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Magnetic drums, recording, return to
zero (RZ), 19-09
reliability, 19-12
typical operating
19-07
writing techniques, 19-09, 19-11
Magnetic films, 19-28
Magnetic heads, 20-33, (table) 20-34
characteristics, (table) 20-34
stack, (table) 20-34
Magnetic ink, 5-20, 5-22
Magnetic recording densities, 20-40
Magnetic storage, other techniques,
19-26
Magnetic tapes, 5-25, 20-33
equipment, 5-18, 20-33
auxiliary, 20-42
features, 5-27, 5-30
head design, 20-33
input units, 5-19
master file, accounting, 8-02
operation details, 5-27
output equipment, 5-36
plastic base, characteristics,
(table) 20-34
preparation, 5-18
random access, 5-32
reading methods, 5-18, 20-35
recording, 5-18, 5-25, 20-35; see also
M agnetic drums, recording
dipole, 20-37
frequency doubling, 20-40
heads, 20-33, (table) 20-34
Manchester, 20-39
nonreturn to zero (NRZ), 20-38
nonreturn to zero, invert (NRZI),
20-39
phase modulation, 20-39
polarized dipole, 20-34
return to zero (RZ), 20-36
waveforms, 20-36, 20-38, 20-40
sorting, 2-152
speeds, 5-19, 5-29
storage capacity, 5-28
time delay, 23-34
transports, 5-29, 20-40, (table) 20-42
units, 5-19
writing currents, 20-40
Magnetography, 20-17
Magnetostrictive delay lines, 19-31

systems (table),

20-33,

Magnetronic Reservisor, 9-04
Maintenance, 6-13, 13-08
console, 13-09
programs, 2-258
scheduled, 13-08
unscheduled, 13-08
Manchester recording method,
20-39
MANIAC, 2-62, 12-09
Manpower forecasts, 9-07
Manual control, logical design, 17-27
Manuals, installation and specification,
6-02
Marginal checking, 13-09, 14-05, 14-07
circuits, 14-10
components, 14-07
reliability data, 14-17
transistors, 14-36
Mark 1, 12-07, 12-29
Mark II, 12-09
Mark sensing, 5-19
Match-merge, 3-08
Material equivalence function, 15-19
Mathematical checks, 13-03, 13-05
Math-Matie, 2-129, 2-186
Matrix inversion, 10-02
methods, 10-02, (table) 10-03
storage requirements, 10-03
time required, (table) 10-03
MATRIX MATH, 2-158
Matrix order, 10-03, 10-06
Matrix printers, 20-08, 20-13
Maximum storage, computers,
2-64
Maxterms, 17-12
Mean square ensemble output, 26-06,
26-09
Mean square value, determination of,
26-20
Mean value, determination of, 26-18
Measures of performance, programming,
2-05
Mechanical computers, 27-01
accuracy, 27-02
addition and subtraction, 27-02
digital, 12-07
and electronic, 27-02
function generation,
27-06
input tables, 27-04

19-10,

(table)

27-05, (table)
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Mechanical computers, integration, 27-03
multiplication by a constant, 27-02
output tables, 27-04
scale factors, 27-14
schematics, 27-05
solution of equations, 27-09
symbols, 27-05
torque amplifiers, 27-04

Mechanical elements, 24-01, 24-09
analog-digital converters, 30-04

Mechanical perforated tape

20-26

Mechanical printers, 20-06, (table) 20-08

Mechanical translation, 2-259

Mechanism, linkage, 27-01

Mercury, 2-186

Mercury delay line, 5-26, 19-30

Merging, 2-145, 2-147, 3-08

Michigan Digital Automatic Computer,

2-115; see also MAGIC

Microprogramming, 2-251
example, 2-256
macroinstructions and . microinstruc-

tions, 2-254
TX-0 development, 2-252
MIDAC, 2-20, 2-58, 2-64, 2-122, 2-159,
2-171, 2-192, 2-244; see also
MAGIC
base counter, 2-118
instruction logic, 2-115
logical programming, 2-250
modification digits, 2-116
programming examples, 2-130
subroutine library, 2-172
Mid-square procedure, 2-145
"Milne, Adams and, method, 10-09

Mmlcard 11-17

Minimal latency, programming, 2- 130

Minnesota Mining and Manufactux ing

Company, 19-09

Minterms, 17-12

MISHAP, 2-157

Mistake prevention, automatic program-

ming, 2-163 .
MIT, 2-21, 2-157, 2-159, 2-160, 2-184,
2-251, 2-252, 2-263, 14-01, 19-06,
19-27
magnetic core unit, 19-19
TX-2 core storage, (table) 19-27
Whirlwind, 2-159 ..

readers,

MITILAC, 2-157
MJS, 2-158
Mnemonie codes, 2-160
Mod 11 check, 3-14
Modus ponens, 11-10
Monitoring, digital, 30-14
Monostable storage elements, 17-05
Moore School, 2-159
M-Q register, 12-06
Multi-address codes, 2-56
Multiaperture magnetic cores, 19-29
Multicoordinate  selection  principles,
magnetic cores, 19-15
Multiple linear regression and correla-
tion analyses, 10-10
Multiplexing equipment, 5-23
Multiplication, analog, 23-01
accuracy, 23-04, 23-07, 23-09
AM-FM, 23-19
by constant, 22-04, 27-02
crossed field, 23-10
dynamometer, 23-09
four quadrant, 23-02, 23-04
logarithmie, 23-09
mechanical, 27-02
modification of quarter
23-09
one-quadrant, 23-02
probability, 23-10
quarter squares, 23-08
scaling, 23-11
servo, 23-02
step relay, 23-10
time division electronic, 23-05
two-quadrant, 23-02
digital, 18-16, 18-27
adding and shifting method, 18-28
binary, 18-16
Booth method, 18-18
decimal, 18-27
hexadecimal, (table) 2-44
incremental computation, 29-26
parallel, 18-19
precision, 18-20
roundoff, 18-29
roundoff correction, 18-20
Russian peasant method, 18-28
serial, 18-19
serial-parallel, 18-19
Shaw method, 18-16

