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acid rain, 5, 14 cgs units, 670, 672

ACSR, 163-164, 170 circuit breaker, 3, 20, 34-35, 38, 42, 84,
actuators, 616, 625, 627-628, 639 234, 405-406, 409, 413
admittance, 53-54, 292 assembly, 34, 38

Alnico, 632

dead-tank, 36—37
failure analysis, 38—42
live-tank, 36

alternating waveform, 51
alternator, 359
Ampere’s law, 172, 253, 265, 268, 272,

376, 381, 625 cogeneration, 361
arcing, 34—36, 406, 413, 484 coherent unit systems, 670
armature reaction, 489 coil energy, 254, 260-261
ash, 14 coil inductance, 254, 259-260, 283
audio transformer, 638 combined cycle, 20-21

commutation, 567, 601

baseline power, 6, 8, 21 compensation capacitor, 81, 90, 134—135,

B-H curve, 631-634 138-139
boiling water reactor, 26 complex conjugate, 61
bundled conductors, 164, 193, 218 complex spatial vectors, 177—178
equivalent radius, 193, 218 condenser, 11, 25
bushings, 249251 conductance, 292
conductor table, 170
capacitance-to-neutral, 217 conductors, see transmission lines
capacity factor, 7-8 ACSR, 163-164, 170
capital cost, 8 bundled, 164, 201
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insulated, 162, 168—169

magnetic field, 171

stranded, 163, 169, 188
consumer service drops, 43—44

main breaker 45-46
converter, 590-591, 596-598, 603, also

see inverters and rectifiers

cooling ponds, 11
cooling towers, 9, 11-12
corona, 157-158, 164, 198—-201
creosote, 158
cross-field theory, 467-469
current, 51

definition of, 50

ground, 106

line, 120

load, 81
current chopping, 410, 413
current division, 70-71

dc machines, 483

armature, 489

commutator, 484-485, 487

compound connection, 494

efficiency, 500, 506, 514

equivalent circuit, 491-493

excitation methods, 493-494

flux, 491

generator, 489—-491, 508-509

induced voltage, 493

inter-poles, 486

mechanical output power, 495, 499,
505, 512-513

motor, 487-488, 495, 501, 510, 516

motor control, 538—-542, 603-606

operating point, 499, 506, 519

operating principle, 487-491

rotor, 484—488

separately excited, 492, 493, 495-501,
516, 539

series connection, 493-494, 510-516

shunt connection, 493-494, 501-509,
516

speed, 491, 493, 506

starting current, 498, 504

stator, 483—-484, 486

supply power, 498, 504, 512

terminal voltage, 492

torque, 493, 495, 500, 507, 514, 524
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windings, 483-485
dead-end towers, 161, 165
delta connection, 98—-99, 113114

generators, 113—-114

loads, 115-116, 118, 120
delta—wye transformation

generators, 114

impedances, 60-61, 99
diode, 549-552, 560
disconnect switch, 19-20, 36-38, 158
distribution

overhead line, 42—-43

pole, 42—44

substations, 33-34

system, 4-5, 33—-45

radial, 41

double revolving field theory, 466—467
downcomers, 10

economics, 6-7, 27
economizer, 10
eddy current, 247, 252, 283
electric field
charged particle generated, 193
definition of, 194
force on charge, 616617
intensity, 194—195
lines, 193—-195
transmission line generated, 194
electric flux density, 193—-194
electric shock, 198, 201
electrical motor, 619-621, also see dc
motors and induction motors
electrostatic force, 617
electrostatic precipitators, 13, 617
English units, 670, 672
EPDM, 167
even function, 562

Faraday’s equation, 253, 258, 379,
426-4217, 490, 619
Ferranti effect, 83, 225
ferrite, 261, 632
firing circuits, 584-585, 599-600
flashover, 165, 234, 413, 484
flyash, 13
Fourier series, 561-562
base component, 377
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four-wire system, 106—108 leakage reactance, 431-432

