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APPENDIX C

CHARACTERISTICS OF TRANSMITTING TUBES
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A supply, 114
Abnormal glow discharge, 41
Amplification, voltage (see Amplifiers,
potential gain)
Amplification factor, 28, 30
measurement, 93
numerical values for several tubes,
455 ff.
tetrode, 37
triode, 30
Amplifiers, cascode, 238
cathode-coupled, 132
cathode follower, 172 ff.
double, 185
gain, 173
graphical analysis, 175
input capacitance, 174
output admittance, 175
class A, beam power tubes, 196
cascade, 119
potential gain, 121
definition, 101
degenerative (see Feedback)
distortion, 189
dynamic characteristic, 87
equivalent circuit for, 87
(See also Equivalent circuit)
grid-bias potential in, 83
(See also Self-bias in amplifiers)
grid-signal potential in, 83
inductance-capacitance-coupled, 134
input admittance, 108
inverse feedback (see Feedback)
load line, 85
load resistance for maximum power
output, 188
maximum power output, 188, 191
output transformer, 190
pentode, 196
phase relations, 86
plate dissipation, 193
plate efficiency of, 193
potential gain (see potential gain,
below)
power output, 188
push-pull (see Push-pull amplifier)
quiescent operating point, 85

Amplifiers, class A, radio frequency (see
Tuned amplifiers)
resistance-capacitance-coupled (see
Resistance-capacitance-coupled
amplifier)
self-bias, 115, 199
single-stage, 83 fi.
tetrode, 34
transformer-coupled (see Trans-
former-coupled amplifiers)
tuned (see Tuned amplifiers)
voltage gain (see potential gain,
below)
class AB, definition, 101
push-pull (see Push-pull amplifier)
class B, definition, 101
push-pull (see Push-pull amplifier)
tuned (see Tuned amplifiers, class B
power)
class C, definition, 101
tuned (see Tuned amplifiers, class C
power)
degeneration (see Feedback)
difference, 132
direct-coupled, 130 fi.
battery-coupled, 131
cathode-coupled, 132
resistance-coupled, 132
series-balanced, 141
double-tuned (see Tuned amplifiers)
driver stage, 205, 206
dynamie characteristic, construction
from static, 86
equations, 95
push-pull, 203
feedback (see Feedback)
in feedback oscillator, 302
frequency characteristic, 127
frequency classification, 102
frequency distortion (see Frequency
distortion)
frequency response (see Frequency
distortion)
gain (see potential gain, below)
graphical analysis of output, 85
grid-bias potential, 84
(See also Self-bias in amplifiers)
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Amplifiers, grid-signal voltage, 84
grounded grid, 104
harmonic distortion (see Nonlinear
distortion)
inductance-capacitance coupled, 134
interelectrode capacitances, 107
intermediate frequency (see Tuned
amplifiers, class A)
internal impedance, effect of feedback
on, 160 ff.
inverse feedback (see Feedback)
inverted, 142
limiters, 401
linear, class B (see Tuned amplifiers,
class B power)
conditions for, 101, 246
load line, 41
maximal flatness, 221
modulated, 336
for modulated wave (see Tuned
amplifiers, class B power)
narrow-band (see Tuned amplifiers)
noise (see Noise)
oscillations, 170
output impedance, effect of feedback
on, 167
output transformer, 190
output waveform, 86
parallel or shunt feed, 135, 189
paraphase (see Push-pull amplifier)
path of operation, 85, 248, 254, 255
phase characteristic, 127
phase inverter, 205 ff.
phase relations, 86
plate-circuit efficiency (see Plate-
circuit efficiency)
plate-current components, 86
plate dissipation (see Plate dissipation)
plate-modulated, 331, 336
potential gain, db gain, 104
effect of feedback on, 150
effect of interelectrode capacitances,
108
multistage amplifier, 121
registance-capacitance coupling,
122 ff.
resistance coupling, 132
resistance load, 91
transformer coupling, 135
tuned, double-tuned, 220
single-tuned, direct coupling, 215
transformer coupling, 217
power, 187 ff.
power supply, common, 114
push-pull (see Push-pull amplifier)
quiescent operating point, 85
radio frequency (see Tuned amplifiers)

RADIO ELECTRONICS

Amplifiers, regenerative (see Feedback)
resistance-capacitance-coupled (see
Resistance-capacitance-coupled
amplifier)
resistance-coupled (see direct-coupled,
above)
shunt feed, 189, 195
stagger-tuned, 228, 229
transformer-coupled (see Transformer-
coupled amplifiers)
tuned (see Tuned amplifiers)
Amplitude distortion (see Nonlinear
distortion)
Amplitude modulation (see Modulation)
Angstrom unit, 19
Anode fall, 42
Are, anode fall, 42
cathode fall, 41
externally heated, 43
high-pressure, 45
initiation, grid control, 43
ignitor rod, 47
mercury pool (see Mercury-are
rectifier)
Arc back in mercury rectifiers, 49
Argon, in high-pressure diodes, 45
in phototubes, 20
in thyratrons, 47
Automatic amplitude control, oscillators
with, 301
Automatic gain control, 362
delayed, 363

