


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































INDEX ‘ 17

Sampled data systems, performance,
charts, 26-25
criteria, 26-20
index, 26-25
regulator, 26-05
root locus, 26-25
smoothing, 26-07
stability criteria, 26-15
frequency response, 26-17
Routh-Hurwitz, 26-16 .
synthesis, 26-20
simple analog system, 26-23
transfer functions, 26-08
variables between sensing -instants, .
26-22 - .
z-transform method, see z-transforms
Samples, 13-02, 13-06, 26-01
analysis of, 26-06
variance, 13-07
Sampling, 16-39
Shannon theorem, 16-40, 24-07
Samulon method, 22-48
error, 22-49
Saturation, compensation, 25-53, (table)
25-54
describing funection, 25-22
in feedback, 25-54
power amplifier, 25-54
preamplifier, 25-54
servomechanisms, relay, 25-51.
typical types of (table), 25-54
Schedule and trim control, 23-54
Schwarz-Christoffel mappings, 10-08
Schwarz  constants, 6-15
inequality, 6-05
Second order systems, equation -coef-
ficients (table), 20-46 . .
parameters (table), 20-44
time responses (table), 20-35, 20-39
Segmentation, 16-03
Seidel method, 14-21, 14-27
Self-information, of a symbol, 16-21
of continuous signals, 16-41
Markov process, 16-20
‘Selsyns, 23-48
Sentences, algebra of, 11-05
probability, 12-01
Series, Fourier, 8-10
Laurent, 7-10
Neumann, 6-15

Series, power, 7-08
Taylor, 7-09
Series networks, a-c compensation, 23-48
Servomechanisms, 19-09
a-c systems, 20-79, 23-48
error coefficients (table), 20-73
error correctors (table),-20-26
error detectors (table), 20-18
power amplifiers (table), 20-24
system type, 20-67; sec also Control
system, types S
Sets, 1-01
binary operations, 1-08
binary relations on, 1-05
Cartesian product, 1-04 -
complement, 1-03
difference, 1-03
empty, 1-03
examples of, 1-01
intersection, 1-03
lattice, 1-09
of points, 1-02, 1-10
power set, 1-03
subsets, 1-02
union, 1-03
Settling time, 19-09, 19-14, 22-03
approximations, 22-41
Shannon-Fano coding, 16-12
Shannon sampling theorem, 22-48, 24-07
Sheffer stroke operation, 11-02, 11-10
Signals, extraneous, see Noise
Signal flow diagrain, 20-57
Signal-to-noise ratio, data transmission,
18-14
Simplex technique, linear programming,
15-33
minimization problems, 15-45
Simpson rule, 6-11, 14-11, 14-58
sin z/z values (table), 22-52
Singular points, 5-16, 7-22
Singularities, 7-11
Sinusoidal driving function, 20-54
Smoothing, 17-01; see also Filters
and decoding, data transmission, 18-08
noise, 17-02
symbols, 17-04
Wiener theory, 17-02, 17-13
Sources of information, see Information
theory, sources
Souriau-Frame algorithm, 14-29
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Spectrum, autocorrelation and cross-cor-

relation, see Power density spec-
trum
Spirule, 21-58, 22-16
Spring loaded gears, 25-58
Stability, 19-09, 21-01
absolute, 20-29
Bode diagrams, see Bode diagrams
boundary theory, 21-72
classical approach, 21-02, 21-04
conditional, 21-19
contours of constant M and e, 21-73
criteria, z-transforms, 26-15
degree of, 23-06
describing function, 25-15
Dzung criterion, 21-10, 21-72
gain margin, 21-19
Hurwitz criterion, 21-71
inverse polar plots, 21-20
margin, 21-72
multiloop systems, 21-28
Nichols charts, 21-76
Nyquist criterion, see Nyquist criterion
phase margin, 21-18
relation to characteristic equation,
21-03
relation to roots of characteristic equa-
tion (table), 20-53
root locus method, see Root locus
Routh criterion, see Routh criterion
sampled data systems, 26-15
unconditional, 21-19
unstable system, 21-01
Wall criterion, 21-72
Stabilization, by internal feedback, 23-16
Stabilization networks, for d-c compensa-
' tion (table), 23-29
Stabilizing networks, transfer functions
(table), 20-15
Standard deviation, 12-12, 13-03
Static accuracy, 20-70
Static error coefficient, 19-17, 20-70
Stationary processes, 24-02, 24-15
Statistics, 13-01; see also Probability
analysis of experiments, see Numeri-
cal analysis, statistical analysis of
experiments
Bernoulli distribution, 13-04
binomial distribution, 13-04
bivariate distributions, 13-13

