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INDEX

Acoustic antenna, 172, 364
Acoustic boundary conditions, 2, 8, 39, 43,
44, 45, 47
Acoustic field equations, 153
symbolic notation, 153
Acoustic impedance, 22-23, 38-39, 275,
284, 326, 330
Acoustic polarization, 11-19, 21, 23, 24,
25, 28, 29, 43, 135, 141, 145, 146
Acoustic reflection, anisotropic, 6-21, 38—
43
coefficient, 22-24, 27-38, 39, 42, 268
critical angles, 5-7, 22-23, 27, 32, 34, 35
isotropic, 2, 3-4, 5-7
Snell’s Law, 3, 6, 22, 26, 27, 28, 29
stress-free boundary, 8-12, 30-38, 46-57
transmission line model, 35-38
Acoustic refraction, anisotropic, 6-21, 38—
43
critical angles, 5-7, 22-23, 27
isotropic, 2, 3-4, 5-7
Snell’s Law, 3, 6, 22, 26, 27, 38, 39
Acoustic scattering coefficients, 22-24, 27—
38, 39,42
Acoustic wave equation, 66, 233
Admittance, interdigital transducer, 182—
185, 365-368, 373
matrix, 260
resonator equations, 221-226, 260
resonator input, 266
Amplifier, Rayleigh wave, 291, 293-294
surface wave, 272, 293-294
Anisotropic, Fresnel equations (non-piezoelec-
tric), 3843
Fresnel equations (piezoelectric), 43-57
Lamb waves, 139
Love waves, 139
plate waveguide, free, 135-138
plate waveguide, on a hall space, 138

Anisotropic, (Continued)
Rayleigh waves, 138
SH modes, 136138
Stoneley waves, 139
substrate, 376-378
unbounded plate resonator, 226, 230
Anisotropic waveguide, 69-70, 135-151,
185-189
mode orthogonality, 155-160
transmission line model, 177189
Antenna, acoustic, 172, 364
end fire, 182
Attenuation, fluid loading, 283-286
Rayleigh wave, 283-286, 297-299
viscous, 297-299
Array, grating, 253-258
interdigital transducer, 163-169
RAC, 310
scattering, 310-313

Backward wave, 158
Beat wavelength, 94, 146
Bessel functions, 107
Birefringence (double refraction), 2, 4. 6
Bleustein-Gulyaev wave, 141-146, 150,
148, 210-212, 291
dispersion relation, 144-145, 150
velocity, 291
Born approximation, 303-310
Bound wave, 102
Boundary conditions, acoustic. 2, 8, 39, 43,
44, 45, 47
Datta-Hunsinger, 305-307
electric displacement. 45, 190, 231
electric field, 43
electric potential, 45, 50, 186, 190, 231
electrically free, 47
Ingebritsen, 290, 308
lossless, 178, 212, 252

405



406 INDEX

Boundary conditions. (Continued)
magnetic field, 43
mass-loading, 305-307
mechanically free (stress free), 8, 30-31,
4647, 68, 227, 258
mixed, 80-81, 113
open circuit, 145, 147, 231, 259, 287
particle velocity, 2, 43, 45, 186, 191
quasistatic, 44, 45, 47, 186, 190, 231
rigid, 157, 335, 337-338, 338-343, 369
short eircuit, 51, 56, 140, 145, 148, 157,
162, 231, 259, 287
spring loaded, 369
stress, 2, 43, 45, 186, 190, 227
stress-free, 30-38, 66, 99, 104, 113, 137,
¥57, 162, 227, 231..232,-233, 235,
251, 258, 274, 335, 337-338, 351,
362-363
Tiersten, 277, 280, 305, 330
variational techniques, 335-336, 337-338,
350-353
Wolkerstorfer, 282
Boundary perturbations, resonator, 315-322
scattering., 305-308
waveguide, 272-294, 325, 326
Bragg, frequency, 115, 121, 124
scattering, 115, 121, 124, 125, 127-131,
171173, 181-185, 311
Bulk (plane) wave, 138, 165, 168
transducer, 165, 168

Capacitance, dynamic (motional), 260, 355
interdigital transducer, 171-173, 181, 182
motional, 260, 348, 335-357

Characteristic equation. composite, 120
coupled wave approximation, 121-125
dilatational modes, free cylinder wave-

guide, 110
Floguet wave, 120121
generalized Lamb waves, 100
grating resonators, 256
Lamb waves, 79
Love waves, 96
periodic vibrating string, 119-121
5H modes, 136
SH trapped energy modes, 252-253
space harmonics, 121-125
strip waveguide, 134
thickness modes, anisotropic, 226-227
thickness modes, piezoelectric, 230-232

