1/2 

1. 1011 
1.100000 /1.101000 

(-) 

( -) 

(+) 

1.010000 

1. 100000 

1. 110000 

1.100000 

1.100000 

0.000000 

0.000000 

1.100000 

1. 100000 

1.000000 

Compare sign bits: Like . 

Left shift dividend (initial). 

set K . 
c 

K is set . · . quotient bit = 1. · . subtract divisor. 
c 

Compare sign bits: Like . ·. set K . 
c 

Left shift dividend (remainder). 

K is set . · . Q = 1; subtract divisor. c 
Compare sign bits: Unlike . ·. reset K 

c 
Left shift dividend (remainder). 

K is reset . · . Q = 0; add divisor. 
c 

Compare sign bits: Like . ·. set K 
c 

Left shift dividend (remainder). 
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( - ) 

( - ) 

1. 100000 

1.100000 

1.000000 

1. 100000 

1.100000 

K is set 
c Q = 1; subtract divisor. 

Compare sign bits: Like . · . set K . 
c 

Left shift dividend (remainder). 

K is set . · . Q = 1; subtract divisor. 
c 

Compare sign bits: Like . ·. set K . 
c 

Sector coincidence occurs 

Unrounded quotient = 1. 1011 !':' (A1 ) 

Round-off quantity = 1. 00001 (D 1 ) Kc is set. Subtract D 1 . 

Rounded quotient 0. 11000 = +3/ 4 

':' In the unrounded quotient the index bit appears im­
mediately after the last quotient digit. During the 
AW phase, the index bit is shifted to the right one 
bit position each word time. 

The following paragraphs provide a detailed logic description of the 

divide order: 

During the Wf3 phase the KC' D 1 , Ca' and K 3 flip-flops are assigned their 

proper states in preparation for the division order. The KC flip-flop is 

set at P 24 and remains high when Sf3 coincidence is reached. At P 0 the 

Kc flip-flop is reset. The D 1 flip-flop, which was reset by K 2 during 

the Wa , IR, and Wf3 phases, remains low during the FW phase since no 

d 1 logic occurs to set the flip-flop. As a result, the carry flip-flop 

Ca which was reset at P 24 , remains low as long as D 1 is reset. When 

sector beta coincidence occurs K 3 is reset. 

Logic: 

kc = Rl K2 Po (52 + o 3) 

dl = K2 

ca= p24 

k3 =Kl K2 KC 

In the FW phase, the dividend (initial remainder) is recirculated in A 0 

and A 1 by the following logic: 
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a 1 = G R1 o1 A 0 Fj 

a 1 = G R1 o1 A 0 Fj 

a 0 = Efl\ Ca A 1 Fb 

a0 = Ef I\ Ca A. 1 F b 

Note that D 1 and Ca are high. 

The divisor is read into D 0 from M , and the least significant digit 
oy 

is r_ead into 5 2 from D 0 at P 0 while the sign digit is read into Ca. 

Logic: 

R 0 is cleared to all zeros and 5 3 is set (index bit). 

Logic: 

During the first AW phase the index bit is written in r 0 at P 24 by 5 3 . 

The 5 3 flip-flop was set at P 0 of FW and reset when the first zero occurs 

on the R 0 register. 

Logic: 

ro=KlK25303 

s 3 = Kl K2 K3 RO 02 

The index digit, written into Y 0 at P 24 of the first additional word, is 

read out of R 0 24 bits later at P 0 , and rewritten into r 0 . This action 

right shifts the index digit one bit for each additional word. The 5 4 

gate allows only the index digit to shift. 
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Logic: 

ro=KlK20354RO 

84 = Kl K2 K3 °2 Ro P 24 

s 4 = Kl R2 K3 02 RO 

Note 5 4 is set by R 0 (index digit). 

The quotient digit is read into Kc at P 24 and stored until the next quotient 

digit. The S-3 flip-flop copies Kc at R 0 and reads into r 0 one bit later. 

The 5 3 flip-flop then reads R 0 to recirculate all previous quotient digits 

placed in R 0 . 

Logic: 

s3 =Kl R2 K3 02 Ro (Kc +54) 

83 =Kl R2 K3 oz (54 Rc +Ro) 

ro =Kl R2 0353 

ro = R2 o3 s3 (54+ Ro) 

s 4 = Kl R2 K3 02 RO 

s 4 = Kl R2 K3 02 Ro P 24 

The quotient digit is generated by comparing D 1 and a 0 at P 24 . The 

divisor in D 0 is recirculated through 5 2 to form a 25 bit register which 

is copied by D 1. The D 1 flip-flop provides the sign digit of the divisor 

to the serial adder at P 24 due to the one bit delay through 5 2 . 

Logic: 

s2 = Kl K2 K3 02 DO 

$2 = Kl R2 K3 02 DO 

do = Kl R2 o3 52 

do = Kl R2 03 52 

dl = Kl R2 K3 02 52 

dl = Kl K3 02 52 

For each additional word, A 0 is left shifted and a zero is shifted into 

the least significant digit position. The left shifted quantity, or remainder, 

is read into the serial adder. The left shift modification is accomplished 
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by a two bit delay provided by s1 , which copies A 0 , and by A 1 , which 

copies s1. This 26 bit register places each new sign digit of the remainder 

in the ad;Ier at P 24 . 

Logic: 

sl = Kl R2 K3 02 AO 

sl = Kl R2 K3 02 AO 

al = Kl K2 K3 02 5 1 p 24. 

al =Kl R2 K3 °2 (Sl + p24) 

Note: The a 0 logic along with the Ca logic is the normal add - subtract 

logic, with the K carry control flip-flop. 
c 

The quotient digits generated by comparing D 1 and a 0 at P 24 are -stored 

in K via f and T . The state of the K flip-flop hinges on the result of c a a · c . 
the comparison between the divisor and the remainder. That is, when 

the sign digits of the divisor and the remainder are equal, K is set and . c 
the action of the serial adder is that of normal subtract (A1 - D 1 }. How-

ever, when the sign digits of the divisor and the remainder are not the 

same, K is reset and the addition function of the serial adder takes place. 
c 

Logic: 

kc = Kl K2 °2 Fa P 24 

kc=KlK203FaP24 

The K logic is derived from the following: 
c 

Substituting: 

kc= (Fa 151 +Fa Dl) Dl P24 +(Fa Dl +Fa Dl) 15 1 P24 

= (Fa Dl Dl +Fa Dl Dl + Fa Dl 151 +Fa Dl 151) P 24 
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Since: 

and: 

D l 15 1 = 0 and D l D l = D l 

kc= (Fa Dl +Fa Dl) P24 =Fa (Dl + 15 1) P24 

D 1 + 1\ = 1 

kc = Fa p24 

The term K 1 R2 o2 defines AW or LW division. 

The bar side of the K logic is derived by the same procedure. 
c 

Substituting: 

k = (Fa 1\ + Fa D 1) 151 p 24 + (Fa D 1 +FaDl)Dl p24 c 

= (Fa Dl Dl + Fa Dl Dl +FaDl Dl +Fal51Dl)P24 

k = Fa (D 1 + D 1 ) P 24 c 
k = Fa p24 c 

The term K 1 R2 o3 defines AW or LW division. 

The programming of Sa .coincidence in the additional words phase deter-

mines the length of the division. Since K is used to store the quotient 
c 

digit and for add or subtract control, s 5 is used for coincidence detection. 

Logic: 

s 5 = Kl R2 K3 T 5 T 3 

s 5 = Kl Kz K3 T 5 T 4 Fi 

fi =Sot 1o+ 5ot 1o 

After Sa coincidence, AW goes to LW at P 0 by resetting the K 3 flip­

flop. 

Logic: 
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During the LW phase, A 1 copies the unrounded quotient of R 0 . 

Logic: 

The D 1 flip-flop which is reset at P 24 , is set by the index digit and then 

reset again at P 0 . This provides the value required to round-off the 

quotient in R 0 . 

Logic: 

dl =Kl R3 °2 Ro P24 

dl = Kl R2 K3 02 Ro 
dl = Kl R3 °2 PO 

This D 1 logic supplies the round off quantity to the serial adder. This 

value is then added to, or subtracted from, the unrounded quotient. 

4-69. SIGMA TOR 

The sigma tor, comprising a portion of the computer, provides an accu­

rate, high- speed method of s~ming, storing, and processing incremental 

inputs from external sources. Typical uses of the sigmator are: accept­

ing and swnming random pulses, integrating various functions under the 

control of real time, transmitting data link information, and accepting 

the output of the analog to digital shaft converter. The incremental input 

flip-flops are also used as a shift register and a count-down register. 

All functions are performed during normal operation of the computer. 

Logic control divides the operation of the sigmator into eight phases 

which are described later in this section. 

The major portions of the sigmator are the two tracks on the memory 

drwn. One track is the pulse accumulator, or sigma tor short line, and 

the other is the integrand register, or sigmator long line. Information 
' 

is processed to and from the tracks by logic-controlled write and read 

heads and amplifiers together with associated flip-flops and emitter 
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followers. Figure 4-24 shows the sequential operation of the sigmator. 

A functional description of each of the major portions of the sigmator 

is contained in the following paragraphs and is followed by a description 

of each phase of operation. Detailed logic for the sigmator is shown 

in figure 4-25. 

4-70. Major Portions of the Sigmator 

4-71. Pulse Accumulator Pulse Hold Flip-Flops. Incremental input 

pulses are stored temporarily in flip-flops V 1 through V 6 and Ts· Pulse 

time control logic qualifies the output of the flip-flops into the incremental 

adder. 

4-72. Incremental Adder (One-Bit Adder-Subtracto~). The flip-flops 

c4 and c 5 function as a "carry" (+register), and a "borrow" ( - regis­

ter) respectively, to add algebraically the input increments. The in­

cremental adder emitter follower F , and the normal pulse accumulator 
c 

emitter follower F feed into the pulse accumulator through the write 
v 

amplifier and head x 0 . 

4-73. Pulse Accumulator (Sigmator Short Line). The pulse accumu-

lator, or sigmator short line, consists of a track on the memory drum, 

an associated write head, and five read heads. The write head x 0 re­

cords the output from emitter followers F and X 1 . Read head X 1 , 
c 0 0 

spaced one word time later than x 0 , supplies the incremental adder 

with accumulated increments which are added to the new input incre­

ment. The output of the pulse accumulator is read from one of four 

read heads, spaced around the drum, time-sharing the read flip-flop 

Xo2· 

4-74. Serial Adder Input Selector. The serial adder input selector 

consists of logic including the phase control register, which selects 

the output from either the pulse accumulator, via read head X 02 , or 

the integrand register, via Y ol or Y 02 read heads. The output of the 

serial adder input selector is fed to the serial full adder through 

emitter followers_ F 1 and F 2 . 
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4-75. Phase Control Register. Flip-flops K4 , K 5 , and K 6 and their 

associated logic constitute the phase control register. The flip-flops are 

program-controlled by information stored in the Sot track. Flip-flops T 4 

and T 5 , as used in phase control, are time-shared with bit counter usage 

in defining pulse times. 

4-76. Serial Full Adder (Two-Input Adder). The serial full adder ac-

cepts the output of emitter followers F 1 and F 2 and adds serially by using 

"carry" flip-flop c 3 . The output of the adder is fed through emitter fol­

lower F 3 to the integrand register. 

4-77. Integrand Register (Sigmator Long Line). The integrand regis-

ter, or sigmator long line, consists of a 32-word section of a track on 

the drum. One write heady 0 and two read heads Y ol and Y 02 provide for 

input and output of the register. The output of emitter follower F d qual­

ifies the recording of either the output of the serial full adder or the output 

of the accumulator register A0 • Read heads Y ol and Y 02 , spaced 8 and 

32 words behind y 0, apply the output of the integrand register to either 

the serial adder input selector or the accumulator register A.0 . 

4-78. Input-Output Selector. The input-output selector consists of 

flip-flops W 1 , W 2 and W 5 and associated logic control. They are used 

to qualify the various inputs and outputs within the sigma tor. An ex­

ample of their use is the selection of an output from one of the read heads 

of the pulse accumulator. 

4-79. Functional Cycle 

The functional cycle of the sigmator consists of eight phases which are 

program controlled. All operations of the sigmator are accomplis,hed 

during the eight phases. Figure 4-25 defines the logic for each operation 

and includes the logic for the phase control register. The phase control 

flip-flops K4 , K 5 , and K 6 are set at P 0 by T 4 , T 5 , and S0t with addi­

tional control from the integration control bit which is stored in X 01 at 

P 0 . Flip-flops T 4 and T 5 are set by Sot codes at P 2 and P 1 respectively. 

The input~output selection flip-flops, W 1 and W 2 , which also select the 
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read head of the pulse accumulator (short line}, are controlled by infor­

mation from Sot at P 20 and P 21 . The read heads of the pulse accumu­

lator are spaced so that the appropriate group of pulse inputs in the pulse 

accumulator is selected and read by X 02 when that corresponding function 

is being read by the integrand register read head Y 02 . The integrand 

register, being 32 words in length, cycles twice for each drum revolu­

tion. Thus the pulse accumulator is read, or cleared, each half revolu­

tion of the drum. 

The following list of the phases and their functions is followed by a de­

scription of the individual phases. 

