








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 INDEX 

Actuators, mechanical, inchworm, 22-54 
rotary solenoids, 22-46 
Servotran, 22-53 
special, 22-53 
step servo motors, 22-55 

nonlinearities, 22-07, 22-22 
numerical control, 6-05 
piston, with integral positioners and 

boosters, 7-57 
single, 22-40, 22-45 

pneumatic, 7-47, 7-52, 22-41; see also 
Actuators, valve 

advantages and disadvantages, 
22-42 

applications, 22-43 
bellows, 22-46 
boosters, 7-57 
Bourdon tube, 22-45 
cam piston, 22-54 
characteristics, 22-44 
gear, 22-45 
piston, 22-45 

with integral positioners and 
boosters, 7-57 

piston operated with integral posi­
tioners, 7-55 

spring and diaphragm valve, 7-52 
with booster, 7-53 
with positioner, 7-54 

transfer function, 7-53 
types, 22-45 
vane, 22-45 

power, 22-04, 22-18 
pump controlled, 22-32 
rams, 22-40 
reliability, 22-17 
requirements, 22-04 
rotating amplifiers, 22-02 
saturation of input elements, 22-25 
selection, 22-17, 22-22 
single piston, 22-40, 22-45 
single vane, 22-40, 22-45 
size, 22-16 
special, 22-04, 22-53 
specifications, 22-04 
speed of response vs. power, size, cost, 

22-17, 22-19 
speed-torque curve, 22-06, 22-10, 22-14 
standard, 22-04 

Actuators, time constants, 22-05, 22-25 
time delay, 22-24 
torque, 22-04, 22-19 

gain, 22-05 
ratio to inertia, 22-05 
squared ratio to inertia, 22-05 

transfer functions, 8-12, 8-13 
transient response measurement, 22-15 
travel, 22-05 
valve, 7-52 

boosters, 7-53 
electrohydraulic, 7-73 
electropneumatic, 7-72 
positioner-operated spring and dia-

phragm with booster, 7-54 
spring and diaphragm, 7-52 

with booster, 7-53 
with positioner, 7-54 

transfer function, 7-53 
valve controlled, 22-35, 22-40 

vane, single, 22-40, 22-45 
weight, 22-16 

Adaptive control, 13-26, 13-28 
Adders, amplifier-resistor, 23-04 

electrical, 23-02, (table) 23-03 
mechanical, 23-04, 23-05 
resistance addition, 23-02 
transformer addition, 23-02 

Adiabatic capacitance, 7-19 
Adjustment, controller actions, 10-20, 

10-27; see also Controller settings 
Aikman method, controller settings, 

10-22 
Air gage sensing, human components, 

3-18 
Air supply impedance, 7-17 
Air turbine drive, gyroscope, 28-15 
Airborne Instruments Laboratory, 22-54 
Aircraft, automatic pilot, 28-27 

stability augmentation, 28-33 
Aircraft Industries Association (AlA), 

6-18 
Alpha cutoff frequency, transistors, 

26-37 
Alternator modulator, 21-13 
Amplidyne, 21-47, 22-02, 22-30 
Amplifier-actuator combinations, 6-25, 

6-26 
Amplifiers, 22-01; see also Actuators 
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Amplifiers, a-c servo motors, 6-23 
bandpass, 27-50 
chopper stabilization, 27-58 
class A, 27-35 
class B, 27-36 
computing, 21-04, 21-05 
control, 21-01 

amplification, 21-23 
applications, 21-04 
bandwidth, 21-04 
characteristics, 21-02, (table) 21-03, 

21-26 
computer, 21-04, 21-05 
cost, 21-03 
d-c, 21-05, 21-10 
definitions, 21-01 
demodulators, 21-02, 21-13, (table) 

21-14 
dielectric, 21-03, 21-32 
electromechanical, 21-02, 21-03, 

21-05, 21-41; see also Electro­
mechanical amplifiers 

electronic, 21-03, 21-05, 21-23; see 
also Amplifiers, magnetic; Am­
plifiers, transistors 

environmental factors, 21-05 
feedback, 21-12 
frequency response, 21-04 
gain, 21-02, 21-23 
gain stability, 21-04 
hydraulic, 21-02, 21-05, 21-47 
input impedance, 21-03 
instrument, 21-04 
ion flow, 21-03, 21-32 
linearity, 21-03, 21-04 
magnetic, 21-03, 21-35; see also Am­

plifiers, magnetic 
maintenance, 21-04 
modulators, 21-01, (table) 21-13; see 

also Modulators 
plasma, 21-32 
pneumatic, 21-03, 21-05, 21-47 
power supplies, 21-39 
reliability, 21-04, 21-25, 21-28 
response, 21-03, 21-43 
rotary, 21-02, 21-03, 21-06, 21-45; see 

also Amplifiers, rotary 
semiconductor, 21-03, 21-05, 21-26; 

see also Amplifiers, semiconductor 

Amplifiers, control, serviceability, 21-04 
temperature stability, 21-06, 21-28 
terminology, 21-01 
types, 21-02 
wiring techniques, 21-08 

d-c, 21-05, 21-10 
biasing, 21-10 
drift, 21-13 
noise level, 21-13 
stabilization, 21-10 
transistors, 27-57 

design, 1-23 
dielectric, 21-03, 21-32 
diodes, 26-26 

reactance, 26-27 
semiconductor, 26-26 
tunnel, 26-26 

electromechanical, 21-02, 21-03, 21-05, 
21-41 

characteristics, 21-44 
linearizing performance, 21-44 
nonlinearities, 21-43 
response, 21-43 
types, 21-41 

electronic, construction techniques, 
21-07 

design, 21-24 
gain, 21-02, 21-23 
hum pickup, 21-24 
materials, 21-07 
mechanical, 21-07 
noise, 21-13 
pentodes, 21-24 
potting, 21-08 
power supplies, 21-39 
printed circuits, 21-09 
reliability, 21-25 
temperature specifications, 21-06 
triodes, 21-24 
vacuum tubes, 21-23 
wiring techniques, 21-08 

environmental factors, 21-05 
fluid, 21-02, 21-03, 21-05 
gain, 21-02, 21-23 
gain control, 27-55 
high-frequency, 27-42 

hydraulic, 6-24, 6-25, 21-03, 21-47 
integrating, 27-61 
ion flow, 21-03, 21-32 
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Amplifiers, low-frequency, 27-23 
low-noise stages, 27-39 
magnetic, 6-25, 21-03, 21-35, 25-01 

advantages, 21-38, 25-01 
applications, 25-02 
bias, 25-32 
circuits, 21-36, 25-28 

control, 25-24 
design, 25-27 
full-wave, 25-29 
half-wave, 25-10, 25-32 
Ramey logic, 25-36 
single ended, 25-28 
single saturable reactor, 25-11 
three-phase, 25-36 

components, 25-12 
construction, 21-35 
cores, 25-13 

construction, 25-16, 25-17, 25-19 
material, 25-13, 25-14, (table) 

25-15, 25-16, 25-17 
size, 25-21 

design, 25-19 
load circuit, 25-21, 25-26 
sample problem, 25-26 

differential permeability, 25-14 
disadvantages, 21-38 
feedback, 25-11 
ferrites, 25-16 
figure of merit, 21-38, 25-11 
firing angle, 25-05 
full-wave, self-saturating, 25-09 
Geyer bridge circuit, 25-34 
hybrid, 21-38 
hysteresis loop width, 25-14 
load circuit, 25-21, 25-26 
magnetic materials, characteristics, 

(table) 25-15 
NOL bridge circuit, 25-32 
normal excitation, 25-05 
nuclear reactor control, 16-24 
polarity reversal, 25-29 
power, control of, 25-03 
preamplifying stage, 25-26 
Ramey circuits, 25-08, 25-19 
rectifiers, 25-18, 25-19 
resetting, 25-07 
response time, 25-10 
saturable reactor, 21-35, 25-02 

INDEX 

Amplifiers, magnetic, saturation flux 
density, 25-14 

squareness ratio, 25-14 
stability, 21-38 
three-phase circuitry, 25-36 
time constant, 25-10 
transfer functions, 25-10 
volt-second concept, 25-05 
winding configurations, 21-36 

operational, 27-58 
parametric, 26-27 
plasma, 21-32 
pneumatic, 21-03, 21-47 

electrical equivalent, 21-48 
power, 27-33, 27-35 
proportional, 6-24 
pulse, transfer function, 27-72 

transient responses, 27-72 
transistors, 27-71 

reactance, 26-27 
relay, 6-23, 7-59 
rotary, 6-24, 21-02, 21-03, 21-06, 21-45, 

22-02 
amplidyne, 21-47 
applications, 21-45 
characteristics, 21-45 
configurations, 21-46 
figure of merit, 21-46 
metadyne, 21-46 

semiconductor, 21-03, 21-26 
advantages, 21-27 
characteristics, 21-26 
circuit calculations, 21-28 
disadvantages, 21-27 
input circuits, 21-31 
noise, 21-32 
power consumption, 21-27 
principles, 21-26 
reliability, 21-27 
temperature stability, 21-28 

servo, 6-23 
small signal, 27-30 
switches, 27-72 
transistors, 27-23 
video, transistors, 24-47 
wide-band, transistors, 27-47 

Amplitude modulation, 27-68 
classification, 15-50 
demodulation, 15-15, 15-55, 15-59, 15-60 
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Amplitude modulation, detection, 15-49 
direct transmission, 15-14, 15-22 
double sideband, 15-50 
emitted carrier, 15-50 
interference characteristics, 15-68 
signal suppression, 15-51 
single sideband, 15-50, 15-55 
suppressed carrier, 15-50, 15-55, 15-56 
waveforms, 15-57 

Amplitude ratio, 9-12 
Analog computers, process control, 13-03, 

13-18 
Analog multiplier, transistors, 26-55 
Analog-to-digital converters, 6-15, 6-16, 

6-20, 6-21 
numerical control, 6-01, 6-03, 6-05 
optical gratings, 6-22 
rotary, 6-22 

Analytical instruments, process control, 
10-34 

And transistor circuits, 27-87, 27-88 
Angular aberration, 24-22 
Annin Company, 7-55 
Antenna stabilization, 28-34 
APT-2, 6-30 
Arbitrary function tests, 9-10 
Area, process control response, 10-17, 

10-18 
Area regulation, electric power systems, 

17-13, 17-29, 17-49 
Area requirement, electric power sys­

tems, 17-37 
Audition, channel capacity, 2-08 

information rate, 2-08 
time resolution, 2-09 

Automatic component testing, 4-11 
Automatic control, see also Process con-

trol 
computers, 13-01 
inspection, 4-02 
nuclear reactor, 16-21, 16-23 
power industry, 17-01 

Automatic inspection, 3-22, 3-27 
automatic adjustment, 3-22, 3-23 
automatic rejection, 3-23 
control system design, 4-05 
displays, 4-10 
electrical component, 4-11 
fault statistics, 4-02 

Automatic inspection, fault types, 4-02 
. feedback control, 4-03 

human limitations, 4-01 
mechanical, 4-02 
programmed testing, 4-11 
purpose, 4-01 
recording systems, 4-10 
sensing elements, 4-03 
sensing instruments, 4-03 
time scale, 4-09 

Automatic machines, 3-01; see also 
Automatic control j Automatic 
inspection 

air gage sensing, 3-18 
assembly, 3-03 
batch process, 3-01 
Bemis bag packer, 3-24 
boring, 3-14 
casting, 3-15 
classification, by types, 3-03 

of operations, 3-03 
continuous transfer, 3-08 
continuous vs. batch processes, 3-03 
control, mechanical adjustments, 3-17 
conveyers, 3-01; see also Conveyors 
down time, 3-13 
drilling, 3-14 
examples, 3-24 
failure detection, 3-21 
feeding devices, 3-04 
flexible programming, 3-17 
forming, 3-14 
foundry, 3-27 
gear cutting, 3-14, 3-26 
grinding, 3-14 
hydraulic sensing, 3-18 
inspection, 3-22, 3-27; see also Auto~ 

matic inspection 
intermittent cycle transfer, 3-07 
lathes, 3-13 
malfunction detection, 3-20 
materials handling conveyers, 5-01, 

5-02; see also Conveyors 
milling, 3-14 
molding, 3-15 
numerical control, 3-19, 6-01; see also 

Numerical control 
orientation, 3-04 
overriding controls, 3-19 
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Automatic machines, positioning, 3-04 
process types, 3-01 
programming, 3-15, 3-16 
quality control, 3-27 
separation, 3-04 
single operation transfer, 3-08 
stamping, 3-14 
storage devices, 3-11 
transfer mechanisms, 3-07 
transfer to operation, 3-05 
transporting mechanisms, 3-04 

Automatic Programmed Tools (APT), 
6-30 

Automatic system, 3-03 
Automation, 3-02 

amplifier requirements, 21-04 
conveyors, 5-27 
machines, 3-02 

Autopilot, 1-14, 1-15 
Autronic controller, 7-69 

Backlash, 6-26, 6-27 
Baldwin, 7-62 
Ball-bearing suspension, gyroscope, 28-17 
Ball-float transmitters, 7-38 
Bandwidth, displacement measurement, 

20-09 
exchanging power, 15-10, 15-21, 15-38 
filters, 15-45 
hydraulic systems, 6-25, 6-26 
magnetic amplifier-servo motor, 6-25, 

6-26 
message, 15-65 
pressure measurement, 20-14, 20-15 
pulse, 15-78 
ratio, 15-11 
rotary amplifier-d-c motor, 6-26 

Base, common, 27-02, 27-06 
resistance transistors, 27-43 

Batch process, 3-01, 3-03 
optimization, 13-22 
vs. continuous processes, 3-03 

Batch sample analysis, 24-17, 24-39 
Beckman instruments, 14-11 
Beer-Lambert law, 24-02 
Bergen-Ragazzini method, 12-04 
Bias control, 17-35, 17-36, 17-42 
Bias ratio, 17-55 

Bias regulators, electric power systems, 
17-37 

Bias stabilization, transistor circuits, 
27-18 

Binary code, 6-17 
Binary-coded decimal, 15-24 
Binary counting, 27-93 
Binary digit, 15-07 
Binary PCM, 15-17, 15-22 
Bit, 15-07 
Bleakney, 24-21 
Block diagram, control systems, 1-10, 

1-11 
dynamic, 1-14, 1-15 

from flow diagrams, 8-06 
nuclear reactor control, 16-22 

Bode diagram, controller transfer func­
tions, 8-09 

nuclear reactor control, 16-08, 16-10, 
16-14, 16-15, 16-19, 16-20 

Boiler-turbine-generator units, 17-67 
Bolometer, 24-07 
Boolean algebra, 1-07 
Boosters, pneumatic actuators, 7-57 

relay, 7-27 
valve actuator, 7-52 

Boring machines, 3-14 
Brakes, 22-47 
Buffer, numerical control, 6-05, 6-07 
Butterfly filter, 15-45 
Butterfly valve, see Valves 

Calculus of variations, 13-07 
Cam piston motors, 22-54 
Capacitance, adiabatic, 7-19, 7-20 
Capillary tubes, 24-40 
Carrier, 15-50 
Carrier-to-noise power ratio, 15-31, 15-37, 

15-40, 15-54, 15-63 
Carriers; 26-02 

extrinsic, 26-05 
n type, 26-05 
p type, 26-06 

intrinsic, 26-04 
lifetime, 26-14 
majority, 26-06 
minority, semiconductors, 26-09 
p type, 26-06 
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Cascade control, 10-28 
pseudo, 10-31 
true, 10-29 

