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0− and 0+, 2

i (imaginary unit), 4

s-parameter definition, 3

z-parameter definition, 176

z-plane, 177

relationship to s-plane, 178

z−1 as unit delay, 195

abstract vector space, 17

AC signal, 41

additivity, 92

alternating current, 139

analysis loop, 140

analytic continuation, 31

base units, 140

basis functions, 19

basis vectors, 18

boundary condition, 122

causal

function, 22

system, 2

causal sequence, 196

complementary error function, 158

complex frequency, 5

complex plane, 4

constant-to-a-power function, 188

contour integration, 37

convolution property

of Laplace transform, 111

of Z-transform, 199

critically damped, 138

curvature of a function, 123

damped angular frequency, 144

damped oscillations, 136

dashpot, 130

DC signal, 41

decomposing a function, 10, 19

del, 152

delta function, 13, 14

derived units, 140

differential equations, 121

differentiation property

of Laplace transform, 100

of Z-transform, 198

diffusion equation, 155

direct current, 139

discrete-time functions, 174

displacement, 160

distribution, 14

divergence, 152

division by t property, 106

domain, definition of, 2

dot product, 18

drag force, 130

electrical oscillations, 139

electromotive force, 139

equation of motion of hanging mass, 128

erf and erfc, 158

error function, 158

Euler’s relation, 5

even function, 13

expanded vectors, 18

exponential function, 52, 189

exponential order, 24
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final-value theorem

of Laplace transform, 117

of Z-transform, 201

Fourier analysis, 15

Fourier synthesis, 17

Fourier transform

equation, 7

of a constant function, 41

Fourier’s law, 151

frequency components, 8

frequency spectrum, 8

as inner product, 21

generalized frequency, 5

generalized vectors, 17

Gibbs phenomenon, 52

gradient, 152

hanging mass, 127

heat flow, 151

Heaviside function, 25

homogeneity, 92

homogeneous material, 156

Hooke’s law, 128

in series, 139

initial condition, 122

initial-value theorem

of Laplace transform, 116

of Z-transform, 201

inner product, 18

integral transform, 2

inverse Euler relations, 6

inverse Fourier transform, 16, 33

inverse Laplace transform, 17, 37

inverse transforms, 33

inverse Z-transform, 181

isotropic material, 156

Kirchhoff voltage law, 140

Laplace transform, 1

applied to differential equations, 121

applied to electrical oscillations, 139

applied to heat flow, 151

applied to mechanical oscillations, 127

applied to transmission lines, 166

applied to waves, 160

bilateral, 2

convolution property, 111

definition of, 2

differences from Fourier transform, 42

division by t property, 106

existence of, 24

final-value theorem, 117

initial-value theorem, 116

inverse, 37

linearity property, 92

multiplication by t property, 104

of tn functions, 71

of constant functions, 41

of exponential functions, 52

of hyperbolic functions, 78

of periodic functions, 107

of sinusoidal functions, 56

scaling property, 97

time- and frequency-shifting property, 94

time-domain derivative property, 99

time-domain integration property, 102

unilateral, 2

Laplace transform operator, 2

Laplacian, 152

left-shift property, 195

Leibnitz’s rule, 126

linear differential equation, 122

linearity

of Laplace transform, 92

of Z-transform, 194

lumped circuit elements, 166

mechanical oscillations, 127

multiplication by t property, 104

multiplication by exponentials property, 197

nabla, 152

natural angular frequency, 144

Newton’s second law, 127

nondispersive waves, 162

odd function, 45

one-sided transform, 2

ordinary differential equation, 122

orthogonal functions, 20

orthonormal vectors, 19

overdamped, 138

partial fractions, 37

periodic waves, 160
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phase speed, 162

phasor, 5

piecewise continuous, 24

pole-zero plot, 32

potential difference, 139

region of convergence (ROC), 24

right-shift property, 195

sampled functions, 174

scalar product, 18

scaling, 97

second-order differential equation, 122

sequences, 174

series methods, 37

series RLC circuit, 139

shape of a wave, 161

shifting property, 94

sifting property, 176

sifting property of delta function, 14

simple harmonic motion, 130

single-frequency waves, 161

sinusoidal functions, 191

spring constant, 129

spring force, 128

steady-state behavior, 148

time-domain derivative property, 99

time-domain integration property, 102

transform of periodic functions property, 107

transforms as inner products, 17

transient behavior, 148

transmission lines

Laplace transform applied to, 166

two-sided transform, 2

unit circle, 179

unit-impulse function, 185

unit-step function, 25, 186

vector field, 152

vectors, 17

voltage drop, 141

wave function, 161

wave packet, 160

waves

Laplace transform applied to, 160

Z-transform, 174

characteristics of, 194

convolution property, 199

definition of, 176

differentiation property, 198

examples of, 184

final-value theorem, 201

initial-value theorem, 201

introduction, 175

inverse, 181

left-shift property, 195

linearity property, 194

multiplying by exponentials, 197

of constant-to-a-power function, 188

of exponential function, 189

of sinusoidal functions, 191

of unit-impulse function, 185

of unit-step function, 186

operator, 176

relationship to Laplace transform,

175

right-shift property, 195
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