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Accuracy of short-circuit cnleulations,
528
Addition, of admittances, 138, 159
of complex waves, 261
of currents, 128
of impedances, 142, 143, 158
of vectors, 68
of voltages, 68, 128
of volt-amperes, 347, 395
Admittance, addition of, 158, 159
definition, 158
surge, 418
Air-core transformer, 291, 314, 317
vector diagram, 295, 315, 316
Algebra of phusors, 107
Alternating current, amount used in
United States, 45
ampere value, 85
average value, 86, 88
beginning of systems, 4
compunents of, 44
definition, 47, 48
effective value, 87
equation of, 51
four-phase systems, 328
generation of, 45, 46
lagging, 52, 53
sine-wave representation, 31, 91
three-phase, 331, 334
two-phase svstems, 328
Alternating volt, definition, 56
Alternating voltage, components of, 99
definition, 47, 48
see also Alternating current
Amplitude factor, 89
Analysis, methods of, loop-current, 7,
274, 377
nodal, 108
node-pair, 15-22

Analysis of non-sinusoidul waves, 225
analytical method, 228
analyzing tables, 237-240
graphical method, 233, 242
rectangular wave, 231, 232
triangular wave, 231, 232, 233
Analytical method for determining
whether two waves are of the
game form, 248-230
Angular frequency, 50
Angular veloeity, 50
Attenuation, 136
band, 435 :
constant or factor of a filter section, 449
constant or factor of a long transmis-
sion line, 417
decibels of, 136, 451
frequency of infinite, 481
general, 136
method of expressing for filter, 449453
nepers of, 136, 450, 451
see also Filters, high- and low-pass
Auto-transformer, air-core, 317
Average value of a wave, 86, 88

Bulunced delta load, 339

Balanced delta system of currente, 334,
335

Balaneed svstems, power in, 343, 344,
349

Balanced wye load, 337

Bulaneed wye system of currents, 333

Band, side, 266

Band-eliminator filter, 473, 474

Band-pass filter, definition, 473

Bands, pass or transmission, 435

stop or attenuation, 433
Bases for expressing impedances, 523
Boundary conditions, 550
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Branch, 5
link, 23
tree, 23

Capacitance, effect of in a circuit, 62-66
energy stored in, 63
impedance due to, 63
phasor diagram, branch of, 94
tables of, for transmission lines, 430
transmission line, 425
vector diagram, branch of, 94
Capacitive coupling, 276
Capacitive reactance, 63
Capacitive susceptance, 159-163
Carrier frequency, 264, 266
Cartesian form, of impedance, 125
of operator, 108, 109
Characteristic impedance, 439
determination from open- and short-
circuit impedances, 443
low-pass constant-k, r-section, 466
T-section, 466
=-section, 440
T-section, 440
variation of for constant-k sections,
467
Circle diagram of series circuit, 155
Circuit, capacitive only, 62-66
coupled capacitively, 276
coupled conductively, 273
coupled mutual inductively, 278
definition, 273
direction, 7, 46, 95, 129, 379
inductive only, 59, 94
parallel, 158
polyphase, 325
resistive, inductive, and capacitive, 75
resistive and capacitive, 74
resistive and inductive, 66
resistive only, 57, 93
seriea, 142
series-parallel, 174
sweep, 557
Coefficient, of coupling, 277, 283
of mutual inductance, 279
of self-inductance, 279-280
Coil, iron-core magnetizing current of,

Complex frequency, 179, 572
Complex notation, 107

Complex waves, 223
addition of, 261
components of, 225
definition, 223
subtraction of, 261
Conditions, boundary, 550
Conductance, 15, 160
matrix, 20, 21
Conductive coupling, types of, 273-276
Conductively coupled cireuit, 273
Conjugates of voltage and current, 132,
133 . 2
Connection checks, for wattmeters, 350,
352
Constant-k filter, see Filters, constant-k
type
Copper, comparison of requirements for
transmission, 358-360
Coupled cireuits, 273
design, 309 :
equations of voltage for, 282
impedance of, 299 ’
loose, 283
maximum current in, 306
partial resonance of; 303
resonance of, 301-314
Coupling, eapacitive, 276
coefficient of, 277, 283
conductive, 273, 276
eritical, 306
inductive, 278
loose, 283
mutual inductance, 278
range of, 283
resistance, 276
Crest factor, 89
Critical coupling, 306
Current, alternating, definition, 46, 47,
48
average value, 86, 87, B8
components of, 99'
effective value, 85, 88
fault, 522
instantaneous, 51, 78, 91, 261
in parallel branches, 158
loop, or mesh, 7, 274, 377
resonance, 162-168
rms value, 83, B8
in series branches, 142 .
for non-sinusoidal voltages, 256-262
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Current, in series-parallel branches, 174-
176
for series resonance, 145, 146
source, 1, 3, 199, 200
virtual value of, 85
Current loci, for parallel branches, 164,
165
for series branches, 155-158
Currents, addition of, 128
subtraction of, 123
Cut-off frequency, 454, 463, 465, 481
Cycle, 48