PHASE 

1 

2 

3 

4 

5 

6 

7 

8 

PHASE CONTROL 
REGISTER 

K4 R5 K6 

K4 R5 R6 

K4 K5 R6 

FUNCTION 

Accept summation of random pulses 
from short line via X 02 . (Y 02 + 
Xo2=yo}. 

Integrate a function with respect to 
time. (Y o2 + Y ol .t:. T 200 = Yo>· 

Process any two-word length integral 
and propagate any carry required. 
(Yo2 + yol t.T200 + C3 =Yo). 

Shift data link word to left. 
(Y o2 + y o2 = Y 0). 

Add count down increments at rate of 
1300/sec. during an 8-word recircu­
lation loop. (Y ol + AT 800 = y 0 ) 

T8oo=Xo1Po 

Recirculate 32-word information un­
changed. (Y 02 + 0 = y 0 ). 

Accept M converter scan. 
(M + 0 =n y ). 

n 0 

Allow propagation of carry, 32-word 
recirculating loop. (Y 02 + c 3 = y 0 ). 
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4-80. Phase Description. 

4-81. Phase 1. IYuring phase 1 the accumulated increments in the 

pulse accumulator (short line) are added into the integrand register 

{long line). The heads of the pulse accumulator are so spaced that while 

the summation of the increments of a function is in the read flip-flop X 02 , 

the corresponding function is in Y 02 . Both X02 and Y 02 feed the serial 

adder during phase 1. The output of the serial adder F 3 supplies the write 

amplifier y 0 of the integrand register. A phase 1 exists for each set of 

pulse inputs during each 1/2 drum revolution. The sign digit of the incre­

ment is held in X 02 for each remaining time of phase 1. 

4-82. Phase 2. Integration of a selected function takes place in phase 

2. The function to be integrated may be one that has been programmed 

directly into the integrand register or one whose random pulse inputs are 

being accumulated. In the latter case the summation of the random pulses 

appears in the integrand register. The function to be integrated appears 

under the Y ol head of the integrand register while the previous summa­

tion appears at the Y 02 head. The function is integrated relative to real 

time at a nominal rate of 200 integration cycles per second. The time 

control increment is read by the read head of X 01 at P 0 for each inte­

gration. 

4-83. Phase 3. When the summation of some function requires two 

words to hold the significant information, phase 3 is used. For example, 

assume a function "F" which varies over a range such that the integral 

11 f 11 requires two words. The sign digit must be retained during the sec­

ond word to be added to the most significant half of "F". The X 02 flip­

flop is set in the sign digit state of the first word at P 0 , phase two. 

During phase 3, the output of X 02 is disqualified so the sign digit can 

be held for all of phase 3. Also during phase 3, any carries to be propa­

gated from phase 2 are held in flip-flop c 3 of the serial adder. 
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4-84. Phase 4. To provide data link information, the word to be 

transmitted must be shifted one bit to the left at each 32 word cycle 

of the sigmator so that at each cycle a different bit of the word is de­

tected. The shift is accomplished during phase 4 by adding the word 

from Y 02 to itself in the serial adder each time it is read. 

During the first compute cycle the sign digit is detected at P 0 . Then 

the next most significant digit is detected during the next cycle, and 

the process is repeated until the least significant digit is detected at 

P 0 during the last of the twenty-five compute cycles. 

4-85. Phase 5. Phase 5 provides an eight word recirculation loop. 

The loop is used in counting down some value to zero with respect to 

real time. The eight word loop recirculates at a nominal rate of 800 

times per second, because the Y ol read head is spaced eight words 

after the write head y 0 into which Y ol feeds. The count down is ac -

complished by adding the time increments !:::. T 800 through the use of 

the carry flip:flop c 3 . The summation is compared with the value of 

the function to be counted down which is entered in the integrand reg­

ister. As the difference becomes zero, the sign bit is changed and is 

recorded at P 0 which indicates the end of the phase. 

4-86. Phase 6. Some functions, such as steering and torquing, stored 

on the integrand register require a 32 word recirculation without change. 

Phase 6 provides such recirculation by feeding y 0 directly from Y 02 

spaced 32 words away. A programmed phase 2 or phase 3 is changed 

to phase 6 if the 200 cycle integration control bit indicates a deletion 

of integration. 

4-87. Phase 7. During phase 7 certain analog input functions are 

accepted into the serial adder from the M converter scan. 
n 

4-88. Phase 8. This phase is used in the case of a double -length 

function such as real time summation when a carry propagation is re­

quired. Flip-flop c 3 provides a +l count for each cycle to accomplish 

the propagation. The phase is a 32 word recirculating loop. Phase 8 

occurs only after phase 1. 
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The integrand register is also used to store information in and to receive 

information from the accumulator register A 0 . During FW phase of a 

normal store order, the accumulator register may feed into the integrand 

register via y 0 . Outputs from the integrand register may feed into the 

accumulator register through Y al or Y 02 during certain modified store 

orders. These orders are specified in the section on orders in this 

chapter. 
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4-89. LOGIC EQUATIONS 

K 1, K2 , K 3 PHASE CONTROL FLIP-FLOPS 

kl= R3 +Po I K2 [0102 + o103(S5 + 5453) + 010203]+ J + KzKc [KJ 
+010203)11 

k2 = R3 + Po I Kl K3 + K161035 4535251 + J + K1 [0163 + o1 o2Ss 

·(54 + 53) +010211 

1<3 = :K1 K2 o 1 o 2A 0 P 0 + A 1P 24 K 1o1o 2o 3 + P 0 J (K 1K2s 5 + K 1K 2 Md F 

+Kl KzKc) 

PHASE 

Computer Phases 

State of the K 1, K 2 , and K 3 FLIP-FLOPS 

Kl Kz K3 

Kl Kz K3 

Kl Kz K3 
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K4 , KS, K6 SIGMA TOR CONTROL FLIP-FLOPS 

k4= T4PO 

k4 = T4 PO 

ks= TSPO(XOl +T4+SOt) 

k5 = T 5 p 0 + T 4 sot XO 1 p 0 

k6= SOtpO {XOl +T4) 

k6 =sot Po +Yo1 T4 Po 

SIGMATOR PHASES 

State Of 
Phase K4 , K5 , K 6 F. F. 1 s Operation Performed 

1 

2 

3 

4 

s 

6 

7 

8 

K4 K5 K6 

K4 KS K6 

X +DX= Xn 

X + X = X n (integrate) 

Integration with sign 
propagation 

Left shift for data 
link 

Main engine cutoff 
countdown 

Recirculate 

Input to Y 0 from A/D 

Converter Disk 

Recirculate with Carry 

y 02 + y 02 = y 0 

y 0 1 + .6T 8 0 0 = yo 

y 02 + o = Yo 

M + 0 = y 
n o 

Propagation Y 02 + (C 3) = Y 0 
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A 1 , D 1 , - Accumulator Input FF's 

al = G Ao I Kz + Kl02 + KIO! I Fj + S3Mn + sls3J ] + K1Kz0203S5s4S)Yo252 

+ YOISZSl + M nSl) + KlK202K3RO + KlK2K302SlP24 +ti E3 

al= GAO [ Kz+ Kl02+ KlOl (Fj+ S3)] + KlK20203S5S4 [MnSl + S3(Y02s; 

+ YOlSZSl) 1 + KlK202K3RO + KlK2K302Sl + K1K2K3°zP24 + K1K/\ + c E3 

dl = Kl K2MOy (0302 + 03Kc + AOOl 03) + Kl K202K3S2 + Kl K202K3RO 

+ Kl K2K3 0102S2AO + Kl K203KcDOP 0 

dl = Kz + KlMOy + A003 (02 +Kl)+ Kl [o3DOPO + Kc03 + 02 (K3S2 + K3PO 

+ K3ROP 24) 1 

CA Carry FF 

cA = [ Kl K2MOy01CJ203P0 + Kl K2KcAl Dl 01 + Kc Al Dl (Kl + 01) + KcAl Dl 1 p 24 

cA = p 24 + Kl K20l Kc Al Dl + Kc Al Di (Kl + 0 1) +Kc Al Dl 
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Output Control, Incremental Input Head Select, Time Control 

Storage, and Mox Recirculation Control FF 1 s 

wl = sotT5 T4 T3 T2 Tl 
-- - - -

wl = Sot T 5 T 4 T 3 T 2 Tl 

- - -
w2 = Sot T 5 T 4 T 3 T 2 T 1 

- - - -
w2 = Sot T 5 T 4 T 3 T 2 Tl 

w 3 = Sot T 5 T 4 T 3 T 2 Tl 

w 3 = Sot T 5 T 4 T 3 T 2 T 1 

w 4 = Sot T 5 T 4 T 3 T 2 T 1 

W5 W 4 = Y 02 OUTPUT - MoX RECIRCULATES 

W5 W 4 = Mox OUTPUT - NON RECIRCULATION 

W5 =RECIRCULATE Mox 

w5 USED TO TIME CONTROL INTEGRATIONS 
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K Coincidence and Adder Control Flip-Flop 
c 

kc= KlK2T5T3 + KlK303PO + KlK203S3PO + KlK202FaP24 

kc= KlK2PO (02 + 03 + AOOl) + KlK2K3P003 + KlK203Fa p24 + KlK2S302PO 

+ K 1K 2FiT 5 [ T 4K 3 (T 3 + T 2} + T 4K3] 

82 =DO (KlK2P002 + KlK2K302 + KlK2K303) + S3F 8 

s 2 =DO (KlK2P 002 + KlK2K302 + KlK2K303) + S3F 8 

83 =-KlK2K3ROKc02 + KlK2P002 + S4 (F8 + KlK2K3R002 + KlK2K303) 

s3 = KlK2K3R002 +s4 (F 8 + KlK2K303 + KlK2K302Kc) 

I 

8 4 = ROK1KZK303 + KlK2K302RO + S5F s 

84 =Ro KlK2K303 + KlK2K302ROP24 + KlK2P003 + s5 F s 
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Ordinary Store and Modified Store Commands 

s5 s4 s3 s2 s1 Fw Aw 

0 0 0 0 0 AO stored in Y 0 
0 0 0 0 1 AO stored in M 

ov 
0 0 0 1 0 AO stored in M ox 
0 0 0 1 1 AO stored in M and M 

ov ox 
0 0 1 0 0 AO stored in M 

oz 
0 0 1 0 1 AO stored in M and M 

OV oz 
0 0 1 0 AO stored in M and M ox oz 
0 0 1 1 1 AO stored in M and M and M 

ov ox oz 

0 1 0 0 0 Not used as a command 

0 1 0 0 1 Y 02 read into A 0 

0 1 0 1 0 Mn read into A 0 

0 1 0 1 1 Y 01 read into A 0 

0 1 l 0 0 Extract A 0 with Mn 

0 1 1 0 l Recirculate Goes 
} 

Right shift 

0 1 1 1 0 Extract A 0 with Mn to during Aw Recirculate 

Sr Awl 
Left shift 

during Lw 
0 1 l l 1 Recirculate 

during Aw 

1 0 0 0 0 STOP 

1 0 0 0 1 

1 0 0 1 0 

1 0 0 • 1 1 

1 0 1 0 0 

1 0 1 0 1 

1 0 1 1 0 Recirculate 

1 0 1 1 1 during Fw. RELAY SET 

1 1 0 0 0 Then go to COMMANDS 

1 1 0 0 1 Tc Aw 
1 1 0 1 0 

1 1 0 1 1 

1 1 1 0 0 

1 1 1 0 1 

1 1 1 1 0 

1 1 1 1 1 
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Bit Counter Logic 

p TS T4 T3 T2 Tl 

24 0 0 0 0 0 
23 0 0 0 0 1 ts= sot (T3T4T2 + T2TlT3) 
22 0 0 0 1 0 aT 
21 0 0 0 1 1 ts = T 3 T 2 
20 0 0 1 0 0 

19 0 1 0 0 0 t 4 = T 3 T 1 [ T 2 + TS Sot ] 
18 0 1 0 0 1 .. 
17 0 1 0 1 0 f3T t4=T3T2Tl+PO 
16 0 1 0 1 1 
lS 0 l 1 0 0 

14 1 0 1 0 1 
t3=T2Tl 

13 1 0 0 0 0 t3 = T 1 + TS T 4T 2 
12 1 0 0 0 1 (3 s 
11 1 0 0 1 0 
10 1 0 0 1 1 

t2 = T3 T 1 + TS T 4 T 3 T 1 9 1 0 1 0 0 

8 1 1 1 0 1 
t2 = TI 

7 1 1 0 0 0 
6 l 1 0 0 1 

as t 1 = T 3 + TS T 4 Sot + TS T 4 T 2 + TS T 2 s 1 1 0 1 0 
4 l 1 0 1 1 t= 1 
3 1 1 1 0 0 l 

2 I 0 1 1 0 
l 0 x 1 1 0 op 
0 x x 1 1 1 

4-97 



m - Converter Scan F. F. 
n 

mn = T5T4 [B~ T3T2Tl + Bi3 T3T2Tl +Bf T3T2Tl + B9 T3T2Tl +Bio T3T2Tl 

+Bil T3T2Tl+Biz T3T2Tl] +T5T4 [B~T3T2Tl+B~T3T2Tl 

m = n ~ 

+ B! T 3T 2T 1 + B4 T 3T 2T 1 + B~ T 3T 2T 1 + B6 T 3T 2Ti] 

+Ts\ T4(Bf4 T3Tz'i\ + Bfs T3T2Tl) + B5 T3T2Tl l 
T5T4lB8T3T2Tl + B\3T3T2Tl + BlT3T2Tl + B9T3T2Tl + BlOT3T2Tl 

+BllT3T2Tl + Bl2 T3T21\) + T5T4 [B2 T3T2Tl + B7 T3T2Tl + B3T3T2Tl 

+B41\T21\ + B 5T 3T 2T 1 + B 6T 3T21\1 + T 5(B0T 3T 2T 1 + B 14T 4T 3T 2T 1) + P 0 

A0, D 0, R 0, I 0 Recirculation Registers 

a 0 = Ef {Fa.DI+ FaDl) + Ef F 

a 0 = Ef {FaDl + FaDl) + Ef L 

do = K1K2 (Sz031+ S2PO + 03DOPO} +Kl Moy+ Efio 

do = K1K2 {520} + S2P 0 + 03DOP o> + Kl Moy + Ef Io 

rO = KlK2 (S3P24 + 5303 + 03S4RO) + KlK303 

ro = KlK203 {P24 + S3) + KlK2K3 + K2~3s3 (S4 +Ro) 
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x 0 , Short Line Sigrnator Write Amplifier 

XO~ Eflpsl po Fe (K4KSK6 +XO!)+ XO!FeFv l +po [ (Ws +XO!) . 

