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addition of vectors, 10 compressibility, 136
adiabatic process, 140 conjugate variables, 113
advection equation, 69 conservative forces, 141, 195
Ampere-Maxwell law, 167 continuous spectrum, 112
amplitude, 188 cosine function as rotating phasors, 36

definition of, 4 cross-product, 181

peak, 4 curl, 166

rms, 4 curvature of a string segment, 131
amplitude reflection coefficient, 155
amplitude transmission coefficient, 156 d’Alembert, Jean le Rond, 75
angular frequency, 195 dashpot, 154

as time-to-phase converter, 8 DC value, 99

definition and units of, 5 de Broglie
anti-nodes of standing wave, 80 wavelength, 189, 197, 198
arctan function, 12 de Broglie, Louis, 189
average power of harmonic wave, 149 deep-water waves, 123

del cross, 166

basis functions, 116, 211 del dot, 165
basis vectors, 164 del operator, 165
beats, 118 density wave, 135
boundary conditions, 80, 198 derivatives

Cauchy or mixed, 80 dot notation, 58

Dirichlet, 80 higher-order, 47

Neumann, 80 ordinary, 45
bulk modulus, 136 partial, 44

differential equations

calculator arctan function, 12 homogeneous, 60
Cauchy boundary conditions, 80 hyperbolic, 62
change in slope, 48 linear, 63
classical wave equation, 53 partial, 60
collisions, 188 second-order, 61
complex numbers, 14 diffraction, 189, 192, 199

polar form, 17 definition of, 188
complex plane, 14 dipole, electric, 175
components direction of a vector, 9, 12

of a vector, 11 Dirichlet boundary conditions, 80
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Dirichlet requirements, 102
discrete frequency spectra, 110
dispersion, 117, 211
dispersion relationship

de Broglie, 210
displacement

definition and units of, 4

of a pressure wave, 125
distance domain, 113
distance-to-phase converter, 9
disturbance, 2

of a mechanical wave, 124
divergence, 165
dot notation for derivatives, 58
double-slit experiment, 192
drag force, 150

e, 24
Earth’s ionosphere, 184
Einstein, Albert, 189
elastic property, 125
electric charge density, 167
electric dipole, 175
electric field, 163
electric permittivity, 167
electromagnetic impedance, 180
electromagnetic spectrum, 165
electromagnetic wave
energy density, 178
phase velocity, 170
polarization, 175
power density, 181
properties, 162

electromagnetic wave equation, 168

electron volts, 191
electrons, 193
energy, 188
of a mechanical wave, 141
of a string segment, 146
potential, 195
total mechanical, 195

energy density of electromagnetic field, 178

envelope, 117
Euler’s number, 24
Euler’s relations, 23
even function, 109

Faraday’s law, 167

farads, 170

field definition, 163
first-order wave equation, 54

Index

Fourier analysis, 102
Fourier synthesis, 99, 206
Fourier theory, 94
Fourier transform, 112
forward, 207
inverse, 207
Fourier-transform pair, 113
Fourier, Jean Baptiste Joseph, 95
frequency
definition and units of, 3
negative, 41
plasma, 184
frequency spectrum, 98
single-sided, 98
two-sided, 98
fundamental wave, 95

Gauss’s law, 167
Gaussian function, 207
Gaussian distribution, 203

general solution to wave equation, 75

Gibbs ripple, 97
group speed, 5
group velocity, 118

heat equation, 70

Heisenberg uncertainty principle, 115

henries, 170
higher-order derivatives, 47

homogeneous differential equations, 60

Huygens’ principle, 192

hyperbolic differential equations, 62

i as rotation operator, 16
imaginary numbers, 16
impedance
electromagnetic, 180
mechanical, 125, 148, 150
inertial property, 125
inhomogeneous, 211
initial conditions, 80
interference, 188, 193
pattern, 193
ionosphere, 184
isotropic source, 183

kinetic energy, 191
of a string segment, 142
Korteweg—de Vries equation, 70

Laplacian operator, 169
leading and lagging, 34
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light frequency as color, 7 as slope, 46
linear differential equations, 63 higher-order, 48
linear mass density, 126 partial differential equations, 60
localization, 186, 200 particle, 185, 187, 188
longitudinal wave, 126 free, 197
pascals, 136

magnetic charge, 167 peak amplitude, 4
magnetic field, 163 period, definition and units of, 3
magnetic permeability, 168 periodic waveform, 110
magnitude of a vector, 9, 12 permeability, 168
mass density permittivity, 167

linear, 12.6 phase, 5

volumetric, 135 phase constant, 5

mass per unit length, 126

matter wave, 189, 195, 198, 211

Maxwell, James Clerk, 164, 167
mechanical energy of a string segment, 144
mechanical impedance, 148, 150
mechanical wave

phase speed, 5, 31
of a pressure wave, 139
of a string wave, 132
phase velocity, 117
of electromagnetic waves, 170