squares,
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Multiplication, digital, stored multiples,
18-28
table, 18-29
digital analog, 28-16
digital operational,
digital
operational digital, 28-11, 29-05
accuracy, 29-08
binary rate, 29-05
dynamic rate, 29-09
magnetic core transistor, 29-08
pulse rates, 29-10
Multiplier, see Multiplication
Multiprecision, 2-22
Multispeed coders, 20-55
Multivibrator, one-shot, 16-08
Multiway switch, IBM 650 SOAP pro-
gram, 2-138, 2-139
MIDAC MAGIC program, 2-139
Munich Technische Hochschule, 2-191
Mylar tape, 5-25, 20-33, 20-43

see operational

NAA ASSEMBLY, 2-156

National Advisory Committee on Aero-
nautics, 2-193

National Bureau of Standards, 2-115,
2-159, 2-185, 2-189, 2-240

National Cash Register, 12-09

Natural languages, programming,
2-259

Naval Ordnance Laboratories, 2-157,
2-159

Naval Ordnance Test Station, 2-156
Negation, 17-03
magnetic cores, 15-18
Networks, a-c analyzers, 25-20
four-terminal, 22-16
inductance-capacitance, 25-20
integrating, 22-07
resistance, 25-15
resistance-capacitance, 25-19
R-L-C, 25-20
short  circuit
22-18
summing, 22-05
two-terminal, 22-15
Newton’s method, 2-212
New York University, 2-158
Nodal point location, finite difference ex-
pansions, (tables) 25-12

impedance, (table)

Noise, 26-01; see also Noise generators
adjoint systems, 26-07
aerodynamic, 26-10
aireraft systems, 26-10
analog computers, 26-01
contact, 26-01
ensemble, 26-06, 26-09

average, 26-03
ergodic processes, 26-03
errors, 22-36
Gaussian distribution, 26-04
generators, 26-12
linear systems, 26-06
magnetic cores, 15-07
mean square value, 26-20
mean value, 26-18
missile systems, 26-10
non-Gaussian, 26-18
nonlinear systems, 26-09
nonstationary, 26-18
operational amplifier, 22-16
radar, 26-10
servos, 26-10
sources, 26-12 8
spectral density, 26-05, 26-14, 26-20
standard deviation, 26-03
stationary processes, 26-03
thermal, 26-01
transistors, 16-05
variance, 26-03
white, 26-05

Noise generators, 26-12
characteristics, 26-12, 26-18
demodulator type, 26-15
gas discharge tube, 26-13
gas tube, 26-14
Gaussian, 26-11
Geiger-Mueller tube, 26-13
radioactive source, 26-12
sampling type, 26-14

Nondestructive readout, 19-26

Nondigital applications, magnetic cores,

15-23

Nonelectric field analogs, 25-22

Nonlinear differential equation, 27-11

Nonlinear electronic computer elements,

23-01

Nonlinear potentiometers, 23-17
servodriven, 23-31

Nonlinear systems, noise, 26-09
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Non-numerical problems; see also Game
playing machines; Logic machines;
M achine translation, languages
characteristics, 11-01
literature searching, 11-16;
Retrieval systems
Nonreturn to zero invert recording,
19-10, 19-13, 20-39
Nonreturn to zero recording, 19-09, 20-38
NORGC, 2-58, 13-03
NORC COMPILER, 2-159
Normal form, 17-13
Normal random deviates, 2-173
North American Aviation system, 2-156,
2-185
Not, 17-03
Notation, arithmetic and control, 18-02
computer diagrams, 22-03
constants and variables, 2-50
Turing computers, 31-04
N-p-n transistors, see Transistors, junc-
tion
NRZ recording, 19-09, 20-38
NRZI recording, 19-10, 19-13, 20-39
Number conversion, 2-14, 12-14, 18-23
in arithmetic of original system, 2-14
in arithmetic of second system, 2-17
base R to decimal, 12-14
binary to decimal, 2-20, 18-24
binary to Gray code, 18-25
binary powers of 2, (table) 2-43
decimal to base R, 12-14
decimal to binary, 18-23
decimal-hexadecimal, (table) 2-42
decimal-octal, (table) 2-28
fractional numbers, 12-16
Gray code to binary, 18-24
hexa”ecimal-decimal, (table) 2-42
mixed numbers, 12-17
octal-decimal, (table) 2-28
roundoff in, 2-21
with scale factors, 2-19
trick method, 2-18
whole numbers, 12-14
Numbers, 2-12; see also Codes; Number
systems
codes, 12-12, 17-26, (table) 20-46
“digital,” 2-23
as discrete electric signal, 5-07
fixed point, 2-23

see also

Numbers, floating point, 2-24
negative, 2-22, 12-22
overflow, 12-25
precision, 2-22
representation, 12-12
roundoff, 12-24
sign digit, 12-25
zero representation, 18-16
Number systems, 2-13, 5-04, 12-12; see
also Codes; Numbers
base, 2-13, 12-12, 12-17
binary coded, 12-18
binary coded decimal, 5-05
comparison, (table) 12-13
complements, 2-22, 12-22
1’s, 12-24
10’s, 12-23
negative, 12-22
true, 12-23
conversion, see Number conversion
cyclie, 12-17
hexadecimal
2-44
internal decimal scale factors, 2-21
for machines, 12-18
nonweighted code, 12-19
powers of 2, (table) 2-43
radix, 2-13, 2-23, 12-12
reflected, 12-17
representation, 12-12
scale factors, 2-12, 2-24
triad, 2-24, (table) 2-64
types, (table) 12-13
weighted codes, 12-19
Numerical analysis, 2-02, 2-181, 10-01
characteristic roots, 10-04
correlation, 10-10
differential equations, ordinary, 10-08
partial, 10-10
time for solution, 10-10
factors, 10-11
incremental evaluation, 10-09
integration, 10-09
linear programming, 10-06
multiple linear regression, 10-10
solution time, eigenvalues, 10-06
linear programming, 10-07
matrix inversion, (table) 10-03
simultaneous linear equations, 10-05
statistical, 10-10

