
&INDEX

Abstraction, 283, 291

Accuracy, 286

Adapter, 135

Adjustable speed drive (ASD), 134

Admittance, 40, 64, 215

Algebra, linear, 40, 222

Algorithm, 196, 264

Alternating current (a.c.), 7, 49, 127

in generator, 89

Ambiguity, 284

Amp-hours, 269

Ampacity, 182

Ampere, 7

Amplitude, 50

Angular frequency, 51, 77

Antenna, 28

Apparent power, 115, 167, 208

Arc, 6, 190–191

Area control error (ACE), 263

Armature, 86

current and load, 100

reaction, 90, 96

winding, 93

Automatic generation control

(AGC), 263

Automation, 159, 278–281, 291–292

Availability, 266

Base-load, 100, 264–265

Batteries, 268–269

and charge flow, 7, 12

Birds, 185

Black-start capability, 99

Blackout(s), 250, 263, 288

Brownout, 261

Bus(es), 100, 149, 197, 201, 207

and load, 201

P,V and P,Q, 204–206

slack, 202, 207

swing, 202

Busbar, 99, 197

California Independent System Operator

(CAISO), 138

Capacitance, 55

in loads, 127

of transmission lines, 176

shunt, 186

Capacitor(s), 58–60, 127, 270

control of, 186

Capacity of equipment, 70. See also

Ratings

and distributed generation, 275

Characteristic impedance, 177

Charge

electric, 1, 2

static, 1, 11

Christmas lights, example, 40

Circuit, 12, 30

behavior and analysis of, 30, 200

breakers, 151, 157, 189

closed, 13

elements, 30–31

lumped, 8

magnetic, 46

open, 13

short, 16

Circulating current, 155, 239, 241

and delta-wye connections, 175

between generators, 110–111, 113
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Coaxial cable(s), 59, 167