Decibel, definition of, 451
Degrees of svmmetry of waves, 246
Delta connection, balanced load, 339
current for, 334, 335
equivalent for wye, 206-211
harmonics in, 365
symmetrical components of phase
currents, 502, 503
unbalanced, current relations, 400
solution of, 373, 381
voltage, 334
Delta-wye conversion, 207, 382
Delta and wye loads combined, solution
of, 376
Deviation factor, definition of, 256
determination of, 256
use, 256
Directions, circuit, 7, 46, 95, 129, 370
Direct wave of a transmission line, 417
Displaced a-c wave, effective value of,
562
Distorted waves, 223
Distributed parameters, 413
Division of phasors or vectors, 119
Dot-marked terminal, 286
Double-subseript notation, 327
Drain, high-frequeney line, 435
low-frequency line, 436
Dual networks, 31
Duality, 29, 32, 400

Effective value, 85, 88
current, 85, 86, 88
displaced a-c wave, 562
non-sinusoidal wave, 250
sinusoid, 88
voltage, 86, 88
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Electric wave filters, 435
Energy, stored in capacitance, 65
stored in inductance, 62
Equivalent current source, 3, 4, 199, 200
Equivalent delta for wye, 206, 207, 210
Equivalent equilateral spacing for trans-
mission lines, 428
"Equivalent plate circuit of vacuum tube,
203
Equivalent sine waves, 253
phase difference of, 235
Equivalent wye, for delta conversion, 206
formula for, 207
Euler'z equation, 110
Even harmonics, effect of, 246-248
Evolution of a phasor or vector, 121
Experimental determination, of currents
in polyphase loads, 400
of voltages in polyphase loads, 400
Exponential, complex, 174, 573-575
Exponential operator, 110

Factor, amplitude, 89
crest, 89
deviation, 256
form, 88
peak, 89
power, definition, 99
see also Power factor
reactive, 99, 343
transfer, 300
Fault, defined, 522
Fault currents, solving for, 528, 531, 539
Faults, kind of, 522
Filters, attenuation constant, 449-453
band-eliminator, 473, 474
definition, 474
band-pass, definition, 473
comparison of characteristies of con-
stant-k and m-derived types,
151
constant-k type, definition, 464
high-pass, cut-off frequency, 468
design equations, 465-469
summary of characteristics, 471,
472
limitations, 47+
low-pass, characteristic impedance,
466
cut-off frequency, 465
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Filters, constant-k type, low-pass, de-

sign equations, 466, 467
summary of characteristics, 471,
472

zero-frequency value of imped-

ance, 166
definition, 435
electric wave, 435
full m-derived, 480
attenuation and phuse shift, 483
effect of cut-off and infinite attenua-
tion frequencies on value of m,
438
frequencies of infinite attenuation,
431 '
high-pass, 482
low-pass, 481, 482
fundamental equation of, 454-456
general design procedure, 484
hall section, 475-479
high-pass, attenuation, 461
definition, 454
low-puss, attenuation, 458
definition, 451
m-derived hall sectinns, 475
characteristic impedance, 477
gencral equations of, 177, 478
open-circuit impedance, 439, 443
phase constunt g, 444, 430
phase shift, 453, 458, 461
w-spction, 440
propagation constant, 449
short-cireuit impedance, 439, 443
T-seetion, 440
without resistance, 437
Finite differences, method
equations by, 555
Flux, in iron-core transformer, 581-385
leakage, 279, 314
mutual, 279, 311
Form factor, 88
Foster's reartance theorem, 188
Fourier analysig, general, 225
analytical method, 228
analyzing tables, 237-2140
graphical methosd, 233-242
rectangular wave, 231-233
triangular wave, 228-232
Fourier series, 225
coefficients of, 227

of solving
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Four-phase systems, 828
Four-terminal network, 438
Four-wire, three-phase system, 331
Frequency, 48, 49
angular, 50
carrier, 264, 265
rommon for power use, 49
complex, 179, 572
components of modulated waves, 264,
265
cut-off, 454, 463, 465, 468, 481
infinite attenuation for filters, 481
oscillatory, 570
runge of pass band for RLC cireuit, 152
resonant, for parallel branches, 166
for series cireuit, 145