B supply, 115
Backfire, 49
Balanced modulator, 327
Bandwidth, effect of feedback on, 151
tuned amplifiers, 216, 218, 225
reduction in cascaded stages, 225
untuned amplifiers, 127
reduction in cascaded stages, 129
Barkhausen criterion for oscillators, 287
Beam power tubes, 38
Beat-frequency oscillator, 368
Bel, 103
Bessel functions, 380, 473
Bias, grid, 101
impedance, effect in amplifiers, 156
Bieeder resistance, 75
Blocking, capacitor, 120
in oscillators, 293
Bombardment by positive ions, 22, 42
Bradiey detector, 411
Breakdown, gas tubes, 41
mercury-arc tubes, 42
Breakdown potential, 41
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Bridge measurements of triode coeffi-
cients, 93

Bridge rectifier, 62

By-pass capacitor, 115

C supply, 115
Capacitance, interelectrode, high-
frequency effects, 112
numerical values for several tubes,
455 ff.
pentodes, 111
tetrodes, 111
triodes, 109
Capacitor filters (see Filter)
Carrier suppression, 6, 328
Carrier wave, disappearance in frequency
modulation, 383
suppression, 6, 328
Cathode, directly heated, 18
indirectly heated, 18
inward-radiating, 18
mercury as, 42
oxide-coated, disintegration, 45
emission, 17
work function, 17
photoelectric, 18
power for heating, 114
thermionic (see Thermionic cathodes;
Thermionic emission)
thoriated tungsten, 17
tungsten, 17
Cathode efficiency, 17
Cathode fall, are, 42
glow discharge, 41
Cathode modulation, 341
Characteristic curves, tube, 455 fi.
Child’s law (see Space-charge-limited
current)
Choke input filter (see Filter)
Class A amplifiers (see Amplifiers)
Class B, C, amplifiers (see Amplifiers)
Class C modulated amplifier, 336
Clipping, sideband, in modulators, 324
Cloud, electron, 22
Coeflicient, coupling, 220
Coil, Q of, 214
Cold-cathode triodes, 43
Collisions in arc tubes, 42
ionizing, 22
by positive ions, 22
Colpitts oscillator, 296
Communication system, elements, 1 ff.
Composite characteristics, push-pull,
dynamic, 203
static, 200
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Condensed-mercury temperature and
vapor pressure, 44
Conductance, mutual, 31, 286
Conduction, gaseous, 40
(See also Arc)
Constant-current characteristic, 30, 33,
257
Constants, multielectrode tube, 37
triodes, 331
Conversion, general theory, 370
square-law, 369
transconductance, 369
expressions for, 372
Converter, pentagrid, 372
Coupling, amplifier, cathode, 132
inductance, 134
resistance, 132
resistance-capacitance, 119
transformer, 135
coefficient, critical, 221
transitional, 223
networks, design, 242
Critical grid-control curves, 46
Critical inductance, filters, 75
Crystal oscillators, 300, 301
Current density, 24
Current feedback, 156
Current-potential locus, push-pull
amplifier, 201
resistance load, 85
Current-source equivalent circuit, 89
Cutin, capacitor input filter, 69
inductance filter, 66
Cutout, capacitor input filters, 69
inductance filter, 67
L-section filters, 75
Cylinders, space-charge-limited current,
22, 24

Decibel gain, 103
Decoupling filters in amplifiers, 116
Degenerative feedback, 151
Deionization, 50
Delay, age systems, 363
distortion, 102
Demodulation, 348 ff.
definition, 348
(See also Detection)
Demodulator, definition, 348
(See also Demodulation; Detection;:
Detector)
Detection, for amplitude-modulated
waves, 348 ff.
conversion, 368
definition, 348
diode (see linear, below)-
for frequency-modulated waves, 401
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Detection, linear, 351
diagonal clipping, 357
distortion, 357
effect of load on, 361
efficiency, 354
input impedance, 356
rectification characteristic, 360
single-sideband, 367
square-law, 349
distortion in, 350
with triode, 349
superregenerative, 364
suppressed carrier, 366
Detector, Bradley, 411
diode, 351
discriminator, 401
first, 372
linear, 351
ratio, 409
square-law, 349
(See also Detection)
Deviation, frequency, in frequency
modulation, 380
Deviation ratio in frequency modulation,
380
Diode, characteristics, operating, 26, 49
cylindrical, 25
detector, 351
discriminator, 401
high-pressure gas, 45
hot-cathode gas, 44
plane-parallel, 23
ratings, 26, 49
as rectifiers (see Rectifiers)
static characteristics, 25, 55
Direct-coupled amplifiers (see Amplifiers)
Discharge, electrical, in gases, 41
Discriminator for frequency modulation,
401
Disintegration of cathodes, 45
Disintegration potential, 45
Dissipation (see Plate dissipation)
Distortion, amplitude (see Nonlinear
distortion)
in class A amplifiers, 102
causes, 102
permissible maximum, 191
for push-pull operation, 204
cross modulation, 342
delay, 102
feedback effect, 154
frequency (see Frequency distortion)
harmonic (see Nonlinear distortion)
in linear detectors, 357
in modulation, 324, 330
nonlinear (see Nonlinear distortion)
phase, 102