• ~K5K6 w I w z + xo1 Ff) + Ps [<K4K5K6 + Xo1l Ts+ xo1T s (K4 + Ks+ K6)Jj+ E~ 

xo ~ Eflpspo [FeXOIFv+ Fe (xOI + K~KSK6)] +Po[ xOIFf+ xOIWSK4KSK6Wlw2] 

+PS [(XO.I+ K4KSK6) Ts+ TsXOI (K4 +KS+ K6) 1\ + Ef L 

y 0 Long Line Sigrnator Write Amplifier 

y O = E fF 3 + AO Kl K z 0 z 0 3 S 4 S 3 S ;s l S 5 + E f F 

y 0 = F d ( F 1FzC3 + F 1 F 2 C 3 + F 1 F 2 C 3 + F 1 F ;·c;-3) 

m = 
OX 

m = 
ox 

m = 
ov 

m = 
ov 

m = oz 

m = oz 

m 
ov' 

m 
ov' 

rn Write Amplifiers 
oz 

AOSZKl K20203S5S4 + [MOX F h (W~ + w 4> 1 Ef 

AOSZKl K20203S5S 4 + ~x Fh (W5 + W 4) + Ef 

AOS 1 Kl K20203S5S 4 

AOSl Kl K20203S5S4 

AOS3Kl K20203S5S4 

~S3Kl K20203S5S 4 

Y Ol and x02 Read Amplifier Control Emitter 

Followers Used to Obtain Sign Propagation 

Y 01 Reads normally when 

K4 + K 6 + K 5P 0 + K 5P 0 + K 5T 5 is true 

x02 Reads normally when 

T 5T 4 [ (W 1 + ~ T 2 + T 3 (W 1 + W 2 + T2 + T1) J + P 0 is true 
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Incremental Input Flip-Flops - Also Used As A Shift Register 

And A Count-Down Register 

Shift Register Order 

- - --
v l = (+ b Vu) H + Fm V 4 T + Fm V 2 

v l = [HP 24 C 4 + Fm V 4 ]T + Fm V z 

v z = {-AV u) H + Fm V l T + Fm C 4 

v z = [P24Hc 5 +Fm Vi] T +Fm c 4 

v 3 = ( + .6. V ) H + F T T + 'Ji v4 v m s m 

--; 3 = [ HC 4 T 5 T 4 T z Tl + Fm Ts] T + Fm V 4 

v 4 = (-.6. V) H + Fm V 3 T + Fm V l 

v 4 = [ HC 5 T 5 T 4 T 2 Tl + Fm V 3 ] T + Fm V l 

v 5 = (+.D.V_) H + FmAlT 

v 5 =[T 5T 4 T 3T 2 T 1C 4H + FmA 1 ]T +Fm Vb 

v 6 = (-.6. V ) H + F v 5T + F T w m ms 

v 6 =[T 5T 4 T 3T 2 T 1C 5H +Fm v 5 ] T +Fm Ts 

ts = .6. t 1 H + Fm V 6 '1' + Fm V 3 

ts = lT 5T 4 T_3 T 2 T l C 4H c 5+ Fm Vb J T + Fm V 3 

c 4 =\[v 1P 0_:_(V3T 5T 4 + V 5 T 5T 4) T 3 f 2T 1 + T 5T 4 T 2 T 1 {T 8 + x01)] lcl +Fm v2\T 

+ F mCS . 
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c4 =\ [v1Po + (V3TST4 + VsTsT4)-T3TzT1 + TsX01TsT4TzT l + K4KSK6Cs 

+xo!CSFt] H+FmvzfT+FmCS 

cs =\[vzPo + (V4TST4 + V6TST4) T3T2Tl +XO! TsTsT2T/4]H + Fmc4 \ T 

+Fm.6.t2 

cs =\lvzPo + (V4TST4 + V6TST4) T3T2Tl + TST4T2Tl (XO!+ Ts)+ XO! C4FtFv l H 

+ Fm C 41 T + Fm" 'z 

F., F , Fb' F , and Bit Time Emitter Followers 
i a s 

fa = CAA 1 + CA [A lF b + AOOt.02KlK,2K3S2P24] 

fa= C AAl +CA [AlF b + A00102KlK2K3S2P24] 

PO= T3T2Tl 

Po=T3+T2+Tl 
---- -

p 24 = T 5 T 4 T 3 T 2 T 1 

p 24 -= T 5 + T 4 + T 3 + T 2 + T 1 

P5=T5+T4+T2+Tl 

ft = p Op 5 [ T 3 + T 2 + T 1 + T 5 T 4 + T 5 T 4] 

fc = c 4c 5 + c4c 5 + H 
\ 
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Emitter Followers 

fh = K 1 + K 2 + 0 2 + 0 3 + S 5 + S 4 + S 2 

fl= Y02 (K4 + K6) + Y01K4K5K6 + MnK4K5K6 
-- -

£2 = y 02K4K5K6 + y O 1 K4K6 + X02K4K5K6 

fj = 0 2 + 0 3 + s 4 + s 5 
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0 1, OZ' 0 3 Order FF's 

o 1 = (K 1KZK 3 + L) Oz 

o 1 = (K 1KZK 3 + L) Oz+ OZ0 3K 1KZSSPO 

oz = (K 1KzK3 + L) o3 

oz = (K 1KZK 3 + L) o 3 + R 3 

01 oz 03 

Clear and add 0 0 0 At 

Extract 0 0 1 Ex 

Multiply 0 l 0 Mu 

Conditional Transfer 0 1 1 Tc 

Add 1 0 0 Ad 

Divide 1 0 1 Dv 

Subtract 1 1 0 Su 

Store 1 1 1 Sr 
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c 3 - Long Line Sigmator Carry Flip-Flop 

c3 = FlF2 (PO+ T5T4) +P24K4K5K6 +POT5SotT4C4 

c3 = F'O [ T4 (Sot+ C4) +TS] +. FlF2 [(sot+ K4K5K6) T5T4 +Po] 

Output Error Determining Logic 

fu = W4 (Y02Mn + y02Mn) + W4 (MoxMn + MoxMn) 

\i = W 4 (Y02Mn + y02Mn) + W 4 (MoxMn + MoxMn) 

c = c 
c = c 

c n = W 4 -Y 0 2. Mn + W 4 Mox Mn 

en= p24 t W4 y02Mn + W4MoxMn 

T = (C + F ) P 0 o _c u __ 

T = (C + c F + c F ) P 0 p c n u n u 
T = (CF C F ) F 0 n nu+ nu 
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4-90. LIST OF SYMBOLS 

SYMBOL 

B':' 0 

B1 - B 14 

BI - BI4 
Bl5 

C3 

C4 

DEFINITION 

Output of Accumulator Register Read Amplifier Flip-Flop 

Output of Accumulator Register Flip-Flop 

Most Significant, Set "0", Converter Brush Signal 

Mo st Significant, Set "1 11 , Converter Brush Signal 

Set 11 0 11 Converter Brush Signals 

Set "l" Converter Brush Signals 

Least Significant, Set "1 ", Converter Brush Signal 

Output of Sigmator Serial Full Adder "Carry" Flip-Flop 

Output of Pulse Accumulator One Increment Adder -
Subtracter "Carry" Flip-Flop 

Output of Pulse Accumulator One Increment Adder -
Subtracter "Borrow" Flip-Flop 

Output of Serial Adder-Subtracter "Carry" Flip-Flop 

Output of Error (Positive) Scan Flip-Flop 

Output of Error (Negative) Scan Flip-Flop 

Output of Multiplicand-Divisor Read Amplifier Flip-Flop 

Output of Multiplicand-Divisor Register Flip-Flop 

F1, F1, F2, F2 Output of Sigmator Serial Adder Input Selector Emitter 
Followers 

F3 

Fa, Fa 
Fb 

Fc,Fc 

Fd 

Ff 

Output of Sigmator Serial Adder Emitter Follower 

Output of Serial Adder Emitter Followers 

Output of Normal Serial Adder Qualifier Emitter Follower 

Output of Incremental Adder Input Emitter Followers 

Output of Normal Sigmator Adder Qualifier Emitter Follower 

Output of Normal Pulse Accumulator Control Emitter 

Follower 

F g Output of Relay Set Signal Times Emitter Follower 

F h Output of Normal Recirculation Qualifier Emitter Follower 

Fi Output of Sector Address Comparator Emitter Follower 
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SYMBOL 

F· 
J 

Fm, Fm 

Fn 

Fo 

FP 
Fs 

Ft 

Fu, Fu 

Io 
K1 

Kz. 

K3 

K4 

Ks 
K6 

(R 1R 2) 

(K1Rz.) 

Kc 

Mn 

Mox 

Moy 

01 

0 2. 

03 

Po, Po 

P5 
Pz.4, Pz.4 

Ro 
sot 

S1 

s 2. 

S3 

DEFINITION 

Output of Normal Accumulator Recirculation Control 
Emitter Follower 

Output of Shift Register Load and Count Down Control 
Emitter Followers 

Output of Error Set Emitter Follower 

Output of Error Set Emitter Follower 

Output of Error Set Emitter Follower 

Output of Track Selector Gate Emitter Follower 

Output of Incremental Adder Logic Control Emitter Follower 

Output of Output Track Selector Emitter Followers 

Instruction Register Read Flip-Flop 

Output of First Control Flip-Flop 

Output of Second Control Flip-Flop 

Output of Third Control Flip-Flop 

Output of First Sigmator Phase Control Flip-Flop 

Output of Second Sigmator Phase Control Flip-Flop 

Output of Third Sigmator Phase Control Flip-Flop 

Output of Fir st Word Phase Emitter Follower 

Output of Additional or Last Word Phase Emitter Follower 

Output of Sector Address Coincidence Scan Flip-Flop 

Output of Converter Scan Flip-Flop 

Output of Output Track Read Amplifier Flip-Flop 

Output of Main Memory Read Amplifier Flip-Flop 

Output of First Order Flip-Flop 

Output of Second Order Flip-Flop 

Output of Third Order Flip-Flop 

Output of Bit Time Emitter Followers 

Output of Bit Time Emitter Follower 

Output of Bit Time Emitter Followers 

Multiplier-Quotient Register Read Flip-Flop 

Output of Sector Address Read Amplifier Flip-Flop 

Output of Fir st Track Selector Flip-Flop 

Output of Second Track Selector Flip-Flop 

Output of Third Track Selector Flip-Flop 
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SYMBOL 

S4 

S5 

s6,s6 
T 

T1 

Tz 

T3 

T4 

Ts 
Ts 

b t 1 

.t. t 2 

V1 

Vz 
V3 

V4 

V5 

v6 

W1 

Wz 

W3 

W4 

W5 

Xol 

Xoz 

Yol 

Yoz 

ao 
a1 

c3 

c4 

DEFINITION 

Output of Fourth Track Selector Flip-Flop 

Output of Fifth Track Selector Flip-Flop 

Track Group Selection Control 

Output of Clock Signal Generator 

Output of Fir st Pulse Counter Flip- Flop 

Output of Second Pulse Counter Flip-Flop 

Output of Third Pulse Counter Flip-Flop 

Output of Fourth Pulse Counter Flip-Flop 

Output of Fifth Pulse Counter Flip-Flop 

Output of Time Standard Flip-Flop 

Output of Time Standard No. 1 

Output of Time Standard No. 2 

Output of First Pulse Accumulator Pulse Hold Flip-Flop 

Output of Second Pulse Accumulator Pulse Hold Flip-Flop 

Output of Third Pulse Accumulator Pulse Hold Flip-Flop 

Output of Fourth Pulse Accumulator Pulse Hold Flip-Flop 

Output of Fifth Pulse Accumulator Pulse Hold Flip-Flop 

Output of Sixth Pulse Accumulator Pulse Hold Flip-Flop 

Output of First Input-Output Selector Flip-Flop 

Output of Second Input-Output Selector Flip-Flop 

Output of Third Input-Output Selector Flip-Flop 

Output of Fourth Input-Output Selector Flip-Flop 

Output of Fifth Input-Output Selector Flip-Flop 

Output of Fir st Pulse Accumulator Read Amplifier Flip-Flop 

Output of Second Pulse Accumulator Read Amplifier Flip-Flop 

Output of First Sigmator Read Amplifier Flip-Flop 

Output of Second Sigmator Read Amplifier Flip-Flop 

Input to Accumulator Register Write Amplifier 

Input to Accumulator Register Flip-Flop 

Input to Sigmator Serial Adder "Carry" Flip-Flop 

Input to Pulse Accumulator One Increment Adder-
Subtractor "Carry" Flip-Flop 

Input to Pulse Accumulator One Increment Adder -
Subtractor 11 Borrow" Flip-Flop 
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SYMBOL 