Francis turbine, 31 mechanical power, 432—-433, 437, 472

freewheeling diodes, 590, 592-593 no-load test, 443-445, 449

fuel injection, 9—10 operating point, 438, 441-443, 472,

fundamental frequency, 562, 573 475

fuse cutout, 44, 157, 159 operating principle, 424—-425, 429,
466-469

parameter measurement, 443
rotor, 418, 420, 422-423, 430
single-phase, 418-419, 465, 468
slip, 427, 430, 437-438, 466—-467
speed, 427-428, 431, 439
squirrel cage rotor, 422—-424
starting current, 436
stator, 418, 420-422, 430
supply voltage, 432
three-phase, 418-419, 424-425
windings, 420-421
wound rotor, 423

insulator string, 165

insulators, 157-161
ball and socket, 164—166

gauss (unit), 173, 672-673

Gauss’ Law, 193-194

generator load, 359

generator parameters, 374

geometric mean distance, 192, 217

geometric mean radius, 169—170, 188,
193, 218

greenhouse effect, 21

ground current, 106

ground fault, 405-406

grounding, 245

ground rod, 158, 163

GTO, 549, 556-557, 560, 590

harmonic frequencies, 562, 574 cap and pin, 164-166

health concerns, 158, 171, 182 composite, 165-167

high voltage dc, 155-156, 596597 flashover, 234

horsepower, 433 porcelain post, 165

hot stick, 44 interconnection, 4, 155

hydroelectric, 5, 27-30 inverters, 548, 587-590, 593, 596, 607,
low-head, 29 also see rectifiers
high-head, 30, 32 line-commutated thyristor-controlled,

hysteresis loss, 251, 283 593

iron core, 246, 247, 251, 283, 299, 346
B-H (magnetization) curve, 251-252,
256, 261-262, 264-267, 271
neglecting, 265
saturation, 261-262, 265, 267, 269,
382, 626
iron damage, 101

IEEE, 50
IGBT, 549, 558-560, 566, 590
image conductors, 201
impedance, 51-53, 92
parallel connection, 54
series connection, 53
triangle, 52

induction motors, 418 Kaplan turbine, 29
blocked rotor test, 443, 445-447, 449 Kirchhoff’s current law, 70, 72
control, 418, 543-549, 607-611 Kirchhoff’s voltage law, 76

developed power, 433, 437, 467
efficiency, 433, 438, 473

electrical power, 432, 467 lamination, 247-248

energy balance, 433 lightning, 20, 38, 157-158, 163, 234, 405
equivalent circuit, 429-432, 448, 468 line current, 120

force generation, 426, 428—429 line faults, 38, 405

induced voltage, 426, 430 line losses, 279, 373



line transposition, 191-192, 217
line voltage, 2, 102—104, 120, 194
loads, 80-81, 92

current, 81

voltage, 107, 120
loop analysis, 77
Lorentz force, 426-427, 488, 617-618
loudspeaker, 635, 640

machine constant, 491, 495
magnetic circuit
air gap, 262-263, 267-269, 272, 340
toroidal, 253, 339
magnetic field
conductor moving in, 426, 618—-619
current-carrying conductor generated,
171, 174
Earth’s, 171
energy content, 173—-174, 186187,
260, 622-623
force generation, 427, 429
force on charge, 616—-617
transformer, 246
magnetic field intensity, 172, 253
magnetic flux, 173, 253, 257, 352
generation, 622
inside conductor, 185-186
linkage, 189-191, 353
outside conductor, 184—185
total conductor generated, 187—188
transformer, 245-246
magnetic flux density, 173, 253
magnetic path length, 253, 255
magnetic switch, 623, 627-628
magnetization curve, also see
B-H curve
magnetizing current, 273, 283
magnetizing inductance, 283, 291-292,
321, 323, also see coil inductance
rating, 299
Mathcad, 642
arg(), 75
complex conjugate, 83
cspline, 266
editing keystrokes, 645
equation solvers, 653
Find(), 75, 654-655
function definition, 650
functions, 647—-649
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imaginary number representation, 73,
646
magnitude operator 75
matrices, 655-656
Maximize(), 226, 652—-653
Minimize(), 652-653
modulus, 575
or, 575
plot units, 86
plotting, 650—652
range, 649
root(), 87, 653-654
toolbars, 642—-643
units, 643
vectors, 655-656
MATLAB, 659
abs(), 52
angle(), 53, 662
atan2(), 662
colon operator, 664
constants, 661
element-by-element operations, 69, 663
matrices, 662—-663
max(), 457
operators, 661
plotting, 665-667
programming, 668—669
vector operations 522
vectors, 662
Maxwell’s equations, 172, 619
microphone, 635-636
MKS units, 670
modulation index, 592
MOSFET, 549, 558, 560, 566, 590