RADIO ELECTRONICS

Distortion, in square-law detection, 350
Distributed capacitance, 138
Doubler, frequency, 278
potential, 63
Driver stage, 205, 206
Duality, 451
Dushman equation, 16
Dynamic characteristics, class A, 87
construction, 87
general power-series representation, 95
nonlinear distortion, 102
parabolic, 95
push-pull, 203
rectifier, 55
resistance load, 87
Dynatron, oscillator, 309

Efficiency, cathode, 17
detection, 354
plate-circuit (see Plate-circuit
efficiency)
rectification, 57
tuned-circuit transfer, 244
Electric are (see Arc)
Electrical discharge in gases, 40
arc (see Arc)
breakdown, 41
glow, 41
Electron, secondary (see Secondary
emission)
Electron-coupled oscillator, 298
Electron-current density, drift, 24
Electron emission, bombardment, 22
photoelectric, 18, 20
secondary (see Secondary emission)
thermionic, 16, 17, 114
Electron tubes, classification, 100
(See also Diode; Pentode; Tetrode;
Thyratrons; Triode)
Emission, electron (see Electron emission)
Entropy and information, 432
Equivalent circuit, linear class A, 87 ff,
analytical derivation, 87
applicability, 88
current source, 89
interelectrode capacitance, effect of,
108
pentode, 111
potential source, 87
push-pull, 199
tetrode, 110
Excitation potential, in amplifiers, a-¢
d-c components, 84
multistage, 121
push-pull, 197
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Feedback, in amplifiers, 150 ff,
effect of, on frequency and phase
distortion, 154
on input impedance, 169
on internal impedance, 160
on noise, 155
on nonlinear distortion, 154
on output impedance, 167
on stability of amplification, 153
gain, 150
negative, 151
positive, 151
and stability, 170
criterion for oscillation, 172, 284
circuits, 155
compound, 159
current, 156
potential, 157
Feedback factor, 150
Feedback oscillators, 284
Feedback ratio, complex, 286
Field emission, 21
Filament (see Thermionic eathodes)
Filament potential, 114
Filter, capacitor input, 68
cutin, 69
cutout, 69
effect on inverse peak potential, 73
peak-tube current with, 69
ripple, 72
choke or inductor input, 66
cutout, 67
ripple, 68
controlled rectifier, 76
decoupling, in amplifiers, 115
L-section, 73
bleeder resistance, 75
critical inductance, 75
cutout, 74
ripple, 73
swinging choke, 76
multiple L-section, 76
ripple, 77
pi section, 78
ripple, 78
Flash-back potential, 49
Forward potential rating, rectifiers, 49
Fourier series, amplifier output, push-
pull, 204
single-tube, 96
rectifier output, single-phase, full-wave,
65
half-wave, 65
Frequencies, half-power, 124, 126, 215
midfrequency range, 123
sideband, in amplitude-modulated
wave, 321
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Frequencies, sideband, in frequency-
modulated wave, 380
Frequency, angular, instantaneous, 378
carrier, 321
mid-band, 123
multiplication, 278
threshold, 18
Frequency characteristic, 127, 139, 215,
221, 228, 231
with inverse feedback, 151
Frequency conversion, 368
Frequency converter tubes, 372
Frequency distortion, description, 102
direct-coupled, 130
inductance-capacitance-coupled
amplifier, 135
resistance-capacitance-coupled, 127
transformer-coupled, 139
tuned potential, 212 ff,
tuned power, 242 ff.
Frequency doubler, 278
Frequency-modulated oscillator, 387
Frequency modulation (see Modulation)
Frequency-modulation detection, 401
Frequency-modulation receivers, 400,
401
Frequency response (see Frequency
distortion)
Frequency stability of oscillators, 297
Frequency translation (see Detection;
Modulation)
Full-wave rectification, 58