Cogeneration, 273

Combined cycle units, 273

Combined heat and power (CHP), 273

Communication, 278–279. See also

Telephone

Commutation, 133

Complex conjugate, 68, 84

Complexity, 228, 259, 278, 282, 284, 297

Complex numbers, 61–63

Complex plane, 62, 76

Complex power, 68–71, 214

Compressed air energy storage (CAES), 270

Computer(s), 223, 231, 280, 289

as load, 135–136

Condensors, synchronous, 186

Conductance, 10, 33, 64, 66, 215, 224

Conductivity, 5, 6, 10

Conductor(s), 175

diameter of, 10

and heating, 98

Congestion, 154, 295

Conservation voltage reduction (CVR), 252

Contingencies, 233

Contingency analysis, 234

Contracts, bilateral, 265

Control, 289–290

Copper losses, 170–171

Corona, 178

Coulomb, 3

Cross product, 24

Culture(s), 281, 285

Current, 6–7

alternating. See Alternating current

circulating. See Circulating current

direction of, 7

induced. See Induced current

in power flow analysis, 199

inrush, 132

propagation speed of, 8

starting, 132

time derivative of, 57

Cycle(s), 49, 95, 261

Damping force, 242, 244

Degrees of angle, 50

Delta and wye connections, 143, 164

grounding of, 166

in transformers, 171–174

Demand, 136, 268

coincident and non-coincident,

137–138

elasticity of, 293

Demand response, 293–294

Deregulation, 292, 296

Derivative, 57, 60, 80, 219

partial, 218, 226

Device, 30

Dielectric material, 11, 59

Differential equation, 242

Dimension, 1, 82

Dimmer, 130

Diodes, 31

Direct current (d.c.), 49, 127, 195, 268

circuit breaker, 191

generator, 90

motors, 133

transmission, 160, 167

Direct access, 294

Dispatch, 206

Distributed generation, 271–278

and radial distribution systems, 275

availability of, 276

siting of, 274

Distribution, primary and secondary, 148

Distribution system

radial, 150, 194

network, 150, 152

Earth, 5. See also Ground

Economic dispatch, 264

Economics, 137, 292, 296

Economies of scale, 144–145,

274, 294

Edison, Thomas, 49

Efficiency, 285–286

Electrification, 296–297

Electrocution, 287. See also Shock

Electromagnet, 44, 55, 92

Electromotive force (emf), 12, 85, 101

in generator, 88, 102

in transformer, 169

Electrons, 2, 5, 269

Energy, 3–4, 135–136

Energy conservation, 27, 56, 72, 90, 112,

243, 260, 261

Engineering, 281–282

Equal-area criterion, 248–249
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Equilibrium, 242, 261, 282

deep and shallow, 239

generator frequency, 108

stable and unstable, 235

Equity, 296

Euler’s equation, 79

Excitation, 92–93, 117, 132

Exciter, 93, 99

Expected unserved energy (EUE), 230

Expert systems, 279

Exponential base e, 78

Exponential function, complex, 79

Extension cord, 10, 41

External costs, 296

Farad, 59

Fault, 188

current, 193

transient, 191

Feeder, 149

lateral, 149

primary, 151

Field(s), 18–19

electric, 19

electromagnetic (EMF), 25

extremely low-frequency (ELF), 25

magnetic. See Magnetic field

Field lines, 20–21

Flat start, 217

Flexible a.c. transmission systems

(FACTS), 280

Flicker, 50

Fluorescent lamps, 127, 130

Flux, magnetic, 23, 44, 87, 169

density, 46

in generator, 103

leakage, 46, 169

linkage, 47, 88, 120

Force on a charge, 20–21, 24

Frequency, 49–50, 204, 236, 253–254

and power consumption, 260

and stability, 244

angular, 51

choice of a.c., 50

control, 261

tolerance, 168, 254

Friction, 242, 244

Fuel cells, 273

Fuse(s), 189, 192–193, 262

Gas turbines, 273

Gauss, 23

Generator(s)

capacity, 115, 295

conversion of energy in, 85

cooling, 98

damage, 115

induction. See Induction generator

rating, 116, 295. See also Ratings

synchronous. See Synchronous

generator

windings, 98

Geometric mean radius (GMR),

178–179

Governor, 101, 261

Gradient, potential, 20

Grid, design and evolution of, 144,

259, 277, 280, 296–297. See also

Power system

Ground, 4

in outlet, 140–141

Ground-fault circuit interrupter

(GFCI), 190

Ground return, 160

Harmonic(s), 126, 255–256

Harmonic distortion, 53, 123, 251

Heat dissipation, 136, 171–172, 178, 182.

See also power dissipation

Heating, resistive, 14–15. See also

Losses, resistive

Helix, 76, 79

Henry, 57

Hertz, 49

High-pass filter, 59

Horsepower (hp), 131

Hydrogen

energy storage, 271

generator cooling, 98–99

Imaginary axis, 76

Imaginary number i or j, 61

Impedance, 64, 72, 127, 197

characteristic. See Characteristic

impedance

Impulse, 252

Independent system operator (ISO),

146, 263, 264

Induced current, 25, 56, 85, 87
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Inductance, 55

as function of flux linkage, 48

of transmission lines, 176

mutual, 48

Induction, 24, 85

generator, 86, 118, 272

Inductor, 55

Information, 279, 286, 288, 296

Innovation, 287, 291

Insulator(s), 10, 11

on transmission lines, 180

Interconnection, 144–148

Intertie(s), 144, 168

Intuition, 284–285

Inverter(s), 123–126, 268

Ionization, 6, 191

Ions, 2, 6, 269

Iron losses, 170–171

Island(ing), 152–153, 277

Iteration, 195–196, 218, 223

Jacobian matrix, 218–219, 221, 225–226

Joule, 4

Kilowatt-hour, 66

Kirchhoff’s laws, 37, 153, 263

Kirchhoff’s current law (KCL), 32, 39

Kirchhoff’s voltage law (KVL), 32, 38

Lagging current, 56, 77

and phase angle, 64

Leading current, 60

and phase angle, 64

LED clocks, 136

Light, 26

speed of, 8, 27, 212, 288

Lightning, 6, 181

Limit, thermal and stability, 234.