Characteristic equation, (Continued)
torsional waveguide modes. 11
truncated space harmonics, 121

Characteristic impedance, 22-23,

183

Christoffel equation, isotropic, 66
stiffened, 4748, 53, 54

Closed waveguide, 95

Complete set of functions, 151, 3
Fourier completeness, 346, 354
pointwise completeness, 346, 354

Complex natural frequency, 26 :

Complex Poynting's Theorem, 205-

213, 258, 260, 372
Complex propagation constant, 82—
159
Complex reciprocity relation, 153, 154-
204, 212, 272, 294, 315 =
Composites, Bragg scattering, 115, 121,
124, 125, 127-131
constant strain model, 133
constant stress model, 133
design rules, 130-132
one-dimensional, 114-127
resonances, 130-131
stopbands, 115, 125, 127-131
transducers, 130-132
two-dimensional, 127-130
Conductance, interdigital transducer,
184185

Conical refraction, external 19-21
internal, 11-20

Constant phase surface (wave front), 9,

12

Constitutive matrix, 52-53

Constitutive relations, piezoeiectric,

Contour extensional modes, dilatation

347-349 g
field distributions. 233, 349
frequency curves, 350
frequency equation, 230
piezoelectric, 347-349
variational techniques, 347-349
Coordinate transformations, 42
Coupled waves, 81-82, 93-94, 113, 141,
142, 146, 149, 207, 272, 291, 328—
329
beat wavelength, 94, 127, 146
coupling length, 94
crossover point, 81, 207



INDEX 407

Dilatational-type contour modes, 348
Dispersion curves, coupled waves, 207

Coupled waves, (Continued)
dispersion curves, 207

electrostatic and stiffened acoustic, 141-
142
perturbation theory, 328-329
Rayleigh waves, 93-94, 146, 149, 272,
291
SA and P modes, 113
SV and P modes, 81-82
Coupling length, 94
Critical angles, anisotropic acoustic, 9, 11,
12
electromagnetic, 5
isotropic acoustic, 7, 22-23, 27, 32, 34,
35
piezoelectric, 44
Crossover point, 81, 207
Cubic crystal, conical refraction, 11-21
nonpiezoelectric shear wave scattering
([111]-axis), 11-21
nonpiezoelectric wave scattering (YZ-
plane), 811
piezoelectric shear wave scattering (XY-
plane), 46-52
Cutoff, stopband, 115, 121, 125, 127
Cutoff frequency, 75. 97
Cutoff mode, 75, 81-82, 158-160
Cylindrical Bleustein-Gulyaev wave, 139
Cylindrical coordinates, scalar mechanical
potential, 106—107
strain, 108
vector mechanical potential, 106-108
Cylindrical Rayleigh wave, 113-114
Cylindrical waveguide, 104-114

Datta-Hunsinger conditions, 305
Decay constant, transverse, 96
Degenerate waves, 11, 14, 87, 88
Dilatational Lamb waves, 79, 80, 82, 83~
87, 88,93, 111, 112
Dilatational modes (free cylinder wave-
guide), characteristic equation, 110
field distributions, 112
Pochhammer frequency equation, 110
Dilatational modes (rectangular parallele-
piped resonator), field distributions,
357, 359-361
frequency curves, 359
motional capacitances, 355-357

variational techniques, 344-347, 353-357

Lamb waves, 80, 82, 83, 87, 158, 159
Love waves, 99, 101
SH modes, 76, 141-142

Dispersion relation, Bleustein-Gulyaev wave,

144145, 146, 150

definition, 221

generalized Lamb waves, 102

implicit, 203

Lamb waves, 77-83

Maerfeld-Tournois waves, 150-151

Pochhammer frequency equation, 110

Rayleigh wave, 88-92

Rayleigh-Lamb frequency equations, 79—
84, 372

SH modes, 69, 73, 130

stiffened shear wave (XY-plane, cubic
crystal), 49

stiffened shear wave (XY-plane, hexagonal
6mm crystal), 53

Distributed sources, surface, 163-182, 305-

307, 310, 314
volume, 161-162, 305

Divergence (Gauss’s) Theorem, 205, 317,

335, 337, 366

Elastic isotropy conditions, 26
Electric displacement, boundary conditions,

45, 186, 190, 231
perturbation, 287-289, 307, 321-322

Electric field boundary conditions, 43
Electrical perturbations, resonator surface,

319-322

resonator volume, 323-324

wave scattering, 302-315

waveguide surface, 286-294, 307-308,
325, 326

waveguide volume, 300-302

Electrical potential. boundary conditions, 45,

50, 186, 190, 231
definition, 45
perturbation, 287-289, 321-322
piezoelectric plane wave, 47-48, 53, 136
quasistatic equations, 54, 71