Gain, potential (see Amplifiers, potential
gain)
Gain-bandwidth product, tuned
amplifier, 227
untuned amplifier, 127
Gas amplification, mechanism, 21
phototube, 20
Gas diodes, 43
Gas phototubes, 20
Gaseous conduction, 41
Gated-beam tube, 416
Glow discharge, 41
Glow tubes, diodes, 42
triodes, 43
Graphical determination of Fourier
components, 96
Grid, control, definition, 28
cold-cathode triode, 43
grid-control curves, 29
in vacuum tubes, control of current,
29
heating of, 248, 262
nonuniform, 38
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Grid, screen, 34
suppressor, 37
in thyratron, 47
Grid-bias modulation, 336, 340
Grid-bias potential, self-bias, 115
Grid-control curves, thyratron, 46, 47
Grid current, causes, 29, 248
class A amplifier, 248
class C amplifier, 258
oscillators, 292
thyratrons, 47
Grid driving power, clags C amplifiers,
262
Grid glow tube, 43
Grid leak and capacitor-bias potential,
292
build-up, 292
effect on oscillator stability, 293
Grid-plate transconductance, 31, 37
Grid potential, bias, 115
(8See also Self-bias)
cutoff, 101, 246
Grounded-grid amplifier, 104

Harmonic distortion (see Nonlinear -
distortion)

Harmonic generation, in linear detector,

362
in modulation, 330
in square-law detection, 350
in triodes, 95
Harmonics (see Fourier series; Nonlinear
distortion)
Hartley law, 432
continuous signals and, 434
Hartley oscillator, 284
Heat-shielded cathodes, 9
Heising modulator, 329
Heptode, 38
Hexode, 38
High field emission, 21
High-level modulation, 330
High-pressure arcs, 45

Ignitor rod, 47
Ignitron rectifier, 47
Image force, 16
Impedance matching, 188, 192
by transformer, 190
Impedance-stabilized oscillator, 299
Inductance, cathode lead, 112
for filters, 66
critieal, in L-section, 75
leakage, 138
primary, of transformer, 136

RADIO ELECTRONICS

Inductance, swinging choke, 76
Inductance-~capacitance-coupled
amplifier, 134
Information theory, 429 ff.
discrete systems, 429
entropy, 432
Hartley law, 432
continuous signals, 434
effects of noise on, 436
system evaluation, 437
sampling theorem, 433
Input admittance, effect on, of feedback,
169
of lead inductance, 112
pentode, 111
tetrode, 110
transit-time effect, 113
triode, 108
Input capacitance of amplifiers, 109
effect on operation, 125
Input potential (see Excitation potential)
Input resistance, triodes, 110
negative, conditions for, 110
Instantaneous amplitude, 320
Instantaneous angular frequency, 320,
378
Instantaneous phase, 320, 378
Insulation stress in transformers, 57, 60,
63
Interelectrode capacitance, 107 ff.
effect on input admittance, 109
equivalent circuit including, 107
numerical values for several tubes,
455 ff.
pentode, 111
reduction by screen grid, 34
tetrode, 111
Intermediate frequency, 12, 369
Inverse feedback, 151
Inverse-peak-potential rating, 27, 49
bridge circuit, 62
potential doubler, 63
single-phase, with capacitor input
filter, 73
full-wave circuit, 60
half-wave circuit, 57
Inverted amplifier, 142
Inward-radiating cathodes, 18
Tonization, description, 21 .
by electron bombardment, 21
in gas phototubes, 20
photoelectric, 22
in plasmas, 41
by positive ions, 22
Ionization time, 50
Ions, 21
function in gaseous conduction, 42
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Tons, in glow-discharge cathode-fall space,
41
in plasma, 41

Johnson noise, 145
Junction analysis, 447

Kinetic energy, electrons and electron
velocity, 24
Konal metal, 17

L-section filter, 73
Langmuir-Child’s law, 24
(See also Space-charge-limited current)
Leakage reactance, 139
Limiter, amplitude, 401
Linear amplifier, class A, 95
class B, 246
Linear detector, 351
Load line, nonlinear, in push-pull
amplifier, 203
pentode amplifier circuit, 196
rectifier, single-phase, half-wave, 55
triode amplifier circuit, 85
Load resistance, choice in pentodes, 196
class A amplifier, 85
maximum power output, 188, 192
matching, 190
push-pull amplifier, 202, 203
Local oscillators, 368, 372
Loop analysis, 445
Low-level modulation, 325