natural gas, 5
neodymium-iron-boron, 631-634
nodal analysis, 71-72

north pole, 622

odd function, 562

oersted (unit), 256

Ohm’s Law, 51, 65

one-line diagram, 66—-67

open circuit voltage, 222, 226
operation security, 370

overcurrent, 44

overvoltage, 38, 163, 406, 409-413
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parallel, definition of, 54
passive sign convention, 50, 83, 92, 230,
275-276, 370-371
peak power, 6, 8, 27, 31
per unit system, 128—130
base values, 129, 132
permanent magnets, 622, 630-633,
635-637, 641
permeability, 253, 261-262, 283, 381,
619, 622
of free space, 173, 256, 674
relative, 256
permittivity
of free space, 194, 674
PEX, 168
phase sequence, 98, 353, 425
phase shift, 51, 62-65, 80
phasor
conjugate, 61
definition of, 50-51
diagram, 105-106, 117
pi (IT) circuit, 87, 218-219, 237, 409
positive phase sequence, see phase
sequence
positive sequence capacitance, 215
positive sequence inductance, 189
potential coefficients, 203
power, 50, 61
active, 61
apparent, 61
average, 61
complex, 61, 64, 81, 92, 120
instantaneous, 61, 63, 98
quadrature, 62
reactive, 62, 64, 80, 92, 261, 359-360
real, 61, 63
power angle, 95, 230-231, 358-359,
362-363
power factor, 62-63, 80, 92
angle, 62, 92
improvement, 90-91
power plants, 5, 7
combined cycle, 20
fossil, 8
hydroelectric, 27-30
nuclear, 21-26
power system, 2
power triangle, 62
pressurized water reactor 23, 25

PSpice, 675
circuit editors, 675
examples, 145, 234, 405, 565, 597
libraries, 676
prefixes, 676
pulse source, 238, 410
VSIN, 235, 565
pulse width modulation, 558, 566, 588,
590-592
pumped storage, 30—32

radio interference, 157, 198, 201
reactance, 52-53
rectifiers, 19, 351, 548, 559, also see
inverters
bridge, 560-561, 567-568, 597-598
delay angle, 570, 574, 577-578, 582,
587, 606
diode, 542, 560-561
full-wave, 560-561
half-wave, 560-561, 563-566
line commutated, 566, 588
three-phase, 585
thyristor-controlled, 542, 553, 566—568,
585, 587, 598
regenerative breaking, 545
relay, 20, 36, 641
reserve margin, 232
residential electrical connection, 45
reverse current breakdown, 549
right hand rule, 171, 253, 273-274, 618
ripple, 561
root mean square, 2, 63
definition of, 51
Fourier series, 562
sinusoidal waveform, 51

safety, 107, 160, 245, 300
samarium cobalt, 631-634

SCR, 549, 552-556, 560, 599
scrubbers, 14

service panel, 45—-46

SFg, 34-36, 413

shaded pole motor, 475, 477
sheet steel, 247, 251-252, 261, 271
shield conductors, 157—159, 164
short circuit current, 84, 234
shunt capacitor, 72