4 phasor
disturbance, 124 definition of, 21

energy, 141
impedance, 125
medium of propagation, 124

of cosine function, 36
of sine function, 38
simplified representation of, 40

properties, 124 photon, 189, 195
medl'lﬁ_l of propagation, 124 piano tuners, 118

elastic property, 125 Planck constant, 190

inertial property, 125 reduced, 195

stiffness, 125
mixed boundary conditions, 80
mode order, 93
modulation, 118
momentum, 188, 191
multiplication of a vector by a scalar, 10

plane wave, 171
plasma frequency, 184
plucking a string, 90
polar form of complex numbers, 17
polarization, 175
potential energy, 141

of a string segment, 144
power definition and units of, 148
power density of electromagnetic wave, 181
power of string wave, 148
power reflection coefficient, 159
power transmission coefficient, 159
Poynting vector, 179, 181
pressure wave, 134

displacement, 125

nabla operator, 165

negative frequency, 41

Neumann boundary conditions, 80
Newton’s second law, 126, 136
nodes of standing wave, 80
non-dispersive waves, 27
non-periodic waveform, 110
normal modes, 93

normalization, 204

definition of, 200 phase speed, 139
probability amplitude, 199
odd function, 109 probability density, 199, 202
order of mode, 93 profile of a wave, 28
ordinary derivatives, 45 properties of the wave equation, 59
orthogonality, 102 purely resistive, 154

oscillating electric dipole, 175
radiation pattern, 175

paddlewheel test for curl, 166 real numbers, 16
partial derivatives, 44 reflection coefficient
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amplitude, 155
power, 159
rms amplitude, 4

sawdust test for divergence, 166
scalar, 9
Schrodinger equation, 72
Schrodinger equation, 195, 196

free particle, 198

time-independent, 197
second-order derivative as change in slope, 48
second-order differential equations, 61
separation of variables, 70, 84, 201
simplified phasor representation, 40
sinc function, 112
sine x over x, 112
sine function as rotating phasors, 38
single-sided spectrum, 98
small-amplitude approximation, 128
sound wave

frequency as pitch, 7
spatial frequency domain, 113
spectrum, 98

continuous, 112

discrete, 110

electromagnetic, 165
speed of light, 170, 190
speed of sound, 139
square root of —1, 16
square wave, 95
standing wave, 80
stiffness of propagation medium, 125
striking a string, 90
string segment

curvature, 131

energy of, 146
string wave, 126

kinetic energy, 142

mechanical energy, 144

phase speed, 132

potential energy, 144

power of, 148
superposition, 188
superposition principle, 63

testing function, 103
time-to-phase converter, 8
transmission coefficient
amplitude, 156, 159
transverse velocity, 81
transverse wave, 126

triangle wave, 100
two-sided spectrum, 98

uncertainty principle, 115, 207
Heisenberg, 209

unit circle, 20

unit vectors, 12

vector
addition, 10
components of, 11
cross-product, 181
definition of, 9
direction of, 12
magnitude of, 12
multiplication by a scalar, 10
Poynting, 179
unit, 12
vector amplitude, 171
velocity
group, 118, 210
phase, 117,210
transverse, 81
volumetric mass density, 135

wave
deep-water, 123
defining characteristic, 2
density, 135
fundamental, 95
group speed, 5
harmonic, 2
leading and lagging, 34
longitudinal, 126
matter, 189, 195, 198, 211
mechanical impedance, 149
non-dispersive, 27
on a string, 126
packet, 200, 208
periodic, 2
phase, 5
phase constant, 5
phase speed, 5, 31
plane, 171
pressure, 134
profile, 28
propagating, 2
sound, 7
square, 95
standing, 80, 198
transverse, 126
transverse velocity, 81
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traveling, 2
triangle, 100
visible light, 7
wave equation
classical, 53
different notation, 58
electromagnetic, 168
first-order, 54
general solution, 75
properties, 59
wave packet, 116
wave speed, 5
wave—particle duality, 189, 194, 209
waveform
modulation, 118
non-periodic, 110
periodic, 110
wavefront, 192

Index

wavefunction
collapse, 200, 209
definition of, 26
envelope, 117
harmonic, 186, 195, 200
three-dimensional plot, 48
time evolution, 209
wavelength
de Broglie, 189
definition and units of, 2
relative to aperture, 189
wavenumber
as distance-to-phase converter, 9
units and definition of, 5
weighted combination of sines and
cosines, 87
Wessel, Caspar, 14
work done by tension forces, 143
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