Master oscillator, 298
Maximal flatness, 221
Maximum power output, class A
amplifier, 188, 192
push-pull connection, 202, 203
from linear modulator, 334
undistorted, 192
Mercury, vapor pressure of, 44
Mercury-arc rectifier, arc back, 49
arc drop, 42, 49
cathode disintegration, 45
evaporation of mercury, 44
flash-back potential, as function of
temperature, 49
ratings, average current, 49
forward potential, 49
inverse potential, 49
surge current, 49
vapor pressure, 44
Merit, figure of, vacuum tube, 129
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Metals, image force, 16
secondary emission, 21
thermionic emission, 16

work function, 16

Millman network theorem, 450

Misch metal, 42

. Mixer, 368

Mixing (see Conversion)
Modulated wave, components,
amplitude-modulated, 321
frequency-modulated, 380
envelope, 378
Modulation, amplitude, 3, 320 fi.
comparison with frequency
modulation, 320, 419
definition, 320
expression for, 321
frequency spectrum, 322
information-theory considerations,
438
linear, 330
sidebands, 4, 322
sinor representation, 322
square-law, 325
angular, 378
instantaneous, 378
carrier suppression, 6, 327
cathode, 341
cross, 342
definition, 320
feedback to improve linearity, 324
frequency, 5, 377 ff.
capture, 423
characteristics, 377
comparison with phase modulation,
386
definition, 378
deviation ratio, 380
expression for, 380
frequency deviation, 383
information-theory considerations,
438
narrow-band, 395
spectrum, 380
wide-band, 387
frequency translation by, 322
grid-bias, 336
advantages, 340
high-level, 330
index, 321
information theory, 437
low-level, 325
percentage, 321
phase, 385
comparison with frequency
modulation, 386
expression for, 386
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Modulation, phase, sinor representation,
396
plate, 331
advantages, 340
process of, 320
pulse, 7
information-theory considerations,
439
sidebands, 321
single-sideband, 6, 328
sinor representation, 322
square-law, 325
suppressor grid, 342
transformer, 335
types, 320
van der Bijl, 325
Modulation characteristics, 331
Modulation factor, 321, 380
Modulation frequency, 321
Modulator, amplitude, 321 ff.
balanced, 327
grid-modulated class C amplifier as,
336
Heising, 329
plate-modulated class C amplifier as,
331
van der Bijl, 325
frequency, 387
Armstrong method, 395
phasitron, 398
reactance tube, 387
stabilization, 393
phase, 385
single-sideband, 328
suppressed carrier, 328
(See also Modulation)
Multielectrode tubes, 34
beam power, 38
shield-grid thyratron, 47
(See also Pentode; Tetrode)
Muitiple L-section filters, 76
Multiplication in high-vacuum tubes,
frequency, 278
potential, 63
Multistage amplifiers, 119 ff., 212 ff.
Mutual characteristics, 29
Mutual conductance, 31
measurement, 94
numerical values of several tubes,
455 ff.

Negative teedback, 151

Negative input resistance of amplifiers,
110, 309

Negative plate resistance in tetrodes, 35,
309
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Negative resistance oscillator, 309
Negative transconductance oscillator, 319
Network analysis, general, 443 ff.
Network theorem, Millman, 450
Norton, 450
Thévenin, 449
Neutralization, in amplifiers, 273
electron space charge, 42
Noise, 143 ff.
induced grid, 147
quantizing, 9
resistance, equivalent, 146
shot, 145
thermal agitation, 144
Noise figure, 148 ff,
networks in cascade, 148
Nonlinear circuit element, as modulator,
325
as rectifier, 53 fi.
Nonlinear distortion, description, 95 ff.
distortion factor, 97
effect of feedback on, 154
five-point schedule, 97
general dynamic curve, 95
parabolic dynamic curve, 95
push-pull amplifiers, 204
Nonlinearity and oscillator stability, 287
Normal current density, 24
Normal glow discharge, 41

Operating point, 85
Oscillation, in amplifiers, 150 ff.
Barkhausen criterion for, 287
Nyquist criterion for, 172
Oscillators, 283 fi.
amplitude stability, 301
automatic amplitude control, 306
basic circuits, 296
bridged-T, 307
class A, 301
classification, 283
Colpitts, 296
criteria for oscillation, 387
crystal-controlled, 300
circuits for, 301
equivalent circuit, 301
stability, 301
dynatron; 309
electron-coupled, 298
feedback, 284
self-excitation in, 284
Franklin, 313
frequency-modulated, 387
frequency stability, 297
grid bias in, 291
Hartley, 296
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Oscillators, intermittent operation, 293
local, 368, 372
locked, 412
master, 298
Meacham, 318
negative resistance, 309
negative transconductance, 310
nonlinearity and stabilization, 286
phase shift, 308
power, 293
quench, in superregenerative detector,
365
resistance-capacitance tuned, 302
resistance-stabilized, 299
self-starting, 292
stabilization, amplitude, impedance,
299
resistance, 299
stabilization factor, 297
transconductance, effect of, 287
transitron, 319
tuned-grid, 296
tuned-grid tuned-plate, 296
tuned-plate, 293
frequency of oscillation, 295
self-excitation, 294
twin-T, 307
Wien-bridge, 305
Output impedance, 167
effect of feedback, 167
Output potential of amplifier (see
~*'Amplifiers, potential gain)
Oxide-coated cathodes, 17
disintegration, 45
work function, 17

