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Accuracy of short-circuit calculations,
528

Addition, of admittances, 158, 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 phasors. 107
Alternating current, amount used in

United States, 45
ampere value, 85
average value 86, 88
beginning of systems, 4$5
components of, 01)
definition 47, 48
effective value, 87
equation of, 51
four-phase s ystems, 32$
generation (ii, Ia, 46
lagging, 52, 53
sine-wave representation, 51, 91
three-phase, 331, 334
two-phase s y stems, 32S

Alternating volt, definition, S6
Alternating voltage, components of, 99

definition, 47, 48
see also Alternating current

Amplitude (actor, 89
Anal) sis, methods of, loop-current, 7,

274, 377
nodal, 198
node-pair, 15-22

Analysis of tiuit-i,iusoidal waves, 225
anaf ytiial 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
same form, 248-250

Angular frequency, 50
Angular velocity, 50
Attenuation, 136

hand, 433
constant or factor of a filter section, 410
constant or factor of a long transmis-

sian line, 417
decibels of, 136, 451
frequency of infinite, 481
general, 136
method of expressing for filter, 449-453
nepers of, 136, 450, 451
see aL!o Filters, high- and low-pass

Auto-transformer, air-core, 317
Average value of a wave, 86, 88

Balanced delta load, 339
Balanced delta system of currents, 334,

335
Balanced systems, power in, 343, 314,

349
Balanced wve load, 337
Balanced 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, 435
Bases for expressing impedances, 523
Boundary conditions, 550

591
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Branch, 5
link, 23
tree, 23

Capacitance, effect of in a circuit, 62-66
energy stored in, 65
impedance due to, 63
pha.sor 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, v-section, 466
T-section, 466

T-section, 440
T-section, 440
variation of for constant-k sections,

467
Circle diagram of series circuit, 155
Circuit, capacitive onl y, 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
series, 142
series-parallel, 174
sweep, $57

Coefficient, of coupling, 277, 283
of mutual inductance, 279
of self-inductance, 279-280

Coil, iron-core magnetizing current of,
224

Complex frequency, 179, 572
Complex notation, 107

Complex waves, 223
addition of, 261
components of, 225
definition, 225
subtraction of, 261

Conditions, boundar y , 5.50
Conductance, 15, 160

matrix, 20, 21
Conductive coupling, types of, 273-276
Conduetivelv coupled circuit, 273
Conjugates of voltage and current, 132,

133
Connection checks, for wattmeters, 350,

332
Constant-k filter, see Filters, constant-k

type
Copper, comparison of requirements for

transmission, 358-360
Coupled circuits, 273

design, 309
equations of voltage for, 282
impedance of, 29
loose, 283
maximum current in, 306
partial resonance of, 303
resonance of, 301-314

Coupling, capacitive, 276
coefficient of, 277, 283
conductive, 273, 276
critical, 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, 88
corpon'nts 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
rrns value, 85, 88
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, 128
Cut-oft frequency, 454, 463, 465, 481
Cycle, 4S

Decibel, definition of, 451
Degrees of symmetry of waves, 246
Delta connection, balanced load, 339

current for, 334, 335
equivalent for wye, 2-211
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, 379
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-subscript notation, 327
Drain, high-frequency line, 435

low-Ire ; i ,ncy line, 436
Du:, 1 tie two rk, 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

Electric wave filters, 435
Energy, stored in capacitance, 65

stored in inductance, 62
Equivalent current source, 3, 4, 199, 200
Equivalent delta for wve, 206, 207, 210
Equivalent equilateral spacing for trns-

rnissioa lines, 428
'Equivalent plate circuit of vacuum tube,

203
Equivalent sine waves, 255

phase difference of, 255
Equivalent wye, for delta conversion, 206

formula for, 207
Euler's 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, 179, 573-575
Exponential operator, 110