Ca 

Cc 

en 

do 

d1 

fr4 

frs 

io 
k1 

kz 
k3 

k4 

ks 
k6 

kc 

mn 

mov 

mox 

moz 

DEFINITION 

Input to Serial Adder -Subtractor "Carry" Flip-Flop 

Input to Error (Positive) Scan Flip-Flop 

Input to Error (Negative) Scan Flip-Flop 

Input to Multiplicand-Divisor Register Write Amplifier 

Input to Multiplicand-Divisor Register Flip-Flop 

Input to the Y 4 Relay Driver 

Input to the Y 8 Relay Driver 

Input to Instruction Register Write Amplifier 

Input to First Control Flip-Flop 

Input to Second Control Flip-Flop 

Input to Third Control Flip-Flop 

Input to First Sigmator Phase Control Flip-Flop 

Input to Second Sigmator Phase Control Flip-Flop 

Input to Third S1gmator Phase Control Flip-Flop 

Input to Sector Address Coincidence Scan Flip-Flop 

Input to Converter Scan Flip-Flop 

Input to Temporary Storage Write Amplifier 

Input to Output-Temporary Storage Write Amplifier 

Input to Temporary Storage Write Amplifier 

Input to First Order Flip-Flop 

Input to Second Order Flip-Flop 

Input to Third Order Flip-Flop 

Input to Multiplier-Quotient Register Write Amplifier 

Input to First Track Selector Flip-Flop 

Input to Second Track Selector Flip-Flop 

Input to Third Track Selector Flip-Flop 

Input to Fourth Track Selector Flip-Flop 

Input to Fifth Track Selector Flip-Flop 

Input to First Pulse Counter Flip-Flop 

Input to Second Pulse Counter Flip-Flop 

Input to Third Pulse Counter Flip-Flop 

Input to Fourth Pulse Counter Flip-Flop 

Input to Fifth Pulse Counter Flip-'Flop 

Input to Time Standard Flip-Flop 
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SYMBOL 

Vl 

vz 
V3 

v4 

V5 

v6 

w1 

Wz 
W3 

W4 

w5 

xo 
Yo 

DEFINITION 

Input to First Pulse Accumulator Pulse Hold Flip-Flop 

Input to Second Pulse Accumulator Pulse Hold Flip-Flop 

Input to Third Pulse Accumulator Pulse Hold Flip-Flop 

Input to Fourth Pulse Accumulator Pulse Hold Flip-Flop 

Input to Fifth Pulse Accumulator Pulse Hold Flip-Flop 

Input to Sixth Pulse Accumulator Pulse Hold Flip-Flop 

Input to Fir st Input-Output Selector Flip-Flop 

Input to Second Input-Output Selector Flip-Flop 

Input to Third Input-Output Selector Flip-Flop 

Input to Fourth Input-Output Selector Flip-Flop 

Input to Fifth Input-Output Selector Flip-Flop 

Input to Pulse Accumulator Write Amplifier 

Input to Sigmator Write Amplifier 

NOTE: Inputs to Emitter Followers are specified by a 
lower case letter followed by the same subscript 
that the output has. 
Example - fd is the input that produces the Fd 

output - the same is true of relay drivers. 
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5-1. INTRODUCTION 

Section V 

PROGRAMMING 

Programming is, in effect, a translation of data-usually mathe­

matical-into information that will be accepted and operated upon by 

the computer. This section provides a brief explanation of the methods 

and codes used in translating problems into the formats acceptable for 

storage in the main memory, the control states which occur, instruction 

and data words, and the orders normally used in programming. 

5-2. MAIN MEMORY 

The main memory, as shown in Figure 5-1, is composed of 2368 addres­

ses of permanent storage, 192 addresses of temporary storage, and 

384 addresses used for special purposes. The total of 2944 addresses 

is dispersed in 46 columns {tracks) of 64 rows (sectors} each. The 

full capacity (25 binary bits) of either instruction or data words may be 

stored in any sector of the memory until required by the program. 

5. 3 CONTROL ST ATES 

The three control flip-flops define six control states which enable the 

computer to transfer information in and out of the memory and do the 

various arithrri.etic operations. These states are as follows: 

a. Wait a (W a ). This state defines the period of time during which 

the computer is searching for the a sector address (Sa ) . Since the 

memory location having the a address contains the next instruction to 

be used, this control state initiates a search for the next instruction. 

An "instruction read-in" state (IR) always follows Wait a . 
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b. Instruction Read-In (IR). This state is one word in duration and 

defines the period in which an instruction is copied from the memory into 

the recirculating instruction register (Io). The IR state changes to wait 

13 ~WI') after one word, but WI' may proceed immediately to the next Wa 

if the next word to be taken from memory is also an instruction. 

c. Wait 13 (W13). This wait state also defines a search; in this case, 

for the 13 sector address (Sl3). Since the memory location having the 13 

address may contain either an instruction or an operand, the next state 

may be either an "instruction read-in" (IR) or a "first word" of opera­

tion (FW). 

d. First Word (FW). This state defines the first word of opera­

tion in the arithmetic unit of the computer. The duration of FW is four 

word times. The FW state may change to W a if the arithmetic opera­

tion was only one_ word in duration, or it may change to the "additional 

words" state (AW) if a longer arithmetic sequence is to be carried out. 

e. Additional Words (AW). This state defines the period for arith­

metic operations which exceed one word in duration. The duration of 

AW may be any number of word times up to 64. At the last word of 

arithmetic operations, this state always changes to "last word" state 

(LW). 

£. Last Word (L W). The state defines the last word of the arith­

metic operations which have extended for greater than one word in 

duration. This state changes, after one word time, to IR to cause 

read-in of the next instruction. 

5-4. VARIATIONS OF STATES 

The control states usually occur in the order given in paragraph 5-3. 

However, a time delay can occur between states when the sector add­

ress specified by the program does not arrive in the proper time after 
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the control state is entered. Optimization of the program reduces this 

delay to the minimum when only the minimum word times for the orders 

are allowed in the program. The minimum word times for the various 

orders of operation appear in table 5-3. 

Add, subtract, clear-add, and normal store are said to be fir st word 

(FW) operations. The multiply, divide, and some modified store orders 

are additional word (AW) operations and vary in length. Since the con­

ditional transfer order is a non-arithmetic operation, the time required 

to perform it is mainly dependent upon access time. 

5-5. INSTRUCTION WORD FORMAT 

Each instruction word of 25 bits supplies: (1) order code of the current 

operation, (2) binary address of the current operand to be used, and (3) 

binary address of the succeeding instruction word. Table 5-1 shows 

the distribution of bits in an instruction word. 

5-6. DATA WORD FORMAT 

Each data word, also of 25 bits, is a decimal number which has been 

converted to binary code. The least significant digit appears at position 

P24; the most significant digit at position P 1 . P 0 represents the sign of 

the number, and a binary point exists between Po and P 1 , supplying a 

fixed reference. See table 5-2. 

5-7. ORDER FORMAT 

The basic orders used in the programming of the computer appear in 

table 5-3. Descriptions of the circuitry involved and the sections of the 

computer referred to appear in chapter 4. 
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Table 5-1 

Instruction Word Format 

Ta Tj3 Sj3 

P24 P23 P22 P21 P20 Pl9 Pl8 Pl 7 Pl6 Pl5 Pl4 Pl3 Pl2 Pll PlO P9 

20 21 

Ta = 
Tj3 = 
Sj3 = 
Sa = 
Oa = 

22 23 24 20 zl 22 23 24 20 21 22 23 

Track address of the next instruction 

Track address of the operand 

Sector address of the operand 

Sector address of the next instruction 

Order to be performed 

Table 5-2 

Data Word Format 

24 25 

Sa 0 

P8 P7 P6 P5 P4 P3 P2 Pl PO 

2o 2 1 2 2 2 3 2 4 p5 zO 21 22 

P24 P23 P22 P21 P20 Pl 9 Pl 8 Pl 7 Pl 6 Pl 5 Pl4 Pl3 Pl 2 Pll Pl 0 P9 P8 P7 P6 P5 P4 P3 P2 Pl PO 

I 2-24 - -- - - - - - - - - - - - -- -- -- - - 2-1lsign I 

P24 = Least significant bit position 

Pl = Most significant bit position 

PO = Sign bit position 



Order 

Clear Add 

Extract 

Multiply 

Conditional 
Transfer 

Add 

Divide 

Subtract 

Store 

Shop 

Order 
Code 

000 

001 

010 

011 

100 

101 

110 

111 

,,~ = Length of operation 

Order 
Abbrev. 

At 

Ex 

Mu 

T.C. 

Ad 

Dv 

Su 

Sr 

Sr 

Table 5-3 

Order Coding 

Minimum 
Order Word 

Description Time 

Clear the accumulator C (A) to 0 4 
and to it add the contents of the beta 
address C (M). 

Compare the contents of C (A) to con- 4 
tents of C (M). Resultant contains 1 
where 1 occurred in both C (A) and C (M). 

Multiply the contents of C (M) by the 2+n>:' 
contents of C (A) 

If the sign of C (A) is negative take 
the next instruction from the alpha 
address of the current instruction. 

If the sign of C (A) is positive, take 
the next instruction from the beta 
address of the current instruction. 

Add the contents of the beta address 
to the contents of the accumulator. 

Divide C (A) by C (M). 

Subtract the contents of C (A) from 
the contents of C (M). 

Store Order Coding (see table 5-5). 

Discrete Order Coding (see table 5-6). 

2 

4 

4 



5-8 COMPUTATION TIME 

The times shown in table 5-4 represent minimum computation time only. 

Any additional access time must also be considered in estimating the 

time of a program. 

Table 5-4 

Computation and Word Times 

Event 

Clear Add 

Extract 

Multiply (25 bits} 

Conditional Transfer 

Add 

Divide (25 bits} 

Subtract 

Store (Normal} 

Store Yo 

Clear Add Y 01 
Clear Add Y 02 
Clear Add M 

n 
Extract Ao.M ; Left 

Shift ( 1 pl.aPe) 

Left Shift ( 1 place} 

Extract Ao.M ; Right 
Shift ( 1 pl.aPe} 

Right Shift ( 1 place} 

Relay Set (Reset) J 

Minimum Word 
Times Required 

4 

4 

27 

2 

4 

28 

4 

4 

4 

4 

4 

4 

5,:, 

Real Time 
Seconds 

.000625 

.000625 

.00421875 

.0003125 

. 000625 

. 004375 

.000625 

. 000625 

.000625 

.000625 

. 000625 

.000625 

.00078125 

.00078125 

.00078125 

.00078125 

.008125-0.01 

':'Each additional shift requires one additional word time. 
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5-9. STORE ORDERS 

5-10. Normal Store 

The normal store orders define the codes necessary to provide place­

ment of the accumulator data into the temporary storage tracks. A 

description of the coding appears in table 5-5. 

5-11. Modified Store 

The modified store orders define the codes for access to the sigmator, 

the extract and shift, and the shift only functions. Table 5-5 shows the 

coding for each function. 

5-12. Discrete Orders 

Most discrete orders, relay sets, and relay resets, are special orders 

which change with each application. Therefore, descriptions of these 

orders-other than the stop order-are not included in this section. 

Table 5-6 describes the discrete order coding which applies to this section. 

5-13. DATA 

5-14. BinaryNumbers 

The Binary number system is a number system similar to the decimal 

system except that is constructed with 2 rather than 10 as a base. 

Table 5-7 shows the binary numbers and their decimal counterparts. 

A table of powers of 2 appears in table 5-8 for reference in making 

conversions. 

5-15. Conversion 

The binary number system is used in programming the computer. 

Decimal number operands are converted to the natural binary system 

as shown in table 5- 7. The least significant bit appears at the right 

of each bin~ry expression. Actual numerical quantities are expressed 

in paragraph 5-11. 