Parallel-feed amplifiers, 189, 195
Paraphase amplifiers, 205
Peak-inverse-potential rating (see
Inverse-peak-potential rating)

Pentode, 37

in class A amplifier, 196

in class B amplitude-frequency

amplifier, 203

distortion, 38

equivalent circuit, 111

input admittance, 111

interelectrode capacitances, 111

load resistance, 196

modulation with, 342

plate characteristics, 37

potential gain with, 111

power, 196

remote cutoff, 38

in tuned amplifier, 212 ff,
Phase characteristic, 127
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Phase distortion, 102
Phase inverter, 205
Phase modulation (see Modulation)
Phase relations, amplifier, 86, 127
Phase-shift characteristics of tuned
amplifier, 215
Phase-shift distortion, 102
Photocelis (see Phototubes)
Photoelectric emission, 18
gas amplification, 20
Phototubes, vacuum, 20
gas-filled, 20
potential-current curve, 20
Pi-section filters, 78
Piezoelectric crystals in oscillators, 300
Plasma, description, 41
Plate characteristics, 455 fi.
Plate-circuit efficiency, amplifier, class
A, 193
class B, tuned, 251
class C, modulated, grid, 339
plate, 334
tuned, 261
Plate current, average value, 250, 255,
258, 332
total differential, 30, 88
Plate dissipation, 194
in class C amplifier, 262
during modulation, 335, 339
permissible, 253
in tuned class B amplifier, 252
Plate efficiency, amplifier, class A, 193
series-fed, 195
shunt-fed, 195
tuned class B, 251
tuned class C, and operating angle,
262
Plate modulation, 331, 340
Plate-plate resistance, 200
Plate resistance, diode, 53
measurement, 94
multielectrode tubes, 35, 37
negative, in tetrodes, 35
numerical values of several tubes,
455 ff.
push-pull amplifiers, 200
tetrode, 37
triode, 31
variable nature, 31
Polar diagram of feedback amplifier, 172
Positive feedback, 151
Positive-ion bombardment, 21, 41
Positive-ion current, 21, 40
Positive ions (see Ionsj
Potential, breakdown (sparking), 41
disintegration, 45
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Potential distribution, 22, 41
glow discharge, 41
parallel-plane diode, space-charge
flow, 22
in plasma, 41
Potential gain, cascade amplifier, 121
decibels, 104
with feedback, 151
(See also Amplifier, potential gain)
Potential-source equivalent circuit, 87
Power, rectifier, input, 56, 59
maximum (see Maximum power
output)
output, 56, 59
Power amplifiers, 187 ff.
Power oscillator, 293
Power sensitivity, 103
Power series, 95
Power supply, 115

Predistorter in frequency modulation, 398

Preemphasis of high frequencies, 392
Pressure, mercury, as function of tem-
perature, 44
Pulse modulation, 7, 439
Push-pull amplifier, class A, 197 ff.
circuit, 198
composite dynamic characteristic,
203
composite static characteristic
curves, 200
distortion, 204
equivalent circuit, 199
harmonics in, 204
plate-plate resistance, 200
power output, 204
single-ended, 211
class B, 205
driver stages for, 205
single-tube paraphase, 206
two-tube paraphase, 206

Q point, 85
Quadrupler, potential, 64

Radio communication, amplitude
modulation, 4
frequency modulation, 5, 377, 400
modulation essential for, 3, 320
pulse modulation, 7
single sideband, 6, 328
suppressed carrier, 6, 328
Radio-frequency amplifiers (see Tuned
amplifiers)
Ratio detector, 409