Statistics, computation, 13-08, (table)
13-09
confidence intervals, 13-10, 13-12, 13-15
curve fitting by least square, 13-14
distribution of sample moments, 13-09
expectation, 13-03
goodness of fit, 13-16
hypothesis testing, 13-10
maximum likelihood, method of, 1316
mean, 13-03
mean deviation from the mean, 13-04
median, 13-04
midrange, 13-04
mode, 13-04
moments, 13-03 .
Monte Carlo method, 13-17
normal distribution, 12-16, 13-05,
(table) 13-18
Poisson distribution, 13-04
probable error, 13-04
random variables, 13-02
regression curve, 13-13
relation to probability, 13-01
sample space, 13-02
sequential analysis, 13-16
standard deviation, 13-03
student ¢ distribution, 13-06, (table)
13-20
unbiased estimate, 13-07
variance, 13-03, 13-07
X2 distribution, 13-05, (table) 13-19
Steady state, data for evaluating transfer
functions, 20-23
equation terms (table), 20-55
errors (table), 20-71, 20-72
quasi-static assumption, 20-23
response, 20-01, 20-55
solution, 20-54
Steady-state condition, 21-11
Steady-state error, 19-09, 19-14
coefficient, 19-17
Step function, 9-07
design charts, comparison of frequency
response and transient response,
22-21
time responses (table), 20-48
Step input, first order system, 20-34
second order system, 20-35
Stieltjes integral, 12-09
Stirling formula, 14-09, (table) 14-10
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Stirling numbers of the second kind, 4-07
Stone, representation of Boolean algebra,
11-9
theorem, 11-10
Student ¢ distribution, 13-06
Sturm sequence, 14-36
Sturm theorem, 2-04
Subharmonic generation, 25-05
Summing points, 20-61
Superposition, 20-10, 21-02
principle, 5-06, 8-06
Suppressed carrier system, 20-82
Symboals, alternate, 19-11 ‘
feedback control, 19-01
smoothing and filtering, 17-04
Synthesis, 20-03
controller, 19-13
dominant pair of complex conjugate
poles, 23-11
Guillemin method, 20-79
log magnitude diagrams, 23-01, 23-08
network, see Filters
Nyquist diagram, 23-27
pole-zero location technique, 23-11
root locus, 23-28
selection of methods, 19-19
System analysis, see Control systems
System characteristics, additional poles
and zeros, 23-13
relation to closed loop poles, 23-12
two complex conjugate poles, 23-12
System response to noise, 24-11
System stability, see Stability
Systems, physical (table), 20-02
physical laws, 20-04
Szilard-Kraft inequality, 16-13