Ciencration of alternating current, 45,
16, 325

Geometric mean spacing of transmission
eonduetors, 428

Craphical composition of svmmetrieal
vomponents, 493

Ciraphical method, for rms value deter-
mination, 86

for wave analysis, 233, 242

Half-power points, 152
Half-wuve resonance, 418
Hall-wave symmetry, 246, 247
Har monies, enused by variation of eireuit
parumeters, 262
comunnents of a complex wave, 225
in adelta svstem, 363
e¢ffect of even on a wave, 246, 248
ina wye system, 361
Iligh-pass filter, see Filters
hisis of termination of fAlter
seetion, 442
Imige impedance, 438
Impetlance, base, 523
capacitive, 63
cartesian form of, 125
charucteristie, for filters, 430
for T- and w»-sections, 440
see also Characteristic impedance
coupled circuit, 209
diagram for series RLC branch, vari-
able capacitance, 149

Imige



INDEX

Impedance, variable frequency, 150
variable inductance, 147
function, defined, 56
image, 438
inductive, 60
matching, 192
mutual, 273, 281
negative-sequence, 510-511, 533, 535
negative-sequence component of, 509
open cireuit of a flter, 439, 443
percentage of, 525
polar form of, 124
positive-sequence, 510, 533, 535
positive-sequence component of, 509
rectangular form of, see Impedance,
cartesian form of
referred to a common base, 523
reflected, 209, 300
resistive, 57
resistive, inductive, and capacitive, 75
resistive and capaeitive, 75
resistive and induetive, 69
short-circuit, of filter, 4349
surge, 418
transfer, 197
transfer fartor, 300
transferred, 298
zero-gequence, 535, 540
of generators, 533, 540
of transformers, 541
Impedance, zero-sequence, of transmis-
sion lines, 342
zero-sequence component of, 509
Impedances, addition of, 142, 143, 158
parullel, 158
series, 142, 143
series-parallel, 174
Inductance, coefficient of mutual, 279
coefhicient of self-, 279, 280
effect of, 60
energy stored in, 62
leakage, 316
mutual, 279
definition, 280
phasor diagram of Lranch, 94
transmission line, formula, 425
general, 423
transmission line table, 429
vector diagram of branch, 94
Inductive coupling, Z78
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Inductive reactance, 60

Inductive susceptance, 158162

Infinite-frequency characteristic impel-
ance, 469

Instantaneous currents, combination of,
78, 91, 92

Instantaneous power, 57, 61, 63-65, 70,
71, 348

Instantaneous value of current and
voltage, 51, 52

Involution of a phasor, 122

Iron-clad R L circuit, transients in, 581

lron-core coil, current in, 224

J, operator, 107

Kilovolt-amperes, 99

Kirchhofl's laws, application of, 30, 377

Kirchhofi's law, application to alternat-
ing current, 377

[.adder structures, 453
Lagzing current, 53-55
leakage flux, 279, 314
inductance, 316
Line ealeulations, approximate methods,
410413
exnct method, 413
Line vonstants, formulas for, 425428
.ables of, 429, 430
Line drain, high-frequency, 435
low-frequency, 436
Line-ro-ground short circuit, 539
Line-to-line short circuit, 331
Links, 23 ;
Logarithm of a phasor, 123
loop current solution, 7, 274, 377
see alse Mesh, current =olution
Lonse ~oupling, 283
Lower side-band, 266
Low-pass constant-k filter, see Filters,
constant-~ tvpe
Law-pass filter, see Filters