Factor, amplitude, 89
crest, St.)
deviation, 256
form, 88
peak, 89
power, definition, 99

set' also Power factor
reactive, 99, 345
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 characteristics of con-

stant-k and rn-derived types,
481

constant-k t y pe, definition, 464
high-pass, cut-off frequency, 468

deign equations, 46-49
summary of chara'teristics, 471,

472
limitations, 471
low-pass, characteristic impedance,

466
cut-off frequency, 465
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Filters, constant-k type, low-pan, de-
sign equations, 466, 467

summary of characteristics, 471,
472

zero-frequency value of imped-
ance, 466

definition, 435
electric wave, 435
full ni-derive,], 480

attenuation and phase shift, 4S3
effect of cut-off and infinite attenua-

tion frequencies on value of in,
438

frequeis of infinite attenuation,
481

high-pass, 482
low-pass, 481, 482

fundamental equation of, 454-456
general design procedure, 484
half section, 475-479
high-pass, attenuation, 41)1

definition, 454
low-pass, attenuation. 45

definition, 454
n-derivcd half so'-ti ii, 475

vharacteri.t ii' im pedinre, 477
general eiu ioiw of. 477, 478

open-circuit impedance, 434, 443
phase constant 0, 444, 450
phase shift, 455, 458, 461
--section, 4-10

propagation constant, 4-I9
short-circuit impedance, 431), 443
T-sect ion, 440
without resistahcec•, 457

Finite differences, mit hod of solving
equations liv, 585

Flux, cci iron-core transformer, .581-58.5
leakage, 279, 314
mutual, 279, 313

Form factor, 88
Fosters rpae!anc'e theorem, 188
Fourier anal ysis, general, 225

analytical method, 228
analyzing tables, 237-2-10
graphical method, 233-242
rectangular wave, 231-233
triangular wave, 228-232

Fourier series, 225
coefficients of, 227

Four-phase systems, 828
Four-terminal network, 438
Four-wire, three-phase system, 331
Frequenc y , 48, 49

angular, 50
carrier, 264, 265
common for power use, 49
complex, 179, 572
components of modulated waves, 264,

263
cut-off, 454, 463, 465, 468, 481
infinite attenuation for filters, 481
oscillatory, 570
range of pass band for RLC circuit, 152
resonant, for parallel branches, 166

for series circuit, 145

Generation of alternating current, 45,
46, 325

Geometric mean spacing of transmission
conductors, 428

Graphicalic:il composition of symmetrical
components, 493

(raplcicccl method, for rms value deter-
mination, 86

for wave analysis, 233, 242

I laIf-power points, 152
I hill-wave resonance, 418
Hall-wave symmetry, 246, 247
Ihe inoncics, 4- UseLi by variation of circuit

parameters, 262
inmoonicicts of a complex wave, 225
in a ll ta s ystem, 365
effect ccl even on a wave, 246, 248
in a 0 

'

N e s ystem, 361
11 igh-pass filter, see Filters

Image basis of termination of 61
section, 442

Image im'cedaccce, 433
Imia c laicco, 1)a-e, 523

capacitive, 63
cartesian form of, 125
chariot eristic, for filters, 439

for T- and T-sections, 440
see also Characteristic impedance

coupled circuit, 29
diagram for series RLC branch, vi

able capacitance, 149

ter

an-
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Impedance, variable frequency, 150
variable inductance, 147
function, defined, 56
image, 438
inductive, 60
matching, 192
mutual. 273, 281
negative-sequenc e , 510-511 533, 535
negative-seqUen component of, 509
open circuit of a filter, 439, 443
percentage of, 525
polar form of, 121
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, 299, 300
resistive, 57
resistive, inductive, and capacitive, 75
resistive and capacitive, 75
resistive and inductive, 69
short-circuit, of filter, 439
surge, 418
transfer, 197
transfer factor, 300
transferred, 298
zero-sequence, 535, 540

of generators, 535, 540
of transformers, 541

Impedance, zero-sequence, of tr-anmi-
sion lines, 542

zero-sequence component of, 509
Impedanccs, addition of, 142, 143, 158

parallel, 158
series, 142, 143
series-parallel, 174

Inductance, coefficient of mutual, 279
coefficient of self-, 279, 280
effect of, 60
energy stored in, 62
lc..kage, 316
mutual, 279

definition, 280
phasor diagram of branch, 94
transmission line, formula, 425

general, 423
transmission line table, 429
vector diagram of branch, 94

Inductive coupling, 278

Inductive reactance, 60
Inductive suseeptance, 158-162
Infinite-frequency characteristic impel-

ance. 469
Instantaneous currents, combination of,

78, 91, 92
Instantaneous power, 57, 61, 63-65, 70,

71, 318
Instantaneous value of current and

voltage, 51, 52
Involution of a phasor, 122
Iron-clad RL circuit, transients in, 581
Iron-core coil, current in, 224

j, operator, 107

Kilovolt-amperes, 99
Kirchhofls laws, application of, 30, 377
Kirchhoff's law, application to alternat-