5-8 



Tf3 

Table S-S 

Store Order Coding 

STORE ORDER FORMAT 

Order 

Pl9 PIS P2 Pl PO ------- ---------------
IO IO 0 I I I ------------------- -- -- - - - - - ________ __, 

SI 

0 

I 

0 

I 

0 

I 

0 

I 

I 

0 

I 

0 

I 

0 

I 

SI S2 S3 S4 SS 

NORMAL STORE CODE 

Tf3 Order 

01 02 03 

Minimum 
Word Time 

S2 S3 S4 SS 01 02 03 

0 

0 

I 

I 

0 

0 

I 

I 

0 

I 

1 

0 

0 

I 

I 

0 

0 

0 

0 

I 

I 

I 

1 

0 

0 

0 

I 

I 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

I 

1 

1 

I 

l 

I 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

1 

1 

I 

1 

I 

1 

1 

I 

1 

I 

I 

l 

I 

l 

l 

l C(A) into Y 
0 

I C(A) into M 
ov 

I C(A) into M 
ox 

1 C(A) into M and M 
ox ov 

I C(A) into M 
' oz 
1 C(A) into M and M 

ov oz 
1 C(A) into M and M 

OX OZ 

l C(A) into M and M 
and M ox ov 

oz 

4 

4 

4 

4 

4 

4 

4 

4 

MODIFIED STORE CODE 

I 

l 

l 

I 

l 

1 

l 

I 

I 

l 

I 

l 

I 

I 

I Y 2 into A 4 
0 0 

I M into A 4 
n o 

l Y I into A 4 
0 0 

I Ex A with M Right Shift 4+n * 
o n; 

1 Right Shift Only 4+n* 

I E A with M ; Left Shift 4+n* x o n 
1 Left Shift Only 4+n* 

*A minimum of one shift is required and takes five word times. 
Each additional shift adds one word time. 

5-9 



Table 5 -6 

Discrete Order Coding 

Tf3 Minimum 
Word Time 

Sl S2 S3 S4 SS 

0 0 0 0 1 Stop 55 

- - - -

l) 
-

- - - - Discrete -
- - - - -
- - - - -

Table 5-7 

Binary and Decimal Equivalents 

Binary Decimal Binary Decimal 

0 0 0 0 0 1 0 0 0 0 1 33 
0 0 0 1 1 1 0 0 0 1 0 34 
0 0 1 0 2 1 0 0 0 1 1 35 
0 0 1 1 3 1 0 0 1 0 0 36 
0 1 0 0 4 1 0 0 1 0 1 37 
0 1 0 1 5 1 0 0 1 1 0 38 
0 1 1 0 6 1 0 0 1 1 1 39 
0 1 1 1 7 1 0 1 0 0 0 40 
1 0 0 0 8 1 0 1 0 0 1 41 
1 0 0 1 9 1 0 1 0 1 0 42 
1 0 1 0 10 1 0 1 0 1 1 43 
1 0 1 1 11 1 0 1 1 0 0 44 
1 1 0 0 12 1 0 1 1 0 1 45 
1 1 0 1 13 101110 46 
1 1 1 0 14 1 0 1 1 1 1 47 
1 1 1 1 15 110000 48 

1 0 0 0 0 16 1 1 0 0 0 1 49 
1 0 0 0 1 17 1 1 0 0 1 0 50 
1 0 0 1 0 18 1 1 0 0 1 1 51 
1 0 0 1 1 19 1 1 0 1 0 0 52 
1 0 1 0 0 20 110101 53 
1 0 1 0 1 21 1 1 0 1 1 0 54 
1011°0 22 110111 55 
1 0 1 1 1 23 1 1 1 0 0 0 56 
1 1 0 0 0 24 1 1 1 0 0 1 57 
1 1 0 0 1 25 1 1 1 0 1 0 58 
1 1 0 1 0 26 1 1 1 0 1 1 59 
1 1 0 1 1 27 1 1 1 1 0 0 60 
1 1 1 0 0 28 1 1 1 1 0 1 61 
1 1 1 0 1 29 1 1 1 1 1 0 62 
1 1 1 1 0 30 1 1 1 1 1 1 63 
1 1 1 1 1 31 1 0 0 0 0 0 0 64 

1 0 0 0 0 0 32 
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Table 5-8 

The Powers of 2 

2n n 2-n 

1 0 1.0 
2 1 o.5 
4 2 0.25 
8 3 0.125 

16 4 0.062 5 
32 5 0.031 25 
64 6 0.015 625 

128 1 0.001 812 5 

256 8 0.003 906 25 
512 9 0.001 953 125 

1 024 10 o.ooo 976 562 5 
2 048 ll o.ooo 488 281 25 

4 096 12 o.ooo 244 140 625 
8 192 13 o.ooo 122 070 312 5 

16 384 14 0.000 061 035 156 25 
32 768 15 o.ooo 030 517 578 125 

65 536 16 o.ooo 015 258 789 062 5 
131 072 17 o.ooo 007 629 394 531 25 
262 144 18 o.ooo 003 814 697 265 625 
524 288 19 o.ooo 001 907 348 632 812 5 

1 048 576 20 o.ooo 000 953 674 316 406 25 
2 097 152 21 o.ooo 000 476 837 158 203 125 
4 194 304 22 o.ooo 000 238 418 579 101 562 5 
8 388 6o8 23 o.ooo 000 119 209 289 550 781 25 

16 777 216 24 o.ooo 000 059 604 644 775 390 625 
33 554 432 25 o.ooo 000 029 8o2 322 387 695 312 5 
67 lD8 864 26 o.ooo 000 014 901 161 193 847 656 25 

134 217 728 27 o.ooo 000 007 450 58o 596 923 828 125 

268 435 456 28 o.ooo 000 003 725 290 298 461 914 062 5 
536 870 912 29 o.ooo 000 001 862 645 149 230 957 031 25 

1 073 741 824 30 o.ooo 000 000 931 322 574 615 478 515 625 
2 147 483 648 31 o.ooo 000 000 465 661 287 307 139 257 812 5 

4 294 967 296 32 o.ooo 000 000 232 830 643 653 869 628 906 25 
8 589 934 592 33 o.ooo 000 000 116 415 321 826 934 814 453 125 

17 179 869 184 34 o.ooo 000 000 058 207 660 913 467 407 226 562 5 
34 359 738 368 35 o.ooo 000 000 029 103 830 456 733 703 613 281 25 

68 719 476 736 36 o.ooo 000 000 014 551 915 228 366 851 8o6 640 625 
137 438 953 472 37 o.ooo 000 000 007 275 957 614 183 425 903 320 312 5 
274 877 906 944 38 o.ooo 000 000 003 637 978 807 091 712 951 660 156 25 
549 755 813 888 39 o.ooo 000 000 001 818 989 403 545 856 475 830 078 125 
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5-16. Positive and Negative numbers 

All positive numbers are programmed in the natural binary form as 

shown in table 5-9. In the sign position, a 11 0 11 denotes a positive 

sign and a "l" denotes a negative sign. All negative numbers are 

programmed in the two's complement form. The two's complement 

method is used primarily because the sign bit of a number can then 

be ignored until the end of the operation. By the use of complements, 

two numbers can be added together without requiring any sign tests in 

the logic. An example of the two's complement form of a number as it 

would exist in an operand appears in table S-10. 

Table 5-9 

Positive Coded Operand 

P7 P6 PS P4 P3 P2 Pl PO 

1 0 1 0 1 0 1 0 
-----------------------~ 

+85 
The above operand converts to: 128 

Table 5-10 

Negative Coded Operand 

P7 P6 PS P4 P3 P2 Pl PO 

------------------------
1 1 0 1 0 1 0 1 

--------------------------' 
The above operand converts to: 

S-17. SAMPLE PROGRAM 

-85 
128 

A programmed and coded arithmetic problem appears in table 5-11 to 

illustrate the complete process of programming, coding into addresses, 

and recording on the program check sheet. The word time sequence 

progresses from sector to sector, with time between allowed for com­

putation time. 
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T S 

7 44 

7 48 

7 8 

7 12 

7 56 

7 60 

7 0 

7 44 

7 48 

7 8 

7 12 

7 56 

7 60 

7 0 

+ " 

Table 5-11 

Programmed and Coded Problem 

Ta T!3 S13 l Sa 0 Comments 

Equation: y = a 0 + a 1 x + 22 x 2 

Revised: y = (a2 x + a 1) x + a 0 

Assumptions: x in 28-46, 29-34; a2 in 7-50; 
al in 7-10; ao in 7-51 

Program Addresses 

7 

7 

7 

7 

7 

7 

28 

7 

7 

29 

7 

7 

45 

49 

9 

33 

57 

61 

47 

6 

11 

54 

59 

63 

AT Clear A 0 and add x 

MU Multiply a2 by x (22 bits) 

AD Add a 1 

MU Multiply x by (a2 x a 1) ( 22 bits) 

AD Add a 0 = y 

SR y 28-58, 29-2, 30-30 

Stop 

Coded Addresses of Program 

11100 

11100 

11100 

11100 

11100 

11100 

Note: 

~ 

00111 101101 111101 000 Clear -'Add x 

11100 100011 011000 010 Multiply a 2 by x 

11100 100100 110100 100 Add a 1 

10111 100001 011011 010 Multiply x by (a2 x + a 1) 

11100 100111 110111 100 Add a 0 = y 

11100 101111 111111 111 y 28-58, 29-2, 30-30 

Least significant bit is at left of each column 

" 

'--

5-13 

Track Number of Main Memory 
Cordinate 

Sector Number of Main Memory 
Coordinate 

Track of Operand 

Sector of Operand 

Track of Next Instruction Word 

Sector of Next Instruction Word 

Order Code 



6-1. GENERAL 

Section VI 

MAINTENANCE 

This section contains maintenance information on the ASN-24 Computer. 

Computer maintenance is facilitated by use of associated test equip­

ment which is described in the following sections of this manual. Obvi­

ously, reasonable care in the transportation, handling, and operation 

of the equipment will prolong its useful life and minimize the possibility 

of trouble. Periodic visual inspections should be made of cases, controls 

and switches, jacks, pins, connections, components, and interconnecting 

cables. Keep a log of inspections, adjustments, replacements, and 

repairs. 

Most components are encased to protect against dirt and foreign matter; 

however, a vacuum cleaner may be used sparingly to clean the equip­

ment. Never use a jet of air. The computer and associated test 

equipment do not require additional lubrication. 

6-2. LOGIC TROUBLESHOOTING 

The other sections of this manual must be studied before any attempt 

is made to troubleshoot the computer. A clear under standing of com­

puter concepts, logic, and methodology is necessary for proper main­

tenance of the equipment. Haphazard, exploratory troubleshooting is 

more likely to be detrimental than corrective to complex circuitry. 

To determine if a particular section of the computer is in good work­

ing condition, the following logic checks should be made. 
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a. Check to see that the flip-flops used in a particular logical opera­

tion have complementary output signals. The two outputs of any flip­

flop are complementary when one output is always the inverse of the 

other output; that is, if one output is high, the other output must be low. 

Ii the outputs of any flip-flop are not complementary, the flip-flop is 

defective and must be repaired. The converse is not necessarily true; 

a flip-flop may have complementary outputs and still be defective. A 

flip-flop must be checked dynamically to ensure that it is operating 

properly. 

b. :Oynamic check of a flip-flop requires that the logical conditions 

for turning it on and off must be met. (See other sections of this 

manual for logic.) If a flip-flop does not respond properly, it should 

be repaired. 

c. Check the logic gates by testing the output of a logic gate for a 

specified pulse or DC level. If the output of a logic gate is not as 

specified, the inputs of the gate must be similarly checked. In check­

ing logic networks, it must be remembered that the cross-multiplying 

terms qualify all flip-flop logic inputs. If the inputs are correct, the 

gate is faulty and must be repaired. If any inputs are not as specified, 

trace the incorrect input signal lines back toward their source until 

the defective part is located. The source of an input signal may be a 

manual switch, a flip-flop, or other component. 
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Section VII 

FILL AND TEST UNIT 

7-1. DESCRIPTION 

The fill and test unit is 13-1/2 X 8 X 8-1/2 in., weighs 15 lbs, occupies 

0. 45 cu ft of space, and contains numerous switches, test points, re­

ceptacles, and associated wiring. It requires 35 watts from a l 15V AC 

line to neutral 400-cycle three-phase source. The unit has a self­

contained power supply capable of supplying all the necessary supply 

voltages for the fill and test unit circuitry. The unit is used, in con­

junction with other equipment, to enter words or taped programs into 

the computer's main memory, and to test, troubleshoot, and maintain 

the computer. 

The upper section of the front panel has a Test Start control switch 

which determines which of the two addresses of the instruction (13 or a 

is to be used as the starting address. See figure 7-1. The Stop light 

comes on when the fill and test control flip-flops are in the stop state, 

EF (H4 + H5) E1E2· The Step pushbutton is used to initiate all opera­

tions in either the test or fill sub-modes. The sigmator switch 

(B Sync 8, 16, 32, 64) is associated with the test controls on the incre­

mental input tracks. The A Sync and B Sync switches are used for 

selecting particular words as the origin for the index pulse in the fill 

mode and origin for loop sub-mode of the test mode. Aside from this, 

the A Sync and B Sync switches also provide utility syncs for the oscil­

loscope. Numerous computer test points are on the side panels. 