Magnetic coupling or mutual inductive
coupliog, 278

Magnetic coupling between phases, 515—
518

Aaguetiziog current of iron-core coil, 224

Matching of impedances, 192
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Matrix, 10, 12
conductance, 20
determinant of, 11, 12
resistance, 11, 13-13
Maximum power transfer, 192-193
m-derived filter section, full, 480
m~derived half section, 473
Measurement, of power in
systems, 34Y
of reactive volt-umperes, @fl-l 3u6-3u8
of three-phase power by three watt-
meters, 387, 388
of three-phase power by two watt-
meters, 349, 389
Mesh, 23
connection, general, 334, 335
current salution, 27+
“four-phase, 330
n-phase, 336
three-phase, see Delta connectmn
Alho, 15, 159
Modulated waves, compeosition of, 264,
265
Modulation, definition of percentage, 265
Multiplication of phasors, 116
Mutual flux, 279, 314
Mutual inductance or induction, 274
between parallel branches, 289
between series branches, 286
coefficient of, 279
definition, 279
impedance, 273, 281
reactance due to, 281
sign of, 284
Mutual induction voltage, 281
direction of, 284
Mutual inductive coupling, 278, 279

balunced

Napier, definition, 451
Negative-sequence components, 4490, 492
evaluation, 195
impedance component, 510
Negative-sequence impedances of ro-
tating machines, 533-536
Neper, definition, 136, 450, 451
Network, image impedance, 438
smoothing, 436, 438
theorems, 194, 196, 197, 205
topology, 22
variables, 8

INDEX

Networks, 194
dual, 31
x, 211
T, 211
theorems, 194, 196, 197, 205
Nodai method of circuit solution, 15-22,
108
Node, 7, 189
Node-pair voltages, 15
Non-linear parameters, step-by-step so-
lutions, 585-589
Non-sinusoidal waves, 223
cireuit analysis for, 225, 256, 258
effective value of, 250
expressing, 225
parallel circuit analysis for, 258
power calculations for, 252
power factor for, 254
series cirruit analysis for, 256
shifting the phase of, 249
volt-amperes of, 254
Norton's theorem, 205
Notation, double-subseript, 327
n-phase mesh, 356
n-phase star, 336

Ohmic method of short-circuit calcula
tions, 523
Open-circuit impedance of a ﬁlter 439,
443
Open-line check, 352
Operator, cartesian form, 108, 100
exponential, 110
7, 108 .
polar form, 111
rectangular form, 110
Oscillatory term of RLL cireuit,
569, 580
frequency of, 570

568,

Parallel, impedances in, 158 +
Purallel branch analvsis, 158

for non-sinusoidal waves, 258
Parallel branch current loci, 164-166
Parullel branches, resonance in, 162
Parallel brunch resonance for all fre-

quencies, 170

Parallel resonance, 162-168

by varying C, 165

by varving /, 166
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Parallel resonance, by varying L, 163
by varying Re, 167
by varying R, 167
Parameters, distributed, 413
effect of variation on wave form, 262
non-linear, step-by-step solution, 585—
589
transmission line, 423
Partial resonance of coupled circuits, 303
Pass band, boundary of, for filters, 438~
465, 473, 481
definition, for filters, 435
for series RLC circuit, 151
width of, for series RLC circuit, 132
Peak factor, 89
Percentage method of expressing parame-
ters, 523
Percentage of modulation, 265
Percentage reactance, 526
Percentage resistance, 526
Period, definition, 48
Per unit method of expressing parame-
ters, 528
Phase, 52
angle, 52
constant, of a filter, 449
of & long line, 418, 421
of current and voltage, 57, 60, 63, 67,
69, 75
difference, 53
for equivalent sine waves, 253
magnetic coupling between phases,
515-518
n-phase mesh, 336
n-phase star, 336
sequence, 326, 327, 339
efiects, 383
impedances, 509, 510, 533, 540
methods of checking, 383, 384
shift, general, 137
of high-pass filter section, 461
of low-pass filter section, 458
shifting of a non-sinusoidal wave, 249
Phasor, 90
Phasors, addition of, 112
algebra of, 107
cartesian form of notation for, 108
division of, 119
evolution of, 121
involution of, 122
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Phasors, logarithm of, 123
multiplication of, 118
raising to powers, 121
rectangular form of notation for, 108
representing sine waves, 90
root of, 122
subtraction of, 114
s-network, 211
x-section filter, 440
attenuation of, 435
characteristic impedance, 440, 443
phase shift, 435
Polar form, of impedance, 123
of operator, 111
Polarity marks, 286
Poles, 182, 572
Polyphase, generation of voltages, 325
see also Mesh, Star connection, Delta
connection, Wye, n-phase mesh
Polyphase power, balanced svstems, 343
comparison with sicgle-phase power,
348
unbalanced systems, 387-390
see also Power
Polyphase unbalanced, general, 373, 377
Positive directions of voltages and cur-
rents, 95, 128, 284
Positive-phase sequence system, 489, 491
evaluation of, 494, 533
impedance of rotating machines, 534,
335
impedance of static elements, 509
Power, half-power points, 152
instantaneous, 57, 61, 63-65, 70, 71,
348
maximum from circle diagram, 157
maximum transfer in a series circuit,
192
measurement, of balanced polyphase,
349
in an n-wire system, 357, 392
by three-wattmeter method, 387
by two-wattmeter method, 349, 387-
390 .
in a purely capacitive branch, 64
in a purely inductive branch, 61
in a purely resistive branch, 58
reactive, in general, 96
real’ in general, 96
in a resistive and inductive branch, 70
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Power, in an RLC branch, 76
system short-circuit caleulations, 522
three-phase, 343, 387-390
of a phasor, 121
Power calculation, of balanced poly-
phase, 343
of balanced three-phase, 343
from complex forms, 131
from conjugate of V" and 7, 133
for non-sinusoidal waves, 252
of single and three-phase, 348
Power factor, balanced three-phase, 343
definition, 99, 345
for non-sinusoidal waves, 254
of series branch, 143
in unbalanced polyphase systems, 394
Power formula, for balanced three-phase,
343, 345
for single-phase, 96
Propagation, velocity of, 410
ol a wave, 417
Propagation constant, of u filter, 449
of a long line, 417