ing current, 377

Ladder struc t ures, 453
1.agg)ng current, 53-55
Leakage flux, 279, 314

inductance, 316
Line calculations, approximate methods,

410-413
e'nc-t method, 413

I.ine constants, formulas for, 425-428
,a}des of, 429, 430

Line drain, high-frequency, 435
l,>w-frequencv, 436

Line-to-ground short circuit, 539
I.i ne-to-line short circuit, .5-31
Links, 23
Logarithm of a phasor, 123
Loop current solution, 7, 274, 377

see also Mesh, current solution
Loose coupling, 283
Loser side-hand, 266
Lov-pa-ss constant-k filter, see Filters,

constant- type
Low-pass filter, see Filters

Magnetic coupling or mutual inductive
coupling, 278

Magnetic coupling between phases, 515-

518
Magnetizing current of iron-core coil, 224
Matching of impedances, 192
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Matrix, 10, 12
COfl(lUetance, 20
determinant of, ii 12
resistance, 11, 13-I5

,laximum power trait-Icr, 192-103
ni-derived filter suction, full, 480
in-derived half section, 475
Measurement, of power in balanced

s ystems, 349
of reactive volt-amperes, 44, 396-398
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 solution, 27
four-phase, 330
n-phase, 336
three-phase, see Delta connection

Mho, 15, [50
)dLllated waves, composition of, 264,

263
Modulation, definition of percentage, 265
Multiplication of phasors, 116
Mutual flux, 279, 314
Mutual inductance or induction, 279

between parallel branches, 280
between series branches, 286
coefficient of, 279
definition, 279
impedance, 273, 281
reactance due to, 281
sign of, 284

t1utual induction voll ige,,28l
direction of, 284

Mutual inductive coupling, 278, 279

Napier, definition, 451
Negative-sequence components, 490, 492

evaluation, 495
impedance component, 510

Negative-sequence impedances of ro-
tating machines, 533-336

Neper, definition, 136, 450, 431
Network, image impedance, 438

smoothing, 436, 438
theorems, 194, 196, 197, 205
topology, 22
variables, 6

Networks, 194
dual, 31
T, 211
T, 211
theorems, 194, 106, 197, 205

Nodal method of circuit solution, 15-22,
198

Node, 7, 199
Node-pair voltages, 15
Non-linear parameters, step-by-step so-

lutions, 585-589
Non-sinusoidal waves, 223

circuit anal ysis for, 225, 256, 258
effective value of, 250
expressing, 225
parallel circuit anal ysis for, 258
power calculations for, 252
power factor for, 254
series cirCuit anal ysis for, 256
shifting the phase of, 249
volt-amperes of, 254

Norton's theorem, 205
Notation, double-subscript, 327
n-phase mesh, 336
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, 109

exponential, 110
j,10
polar form, Ill
rectangular form, 110

Oscillator y term of RLC circuit, 568,
369, 580

frequency of, 570

Parallel, impedances in, 158
Parallel branch anal ysis, 158

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

quencies, 170
Parallel resonance, 162-168

by varying C, 165
by varying J, 166
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	Parallel resonance, by varying L, 163	 Phasors, logarithm of, 123