SI units, 670-672
smoothing capacitance, 597, 600-601
smoothing inductance, 597, 600
snubber circuit, 584585, 587
solenoid, 620, 627, 639
south pole, 622
space potential, 194
split-phase motor, 475
static stability, 360—361, 363-364, 393
stator, 17—-18, 30
steady-state stability limit, 227
step motor, 622
substations, 1, 3, 33-34
sub-transmission lines, 4, 156, 158, 165
supply short circuit duty, 242
supporting towers, 161, 165
surge arrester, 19-20, 38-39, 44, 160
susceptance, 292
switchgear, 3, 161-162
switching overvoltage, 413
switching surge, 20, 38
switchyard, 9, 26
symbols, 673
synchronization, 360
synchronous condenser, 359
synchronous generators, 17, 19
armature, see stator
armature flux, 355-356
armature inductance/reactance, 356
armature reaction, 356
brushless excitation, 19, 351-352
cooling, 18, 345-346
equivalent circuit, 357, 361, 374, 389
excitation, 19, 346, 351-352
hydro, 17, 27
induced voltage, 354, 356, 374, 380
neutral point, 101, 107, 111
operating concept, 352—357
rotor, 17—-18, 344-348, 350
round rotor, 344-345
salient pole, 17, 19, 29-30, 344, 346,
349-352
short circuit, 405
slip rings, 350-351
stator, 344-347, 349-350
synchronous reactance, 357, 374, 380,
387-388, 406
synchronous speed, 353, 355
terminal voltage, 354, 356-357, 360
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transient impedance, 406
voltage, 2, 245
synchronous machines, 344, 359, also see
synchronous generators
system efficiency, 66
system frequency, 1

television interference, 157, 198, 201
tension towers, 161, 165
tesla (unit), 173, 672—-673
thermal efficiency, 5, 21
thermal pollution, 11, 21
Thévenin equivalent, 79-80
inverter, 595
network, 147, 222, 226, 229-230, 574
transformer, 276-277
three-phase circuits
advantages, 97
balanced systems, 97-98
power measurement, 120—123, 320
three-wire system, 106—107, 111
thyristor, 549, 552-556, 560, 599
torque, 433, 440, 473
starting, 441-442, 467, 474, 476, 493,
515
total harmonic distortion, 574, 583
transducers, 616, 630
transformers, 4, 245
capacitance, 406
circuit parameters, 289, 293, 319
complex power, 275, 308
cooling, 249
core resistance, 291, 321, 323
core type, 273
current, 19-20, 36, 38
delta-delta connected, 309-310,
317-319
delta-wye connected, 308-310,
315-317, 331
distribution, 43
dry type, 249
equivalent circuit, 293
ground level, 44
grounding, 300, 566—567
ideal, 273-275
impedance transfer, 276277, 284, 289
leakage reactance, 283-284, 323
oil cooled, 250-251
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transformers (continued) span, 160-161
open circuit test, 291-293, 319-321, towers, 156-157, 163
323, 328 transmission system, 3—4
parallel connection, 247, 294 transposition, 191-192, 217
phase shift, 306-307, 309-310, 315, turbine
317 Francis, 31
potential, 20, 36 hydraulic, 6, 27, 30
power cube, 560 Kaplan, 29
power plant, 19 steam, 15-16
rated current, 285, 299 turbine-generator, 6
rating, 299 turns ratio, 246, 274-275, 277

real, 246, 283-284
shell type, 273

short circuit test, 289—291. 320 underground Cables, 4, 44, 161—163,
322-323, 329 . 168-169
single-phase, 246, 273 unit conversions, 672

single-phase equivalent, 303, 307, 319 unit dimensions, 671

step-down, 5, 44-45
three-phase, 249-251, 298-300

. VAR, 62, 124
turns ratio 300-301, 305, 307, voice coil, 635
309_319 voltage
voltage polarity, 247, 275 definition of, 49—50

windings, 245-248, 273, 310

wye-delta connected, 305-308, 310,
313-315, 596

wye-wye connected, 300—305,

extra-high, 2, 4, 156

induced, 258-259, 274

integrated from electric field, 194—195
line-to-ground, 194

310-313, 325, 596 line-to-line, 102-104, 120, 194
transmission line parameters, 218 line-to-neutral. 102—104. 234

capacitance, 193, 217 open circuit, 222, 226

inductance, 184, 192 polarity convention, 50, 64, 76
resistance, 169—170 sinusoidal, 65

transmission lines, 3—4, 155 standards, 90, 277
conductors, 163—164 ultra-high, 2, 4

conductor arrangements, 179, 211, 220, voltage division, 76-77

241-243 voltage regulation, 67—68, 86, 278
high voltage dc, 155-156, 596597

line voltage, 2—4

models, 218-219 wattmeters, 120—121
overhead, 4 weather damage, 160
right-of-way, 158 weather shed, 165-167
sag, 160—161 wye connection, 98—99
single-phase equivalent, 218, 221 generators, 101-104

siting, 157-158 loads, 106—-107, 109, 120