Casting machine, 3-15 
Centrifugal governor, speed measure­

ment, 20-18 
Channel capacity, ear, 2-08 

human component, 2-03 
machines, 2-03 
vision, 2-06 

Channel overloading, 2-11 
Characteristics, electric power system, 

17-19, 17-35 
Chemical industries, 7-01 
Chemical process control, 10-01; see also 

Computer control; Data pm cess­
ing; Sampled-data control 

computers, 13-01 
data processing, 14-01 
sampled-data system, 12-01 

Chemical processes, analysis procedure, 
8-14 

block diagrams, 8-06 
control valves, 8-09 
controllability, 8-05 
controllers, 8-08 
degrees of freedom, 8-04 
design, 8-01, 8-05 
efficiency, 8-04 
f~edback lag, 8-19 
final. control elements, 8-09 
flow diagram construction, 8-05 
instrument location, 8-18 
load changes, 8-15 
nonlinearities, 11-01, 11-06 

classification, 11-12 
operating conditions, 8-08 
operational factors, 8-02 
optimum stable control, 8-15 
quality control, 8-02 
selection of mode of control, 8-17 
terminology, 8-01, 9-02 
test methods, 9-01 
transfer functions, 8-07, 8-13 
transmission dynamics, 8-18 
valves, 8-09, 8-12 
variables, 8-02 

Ch~pper demodulators circuits, 21-14, 
21-16 

Chopper modulators, typical circuits, 
21-13, 21-14, 21-15 

Chopper 'stabilization, transistor am­
plifiers, 27-58 

Chromatography, 24-26; see also Gas 
chromatography analyzers 

Circuits, clamping, 27-77 
Darlington, 27-101 

transistor amplifiers, 27-39 
direct-coupled switching, 27-90 
dynamic, 27-94 
electron tube, comparison with tran-

sistor circuits, 27-04 
equivalent, 27-11, 27-23 
logical switching, 27-87 
pneumatic, pUlsation dampers, 7-61 
transistors, 27-01 

performance, 27-26 
Clamp, diode, 27-77 
Clarridge method, controller settings, 

10-22 
Classes I; II, III control, electric power 

systems, 17-16, 17-84 
Clipping, transistor amplifiers, 27-35 
Closed loop control, human, 2-11 

numerical, 6-23 
Clutches, 22-47 

advantages and disadvantages, 22-47 
characteristics, 22-48 
eddy current, 22-48, 22-52 
electrostatic, 22-54 
friction, distribution, 22-50 

materials, 22-50 
hysteresis, 22-48, 22-51 
magnetic, 6-25 
magnetic fluid, 22-50 
magnetic powered, 22-51 
power dissipation, 22-49 
slippage, 22-49 

Codes, binary, 6-17 
binary coded decimal, 15-24 
constant, ratio, 15-27 
contouring, 6-16, 6-18 
control, 6-07 
cyclic binary decimal, 15-24 
designed to compensate for apparatus 

limitations, 15-24 
digital transmission, 15-24 
error· correcting, 15-25 
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Codes, error detecting, 15-25 
Flexowriter, 6-14 
Gray, 6-15, 15-24 
Hamming, 15-26 
Hollerith, 6-14 
interpolation, 6-09 
Moore, 15-27 
numerical, 6-13, 6-14 
numerical control, 6-01, 6-05, 6-07 
parity check, single error detection, 

15-26 
power efficiency, 15-27 
punched cards, 6-14 
reflected binary, 15-24 
Remington Rand, 6-14 
selection, 6-14 
Teletype, 6-15 
transducer, 6-09 

Collector, capacitance, 27-24 
common, 27-03 

Colorimeter oxygen analyzers, 24-31 
Colorimeter sulfur analyzer, 24-35 
Command control, 17-107 
Comparators, 6-20 
Compensation, nonlinearities, 11-26 

pneumatic transmission system, 7-28 
transmission line lag, 7-33 

Compensator cell, 24-08 
Components, confidence factors, (table) 

19-16 
control system, 18-02, 18-03 
dead space, 18-06 
digital control computers, 14-15 
drift, 18-07 
electric, 4-11, 7-61 
electronic, 7-61 
environmental factors, (table) 18-03 
expected failure rates, <table) 19-14 
failures, 19-02, 19-03; see also Relia-

bility, components 
confidence factors, (table) 19-16 
law, random, 19-02 
maintenance, 19-03 
mean time between, 19-03 
rate eurve, 19-02 
rates, expected, (table) 19-14 

human, see Human components 
input range, 18-06 
limiting, 18-07 

Components, magnetic amplifiers, 25-12, 
25-19 

maintenance, 18-04, 18-05, 19-03 
nonlinearity, 18-07 
output range, 18-06 
parametric computer, 26-27 
performance factors, 18-05, 18-06 
range, 18-06 
recorders, 7-71 
redundancy, 19-06 

parallel, 19-08, 19-09, 19-11 
standby, 19-11, 19-12 

reliability, 19-01, 19-03; see also Re­
liability, components 

selection, basic principles, 18-01, 18-02 
measuring elements, 20-01 
objectives, 18-01 
reliability, 19-01, 19-02 
sensors, 20-03 

testing, automatic, 4-11 
transfer function, 18-06, 18-07 
transmitters, 7-61 
valve actuators, 7-72 

Composition analyzers, 13-03 
Compressibility, 22-31, 22-42 
Computer control, 14-01 

adaptive, 13-26, 13-28 
analog, 13-03, 13-18 
applications, 13-17 
benefits, 14-02 
calculus of variations, 13-07 
data logging, 13-03 
decoupling, 13-04 
design problems, 14-17 
digital, 13-04, 13-18 
dynamic models, 14-15 
dynamic processes, 13-07, 13-25 
dynamic programming, 13-09 
economy power dispatch, see Economy 

power dispatch 
economic power distribution, 13-19 
equipment, characteristics, 14-13, 

(table) 14-15 
future, 14-17 
instruction codes, 14-16 
reliability, 14-14 
storage, 14-16 

Lagrangian mUltipliers, 13-06, 13-19 
load dispatchers office, 17-104 
mathematical model, 13-05 
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Computer control, model adaptation, 
13-26 

model methods, 13-16, 13-22 
models, 14-18 
objectives, 14-19 
on-line, 13-20 
operating guides, 13-17 
optimization, 13-04, 13-16 

analytical methods, 13-06 
criteria, 13-04 
direct, 13-10 

penalty factors, 17-80 
pilot plants, 13-28 
planning for, 14-17 
predetermined program control, 13-21 
process expenses, 14-19 
profit equation, 14-19 
repetitive, 13-22 
self-checking, 13-26 
steady state models, 14-18 
system boundaries, 14-21 

Computers, analog, process control, 
13-03, 13-18 

control, see Computer control 
digital, process control, 13-04, 13-18 
economy dispatch, 17-81, 17-102 
special purpose analog, 12-08 

Computing, numerical control, 6-07 
Computing amplifier, 21-01, 21-05 
Computing control, see Computer con-

trol 
Computing elements, adders, 23-01, 23-02 

controllers, 23-02 
differentiation, (table) 23-06 
differentiators, 23-05 
dividers, 23-05, (table) 23-07 
function generators, 23-10, 23-11 
integrators, 23-05, (table) 23-06 
multiplier, 23-05, (table) 23-07 

Conductivity, 24-35 
n type, 26-06 
p type, 26-06 

Confidence factors, components, (table) 
19-16 

Constraint equations, 13-05, 13-06 
Contact choppers, 21-13, 21-14 
Continuous analyzers, process control, 

10-34 
Continuous control, 23-13, 24-40 

Continuous process control, 23-13, 24-40 
Continuous process monitoring, 24-40 
Continuous process optimization, 13-20, 

13-25 
Continuous processing, advantages, 3-02 
Continuous processes, 8-01; see also 

Chemical processes 
Continuous processing, disadvantages, 

3-02 
material feeding devices, 3-04 
programming, 3-15, 3-16, 3-17 
transfers, 3-08 
vs. batch processes, 3-03 

Continuous ultraviolet analyzer, 24-13 
Contouring, numerical control, 6-01, 6-03 
Control, see also Control systems 

electric power systems, 17-01, 17-103 
human component, see Human com­

ponents 
nuclear reactors, see Nuclear reactor 

control 
optimum stable, 8-15 
proportional, 8-17 

Bode diagram, 8-09 
transfer function, 8-08 

proportional derivative, 8-17 
Bode diagram, 8-11 
transfer function, 8-08 

proportional integral, 8-17 
Bode diagram, 8-10 
transfer function, 8-08 

proportional integral derivative, 8-17 
Bode diagram, 8-11 
transfer function, 8-08 

quality, chemical processes, 8-02 
Control equipment, nonlinearities, 11-09 
Control functions, continuous, 7-05 

discontinuous, 7-09 
Control logic, 6-19, 6-20 

transfer machine, 1-06, 1-07 
Control loop, with human component, 

2-02 
Control panels, 7-79; see also Nuclear 

reactor control 
Control room, 7-79 
Control stations, pneumatic, 7-46 
Control systems, see also Process control 

alternate formulations, 1-17, 1-18 
amplifiers, see Amplifiers, control 
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Control systems, amplifiers, numerical, 
6-23, 6-25 

applications, 1-01, 1-02, (table) 1-02 
automatic inspection, 4-03 

design, 4-05 
automatic machines, 3-02; see also 

Automatic machines 
autopilot, 1-14, 1-15 
benefits, 1-01, 1-02 
block diagram, 1-10, 1-11 

dynamic, 1-14, 1-15 
chemical, 8-01 
components, 18-02, 18-03 
continuous control, 1-09 
conveyors, 5-02, 5-03 
data representation, 1-13 
definition, 1-01 
design, 1-03, 8-1)1 

decisions, (table) 1-11, 1-13 
detailed unit, 1-21, 1-23 
digital computer, 1-13 
educational requirements, (table) 

1-03 
final, 1-24, 1-25 
formulation of the problem, 1-03, 

1-06 
human factors, 2-13 
operations research, 1-04, 1-05 
practical problems, 1-21, 1-23 
setting limits, 1-05, 1-06 
system simplifications, 1-11 

dynamic analysis, 1-14 
importance, 1-18 
techniques, 1-16 

eeonomics, 1-11, 1-14 
electric, 7-17 
electric power, 17-01 
electronic, 7-17 
errors, criteria, 1-18, 1-19 
errors assignment, 1-20 
examples, 1-06, 1-07 
fire control, 1-20 
grounding, 1-21 
gyroscopes, 28-01 
human component, 2-01; see also 

Human components 
hydraulic, 7-18 
input-output devices, 1-13 
instrumentation, 7-02 
limitations, 7-02 

Control systems, logic, 1-07 
multivariable, 10-35 
nuclear reactor, 16-01, 16-04 
numerical, 6-01, 6-23, 6-25 
optimizing, 1-20 
packaging problems, 1-25 
pneumatic, 7-10; see also Pneumatic 

control systems 
process control, 1-09, 1-10 

design, 1-13 
dynamics, 1-18 

programmed, 1-07, 1-09 
pseudo-cascade, 10-31 
sequencing, 1-06, 1-08 
simulation, 1-16, 1-17 
specifications, 1-21 
tests, 1-24 
transfer machine, 1-06, 1-07 
trends, 7-02 
unit functions, (table) 1-10 
uni t tests, 1-24 

Control valves, actuators, 7-52 
formulas, 8-12 
nonlinearities, 11-09, 11-16, 11-26 
pneumatic, 7-47 
trim characteristics, 7-49 

Controllability, 8-05 
Controlled variables, 8-03 
Controller actions, 10-06, 10-17 
Controller adjustments, nonlinearities, 

11-16, 11-26 
Controller settings, 10-27 

adjustment, 10-20 
frequency response, 10-25 
literature, 10-27 
method, Clarridge, 10-22 

Nichols, 10-21 
Offereins, 10-21 
Pessen, 10-22 
Rutherford, Aikman, and Ream, 

10-22, 10-25 
Ziegler, 10-21 

practice, 10-20 
stability limit, 10-21 
transient response, 10-23 

Controllers, board mounted, 7-10 
comparison of various modes, 8-17 
electric, 7-68 
electronic, 7-68 
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Controllers, electronic, frequency re-
sponse, 7-71 

proportional circuit, 7-69 
rate circuit, 7-70 
reset circuit, 7-70 
transfer functions, 7-69 

field mounted, 7-12 
input, 7-12 
mechanisms, 7-08 
off-on, 7-09 

nonlinearities, 11-11 
Opcon, 13-15 
pneumatic, 7-39; see also Pneumatic 

cont1'Ollers 
proportional band, 7-05 
proportional control, 7-05 
pure three-term, 10-06 
Quarie, 13-12 
rate action, 7-06 

derivative time, 7-07 
frequency response, 7-06 
transfer function, 7-08 

reset action, 7-06 
selection of mode, 8-17 
self-actuated, 7-75, 7-76 
terminology, 8-02 
throttling range, 7-05 
time constant, 7-05 
transfer functions, 7-08, 8-08, 10-05 

Bode diagrams, 8-09 
Converters, analog-to-digital, see Ana­

log-to-digital converters 
Conveyors, 5-01 

a-c motor systems, 5-06, 5-23 
adjustable speed requirements, 5-05 
applications, 5-01, 5-23 
automation, 5-27 
belt, 5-23, 5-24 
centralized systems, 5-15 
chains, 5-03 
control, 5-02, 5-03, 5-08, 5-20 

balancing, by feedback, 5-08 . 
by force, 5-06 

circuits, 5-14 
design, 5-02 
electrical, 5-06, 5-08 

d-c motor systems, 5-20 
decentralized systems, 5-15 
drives, 5-07 

Conveyors, indexing, 5-27 
live roller, 5-23, 5-24 
loading, 5-04 
master timer, 5-21, 5-22 
materials handling, 5-01 

automatic machines, 5-01, 5-(}2 
control, standards, 5-10 

motor drives, 5-07, 5-08 
mUltiple drive, 5-05 
overload protection, 5-03 
production speed control, 5-21, 5-22 
selective dispatching, 5-23 
slack chain control, 5-04 
speed, 5-06 
synchronized systems, 5-17, 5-18 
takeups, 5-08 
trolley, 5-24, 5-25 
types, 5-23, 5-24 
wiper circuits, 5-12 

Cores, magnetic, construction, 25-16, 
25-17, 25-19 

cut, 25-17 
material, 25-19 
size selection, 25-21 
stacked, 25-17 
toroids, 25-16 

magnetic amplifier, 25-13, 25-14 
Coriolis acceleration, 28-24 
Correlation discriminators, 15-38 
Coulomb friction, 11-13, 11-26 
CounteI"·tachometer, speed measure-

ment, 20-18 
Counters, 27-90 
Crossed magnetic and electrostatic mass 

spectrometer, 24-22 
Crystal oscillator, 27-65 
Cutoff frequency, 27-42 
Cutting thrust, numerical control, 6-28 
Cyclic binary decimal code, 15-24 
Cycloidal focusing mass spectrometer, 

24-20, 24-23 
Cyclotron, 24-24 

resonance frequency, 24-24 

Damping, gyrocompass, 28-32 
ratio, level transmitters, 7-37 
Schuler pendulum, 28-30 

Darlington circuits, 27-101 
Data acquisition systems, 14-01 
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Data loggers, 14-01, 14-10 
characteristics, (table) 14-11 
equipment, 14-08 