by varying Rn 167	
multiplication of, 118
raising to powers, 121

by varying RL, 167 
Parameters, distributed, 413	

rectangular form of notation for, 108

effect of variation on wave form, 262	 representing sine waves, 90

non-linear, step-by-step solution, 585-	 root of, 122

589	
subtraction of, 114

transmissio n line, 423	 v-network, 211

Partial resonance of coupled circuits, 303	 T-section filter, 440

Pass band, boundary of, for filters, 458-	 attenuation of, 455

465, 473, 481	
characteristic impedance, 440, 443

definition, for filters, 435	 phase shift, 455

for series RLC circuit, 151	 Polar form, of impedance, 123

	width of, for series RLC circuit, 152	 of operator, 111

Peak factor, 89	
Polarity marks, 286

Percentage method of expressing pararne- Poles, 182, 572

ters, 52.5	
Polyphase, generation of voltages, 325

Percentage of moilation, 265	 see also Mesh, Star connection, Delta

Percentage reactance, 526	
connection, Wye, n-phase mesh

Percentage resistance, 526	
Polyphase power, balanced s ystems, 343

Period, definition, 48	
comparison with single-phase power,

Per unit method of expressing parame-	
348

ters, 528	
unbalanced s ystems, 387-390

Phase, 52	
see also Power

angle, 52	
Polyphase unbalanced, general, 373, 377

directions of voltages and cur-
constant, of a filter, 449	 Positive

of & long line, 418, 421	
rents, 95, 128, 284

o	
Positive-phase sequence system, 489, 491

f current and voltage, 57, 60, 63, 67, 

69, 75	
evaluation of, 494, 533
impedance of rotating machines, 534,

difference, 53 535
for equivalent sine waves, 255 

impedance of static elements, 509
magnetic coupling between phases, 

515-518	
Power, half-power points, 152

instantaneous, 57, 61, 63-65, 70, 71,
n-phase mesh, 336 

348
n-phase star, 336 
sequence, 326, 327, 339	

maximum from circle diagram, 157

maximum transfer in a series circuit,
effects, 383 

	impedances, 500, 510, 533, 540	 192

	methods of checking, 383, 384	
measurement, of balanced polyphase,

shift, general, 137	 349

	of high-pass filter section, 461	 in an n-wire system, 357 392

	of low-pass filter section, 458	 by threewattmete r method, 387

shifting of a non-sinusoidal wave, 249	 by two-wattmeter method, 349, 387

Phasor, 90	
300

Phasors, addition of, 112	
in a purely capacitive branch, 64

algebra of, 10	
in a purely inductive branch, 61

cartesian form of notation for, 108	
in a purely resistive branch, 58

division of, 119	
reactive, in general, 96

evolution of, 121	
real in general, 96

involution of, 122	
in a resistive and inductive branch, 70

FM
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Power, in an RLC branch, 76
sy*em short-circuit calculations, 322
three-phase 3-13, 387-390
of a phasor, 121

Power calculation, of balanced poly-
phase, 343

of balanced three-phase, 343
from complex forms, 331
from conjugate of V and 1, 133
for non-sinusoidal waves, 232
of single and three-phase, 348

Power factor, balanced three-phase, 3-13
definition, 09, 345
for non-sinusoidal waves, 254
of series branch, 143
in unbalanced polyphase svst-ms, 394

Power formula, for balanced three-phase,
343, 345

for single-phase, 96
Propagation, velocity of, 419

of a wave, 417
Pro pagation constant, of a filter, 449

of a long line, 417

Q, of a coil, 153
of a parallel circuit, 171
of a series circuit, 153

Quarter-phase, see Four-phase systems
Quarter-wave resonance of a kng line,

418
Quarter-wave s ymmetr y , 247

Range of coupling, 283
RC branch, transients, 553
Reactance, capacitive, 63

inductive, 60
mutual, 281
percentage, 526
per unit, 525, 528

Reactive factur, 100, 345
Reactive power, see Reactive volt-

amperes
Reactive volt-amperes, 71, 96, 344

balanced three-phase, 344
calculated from complex expressions,

131
determination from conjugates of V

and 1, 133
formula, for balanced threep!iasc, 344,

345

Reactive volt-amperes, formula, for
single-phase, 97

measurement, of balanced three-phase,
333

in unbalanced four-wire, three-
phase, 302

sign of, 76, 97
Reciprocity theorem. 195
Rectangular form, of impedance, 125

Of operator . 109, 110
Rectangular wave, 231, 233
Rectjfler, constants for smoothing net-

work of, 437, 438
smoothing network for, 436, 438

Reflected impedance, 299, 300
Reflected wave, 417, 418
Reflections, 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 capaitinrc 73

vector diagram of branch, 93
Resistance coupling, 276
Re.sonsn,e, in coupled circuits, 301-3L4

of a long transmission line, hall-wave,
-118

quarter-wave, 418
three-quarter-wave, 418

in parallel circuits, 162
.ee ,ci'o Parallel resonance

seris (if''Oit, 141
see eiho Series resonance

RL hrancfi, transients and stead- current
in, for alternating current, 53S

for direct current, 551
RLC branch, selective properties,

clertive RU circuit
vector diagram, 95

RU' series branch, equation of current,
579

oscillatory term of, 580
transients in, 566, 571, 57

for R!/4L2 > 1/LC, 568, 571, 570
for R 214L 2 < 1/LC, 568, 571, 580

RL iron-clad circuit, transients in, 581-
585

rrns value, 85, 88
of a displaced sinusoidal wave, 562
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rm5 value, graphical determination of,
86