Electrical sources, 161-162, 163, 173
Electrically free boundary, 46-57, 288

definition, 47
reflection at, 46-57

Electromagnetic boundary conditions, 43, 44
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Electromagnetic field equations, 153
symbolic notation, 153
Electromagnetic reflection, critical angle, 5
Snell’s Law, 3, 6
Electromagnetic refraction, critical angle, 5
Snell's Law, 3, 6
Electrostatic stored energy. 260-261
Electrostatic wave, 70-71, 136, 141-142,
143144, 147, 148, 230
definition, 70-71
EMAT, 163, 165, 168, 175
End fire antenna, 182
Energy density, Kinetic, 350
potential, 350
Energy flow direction (ray vector), 9. 10, 12
Energy velocity, 12, 201-207
group velocity, 205-206
SH modes, 206-207
waveguide, 205-206
Equation of motion, 235, 248
Equivalent circuit, free boundary
scattering. 33, 35-38
IDT. receiver. 171-173, 179185
IDT, transmitter, 171-173, 179-185
resonator, 261
Evanescent wave, 5, 6, 9, 11, 23, 44, 47,
49, 50, 51, 52, 55, 56, 57,59, 70,
143, 148, 230
definition, 5
incident, 55, 57
reflected, 9, 11, 44, 47, 50, 52, 54, 56,
59
transmitted, 5, 6, 23, 44, 47, 49, 50, 52
Even symmetry modes, 72, 79, 141, 228,
341

Filter, monolithic, 252

Finite element, assemblage, 244, 250
boundary conditions, 251
discretization, 245-248
equation of motion, 248
element index, 243
embedding equations, 244, 250
global numbering. 244, 250
Hamiltonian, 248
interpolation function, 243, 245, 247
Lagrangian, 248
local numbering, 244
mesh, 243, 244
node index, 243

Flexural Lamb waves, 84-87, 112-113

Floquet, principle 117, 119
solution. 117-125
space harmonics, 120
wave, 120
Forced oscillation, 221226, 1
Forced wave, 161, 173, 179, 222
Fourier series expansion, 151
Free mode, 226-259, 334, 349,
Free oscillation, 221-259, 334
Free wave, 211
Frequency, natural, 222, 261-26
resonant, 222, 334
Frequency curves, contour ext
dilatational modes, rectangul
ped. 359
dilatational modes, thick disk,
Frequency dispersion, 202

thickness modes, piezoelectric
320
thickness-twist modes, 227, 24
Fresnel equations, anisotropic
tric, 38-43 :
anisotropic piezoelectric, 43-57
definition, 2
isotropic, 21-38
Fundamental resonance, 166,
343
interdigital transducer. 166, 1

Gauss's (Divergence) Theorem,
335. 337. 366
Generalized Lamb waves, cha
equation. 100 i
dispersion relation, 102 L
field distributions, 102-103
Generalized Rayleigh waves, 138
Grating, 253, 258, 310-31§
Green's function, 174, 366-367
Group velocity, 8, 12, 14, 158,
279, 280 I
energy velocity, 205-206
waveguide, 158, 202, 205=-966h

Hexagonal crystal, nonpiezoelestri
wave scattering (X-axis), 3



Hexagonal crystal. (Continued)
nonpiezoelectric shear wave scattering
(YZ-plane), 39
piezoelectric shear wave scattering (XY-
plane, 6mm crystal), 52-57
Hooke's Law, planar, 233
Hybrid wave, 43

IDT. see Interdigital Transducer
Imaginary propagation constant, 74, 81-82,
158-159, 186
Impedance, acoustic, 22-23, 38-39, 268,
275, 284, 305, 326, 330
charactenistic, 22-23, 38, 39, 183
equivalent transmission line, 33, 37-38
interdigital transducer. 365, 366, 373
matrix, 38-39, 57
Rayleigh wave, 123
relation to reflection coefficient, 22, 37, 39
relation to transmission coefficient, 22, 39
resonator equations, 259-260
resonator input, 268
shear wave, 22-23, 76. 192
surface, acoustic, 275, 284, 326, 330
surface, electrical, 288, 289, 291, 320-321
surface, mechanical, 275, 284, 326, 330
transformation, 57
transverse resonance analysis, 73
waveguide, 220
Implicit dispersion relation, 203
Index (subscript), resonator modes, 233
waveguide modes, 82-83, 158
Ingebrigtsen perturbation formula, 176, 290,
293, 308
Instantaneous stored energy. 261
Interaction matrix, 353
Interdigital transducer, 163185, 290, 364-
368, 375, 393
admiuance, 172, 182, 184, 365, 373
capacitance, 171, 181, 182, 185
conductance, 182, 184185
fundamental resonance. 166, 170, 181
impedance. 365, 366, 373
susceptance. 182, 184-185
variational techniques, 364-368
Interface wave, 102
Interior perturbations. resonator, 315-317,
322-324
scattering, 303-305
waveguide, 294-302
Isotropic. bounded plate resonator, 228-229