Data logging, 13-03 
Data processing, see also Computer con-

trol; Data loggers ; Monitors 
computer control equipment, 14-13 
functions, 14-03 
inputs, 14-05 
installation, 14-07 
machines, 2-03 
man, 2-03 
monitoring, 14-02 
numerical control, 6-29, 6-30 
objectives, 14-03 
outputs, 14-07 
programming, 14-06, 14-13 
systems, 14-04 

Data recording, 14-01 
Data sensing, 2-03 
Data transmission, 2-03, 15-01; see also 

Transmission systems 
Daystrom, 14-14, 14-15 
D-c amplifiers, 21-05, 21-10 

biasing, 21-10 
drift, 21-13 
noise level, 21-13 
stabilization, 21-10 

D-c coupling, transistor amplifiers, 
27-31 

Dead space components, 18-06 
Dead zone, 11-13, 18-06, 22-07 

actuators, 22-22 
Decisions, man, 2-01 
Decoupling, 13-04 
Deflection oxygen analyzer, 24-31 
Degree of freedom, gyroscope, 28-05 

process control, 8-04 
Demodulation, amplitude modulation, 

15-50, 15-55 
double sideband, 15-55, 15-58 
frequency modulation, 15-27, 15-31 
multiplying functions, 15-59 
nonsynchronous, 15-52 
output amplitude spectrum, 15-61 
single sideband, 15-59 
synchronous, 15-58, 15-59 

Demodulators, 21-02, 21-13, (table) 21-14 
choppers, 21-14 

Demodulators, circuits, 21-15, 21-16 
diode, 21-22 
electronic, 21-14 
input impedance, 21-14 
phase sensitive, 21-14, 21-20 
usable levels, 21-14 

Depletion layer, transistors, 26-55 
Derivative action, 10-07 

limitations, 10-11 
Design, chemical processes, 8-01 

computer control, 14-17 
electronic amplifiers, 21-24 
procedure, 8-05 

Detection, a-m, 15-49 
Detectors, 26-67 

amplitude, 27-69 
regenerative, 27-70 
transistor, 27-61 

Deviation, maximum, to-17, 10-18 
ratio, 10-04 
sinusoidal, reduction, 10-04 
standard, 1-19, 1-20 

Dielectric amplifiers, 21-03, 21-32 
Dielectric constant, 24-45 
Differential pressure methods, flow-

meters, 20-19, 20-20 
Differential pressure transmitters, 7-34 
Differential process refractometer, 24-16 
Differential refractometer, 24-16, 24-17 
Differentiators, 23-05 
Diffusion, 26-09 
Diffusion impedance, transistors, 27-43 
Digital codes, 15-24 
Digital control computers, characteris­

tics, (table) 14-15 
process control, 13-04, 13-18 

Digital data loggers, 14-10; see also 
Data loggers 

Diode modulators, 21-17; see also 
Semiconductors 

Diodes, amplification, 26-26 
applications, 26-23 
avalanche, 26-24 
bonded, 26-22 
breakdown voltage, 26-24 
characteristics, 26-16 
detection, 26-25 
function generators, 26-23 
grown junction rectifiers, 26-18 



INDEX 13 

Diodes, grown junction rectifiers, vs. thin 
wafer, 26-22 

high-frequency effects, 26-24 
high-temperature derating, 26-23 
p-i-n rectifier, 26-19 
p-n-ohmic, 26-20 
recovery time, 26-25 
switching, 26-27 
terminology, 26-59 
thin wafer, 26-19 

vs. grown junction, 26-22 
tunnel, 26-27 
types, 26-19, 26-22, 26-24 
voltage reference, 26-24 
Zener, 26-23 

Dipulse transmission, 15-83 
Direct-coupled switching circuits, 27-90 
Direct methods optimizing control, 13-10 
Discontinuous control, off-on controller, 

7-09 
Discontinuous control functions, 7-09 
Discriminators, correlation, 15-38 

dual resonant circuits, 15-30 
phase lock, 15-38 

Dispatching systems, selective, 5-23, 
5-26 

Displacement measurements, 20-05, 
(table) 20-06 

accuracy, 20-10 
angular, 20-05 
bandwidth, 20-09 
basic principles, 20-05 
capacitance, 20-07 
differential transformer, 20-08, 20-09 
digital, 20-07 
drift, 20-09 
elements, 20-11, 20-12 
environmental considerations, 20-10 
hysteresis, 20-09 
input force, 20-07, 20-08 
linear, 20-05 
linearity, 20-06 
magnetic, 20-07 
magnetic field effects, 20-11 
magnetostrictive, 20-06, 20-07 
mechanical coupling, 20-07 
output level, 20-09 
phase shift variation, 20-08 
piezoelectric, 20-06, 20-07 

Displacement measurements, potentiom-
eter, 20-09 

power supply regulation, 20-10 
ranges, 20-07 
resistive, 20-08 
resolution, 20-06 
strain gage, 20-08 
temperature effects, 20-10, 20-11 
transfer characteristics, 20-08 

Displays, 2-05 
automatic inspection, 4-10 

Dispersive analysis, 24-09 
Dispersive analyzers, 24-03, 24-11; see 

also Infrared analyzers, disper­
sive type; Ultraviolet analyzers, 
dispersive type 

Dispersive infrared analyzers, 24-03, 
24-11 

Dispersive optical analyzers, 24-02 
Dispersive ultraviolet analyzers, 24-11 
Distillation column control, 10-15 
Distillation nonlinearity, 11-07 
Distortion, transistor amplifiers, 27-35 
Disturbance, response feedback, 10-40 

arbitrary point, 10-18 
controlled variables, 10-17 
manipulated variable, 10-17 

Dividers, 23-05 
Donors, semiconductors, 26-05 
Doppler shift, speed measurement, 20-17 
Double sideband transmission, 15-22, 

15-50, 15-55 
demodulator, 15-58 
interference characteristics, 15-68 
system errors, 15-62, 15-64 

Drag viscosimeter, 24-40 
Draper and Li optimization method, 

13-12 
Drift, components, 18-07 

correction, gyroscope, 28-34 
displacement measurement, 20-09 
electrons, 26-09 
error, vertical gyroscope, 28-23 
gyroscope, 28-02 

effect of operating conditions, 28-38 
holes, 26-09 

Drift tube mass spectrometer, 24-26 
Drilling machines, 3-14 
DSB, see Double sideband transmission 
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Dynalog receiver,. 7-68 
Dynamic behavior, processes, 10-06 
Dynamic characteristics, actuators, 22-04 
Dynamic circuits, 27-94 
Dynamic programming, 13-09 
Dynamic range, 15-11 

pulse transmission, 15-85 
Dynamics, computer control models, 

14-18 
process, 12-04 
process control, 1-18 

Earth's radius pendulum, 28-30 
Eccles-Jordan multivibrator, 27-78 
Economic power distribution, 13-19 
Economics, control systems, 1-11, 1-14 
Economy dispatch, see Economy power 

dispatch 
Economy power dispatch, 17-13, 17-64 

area assist actions, 17-111 
area control loop, 17-93 
area daily generation curve, 17-83 
area output feedback, 17-96 
area output relationship, 17-82 
area requirement feed-forward, 17-97 
computation, 17-81, 17-102 
class II control, flexible programming, 

17-85 
class III control, fixed programming, 

17-93 
coordination equation, 17-78 
efficiencies, 17-66 
factors, 17-65 
generation costs, 17-66 
heat rates, 17-67 
hydroelectric plants, 17-81 
incremental costs, 17-69, 17-80 
incremental efficiency, 17-68 
incremental heat rates, 17-68 
loading schedules, 17-88, (table) 17-89 
loading to equal;, incremental costs, 

17-69, 17-81 
objectives, 17-64 
optimizing area performance, 17-81 
output reference, 17-84 
penalty factors, 17-80 
power sources, 17-81 
savings, 17-64 
source efficiencies, 17-66 

Economy power dispatch, transmission 
losses, 17-71 

incremental, 17-74, (tables) 17-76 
variables, 17-65 

Eddy current clutches, 22-48, 22-52 
Efficiencies, electric power systems, 17-66 
EIA, 6-18 
Electric actuators, 22-27 
Electric and electronic transmitters, see 

Transmitters, electric and elec­
tronic 

Electric components, 4-11, 7-61 
Electric control systems, 7-17 
Electric controllers, 7-68 
Electric power dispatching, 13-19 
Electric power systems, 17-01 

area assist actions, 17-111 
area regulation, 17-13, 17-16, 17-21, 

17-29; see also Regulation, area 
area-wide concept, 17-02 
bias control, 17-35, 17-36, 17-42 
bias effects, 17-63 
bias regulation, 17-35, 17-37, 17-43 
bias settings, 17-50 
class I, II, III, 17-16, 17-84 
combining unit bias and area assist, 

17-120 
command control, 17-106 
computations, 17-84, 17-103; see also 

Computer control 
control, 17-15, 17-84 

combinations, 17-111 
equipment, 17-103 
execution, 17-103 
mandatory, 17-106 
permissive, 17-106 

coordinating source control with gov-
ernor responses, 17-118 

criteria for area regulation, 17-49 
dispatcher's office, 17-104 
economy dispatch, 17-13, 17-64; see 

also Economy power dispatch 
efficiencies, 17-66 
equipment, 17-103 
error correction, 17-48 
errors, 17-46 
frequency change, 17-56 
frequency control, 17-37 
frequency correction, 17-25 
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Electric power systems, generation, 17-18; 
see also Generation, electric power 
systems 

generation costs, 17-66 
generation governing, 17-17; see also 

Generation, electric power systems 
generator loadings, 17-27 
governing, 17-17; see also Governing, 

electric power systems 
Electric power systems, governing char­

acteristics, 17-23, 17-24, 17-52 
interconnected, 17-01, 17-03 

advantages, 17-03 
generation, 17-03, (table) 17-11 
growth, 17-03 
representation, 17-04 
responsibilities of interconnections, 

17-07 
systems and areas, 17-03 

load governing, 17-21; see also Gov­
erning, electric power systems 

multiple area interconnected,. 17-04, 
17-12, 17-32, 17-46 

natural governing responses, 17-51 
optimizing area performance, "17-81 
penalty factor, 17-80 
protective features, 17-124 
regulation, 17-13, 17-24, 17-50; see also 

Regulation 
and bias settings, 17-50 

representation, 17-04 
scheduling, 17-31, 17-103 
single area interconnected, 17-04 
supplementary regulation, 17-24 
system governing, 17-17 
terminology, 17-02 
tie line control, 17-35, 17-57 
time errors, 17-48 
transmission losses, 17-71 

Electrical noise, 24-07 
Electrolytic oxygen analyzer, 24-29, 24-33 
Electromechanical amplifiers, 21-02, 

21-03, 21-05, 21-41 / 
charaeteristics, 21-44 
linearizing performance, 21-44 
nonlinearities, 21-43 
response, 21-43 
types, 21-41 

Electron mobility, 26-09 

Electronic amplifiers, see Amplifiers, 
magnetic i Amplifiers, semicon­
ductor; Amplifiers, transistors 

Electronic components, 7-61 
Electronic control systems, 7-17 
Electronic controllers, see Controllers, 

electronic 
Electronic Industries Association (EIA), 

6-18 
Electronic modulators, 21-13, 21-17 
Electrostatic clutches, 22-54 
Elements, two-part, 27-06 
Emitter, common, 27-03, 27-08; see also 

Transistor circuits 
Enclosures, electrical controls, 5-10 
Engineering, control system design, 1-03 
Environmental factors, 1-25 

component selection, 18-03 
measuring elements, 20-03 

Equivalent circuits, transistor, 27-11, 
27-23 

Errors, assignment, 1-20 
control system, 1-18, 1-19 
criteria, 1-18, 1-19 
electric power systems, 17-46, 17-48 
fiowmeters, 20-20 
gyroscope, 28-22, 28-23 
measuring elements, 20-02, (table) 

20-03, 20-04 
signal, 7-04 
stable platform, 28-14 
standard deviation, 1-19, 1-20 
transmission systems, 15-42, 15-49, 

15-62, 15-64, 15-79 
amplitude modulation, 15-49 
correcting codes, 15-25 
detecting codes, 15-25 
double sideband, 15-64 
frequency modulation, 15-42 
information, 15-09 
mean square, 15-65 
suppressed carrier, 15-64 

vertical gyroscope, 28-23 
Euler-Lagrange equation, 13-08 
Evershed and Vignoles, 7-72 

Falling piston viscosimeter, 24-41 
Faraday's law, 7-67, 24-37 
Faults, 4-02 
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Federal Aviation Agency (FAA), 1-10 
Feedback, Kendall pneumatic transmit-

ters, 7-28 
local loops, 11-25 
magnetic amplifiers, 25-11 
nuclear reactor control, 16-09, 16-20 
poisoning, 16-17, 16-18 
temperature coefficient, 16-12, 16-13 
transducers, 6-13 
transistor amplifiers, 27-32 

Feedback control, actuators, 22-03 
electric power, 17-103 
sampled data, 12-01 
terminology, 9-02 

Feedback lag, chemical process, 8-19 
Feed-forward, compensation, 13-03 
Feed-forward control, 10-27 
Feeding devices, 3-04, 3-05 
Fermi level, 26-12 
Field-mounted controller, 7-12 
Fieldistor, 26-55 
Figure of merit, actuators, 22-05 

high-frequency, transistor amplifiers, 
27-55 

magnetic amplifiers, 21-38, 25-11 
rotary amplifiers, 21-46 

Filamentary transistors, 26-53 
Filters, bandwidth specifications, 15-48 

Butterworth, 15-45 
characteristics, 15-45 
low-frequency active, 27-39, 27-41 
output, 15-62 
sluggishness index, 15-45 

Final control element, 8-09, 8-12, 8-13; 
see also Actuators 

Fire control, 28-33 
Fire control systems, 1-20 
Fischer and Porter Company, 7-39, 14-07, 

14-12 
Fisher, 7-76 
Fission, process, 16-03 

product poisoning, 16-04 
Flapper valves, 22-38 
Flatplate valves, 22-37 
Flexowriter, 6-17 

code, 6-14 
Flip-flops, base return, 27-83 

dynamic, 27-97 
emitter coupled, 27-80 

Flip-flops, high-efficiency, 27-79 
parametric, 26-27 
switching rate, 27-83 
switching time, 27-83 
transistor, 26-54, 27-78 

Flow, control, 10-07, 10-10 
diagrams, chemical processes, 8-02 

construction, 8-05 
formulas, control valve, 7-47 
gas, 7-48 
laminar, 7-21 
liquid, 7-47, 7-48 
measurement, 7-39; see also Flow­

meters; Flow, transmitters 
nonlinearities, 11-02 

ratio control, 10-32 
regulators, large flows, 7-78 

self-actuated, 7-76 
small flows, 7-77 

transducers, see Flowmeters 
transmitters, 7-39 

electric and electronic, 7-67 
rotameter, 7-39 
turbine flowmeter, 7-67 

turbulent, 7-49 
Flowcon, 14-14 
Flowmeters, 24-43, (table) 20-19 

accuracy, 20-20 
acoustic, 20-23 
angular momentum, 20-22 
boundary layer, 20-22 
differential pressure methods, 20-19, 

20-20 
drag disk, 20-21 
electromagnetic, 7-67, 20-22 
error sources, 20-20 
gyroscopic, 20-22 
mass, 20-19, 20-22 
nozzles, 20-21 
orifice plates, 20-20 
positive displacement, 20-21 
rate-density product, 20-22, 20-23 
transducers, 20-19, 20-23 
turbine, 7-67, 20-21, 20-23 
variable area, 20-21 
venturi, 20-21, 20-23 