of a sinusoidal wave, 88 -
Root of a phasor, 122

Sawtooth wave form, 555
Selective properties of circuit elements,

435
high_freqUencY line drain, 435
low-frequency line drain, 436

Selective RLC circuit, 151
pass ban I, definition, 151

width of, 152
Selectivity of Rif' series branch, 152,

153
Self-inductan ce , 27

voltage of, 282
Sequence, phase, 326, 327, 330

checking, 383
effect-s of, 383
negative-phase sequence syt cm, 400,

492, 495
impedance, 509, 533-536

positive-phase sequence system, 489,
491, 404

irnpe'lance, 509, 534, 535
rule, 512, 513
zero-phase sequence system, 41)0, 402,

495
impedance, 509, 535, 540, 541, 542

Series, impedances in, 142
reonanCe, 144

Series branch, 142
circle diagram, 155
efficiency of for transmissiOn, 157

Series circuit, 142
analysis for non-sinusoidal waves, '3I

circle diagram of, 1.5.5
current loci, 155, iSo
ma\imum power transfer of, 192

Series-parallel branches, 171
Serwk-parallel tuning, 176
Series resonance, 144

frequency for, 115
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

Short circuit, accuracy of calculations,
328

calculation, by ohmic method, 523
by percentage method, 525
b y per unit method, 528
ill 	 s y stems. 522

impedance of a filter, 443
definition, 439, 443

line-to,-ground, 539
calculation of, 539, 544

line-to--line, 531
calculation of, 536

Side bands, 2136
Sign of readings of wattmeters, 350-353
Sine wave, representation of alternating

current, 50
Sine waves, equivalent, 255
Sinunidal wave, average value of, 88

nest, factor of, 89
ejective value, 85, 88
form factor, 88
vector representation of, 90

Smoothing network, 436, 438
constants for, 437

Sources, current, 2, 3
ideal voltage, 4
voltage, I, 3
plane, 181, 184, 187

Star connection, general, 336
four-l)hae. 329

336
l i -phase. 331, 332

Steak-state term, 551, 553, 560, 561,
565, 580

Sup_ky-step method solution for non-
linear par:n)etCrs. 585-589

Stop band, 435
SuI,t ration, of currents, 128

of phasors, Ill
Superposition. principle, 5, 20

t l,'cren. 194
Surge c,lrnnttance, 418
Surge impedance 418
Susceptane 159-162
Sweep circuit,
Symbolic notation, .ceePhasors, algebra of
Symmetrical components, 480

copper losses from, 508
delta-wse voltage t:arcfurrnat10T1s, 500
graphical composition of, 493
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Symmetrical component.,;, I izie-to--grou cel
current representation, 504, 305

negative-sequence s ystem, 490, 41)2
evaluation, 445, 533
impedance, for rotating martiiiis,

535
for static elements, 509

of phase currents in delta-connected
1oad, 502

positive-sequence vstem, 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, 492, 495

evaluation, 494-496, 533, 539
impedance, for rotating machines,

533-535, 540-541
zero-sequence s ystem, impedance, for

static elements, 509
Symmetry, of complex waves, 246

degrees of, 246
half-wave, 246
non-sine waves, 246
positive and negative loops, 246
quarter-wave, 217
of wave about its 90 0 ordinate, 247

Systems, four-phsse, 328
three-phase, 331-336
two-phase, 328
see also Alternating current

on

55,

Three-phase power measurement, 387-
390

Tlir.-e-quartecwave resonance of a long
lila, 418

Tlirti-wjre, two-1hase sstem, 331
Time rolistant, of NC branch, 555

of NL l,rriili, 552
T-network, 211
roi,olog,,.aI warping, 23
Topology, 22
Transfer factor, 300
Transfer impedance, 135, 197
Transferred irnl)edzLrIce, 298
Transformer, air-core, 291-298, 314-