(table)

multiplication,
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Numerical analysis, storage requirements
for matrix inversion, (table) 10-03

Numerical expression, 12-12

Numerical integration, 10-09

NYAP, 2-156

NYDPP, 2-156

NYU, OMNIFAX, 2-158

Octal-decimal conversion, (table) 2-28
Office Management Association of Great
Britain, 2-261
Office of the Naval Research Symposia,
2-261
Off-line, data processing, 3-04, 20-04
OMNICODE, 2-157
One-pass assembly programs, 2-164
One-pass translators, 2-186
One-plus-one address codes, 2-58
One-quadrant multipliers, 23-02
One-shot multivibrator, transistors, 16-08
On-the-fly printers, 20-08, 20-10
On-line, data processing, 3-04
On-line equipment, 20-04
Open subroutines, 2-168
Operating costs, 4-09
Operating speed,
2-64
Operational amplifier, d-c, 22-08
design, 22-16
transfer function representation, 22-15
Operational digital systems, 28-11, 29-01
adder, 29-10
analog-digital converters, 29-18
applications, 29-14
basic devices, 29-05
control applications, 28-17
data acquisition, 29-17
digital differential analyzers, see Digital
differential analyzers
division, 28-13, 29-11
function generators, 28-15
incremental computation, 29-17
information averaging, 29-15
integration, 28-14
machine organization, 29-19
multiplication, 28-11, 28-16,
29-09
process control, 29-17
rate aiding, 29-15
simulation, 28-14

computers, (table)

29-05,

Operational digital systems, square roots,
29-12
subtractors, 29-10
Operational programming, 2-229
Tanov transformation rules, 2-233
operators, 2-229
Strela, 2-233
string language of Liapounov-Ianov,
2-230, 2-233
transformation rules, 2-230
Operations research, 26-10
Or circuits, 14-34, 17-04, 17-12
magnetic cores, 15-18
transistors, 16-10, 16-18
Turing computer program, 31-05
Oracle, 12-09
Ordinary differential equations, 10-08
analog computer solution, 22-01
Ordvac, 12-09
Output, analog computer, 21-05
tables, 27-04
data, 4-02, 4-07
data checks, 3-14
drivers, transistors, 16-28
time difference equations, 17-31
Output equipment, 4-14, 5-02, (table)
5-33, 20-01; see also Input-output
equipment
auxiliary, 5-38
conversion, 5-38
electric printers, 5-33, (table) 20-08
low speed, 5-34
machine readable, 5-34
magnetic tape, 5-36, 20-33
printers, 5-33, 20-06
Overflow, 12-12

Pacific Mills, 25-07

Packaging, digital
16-28

PACT I, IA, 2-156

PACT Group, 2-156

PACT system, 2-25, 2-162

Pade approximations, 23-36

Page reading equipment, 20-06

Paper tape, printed, 5-16

punched, 5-16; see also Perforated

tape

Paradigm dictionary, 11-14

Parametron storage, 19-33

computers, - 16-14,
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Parity check, 4-15, 5-43, (table) 12-21,
13-03, 13-06
core storage, 19-21
drum storage, 19-07
storage reliability, 19-03
Partial  differential equations,
25-01
field problems, 25-01, 25-11
Passive computing elements, 22-04
Path method, 24-04, 24-06
construction of duals, 24-11
Pattern Instrument Company, 20-11
Pay checks, data processing, 8-17
Payroll procedure, 7-10, 8-15
Peirce function, 17-04, 31-01, 31-03
Perforated tape, 5-16, 20-19
auxiliary equipment, 20-29
channels, number, 5-16, 20-19
characteristics, (table) 20-20
costs, (table) 5-10
dimensions, 20-19
drivers for photoelectric readers, 20-28
equipment, (table) 20-20
feed mechanisms, 20-23
five-channel, 5-16
input buffer, 20-25
input units, 5-18
mechanical readers, 20-26
perforators, 5-10
photoelectric  tape
20-27, 20-29
preparation equipment, 5-16
punches, 20-20
readers, 5-17, 20-25, (table) 20-27
speed, 5-10, 5-17
synchronization, 20-24
timing, 20-24
PERM, 2-186, 2-191, 2-192
Permalloy, 19-07, 19-28
Phase modulation recording, 20-39
Phase shift, 22-11
operational amplifier, 22-16
Philco Corporation, 14-36, 16-02, 16-05
16-14, 16-30
Photoelectric readers, cards, 5-15
tapes, 20-20, (table) 20-27, 20-29
Photoformer, 23-19
Photography, 20-14
Physical systems, analogs and duals,
24-01

10-10,

(table)

readers,

E]

-Physical systems, relation of across and

through variables, (table) 24-12
Piczoelectric delay lines, 19-31
Plastic tape, 20-33, (table) 20-34
Plotters, 20-63
automatic field, 25-09
characteristics, (table) 20-65
continuous, 20-64
discrete, 20-64
operation, 20-65
P-n-p transistors, see Tranststors, junc-
tion
Poisson distribution, 26-12
Poisson’s equation, 25-04, 25-17
Polarized dipole method recording, 20-34
Polarized light servo, 27-04
Polarized relays, 23-29
Polynomial evaluation program, 2-207
Positional notation, 12-12
Post mortems, 2-162
selective, 2-183
Potential function, 25-02
Potentiometers, 22-04
errors, 22-33
linear, 23-02
loading, 23-04
multiplying, 23-03
nonlinear, 23-17
padder system, 23-17
servodriven, 23-02, 23-31
Potter Instrument Company,
20-28
Power, requirements, 6-05
Power dissipation, transistors, 16-05
Power supplies, 12-07, 16-14, 16-20, 16-30
Present address relative, 2-192
Preset parameters, 2-161, 2-168
Price tags, punched, 5-13
Prime implicants, 17-16, (table) 17-18,
17-19 ’
reduced table, 17-17, 17-18, 17-20
Primitive, 17-12 )
Princeton, 2-47, 12-09
computers, 2-58
instruction design, 2-62
Principia Mathematica, 2-245
PRINT I, 2-156
Printed page, 20-06
Printers, 20-06
electronic, 5-36