INDEX 409

Isotropic, (Continued)
Christoffel equation, 66
cylinder resonator, 231-232
cylinder waveguide, free, 104-114
Fresnel equations, 21-38
plate waveguide, free, 66-94
plate waveguide, on a half space, 94-104
scattering, 2-38
strip resonator, 228-229, 242-243, 244
strip waveguide, on a substrate, 132-135
substrate, 375-376
unbounded plate resonator, free, 227
unbounded plate resonator, rigid, 338-343
Isotropic waveguide. 66—128
mode orthogonality, 155-160, 185, 187
transmission line model. 220
Isotropy. elastic, 26

Junction, waveguide, 190, 220

Kinetic energy density, 350
Kinetic stored energy, 261
Kino's variational formual, 368

Lagrangian, density function, 350, 351
function, 350, 351
methods, 349-353, 364
Lamb reciprocity relation, 154
Lamb waves, 76—88, 139, 140, 141, 146.
158, 203, 207. 229. 372
anisotropic, 130, 133
antisymmetric (flexural), 79, 80, 8487,
88, 93. 102, 372
characteristic equation. 79
dilatational (symmetric), 79. 80, 82, 83—
87. 88,93, 111, 112
dispersion curves, 80, 82, 83, 87, 158, 159
dispersion relation, 77-83
ficld distributions. 8388
flexural (antisymmetric), 79, 80, 84-87,
88, 93, 102
Rayleigh-Lamb frequency equations. 79,
84, 372
scattering, [90-201, 306
slowness curves, 78
symmetric (dilatational). 79, 80, 82, 83—
87. 88, 93, 111, 112, 372
variational technigues, 372
Lamé. constants, 275, 277
velocity, 85
wave. 83, 86, 207, 209
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Laplace wave, definition, 71
Laplace’s equation, 49, 71, 241, 288, 291
Layered waveguide, 156
Leaky wave, 95, 96-97, 98, 102, 114, 132,
138
Legendre polynomials, 181
Lewis reciprocity relation. 154
Longitudinal wave, 7, 28-32, 247
Lorentz reciprocity relation, 154
Lossless boundary conditions, 186, 212
Lossy media, 155, 212, 213, 261-262, 264,
266
resonators. 261-262, 264, 266
waveguides, 212, 213
Love waves, 95-98, 99, 101, 139, 146, 201,
208
anisotropic. 139
characteristic equation, 96
dispersion curves, 99, 101
leaky, 97
slowness curves, 98
transverse resonance, 96

trapped. 97

Maerfeld-Tournois wave, 146-151
conditions for existence, 150-151
dispersion relation, 150-151

Magnetic field boundary conditions, 43

Magnetostrictive coupling, biased, 152

Mass loading, 305-307. 318
boundary conditions, 305-307

Matrix, composite, 114
constitutive, 52-53, 153
clectromagnetic field equations, 153
impedance. 38-39, 57
interaction, 353
planar stiffness matnix, 233
resonator admittance, 226, 260
S-parameter. 175, 183, 191
stress boundary condition, 39

Mechanically free (stress-free) boundary, 8-

12, 30-38, 46-57. 68

defintion, 8

reflection at, 8—12, 30-38, 46-57

Mechanical perturbations, resonator surface,

318-319

resonator volume, 322-323

wave scattering, 302-315

waveguide surface. 274-286, 325. 326

waveguide volume, 297-300

Mode. angularly symmetric d

Mechanical potential, cylindrical c
nates. 106—108 E
defintion, 67
scalar, 67-68, 107
vector, 67-69. 108
Mechanical sources, 161-162,
Mindlin Theory, dilatation, 235
boundary coupling, 234, 237,
edge coupling, 234, 237, 239
flexure, 235-243
flow chart, 237
order coupling, 237-240
power series expansion, 2.
rigid rotation model, 239
Modal analysis, complete set.
orthogonal functions, 151, 259
resonator, 221-226, 258-260
waveguide, 161-162, 174, I
Modal field distributions, cor
119-132 :
contour exiensional modes. 23
dilatational modes, free ¢y
guide, 112
dilatational modes, rectangular
iped, 357, 359-361 P
dilatational modes. thick disk. 34
flexural modes, free cylinder
112-113
generalized Lamb waves, 102
Lamb waves, 83-88
Maerfeld-Tournois waves, 148
Mindlin Theory, 234-243
Rayleigh wave. 88, 92-93,
147 148, 149, 180, 18
392
SH modes. bounded plate,
SH trapped energy modes.
SH waveguide modes, 76, 137—
Stoneley waves, 104
thickness modes, anisotropi
thickness modes. isotropie, 227,
343 1
thickness modes, piezoelectric
thickness-twist modes, 229
torsional cylinder resonator, 2
torsional waveguide modes, |
transducer, 130, 234 i