See also Ratings

stability, 238

Line losses. See Losses

Line drop, 185. See also Voltage drop

Load, 127

aggregate, 136, 146

Load duration curve (LDC), 138–139,

264–265

Load balancing

among feeders, 159, 279

among phases, 163

Load factor, 140, 144, 146

Load flow, 195. See also power flow

Load forecast(ing), 137–138, 267

Load growth and distributed generation,

275

Load-following plant, 204, 264–265

Load profile, 138

Load tap changer (LTC), 170, 185

Loop flow, 153

Loop system, 151–152

Lorentz equation, 24

Loss-of-load-expectation (LOLE), 230

Loss-of-load-probability (LOLP), 229

Losses

and distributed generation, 274

and load balancing, 159

d.c. line, 49

heat. See resistive

line, 74, 201, 226, 263. See also

resistive

reactive, 74, 203, 208–209

resistive, 15, 17, 67, 203, 209.

See also line

Low-pass filter, 57

Magnetic field, 21, 23, 44, 46

in armature, 94–95

in inductor, 55

in generator, 87, 90

of rotor. See Rotor field

Magnetic flux. See Flux, magnetic

Magnetic moment, 22, 170

Magnetic poles, 21, 44

and rotor windings, 97

Magnetization, 22

curve, 46

Magnetomotive force (mmf), 47, 169

Maps, 284

Market(s), 266, 277, 292–294, 296

and power flow, 227

Market power, 295

Matrix, 36, 40, 215, 222

Metals, 5

Mho, 10

Microturbines, 273

Microwave oven, 135–136

Mismatch, 218, 222

Monitors, TV and computer, 136

Monopoly, 137, 147, 232, 292
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Motor(s), 85, 131–134