7-2. THEORY OF OPERATION 

There are two main modes of fill and test unit operation: fill mode and 

test mode. The purpose of the fill mode is to enter information on the 

memory drum from perforated tape and to check that all entries have 
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been correctly made. The fill mode 1 s sub-modes are: build index (Hl ), 

tape fill (HO), check (HZ), and word fill {H3). The test mode permits 

verification of the computer's operating condition and facilitates com­

puter maintenance. The test mode's sub-modes are: loop {HO), one 

step {Hl), instruction fill {HZ), accumulator fill (H3), instruction sync 

(H4), and instruction stop (H5), A and B Sync functions are used in 

both the fill and test modes. See figures 7-Z through 7-5 for power 

supply, logic, and wiring diagrams. 

7-3. A Sync (As) 

The E4 flip-flop is set high at P 0 of every word with q7 (P0 emitter 

follower). Flip-flop E 4 is therefore high during S!3 and Sa portions of 

every word for coincidence detection of the As switch data against Sot· 

If coincidence is detected, the E 4 flip-flop will remain high through the 

order portion of the word, and at q 8 (P1 emitter follower) a sync pulse 

will be available at the As test jack on the side of the fill and test unit. 

This A pulse provides a convenient scope sync for any word around 
s 

the drum; however, it is primarily used as logic control within the fill 

and test unit. If coincidence is not detected, the E 4 flip-flop will be 

set low to inhibit generation of the sync pulse at P 1. 

7-4. B Sync (Bs) 

B sync is generated in the same manner as A sync using E 5 as the 

coincidence detection flip-flop providing the sigmator switch (B Sync 

8, 16, 3Z, 64) is in the 64 position. The sigmator switch breaks into 

the high order portion of the B Sync switches in order that data circu­

lating on the sigma tor tracks can be viewed on the scope. The sigmator 

switch enables the operator to have a Bs pulse every 8, 16, 32, or 64 

words as desired. The primary function of Bs is that of a utility scope 

sync. 

7-5. Test Mode 
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Figure 7-1. Fill-Test Control Panel 
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7-6, Loop (HO). Loop sub-mode is used to continuously cycle through 

a one-drum revolution, or less, segment of the program. This permits 

checking of logical operations in a dynamic manner rather than by static 

or single- step methods. 

Upon switching into the loop sub-mode, the control flip-flops (El• E 2 ) 

may be in any state. However, as soon as the first A Sync (As) pulse 

occurs, the control flip-flops will be set to the E 1 E 2 state. The com­

puter thus enters the stop phase and the instruction register (I0 ) is 

filled from the instruction switches (S 1 through s 9). The computer 

stays in the stop phase for one word time, then goes to the Wf3 or W a 

phase, as determined by the Test Start switch selection. The computer 

follows the program from this point until the next A pulse occurs; 
s 

then it recycles. 

The sector addresses referred to above are those contained in the 

instruction switches. The loop length is variable up to one drum revo­

lution. Although this sub-mode does not require the Step pushbutton 

to initiate cycling, depressing the pushbutton will force the computer 

to stay in the stop phase as long as the pushbutton is depressed. Should 

an internal stop occur during the loop, the computer will stay in the 

stop phase only until the next As. 

Figure 7-6 indicates that due to control flip-flop E 1 (which controls 

instruction and order register filling) the fiU operation starts at P 0 , 
'· 

but since E 1 also goes low at the next P 0 , no er:t''Qr is made in filling 

the instruction and order registers. 

7-7. One Step (Hl). One step sub-mode is used to cycle through the 

stored program one instruction per step by use of the fill and test unit 

Step pushbutton. Upon switching to the one step sub-mode, the control 

flip-flops (E1, E 2 ) may be in any state. The computer is forced into 

the stop phase (S ) following fir st instruction read-in phase (IR) where 
p - -

the states of E1 and Ez are E1E 2 . In order to initiate one step, the 

Step pushbutton must be depressed and released. At the first P 0 fol­

lowing release of the step pushbutton, the computer enters either the 
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Wf3 or W a phase, as determined by the Test Start switch selection. 

The computer runs until the end of the next IR phase, at which time 

the computer will be forced into stop (Sp) to await a step signal from 

the pushbutton. While the step pushbutton is held depressed, the in­

struction and order registers are in no way modified. At the end of a 

one step operation, the new instruction is contained in the instruction 

and order registers. Should an internal stop order (S ) occur during 
p 

a one step operation, it will be treated logically the same as an IR 

phase and force the computer to stop. For control states, effective 

logic, and timing diagram see figure 7-7. 

7-8. Instruction Fill (H2). Instruction fill provides the capability 

of injecting an instruction directly into the instruction register from 

the data word switches. All possible instructions may be selected by 

the data word switches. 

The instruction fill sub-mode may be entered from either the one step 

or accumulator fill sub-modes. In either event, the control flip-flops 

E 1 and E 2 will be in their stop state, i. e. , E 1E 2 . The contents of 

the instruction and order registers will not be modified until the Step 

pushbutton is depressed. Depressing the Step pushbutton sets E1 high 

and causes the instruction and order registers to be filled with the 

instruction defined by the instruction switches. When the Step push­

button is released, the first P 1 pulse will set E 2 high, then P 0 will 

set E1 low. Whenever both E 1 and E 2 are high at P 0 , the computer 

will enter either the Wf3 or Wa phase as determined by the Mode 

switch selection; although this situation may occur in this sub-mode, 

the computer will stay in the Wf3 or Wa phase for only one word time, 

then be forced into the stop phase (Sp). The instruction and order 

registers will be filled while the step pushbutton is held depressed and 

through Po after release of the pushbutton. Instruction fill must be 

terminated at the end of a P 0 in order to prevent the order register 

shift action from terminating at a time other than Po· For control 

states, effective logic, and timing diagram, see figure 7-8. 
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7-9. Accumulator Fill {H3 }. Accumulator fill provides the capability 

of injecting a data word directly into the accumulator. By accumulator 

and instruction fill sub-modes, it is possible to fill the accumulator 

from any memory location. 

Accumulator fill sub-mode may be entered from either the instruction 

fill or instruction sync sub-modes. The control flip-flops (E 1, E 2 ) may 

not be in their stop states; however, E 1 and E 2 terms set F and J low 

after two word times to force the computer into the stop phase. The 

timing sequence for the control flip-flops is similar to instruction fill. 

The prime difference between the two sub-modes is that E 1 controls 

the accumulator fill logic G rather than instruction fill logic L. For 

control states, effective logic, and timing diagram see figure 7-9. 

7-10. Instruction Sync (H4). The computer need not be in the stop 

phase when switching into the H4 sub-mode; however, it is likely that 

it will be. Assuming that E 1 and E 2 are low, depression of the Step 

pushbutton will cause E 1 to be set high at P 0 ; the fir st P 1 after the push­

button is released will set E 2 high. Assuming E 1 and E 2 are high at 

Po will cause the computer to enter either the W~ or Wa phase, de­

termined by the Mode switch selection. Once computation has been 

initiated by the Step pushbutton, the computer will continue to run until 

an internal stop occurs or the position of the sub-mode switch is changed. 

Upon releasing the Step pushbutton, the program will be entered at a 

point defined by the instruction register contents. The instruction sync 

pulse Is occurs at P 1 time. For control states, effective logic, and 

timing diagram, see figure 7-10. 

7-11. Instruction Stop (H5}. Instruction stop is used mainly in the 

checkout of a stored program. With this sub-mode it is possible to 

traverse any portion of the program and then automatically stop after 

executing a specified instruction. 

Instruction stop sub-mode is -similar to the instruction sync sub-mode 

with the exception that the logic term K1KzE1q 1 which provided the sync 

pulse in the instruction sync sub-mode is now used to force the compu­

ter into stop phase by setting E 2 low at P1. The shortest length of 
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program which can be traversed in this sub-mode is two complete 

operations, unless an internal stop order occurs. The reason for this 

limitation (not important, in that a one step sub-mode is available) is 

that the coincidence detector is not set high until the first IR phase 

after initiating this sub-mode operation. If the read-in instruction 

matches the instruction switches, the computer cannot stop until the 

following IR phase. 

In the instruction stop sub-mode, the last instruction which will be 

executed is the one defined by the instruction switches. For control 

states, effective logic, and timing diagram, see figure 7-11. 

7-12. Fill Mode 

7-13. Build Index (Hl}. In the build index sub-mode, a single index-

ing (or sync) pulse is written on a 1600-bit ( 1-drum revolution) re­

circulation register. The 1600-bit recirculation register is comprised 

of two multi-head recirculation tracks and associated read-write cir­

cuitry of the computer memory. The logic connections are accomplished 

by the fill and test unit. 

Depressing the Step pushbutton will send E 1 and E 2 high and clear both 

recirculation tracks (A 0 , I 0 ) and (D0 , R 0 ) to all "0' s". Upon releasing 

the Step pushbutton, E1 will be set low at the first As pulse, and E 1 

being low will set E 2 low at the following pulse time. The state E 1E 2 

therefore occurs for only one pulse time and is used to gate the input 

logic to the a 0 write amplifier. _This pulse will recirculate and appear 

at the output of the R 0 read flip-flop at P 0 and at the output of A 0 read 

flip-flop at P 1 every drum revolution. For control states, effective 

logic, and timing diagram, see figure 7-12. 

7-14. Tape Fill (HO). The tape fill sub-mode receives data from the 

tape reader, stores it in a flip-flop, and at write time (index pulse 

position) supplies this single bit of tape data to a write amplifier for 

storage in a main memory track. Each time a bit of tape data has been 

stored in the main memory, the index pulse is precessed to the next 

bit location. This cycle is repeated 1600 times, after which the drum 
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track is completely filled. The index pulse returns to its initial 

position during the final cycle. 

In the build index sub-mode, an index pulse is entered on the drum which 

is available at Ro at P 0 time. This index digit is also available at Ao at 

P1 of the word following the R 0 index pulse. Because of a 2-bit delay 

(one-bit delay in the M 0 f write amplifier and one bit delay in the M 0 y 

read flip-flop) it is necessary to record P 24 tape data two bits earlier 

(at P 1) so that the information is available from the M 0 y read flip-flop 

at P 24 computer time. A 0 satisfies this requirement, since the index 

pulse is available at P 1 time to gate the tape data being held in the E 3 

data flip-flop to the M 0 f write amplifier. 

It is standard practice to fill the S 0 t track first in order to accomplish 

pulse and sector syncronization. When the S 0 t track has been recorded, 

it must be checked visually. Thereafter the A Sync switches will de­

termine the location of the fir st word to be filled from either· the tape 

fill or word fill sub-mode. For control states, effective logic, and 

timing diagram, see figure 7-13. 

7-15. Check (H2). The check sub-mode automatically verifies the 

main memory contents against the corresponding tape data. Here, as 

in the tape-fill sub-mode, the 1.ndex pulse identifies the main memory 

bit location. The check cycle for a single bit stores the tape data in a 

flip-flop and at the index pulse position compares this bit of tape data 

with the corresponding bit of data as read from the main memory via 

the main memory read amplifier, Moy· If the comparison is correct, 

the index pulse is advanced one bit, to await the next tape bit to be 

verified; the cycle is then repeated. However, if the main memory 

data does not correspond to the tape data, the discrepancy is sensed by 

the error detection circuits. The error detection circuits cause the 

tape reader to stop and cause the error indicating light on the tape 

reader to light. 

The index pulse is available from the output of Ro read flip-flop at Po. 
It is necessary for the check index pulse to be available at P 0 so that 
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Pz4 tape data can be compared to P 24 drum data, which has a bit 

delay through M 0 y at P 24 computer time. 

Data flip-flop E 3 is time-shared in this mode for tape data hold and 

error checking. Th~ check logic on E3 is such that if the tape data 

(E 3} and the stored data (M0 y) are equal, E 3 will be low during control 

state E 1E 2 . If the tape data (E 3} and the stored data (M0 y) are not 

equal, E 3 will be high during -control state E 1 Ez. If the latter situation 

occurs, the error relay will be energized, the tape reader will stop, 

and the error light on the reader will be lit. Depressing the Step push­

button in this sub-mode will reset the error relay and at the same time 

advance the index pulse one bit. For .control states, effective logic, 

and timing diagram, see figure 7-14. 

7-16. Word Fill (H3}. The word fill sub-mode fills a single word in 

the main memory. There is no limit to the number of words which can 

be filled with this scheme; however, the words which are filled must 

be checked visually. Set-up and actual filling process is identical with 

tape fill, except that the data to be recorded in the main memory is 

taken from the instruction switches in the fill and test unit rather than 

from the tape reader. 

The operation of word fill is similar to tape fill in that data to be re­

corded must be gated into the M 0 f write amplifier two bits earlier 

than the desired location of the data read back by M In this sub-
oy 

mode, the data flip-flop obtains its information from the instruction 

switches sequentially at each Ro pulse. Here, as in tape fill, the Ao 

index pulse satisfies the aforementioned conditions and is used to gate 

the M 0 f write amplifier. 

Initially, E1 and E 2 are low. The A Sync switches are set to the word 

prior to the one to be filled and an index pulse is built. Again, as in 

tape fill, the sub-mode switch must be in H 1 to accomplish this. When 

the sub-mode switch is returned to the H 3 position, the index pulse on 

Ro will occur at Po time, but E 1 and E 2 will remain low. To set E 1 

high at P 0 either Y or PB must be high. When the Step pushbutton is 
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depressed, the index pulse will precess one bit every two drlllll revo­

lutions until the R 0 index pulse occurs at P 0 . When this occurs, no 

new information will be recorded and the control flip-flops will remain 

in the E 1 E 2 state. Another Step signal P 0 from the Step pushbutton is 

required for each additional word to be filled. For control states, 

effective logic, and timing diagram, see figure 7-15. 

