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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 
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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 