Q, of a coil, 153
of a parallel cireuit, 171
of a series circuit, 153
Quarter-phase, see Four-phuse systems
Quarter-wave resonance of a leng line,
418
Quarter-wave symmetry, 247

Range of coupling, 283
RC branch, transients, 553
Reactance, capacitive, 63
induetive, 60
mutual, 281
percentage, 526
per unit, 525, 528
Resetive factor, 100, 345
Reactive power, see
amperes
Reactive volt-amperes, 71, 96, 344
balanced three-phase, 344
calculated from complex expressions,
131
determination from conjugates of V
and I, 133
formula, for balanced three phase, 344,
345

Reactive wvolt-

INDEX

Reactive volt-amperes, formula, for
single-phase, 97
measurement, of balanced three-phase,
333
in  unbalanced four-wire,
phase, 392
sign of, 76, 97
Reciprocity theorem, 196
Rectangular form, of impedance, 125
of operator 109, 110
Rectangular wave, 231, 233
]iect’:h’er, constants for smoothing net-
work of, 4137, 438
smuothing network for, 436, 438
Reflected impedance, 299, 300
Reflected wave, 417, 418
Reflertions, terminal of a line, 419
Resistance, effect of, 57
impedance due to, 57
percentage of, defined, 326
in series, with capacitance, 75
with inductance, 69
with inductance and caparcitunce. 73
vector diagram of branch, 93
Rtesistance coupling, 276
Resonance, in coupled circuits, 301-314
of a long transmission line, half-wave,
418
quarter-wave, 418
three-quarter-wave, 418
in parallel cireuits, 162
see wlso Purallel resonance
serics cleciits, 141
see nlsn Series resonance
RL branch transients and steady current
in, for ulternating current, 558
for direct current, 551
RLC branch, selective properties, see
Selective RLC cireuit
vector diagram, 95
RLC series branch, equation of current,
579
oscillatory term of, 580
transients in, 566, 571, 576
for R*/4L* > 1/LC, 568, 571, 579
for R*4L% < 1/LC, 568, 571, 580
RL iron-clad circuit, transients in, 581-
583
rms value, 85, 88
of a displaced sinusoidal wave, 562

three-



INDEX

rms value, graphical determination of,
86
of a sinusoidal wave, 88
Root of a phasor, 122