7-17. FILL AND TEST LOGIC 

el = Ef (EzPBq7 + EzK1KzPBq7Hf + H 0As) + E£Ez ( Y + PB+ R 0P0 H 3) 

el= E£Ez [R1IoE3 + K1IoE3 + K1K2 (K3q7 + q3)] + Ef (EzRoHD +AsHlPB) 

ez = EfElPBq8 + EfEl [Cy+ H3) RoPB + H1] 

ez = Ef [ K1Kzqs (K3 + E1H5 + H1) +AsHo + E1Hc] + EfEl 

e3 = Ef5w + Ef [El ( i\ + RoSwH3) + E1EzMoyHz} 

e3 = E±8w + Ef [ E1 Ez (HB +Moy)+ PBH2] 

e4 = q7 

e 4 = Sy T 5S ot + Sy T 5S ot 

es= q7 

; 5 = S z T s5 ot + S z T 55 ot 

Sw = ewT4T5 + exT4T5 + eyT4T5 + ezT4T5 + Soq8 + Sz4q7 

SW= ewT4T5 + exT4T5 + eyT4T5 + ezT4T5 + Soq8 + Sz4q7 

mof = EfHBAoE2E3 

mof = E£HBA0E2E3 

As = E4q8 

BS = E5q8 

Is= K1K2E1q8 

eR = El EzE3HzEf 

rR = HEE2 

F = E fE 1 + E fE 1E2 

L = E fE l HA + E fE l E 2 

L=E 1 +Hf 
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J = EfE2 

J = Ef + E2 

G = E 1 + H 3 

G = El H 3 

7 -18. LOGIC EQUATIONS DEFINING TEST AND 
FILL CONTROL OF COMPUTER 

kl =JP o 

kl = J p oK2 (F + K3) R4 

k2 = Jpo 

kz = JP0K1K3Kc (01+Oz+03) 

k3 = JPo 

k3 = J Po (K1KzS5 + K1KzMdF + K1K2Kc) 

01 = LOz 

01 = LOz 

Oz = L03 

Oz= L03 

03 = LE 3 

03 = LE 3 

al = GAO (Normal Compute Logic}+ GE 3 

al = GA (Normal Compute Logic) + GE 3 0 

ao = Ef F 

a 0 = E f L Note: Ef must be high for normal operation. 

i 0 = EfLE 3 + EfL (Kl+ K 3) 

i0 = EfLE 3 + EfL (R 1 + K 3 R. 3 ) T0 

x 0 = EfF Note: Efmust be high for normal operation. 

x 0 = Ef L Note: Ef must be high for normal operation. 
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7-19. OPERATING PROCEDURES 

The following step- by- step procedures stipulate the equipment and 

method used to enter a program, a word, or words in the computer 

and verify that the information entered on the memory drwn is correct, 

asswning that sot has been programmed. 

7-20. Equipment Necessary 

a. Fill and test unit. 

b. Tape reader. 

c. Oscilloscope (Tektronix Type 551), 

d. Two type 54C plug-in preamplifiers. 

7-21. Test Preparation 

a. Set Power switch on tape reader at OFF. 

b. Connect power cable from JTlO to 115V AC, 400-cycle, three­

phase source. 

c. Connect interconnection cable L54200151 7 from J 11 on tape 

reader to J 11 T on fill and test unit. 

d. Set Power switch on fill and test unit at 0 FF. 

e. Connect power cable L542001514 to 115V AC, 400-cycle, three­

phase source 

f. Connect cables L542001508, L542001510, L542001509, and 

L542001511 between computer and fill and test unit. 

g. Start computer. 
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7-22. Tape Fill Procedure 

a. Thread program tape through reader and adjust tape so that 

fir st hole on the eighth channel is directly above sensing fingers. 

NOTE 

Tape ends are labeled "Start" and "Finish". 
Be sure "Start" end is threaded. 

b. Remove preamplifier package located on computer housing. 

(For drum tracks 0 through 15, remove preamplifier package number 

1. For drum tracks .16 through 31, remove preamplifier package 

number 2.} 

c. Connect fill adapter to location in step b from which preamplifier 

package was removed. 

d. Set the Mode switch at FILL. 

e. Set Sub Mode switch at Hl. 

f. Set A Sync switches at sector 63 (56 plus 7). 

g. Set B Sync switches at sector 63 (56 plus 7), 

h. Connect oscilloscope vertical input pro be to jack A . 
0 

i. Connect oscilloscope external sync probe to jack Bs. 

j . Set Power switch on tape reader at ON. 

k. Set Channel Selector switch on tape reader to desired tape 

channel. 

1. Connect· coaxial cable W f from fill and test unit to de sired 

drum track indicated on fill adapter. 

m. Depress Step pushbutton on fill and test unit. 

n. Observe that a pulse appears at P 1 time on A 0 at word 63. 

o. Set Sub Mode switch at HO. 

p. Depress Start pushbutton on tape reader. Tape will continue to 

step for approximately four minutes and will automatically stop. 

q. When the tape has stopped, observe that a pulse is present at 

P1 on A 0 at word 63. 
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r. 

7-Z3. 

a. 

b. 

c. 

7-ZZ. 

Perform the following check procedure. 

Tape Check Procedure 

Remove coaxial cable W f from the fill adapter. 

Connect adapter cable to M test jack on fill adapter. oy 

Rewind tape to initial position as specified in step a of paragraph 

d. Set Sub Mode switch at HZ. 

e. Set Mode switch at TEST. 

f. If the drum track just filled was in the 0 through 15 category, 

set T~ switches at 0 (0 plus O). If the drum track just filled was in 

the 16 through 31 category, set T~ switches at 31 (7 plus Z4). 

g. Depress Step pushbutton. 

h. Set Sub Mode switch at Hl. 

i. Set Mode switch at FILL. 

j. Depress Step pushbutton. 

k. Connect oscilloscope vertical input probe to jack R . Observe 
0 

that a pulse is present at P time of word 63. 
0 

1. Set Sub Mode switch at HZ. 

m. Depress Start pushbutton on tape reader. The tape will continue 

to step for approximately four minutes if no error is detected. If an 

error is detected, the error lamp will light and the tape will halt. 

Repeat fill procedure if an error is detected. 

n. When the tape is automatically stopped without error detection, 

observe that a pulse appears at P 0 on R 0 at word 63. 

o. Repeat the fill and check procedures for each desired drum 

track until the program is completed. 

7-Z4. Word Fill Procedure 
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NOTE 

The word fill sub-mode is used to fill any 
single word in the main memory and is in­
dependent of the tape reader. The words 
which are filled must be checked visually. 

a. Prepare fill and test unit as in paragraph 7- 21. 

b. Set A Sync switches to one word prior to word being filled. 

c. Set B Sync switches to one word prior to, word being filled. 

d. Depress Step pushbutton. 

e. Observe that a pulse appears at P 1 time on A 0 . 

f. Set B Sync switches to word being stored. 

g. Set word instruction switches for appropriate information. 

h. Set Sub Mode switch at H3. 

i. Depress Step pushbutton. 

J. Observe oscilloscope. A 11 111 should be present at P 1 time on A 0 . 

k. Set Sub Mode switch at Hl. 

1. 

m. 

7-25. 

a. 

b. 

Repeat steps b through k for additional words to be filled. 

Perform the following check procedure:' 

Word Fill Check Procedure 

Remove coaxial cable from the fill adapter. 

Connect adapter cable to M jack on fill adapter. oy 

c. Set Sub Mode switch at H2. 

d. Set Mode switch at TEST. 

e. Connect adapter end of cable to adapter jack of drum track to be 

checked. 

f. If the drum track's word just filled was in the 0 through 15 

category, set T~ switches at 0 (0 and 0). If the drum track's word just 

filled was in the 16through 31 category, set Tl) switches at 31 (7 plus 24). 
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g. Connect oscilloscope to M 0 y jack on fill and test unit. 

h. Set B Sync switches at word being checked. 

i. Depress Step pushbutton. 

j. Observe oscilloscope for correct programmed word. 

h. Repeat steps a through j for additional words to be checked. 

7-26. DEFINITION OF SYMBOLS 

Md = Fill and test W a entry control, normally low 

E 1 = Time-shared control and coincidence flip-flop 

Ez = Control flip-flop 

E 3 = Time-shared data hold and error detecting flip-flop 

F = Fill and test Wi3 or Wa entry control, normally low 

G = Fill and test accumulator control, normally high 

G = Fill and test accumulator control, normally low 

J = Fill and test compute control, normally high 

J = Fill and test stop control, normally low 

L = Fill and test instruction fill control, normally low 

L = Fill and test instruction fill control, normally high 

Ef = Fill mode indicator, normally low 

Ef = Test mode indicator, normally high 

a 1 = Serial adder flip-flop, logic input 

a 0 = Accumulator write amplifier, logic input 

ER= Error relay driver output 

A = The "l's" tape data logic signal 

Y = The read tape signal from reader 

y = The wait tape signal from reader 

PB= Logic signal from Step pushbutton 
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Sw = The composite instruction switches logic 

HN = Logic signals from the Sub Mode switch, defining singular or a 

multiple of sub-modes 

qN =Switch drive signals defining the states of T 1, Tz, T 3 , and T 4 

m 0 f= Logic input to the fill write amplifier 

wf = Output of the fill write amplifier 

As =A P 1 sync pulse occurring in the A Sync switch selected word 

Bs =A P 1 sync pulse occurring in the B Sync switch selected word 

Is _A P 1 sync pulse occurring during the IR phase immediately 

following an operation wherein the contents of the instruction 

register are identical to the reading of the instruction switches 

E 4 = Comparator flip-flop for As 

eR = Logic input to the error relay driver 

rR = Logic input to the fill and test stop relay driver 

E 5 = Comparator flip-:flop for BS 

HA= Ho+ Hz 

HB =HO+ H3 

He= Hz+ H3 

HD = Ho + Hz + H3 

HE= H4 + Hs 

HF = Ho Hz 

ew = Data word switch bits occurring 

ex = Data word switch bits occurring 

during T 4 Ts 

during T5 T4 

ey = Data word switch bits occurring during T 5 T 4 

ez = Data word switch bits occurring during T 5 T 4 

Sy = As sync switch bits 

S z = Bs sync switch bits 
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8-1. DESCRIPTION 

Section VIII 

TAPE READER 

The motorized tape reader is a self-contained unit used to read infer -

mation from pre-punched paper or mylar tape (see figure 8-1 ). The 

reader has the capacity for handling tapes containing as many as eight 

channels. The reader is used in conjunction with the fill and test unit 

for entering program information on the memory drum of the computer. 

The dimensions of the tape reader are 20-1/2 X 13 X 11 in. and the unit 

occupies 1. 7 cu ft of space. The weight of the tape reader is 29 lbs, 

which includes the 15-lb cabinet. Power requirements are 7 5 watts, 

208V, 40 cycles, 3 phase, Y-connected. 

8-2. THEORY OF OPERATION 

8- 3. General 

The tape reader is a pin- sensing device which senses one tape charac -

ter every 125 milliseconds. The sensing pins, which are under light 

spring tension and are designated sequentially as 1 through 8, are cam­

driven into engagement with the tape while the tape is intermittently 

stopped. If a hole exists over a pin, the pin moves through the tape 

to a raised position, allowing an associated contact assembly to operate. 

If there is no hole over the pin, movement of the pin is blocked by the 

tape, and the associated contact assembly cannot operate. The tape 

is advanced one step each cycle by a pinwheel which is automatically 

stepped immediately after the reading pins have been withdrawn from 

the tape. 
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Tape channels 1, 2., 3, 5, 6, and 7 are information channels. Channels 

4 and 8 are control channelso A perforation in an information channel 

signifies a true condition (equivalent to a "l" in the computer); absence 

of a perforation signifies a false condition (equivalent to a "0" in the 

computer). Control channels 4 or 8 must contain a per £oration to per -

mit the tape reader to continue stepping; a character lacking perfora­

tions in both channels 4 and 8 will de-energize the clutch and stop the 

tape. 

A perforation in channel 8 also performs a second function through 

another set of contacts which informs the fill and test equipment that 

information is being sent. Transmission of information is signified by 

a high Y signal (pe.rforation in channel 8); non-transmission of informa­

tion is signified by a high y signal {no perforation in channel 8). When 

y is high, the fill and test unit accepts ).. information and allows pre­

cession of the index pulse. When y is high no information is sent and 

there is no precession of the index pulse. 

Sprocket holes between channels 5 and 6 are used to drive the tape 

from one character to the next. Tape advance is accomplished by the 

engagement of a clutch to a continuously-operating motor, B 1. Since 

there are 1600 bit positions on each track on the computer drum, tape 

must advance 1600 characters for each channel of data plus the number 

of channel 4 tape-advance holes. The time required to fill one track is 

approximately fOL1r rninute s. 

