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DC analysis, 388-392
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Diagonal matrix, 484
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exchange between inductors und
capucitors, 242-244
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Euler's formula, 482
Euler’s identity, 213
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148-150

F
Faraday's law, 361, 365
Farnds, 2, 9, 389
Feedback in amplifier circuits, 73-74
Femto, 389 ~
Filters, 298-302, 311-313
active, 299-300
bandpass, 300-301
high-pass, 160
low-pass, 89-90, 297
passive. 299-300
scaling frequency response ofl
313-314
First-order circuits, 143178
active, 159-161
Floating source, 83
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coupling, 361
leakage, 361
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mutual, 365
Force, 1,2
Forced response, 145
network function and, 190-191
Fourier integral, 459
Fourier method, 448180
analysis using computers, 407
circuit analysis and, 456459
effective values and power, 455456
exponential series, 450451,
469-471,477-479
trigonometric series, 448-450,
463469, 474-475
waveform symmetry, 451454
Fourier transform:
mverse, 459461
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properties of, 461 62
Frequency, 1, 119
center, 300
complex. 186-187. 196~197. 203
half-power, 296
natural, 205, 302
operating, 306
scaling, 192-193
scaling of response for filters,
313314
Frequency domain, 214
voltage and current division in, 216
Frequency response, 89, 291-292
computer circuit analysis of, 397-398
high-pass networks, 292-295
low-pass networks, 202-205
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parallel resonance and. 304-305
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Frequency response (Cont.)
from pole-zero location, 297-298
scaling for filters, 313-314
series resonunce and, 302-303
two-port/two-clement networks,
296
Frequency scaling, 192-193

G
Gain, open loop, 73
Generutors:
AC, 266, 279
three-phase, 267-268
two-phase, 266-267
Giga, 2. 389
g-parameters, 342, 345-346

H

Half-power frequency, 296

Half-wave symmetry, 453, 463-464

Huarmonics, 134, 454455, 456-459,
471

Heaviside expansion formula, 430,
436437

Henry, 1,9, 389

Hermitian matrix, 485

Hertz. 1

Higher-order circuits, 179-208

active, 193-194

High-pass filter, 160

High-pass networks, 292-295

Homogeneous solution, 143, 145

Horsepower, 5

h-parameters, 341-342, 345-346,
353-354

hybrid parameters, 341-342, 345-346,
353-354

|
Ideal trunsformers, 367-368
Impedance, 198, 214-216. 222-223,
232, 287-290
combinations of, 215
dingram, 215
input, 218, 228
in parallel, 215
reflected. 369-371
in s-domiain, 187-188
in series, 215
smusoidal seady-siate circuits,
214-216
transfer, 218, 228
Impedunce paramelters, open-circuit
(see Z-parameters)
Impulse function:
sifting property, 128
strength, 127
unit, 126-128
Impulse response:
RC circuits and, 156-157
RL circuits and, [56-157

Inductance/inductors, 1, 7-9, 11,
15,20
DC steady state in, 152-153
distributed. 7
energy exchange between capacitors
and, 242-244
establishing DC cumrent in, 148
leakage, 365
mutual, 359
in parallel, 26-27, 30-31
self-, 359
in series. 25-26
Induction motors, 262, 264
Inductive reactance, 214
Inductive susceptunce, 214
Input admittance, 219, 229
Input impedunce, 218, 228
Input resistance, 43, 59
Instantaneous power. 237-238. 242,
255, 266-267
Integrator circuit, 85-87
imitinl conditions of, §7
leaky, 86
noninverting, 207
Internationn! System of Units (SI), |
Inverse Fourier transform. 459-461
[nverse hybnd parumeters, 342, 345
[nverse Laplace transform, 425
[nversion integml, complex, 425
Inverting circuit, 79
lons, 2
Iron-core trunsformer, 365

J
Joule, 14

K

Kelvin temperature, |

Kilo, 1, 389

Kilowatt-hour. §

Kinetic energy, 3

Kirchhoff's current law (KCL), 25,
37,40

KirchhofT's voltage law (KVL), 24,
38,427

L

Lag network, 208

Laplace transform method. 425447
circuiis in s-domain, 43 1-432
convergence of the integral, 428
direct, 425
final-value theorem, 428-429
Heaviside expunsion formula, 430,