Fluid actuators, 22-31 
Fluid amplifiers, 21-02, 21-03, 21-05 
F -m, see Frequency modulation 
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Focal isolation method, 24-14 
Force balance transmitters, 7-34 
Force measurement, 20-12, 20-16 

ranges, 20-16 
Forcing control, 17-106 
Forming machines, 3-14 
Foxboro Company, 7-68 
Free gyroscope, see Gyroscopes, free 
Frequency control, flat, 17-37 
Frequency correction, 17-25, 17-32 
Frequency deviation ratio, 15-35, 15-37, 

15-42, 15-44 
Frequency modulation, 15-16, 15-22, 

27-69 
demodulation, 15-27, 15-37 
detection and discrimination, 15-29, 

15-30, 15-31, 15-38 
limiting, 15-31 
narrow band, 15-31 
phase lock discriminator, 15-38 
threshold phenomena, 15-30, 15-38, 

15-39 
transient errors, 15-42 
wide band, 15-35 

Frequency offset, electric power systems, 
17-48 

Frequency response, 10-07 
actuator measurements, 22-15 
amplifiers, 21-04 
controller settings, 10-25 
pneumatic transmission line, 7-24 
reset action, 7-06 
tests, 9-02, 9-11 
valve control, 11-18 

Friction, numerical control, 6-27 
valves, 11-13, 11-26 
viscous, 11-13 

Friction clutches, 22-50 
Function generators, 22-13, 23-10, 23-12 

arbitrary functions, 23-13, (table) 
23-14 

cams, 23-15 
diodes, 26-23 

biased, 23-13, 23-15 
linkages, 23-15 
nonlinearities, 11-26 
potentiometers, 23-13 
sine-cosine, (table) 23-12 
variable coupling transformers, 23-13 

Functional multiplier-divider, 23-09, 
23-10 

Furnace control, 10-11, 10-29 

Gain, actuators, 22-05, 22-14 
amplifier, 21-02, 21-23 
process, 11-06 
variable static, 11-16 

Gas analysis, 24-06, 24-07 
Gas analyzers, 24-43; see also Gas Ghro­

matography analyzers; Infrared 
analyzers; Special analyzers; Ul­
traviolet analyzers 

Gas chromatography analyzers, 24-26, 
24-27, 24-28 

Gas flow formula, 7-48 
Gases, control valves, 8-12, 8-13 
Gaussian distribution, 15-05, 15-06 
Gaussian filter, 15-34 
Gaussian noise, 15-05, 15-06, 15-31 
Gaussian pulse, 15-76 
GE-312, 14-15 
Gear cutting machines, 3-14, 3-26 
Gear ratios, 22-20 
Gear trains, actuators, 22-19 
Gears, backlash, 6-26, 6-27 
Geiger-Mueller counter, 20-26 
General Electric, 14-15 
General Precision Equipment Corpora­

tion, 14-15 
Generation, electric power systems, 17-08 

control problem, 17-08 
integrated problem, 17-00 
multiple area interconnections, 17-12 
multiple source problem, 17-09 
objectives, 17-08, (table) 17-11 
regulation, 17-13 
single area systems, 17-12 
solution steps, 17-tO, (table) 17-11 
summary, 17-15 
system classification, 17-15 
Watt's problem, 17-08 

Generation governing, natural character­
istic, 17-19 

Germanium, electron mobility, 26-09 
properties, 26-03 
semiconductors, 26-03 

Governing, electric power systems, 17-17 
characteristic, bias regulation, 17-35 
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Governing, characteristic, determination, 
17-23 

natural, 17-19 
shifting, 17-24 
speed-output characteristic, 17-18 

combined generation and load, 17-21 
generation, 17-21 
graphical representation, 17-22 
load, 17-21 
positive load characteristic, 17-23, 

17-26 
reallocating loadings, 17-27 
speed governor, 17-17 
steady state speed regulation, 17-18 
zero load characteristic, 17-22, 17-25 

Governing ratio, 17-55 
Graham drive, 22-53 
Graphic control panels, 7-79 
Graphical analysis, step function re-

sponse, 9-05 
Gray code, 6-15, 15-24 
Grinding machines, 3-14 
Grounding systems, 1-21 
Grown junction rectifiers, 26-18 
Gyrocompass, 28-32 
Gyroscopes, 28-01 

. ambient conditions, 28-35 
applications, 28-22, 28-33, 28-34 
basic, 28-01 
control system components, 28-01 
design, characteristics, 28-15 

miscellaneous factors, 28-21 
pickoffs, 28-19 
suspensions, 28-17 
torque generators, 28-20 

directional, 28-25 
auxiliary reference, 28-26 
north indication, 28-26 

drift, 28-02 
correction, 28-34 
effect of operating conditions, 28-38 
testing, 28-36 

dynamic characteristics, 28-02 
equations, 28-03 

transfer functions, 28-04 
error, rotation-of-vertical, 28-22 
free, 28-05 

dynamics, 28-06 
nutation frequency, 28-06 

Gyroscopes, free, suspension, 28-07 
transfer function, 28-04 

Gyrotron, characteristics, 28-12 
isoelastic construction, 28-21 
nutation, 28-07 

frequency, 28-06 
orientation, 28-34 
pickoffs, 28-19, 28-20 
precession, 28-02 
rate, 28-07 

integrating, 28-09 
dynamics, 28-10 

performance limitations, 28-08 
, torque generator, 28-09 

transfer function, 28-07 
response to inputs, 28-39 
single degree of freedom, 28-07 
spin drives, 28-15 

air turbine, 28-15 
electric motor, 28-16, 28-17 
oil turbine, 28-15 
spring motor, 28-15 

stable performance, 28-12 
suspension, 28-17 

ball-bearing, 28-17 
flexural, 28-18 
flotation, 28-19 
fluid bearing, 28-18 

temperature, ambient, 28-21 
testing, 28-35 

categories, 28-35 
drift, operating conditions, 28-38 

results, 28-37 
electrical noise, 28-35 
equipment, 28-36 
performance, 28-35 
procedure, 28-36 
random drift, 28-36 
response, 28-39 

time stability, 28-21 
torque generators, 28-09, 28-20, 28-21 
torque summing, 28-10 
transfer function, (table) 28-04 
two degrees of freedom, 28-05 
types, 28-05 
units, 28-03 
vertical, 28-22 

acceleration error, 28-23 
averaging, 28-22 
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Gyroscopes, vertical, Coriolis accelera­
tion, 28-24 

drift error, 28-23 
errol', acceleration, 28-23 

drift, 28-23 
rotation, 28-22 

variations, 28-24 
vibration, 28-34 
vibratory, 28-12 
warmup, 28-34 

Gyrotron, 28-12 

h parameters, 27-06, 27-08 
Hall effect, 26-55 
Hamming codes, 15-26 
Hearing, see Audition 
High-frequency effects, diodes, 26-24 

transistors, 26-36 
High-frequency power gain, 27-55 
High-frequency transistor design, 26-39 
Hill climbing methods, 13-10 
Holes, diffusion, 26-09 

drift, 26-09 
injection, 26-14 
mobility, 26-09 

Hollerith code, 6-14, 6-17 
Honeywell 290, 14-15 
Human components, 2-01 

access time, storage, 2-10 
amplifier, 2-12 
audition, 2-08 
bandpass, 2-11 
channel capacity, 2-03 
channel overloading, 2-11 
closed loop control, 2-11 
control loop, 2-02 
control operation, 2-10 
data sources, 2-14 
design problems, 2-04 
displays, 2-05 
environment link, 2-05 
gain, 2-12 
human factors design, 2-13 
information inputs, 2-05 
inputs, 2-05 
kinesthetic senses, 2-09 
lead time constant, 2-12 
machine link, 2-05 
motor output capacity, 2-11 

Human components, motor tasks, 2-11 
neuromuscular lag, 2-12 
olfactory sense, 2-09 
output capacity, 2-11 
reaction time delay, 2-12 
reliability, 2-03 
reprogmmming, 2-01 
skin senses, 2-10 
storage capacity, 2-10 
system lag time, 2-12 
taste sense, 2-10 
transfer functions, 2-11 
vision, 2-06 

Human factors specialists, 2-14 
Human inspection, limitations, 4-01 
Human operations, 2-01 
Hydraulic actuators, see Actuators, hy­

draulic 
Hydraulic amplifiers, see Amplifiers, hy­

draulic 
Hydraulic control systems, see Control 

systems, hydraulic 
Hydraulic motors, 22-32 
Hydraulic preamplifier, 22-34 
Hydroelectric power plants, 17-81 
Hysteresis, 11-13, 22-09 

differential, magnetic clutch actuator, 
6-25 

displacement measurement, 20-09 
loop width, magnetic amplifier, 25-14 
motor, gyroscope drives, 28-16 
pressure measurement, 2-15 

Hysteresis clutches, 22-48, 22-51 

IBM 704, 6-30 
Impulse characteristic, transmission sys­

tems, 15-71, 15-72, 15-73, 15-74, 
15-78 

Impulse function, response analysis test-
ing, 9-09, 9-10 

Inchworm, 22-54 
Incremental control, 6-19 
Incremental costs, electric power, 17-68 
Index of refraction, 24-26 
Industrial control systems, electrical 

power, 17-01 
Industrial process control, computers, 

13-02 
Inequality constraints, 13-06 
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Inertance, pneumatic, 7-20 
Inertia, numerical control, 6-27 
Inertial navigation, 28-31 
Information, 2-10 

bit, 15-07 
capacity for pulse transmission, 15-87 
error rate, 15-09 
Gaussian noise, 15-06 
origin, 15-04 
Shannon-Hartley law, 15-07 
Shannon's sampling theorem, 15-07 
signal-to-noise ratio, 15-05 

effective, 15-08 
sources, 15-04 

Information inputs, human component, 
2-05 

Information rates, audition, 2-08 
human components, 2-11 
piano playing, 2-11 
reading, 2-11 
speaking, 2-11 
typing, 2-11 
vision, 2-06 

Information storage capacity, human 
components, 2-10 

Information Systems, Inc., 14-15 
Information transmission, 15-01; see also 

Transmission systems 
Infrared analyzers, dispersive type, 24-03 

dispersive analysis, 24-09 
explosion proofing, 24-05 
gases, 24-06 
infrared spectrophotometer, 24-03 
liquids, 24-06 
Littrow mirror, 24-04, 24-06 
sensitization, 24-06 
split beam analyzer, 24-06 
stability, 24-05 

nondispersive type, 24-06 
applications, 24-08, 24-10 

to process streams, 24-08 
continuous process type, 24-06 
dispersive analysis, 24-09 
electrical noise, 24-07 
gas analysis, 24-07 
interference of absorption, 24-08 
limitations, 24-10, 24-11 
liquid analysis, 24-06 
liquid phase applications, 24-10 

Infrared analyzers, nondispersive type, 
major component detection, 24-10 

negative filtering types, 24-07 
nonselective detectors, 24-07 
operational mode, 24-07 
optical cleanliness, 24-07 
optical materials, 24-09 
overlap of absorption, 24-08 
positive filtering types, 24-08 
process streams, 24-08 
selective detectors, 24-06, 24-08 
selective emission, 24-06 
selective filters, 24-06, 24-07 
sensi tiza tion, 24-07, 24-08, 24-09 
stability, 24-07 

of filters, 24-10 
threshold of detection, 24-07, 24-10 
trace quantity detection, 24-10 

Infrared filter stability, 24-10 
Infrared optical analyzers, 24-03; see 

also: Infrared analyzers, dispersive 
type; Infrared analyzers, nondis­
persive type 

Infrared spectrophotometer, 24-03 
Inhibit gate, 27-97 
Injection, semiconductors, 26-14 
Input, step disturbances, 10-18 
Input-output measuring element, 20-01, 

(table) 20-03 
Inputs, human component, 2-05 
Inspection, 4-02, 4-03; see also Auto­

matic inspection 
Installation, data systems, 14-07 

measuring elements, (table) 20-03 
Instrument location, 8-18 
Instrument Society of America (ISA) , 

7-16 
Instrumentation systems, 7-01; see also 

Controllers; Pneumatic control 
systems 

actuators, 7-47 
chemical industries, 7-01 
continuous control functions, 7-05 
control functions, 7-03 
control panels, 7-79 
control valves, 7-47 
controller mechanisms, 7-08 
discontinuous control functions, 7-09 
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Instrumentution systems, electric and 
electronic components, 7-61 

electric control, 7-17 
electronic components, 7-61 
electronic control, 7-17 
electronic controllers, 7-68 
electronic recorders, 7-71 
electronic valve actuators, 7-72 
engineering, 7-03 
hydraulic, 7-18 
limitations, 7-01 
petroleum industries, 7-01 
pneumatic components, 7-18 
pneumatic control, 7-10 
pneumatic controllers, 7-39 
pneumatic devices, 7-57 
pneumatic recorders, 7-45 
pneumatic transmission systems, 7-21 
pneumatic transmitter design, 7-27 
process control, 7-01, 7-02 
proportional control, 7-05 
rate action, 7-06 
regulator, 7-03 
reset action, 7-05 
self-actuated controller, 7-75 
servomechanism, 7-03 
trends, 7-01 

Instruments, composition analyzers, 
13-03 

nonlinearities, 11-02 
sensing, 4-03, 4-04 

Integral action, 10-07 
Integral control, 8-17 

Bode diagram, 8-10 
transfer function, 8-08 

Integrating amplifiers, 27-61 
Integrators, 23-05 
Interconnected power systems, 17-01, 

17-03; see also Electric power 
systems 

Interference characteristics, 15-68 
Intermittent cycle transfer, 3-07 
International Business Machines (IBM), 

6-17 
Interpolation, numerical control, 6-02, 

6-09, 6-20, 6-21, 6-30 
Intrinsic carriers, 26-04 
Intrinsic number, 26-03 
Intrinsic resistivity, 26-03 

Inverter, transistor, 27-88 
Ion flow amplifiers, 21-03, 21-32 
Ion resonance mass spectrometer, 24-23 
Ionization, pressure measurement, 20-12 
Iron foundry, 3-27 
181-609, 14-15 
Isothermal capacitance, 7-12 

Jet pipe valves, 22-38 
Joint Industry Conference (JIC), 5-10 
Junction photodiode, 26-57 
Junction temperature, transistors, 27-33 
Junctions, p-n, 26-10 

high-temperature characteristics, 
26-15 

Kalman-Bertram method, 12-05 
Kalman-Koepcke method, 12-06 
Kates, 7-78 
Kendall Corporation, 7-58 
Kinesthetic senses, 2-09 
Kybernetes, 14-12 

Laboratory dispersive analyzers, 24-11 
Lagrangian multipliers, 13-06, 13-09, 

13-19 
Laminar flow, 7-21 
Laplace transform, 1-14 
Lathes, automatic machines, 3-13 
Leeds and Northrup, 7-71, 14-10 
Leslie Company, 7-75 
Letter symbols, transistors, 27-11 
Level transmitters, 7-35 

ball-float, 7-38 
capacitance bridge, 7-65 
resonant frequencies, 7-38 

Libratral-500, 14-15 
Limit switches, 5-11 
Limiter, 15-31 
Limiting components, 18-07 
Linear decelerator mass spectrometer, 

24-26 
Linear ultraviolet absorbance, 24-11 
Linear ultraviolet transmittance, 24-11 
Liquid analysis, 24-06 
Liquid flow formula, 7-47 
Liquid level, measurement, (table) 20-23 

nonlinearities, 11-08 
Liquid level control, 10-30 
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Littrow mirror, 24-04, 24-06 
Load changes, chemical processes, 8-15 
Load dispatcher, 17-107 
Load effects, actuators, 22-22 
Load governing, 17-21 
Load variables, 8-03 
Logic, numerical control, 6-19 

transfer machines, 1-06, 1-07 
Logical switching circuits, 27-87 
Luft, K, F" 24-08 