20-11,
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Printers, high-speed, 5-35
line, 5-33, 20-08, 20-10
matrix, 5-36, 20-08, 20-13
mechanical, (table) 20-08
nonmechanieal, 20-13
on-the-fly, 20-08, 20-10
wheel, 5-36
Print readers, 5-21, 20-06
Probability density function, 26-02
Probability distribution function, 26-03
determination of, 26-18
Probability logic, 11-09
Probability multiplier, 23-11
Probes, electrolytic tanks, 25-09
Problem setup, analog computer, 21-07
Problem solving, 11-01, 11-13
brain behavior, 11-01
Process control, operational
29-16, 29-17
Processing unit, 5-02
Process limited problems, 2-63
Production scheduling, see also Schedul-
ng
aircraft, 9-07
and management, 9-10
Program address counter, 17-26
Program control, analog-digital computer
systems, 30-08
Program interrupt, analog-digital com-
puter systems, 30-12

digital,

Program matrix, Turing computers,
31-12

Programmed checks, 3-13, (table) 13-03,
13-04

Programmed control, 18-34, 20-45
Programmers and coders, 6-11
Programming, 2-01; see also Automatic
programming ; Instructions

address modification methods, 2-60

address sorting, 2-146

ambiguous-word manipulations, 2-55

art of, 2-09

automatic, 2-02, 2-12, 2-155

basic concepts, 2-03

breakpoint notation, 2-61

business systems, 7-08, 8-14

cost, 2-129

debugging, 7-08

dynamic stop, 2-140

elapsed time, 2-129

Programming, encoding problem, 2-10

errors, 2-128

evaluation of a polynomial, 2-127

examples, 2-130

external, 12-29

files, 2-03

flow diagrams, 2-47

games, 2-246, 11-11

hand, 2-02, 2-128

incremental computation, 29-20

index registers, 2-55, 2-136

instruction logic, see Instruction logic

instructions, structure, 2-56, 12-03

types, 2-61, 5-08

integrated system, 2-07, 2-184

internal, 12-29

iteration loops, 2-45

languages, 2-02, 2-05, 2-56, 2-186, 2-259;
see also Languages

limitations, 2-02

logical, 2-246; see also Logical pro-
gramming

loop control, 2-46, 2-54

machine language, 2-131

magnetic drum systems, 2-144

maintenance of equipment, 2-258; see
also Maintenance

mathematical definition, 2-08

measures of performance, 2-05

methods, 2-128

microprogramming, 2-251; see also
Microprogramming

minimal latency, 2-130

multiway switch, 2-138

natural language, 2-259

operations, 2-59; see also Instructions;
Programming instructions

optimum, 8-14

random access storage, 2-144

recursive languages, 2-244; see also
Languages, recurstve

restrictions, 2-129

scale factors, 2-12; see also Scale fac-
tors

secondary storage, 2-144

segmenting, 2-130

self-improvement, 2-05

sequencing analog-digital
systems, 30-10

simulation, 2-236, 2-239, 17-40

computer
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Programming, sorting methods, 2-145,
2-146
staff, 6-11
storage hierarchy, 2-130
table look-up, 2-142
time, 2-129
traditional, 2-128
Turing computers, 31-09
universal language, 2-200
variables, 2-50
word length, 2-61
Program parameters, 2-161, 2-168
Program transfers, 17-26
Propositional calculus, logical program-
ming, 2-246
Pseudo instructions, 2-162
Public utility, customer billing, 8-11
Pulse amplifiers, 14-21, 14-23
high power, 14-25
transistor, 16-15
Pulse gate, high-speed, 14-42
Pulse source, 14-21, 14-22
Pulse train, unitary weighted, 29-05
Pulse width, analog-digital converters,
30-05, 30-07
Punched cards, 5-13, 12-10, 12-11, 20-30
auxiliary equipment, 20-31
codes, 12-08, 12-10
costs, (table) 5-10, 20-30
dimensions, 5-13, 20-30
cquipment, 5-13, 5-33, 12-08, 20-30
input units, 5-15
punches, 5-15
readers, 5-15, 20-31
sorters, 20-32
speed, 5-10, 5-19
Punched tape, see Perforated tape
Punches, perforated tape, 20-20
cards, 5-15
Purdue University, 2-158

Quadratic
2-167
Quarter squares multipliers, 23-08
QUEASY, 2-156
QUICK, 2-156
Quine simplification, method, 17-16
Veitch diagram, 17-22

evaluation, SAP program,

Radar, noise, 26-10, 26-11

Radio Electronic Television Manufac-
turers Association, 14-11
Radix, 2-13, 12-12
RAMAC, 2-260
Ramo-Wooldridge Corporation,
2-158, 2-239, 2-263
one-pass assembler, sce RATWOOP
Ramp method, analog-digital conversion,
20-49
Rand Corporation, 2-156, 2-159
Random access storage, 4-12, 5-26, 5-32,
19-03
programming with, 2-144
Randomization, 2-144
Random variables, 26-02, 26-11
Rate aiding, 29-15
Rate multiplier, binary, 29-05
dynamic, 29-09
RAWOOP, 2-158, 2-164
RAWOOP-SNAP, 2-157
Raydac, 13-03, 19-29
Rayleigh distribution, 26-18
RCA, 20-17
RC networks, digital-analog conversion,
20-60
Readers, magnetic drums, 19-11
magnetic tape, 5-18, 20-35
perforated tape, 5-17, 20-25
punched card, 5-15, 20-31
Read in, instructions, 5-41
Read in operation, 18-07
Real time computers, 3-05, 12-29, 29-02
Real time simulation, 28-14
Reasonableness checks, 13-03, 13-04
Recorders, 23-34
Recording ; see also Magnetic drums, re-
cording ; Magnetic tapes, recording
errors, 22-37
magnetic drums, 5-18
magnetic tapes, 20-36, 20-40
media, 5-09, 20-05
methods, 19-09, 20-35
selective, 3-10
Records, 3-07
Rectangular to polar
23-32
Recursive languages, 2-244
Redstone Arsenal, 2-156, 2-157
Red tape subroutines, 2-181
Redundance, check, 4-15