Sawtooth wave form, 555
Yelective properties of circuit elements,
435
high-frequency line drain, 433
low-frequency line drain, 436
Selective RLC circuit, 151
pass bun 1, definition, 151
width of, 152
Selectivity of RLC series Lranch, 152,
153
Self-inductance, 273
voltage of, 282
8equence, phase, 326, 327, 339
checking, 383
efferts of, 383
negative-phase sequence syxtem, 4410,
492, 49
impedance, 509, 533-536
positive-phase sequence avstem,
491, 494
! impedance, 509, 534, 535
rule, 512, 513
zero-phase’ sequence system, 400, 492,
+93
impedance, 509, 535, 540, 541, 542
Series, impedances in, 142
resonance, 144
Series branch, 142
circle diagram, 155
efficiency of for transmission, 137
Series circuit, 142
analysis for non-sinusoidal waves, THh
circle diagram of, 135
current loei, 133, 136
maximum power transfer of, 142
Series-parallel branches, 174
Serivs-parallel tuning, 176
Series resonance, 144
frequency for, 145
by varying capacitance, 148
by varying frequency, 149
by varying inductance, 146
voltage drops, 145
Shifting the reference point of a non-
sinusoidal wave, 249

184,
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Short circuit, accuracy of calculations,
528
calculation, by ohmic method, 523
by percentage method, 525
by per unit method, 528
in power svstems, 522
impedance of a filter, 443
definition, 439, 443
line-to-ground, 334
caleulation of, 534, 544
line-to-line, 531
culeulation of, 536
Side bands, 266
Sign of readings of wattmeters, 350-353
Sine wave, representation of slternating
current, 50
Sine waves, equivalent, 255
Sinusnidal wave, average value of, B8
erest factor of, 8Y
¢Tective value, 85, 88
forim factor, B8
vector representation of, 90
Smoothing network, 436, 138
constants for, 437
Sourees, current, 2, 3
ideal voltage, 4
voltage, 1, 3
S.plane, 181, 184, 187
star vonnection, general, 336
four-phase, 329
n-phuse, 336
three-phuse, 331, 332
Stemdyv-state term, 351, 533, 560, 561,
565, 580
Step-hy-step method solution for non-
Jinenr parameters, 583-583
Stop baud, 433
Subtraction, of currents, 128
of phasors, 114
Superposition, principle, 5, 20
theorem, 104
Surge wimittance, 418
Surge impedance, 413
Susceptanve, 150-162
Sweep circuit, 537
Symibolic notation, se¢ Phasors, algebra of
Symmetrical components, 484
copper losses from, 508
delta-wye voltage transformations, 500
graphical composition of, 493
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Symmetrical components, line-to-ground
current represcntation, 504, 305
negative-sequence system, 490, 402
evaluation, 493, 533
impedunce, for rotating machines,
533
for statie elements, 500
of phase currents in deltu-connerted
loads, 502
positive-sequence svstem, 489, 491
evaluation, 494, 533
impedance, for rotating machines,
535
for static elements, 509
power from, 506-508
solution for fault currents, 522-546
unbalanced current representation,
502-506
unbalanced line voltage representation,
497, 500-501
use of, 489
zero-sequence system, 490, 402, 405
evaluation, 494496, 533, 530
impedance, for rotating machines,
533-535, 540-541
zero-sequence system, impedance, for
static elements, 509
Symmetry, of complex waves, 246
degrees of, 246
half-wave, 216
non-sine waves, 246
positive and negative loops, 246
quarter-wave, 247
of wave ahout its Y0° ordinate, 247
Systems, four-phase, 328
three-phase, 331-336
two-phase, 328
see also Alternating current

Tuables, of capacitance for transmission

lines, 430
‘of inductance for transmission lines,

429

Terminal reflections, 419

Termination of filter section on image
basis, 442

Thévenin's theorem, 197

Three-origin vector disgrum, 341

Three-phase, four-wire system, 331

Three-phase, three-wire system, 334

INDEX

Three-phuse power measurement, 387-
390
Threv-guarter-wave resonance of a long
line, 418
Three-wire, two-phase svstem, 331
Time eonstant, of RC branch, 355
of KL branch, 552
T-network, 211
Topological warping, 23
Topology, 22
Trunsfer fuctor, 300
Transfer impedunce, 133, 197
Transferred impedance, 298
Transformer, uir-core, 291-298, 314-
317
vector diugram of, 315, 316
air-core auto-, 317
Transient, application of, 549
defined, 549
sawtooth wave, 555-558
Transients, of RC branch, 553
of RL branch, 549, 581
of RLC series cireuit, 566-581, 582
oscillatory frequency of, 570, 572,
380
R*/4L? > 1/LC, 588, 571, 579
R*/4L* < 1/LC, 568, 571, 580
of RL iron-clad circuit, 581-583
Transmission, 184
Transmission band, 435
Transmission line, general, 409
approximute solution, by Steinmetz
method, 412
exuact solution, 413
geometric mean spacing of conduetor,
428
by x-line, 411
representation of, 409
by T-line, 410
Transmission line parameters, 423
capacitance, formula, 428
table, 430
derivation of formulas, 423, 425
inductance, formula, 425
table, 429
Transmission of power, comparison of
copper requirements, 358-360
Tree, topological, 23
Triungular waves, analysis of, 231-233
equation of, 224, 232, 233
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T-section, flter, 440
attenuation of, 453, 438, 461
characteristic impedance of, 439-
441, #43
phase shift, 440, 455, 438, 461
series arm, 436
shunt arm, 456
Tuning. series-parullel, 176
Two-phase systems, 328
Two-wattmeter method of measuring
3-phase power, 341, 387-310