Mach number, 22-43 
Machine tolerances, numerical control, 

6-22, 6-23 
Machines, see also Automatic machines 

advantages, 2-03 
and human components, 2-01 
channel capacity, 2-03 
data processing, 2-03 
data sensing, 2-03 
data transmission, 2-04 
disadvantages, 2-03 
economic properties, 2-04 
link to humans, 2-05 
numerical control, 6-01 
programming, 3-15 
reliability, 2-03 
rough bore, 1-07 

Magnetic amplifiers, see Amplifiers, 
magnetic 

Magnetic analyzers, 24-19 
Magnetic clutches, 22-50 
Magnetic convection current, 24-29, 

24-30 
Magnetic materials, characteristics, 

(table) 25-15 
ferrites, 25-16 
nickel-iron, 25-16 
silicon-iron, 25-14 

Magnetic separation, 24-18, 24-19 
Magnetic tape, 6-19, 6-20 

bandwidth, 6-20 
crosstalk, 6-20 
dropouts, 6-20 
numerical control, 6-11 
problems, 6-19 
reliability, 6-19, 6-20 
stability, 6-20 

Maintenance, components, 18-04, 19-03 

Maintenance, data systems, 14-08 
measuring elements, 20"{)3, 20-04 

Majority carriers, 26-06 
Man; advantages, 2-03 

data processing, 2-03 
da ta sensing, 2-03 
data transmission, 2-04 
decisions, 2-01 
disadvantages, 2-03 
economic properties, 2-04 

Mandatory control, 17-107 
Manipulated variables, 8-03 
Man-machine relationship, numerical 

control, 6-03 
Manning, Maxwell, and Moore, 7-18, 

7-71 
Manual-automatic switching, 7-46 
Manual override, 7-46 
Mason, Neilan, 7-54 
Mass spectrometer analyzers, 24-17 

advantages, 24-17 
angular aberration, 24-22 
applications, 24-18 
batch sample analysis, 24-17 
cro~sed magnetic and electrostatic 

analyzer, 24-22 
cycloidal focusing type, 24-20, 24-23 
cyclotron, 24-24 

resonance frequency, 24-24 
drift tube type, 24-26 
essential processes, 24-17 
ion resonance mass spectrometer, 24 .. 23 
"linear decelerator" type, 24-26 
magnetic analyzers, 24-19 
magnetic separation, 24-18, 24-19 
muIticomponent streams, 24-18 
Neir type, 24-19 
nonmagnetic radio-frequency type, 

24-26 
Omegatron, 24-23 
180 0 sector type, 24-20 
160° sector type, 24-20 
process monitoring, 24-19 
process stream, attached to, 24-17 
resolution, 24-19, 24-20 
sathple-to-background ratio, 24-24 
separation of charged particles, 24-18 
set point determination, 24-17 
60° magnetic sector type, 24-19 



INDEX 23 

Mass spectrometer analyzers, 360 0 sector, 
24-21 

time-of-flight separation, 24-18, 24-26 
uranium gaseous diffusion,' 24-19' 

Massachusetts Institute of' Technology, 
instrumentation· laboratory, 28-10 

Mathematical models, 13-05 
computer control, 14-18 

Mathematics, control system design, 1-03 
Mean square error, 15-05 
Measurements, 20-02 

actuators, 22-12 
displacement, 20-05, 20-07, 20-08, 

(table) 20-06 
equipment, 22-13 
path in numerical control, 6-21 
pH, nonlinearities, 11-05, 11-07 
pressure, see Pressure measurement 
temperature, 7-63; see also Tempera-

ture measurement 
Measuring elements, 20-01, 20-02, 20-04, 

(table) 20-03 
accelerometers, 20-18 
accuracy, 20-02 
barometric pressure error, 20-05 
characteristics, 20-02 
direct-to-electric, 20-02 
displacement, 20-05; see also Dis-

placement measurements 
dynamic, 20-02 
electric, displacement, 20-07 
environmental factors, (table) 20-03 
errors, 20-02, 20-04 
excitation, 20-03 
flowmeters, 20-19; see also Flowmeters 
force, 20-13 
input-output, 20-03 
installation, 20-03 
magnetic fields error, 20-05 
maintenance, 20-03 
nonoperational factors, (table) 20-04 
nuclear radiation, 20-25, 20-26 
operational factors, (table) 20-03 
pressure, 20-12; see also Pressure meas-

urement 
reproducibility, 20-02 
speed, 20-17; see also Speed measure­

ment 
static, 20-02 

Measuring elements, supply voltage, 
20-04, 20-05 

temperature, 20-04, 20-24; see also 
Temperature measurement 

transfer characteristics, 20-03 
vibration error, 20-05 

Measuring instruments, see also M easur­
ing elements 

nonlineari ties, 11-02 
Mechanical actuators, see Actuators, 

mechanical 
Mechanical adders, 23-04, 23-05 
Mechanical assemblies, 1-23 
Mechanical elements, numerical control, 

6-26 
Mechanical multiplier-dividers, 23-16 
Memory readout, 6-05, 6-07 
Message bandwidth, 15-11, 15-14, 15-65 
Message dynamic range, 15-11, 15-12 
Metadyne, 21-46 
Microsen recorder, 7-62 
Military specifications, 1-25 
Milling machines, 3-74 
Minneapolis-Honeywell, 7-71, 14-15 
Mixers, 26-67 

transistor, 27-61 
Model adaptation, 13-26 
Model methods, optimizing control, 

13-16 
Models, development, 14-18 
Modulation, amplitude, 27-68 

frequency, 27-69 
transmission systems, 15-13 

amplitude, 15-14 
frequency, 15-16 
methods, (table) 15-15, 15-20 
pulse, 15-18 
pulse code, 15-17 
signal-to-noise ratios, 15-22 

Modulators, 21-01, (table) 21-13, 27-67 
alternator, 21-13 
choppers, 21-13, 21-14 
classification, 21-14 
diode, 21-17 
electronic, 21-13, 21-17 
input impedance, 21-13 
magnetic, 21-13, 21-19 
phase, 21-14 
semiconductor, 21-13, 21-17 
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Modulators, suppressed carrier, 21-14 
transistor, 27-61 
triode, 21-19 
variable capacitance, 21-17 
variable inductance, 21-17 
zero stability, 21-13 

Molding machines, 3-15 
Molecular spectroscopy, 24-02 
Monitors, 14-02, 14-08 

benefi ts, 14-02 
equipment, 14-08 
functions, 14-03 
recording, 14-08 
scanning, 14-09 

Moore code, 15-27 
Moore Products Company, 7-38, 7-58, 

7-77 
Motor output capacity, 2-11 
Motor tasks, 2-11 
Motors, 1-23 

a-c, 5-06, 22-27 
control, 22-27 
two-phase, 22-27 

application, 22-28, 22-29 
construction, 22-27, 22-29 
conveyors, 5-06 
d-c, 5-07 

control, 22-28 
gyroscope, 28-16 

drag cup, 22-27 
eddy current clutch, 5-08 
efficiency, 22-28 
hydraulic, 22-32 
hysteresis, gyroscope, 28-16 
piston, axial, 22-33 

cam, 22-54 
squirrel cage, 22-27 

gyroscope, 28-16 
step servo, 22-55 
transfer functions, 22-27, 22-29 
vane, 22-33 

Multi component streams, 24-18 
Multiple loop controls, 10-01 
Multiplier-divider, functional, 23-05, 

23-08, 23-10 
mechanical, 23-10 
servo, 23-08 
square law, 23-09 
time division, 23-08, 23-09 

INDEX 

Multipliers, 23-05 
electric, 23-05 
square law, 23-09 

Multivariable control, stability, 10-36 
Multivibrator, bistable, 27-78 

monostable, 27-86 

Narrow band, f-m, 15-31 
Naval Ordnance Laboratory, 25-32 
Navigation, inertial, 28-31 
Negative filtering infrared analyzers, 

24-07 
Neir mass spectrometer, 24-19 
Neuromuscular lag, 2-12 
Neutron thermopile, 20-26 
Neutrons, 16-03, 16-04 
Nichols methods, controller settings, 

10-21 
Noise, 10-03, 10-11 

gyroscope, electrical, 28-35 
limitations due to process, 9-12, 9-13 
rectification, 15-51 
semiconductor amplifiers, 21-32 
signal-to-noise ratio, see Signal-to-

noise ratio 
vision, 2-06, 2-07 

Noise figure, transistors, 27-39 
N ondispersive analyzers, 24-06, 24-13; 

see also Infrared analyzers; Ultra­
violet analyzers 

N ondispersive optical analyzers, 24-02; 
see also Optical analyzers 

N oninteraction, 13-04 
Nonlinear stabilization, transistor cir­

cuits, 27-22 
N onlinearities, actuators, 22-07 

input impedance, 22-10 
output, 22-07 

cascade control, 10-30 
classification, 11-12 
compensation, 11-26 
components, 18-07 
control equipment, 11-09, 11-11 
controllers, adjustments, 11-16 

on-off, 11-11 
Coulomb friction, 11-13, 11-26 
dead zone, 11-13, 22-07, 22-22 
deliberate, 11-27 
distillation, 11-07 
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Nonlinearities, dynamic, 11-14, 11-18 
effects, 11-15 
electromechanical amplifiers, 21..;43 
examples, 11-16, 11-26 
feedback loops, 11-25 
flow measurements, 11-02 
function generators, 11-27 
gain, 11-06, 11-16 
hysteresis, 11-13, 22-09 
liquid level, 11-08 
measuring instruments, 11-02 
mixing, 11-19 
pH measurement, 11-05, 11-07 
pneumatic transmission lines, 11-11. 
process control systems, 10-30, 11-01 
processes, 11-06, 11-18 
saturation, 11-14, 22-07, 22-25 
sources, 11-01 
speed measurement, 11-05 
speed-torque curve, 22-tO 
static, 11-12 
stiction, 11-10, 11-13, 11-26 
storage, 11-18 
temperature measurements, 11-03 
transmission lines, 11-11 
treatment, 11-15 
valves, 11-09, 11-16 
variable dynamic characteristics, 11-18 
variable static gain, 11-16 

Nonlinearity, effects, 1-23 
nuclear reactor control, 16-23, 16-26, 

16-27 
Nonmagnetic radio-frequency mass spec-

trometer, 24-26 
Nonminimum phase response, 10-15 
Nonselective infrared detectors, 24-07 
North indication, gyroscope, 28-26, 

28-32 
n type carriers, extrinsic, 26-05 
n type conductivity, 26-06 
Nuclear radiation, 7~5 

measurement, 20-25, 20-26 
Nuclear reactor control, 16-01 

actuators, 16-24 
analysis procedure, 16-26, 16-27 
automatic, 16-21 
automatic control looPI 16-24, 16-25 
block diagram, 16-22 

Nuclear reactor control, Bode diagram, 
16-08,16-10,16-14,16-15,16-19,16-20 

circulating fuel, 16-12 
comparator, 16-23, 16-24 
controller, 16-21, 16-22 
definitions, 16-03, 16-04 
design example, 16-24, 16-25 
error signal amplifier, 16-24 
functions, 16-05 
loop, 16-21, 16-25, 16-26 
magnetic amplifier, 16-24 
modes, 16-21, 16-22 
multiple-path temperature coefficient 

feedback, 16-16, 16-17 
nonlinearity, 16-23, 16-26, 16-27 
Nyquist criterion, 16-13, 16-14 
phase compensation, 16-27, 16-28 
phase margin, 16-28 
poisoning feedback, 16-17, 16-19 
power level, 16-06, 16-21 
power operation, 16-06 
regulator rods, 16-04 
safety rods, 16-04 
shim rods, 16-04 
shutdown, 16-06, 16-07 
stability, 16-13, 16-14, 16-27 
stability plot, 16-27 
startup, 16-05, 16-06 
temperature coefficient, 16-04, 16-07 

feedback, simple, 16-09, 16-10 
two-path, 16-12, 16-13 

transfer function, 16-07, 16-tO, 16-12, 
16-19 

Nuclear reactors, description, 16-01, 16-02 
fast, 16-03 
intermediate, 16-03 
thermal, 16-03 

Numerical codes, 6-13, 6-14 
Numerical control, accuracies, 6-01, 6-23 

actuator, magnetic clutch, 6-25 
amplifier-actuator combinations, 6-25 
amplifiers, hydraulic, 6-24 

proportional, 6-24 
relay, 6-23 
rotary, 6-24 
servo, 6-23 

analog-to-digital converters, 6-15, 6-16 
backlash, 6-26 
bandwidth, 6-25 
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Numerical control, binary codes, 6-14 
buffer, 6-05 
characteristics, 6-03 
closed loop, 6-23 
codes, 6-13, 6-14, 6-15 
comparators, 6-20 
co~puting, 6-07 
contouring, 6-01, 6-16, 6-17 
cutting thrust, 6-28 
data processing, 6-29 
director, 6-11 
friction, 6-27 
hydraulic amplifiers, 6-24 
incremental feedback transducers, 6-13 
inertia, 6-27 
information requirements, 6-12 
interpolators, 6-20, 6-21, 6-30 
logic, 6-19 
machine tolerances, 6-22 
magnetic clutch actuator, 6-25 
magnetic tape, 6-19 
man-machine relationship, 6-03 
mechanical elements, 6-26 
of machines, see Path control, numer­

ical; Posttion control, numerical 
optical gratings, 6-22 
path, (table) 6-04, 6-07 

actuator, (table) 6-04 
analog-digital converters, (table) 

6-04 
codes, (table) 6-08, 6-09 
comparator, (table) 6-04 
computing, 6-07, 6-10 
control loop, 6-07 
cycle, 6-07 
data flow, 6-10 
director, 6-11 
information requirements, 6-12 
interpolation, (table) 6-04, (table) 

6-08, 6-09 
measurement, 6-22 
program manuscript, 6-07 
storage, 6-07, (table) 6-08, 6-09, 6-10 
system resolution, (table) 6-04 
transducer, (table) 6-04 
vs. positioning, 6-11 

planning sheet, 6-20 
position, 6-01, 6-05, 6-28 

accuracy, (table) 6-02 

Numerical control, position, code, (table) 
6-02 

code selection, 6-14 
feed rate, (table) 6-02 
information requirements, 6-12 
programming, 6-05 
storage, (table) 6-02 
transducers, (table) 6-02 
vs. path, 6-11 

programming, path, 6-29 
position, 6-28 

punched cards, 6-19 
punched tapes, (table) 6-08, 6-09, 6-19 
relay amplifiers, 6-23 
reliability, 6-26 
rotary converters, 6-22 
servo amplifiers, 6-23 
servo system, 6-23, 6-26 
stability, 6-26 
standards, 6-18 
stiction, 6-27 
storage, (table) 6-02, (table) 6-08, 6-09, 

6-19 
tool planning, 6-29 
transducers, 6-21 

Nutation, 28-07 
frequency, 28-06 

Off-on controllers, 7-09 
Offereins method, controller settings, 

10-22 
Ohmart Corporation, 7-65 
Oldenbourg and Sartorius diagrams, 9-06 
Oldenbourg and Sartorius method, 9-05 
Olfactory sense, 2-09 
Omegatron, 24-23 
On-line, computer control, 13-20 
Opcon, 14-14 
Opcon controller, 13-15 
Operating conditions, chemical proc~ 

esses, 8-08 
Operating guides, 13-17 
Operational amplifiers, 27-58 
Operations research, control system de­

sign, 1-04, 1-05 
Optical analyzers, 24-02; see also Infra­

red analyzers; Process refractom­
eters; Ultraviolet analyzers 

applications, 24-02, 24-10, 24-17 
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Optical analyzers, dispersive type, 24-02 
infrared, 24-03 
molecular spectroscopy, 24-02 
nondispersive type, 24-02 
process refractometers, 24-14 
refractive index, 24-14 
refractometer, 24-02, 24-16 
ultraviolet, 24-11 