2-157,

transformation,
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Reflected number systems, (table) 12-17,
18-24, 20-46
Refrigeration, closed-loop systems, 6-07
open-ended systems, 6-08
ton, 6-07
REG-SYMBOLIC, 2-156
RELATIVE, 2-157
Relative address, 12-28
Relay computer, 12-09
Relays, 14-47
analog computer, 23-23
construction, 14-47
drivers, transistors, 16-28
enclosed, 14-47
polarized, 23-29
time delays, 14-47
RELCODE, 2-158
Reliability, circuit design, 13-07
component variations, 13-07
computer circuits, 14-01, 14-19
control systems, 14-02
data processors, 4-08
design techniques, 13-02, (table) 13-03,
13-05
digital computers, 13-01

duplication of arithmetic section,
13-03, 13-06
duplication of machine operation,

13-03, 13-04
environment, 13-08
and errors, 4-07
evaluation criteria, 13-02
magnetic drums, 19-12
maintenance, 13-08
storage, 19-03
transistors, 16-03, 16-04
trouble detection and location, 13-09
Remington Rand, 2-157, 2-158, 2-160;
see also Sperry Rand; Untvac
409-2, 12-08
card, 20-30, 20-33
punched card, 5-13, 12-11, 20-32
Univac, 2-83, 2-239, 2-263
Remote connection, 2-49
Reproducers, perforated tape, 20-29
punches, 20-32
Reservations, data processing, 9-01
equipment, 9-04
storage requirements, 9-04
Resistance-capacitance networks, 25-19

Resistance networks, 25-15
accuracies, 25-19
applications, 25-17
digital-analog conversion, 20-58
equations, 25-16
with internal excitation, 25-17
Resistance paper, 25-05
accuracy, 25-06
Resistors, carbon, 14-48
film, 14-48
marginal checking, 14-07
potentiometers, 14-49
wire-wound, 14-49
Resolvers, a-c¢ induction, 23-32
d-c, 23-31
RETMA, 14-11
Retrieval systems, library problem, 11-16
mechanized, 11-17
semantic noise, 11-18
Return to bias recording, 19-09
Return on investment, business systems,
7-12, 7-13
Return to zero recording, 19-09, 20-36
R-L-C networks, 25-20
Rollback, 2-184
Root, determination, 2-211
Roundoff, 12-24, 18-29
correction, 18-20
in number conversion, 2-21
Royal-McBee, 2-109, 5-42
LGP-30, 2-64
characteristics, (table) 5-42
instruction logic, 2-109
R-S flip-flops, 17-08, 17-35, 18-02, 31-07
R-8-T flip-flops, 17-08, 17-36
Runge-Kutta-Gill, IT subroutine, 2-189
technique, 2-214
Runge-Kutta method, 10-09
extension, 2-188
IT translator compiler, 2-215
solution of differential equations, 2-214
Run request, IT translator language,
2-219
Russian language, 11-14
Russian peasant method, 18-28
RW 300, 2-239
RZ recording, 19-09, 20-36

SAC, 2-158
Sage, 13-03
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Sage, Air Defense Computers, 2-58

SAIL, 2-158

Salary distribution, 8-15

Sampled data, analog-digital computer
systems, 30-13

Sampling, analog-digital  converters,
30-04, 30-06

SAP, 2-156, 2-162, 2-164, 2-186, 2-187,
2-239

evaluation of quadratic form, 2-167
pseudo instructions, 2-165
Saturation flip-flop, 16-07
Sawtooth waves, generation, 23-29
SBT, see Transistors, surface barrier
type
Scale factors, 21-07, 22-10, 22-12, 27-14
conversion of numbers with, 2-19
digital differential analyzer, 28-04
in fixed point computation, 2-24
function generator, 23-19
integrators, 28-06
internal decimal, 2-21
limitations on variables, 27-14
multipliers, 23-11
Scaler, binary, 29-05
Scaling, see Scale factors
Scanning, 3-09
SCAT, 2-157
Scheduled maintenance, 13-08
Scheduling, aircraft production, 9-07
computer flow diagram, 9-11
equations, 9-09
Scientific computers, 5-04
applications, 10-01
input-output, 20-02
SCRIPT, 2-157
SEAC, 2-57, 2-115, 2-159, 19-29
Segmenting, 2-130
Selection  circuits,
15-19
Selective recording, 3-10
Self-checking codes, 13-03, 13-06
Self-complementing codes, 12-20
Semantic ambiguity, 11-14, 11-15
Semiconductor diodes, 14-45
application notes, 14-46
characteristics, 14-45
Sense windings, 19-25
Sentence decomposition, 2-259
Sentential calculus, 11-03

magnetic  cores,

Sentential caleulus, mechanization of
decision procedures, 11-05
Sequential access, 19-03
Sequential storage, 4-12
Service Bureau Corp., 2-156
Servomechanisms, multipliers,
23-04
polarized light, 27-04
potentiometers, nonlinear, 23-31
trigonometric functions, 23-32
Set-reset flip-flop, 17-08, 18-02, 31-07
SHACO, 2-156
Shaft position, analog-digital conversion,
20-51
digital-analog conversion, 20-60
Shaped beam tube, 5-37, 20-14
Share Assembly Program, see SAP
Share Cooperative Programming Group,
2-164
Shaw method, 18-16
Sheffer stroke function, 17-04, 31-01, 31-03
Shift, 18-27
Shifting register, 18-05
magnetic cores, 15-15
Short-circuit transfer impedance, 22-16, .
(table) 22-18
SHORT CODE, 2-158
Sign digit, 12-25
Sign inversion, 22-09
Simplex method, 10-07
Simulation,
absolute value, 23-27
backlash, 23-27
Coulomb friction, 23-27, 23-29
dead zone, 23-25
driver program, 17-41
logical design, 17-38
of one computer by another, 2-236,
31-02
output, 17-41
programming, 17-40
real time, 28-14
switching devices, 23-25
time delay, 23-34
by Turing computer, 31-02
Simultaneous linear equations, algebraie,
10-02
methods, (table) 10-05
storage requirements, (table) 10-05
time for solution, (table) 10-05