(thick disk). 344-347, 353
antisymmetric, 72, 79, 137, I



Mode, (Continued)

backward wave, 158

Bleustein-Gulyaev wave, 141146, 148,
210-212, 291

Bragg, 130

composite band edge, 119-132

composite thickness. 119-132

contour extensional, 232-233, 347-349

cutoff, 75. 81-82, 158160, 196

dilatational, free cylinder waveguide. 110-
112

dilatational, free plate waveguide, 79, 80,
82, 83-87. 88,93

dilatational. rectangular parallelepiped.
357-361

dilatational, thick disk resonator, 344-347,

353-357

even symmetry, 228, 341-342

excitation, 161-162

flexural, free cylinder waveguide, 112-113

flexural, free plate waveguide. 79. 80, 84—
87, 88, 93

free, 156, 221-259, 334, 349, 362

function, 184, 187, 188-189

generalized Lamb waves, 97-103

generalized Rayleigh waves, 131

index (subscript), 82-83, 158, 223

Lamb waves, 76-88, 139, 140, 141. 146,
158, 198, 203, 207, 229, 372

lateral, 130-133, 234, 243

Love waves, 95-98, 99, 101, 133, 139,
146, 201, 208

Maerfeld-Tournois wave, 146-151

Mindlin Theory, 234-243

nonpropagating. 75, 158-160, 179, 186

normalization, 188, 189

numbering. 85, 158, 180, 191, 259

odd symmetry, 72, 79, 141, 341-342

open-circuit, 264, 265

orthogonality, resonator, 231, 258, 259,
343, 370

orthogonality, waveguide, 155-160, 194

P, 77, 80-81, 82, 113

perturbed, 274

propagating, 75, 158-160, 179, 186

pseudosurface waves, 138, 139

Rayleigh wave, 88-94, 138, 141, 145.
147-149, 183-185, 187-188, 189,
210-211, 278-294, 305-315, 326,
375-393

INDEX 411

Mode, (Continued)
Rayleigh-type. strip waveguide, 132-135
resonator, 222
SAW, see Rayleigh Wave
SH. bounded plate, 228-229
SH. free plate waveguide, 68-69. 71-73,
136-139
short-circuit, 231, 259, 347, 351, 354,
357-361
spurious, 130
Stoneley waves, 103-104, 105, 106, 139,
146
subscript (index), 82-83, 158, 223
SV, 77. 80-81, 82, 113
symmetric, 72, 79, 141, 146, 149, 228,
341
thickness. nonpiczoelectric, 222-224, 224
226, 265, 267, 268, 338-343
thickness, piezoelectric, 230-232. 319-
322, 323-324
thickness-twist, 229
torsional, cylinder resonator, 263, 265,
266, 330, 371
torsional waveguide modes, 110-111
transducer, 130, 234
trapped energy, 251-153
unperturbed, 273
waveguide, 65, 222
Mode amplitude, resonator, 223-224
waveguide, 161-162, 173, 177-185
Mode amplitude equations. resonator, 223—
224
waveguide, 162, 180
Mode expansion. resonator, 223-224, 259-
260
waveguide, 65, 161
Monolithie filter, 252
Motional capacitance, 260, 355-357
normalized. 356
Motionally-clamped capacitance, 260

Natural frequency, 222, 261-262
complex, 261, 262
real, 222
Nonpropagating mode, 75. 82, 158-160
power flow, 159-160
Normal mode, amplitudes, 161-162, 222—
223
equations, 161-162, 223-224
Normalized motional capacitance, 356
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Normalization of waveguide modes, 187—
188, 189