Tachometers, 23-21, 23-25

a-c, 23-48
Tandem compensation, 25-62
Taylor series, 7-09

differential equation solution, 5-10
Tchebysheff-Darlington, filters, 17-32
Tchebysheff inequality, 12-12
Temple quotients, 6-15
Terminology, feedback control, 19-01
Thevenin theorem, 20-10
Thomson, Butterworth-, filters, 17-28
Time constant, 19-09

equivalent, approximation, 22-42

Time constant, for second order system,
20-45
Time delay, pure, 21-39
Time domain, noise, 24-11
Time to first peak, 22-02, 22-06
Time parameter ratio, 20-45
Time to peak, 22-10
approximation, 22-41
Time response, approximate, 22-04
approximations, 22-41
convolution integral, 20-53
first order system, 20-36
second order system, 20-35, 20-39
transient modes (table), 20-48
Time sequence, quasi-stationary, 17-02
stationary, 17-02
Time series, nonstationary, optimum
filter design, 17-24
Total overshoot, 19-10
Transfer function, 9-10, 9-19, 19-10,
(tables) 20-12, 20-13, 20-14, 20-16
in data transmission, 18-23
d-¢ motor, 25-57
electrical elements (table), 20-14
experimental evaluation, 20-23
hydraulic elements, 20-16
mechanical elements (table), 20-13
polar plots of some common open
loop, 21-21
root locus plots of common, 21-60
sampled data systems, 26-08
typical, 20-12
Transfer locus, 19-10
Transfer response, amplitude,” 17-12
filters, 17-26
of the optimum filter, 17-13
Transformations, inverse, 3-07
linear, 3-03
rank, 3-03, 3-07
Transformers, stabilizing, 23-21
Transient error, 19-10
Transient overshoot, 19-10, 19-14
Transient response, 19-08, 20-01
approximations (table), 22-41
coefficients of terms, 22-12
data for evaluating transfer functions,
20-23
delay time, 22-03
cffect of poles and zeros, 22-09
effect of significant real poles, 22-11
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Transient - response, Floyd’s
22-44
frequency response from, 22-47
from frequency response, 22-44
and open loop frequency response, de-
sign charts, 22-18
parameters, 22-02
relation to frequency response, 22-01
graphical techniques, 22-43
numerical techniques, 22-43
~ open loop design charts, 22-18
rise time, 22-03
settling time, 22-03, 22-10

procedure,

sin x/z (table), 22-52 N
time to the first peak, 22-02, 22-06,
22-10

unit step input, 22-09
Transients, input signals, 23-04
oscillatory, 20-50
time responses (table), 20-48
Translation systems, equations, 20-02,
(table) 20-08
Transmission, of data, see Data trans-
mission
Transportation problem, see Operations
research, transportation problem
Trapezoidal formula, 14-11, 14-58
Trapezoidal rule, 6-11

Ultimately controlled variable, 19-10,

Union, sets, 1-03

Unit funection, 8-06, 9-06

Unit impulse, first order system, 20-34
second order system, 20-35

Unit impulse function, 8-06, 9-08
response to,. 9-20

Unstable system, 21-01 .

Valve-pistons, transfer function, 20-16
Variable gain, describing function, 25-23
Variance, 12-11, 13-03

Variance, analysis of, 14-49, 14-54
Vector, components, 3-04
convexity, 3-15
coordinates, 3-04
half-space, 3-14
space, 3-01
subspace, 3-02
Vibrating 'string, §-21, 14-70, 14-77
Volterra integral equation, 6-02, 6-15
von Neumann criterion for convergence,
14-82
Waiting time models, see Operations re-
search, waiting time models
Wall criterion, 21-72
Wave equation, 5-20, 6-03
Weierstrass, and Casorati, theorem of,
7-12
®-function, 7-20
sigma function, 7-20
zeta function, 7-20
Weierstrassian analytic function, 7-16
Weighting function, 9-19
Whittaker function, 7-25
Wiener-Hoft equation, 24-18
Wiener theory of filtering, 17-02, 17-13
Wronskian determinant, 5-07
Wye-delta transformation, 20-10

Zeros, 7-11 -
effect on bandwidth, 23-15
effect on error coefficients, 23-15
z-transforms, 26-11, (table) 26-12
block diagram algebra, 26-13
closed loop, 26-24 - )
design procedure, 26-20
hidden oscillations, 26-11
inverse, 26-13
Laplace and (table), 26-12
output (table), 26-15
stability criteria, 26-15