23-02,
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Sines and cosines from implicit compu-
tation, 23-32
Single address instructions, 2-58
SIR, 2-157
607, 2-156
SNAP, 2-158
SO 2, 2-156
SOAP, 2-186, 2-201, 2-214, 2-217
dynamic stop, 2-140
IT translator, 2-209, 2-214
multiway switch, 2-138
programming examples, 2-131
subroutine entry, 2-141
SOAP 1, 2-157
SOAP 11, 2-157, 2-219
SOHIO, 2-156
Soroban Engineering, Inc., 20-22
Sorters, punched cards, 20-32
Sorting, 2-145, 2-146, 3-07
address, 2-146
digital, 2-146
example, 2-153
finding the smallest, 2-152
interchanging pairs, 2-152
by merging, 2-147
number of comparisons, 2-153
partial, 2-153
sifting, 2-153
use of main storage, 2-146
Source data rate, (table) 4-04
Soviet, algebraic language
2-228
computers, 2-60
Strela, see Strela
Union, see USSR
Special  purpose,
21-02
digital computers, 5-04, 9-01, 12-09,
12-25
Spectral density, 26-05
determination of, 26-20
random telegraph signal, 26-14
SPEEDCODING, 2-156, 2-157
Speeds, cathode ray tube display, 20-14
code wheel converters, (table) 20-56
computers, 5-42
electrography, 20-18 -
input media, 5-10
keyboard, 5-11
magnetic cards, 20-42

compiler,

analog computers,

Speeds, magnetic tape, (table) 20-42

mechanical printers, (table) 20-08,
20-10, 20-12, 20-13

perforated tape equipment, (table)
20-20

photoelectric readers, 20-20, (table)
20-27

plotters, 20-65
punched card equipment, 20-31, 20-32
tape punches, 20-20, 20-21, 20-22, 20-23
typewriters, 20-08, 20-10
Sperry Rand Corporation, 2-83, 19-27
1103, 2-158
11034, 2-157
File Computer, 2-158
Lare, 2-158
Univac I, 2-158
Univace 11, 2-158
Split winding transfer loop, 15-10
SPUR, 2-157
Squareness ratio, 19-24
Square root, 18-22, 18-30
decimal, 18-30
incremental computation, 29-27
methods, 18-23
operational digital, 29-12
Square waves, generation, 23-29
Squaring circuits, biased diode, 23-08
triode, 23-08
Standard deviation, 26-03
Standard Oil of Ohio, 2-156
STAR, 2-158
Stationary processes, 26-03
Statistical analysis, 10-10
Statistical problems, (table) 26-10
Statistical techniques, 26-01
Steklov Mathematical Institute, 2-228
Step relay multiplier, 23-10
Storage, 5-02, 5-24, 12-02, 12-06, 19-01;
see also Magnetic cores; Magnelic
drums; Magnetic tape
access methods, 4-12, 19-03
access time, 5-24
acoustic delay lines, 19-29
auxiliary, 7-05
buffer, 17-25, 20-03
capacitor-diode, 19-32
characteristics, 5-24, 19-03
cost, (table) 5-26
cryogenic films, 19-32
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Storage, data processors, 4-11
delay lines, 19-29
clectronic devices, 5-25, (table) 5-26
electrostatic, 19-31
external, 5-24
ferrite plates, 19-29
ferroelectric, 19-31
hierarchies, 19-02
logical elements, 17-01, 17-05
magnetic cores, 14-03, 15-19, 19-13; sce
also Magnetic cores
magnetic disks, 5-32, 19-13
magnetic drums, 19-04; see also Mag-
netic drums
magnetie films, 19-28
mercury delay lines, 19-29
multiaperture cores, 19-29
operations, 2-60
parametron, 19-33
parity check, 19-03
principle of operations, 5-25, (table)
5-27, 19-02
printouts, 2-183
programming with secondary, 2-144
random access, 5-32, 19-03
programming with, 2-144
and sorting, 3-08
recording media, 5-09, 20-05
reliability, 19-03
sorting, 2-146
speeds, 5-26
transfer programs, 2-184
transistor circuits, 16-20
tubes, 19-31
Turing computers, 31-02
twister, 19-33
types, 5-24, (table) 5-26
uses, 5-25, (table) 5-27
Stored program, 12-29
Stream function, 25-02
Streamlines, 25-02
Strela, 2-60, (table) 2-64, 2-111, 2-186,
2-188, 2-228
instruction logic, 2-111
string programming, Liapounov-Ianov,
2-233
STRETCH, see IBM-STRETCH
Stretched membranes, 25-22
Stretched program, 2-182
String language, 2-190

String language, of Ianov, 2-230
notation of Liapounov, 2-233
Stromberg-Carlson, 5-37, 20-14, 20-16
Suboperations, 17-27
Subroutine library, IT translator, 2-214
MIDAC computer, 2-172
Subroutines, 2-167; see also Integrated
systems; Utility programs
arithmetic classification, 2-180
automatic exit, 2-169
automatic programming, 2-161
call-in methods, 2-180
change of control, 2-169
closed, 2-169
conditional program, 2-171
deferred preparation, 2-171
entry, 2-140
exit, 2-169
floating variables, 2-168
free variables, 2-168
generators, differential, 2-182
print, 2-182
stretched program, 2-182
hierarchy, 2-245
counters, 2-195
instructions, see Instructions
linear matrix solver, 2-174
momentary call-in, 2-180
normal random deviates, 2-173
numerical methods, 2-181
open, 2-168
packages, 2-219
permanent call-in, 2-180
preliminary preparation, 2-169
program parameters, 2-168
recursive use of, 2-244; see also Lan-
guages, recursive
red tape, 2-181
specification sheet, Univac 1103, 2-174
specifications manual, 2-171
structure, 2-168
subprogram, 2-171
synthetic instructions, 2-168
transfer address, 2-171
wired in, 2-188
Subtraction, 18-14
decimal, 18-27
half, 18-14
incremental computation, 29-25
mechanical, 27-02
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Subtraction, operational digital, 29-10
parallel, 18-15
serial, 18-14
using complements, 18-14
Subtractor, see Subtraction
Successive approximation method, ana-
log-digital conversion, 20-63
Sum function, Veitch diagram, 17-07,
17-22 .
Summary punches, 20-32
Summation, analog, 22-04, 22-09
SUMMER SESSION, 2-159
Summing amplifier, 22-09
Summing network, 22-05
Superconducting storage unit, 19-32
Superposition, principle of, 26-06
Surface barrier transistors, 16-06
Switching  characteristics, thermionic
diode, 23-15
transistors, 16-02
Switching circuits,
23-22
and logic, 11-05
transistors, 16-02, 16-05
Switching concepts, magnetic
15-01
Switching functions, (table) 17-04, 17-10
simplification, 17-15
Switching speed, cores, 19-23
transistors, 16-04, 16-07, 16-14
SYMB. ASSEM., 2-156
Symbolic addresses, 2-131, 2-160
translated, 2-211
Symbolic language, retranslation, 2-162
Symbolic Optimal Assembly Program,