Obstacle. scattering, 190-201
0Odd symmetry modes, 72, 79, 141, 228,
341-342
Open circuit boundary conditions, 145, 147,
148, 157. 231, 259
Open-circuit mode, resonator, 264. 265
Open waveguide, 95
Orthogonal functions, 151, 259
Orthogonality, nonpropagating modes, 159
propagating modes, 158
resonator modes, 259, 264, 343, 370
waveguide modes, 155-160
Oscillation. angularly symmetric dilatational
(thick disk). 344-347, 353-357
Bragg, 130
countour extensional, 232-233, 347-349
dilatational. rectangular parallelepiped,
357-361
forced, 221-226, 259-260
free, 221-259, 334, 349, 362
grating resonator, 253-258
Mindlin Theory, 234-243
pure compressional, isotropic sphere, 318~
319, 322-323, 370
pure torsion, isotropic cylinder, 231
SH, bounded plate, 228-229
thickness, unbounded anisotropic plate,
227
thickness, unbounded free isotropic plate,
227, 265, 267, 268
thickness, unbounded piezoelectric plate,
230-232, 319-322, 323-324
thickness. unbounded rigid isotropic plate,
338-343
thickness-twist, 229
torsional, isotropic cylinder, 231-232,
266, 371
transducer, 130, 234
trapped energy, 251-253
Overlay, anisotropic, 280-283
isotropic, 274-280, 326
Overtone resonance, 341-343

P modes, 77, 80-81, 82, 113

P wave, 28, 30, 31, 32

Partial wave, 69-71, 71-72, 74-75, 77-78,
86, 89-90, 95-96, 99. 101, 134, 136—-
138, 140, 145, 146

Partial wave, (Continued)
definition. 70
electrostatic, 70-71, 140, 143, 148
evanescent, 70, 140, 143, 148
longitudinal, 77
quasilongitudinal, 70
quasishear, 70
Rayleigh, 134
shear. 72, 77
superposition, 131, 142, 136-138,

141
{ransverse resonance, '?'1—72. '7'2-.-?'&,
90, 96, 99, 101, 141, 145
Particle velocity, boundary conditions
45, 186, 190
coordinate transformation, 41-42
polarization. 11-19, 21, 23, 24_ 25,
29,43
polarization conversion at a boundas
32,34-35,36,37,43
reflection coefficient, 22-24, 27-38
42
transmission coefficient, 22-24, 27-3
39, 42

Peak stored energy, 261 _

Perturbation theory, 185, 271-324
acoustic (mechanical) surface

perturbation, 275, 277,
305, 314, 326, 330
Born approximation, 303-310
boundary perturbation formula, |

317
boundary perturbation formula, v
274, 275, 287, 325, 326
Brekhovskikh’s attenuation fi
conductive piezoelectric plate
323-324
coupled waves, 328-329
clectrical surface impedance pe
290-293, 305, 321
electrical surface perturbations,
319-322
electrical surface perturbations, w
286-294, 325, 326
electrical volume perturbations,
323-324 '
electrical volume perturbations,
300-302 —
frequency, resonator modes, 315
fluid loading, 283286 = .
Ingebrigtsen formula, 185, 290, 293,



Perturbation theory, (Continued)
interior perturbation formula, resonator,
317, 322
interior perturbation formula, waveguide,
296
internal layer perturbation, 300-302, 326—
328
lossless overlay, 274-283, 326
mass loading. 314, 318
mass-loaded isotropic sphere resonator,
318-319
mechanical surface perturbations, resona-
tor, 318-319
mechanical surface perturbations, wave-
guide, 274-286, 325, 326
mechanical velume perturbations, resona-
tor, 322-323
mechanical volume perturbations, wave-
guide, 297-300
mode properties, 272-297, 315-324
Rayleigh wave attenuation, 283-286, 297—
299
resonator boundary perturbations, 315-322
resonator interior perturbations, 315-317,
322-324
thickness modes, piezoelectnic, 319-322,
323-324
velocity, waveguide modes, 272-297
viscously damped resonator, 322-324
wave scattering, 302-315
waveguide boundary perturbations, 272~
294, 325, 326
waveguide interior perturbations, 294-
302
Phase velocity, waveguide, 158, 202, 204,
277, 299
Piezoelectric constitutive relations, 50, 153,
233
planar, 233
Piezoelectric coupling, 152, 180, 184
Piezoelectric media, conditions for unique
field solution, 372-373
Fresnel equations, 43-57
plane waves, 43-57, 140-141
Poynting vector, 57
quasistatic equations, 54, 59, 71, 186,
222, 349
scattering, 43-57
Snell's Law, 45-46, 49, 50, 54
Piczoelectric reflection, critical angles, 44
cubic crystal, 46-52

INDEX 413

Piezoelectric reflection, (Continued)

hexagonal (6mm) crystal, 52-57
Snell’s Law, 45, 46, 49, 50, 54

Piezoelectric refraction, critical angles, 44

Snell’s Law, 45, 46

Piezoelectric resonator, equivalent circuit,

260, 356-358

general, 259

open-circuit mode, 264, 265

rectangular parellelepiped, 357-361

short-circuit mode, 231, 259, 264, 347,
351, 354. 357-361

surface perturbation, 319-322

thick disk. 353-357

thin plate., 226, 230, 347-349

trapped energy, 251-253

unbounded plate, 226, 230, 319-322, 323-
324

Piezoelectric scattering coefficients, 51, 55,

56, 57

Piezoelectric waveguide, 70-71, 139-151,

155-160

free plate, 140-141

general, 178-180

mode orthogonality, 155-160, 185

Rayleigh wave, 141, 142-145, 210-211,
272, 288-294, 379-393

SH modes, 136-138, 140-141

Stoneley wave, 146

Piczoelectrically stiffened velocity, 55
Piezomagnetic coupling. 155
Planar, consititutive relations, 245