Reactance, primary, effect on amplifier
operation, 136
transformer, leakage, effect on
amplifier operation, 139
Reactance tube, 388
Receiver, automatic gain control, 362
bandwidth, 5
for amplitude-modulated waves, 239
for frequency-modulated waves, 5,
400
for pulse-modulated signals, 439
frequency-modulation, 13, 400
discriminator, 401
limiter, 401
selectivity, 212, 226
single-sideband, 367
superheterodyne, 12, 375
superregenerative, 365
tracking, 370
tuned radio frequency, 12
volume control, 362
Recombination, ions, 41
Rectification, definition, 54
Rectification characteristics, 360
Rectifier filters, 76
Rectifier meter, 62
Rectifiers, circuits, bridge, 62
full-wave single-phase, 58
gas tubes, 60
half-wave, single-phase, 54
potential doubling, 63
potential quadrupling, 64
Rectigon tube, 45
Reflected resistance, 190
Regeneration in amplifiers, 151
Regulation, potential, 115
Remote-cutoff tubes, 38
Resistance, bleeder, 75
grid, for high-vacuum tubes, 84
input, of tubes, 110
load (see Load resistance)
negative, 309
plate (see Plate resistance)
plate-plate, 200
reflected, 190
Resistance-capacitance-coupled
amplifier, 119 ff.
applicability, 119
cascaded stages, 129
feedback, 160
frequency characteristic, 127
gain of, high-frequency, 125
low-frequency, 123
mid-frequency, 123
gain-bandwidth product, 127
half-power frequency, 124, 126
universal amplification curve, 126
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Resistance-capacitance tuned oscillator,
302
Resistance-coupled amplifiers (see
Amplifiers, direct-coupled)
Resistance-stabilized oscillator, 299
Resonance, double-tuned, 221
parallel, 214
transformer-coupled circuit, 218
universal resonance curve, 215
Ripple factor, capacitor filter, 72
definition, 58
full-wave circuit, 60
half-wave circuit, gas tube, 62
vacuum tube, 58
inductor filter, full-wave, 68
L-section filter, 73
multiple, 77
pi-section filter, 78

Sampling theorem in information theory,
433
Saturation, in phototubes, 20
in screen-grid tubes, 35
space-charge-limited current, 25
temperature-limited current, 25
tungsten filament, 25
Schedule method in Fourier analysis, 97
Screen grid in tubes, 34
Screen-grid tubes (see Tetrode)
Screen supply potential, 115
Second harmonic (see Nonlinear
distortion; Ripple factor)
Secondary emission, by ion bombard-
ment, 21
suppression, in beam tubes, 39
in pentodes, 37
in tetrodes, 35
Self-bias in amplifiers, feedback resulting
from, 115
in push-pull amplifiers, 199
Semigraphical analysis, class B and class
C amplifiers, 256
Series, Fourier (see Fourier series)
power, 95
Taylor, 30, 88
Shield-grid thyratron, 47
Shunt-feed amplifiers, 189, 195
Side frequencies, detection (see
Detection)
for frequency modulation, 380
receivers (see Receiver)
separation of carrier from, 328
Sidebands, amplitude-modulation, 4, 322
separation from carrier, 328
clipping in detectors, 357
frequency-modulation, 380
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Sidebands, phase-modulation, 386
Signal /noise ratio, amplitude-modulated
system, 420
bandwidth trading, 438
capture effect in frequency modulation,
423
comparison of amplitude modulation
and frequency modulation, 423
frequency modulation, 421
Hartley law, 432
Signal potential (see Excitation potential)
Sinors, 443
Sources of electrons, 15
(See also Electron emission)
Space charge, cloud, 22
in glow discharge, 41
limitation of current by, 22, 24
in plasma, 41
positive-ion neutralization, 42
Space-charge flow (see Space-charge-
limited current)
Space-charge-limited current, factors
influencing, 22
parallel planes, current between, 24
three-halves-power dependence, 24
Sparking potential, 41
Square-law modulation, 325
Stability of oscillators, amplitude, 299
frequency, 297
reactance tube, 387
Stabilization of amplifiers by feedback,
153
Stagger-tuned amplifier, 228
Starter probe, 42
Static characteristics, 455 ff.
Supercontrol tubes, 38
Superheterodyne, 12, 375
Superregenerative receiver, 365
Suppression of carrier wave, 6, 328
Suppressor-grid modulation, 342
Surge-current rating, 49
Swinging chokes for filters, 76