efficiency, 133–134

energy consumption by, 131

induction, 119, 122. See also Induction

generator

paper clip, 90–91

single- and three-phase, 133

Multiphase. See three-phase

Negative sequence, 95

Network reduction, 35

Neutral, 140, 162, 164

Newton’s method, 220–221

Node(s), 40, 197, 217, 289, 295

North American Electric Reliability

Council (NERC), 147

Nuclear power, 264, 271–272

Oersted, Hans Christian, 22

Ohm, 9

Ohm’s law, 8, 81, 223, 251

Oil, 172

One-line diagram, 149, 159, 166, 197–198

Operation

challenges, 227, 282. See also System

operator

skill, 262

Optimal power flow (OPF), 196

Oscillation, 61

Outage, 158–159, 230, 250, 263

Outlet, 140–141

Parallel connection, 31, 33, 36

Paralleling of generators, 111, 262

Peaking plant, 264–265

Penalty factor, 264

Per-unit (p.u.) notation, 208

Period, 27, 50

Permeability, 63, 92

constant, 45

Phase, 50

conductor, 140

in generator windings, 94

Phase angle, 199

complex power, 84

exponential notation, 82

FACTS, 280–281

Phase shift

between voltage and current, 69

in capacitor, 60

in inductor, 56

Phasor(s), 76, 80, 216

Phasor diagram, 77, 83

Phasors

notation of, 78, 81

operations with, 80–82

Philosophy, of electric service, 136

Photon(s), 28

Photovoltaics (PV), 126, 273, 294

Planning, 227, 267

Plasma, 6, 190

Polychlorinated biphenyls (PCBs), 172

Positive sequence, 95

Potential, 3, 4. See also Voltage

Power, 15, 136

active, 70

apparent, 68

average, 68, 70

complex, 84

dissipated and transmitted, 67. See also

Losses

dissipation in load, 128

instantaneous, 68

standby, 135

reactive. See Reactive power

real, 70

output from generator, 100

transmitted on line, 67, 183, 237

true, 70

Power angle, 110, 183, 204–205, 236–237,

239. See also Voltage angle

and circulating current, 110

difference between nodes, 240

in generator, 108

Power factor (p.f.), 70–72, 167

aggregate, 73

and induction generator, 122–123

and rotor field, 104

of fluorescent lamps, 75

of generator, 11, 123

significance of, 73

system, 115

Power flow, 195

analysis, 154

controlled by FACTS, 281

decoupled, 221, 224–225

direction of, 150

equations, 217
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nonlinearity of, 200

solution of, 195, 200

Power pool, 265

Power quality, 118, 250–258

and motors, 134

Power supplies, 135

Power system(s)

behavior, 210

design and evolution, 49. See also Grid

interconnection of, 146–147

operating state, 195

structure of, 149

Precision, 286, 289

Predictability, 283

Price, 137, 145, 268, 293, 295–296

Prime mover, 86, 89

Protection, 150, 188–194, 262

and distributed generation, 275

zones, 192–194

Protons, 2

Public Utility Commission (PUC), 232

Pulse-width modulation (PWM), 125–126

Pumped hydroelectric power, 269–270

Radians, 51

per second, 57

Radiation, 26

Radio, 28

as example of load, 30

Ramp rates, 265–266

Rating(s), 295

dynamic, 182

emergency, 182

generator, 116

historical trend of, 116, 183

Reactance, 55

capacitive, 58

inductive, 57

Reactive capability curve, 116–117

Reactive power, 70, 72, 102

allocation of, 112, 114

and distributed generation, 274–275

and generator, 102

and motors, 132

and voltage, 187

balance of, 202, 204, 260

conservation of, 112

consumed or supplied, 71

direction of flow, 208

from generator, 203

Recloser, 191–192

Redundancy, 150, 290, 292

Refrigerator, 137

Relay(s), 157, 189, 254, 262

Reliability, 229, 231–232, 285

Reluctance, 45, 169

Reserve(s), 144, 233

spinning, 266

Reserve margin, 146, 229, 268

Resistance, 9, 175

combined parallel and series, 33–35

effect on power consumption, 16

per unit length, 10

Resistivity, 9–10

Restoration, 159, 264

Rheostat, 130

Right-hand rule, 22–24, 55

Robustness, 290

Root-mean-square (rms), 53, 199

derivation of, 54

Rotational frequency, 96

Rotor, 86, 92

cylindrical, 97

round, 97

salient pole, 97

squirrel-cage, 120

wound, 120

Rotor current, 93

Rotor field, 92

in induction machine, 121–123

interaction with stator field, 90

Rotor winding, 92

Rubber bands, 212–213

Safety, 192, 285, 287

Sag, 253, 260

Scheduling coordinator, 264

Security, 229, 233

Self-excitation, 99

Series connection, 31–32

Service, 232

valuation of, 232–233

Shedding of load, 159, 230, 263

Shock, 13–14

Siemens, 10

Significant figures, 74

Sine function, 51–52, 80

argument of, 50
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Sine wave, 50