analog computers,

cores,

see SOAP
Symbols, adder, 18-03, 18-10
analog computers, (table) 21-10,
22-03

analogs, 24-03

arithmetic and control, 18-02
computers, 1-01

digital computers, 1-01
digital differential analyzers, 28-03
EASIAC, 2-123

flip-flop, 17-30, 18-03

logical design, (table) 17-02
magnetic core circuits, 15-04
mechanical computers, 27-05
programming, 2-47

Synchronization, tape punches, 20-25
Synchronous computers, 17-05
Syntactical transformation rules, 2-228
Synthetic instructions, 2-161, 2-168
Systems, linear, 26-06

nonlinear, 26-09
Systems planning staff, 6-11

Table look-up, 2-142, 3-09
Tables, 2-50
Tabulators, punched card, 20-32
Tape, see Magnetic tape; Perforated tape
Tape limited problems, 2-63 ‘
Tapped potentiometers, function gener-
ators, 23-17, 23-20
Taylor-McLaurin series, 2-181
Tchebysheff, approximation, 2-182
polynominals, 2-181
Teledeltos paper, 20-18, 25-06, (table)
25-07; see also Restistance paper
Telegraph signal, random, 26-13
Teleregister Corporation, 9-04
Teletype Corporation, 20-21, 20-26
Temperature stability, magnetic cores,
15-09
Terminology, computers, 1-02
Terms of consensus, 17-17
Thermal analyzers, 25-19
Through variable, 24-03, 25-02
Time average, ergodic process, 26-03
Time cards, data processing, 8-17
Time constants, 22-10
divider, 28-13
effects on errors, 22-36
integration, 22-07
integrator, 22-36
Time delays, approximations, 23-35
digital storage, 23-35
fourth-order approximations, 23-38
magnetic tape, 23-34
multiple lag approximations, 23-36
Pade approximations, 23-36
relays, 14-48
simulators, 23-34
Taylor series expansion, 23-35
true, 23-34
two-pen recorders, 23-34
Time division, multipliers, 23-05
Time interval, analog-digital conversion,
20-47
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Time interval, digital-analog conversion,
20-57
Time scale factor, 22-11
Time sharing, analog-digital computa-
tions, 30-10, 30-14
computers, 31-01
Time varying systems, 26-06
Timing, tape punches, 20-24
Timing control ecircuits, magnetic cores,
15-21
Timing diagram, binary rate multiplier,
29-07
Toggles, 17-05; see also Flip-flops
Tolerance plots, 14-06
Ton, of refrigeration, 6-07
Torque amplifiers, 27-04
Tracing programs, 2-183, 2-240
Tradic computer, 16-02, 16-15
power requirements, 16-20
Traditional programming
2-128
Training courses, 6-10, 6-12
Transac computer, 16-02, 16-05
packaging, 16-14
power requirements, 16-14
TRANSCODE, 2-159
Transcription, of data, 3-03
Transfer characteristics, computer ecir-
cuits, 14-21
gate tube, 14-28
pulse amplifier, 14-24, 14-26
Transfer of control instructions, 5-41,
12-04
Transfer function representation, 22-13
differential analyzer method, 22-16
direct analog method, 22-14
operational amplifier method, 22-15
Transfer impedance, short circuit, 22-16,
(table) 22-18
Transfer instructions, see Instructions
Transfer loops, magnetic cores, 15-09
Transformers, 14-50
coupling of transistors, 16-17
Transistor circuits, 14-36, 16-01, 16-03
adder, 16-11
advantages, 16-01
and gates, 16-10, 16-18
combined gates, 16-11
computers, (table) 16-03, 16-05, 16-15,
16-20, 16-23

techniques,

Transistor circuits, counter, 16-28
design considerations, 14-36, 16-04
direct coupled, 16-05
emitter follower, 16-24
flip-flop, 16-07, 16-26
high-speed, 14-37, 14-38
gates, 16-09, 16-18
inhibitor gates, 16-18
inverters, 16-23
logical gain, 16-04, 16-05, 16-07
logic elements, 16-28
magnetic core loops, 15-13
magnetic core multiplier, 29-08
marginal checking, 14-37
noise immunity, 16-05
one-shot multivibrator, 16-08
or gates, 16-10, 16-18
output drivers, 16-28
power dissipation, 16-05
pulse amplifiers, 16-15, 16-17
pulse gate, high speed, 14-42
reliability, 16-04
storage, 16-20
switching speed, 16-02, 16-04, - 16-07,
16-14
transformer coupling, 16-17
Transistors, 14-51
alloy junction type, 14-51
construction, 14-51
junction, 14-51, 14-52, 16-23
application notes, 14-53
point-contact characteristics, 16-16
reliability, 16-03
surface barrier
16-06
switching properties, 16-02
types, 14-51, 16-02
Translation, 2-183
automatic programming, 2-160
Translator construction, 2-221
compiler representation, 2-221
decision processes, 2-225
permissible symbol pairs,
2-222
rational procedure, 2-223
symbol pair technique, 2-221
syntactical transformation rules, 2-228
Translators, 2-186 ; see also Comptlers
address relative, present, 2-192
algorithms, 2-190