8-4. Start 

When the Power On-Off switch is set in the ON position, three-phase 

power is applied to motor B 1 and phase A power is applied to rectifier 

D 1 and filtering circuits to produce + 1 OOV DC output, as shown in 

figure 8-2.. Motor Bl drives a gear train and slip clutch which drives 

the take-up spool. When the Start pushbutton is depressed, lOOV AC 

power is applied to coils of relay K2. and the clutch magnet via closed 

interlock contact 9, normally closed contacts of relay Kl, normally 

closed contact of Stop switch S3, and normally open contacts of Start 
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Switch S2. Relay K2 and the clutch magnet are held in their energized 

states through K2 contacts 3 and 5. With the energizing of the clutch 

magnet, the motor shaft engages the camshaft to start a reading cycle. 

8-5. Reading Cycle 

Contacts 1, 2, 3, 5, 6, and 7 are controlled by sensing pins which 

sense correspondingly-numbered tape channels for perforations. By 

the position of the channel selector switch, and in accordance with the 

tape identification, one channel is selected to pass information to the 

fill and test unit. The information signal is designated as A. • When 

a perforation exists in the selected tape channel, its associated contact 

makes, during the reader cycle, to produce a high (+35V DC) A. signal 

which is equivalent to a "l". If no perforation exists, the associated 

contact remains open; thus, A. represents an open circuit condition or 

"0" to the computer. 

Camshaft control contact 10 makes and breaks during each reading 

cycle. During the portion of the reading cycle in which the sensing 

pins are raised, contact 10 closes to apply +lOOV DC power via nor­

mally closed contacts 8 and 4 to the coil of relay K2 (pin 8). Since 

+lOOV DC is applied to pin 4 of relay K2, K2 will be de-energized, as 

will the clutch magnet, and the reader will stop. A perforation in 

either channel 4 or 8 will prevent this path, thus ensuring an additional 

reader cycle. 

When Y is high, the fill-test unit accepts A information. When y is 

high, the fill and test unit ignores A . 

8-6. Stop 

The tape reader will stop when there is no perforation of channels 4 

or 8 in a particular tape character. The reader will also stop when 

the Stop pushbutton is depressed or when the reader receives a ground 

level ER signal from the fill and test unit which will energize relay Kl 
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to light lamp Iz and remove + 1 OOV DC power from relay K2 and the clutch 

magnet. 

8- 7. Check 

The reader, m conjunction with the fill and test unit, is equipped with a 

check mode. After the tape has been run, it is disengaged from the 

threaded locations, rewound by use of the handcrank, threaded, and run 

again. (If an error is detected, the error light is energized and the 

reader stops stepping.} The time required to check one track is approx­

imately four minutes. 

8-8. Controls 

The Channel Select switch on the front of the reader is used to select 

the channel to be read from a tape (see figure 8-1). The Power On­

Off switch is the master power switch for the tape reader. The Start 

pushbutton starts the reader stepping. The Stop pushbutton stops the 

reader. There are three front-mounted 3/4-amp fuses. 

8-9. Operation 

a. Set power switch at 0 FF. 

-
b. Connect power cable from JTlO to a 115V AC, 400-cycle, 3phase 

source. 

c. Connect interconnection cable from JT 11 to fill and test unit. 

d. Thread tape through reader guides and secure the free end to the 

spool located on the right when facing the reader. Position the tape so 

that the first hole on the eighth channel is aligned with the sensing pins. 

Close Interlock switch. 

NOTE 

Tape ends are labeled "Start" and "Finish". 
Be sure tape is threaded from "Start"end. 
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e. Set Channel Select switch and turn power on. 

£. To stop, turn off power or press Stop pushbutton. 

8-10. MAINTENANCE 

Keep the reader clean; however, do not disassemble the equipment 

merely to clean it. Troubleshoot using figures 8-2 and 8-3. 
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Section IX 

CARD CHECKER 

9-1. DESCRIPTION 

During troubleshooting and maintenance, the card checker is used with 

standard test equipment, including an oscilloscope for monitoring pur­

poses, to provide the required controls and signals for either nominal 

or marginal checks of each of the component cards. See figure 9-1. 

The cards are placed on the front panel connectors of the checker. 

Cards 10, 13, 14, 18, 20, and 21 use connector 2; all other small cards 

use connector 1. Placement· of the cards on the front panel provides 

easy access to both sides of the cards for checking of components, in­

puts, and outputs, which are not available through the connector. 

All connector pins are available at test points for monitoring and for 

applying input signals not available through the card checker switches. 

The switches control inputs to all connector pins except pins 1 through 

7 on connector 1. These pins are the voltage inputs to the circuit 

cards and are the same for all cards except cards 10, 13, 18, 20, and 

21 which require their power inputs to be jumpered through test points. 

Along with the test points to the connector, additional test points are 

available to supply signals and test circuits which are used for specific 

circuit tests. See figures 9-2 through 9-5 for circuit diagrams. 

9-2. THEORY OF OPERATION 

The following paragraphs discuss the method by which each type of 

circuit card is tested by the card checker. All circuit checks can be 

performed with nominal or marginal values in voltage levels and 

frequency. 
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9-3. Logic Gates 

The card checker provides signals for checking logic gates in static or 

dynamic modes. These signals are provided by switches which control 

the inputs to each logic element. The setting of the switches are de­

termined by the logic gate to be checked. 

9-4. Flip-flops 

The signals for checking a flip-flop are the clock, pull-ups (power to 

trigger the flip-flop), and a capacitance load. The logic input to the 

flip-flop is removed and the pull-ups installed. This provides a trigger 

needed by the flip-flop to operate at clock frequency. The capacitance 

load is placed at the output of the flip-flop to check the output waveform 

with a consistant load. Using these connections, the operator can keep 

the flip-flop in proper operating condition and can troubleshoot the 

circuit with no great difficulty. 

9-5. Emitter Followers 

The tests for the emitter followers are the same as the tests for the 

logic gates. 

9-6. Read Flip:Flops 

The signals for checking a read flip-flop are the clock, a sine wave m 

phase with the clock, and a sine wave 180 degrees out of phase with the 

clock. Added controls of gain and phase shift are provided to obtain 

marginal conditions of input signals to the read flip-flop. The output 

of the read flip-flop for a 0 degree sine wave input is a DC level of 

approximately t35V on the set output and a DC voltage of approximately 

+9V on the re set output. The output of the read flip-flop for a 180 

degree sine wave input is a DC level of approximately +9V on the set 

output and a DC level of approximately +35V on the reset output. 
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9-7. Write Amplifiers 

In checking a write amplifier, the card checker provides a clock, a 

flip-flop for an input signal, and a write head as a load. The flip-flop 

input and the write head load are available at test points to jumper into 

the write amplifier and to monitor the input and output signals. 

9-8. Clock Generators 

The clock generator input signal from the card checker is a 160 KC ± 

16 KC sine wave. Both the input and output signals are monitored 

through test points. 

9-9. Head Selection Cards 

The head selection cards contain logic gates and may be tested in the 

same manner as the logic gates are tested. Simulation of head input 

may be made with a 'sine wave oscillator. The output may be selected 

by imposing the required logic conditions on the desired gate. 
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Figure 9-2. Power Supply, Schematic Diagram 
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Appendix A 

WIRING TABLES 

·The following tables contain wiring information pertaining to the com­

puter 1 s external connectors (4Jl, 4J2, 4J3, and 4J4) and the connectors 

within the memory (P21, P23, PZS, and P26). 

CONNECTOR 4J 1 

Pin Signal 

A l lS Volts 400 cps T 1 

B Spare - Do Not Use 

C llS Volts -400 cps T 2 

D 11 S Volts - 400 cps T 3 

E Spare - Do Not Use 

F Power Gnd. (Neutral) 

G Spare 

H Spare 

J +60V DC 

K +35V DC 

L 

M 

N 

p 

R 

s 
T 

u 
v 
w 
x 
y 

K4 

Ks 
Rs 
R6 
FO 
+zov DC 

R.3 
+23V DC 

Spare 

Spare 

Spare 

Spare 

Do Not Use 

A-1 

Pin 

z 
a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

k 

m 

n 

p 

q 

r 

s 

t 

u 

v 

w 

Signal 

R3 

F _P 
F n 
+ti.V w 
-ti.V 

w 

Fr8 

Fr4 
ti.t 1 ( 1. 3 kc) 

+60 I/O 

+3S I/O 

+23 I/O 

+20 I/O 

- 20 I/ 0 

s1 
s1 
S2 

Sz 
s3 
S4 

54 
Yoz 
Wz 



CONNECTOR 4J 1 (Cont.) 

Pin Signal Pin Signal 

x W3 cc Computer Clock (T) 

y p24 DD -8V DC 

H EE -20V DC 
z 

AA s6 
FF PO 

GG +35 Volts WI A 
BB s6 HH Computer Gnd. 

CONNECTOR 4J2 

Pin Signal Pin Signal 

A BO a B ,:, 
8 

B Bl b B ,:, 
9 

c Bz c B ,:, 
10 

D B3 d B ':' 11 
E B4 e B ':' 12 
F B5 f B ,:, 

13 
G B6 g Bl4 ~:' 

H B..., h B ,:, 
I 15 

J B8 i w2 

K 139 j w3 

L 13 10 k w4 

M B 11 m w4 

N Bl2 n W5 
p 

B 13 p w5 

R Bl4 q -t;.V 
v 

s B ,:, r +t;.V 
0 v 

T B ':' 1 s 1:;.t2 

u B ,:, 
2 t Al 

v B ,:, 
3 li K4 

w B ':' 4 v K6 

x B ':' 
5 

w YOl 
y B ... 6.,. x Yoz 
z B ':' 

7 y w1 

A-2 



CONNECTOR 4J2 (Cont.) 

Pin Signal Pin· Signal 

z ·w1 EE R4 

AA KlK2K3 FF +ti. v 
BB S3 

u 

GG - ti. v cc F u 
g 

DD Rl HH H 

CONNECTOR 4J3 

Pin Signal Pin Signal 

A Al c Fl 

B Ks d Fe 

c 03 e Mox 
D XO! f CS 
E KS g F 

c 
F 03 h Xo2 
G F i xo2 a 
H Ff j y 01 

J F k 02 a 
K p m K4 0 

.L p n Fb 0 

M F p Tl g 
N Yo2 q Md 
p Dl r 02 

R Do s K4 

s E3 t T4 

T Dl u 01 

u Ro v K3 

v F. w TS J 
w Do x K 

c 
x YO y F 

y G z Kl 

z T3 AA 01 

a Tl BB E3 

b F3 cc Ro 

A-3 



CONNECTOR 4J3 (Cont. ) 

Pin Signal Pin Signal 

DD MOy FF T3 
GG Fd 

EE Mm HH Fz 

CONNECTOR 4J4 

Pin Signal Pin Signal 

A Fl e Io 

B ES f L 

c Fh g P5 

D C5 h C4 

E T i P5 s 
F c4 J F m 
G Mox k T5 

H Ft m SOT 
J J n T4 

K Al p c a 
L AO q Kz 

M p24 r K6 

N c s Kl a 
p AO t T2 

R J u T5 

s K6 v Kz 

T ss w p24 

u K3 x SOT 
v XOl y Signal Ground 

w KlK2 
z IO 

x ss AA T2 

BB F2 y M 
m cc Ef z K 
c DD F 

a Y02 m 
EE F 

b Moy 
w 

FF F 
w 

c KlKZ GG Clock Pulse (T) 

d G HH I 

A-4 



CONNECTOR P21 

Pin Signal Pin Signal 

A HO M HlO 

B Hl N Hll 

c H2 p Hl2 

D H3 R Hl3 

E H4 s Hl4 

F H5 T Hl5 
H H6 u HO 

J H7 v Hl 

K H8 w -8 V Hd':' 

L H9 x Shield GND 

CONNECTOR P23 

Pin Signal Pin Signal 

A Hl6 M H26 
B Hl7 N H27 

c Hl8 p H28 

D Hl9 R H29 
E H20 s H30 

F H21 T H31 
H H22 u Hl6 

J H23 v H17 

K H24 w -8 V Hd':' 

L H25 x Shield GND 

CONNECTOR P25 

Pin Signal Pin Signal 

A Do J H2 

B sot K Mox 

c XOl L L::.2 

D I M H3 
0 

E t N 1::.3 

F l:. 1 p Ro 

H YOl R Y02 

A-5 



CONNECTOR P25 (Cont.) 

Pin Signal Pin Signal 

s AT v Hl9 
T AO w -8 VHd>:• 

u H18 x Shield GND. 

CONNECTOR P26 

Pin Signal Current is Recording 

A ' 0 

B ' 1 

c d I 0 
0 

D d 1 
0 

E x' 0 
0 

F x 1 
0 

H y' 0 
0 

J Yo 1 

K ill I 0 
x 

L rn 1 
x 

M a I 0 
0 

N a 1 
0 

p n I 0 
0 

R n 1 
0 

s rn 0 v 
T rn 1 v 
u ill I 0 

z 
v rn 1 z 
w -20 V Hd 

x Shield GND 

A-6 



Appendix B 

ADDITIONAL ILLUSTRATIONS 

B-1 
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Figure B-16. Head Selecting Matrix, Card No. 10, Schematic Diagram 
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