Hooke's Law, 233
Poisson’s ratio, 233
stiffness matrix, 233
wave equation, 229, 245

Plane wave, nonpiezoelectric media, 1-43

piezoelectric media, 43-57, 140
scattering, 1-57

pseudosurface wave, 138
transducer, 165, 168

See also. Bulk wave

Plate waveguide, 66104
Pochhammer frequency equation, 110
Poisson’s ratio, 92, 349

numerical values, 92
planar, 349

Polarization, acoustic, 11-19, 21, 23, 24,

25, 28, 29, 43, 135, 141, 145, 146
particle velocity, 11-19, 21, 23, 24, 25,
28, 29, 43
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Polarization, (Continued)
particle velocity conversion at a boundary,
27-32, 34-35, 36, 37, 43
Potential, cylindrical coordinates. 106—108
electric, 45, 47-48, 50, 53, 67, 71, 140
representation, 67, 106—108
scalar mechanical, 67-68, 107
scalar wave equation, 67, 106-107
vector mechanical, 67-69, 108
vector wave equation, 67, 106-107
Potential energy density, 350
Potential theory, free isotropic cylinder,
104-110
SH modes. free plate. 68-69
wave equation, scalar, 67
wave equation, vector, 67
Power density vector, 14
Power flow, nonpropagating modes, 159-160
propagating modes, 159
Rayleigh wave, 170
reflection-symmetric waveguide, 159-160
transmission line model, 220
waveguide, 159-160, 274
Poynting vecotr, nonpiezoelectric, 14-18
piezoelectric, 57, 260
Poynting’s Theorem, complex, 205-206.
213, 260, 264, 372
real, 364
Propagating mode, 75, 82, 158160, 179,
186
power flow, 159
Propagation constant, complex, 82-83, 158~
159
definition, 64, 158, 159
imaginary, 74, 81-82, 158-159
real, 74, 81-82, 158
Pseudosurface waves, 138-139
definition, 138
Pure mode, 39, 60
Pure shear wave, 8, 11-18, 39-43

Q. compressional modes (sphere), 266, 322-
323
definition, 262
radiation, 268
thickness modes, piezolelectric, 323-324
torsional modes, cylinder, 266
torsional modes, sphere, 266
unbounded isotropic plate, 265-266
unloaded, 268

Quality factor, compressional modes
(sphere), 266, 322-323
definition. 262
thickness modes, piczoelectric, 323-324
torsional modes. cylinder, 266
torsional modes, sphere, 266 il
unbounded isotropic plate, 265-266
Quasiacoustic wave, 43-46 B
Quasielectromagnetic wave, 43-46
Quasilongitudinal wave, 8. 70, 227
Quasishear wave, 8, 70, 227
Quasistatic, approximation, 45-46, 4
60, 70, 141, 349, 365
boundary conditions, 44, 45, 47,
231
equations. 54, 59. 71, 186. 349
reciprocity relations, 154, 155
Quarter-wave matching transformer, £

RAC filter, 310-315
Radiation conductance, 182
Radiation Q. 268
Ray vector (energy flow direction), 9, 10,
12 3
Rayleigh wave, 88-94, 138, 139, 1
143-145, 163185, 187. 1
210-211, 278-294, 305-315
375-393
amplifier. 291, 293-294
anisotropic, 138
altenuation, 283-286, 297-299, 33
coupling, 93-94, 146, 149, 150,
cylindrical, 113-114
dispersion relation, 88-92
exertation by surface transduction.
185
ficld distribution, 88, 92-93, 147,
187, 188, 189, 278, 375-392
impedance, 123
perturbed, 278-286, 288-294, 393
piczoelectric, 141, 145, 146, 147
149, 210-211, 272, 288-294
393 -
power flow, 182 /
reflection coefficient, 307-309
scattering, 190-201, 305-315,
slowness curve equations, 134
Smith’s transducer model, 219
S-parameters, 308-310
temperature dependence, 297