Optical cleanliness, 24-07 
Optical gratings, 6-22 
Optical materials, 24-09 
Optimization, analytic methods, 13-06 

calculus of variations, 13-07 
computer control, 13-16 
continuous processes with significant 

dynamics, 13-25 
criteria, 13-04 
direct methods, 13-10 
Draper and Li method, 13-12 
dynamic processes, 13-07 
dynamic programming, 13-09 
electric power systems, 17-81 
multiple frequency perturbations, 

13-15 
multiple manipulated inputs, 13-14 
Opcon controller, 13-15 
Quarie controller, 13-12 
single manipulated variable, 13-11 
sinusoidal perturbation method, 13-12 
steepest descent, 13-15 
without perturbation, 13-14 

Optimizing, 1-20 
Optimizing control, 10-40 
Optimizing electric power systems, 17-81 
OR, transistor circuits, 27-87 
Orifice meter, 7-39 
Orifice plates, flowmeters, 20-20, 20-21 
Oscillator, blocking, 27-85 

Clapp, 27-64 
Colpitts, 27-62 
crystal, transistor, 27-65 
DCTL, 27-90 
Hartley, transistor, 27-62 
multivibratOl; design, 27-67 
nonsinusoidal, 27-65 
phase shift, transistor, 27-62 
sinusoidal, 27-65 
transistors, 27-61 

Output, measuring elements, 20-03 

Output, step disturbance, 10-17 
Overlap of absorption, 24-08 
Overriding controls, 3-19 
Oxidation and reduction oxygen anal­

yzer, 24-29, 24-31 
Oxygen analyzers, 24-29 

colorimeter type, 24-31 
deflection type, 24-31 
electrolytic type, 24-29, 24-33 
magnetic convection currents, 24-29, 

24-30 
oxidation and reduction type, 24-29, 

24-31 
paramagnetic properties, 24-29 
sensitivity, 24-30 
thermal convection current, 24-30 

Packaging, control systems, 1-25 
Paramagnetic properties of oxygen, 24-29 
Parametric computer components, 26-27 
Parametron, 26-27 
Parity check, 15-26 
Parity checker, odd, 27-90 
Path control, numerical, 6-01, 6-03, 6-07, 

6-09 
PCM, 15-17 
Penalty factor, economic power dispatch, 

17-80 
Pendulum, earth's radius, 28-30 

84-minute, 28-30 
Schuler, 28-28 

damping, 28-30 
practical considerations, 28-31 
vehicle acceleration, 28-30 

Perceptual capacity, 2-06 
Permissive control, 17-106 
Pessen method, controller settings, 10-22 
Petroleum industry, 7-01, 7-10 
Petroleums, 24-46 
pH measurement, nonlinearities, 11-05, 

11-07 
Phase deviation, 15-80 
Phase lock discriminators, 15-38 
Phase modulators, 21-14 
Phase shift, 9-12 
Photoconductive materials, 26-57 
Photodiodes, 26-57 
Photoelectric devices, 26-56, (table) 

26-57 
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Phototransistor, 26-57 
Photovoltaic cells, 26-57, 26-58 
Pickoffs, gyroscope, 28-19 
Pilot, automatic, 28-27 

design variations, 28-28· 
Pilot plant, computer control, 13-28 
Pilot valve design, 7-28 
Plasma amplifiers, 21-32 
Plastics, molding, 3-15 
Plummet viscosimeter, 24-40 
p type conductivity, 26-06 
p type extrinsic carriers, 26-06 
p-n-ohmic rectifiers, 26-26 
p-n-i-p transistors, 26-39, 26-52 
p-n-p transistors, 26-32 
p-n-p-n transistors, 26-55 
Pneumatic actuators, see Actuators, 

pneumatic 
Pneumatic amplifiers, see Amplifiers, 

pneumatic 
Pneumatic capacitance, 7-19 
Pneumatic circuits, pulsation dampers, 

7-61 
Pneumatic components, 7-18; see also 

Pneumatic relays 
active transmission elements, 7-27 
actuators, 7-47 
bellows, 7-20 
capacitance, 7-19 
circuit, 7-18 
control stations, 7-46 
control valves, 7-47 
controllers, 7-39 
pulsation dampers, 7-61 
recorders, 7-45 
relays, 7-57 
transfer functions, 7-20 
transmission, 7-18 
transmission lines, 7-21 
transmitters, 7-27 
valve flow formulas, 7-47 

Pneumatic control systems, 7-10 
actuators, 7-47 
air supply impedance, 7-17 
board-mounted controller, 7-10 
branched loads, 7-15 
controller input, 7-12 
field-mounted controller, 7-12 
impedance air supply, 7-17 

Pneumatic control systems, impedance 
of transmission line termination, 
7-16 

manual-automatic switching, 7-46 
signal level, 7-16 
system performance, 7-15 
transmission line diameter, 7-14 
transmission line length, 7-15 
transmission restrictions, 7-17 
transmitter input, 7-10 
valve input, 7-12 
valve stem position, 7-12 

Pneumatic controllers, 7-39 
complete, 7-45 
gain circuit, 7-43 
rate circuit, 7-41 
reset circuit, 7-44 
transfer function, 7-41 

Pneumatic relays, amplifying, 7-59 
computing, 7-60 
limiting, 7-61 
pneumatic boosters, 7-57 
relays, reducing, 7-59 
selector, 7-61 
snap acting, 7-60 

Pneumatic transmission lines, active ele-
ments, 7-27 

air supply, 7-17 
booster relay, 7-27 
characteristic impedance, 7-24 
compensation, 7-33 
diameter, 7-14 
distributed treatment, 7-23 
driving point impedance, 7-24 
frequency response, 7-24 
high-impedance termination, 7-23 
impedance, 7-23 
low-impedance termination, 7-21 
nonlinearities, 11-11 
optimum, 7-24 
output-pressure-input flow ratio, 7-24 
parameters, 7-23 
passive, 7-26 
pressure-flow ratio, 7-24 
propagation factor, 7-24 
restrictions, 7-17 
series impedance, 7-23 
short lines, 7-21 
shunt admittance, 7-23 
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Pneumatic transmission lines, simplified 
theory, 7-21 

transfer functions, 7-19 
Pneumatic transmission systems, active 

elements, 7-27 
capacitance, 7-19 
flow plus-minus, 7-21 
improvement of response, 7-28 
inertance, 7-20 
laminar flow, 7-21 
passive, 7-21 
resistance, 7-21 
transfer functions, 7-19 
transmitter design, 7-27 
tubing capacitance, 7-20 
valve, 7-28 

Pneumatic transmitters, ball-float, trans-
fer function, 7-38 

commercial, 7-31 
compensation, 7-33 
damping ratio, 7-37 
design, 7-27 
differential pressure, 7-34 
elements, 7-27 
feedback, 7-28 
flow, 7-39 
force balance, 7-34 

schematic diagram, 7-31 
level, displacement type, 7-35 
liquid level, 7-35 

ball-float, 7-35, 7-38 
nonforce balance, 7-31 
pressure, 7-34 
temperature, 7-35 
transfer functions, 7-32 

Pneumatic valves, 7-28; see also Valves 
Point contact transistors, 26-54 
Poiseuille's law, 24-40 
Poisoning, fission product, 16-04 
Poisson's law, 26-14 
Poppet valves, 22-38 
Position control, numerical, 6-01, 6-02, 

6-05, 6-28 
Positioners, integral for piston-operated 

valves, 7-55 
operated spring-and-diaphragm valve 

with booster, 7-54 
pneumatic actuators, 7-57 
valve actuator, 7-53 

Positionel's, valve actuator, with booster, 
7-54 

Positioning mechanisms, 3-04 
Positive filtering infrared analyzers, 

24-08 
Potentiometer pickoff, gyroscope, 28-20 
Potentiometric sulfur titrimeter, 24-35, 

24-36 
Potter Aeronautical Company, 7-67 
Potting, 21-08 
Power actuators, 22-04, 22-18 
Power amplifiers, 27-33, 27-55 
Power-bandwidth exchange, 15-10, 15-12, 

15-21, 15-38 
Power converters, transistors, 27-103 
Power distribution, 13-19 
Power efficiency, redundant codes, 15-27 
Power industry, 17-01 
Power level, nuclear reactor control, 

16-06, 16-21, 16-22 
Power ratio, 15-11, 15-20 
Power supply, 21-39, 27-97 

displacement measurement, 20-10 
pressure measurement, 20-15, 20-16 
regulated, 27-97 
requirements, 1-23 

Preamplifier, hydraulic, 22-34 
Precession, gyroscope, 28-02 
Pressure control, 10-tO 
Pressure measurement, 20-12, 20-14 

acceleration effects, 20-15 
bandwidth, 20-14, 20-15 
deformation, 20-12 
elements, 20-11, 20-12 
environmental considerations, 20-15, 

20-16 
gas, 20-12 
hysteresis, 20-15 
input characteristics, 20-13, 20-14 
ionization, 20-12 
liquid, 20-12 
overload factors, 20-13, 20-14 
power supply requirements, 20-15, 20-16 
pressure transducers, 20-12 
ranges, 20-12 
temperature effects, 20-15, 20-16 
thermal conductivity, 20-12 
transfer characteristics, 20-14, 20-15 

Pressure regulators, self-actuated, 7-76 
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Pressure transducers, 20-12; see also 
Pressure measurement 

Process control, 7-02; see also Instru-
mentation systems 

adaptive, 13-26, 13-28 
amplifier requirements, 21-04 
analog computers, 13-03 
analysis procedure, 8-14 
analytical instruments, 10-34 
block diagrams, 8-06 
cascade, 10-28 
chemical, 10-01 
chemical industry, 10-01 
closed loop, 7-03 
computers, 13-01, 14-13 

ch;racteristics, (table) 14-15 
controller actions adjustment, 10-20 
controller transfer function, 10-05 
conventional, 13-02 
degrees of freedom, 8-04 
derivative action, 10-07 

limitations, 10-11 
deviation ratio, 10-04 
disturbances, 10-17 
dynamic behavior, 10-06 

two-variable system, 10-38 
dynamics, 1-18 
electrical power, 17-01 
feed-forward, 10-27 
frequency response, 10-07, 10-10, 10-13 
functions, 7-04 
heating furnace, 10-11 
integral action, 10-07 
low-frequencies behavior, 10-13 
maximum deviation, 10-17, 10-18 
multivariable, 10-35 
nonfinearities, 11-01; see also N on-

linearities 
objectives, 14-18 
one fast control loop, 10-39 
one predominant time constant, 10-10 
proportional action, 10-07 
pseudo-cascade control, 10-31 
response, to constant rate disturbances, 

10-20 
to step disturbances, 10-17 

sampled data systems, see Sampled 
data control 

single and multiple loop, 10-01 

Process control, single loop, 10-03 
sinusoidal deviations, reduction, 10-04 
stable control, 8-15 
subsidence ratio, 10-17 
symmetrical two-variable system, 

10-38 
systems engineering, 7-03 
terminology, 9-02 
test methods, 9-01 

choice, 9-02 
total area of response, 10-17, 10-18 
transfer functions, 8-13 

approximations, 10-12 
with parallel paths, 10-14 

two predominant time constants, 10-11 
two-variable system, 10-38 
unit functions, (table) 1-10 
unstable, 10-14 
without predominant time constant, 

10-07 
Process controllability, 8-05 
Process demand, 8-03 
Process dynamics, sampled data control, 

12-04 
Process gain, nonlinearity, 11-06 
Process monitoring, 24-19 
Process refractometers, 24-14 

differential type, 24-16 
refinery control, 24-17 
sensitivity, 24-16 
standard refractometer, 24-16 

Process stream, 24-01, 24-08, 24-17 
Process tests, arbitrary functions, 9-10 

controller tuning, 9-02 
frequency response, 9-11 
impulse functions, 9-09 
methods, 9-01 
statistical, 9-13 
step function, 9-02 

Processes, batch, 3-01, 3-03 
chemical, 8-01 
continuous, 3-01, 3-03 
nonlinearities, 11-06 

classification, 11-12 
storage devices, 3-11 
two time constants, 9-06 
types, 3-01 
with integration, 9-07 
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Programmed testing, electrical compo­
nent, 4-11 

Programming, economy poWer dispatch, 
17-85, 17-93 

numerical control, 6-05, 6-29 
Proportional action, 10-07 
Proportional amplifiers, 6-24 
Proportional band, 7-05 
Proportional circuit, electronic con­

troller, 7-69 
Proportional control, 7-05; see also 

Control, proportional 
Pulsation dampers, 7-61 
Pulse amplifiers, transfer function, 27-72 

transistor, 27-71 
Pulse code modulation, 15-17 
Pulse modulation, 15-18, 15-20, 15-22 
Pulse transmission, 15-69 

amplitude tolerances, 15-85 
band edge phase deviations, 15-S3 
bandwidth, 15-71, 15-72, 15-73, 15-74, 

15-75, 15-77, 15-78 
characteristic distortion, 15-70 
characteristics, 15-78 
dipulse, 15-83 
distortion, 15-79, 15-S7 
dynamic range, 15-85 
gradual cutoff frequency characteris­

tic, 15-71 
impulse characteristic, 15-71,. 15-72, 

15-73, 15-74 
information capacity, 15-S7 
intersymbol interference, 15-S1, 15-83 
limitations, 15-S7 
linear phase characteristic, 15-71, 15-73 
low-frequency cutoff, 15-81 
low-pass system, 15-71, 15-72, 15-74 
nonideal, 15-79 
performance specifications, 15-78 
phase tolerances, 15-85 
practical considerations, 15-74 
Shannon-Hartley law, 15-79 
sharp cutoff, 15-71 
sinusoidal phase deviation, 15-S0 
spectra, 15-77 
symmetrical bandpass, 15-73 
symmetrical systems, 15-S5 
system characteristics, 15-70 
waveforms, 15-76 

Pulse transmission, zero wander, 15-82 
Pulse waveforms, 15-76 
Pump-controlled actuators, 22-32 
Punched cards, 6-19, 6-28 

codes, 6-14 
Punched tape, numerical control, 6-05, 

6-19, 6-28 

Quadrature component, 15-56, 15-58, 
15-64, 15-65, 15-73 

Quality control, 3-27, 8-02 
Quarie controller, 13-12, 14-14 
Queueing theory, 1-04, 1-05 

Radar antenna stabilization, 28-34 
Radiation, nuclear, 7-65, 20-25, 20-26 
Radiation pyrometers, temperature 

measurement, 20-25 
Ramey circuits, 25-08, 25-19 
Rams, actuators, 22-40 
Random failure law, 19-02 
Range, components, 18-06 
Rate, action, 7-06 

gyroscope, 28-07 
integrating, 28-09 

RC coupling, transistor, amplifiers, 27-31 
Reaction time delay, 2-12 
Reactivity, 16-03 
Reactor, control of chemical, 10-14 

control of nuclear, see Nuclear reactor 
control 

saturable, 21-35, 25-02 
Ream method, controller settings, 10-22, 

10-25 
Recorders, electronic, 7-71 

pneumatic, 7-45 
Sanborn strip chart, 22-13· 

Recording systems, automatic inspec­
tion, 4-10 

Rectifiers, 25-18, 26-1S; see also Diodes 
germanium, 25-19 
grown junction, 26-18 
p-n~ohmic, 26-20 
selenium, 25-18 
silicon, 25-19 