Unbalanced currents, representation by
symmetrical components, 302-
506
Unbalanced polyphase circuits, general,
373, 377
delta, solution of, 382
power factor of, 304-306
solution by Kirchhoff's laws, 377
wye-wve with neutral solution, 381
wye-wye without neutral solution,
377, 370
Unbalanced veltage, representation by
symmetrical components, 97—
502
Upper side band, 266

Var, 72, 98
Varmeter, 72

see also Meactive volt-amperes, meter
Veetor, 90
Vector algebra, see Phasors, algebra of
Vector diagrams or phasor diagrams,

general, 94, 97

C-branch, 94

L~branch, 94

R-branch, 93

RC-branch, 15

R I-branch, U4

RLC-hranch, 93

three-origin, 341
Vertor volt-amperes, 304, 395
Velocity, angular, 50

of wave propagation, 419
Virtual value of current or voltage, 85
Volt, alternating debhned, 86
Yoltage, alternating, components of,

a0
definition, 43, 16
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Voltage, drop, 95
drops, across series-parallel branches
174
at series resonance, 145
equations of coupled rircuits, 282
instantaneous, 51
mutual, direction of, 284
mutual induction, 279
node-pair, 7, 15
resonance, 144
rize, 93
self-induced, 282
series branch for non-sinusoidal waves,
256
source, 1, 3
Voltages, addition of, 102, 103, 127
delta, 334
generation of polvphase, 325
vector addition of, 127, 128
vector combination of, 102, 103, 127
vertor subtraction of, 102, 103, 127
wye, 332
Volt-amperes, 09, 344
addition of, 394, 395 P
balanced three-phase, 344
non-sinusoidal waves, for, 254
reactive, 71, 96, 132, 133
in three-phase, 34+, 392
vector, 314, 303

Warping, topological, 23
Wattmeters, checking signs of, 352, 353
Watt-ratio curve, 352
Wave, sawtooth, 553
Wave analysis, 225
analytical method, 228
graphical method, 233, 242
Wave form, 47, 246, 248, 251
of current in an iron-core coil, 224
Wave-length constant, of a hlter, see
Phase constant, of a filter
of a long line, 418, 421
Wave propagation, veloeity of, 419
Waves, addition ol complex, 261
attenuation of, 417
complex or non-sinusoidal, 223, 225
composite, 223, 225
direct, 417, 413
modulated, 263
propagation of, 417, 419



602

Waves, rectangular, 231, 233
retiecte.l, 417, 418
of same shupe or form analytical
~ method of determining, 248
sawtooth, 3335
subtraction of, 91, 92, 261
triangular, 231, 233
Wave shape, 47, 50, 246-25}
effect of shifting an harmonic on, 248,
250, 251
Wave trap, 169
Weber-turns, 281
Wye, general, 332, 336
and delta loads combined, sulution
of, 376 -
balanced load, 337
connection, voltages and currents in,
332, 333
muagnetic coupling between phases
of, 515-518
Wye-delty, conversion, 206-210, 374, 375

INDEX

Wye-delta, unbalanced, solution of,
382
Wye system, currents in, 333
harmonics in, 361 *
Wya-wye system,
neutral, 381
without neutral, 377-380

unbalanced, with

Y, see Wye

Zeros, 182, 572
Zero-frequency charscteristic impedance,
466
Zero-sequence component of impedunce,
309
Zero-sequence impedance, of rotating
machines, 535, 540
of transformers, 541
of transmission lines, 542
Zero-sequence system, 440, 492, 405
evaluation of, 495, 496