436437

initial-value theorem, 428-429
imverse, 425
network function and, 432433
partial-fraction expansion, 429-430
selected transforms, 427

Laplace’s expansion theorem, 488

>

Laws, 24-36 (See alse Theorems)
Kirchhoff's current, 25, 37, 40
Kirchhoff's voltage, 24, 38, 427
Lenz's, 363
Ohm’s, 9,47

L.C crrcuits; parallel, 305-306

Lead network, 207-208

Leakage flux, 361

Leakage inductance, 365

Length, 1

Lenz's law, 363

Lightning, 22

Line spectrum, 454-455

Linear transformers, 365-367, 378-379

Linking flux, 361

Load current, 270-271

Locus diagram, 307-310

Loop current method (see Mesh current

method)

Loop currents, 37-38

Lossy capacitors, 323-324

Low-pass filters, 89-90, 297

Low-pass networks 292-205

M
Maugnetic flux, |
Magnetic flux density, |
Magnetic {lux linkage, 361
Magnetizing current, 366
Magnitude scaling, 192-193, 201202
Mass, |
Matrix (matrices ). 484390
adding, 485486
charactensiic, 484
column, 484
diagonal, 484
eigenvalues of square, 489
eigenvectors of square, 489
Hermitian, 485
inversion by determinunts, 4588489
muluplication by a scalar, 487
multiplying, 486-487
nonsingular, 485486
null, 484
row, 484
simultaneous equations, 484
square, 484, 487490
subtracting, 485
symmetric, 485
types of, 48485
unit, 484
Z-matrix, 217
Matrix method, 38-40, 51-52
Maximum power transfer. 251-252. 265
Muximum power trunsfer theorem.
4748
Mega, 2, 389
Mesh current/mesh current method,
37-38, 44, 50, S8, 60, 6465, 226,
234
sinusoidal circuits and. 216-219
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Meter, |
Methods, analysis (see Analysis
methods)

Micro, 2, 389

Milli. 2. 389

Minimum power. 35

Motors, induction, 262, 264

Mutual flux, 365

Mutual inductance, 359
computer circuit analysis of, 398400
conductively coupled equivalent

circuits and, 364-365

coupled coils and, 262-263
coupling coefficient and. 361
dot-rule and, 363

N
Nano, 2, 389
Nutural current, 362
Natural frequency, 205, 302
Natural response. 145
network function and, 191192
Network function, 188-190
complex frequency and, 188-190
forced response, 190-191
frequency response and, 207
Laplace transform and, 432433
natural response. 191192
pole-zero plots, 188190
Network reduction, 4143
Network(s):
conversion between Z- and
Y-parameters, 340-34|
g-parnmeters, 342, 345-346
high-pass, 292-295
h-parameters, 341-342, 345-346.
353-354
lag, 208
lead, 207208
low-pass, 202-205
nonreciprocal, 336
paraliel-connected, 248-249
parameter type. 345
passive in the s-domain, 189190
pi-equivalent, 339
reciprocal, 336, 337, 339
T-equivalent, 337
terminal churacteristics, application
of. 335, 339-340
terminal paramelers and conversion.
345-346
T-parumeters, 343-346
two-mesh, 446
two-port, 335-358
two-port/two-element, 206
Y-parameters, 337-339, 344-345,
349
Z-parameters, 335-337, 343-345,
346-348, 350-351
Newton, 1,2
Newton-meter, 2

Node:
principal, 25
simple, 25
Node voltage method, 40-41, 52-53,
59, 61, 63, 64, 219, 227-228
sinusoidal circuits and, 219
Noninverting circuits, 81-82
Noninverting integrators, 207
Nonlincar element, 36
Nonlinear resistors, 1314
dynamic resistance, 13
static resistance, 13
Nonperiodic functions, 125
Nonreciprocal networks, 336
Nonsingular matrix, 485
Norton equivalent current, 4547, 236
Norton's theorem, 4547, 62, 220,
230-231, 235-236
sinusoidal circuits and, 220
Null matrix, 484
Number system, complex (vee Complex
number system)