Redundancy, components, 19-06, 19-08, 
19-11 

Refinery control, 24-17 
Reflected binary code, 15-24 
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Refractive index, 24-14, 24-26 
Refractometer, 24-02, 24-14, 24-16 
Regenerative detectors, transistors, 27-70 
Regulating ratio, 17-55 
Regulation, electric power systems, 

17-13; see also Governing 
area, 17-13, 17-14, 17-29 

bias control, 17-35, 17-37, 17-42 
circle diagram, 17-43 
constant frequency, 17-45 
correction period, 17-48 
criteria, 17-49 
errors, 17-46, 17-48 
frequency control, 17-37 
frequency offset, 17-48 
graphical representation, 17-37 
interchanges, 17-29, 17-35 
multiple area system responses, 

17-32 
nature of signals, 17-42 
parallel operation of area reg-

ulator, 17-36 
regulator curves, 17-44 
requirements, 17-37 
scheduling, 17-31 
system-wide use of bias regulators, 

17-43 
tie lines, 17-29, 17-35 
time error correction, 17-48 
two area systems, 17-45, 17-46 

area assist, 17-14 
bias control, 17-35 
bias settings, 17-50 

analysis, 17-50 
criteria for defining responses, 

17-53 
frequency change equation, 17-56 
frequency criterion, 17-54 
functions, 17-50 
generation change equation, 17-58 
generation criteria, 17-54 
imposed bias responses, examples, 

17-61, (table) 17-63 
imposed regulation responses, 

17-52 
natural governing responses, 17-51 
summary of effects, 17-63 
tie line change equation, 17-57 
tie line criterion, 17-54 

Regulation, electric power systems, bias 
settings, variable affecting bias 
response, 17-55 

economy dispatch, 17-13 
economy interchange, 17-14 
frequency correction, 17-25 
generator loadings, 17-26 
governing, 17-13 
load frequency control, 17-14 
mUltiple area system responses, 17-32 
net area interchange, 17-29, (table) 

17-31 
tie line bias control, 17-35 

schedule shift with frequency, 17-32 
scheduling, 17-31 
shifting the governing characteristic, 

17-24 
supplementary, 17-24 
system governing, 17-13 
tie line interchanges, 17-29 

Regulators, 7-03 
self-actuated flow, 7-77 
self-actuated pressure, 7-76 
series type transistor, 27-100 
shunt type transistor, 27-98 

Regulux, 22-02, 22-30 
Relay, amplifiers, 6-23 

booster, 7-27 
computing, 7-60 
reducing, 7-59 

Reliability, 19-01, 19-03 
actuators, 22-17 
amplifier-actuator combinations, 6-26 
amplifiers, 21-04, 21-25, 21-28 
clutches, 22-48 
components, 19-02, 19-03 

computations, 19-06 
confidence factors, (table) 19-16 
equations, 19-03 
failure laws, 19-02, 19-03, 19-05 

theorem of compound probability, 
19-05 

failure rates, (table) 19-10, 19-11, 
19-14, 19-16 

prediction, 19-12, 19-13 
redundant systems, (table) 19-04 
series failure law, 19-03, 19-05 
simple systems, (table) 19-04 
total, 19-05 
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Reliability, computer control systems, 
14-14 

human components, 2-03 
hydraulic systems, 6-26 
machines, 2-03 

Remington Rand, 6-17 
code, 6-14 

Repetitive computer control, 13-22 
Reproducibility, measuring elements, 

20-02 
Reprogramming, 2-01 
Reset, action, 7-05 

transfer function, 7-08 
automatic time constant, 7-05 
circuit, electronic controller, 7-70 

Resetting, magnetic amplifiers, 25-07 
Resistance, pneumatic, 7-21 

strain gage, 20-08 
thermometer, temperature measure­

ment, 20-25 
Resolution, displacement measurement, 

20-28 
Resonant frequencies, level transmitters, 

7-38 
Response time, magnetic amplifiers, 

25-10 
Reynolds number, 22-43 
Rise time, transistor switches, 27-75 
Robertshaw-Fulton Controls Company, 

7-65 
Rotameter, 7-39 
Rotary amplifiers, 624; see also Ampli-

fiers, rotary 
Rotary converters, 6-22 
Rotary solenoids, 22-46 
Rotating amplifiers, 22-02 
Rototrol, 22-02, 22-30 
Rutherford method, controller settings, 

10-22 
RW-300, 14-15 

Saccadic motion, vision, 2-06 
Sampled data control, 12-01 

application considerations, 12-03 
Bergen-Ragazzini method, 12-04 
computer as a sampling controller, 

12-08 
design procedures, 12-04 

Sampled data control, disturbances, 12-04 
examples, 12-07 
flexibility, 12-03 
future systems, 12-09 
Kalman-Bertram method, 12-05 
Kalman-Koepcke method, 12-06 
linear, 12-02 
process dynamics, 12-04 
process response, 12-05 
realizability, 12-03 
sampling controller, 12-01 
steady state accuracy, 12-04 
time scale, 12-02 
transportation logs, 12-03 
unit step input, 12-05 
z-transform, 12-02 

Sampled data systems, see Sampled data 
control 

Sampling controller, 12-01 
Sanborn strip chart recorder, 22-13 
Saturable reactor, 21-35, 25-02 
Saturation, 11-14, 22-07, 22-25 
Saturation flux density, 25-14 
Schuler pendulum, 28-28 
Scientific Apparatus Manufactures Asso-

ciation (SAMA), 7-16 
Screws, backlash, 6-26 
Secondary measurements, 24-01 
Selective infrared detectors, 24-06, 24-08 
Selective infrared emission, 24-06 
Selective infrared filters, 24-06, 24-07 
Selenium rectifiers, 25-18 
Self-checking, computing control, 13-26 
Semiconductor amplifiers, see Amplifiers, 

semiconductors 
Semiconductor devices, symbols, 27-11 
Semiconductor modulator, 21-13, 21-17 
Semiconductors, see also Diodes,. Tran-

sistors 
acceptors, 26-06 
basic properties, 26-02 
carrier lifetime, 26-14 
charge neutrality, 26-08 
conductor band, 26-08 
crystal structure, 26-04 
current, carrier, 26-02 

densi ties, 26-02 
equations, 26-10 
gain, 26-41 
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Semiconductors, definitions, 26-58 
depletion layer capacitance, 26-14 
devices, 26-01 
dielectric constant, 26-03 
diffusion, 26-09 
diode, 26-16, 26-26 
dipole layer, 26-12, 26-13 
donors, 26-05 
energy gap, 26-03, 26-08 
energy levels, 26-06 
extrinsic carriers; 26-05 
Fermi level, 26-12 
forbidden band, 26-08 
free electrons,26-02 
germanium, 26-03 
high-temperature characteristics, 26-15 
hole-electron' pairs, 26-09, 26-57 
injection, 26-14 ' 
intrinsic carriers, 26-04 
inverse bias, 26-13 
inverse current~ 26-15 
lattice bonds, 26-08 
minority carriers, 26-09 
mobility, of 'electrons, 26-09 

of holes, 26-09 
n type, 26-05 
p type, 26-06 
p-n junctions, 26-10 
photoelectric devices, 26-56 
Poisson's law, 26-14 
principles of operation, 26-02 
properties, (table) 26-03 
quantum efficiency, 26-58 
recombination, 26-13 
silicon, 26-03 
silicon carbide, 26-03 
terminology, 26-58 
transistors, 26-30 
valence band, 26 .. 08 

Sensors, 20-11, 20-04; see also Measuring 
elements ' 

Separation of charged particles, 24-18 
Sequence control, 1: .. 06, 1-08 
Series failure law, 19-03, 19-05 
Service,amplifier-actuator combinations, 

6-26 
Servo amplifier, 6-23 
Servo error, stable platform, 28-14 
Servo loop, mechanical elements, 6-26 

Servo multipliers, 23-08 
Servomechanisms, 6-23, 7-03 

design, 7-02 
nuclear reactor control, 16-07 

Servos, digital, input controlled, 3-19 
template actuated, 3-18 

Servoscope, 22-13 
Servotran, 22-53 
Set point, 24-17; see also Controllel' 

8etting~ 
Shannon-Hartley law, 15-07, 15-10, 15-70, 

15-87 
Shannon's .sampling theorem, 15-07 
Shift registers, 27-93 
Ship roll stabilization, 28-33 
Signal-to-noise ratio, 15-05, 15-10 

curve, 15-54, 15-63 
effect on bandwidth, 15-13 
effective, 15-08, (table) 15-22 
narrow band f-m, 15-33 
rectification, 15-51 
universal input-output curve, 15-54, 

15-63 
vision, 2-07, 2-08 
wide band f-m, 15-37 

Silicon, electron mobility, 26-09 
properties, (table) 26-03 
semiconductors; 26-03 

Silicon carbide, 26-15 
properties, (table) 26-03 
semiconductors, 26-03 

Silicon junctions, inverse current, 26-15 
Silicon rectifiers, 25-19 
Simulation, 1-16, 1-17 
Sine-cosine junction generators, 23-12 
Sine wave pressure, 7-21 
Single loop control, 10-01 

block diagram, 10-03 
Single piston actuators, 22-40, 22-45 
Single sideband transmission, 15-21, 

15-22, 15-50, 15-55, 15-59 
Single vane actuators, 22-40, 22-45 
Sinusoidal perturbation, 13-12, 13-15 
Skin senses, 2-10' 
Slope-intercept method, 9-07 
Sluggishness index, 15-45 
Small signal parameters, transistors, 

27-05 
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Solartrqn, 22-13 
Snell's law, 24-15 
Spacistor tetrode, 26-55 
Special analyzers, 24-28; see also Oxygen 

analyzers j Sulfur analyzers 
one compound in gas streams, 24-28 
oxygen analyzers, 24-29 
single component, 24-28 
sulfur analyzers, 24-29, 24-35 

Spectra noise-power distribution, 15-32 
Spectrophotometers, 24-11 

infrared, 24-03 
Speed governor, 17-17 
Speed measurement, 20-17 

centrifugal governor, 2Q~18 . 
counter-tachometer, 20-18 
Doppler shift, 20-17 
gyros, 20-17 
nonlinearities, 11-05 
tachometers, 20-17 

Split beam infrared analyzers, 24-06 
Spool valves, 22-35 
Square law multipliers, 23-09 
Squareness ratio, magnetic ampli~ers, 

25-14 
Squirrel cage motor, 22-27 

gyroscope drives, 28-16 
SSB, see Single sideband transmission 
Standard deviation, 15-05 
Stability, amplifier-actuator combina-

tions, 6-26 
criterion, 8-14 
d-c amplifiers, 21-06, 21-10 
factor, 27-19 
limit, controller settings, 10-21 
magnetic amplifiers, 21-38 
nuclear reactor control, 16-13, 16-14, 

16-27, 16-29 
transistor circuits, 27-18 

Stable platform, 28-12 
servo error conversion, 28-14 
signal sources, 28-13 

Stamping machines, 3-14 
Standard refractometer, 24-16 
Standards, 5-10 
Static measurement, 20-02 
Static nonlinearities, 11-12 
Statistical tests, 9-02 

methods, 9-13 

Steady state, computer control models, 
14 .. 18 

Steady state accuracy, sampled-data 
control, 12-04 

Steepest descent, method of, 13-15 
Step function response, graphical meth-

ods, 9-05 . 
mathematic analysis,. 9-08 

Step function tests, 9-02 
equipment, 9-04 
instrumentation, 9-04 
Oldenbourg and Sartorius method, 

9-05 
slope intercept method, 9-07 

Step response, 9-03; see also Step func­
tion tests 

process control systems, 10-17 
Step servo motors, 22-55 
Stiction, 11-13, 11-26 

numerical control, 6-27, 6-28 
valves, 11-10 

Storage, digital control computers, 14-15, 
14-16 

numerical control,. 6-01, 6-05, 6-07, 
6-09, 6-11, 6-12; 6-18 

Storage devices, 3-11 
Strain gage, 20-08 
Subsid~nce ratio, 10-17 
Sulfur analyzers, 24-35 

applications, 24-35, 24-39 
batch sample analysis, 24-39 
colorimeter type, 24-35 
conductivity, 24-35 
limitations of, 24-39 
potentiometric sulfur titrimeter, 24-35, 

24-36 
sensitivity, 24-37 
sulfate ion sulfur analyzer, 24-38 

Suppressed carrier modulation, errors, 
15-64 

interference characteristics, 15-68 
Suppressed carrier modulators, 21-14 
Suspensions, gyroscope, 28-07, 28-17 
Swartwout, 7-18 
Switching, transistors, 27-72 

fall time, 27-76 
rise time, 27-75 
storage time, 27-76 

Switching circuits, and, 27-87, 27-90 
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Switching circuits, counters, 27-90 
direct-coupled, 27-90 
dynamic, 27-94 
inhibit, 27-97 
inverter, 27-88 
logical, 27-87 
monostable multivibrator, 27-86 
or, 27-90, 28-87 
shift registers, 27-93 
transient response, 27-72 
transistors, 27-71 

Switching time, 27-83 
Symbols, data transmission, 15-01 

electrical parameters, 27-13 
electrical quantities, transistors, 27-13 
process control, 10-01 
semiconductor devices, 27-11 
transistor circuits, 27-11 

Synchronous f-m detection, 15-38 
Synchros, 5-17, 5-20 
Systems, control, see Control systems 
Systerris analysis, 8-14 
Systems design, 13-16; see also Control 

systems, design 
chemical processes, 8-01, 8-05; see also 

Chemical processes 
Systems engineering, process control, 

7-02 

T type equivalent circuit, transistors, 
27-23 

Tachometers, 20-17 
Taste sense, 2-10 
Taylor, 7-29, 7-39, 7-61 
Teletype code, 6-15 

comparison of power efficiency, 15-28 
Temperature, self-actuated controllers, 

7-75 
transmitters, 7-35, 7-65 

bulb dynamics, transfer function, 
7-35 

Temperature coefficient, feedback, mul­
tiple, 16-16, 16-17 

nuclear reactor control, 16-09, 16-10 
nuclear reactor control, 16-04 

Temperature control, 10-11, 10-14, 10-29 
Temperature effect, transistor circuits, 

27-15, 27-17 

Temperature measurement, (table) 20-24 
bulb thermometers, 20-24 
noise thermometers, 20-24 
nonlinearities, 11-03 
pyrometers, 20-24 
radiation pyrometers, 20-25 
resistance thermometers, 20-24, 20-25 

Terminology, amplifiers, 21-01 
chemical process design, 8-01 
continuous processes, 8-01 
flow diagrams, 8-02 
power industry, 17-02 
process control, 9-02 
transmission systems, 15-01 

Tetrodes, transistors, 27-04 
Thermal conductivity, 24-27, 27-43 
Thermal conductivity analyzers, 24-43, 

24-44 
Thermal convection current, 24-30 
Thermocouples, 20-24 

temperature measurement, 20-24 
Thermo-Electric Company, 14-09 
Thermopile, 24-07 
Thompson Ramo Wooldridge, 14-15 
Three-phase circuitry, magnetic ampli-

fiers, 25-36 
Threshold effects, 15-38 
Threshold of detection, 24-07, 24-10 
Throttling range, 7-05 
Tie line, bias control, 17-36 
Tie line interchanges, 17-29, 17-35 
Time constants, actuators, 22-05, 22-25 

automatic reset, 7-05 
derivative, 7-07 
magnetic amplifiers, 25-10 
one predominant, 10-10 
two predominant, 10-11 
without predominant, 10-07 