Sinusoid, 50, 88, 89, 256, 258

Situational awareness, 292

Slip, 118, 132

Solar power, 271. See also Photovoltaics

Solar thermal generation, 277

Solenoid, 55, 92

Solid-state technology, 124, 281

Source, current or voltage, 42

Speed, 286, 288

Spike, 252

Spin, 22

Square wave, 124–125

Stability, 109

angle and voltage, 234

as operational criterion, 288

dynamic, 213, 235, 240, 244. See also

transient

steady-state, 213, 235

transient, 233, 240, 248

voltage, 249

Stability limit, 167, 183, 212, 280

Static VAR compensators (SVC), 186

Stator, 92

Stator field, 95

decomposition of, 105

Steady-state condition, 211

Steam, 86

Steam generation, 271, 282, 287

Storage, 260, 268

valuation of, 271, 277

Substations, 149

distribution, 157–158

Subtransmission, 148

Sulfur hexafluoride (SF6), 171–172

Superconducting magnetic energy storage

(SMES), 270

Superconductivity, 6, 10, 213, 270

Superposition principle, 41, 73, 154

Supervisory Control and Data Acquisition

(SCADA), 158, 278, 291–292

Surge impedance, 177

Surge impedance loading (SIL), 177, 184

Susceptance, 65–66, 215, 224

Swell, 252

Swing equation, 242

Switch(es), 157, 292

Switchgear, 190

Switching operations, 264

Synchronicity of generators, 108, 111

Synchronism, 211, 236

Synchronization, 111

Synchronous generator, 86, 92–95

Synchronous speed, 118

System operator, 227, 262, 266. See also

Independent system operator

Taylor series, 219, 221

Telephone, 263, 278–279, 291

Tension, 3. See also Voltage

Terminal(s), 30

Territory(ies), 147, 263

Tesla, 23

Tesla coil, 178

Thermal limit, 182, 211, 213, 280.

See also Ratings

Thermodynamics

first law of, 27

second law of, 203

Three-phase

generator winding, 94

transmission, 140, 160–163, 166

Thyristors, 167

Time

and system frequency, 255

as angle, 51

as variable in a.c. circuits, 199

conceptualization in synchronous grid,

211–212

in operations, 260, 292

in stability analysis, 245

sensitivity of resources, 278

Time-of-use rates, 294

Torque, 100, 132, 160, 261

for induction machine, 119, 122

on generator rotor, 94

Total harmonic distortion (THD),

256–257

Transformer(s), 147, 157, 168

and a.c., 49

and harmonics, 256

capacity limit, 171

cooling, 171

core, 169

distribution, 150, 156

primary and secondary side, 168

tap(s), 141–142, 170

turns ratio, 170
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Transformer bank, 157, 173

Transistor(s), 45, 280

Transmission line(s)

capacity, 295

clearance, 180

dimensions of, 177–178

reactance of, 50

sagging, 180

Transmission system, 148

Transparency, 288

Turbine, 86, 96

and stability, 244

Uninterruptible power supply (UPS),

230, 231, 270

Unit commitment, 264

Utility(ies), 147, 232, 253, 258, 263

VAR compensation, 74.

See also Reactive power

Variable speed drive (VSD), 134

Variables in power flow, 198–199, 206

Vector(s), 40, 64, 95, 222

addition, 116

Veracity, 289

Voltage, 3

and power consumption, 260

and resistive loads, 129

at generator terminal, 93, 97, 102

at node, 216

control in generator, 107

difference between generators, 109

excessively high or low, 251

in power flow, 199

line-to-line and line-to-ground, 181.

See also phase-to-phase and

phase-to-ground, 142, 165,

174–175, 257

time derivative of, 60

transmission, 17, 147

tolerance, 118, 185, 251–252

Voltage angle, 204, 207, 217, 236

in generator, 108

Voltage dip, 253

Voltage drop, 13, 67, 251

Voltage level, 260

Voltage profile, 184, 187, 266

Voltage regulator, 185, 187

Volt-ampere (VA), 70, 182.

See also Apparent power

Volt-ampere reactive (VAR), 70.

See also Reactive power

supplied by generator, 103

Vulnerability, 147, 233, 276,

282, 291

Water

flow analogy with electricity,

38, 39

properties of, 3

Watt, 15

Watt-hours, 66

Wave, propagation of, 27

Waveform, 94, 257–258, 281

of inverters, 124–125

Weber, 23

Westinghouse, George, 49

Wild a.c., 123

Wind power, 264, 271–272, 277

and generator rating, 115

Work, 3–4, 89

Wye connection, 143, 164

grounding of, 166
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