0
Ohm, 1.9, 389
Ohm's law, 9, 47
Op amps, 75-78
circuit anulysis of, 78-79
circuits containing several, 84-85
computer circuit analysis of. 397
saturation, 75-78
voltage follower, 82, 109-110)
Open-loop gain, 73
Operating point, diode, 13-14, 23
Operationul umplifiers (see Op amps)
Output resistunce, 43
Overdamping. 179. 302
paralle! RLC circuit, 183-184
series RLC circuit, 180181

P
Parullel analog-to-ligital converter, 93-94
Partial-fruction expansion, 420430
Particular solution, 143, 145
Passive elements, 7-8
Passive filters, 209-300
Passive network in the s-domain, 189-190
Passive phase shifter, 161
Periodic functions, 117-118, 237-238,
448
average/effective (RMS) values,
123-124
combinanon of, 122
Periodic pulse, 117118
Periodic tone burst, 118
Phase angle, 1, 196-197, 210-213
Phase current, 270-271
Phuase shift. 119-122
Phuse shifter, 161
actve, 161
passive, 161

Index

Phasor voltage, 269-270
Phasors, 211-214
defining, 211-212
dingrams, 212
equivalent notations of, 213
phase difference of, 211
voltage, 225
Pico, 2, 389
Pi-equivalent netwaork, 339
Plane angle, |
Polarity, 8-9, 29, 267268
instantaneous, of coil terminals, 363
Pole zero plots (see Zero pole plots)
Polyphase circuits, 266-290
ABC sequence, 268, 280-281,
284-285, 288
CBA or ABC. 290
CBA sequence, 268, 281-282, 288
delta system, 269
balanced loads, 270-271
equivalent wye connections and,
272-273
unbalanced loads, 274
instantaneous power, 266
phasor voliages, 269-270
power measurement with warme-
lers, 277-278
single-line equivalent circuit for bal-
anced three-phase loads, 273
three-phase power and power factor,
276-277
three-phase systems, 267-268
Iwo-phase sysicms, 266-267
wye system, 269
balanced loads, 271-272
equivalent delta connections and,
272273
unbalanced four-wire loads, 274-275
unbalimced three-wire loads. 275-276
Potential energy, 3
Potentiometer, 31
Power, 1-2, 1819, 21, 95 (See also
Energy)
ahsorbed, U5
AC. 237-265
apparent, 244-248
average, 239-241, 242, 254, 263-265
complex, 244-248, 263-265
effective values and, 455456
eléctrical, 4
instantaneous, 237-238, 242, 255,
266-267
munimum. 35
quadrature, 241
renctive, 241, 244-248, 261, 277-278
real, 239-24|
in sinusoidal steady state, 238-239
superposition of average, 252-253
three-phase, 276-277
in three-phase systems. 276-277
transfer theorem. maximum, 4748
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Power fuctor, 240, 256-259
improvement. 250-251
in three-phase systems, 276-277
Power transfer, maximum, 251-252
Power triangle, 244-248, 258-260
Primary winding. 365
Principal node, 25
PSpice (see Spice and PSpice)

Pulse, response of first-order circuits to,

155-156

Q
Quadrature power, 24|
Quality factor, 304

in RLC series circuit, 319

R

Radian, |

Random signals, 131-132

RC circuit:
complex first-order, 150-151
impulse response of, 156-157
in parullel. 138, 144, 157

Y- and Z-loci for, 308

response 10 exponential excimnons,

158
response 1o pulse, 155-156

response to sinusoidal excitations, 159

n series, 145-146, 155157,
172-174, 222, 232
saurce-free, [43-144
sep response of, 157
Reactance:
capacitive, 214
inductive, 214
Reactive power, 241, 244248 761
in three-phase systems, 277-278
Real power. 239-241
Reciprocal networks, 336
pi-equivalent of, 339
Reflected impedance, 369-371
Resistance/resistors, 9, 10
capacitor discharge in, 143144
distributed. 7
dynamic, 13
mput, 43, 59
nonlinear, 13-14
output,«43
in pamallel, 26-27, 28-29
in serics, 25-26, 28
satic, 13
trunsfer. 44. 60