317
vector diagram 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 RU] series circuit, 566-581 ) 582

oscillatorN frequency of, 570, 572,
580

R 2 /4L 2 > 1/LC, 568, 571, 579
R-2/4L 2 < iLL', 568, 571, 580

of RL iron-clad circuit, 581-583
Transmission, 184
Transmission band, 435
Transmission line, general, 409

approximate solution, by Steinmetz
method, 412

exact solution, 413
geometric mean spacing of conductor,

428
by i--line, 411
representation of, 409
hr T-line, 410

Transmission line parameter ,;, 423
capacItzue, formula, 428

table, 430
derivation of formulas, 423, 423
inductance, formula, 425

table, 429
Transmission of power, comparison of

copper requirements, 358-360
Trre, topological, 23
Triangular waves, anal ysis of, 231-233

equation of, 229, 232, 233

Tables, of capacitance for transmissi
lines, 430

of inductance for transmission lin
429

Terminal reflections, 419
Termination of filter section on image

basis, 442
Thévenjn's theorem, 197
Three-origin rector diagram, 341
Three-phase, (our-win' system, 331
Three-phase, thrcc-%vire system, 334
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T-section, filter, 440
attenuation of, 453, 438, 461
characteristic impedance of, 439-

441, 443
phase shift, 449, 455, 158, 461
series arm, 456
shunt arm, 456

Tuning. series-parallel, 176
Two-phase systems, 328
Two-wattmeter method of measuring

3-phase power, 349, 387-3110

Unbalanced currents, representation by
s ymmetrical components, 302-
506

Unbalanced polyphase circuits, general,
373, 377

delta, solution of, 382
power factor of, 394-396
solution by Kirchhoff's laws, 377
wve-wve with neutral solution, 381
wve-cvve without neutral solution,

377, 379
Unbalanced voltage, representation by

symmetrical components, 497-
502

Upper side band, 266

Var, 72, 98
Varmeter, 72

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

general, 94, 97
C-branch, 94
[-branch, 44
R-branch, 93
RC-brartch, 93
RL-branch, 94
!?LC-hranch, 05
three-origin, 341

Vc,'l,r volt-amperes, 394, 393
Velocit y , angular, 50

of wave propagation, 419
Virtual value of current or voltage. 83
Volt, alterfl:Lting ,IeIi Ic, I,
Voltage, alternating, components of

01)
definition, 43, 46

Voltage, drop, 95
drops, across series-parallel branches

174
at series resonance, 145

equations of coupled e;rcuits, 282
instantaneous, 51
mutual, direction of. 284
mutual induction. 279
noJe-pair, 7, 15
resonance, 144
rise, 95
self-induced, 282
series bi'anch for non-sinusoidal waves,

2,56
source, I, 3

Voltages, addition of, 102, 103, 127
delta, 334
generation of polyphase, 325
vector addition of, 127, 128
vector combination of, 102, 103, 127
vector subtraction of, 102, 103, 127
O\'C, 332

Volt-amperes, 99, 344
addition of, 394, 395
balanced three-phase, 344
non-sinusoidal waves, for, 254
reactive, 71, 96, 132, 133

itt three-phase, 344, 392
vector, 394, 395

Warping. topological, 23
Wattmeters, checking signs of, 352, 353
Watt-ratio curve, 352
wave, sawtooth, 5,5.
Wave analysis, 225

analytical method. 228
graphical method, 233, 242

Wave form, 47, 246, 248, 251
of eurrout in an iron-core coil, 224

Wave-length constant, of a filter, see
1'}iasc constant, of a filter

of a long line', 41S. 421
Wave propagation, velocit y of, 419
\\aves, addition or complex, 261

attenuation of, 417
complex or l,,)fl-$iflUSOi'bd, 223, 225
composite, 223, 225
direct, 417, 418
modulated, 263
propagation of, 417, 419
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Waves, rectangular, 231, 233
refiectei, 417, 418
of same shape or form analytical

method of determining, 248
awtooth 553

subtraction of, 01, 92, 261
triangulir, 231, 233

Ware shape, 47, .50, 246-251
effect of shifting an harmonic on, 248,

250, 251
Wave trap, 169
Weber-turns, 281
Wye, general, 332, 336

and de1tt ]o.ul- combined, Solution
of, 36

balanced load, 337
connection, voltages, and currents in,

332, 333
magnetic coupling between phases

of, 515-518
W)e-dlta, conversion, 206-210, 374, 375

Wye-delta, unbalanced, solution of,
38'2

Wye system, currents in, 333
harmonics in, 361

Wye..wye system, unbalanced, ni
neutral, 381

without neutral, 377-380

see %Vye

Zero..,, 182, 572
Zero-frequency characteristic impedance,

466
Zero-sequence component of imperlan:e,

509
Zero-sequence impedance, of rotating

machines, 535, 540
of transformers, 541
of transmiscion lines, 542

Zero-sequence system, 490, 492, 495
evaluation of, 49.5, 496

-