type, 14-36, 14-41,

(table)
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Translators, automatic instruction modi-
fication, 2-190
filing system, 2-188
future trends, 2-189
indirect addressing, 2-193, 2-199
instruction modification types, 2-191
IT translator, 2-187, 2-200; see also
IT translator
language extensions, 2-187
languages, 2-186
one-pass, 2-186
preparation of problems in terms of
building blocks, 2-187
string language, 2-190
subroutine hierarchy counter, 2-195
two-pass, 2-186
Transportation problem, 10-08
TRANS-USE, 2-157
Trapping mode, IBM-704, 2-65, 2-241
Trigger flip-flop, 17-07, 17-34, 18-02
Trigonometric devices, analog computer,
23-31
sines and cosines from implicit com-
putation, 23-32
Trouble detection and location, 13-09
Truth computer, 12-09
Truth tables, 17-11
adder, 18-10
flip-flops, 18-03
half adder, 18-08
in logic, 11-04
magnetic core circuits, 15-17
Tubes, see Vacuum tubes
Turing type computers, 31-01
adder logic, 31-06
auxiliary storage, 31-13
communication technique, 31-02
comparisons, 31-15
input-output, 31-03, 31-07
mechanization, 31-07
operations, 31-03
programming, 31-09, 31-12
Sheffer stroke, 31-01, 31-03
universal, 2-235
Twister storage, 19-33
Two-pass assemblers, 2-164
Two-pass translators, 2-186
Two-quadrant multipliers, 23-02
TX-0 Development, microprogramming,
2-252

TX-2 core storage, 19-27
Typewriters, 5-12, 20-07, 20-08
Typotron, 20-14

UDECIN-1, 2-158
UDECOM-3, 2-158
UGLIAC, 2-158
Unconditional transfer of control in-
structions, 5-41, 12-04
UNICODE, 2-157, 2-186, 2-245, 2-260
Unitary weighted pulse trains, 29-05
United Aircraft Corporation, 2-156, 2-164
United Gas Corp., 2-158
United States Army, 2-190
Unit impulse response, 26-06
Units of information, data processing,
3-06
Unityper, 8-02
Univae, 2-162, 12-09, 13-03, 19-27, 19-29
Univae I, 2-58, 2-130, 2-186, 2-239, 2-259
accounting applications, 8-01
Univac II, 2-58, 2-64, 2-186, 2-239, 2-259
instruction logie, 2-83
symbology, 2-84
Univac 1103, 2-58, 2-176, 2-186, 2-193
magnetic core storage, (table) 19-27
subroutine, linear matrix solver, 2-174
Univac 1103A, 2-55, 2-58, 2-64, 2-164,
2-239, 2-241
definitions and conventions, 2-77
instruction logic, 2-77
logical programming, 2-247
Univac 1105, 2-58
UNIVAC-LARC, 2-62, 2-189, 2-191
Univac M-460, 2-191
Univac Scientifie, 12-09; see also Univac
11038 and 11034
Univac Scientific Exchange, see USE
UNTV. CODE, 2-159
Universal computer language, automatic
programming, 2-163
Universal programming languages, 2-200
Universal Turing Machine, 2-235
University of California, 27-01
Radiation Laboratories, 2-156, 2-157
University of Illinois, 2-159
University of Michigan, 2-122, 2-159,
2-212, 2-219, 2-240, 2-260, 2-262
Digital Computation Unit, 2-200
IT Subroutine Library, 2-214
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University of Pennsylvania, 12-09
University of Toronto, 2-159
Unscheduled maintenance, 13-09
Ural, 2-111
USE, 2-157, 2-164
U. 8. Rubber Company, 25-07
U.S.S.R., 2-186, 2-190, 2-228
Academy of Sciences, 2-111
Utility programs, 2-183
assembly, 2-183 .
automatic programming, 2-162
compiler-translators, 2-184
input, 2-183
interpretive, 2-184
selective post mortems, 2-183
storage printouts, 2-183
transfers, 2-184
tracing, 2-183

Vacuum tubes, 14-07, 14-20
application notes, 14-44
cathode temperature, 14-43
characteristics, 14-43
construction, 14-43
gates, 14-26
marginal checking, 14-07
pentodes, 14-08
triodes, 14-08
Variables, across-through, 24-03
analog computers, 22-02
programming, 2-50
relationships, (table) 24-04
systems, 24-09, (table) 24-12
Variance, 26-03
V brush method, analog-digital conver-
sion, 20-54 ’
Vector inner product, IBM 650 SOAP
program, 2-135
MIDAC MAGIC program, 2-136

Vectors, characteristic roots and, 10-04
Veitch diagrams, 17-13
geometric relationships, 17-20
Quine simplification, 17-22
simplification, 17-20
Verifiers, 5-12
punched card, 20-31
Voltage, analog-digital conversion, 20-48
digital-analog conversion, 20-58
von Neumann-Goldstine method, 10-02,
10-03

Wave equation, 25-04, 25-19

Weighed check, 13-03, 13-06

Weighted codes, 12-19

Weighting function, 26-06

Western Union, 20-18, 25-07

Wheeler entry, 2-141

Wheeler method, subroutine exit, 2-170

Whirlwind I, 2-159, 2-171, 19-06
instructions, 2-62
Library of Subroutines, 2-180
maintenance of equipment programs,

2-258

Williams storage tube, 19-31

Words, 2-22, 2-56, 5-06, 12-27
instructions, 2-61, 2-63
machine translation, 11-14
size, (table) 2-64

Wright Air Development Center, 2-158

Write amplifiers, logical design, 18-38

Write out instructions, 5-41

Writing techniques, magnetic cores, 19-15
magnetic drums, 19-09, 19-11

X-1 assembly system, 2-158, 2-162
Xerography, 20-16

Xerox, 20-16

X-y plotters, 20-63