Resonance, 300-301, 316, 322, 327-329

paraliel, 3(04-305
senes, 302-303
RL circuits:
complex first-order, 150151
mopulse response of, 156-157
i paralicl, 157
¥-locus for. 309

psponse 1o expanential excituions, 158

RL vircuits (Cont.)
response to pulse. 155-156
respanse o sinusoidat excitations, 159
n series, 148, 157158, 170, 173
source-free, 146147
step response of, 157
two-hranch, 326
RLC circuits:
AC power in, 241-242
in parnllel, 183-185, 195-196
critically damped, 185
overdamped, 183184
underdamped, 184185
quality factor, 319
resonance:
parallel. 304-305
series. 302-303
In series, 179182, 194-195
eritically damped, 181-182
natural resonunt frequency, 203
overdamped, 181-182
scaled element values, 206
s-domain impedance, 188
transient current. 202
rransient voltage, 203
underdamped, 182
Y-locus of, 308309
Root-mean-square (RMS), 123-124
uvernge/effective values, 123-124
Row matrix, 484

S
Saturanian, of opertional amplifiers, 75-78
Sawtooth wave, 448, 450, 454455, 474
Scaling:
frequency, 192-193
frequency response of filters, 313314
mugnitude. 192-193, 201-202
s-domain circuits, 187194, 203, 431432
impedance, 187-188
impedance of serics RLC circuit, 188
passive network in, 189190
Second, |
Secondury winding, 365
Self-admittance. 219
Self-inductunce, 359
Sensitivity, 109110
analysis using computers, 407
Slunits, |
Siemens, |
Signals;
nonperiodic, 125
periodic, 117118, 237-238. 448
random, 131-132
Simple node, 25
Sine wave, 117, 119
Sinusoidal circuits:
Norton's theorem and, 220
steady-state node voltage method
and. 219
Thevenin's thearem and, 220

-

Sinusoidal excitation, response in:
RC circuits, 159
RL circuits, 159
Sinusoidal functions, 119
Sinusoidal steady-state circuis, 209-236
admittance, 214-216
element responses, 209-21 |
Impedance, 214-216
mesh current method and, 216-219
phuse angle, 210-213
phasors, 211-214
voltage/current division in frequency
domain, 216
Software (see Computers; Spice and
PSpice)
Spice and PSpice, 387424
AC steady state, 397-398
.AC statement, 398
independent sources, 397-398
PLOT AC statcment, 398
PRINT AC statement, 398
data statements;
controlled sources, 391
current-controlled sources, 391
dependent sources, 390-392
independent sources, 389-390
linearly dependent sources. 390
passive elements, 388-389
scale factors and symbols, 389
voltuge-controlled sources, 391
DC analysis:
output statements, 392-394
using, 388-392
exponential source, 402403
Fourier analysis, 407
frequency response, 397-398
modeling devices, 401402
mutual inductance, 398400
op amp cireuit analyxis, 397
pulse source, 403
sensitivity analysis, 407
sinusoidal source, 405
source file:
control statements, 388
data statements. 388
dissecting. 388
END suarement, 358
outpul statements, 388
title statement, 388
specifying other sources, 40206
SUBCKT statement, 395
Thevenin equivalent, 394-395
TF statement. 394
ume response, 402
transformers, 39846
tramsient analysis, 402
s-plane plot, 204
Square matrix, 484, 487400 1
Static resistance, 13
Steady ste, 143 -
DC in inductors/capacitors, 152-153
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Step function, unit, 125-126
Steradian, |
Summing circuit, 79-80
Superposition, 4445, 61, 63-63, 111
of average powers, 252-253
Susceptance: y
capacitive, 214
inductive, 214
Switching, 143
transition at. 153-154
Symmetric matrix, 485
Symmetry;
hulf-wave, 453, 463464
waveforms, 451454, 464
Synthesis, waveform, 455, 474

T

Tank circuit, 305, 309
Temperature, Kelvin, |
T-equivalent network, 337
Tera, 2. 389