Tank circuits for tuned power amplifier,
242
Taylor series for triode, 30, 88
(See also Power series)
Temperature, anodes in diodes, 26
arc cathodes, 18
glass envelope of tubes, 26
mercury pressure, 44
rating of diodes, 26, 49
thermionic cathodes, 16
Temperature-limited current, 25
Tetrode, 34
coefficients, 37
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Tetrode, disadvantages, 37
equivalent circuit, 111
gas, 47
input admittance, 110
interelectrode capacitances, 110
modulation with, 342
mutual conductance, 36
negative resistance, 35
plate characteristic, 35
screen grid, 34
secondary emission, 35
(See also Beam power tubes)
Thermionic cathodes, carbonization, 17
directly heated, 18
efficiency, 17
heat-shielded, 18
indirectly heated, 18
oxide-~coated, 17, 45
temperature, 17
thoriated-tungsten, 17
Thermionic emission, 16
constants of (Ao, by, Ew), 16
Dushman equation, 16
efficiency, 17
power for heating cathodes, 114
saturation, 16
work function, 16
(See also Work function)
Third harmonic (see Nonlinear distortion)
Thoriated-tungsten cathodes, 17
Three-halves-power law, 24
Threshold frequency, 18
Threshold wavelength, 19
Thyratrons, 45
argon-filled, 47
cathode for, 18
(See also Oxide-coated cathodes)
critical grid-control curves, 46
grid glow tube, 43
ionization time, 50
mercury-vapor pressure, 44
positive control tube, 46
shield-grid, 47
Time deionization, 50
Time delay in amplifiers, 102
Time ionization, 50
Transeonductance, grid-plate (see Mutual
conductance)
Transfer characteristic, 29
Transformer, interstage, 135
capacitances in, 136
output, push-pull, 200
r-f air core, 212
Transformer-coupled amplifiers, 135 ff.
gain, high-frequency, 138
low-frequency, 137
mid-frequency, 136
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Transformer-coupled amplifiers, imped-
ance matching, 190
push-pull amplifier, 200
tuned, in amplifiers, 216-218
Transformer insulation stress, full-wave
rectifier, 60
half-wave rectifier, 57, 73
Transformers as impedance-matching
devices, 190
Translation, frequency, by modulation,
322
Transmitters, amplitude-modulated, 11,
346
frequency-modulated, 13, 387, 395, 398
using phase-shift modulators, 395
using reactance-tube modulators,
387
stabilization of, 393
Triode, gas (see Thyratrons)
vacuum, 28 ff.
amplification factor (see Amplifica-
tion factor)
characteristic curves, 455 ff.
coefficients, 31
constant-current characteristie, 30
grid current, 29
(See also Grid current)
grid heating, 262
input admittance, 109
interelectrode capacitances, 107
mutual characteristics, 29
mutual conductance (see Mutual
conductance)
plate characteristics, 29
plate resistance, 30
space charge, 28
square-law detection with, 349
square-law modulation with, 325
Taylor series for, 30, 88
Tube constants, multielectrode tubes, 37
relation among, 31
triodes, 31
Tube drop, in ares, 42
in glow tubes, 42
Tubes, 455 ff.
figure of merit, 129
Tuned amplifiers, class A, 212 f,
bridged-T, 236
cascode, 238
coupling, 212
distortion, 212
double-tuned, 218 ff.
bandwidth, 216, 218, 225
cascade, bandwidth reduction, 226
gain, 220
gain-bandwidth product, 227
maximal flatness, 221
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Tuned amplifiers, class A, double-tuned,

transitional coupling, 223
single-tuned, 213 ff.

cascade, bandwidth reduction, 225

direct-coupled, 213
bandwidth, 216
gain, 215
gain-bandwidth product, 227
transformer-coupled, 216
bandwidth, 218
gain, 217
optimum coupling, 217
stagger-tuned, 228
comparison with double-tuned,
229
class B power, 246 ff.
analysis tabulation, 261
analytical treatment, 249
applications, 324
optimum conditions, 253
phase relations, 249
plate efficiency, 252
semigraphical analysis, 248, 256
class C power, 253 ff.
analysis tabulation, 261

approximate analytical solution, 268

cathode-modulated, 341
conditions for high efficiency, 261
design considerations, 264
frequency multiplication, 278
grid-bias-modulated, 336
grid current, 258
grounded-grid, 277
idealized, solution, 255
plate current, 258
plate dissipation, 262
plate efficiency, 261
plate modulation, 331
power considerations, 260
push-pull, 272
Q of load, 245
semigraphical analysis, 256
tubes, 274

neutralization, grid, 273
plate, 273

twin-T, 230 ff.

Tuned amplifiers, twin-T, bandwidth, 232
circuits, 233
gain, 235
input impedance, 232
Wien-bridge, 236
Tuned circuits, class B and class C
amplifier, 242
double-tuned, 218
half-power frequencies, 215, 221
in oscillators, 291
RC networks, 230, 236
single-tuned direct-coupled, 213
single-tuned transformer-coupled, 216
stagger-tuned, 228
Tuned-grid oscillator, 296
Tuned-grid tuned-plate oscillator, 296
Tuned-plate oscillator, 293
Tuned power amplifier (see Tuned ampli-
fiers, class B power, class C power)
Tungar tubes, 45
Tungsten, filaments, 17
work funetion, 17

Universal resonance curve, 215

Van der Bijl modulation, 325
Variable-mu tube, 38

Volt-ampere characteristics, 455 ff,
Voltage, disintegration, 45
Voltage-doubling rectifier, 63

Voltage gain (see Potential gain)
Voltage-quadrupling rectifier, 64
Voltage-source equivalent circuit, 87 ff.

Wavelength, threshold, 19
Work function, 16
definition, 16
Dushman equation involving, 16
oxide-coated cathodes, 17
photoelectric emission, 19
table of values, 17
thoriated tungsten, 17
tungsten, 17