Time division multiplier-dividers, 23-08, 
23-09 

Time-of-flight mass spectrometer, 24-18, 
24-26 

Time scale, sampled data control, 12-03 
Torque, actuator, 22-19 

gain, actuator, 22-05 
summing gyroscope, 28-10 
units, 28-03 

Trace quantity detection, 24-10 
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Transducers, 20-02, 20-05; see also M eas-
uring elements 

analog-to-digital, 6-13, 6-15, 6-16, 6-21 
characteristics, 20-02, 20-04 
digital, 6-15, 6-16, 6-21 
displacement-to-electric, 20-07 
incremental feedback, 6-13 
noncontact, 6-13 
numerical control, 6-01, 6-02 

Transfer characteristics, displacement 
measurement, 20-08 

measuring elements, 20-03 
pressure measurement, 20-14, 20-15 

Transfer functions, actuators, 8-12, 22-11 
valve, 7-53 

autopilot, 1-14, 1-15 
ball-float transmitters, 7-38 
capacitance, 7-19 
chemical processes, 8-07 
components, 18-06, 18-07 
controllers, 8-08, 10-05 

electronic, 7-69 
d-c motors, 22-29 
dual, valve pilot, 7-30 
dynamic, 18-07 
feedback lags, 8-19 
final control elements, 8-12, 8-13 
force balance transmitters, 7-34 
gas bulb dynamics, 7-35 
gyroscopes, (table) 28-04 
human components, 2-11 
level transmitter resonance, 7-37 
load changes, 8-16 
low-frequency behavior, 10-13 
magnetic amplifiers, 25-10 
motors, d-c, 22-29 
nuclear reactor, 16-07, 16-08, 16-12 
parallel paths, process, 10-14 
pneumatic component, 7-45 
pneumatic controller, gain circuit, 7-43 
pneumatic inertance, 7-20 
pneumatic transmission lines, 7-24 
pneumatic transmitters, 7-32 
poisoning, 16-19 
process, 8-13 

involving storage, 11-20 
proportional circuit, electronic con­

troller, 7-69 
pulse amplifiers, 27-7'2 

Transfer functions, rate action controller, 
7-06 

rate circuit, 7-41, 7-70 
reset action controller, 7-05 
reset circuit, 7-44, 7-70 
single capacitance process, 8-14 
static, 18-07 
transmitter load, 7-32 
two capacitance process, 8-14 
unstable process, 10-14 
valves, three-way pilot, 7-29 
vision, 2-07 
visual displacement control, 2-12 

Transfer machine, control logic, 1-06, 
1-07 

Transfer mechanisms, 3-07 
Transformer coupling, transistors, 27-32 
Transient response, actuator measure-

ments, 22-15 
controller setting, 10-23 
large signal, 27-73 
process control systems, 10-17 
pulse amplifiers, 27-72 
switches, 27-72 

Transistor amplifiers, automatic zero 
set, 27-60 

bandpass, 27-50 
chopper stabilization, 27-58 
circuit performance in terms of h 

parameters, 27-26 
class A, 27-35 
class B, 27-36 
common base stage, 27-30 
common collector configuration, 27-30 
common emitter configuration, 27-30 
coupling networks for tuner, 27-54 
cutoff frequency, 27-42 
Darlington, 27-39 
d-c, 27-57 

coupling, 27-31 
equivalent, 27-23 
feedback, 27-32 
figure of merit, high-frequency, 27-55 
filters, 27-39, 27-41 
gain control, 27-55 
h parameters, (table) 27-26 

performance, 27-23 
high-frequency, 27-42 
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Transistor amplifiers, high-frequency ap-
proximate h parameters, 27-48 

high-frequency power gains, 27-55 
integrating, 27-61 
low-frequency, 27-23, (table) 27-27 
low-noise stages, 27-39 
operational, 27-58 
parasitic elements, 27-47 
performance, 27-26, (table) 27-27 
power, design procedures, 27-35 

maximum ratings, 27-33 
pulse, 27-71 
RC coupling, 27~31 
regenerative, 27-84 
representation, '27-23 
small signal, 27-30 
stability, ,27-53 
summing, 27-60 
T type, 27-23, (table) 27-25 

equivalent circuit, 27-23 
transformer coupling, 27-32 
transient responses, 27-73 
tuned, "coupling networks, 27-54 
video, 27-47 
wide band, 27-47 

Transistor circuits, 27-01 
admittance parameters, 27-08 
amplifiers, 27-57; see also Transistor 

amplifiers 
and, 27-:87, 27-88,27-90 
bias p~iarities, 27-01 
bias st~bilization, 27-18 

approximate formulas, (tables) 
27-21, 27-22 

linear, '27-19, 
'bistable, 27~78 
blocking oscillator, 27-85 
characteristics, 27-01 
clamping, 27-77 
common-base, 27-02 

h para~eters, 27-06 
common collector, 27-03 

h parameters, 27-08 
common 'emitter, 27-03 

h parameters, 27-08 
comparison with electron tube cir­

cuits, 27-04 
configurations, 27-01 
counters, 27-90 

Transistor circuits, Darlington, 27-101 
d-c amplifiers, 27-57 
direct-coupled switching, 27-90 
driving point functions, 27-72 
dynamic, '27-94 
dyna~ic flip-flop, 27-97 
Eccles-Jordan, 27-78 
effect of temperature, 27-18 
equivalent, 27-11 
flip-flop, 27-78 

base return, 27-78 
clamped base return, 27-83 
dynamic, 27-97 
emitter coupled, 27-80 
high' efficiency, 27-79 
switching time, 27-83 

fuel gage, 21-33 
general equivalent, 27-11 
h parameters, 27-06 

interrelationships, (table) 27-09, 
27-10 ,< 

high-frequel!cy amplifiers, 27-42 
im pedance"parameters, 27-11 
inverter, 27-88 
low-frequency active filters, 27-39, 

27-41 
monostable, 27-84 
monostable multivibrator design, 27-86 
nonlinear stabilization, 27-22 
open-circuit, parameters, 27-11 
operating point, 27-15 
or, 27-87, 27-88, 27-90 
oscillator blocking, 27-85 
parameters, h, 27-06 
parity checker, 27-90 
power amplifiers, 27-33 
power converters, 27-103 
power supplies, 27-97 
pulse, 27-72 
regulator, 27-98, 27-100 
shift registers, 27-93 
short-cir.cuit parameters, 27-08, 27-11 
small-signal a-c parameters, 27-05 
small-signal parameters, interrelations, 

27-07, 27-08 
stability analysis, 27-18 
switches, 27-72 
switching, 27-71 

applications, 27-87 
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Transistor circuits, switching, direct 
coupled, 27-90 

logical, 27-87 
monostable, 27-84 

switching time, 27-83 
symbols, 27-01, 27-11 

alphabetical list, 27-14 
l' type equivalent, 27-11 
temperature effects, 27-15 
tetrodes, 27-04 
transfer function, 27-72 
transistor parameters, 27-15 
two-port elements, representation, 

27-06 . 
y parameters, 27-08, 27-11 
z parameters, 27-11 

Tran~istors, see also Semiconductors 
action, 26-30 
alpha, 26-35 
alpha cutoff frequency, 26-37 
amplifiers, 21-26; see also Semicon-

ductor amplifiers 
analog multiplier, 26-55 
bar geometry, 26-43 , 
characteristics, 26-30: 
charge storage, 26-39 
collector conductance, 26-35 
commercial types, 26-49 
current transfer ratio, 26-35 
cutoff current, 26-34 

maximum voltage, 26-41 
definitions, 26-5S. 
depletion layer,: 26-55 
design equations, 21-28 
detection amp~itude, 27-69 
detectors, 27-61, 27-67 

regenerative, 27-70 
diffused base, 26-52 
diffusion capacitance, 26-40 
drift, 26-52 
electron' diffusion, 26-34 
electron injection, 26-33 
external thermal resistance, 26-42 
field effect, 26-53 
fieldistor, 26-55 
filamentary, 26-53 
frequency response, 26-38 
high-current, 26-41 
high-frequency, 26-39, 26-52 

Transistors, high-frequency, circuit de­
sign, 26-39 

effects, 26-36 
vs. high-power, 26-53 

high-power, 26-41, 26-52 
vs. high-frequency, 26-53 

high-voltage, 26-41 
injection efficiency, 26-33 
injection of electrons, 26-33 
intermediate frequency, 26-52 
intermediate power, 26-52 
internal thermal resistance, 26-42 
low-frequency, 26-49 
low-power, 26-49 
materials, 26-49 
mesa, 26-43 
miscellaneous, 26-53 
mixers, 27-61, 27-67 
modulation, 27-68, 27-69 
modulators, 27-61 
n-p-n, 26-32 
one-junction,. 26-53 
operation, 26-32 
oscillators, see Oscillator, transistors 
p-n-i-p, 26-39, 26-52 
p-n-p, 26-32 
p-n-p-n, 26-55 
point contact, 26-54 
power gain, 26-37 
power rating, 26-49 
spacistor tetrode, 26-55 
structures, 26-43 
switching, 26-40 
temperature effects, 26-36 
terminology, 26-58 
thermal design for high power, 26-42 
transport efficiency, 26-34 
two-port element, 27-05 
types, 26-43 
unijunction, 26-54 
unipolar, 26-53 
wafer geometry, 26-49 

Transmission, 1-23 
dynamics, 8-18 
pneumatic, 7-14; s~e also Pneumatic 

transmission lines; Pneumatic 
transmission systems 

Transmission frequency characteristic, 
15-70 



40 INDEX 

Transmission lags, 8-18 
Transmission lines, nonlinearities, 11-11 
Transmission losses, 17-71 
Transmission systems, 15-01, 15-09 

amplitude modulation, 15-49, 15-55; 
see also Amplitude modulation 

bandwidth, 15-17, 15-20 
ratio, 15-11 

carrier, 15-09, 15-55 
codes, 15-24; see also Codes 
demodulation, 15-27, 15-49 
digital codes, 15-24; see also Codes 
direct, 15-09, 15-14, 15-17 
double sideband, 15-22, 15-50, 15-55 
errors, 15-42, 15-49, 15-62, 15-64, 15-87 
filter characteristics, 15-44 
frequency modulation, 15-16, 15-22, 

15-27 
demodulation and system errors, 

15-27 
transient errors, 15-42 

impulse response, 15-71, 15-72, 15-73, 
15-74 

information, 15-04; see also Informa-
tion 

limiter, 15-31 
message dynamic range, 15-11 
modulation methods, 15-13 
narrow band f-m, 15-31 
normalization, 15-14 
phase lock discriminator, 15-38 
power-bandwidth exchange, 15-10, 

15-21, 15-38 
power efficiency of redundant codes, 

15-27 
power ratio, 15":'11, 15-20 
pulse, 15-69 

ideal, 15-71 ff 
nonideal, 15-79 

pulse code modulation, 15-17 
pulse modulation, 15-18 
signal sideband, 15-21, 15-22, 15-50, 

15-55, 15-59 
signal-to-noise ratio, 15-05, 15-08, 15-22, 

15-32, 15-33, 15-35, 15-37, 15-39, 
15-52, 15-54, 15-55, 15-63 

specifications, 15-09 
symbols, 15-01 
synchronous demodulators, 15-59 

Transmission systems, synchronous f-m 
detection, 15-38 

terminology, 15-01 
threshold, f-m, 15-30, 15-37, 15-39 

power level, 15-16, 15-22 
wide band f-m, 15-35 
variable speed, 5-23 

Transmitter level, displacement type, 
7-35 

Transmitters, electric and electronic, dif-
ferential pressure, 7-61 

electromagnetic flowmeter, 7-67 
flow, 7-67 
liquid level, 7-65 

capacitance bridge, 7-65 
nuclear radiation, 7-65 

pressure, 7-61 
temperature, 7-65 

input, 7-14 
liquid level, 7-35 
pressure, 7-34 

differential, 7-34 
temperature, 7-35 
terminology, 8-02 

Transportation logs, 12-03 
Transporting mechanisms, 3-04 
Tri-Act controller, 7-39 
Tunnel diodes, 26-27 
Turbine flowmeters, 7-67 
Two-phase a-c motors, 22-27 
Two-time-constant system, 9-06 
Two-variable system, 10-38 

Ultrasonic viscosimeter, 24-42 
Ultraviolet analyzers, 24-11; see also 

Optical analyzers 
dispersive type, 24-11 
nondispersive type, 24-13 

applications, 24-14, 24-17 
continuous process control, 23-13 
continuous ultraviolet analyzers, 

24-13 
differential refractometer, 24-16, 

24-17 
explosion proof, 24-13 
ultraviolet absorbance, 24-14 

Unijunction transistor, 26-54 
Unipolar transistors, 26-53 
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Unit design, 1-21, 1-23 
Univac, 6-17 
Uranium gaseous diffusion, 24-19 

Valves, actuator, 22-40; see also Actua-
tors, valve 

bleed type, 7-28 
butterfly, 7-52 
characteristics, 11-09 
closed center, 22-36 
compensation for nonlinearities, 11-27 
control, 8-09 

nonlinearities, 11-09, 11-16, 11-26 
design, 7-28 

body, 7-51 
double-seated, 7-51 
dual pilot, 7-30 
electrohydraulic actuators, 7-72 
electropneumatic actuators, 7-72 
flapper, 22-38 
flat plate, 22-37 
flow, 22-40 

formulas, 7-47 
fluid, gyroscope pickoffs, 28-19 
four-way, 22-36 
gas, 8-12 
hydraulic, 22-35 
input, 7-12 
jet pipe, 22-38 
liquid, 8-12 
nonbleed type, 7-28 
nonlinearities, 11-09, 11-27 
open center, 22-37 
positioners, 11-26 
piston operated with integral posi-

tioner, 7-55 
poppet, 22-38 
positions, 11-26 
pressure, 22-40 
quick opening, 7-51 
single seated, 7-51 
solenoid, 22-35 
spool, 22-35 

Valves, spring-and-diaphragm, capaci­
tance, 7-20 

with booster, 7-54 
with positioner, 7-54 

stem position, 7-12 
stiction, 11-10 
three-way, 22-35 

pilot, 7-29 
transfer function, 7-32 

trim, 7-49 
unbalanced stem forces, 11-10 
vapor, 8-12 

Vapor chromatography, 24-27; see also 
Gas chromatography analyzers 

Vapor pressure analyzers, 24-46 
Vapor pressure control, 10-34 
Velocity instruments, 20-17, 20-18; see 

also Speed measurement 
Verification, numerical control, 6-05 
Vertical gyroscope, 28-22 
Vibration, effects on gyroscope, 28-34 
Viscosimeters, 24-40, 24-41, 24-42 
Vision, 2-06 

averaging, 2-07 
filter action, 2-06 
limitations, 2-06 
perceptual capacity, 2-06 
saccadic motion, 2-06 
signal-to-noise ratio, 2-07, 2-08 
transfer functions, 2-07 

Voltage-con tro lled oscillators, 15-40 
Voltage reference diodes, 26-24 

Ward-Leonard systems, 22-02, 22-30 
Watt, James, 17-08 
Waveforms, pulse, 15-76 
Westinghouse, 14-14 
Wiper circuits, 5-12 
Wiring techniques, 21-08, 21-09 

Zero wander, 15-82 
Ziegler method, controller sittings, 10-21 
z-transform, 12-02 