Terminal charascteristics, application of,

335.339-340
Terminul parnmeters und conversion,
345-340
Tesla, |
Theorems (See also Lawy):
final-value, 428-429
initial-value, 428420
Laplace's expansion, 488
muximum power transfer, 47-48
Norton's, 4547, 62, 220, 230-231.
235-236
Thevenin's, 45-47, 55-56, 62-63,
220, 230-231, 235-236,
304305
Thevenin equivalent voltage, 45
Thevenin’s theoremn, 45-47, 55-56,
62-63, 220, 230~-231. 235-236.
394-395
sinusaidal circuits und, 220
Three-phase systems (see Polyphase
circuits)
Time, |
Time constant, 129, 148-150
Time domain, 214
vs. s-domain, 425
Time function, 4, 117142
nonperiodic, 117, 125
periodic, 117-118, 122
random, 117
Time response. computer cireuit anuly-

Transfer function, 188-190, 204, 320-32|
commund using Spice/PSpice, 394
Transfer impedance, 218, 228
Transfer resistance. 44, 60
Transformers, 264, 359-386
air-core, 363
auto-, 369, 380
computer circuit analysis of, 39800
ideal, 367-368
iron-core, 365
linear, 365-367, 378-379
rating, 260-261
reflected impedance of, 369-371
Transicnts, 143
computer circuit analysis of, 402
Two-mesh circuits, 185-186, 203
Two-mesh networks, 446
Two-port networks, 296, 335-358
cascade connection, 344-345
converting between Z- and
Y-parameters, 340-34]
g-purnmeters, 342, 345-346
h-parameters, 341-342, 345-346,
353354
interconnecting, 343-345
parallel connection, 344
series connection, 343-344
T-equivalent of, 337
terminals and, 335
T-purameters, 343, 345-346
in a cascade combination, 344
Y-parameters, 337-330, 344345,
349
Z-purameters, 335-337, 343-345,
346-348, 350-351

U
Underdamping, 179, 182, 184-185, 302
Unit delta function, 126-128

Unit impulse function, 126-128

Unit impulse response. 157

Unit matrix, 484

Unit step function, 125-126

Unit step respanse, 157

\Y
Vector operator, 481
Voit, 1.3
Volinge, 3, 18
DC voltage ncross capacitor, 1435146
displacement neutral, 275
Kirchhoff's law, 24, 38, 427
node, 4041, 52-53, 50, 61, 63, 64,
219, 227-228
phasor, 269-270
polarities for three-phase systems.,
267-268
relation to current, 9
sign conventions for, §-9

Index

Voltage (Cont.)
sources, 7-8
Thevenin equivalent, 45
Voltage dividers/division, 28, 33,
199-200, 225, 231,315
in frequency domain, 216
Volmge drop, 24
Voltage followers, 82, 109-110
Voltuge ratio, 314
Voltage sources:
dependent, 7 .
independent, 7
Voltage transfer function, 199-200, 327
Voli-ampere reactive. 241

W
Watt, 1,2, 4
Wattmeters, 283
power measurement with, 277-278
Wavelorms:
analysis using Fourier method.
448480
contmuous spectrum of, 461, 463
cosine, 119
effective values and power, 455456
energy density of, 461, 463
line spectrum, 454-455
nonpendic, Fourier transform of.
459461
periodic, 117-118, 448
sawtooth, 448, 450, 454455, 474
sine, 117, 119
symmetry of, 451454, 464
synthesis of, 455, 474
Weber. |
Winding, 371-374
primary, 365
secondary, 365
Work energy, 1,2
Wye system, 269
balanced four-wire londs, 271-272
equivalent delts connections and,
272-273
unbalanced four-wire loads, 274-275
unbalanced three-wire loads, 275-276

Y
Y-parnmeters, 337-339, 344345 340
canverting between Z-parameters
and. 340-341

Z
Zem pole plots, 188-191, 200, 204-205
frequency response from, 297-298
Z-matrix, 217
Z-parameters, 335-337, 343-345,
346-348. 350-351
converting between Y-parnmeters
and, 340-341