Rayleigh wave, (Continued)
transducer, 163-185, 290, 309, 364-368,
375,393
velocity, 91-92, 112, 113, 121, 147, 148,
291,377, 379, 393
Rayleigh-Lamb frequency equations, 79, 84,
372
Rayleigh-Ritz method, 339-344
Rayleigh-type strip mode, velocity disper-
sion, 134-135
Real Poynting’s Theorem, 364
Real propagation constant, 74, §1-82, |58
Real reciprocity relation, 153-154, 212,
250, 272, 324, 366
Reciprocity relation, complex, 154-155,
204, 212, 258, 272, 294, 315
Lamb, 154
Lewis, 154
Lorentz, 154
quasistatic, 154, 155
real, 153154, 212, 258, 324, 366
Rectangular parallelepiped resonator, 357—
361
Reflection, anisolropic acoustic, 6-21, 38—
43
electromagnetic, 2, 3, 4-6
isotropic acoustic, 2, 3—4, 5-7
piezoelectric, 43-57
total internal, 5, 23
Reflection coefficient, equivalent current,
37-38
particle velocity, 22-24, 27-38, 39, 42
plane wave, normal incidence, 42
plane wave, oblique incidence, 22-24, 27—
38, 39, 46-57
Rayleigh wave, 305-315
relation to impedance, 22, 37, 39
stress, 268
transverse resonance analysis, 72-73
waveguide, see S-parameters
Reflection-symmetric waveguide, 188—189
mode orthogonality, 155-160
power flow, 159-160
Refraction, anisotropic acoustic, 6-21, 38—
43
birefringence, 2, 4, 6
electromagnetic, 2. 3, 4-6
external conical, 19-21
internal conical, 11-20
isotropic acoustic, 2, 3-4, 5-7
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Refraction, (Continued)
piezoelectric, 43-46
inirefringence, 2, 6
Resonance, fundamental, 166, 170, 181,
341, 343
overtone, 341-343
Resonant frequency, 222, 261-262, 334
Resonator, acoustic input impedance, 268
admittance equivalent circuit, 226
admittance matrix, 259, 260, 266
angularly summetric dilatational modes,
thick disk, 344-347, 353-357
boundary perturbation formula, 317
boundary perturbations, 315-322
bounded isotropic plate, 228, 234-243
composite, lateral, 130-133
composite, thickness, 130-133
contour extensional modes, 232-233, 347-
349
damping constant, 262
dilatational modes. rectangular parallelepi-
ped., 357-361
electrical imput admittance, 266
equivalent circuit, 225, 260, 356-358
finite element theory, 243-251
grating, 253-258
impedance equations, 224-226
interior perturbation formula, 317, 322
interior perturbations, 315-317, 322-324
isotropic cylinder, 231-232
isotropic strip, 228, 242, 244
lossy, 261-262, 264, 266
Mindlin Theory, 234-243
modal analysis, 223-226
mode, 222
mode amplitude, 223, 258-260
mode amplitude equations, 259
mode expansion, 259
mode orthogonality, 259, 264-265, 343,
370
mode quality, 262
open-circuit mode, 231, 259, 264, 265
perturbation theory, 315-324
potential, electric, 230, 259
Q. 262, 264, 266
quality factor, 262, 264, 266
rectangular parallelepiped, 357-361
rigid boundary, 338-344, 369
SAW, 257-258
SH modes, bounded plate, 228-229, 244
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Resonator, (Continued)
short-circuit mode, 231, 259, 264, 347,
351, 354, 357-361
stored energy, 260, 261, 319, 322
STW, 257-258
thick anisotropic disk, 344-347, 353-357
thickness modes, anisotropic, 226-227
thickness modes, isotropic, 227-265, 343
thickness modes, piezoelectric, 230—232,
319-322, 323-324
thickness-twist modes, 229
thin plate, 232-233, 234-243
torsional modes, cylinder, 263, 265, 266,
330, 371
transducer, 130, 204
trapped energy, 251-253
unbounded anisotropic plate, 226-227
unbounded isotropic plate, free, 227, 265,
267, 268
unbounded isotropic plate, rigid, 338-343
unbounded piezoelectric plate, 230-232,
319-322, 323-324
variational techniques, 334-361
Ridge waveguide, 132
Rigid boundary conditions, 157, 335, 337-
338, 338-343, 369
Rotation of power flow, 18

SAW, see Rayleigh wave
SBAW, see SSBW
Scattering, arrays, 310-313
coefficients, acoustic, 22-24, 27-38, 39,
43-57
coefficients, piezoelectric, 51, 55, 56, 57
electrical, 43-57, 302-309
formulas, 194-201, 303-313
interdigital transducer, 167, 179, 183
Lamb waves, 190-201, 306
longitudinal to shear, 28-30, 32, 36, 37
Love waves, 201
parameters, 175-179, 191-201
perturbation theory, 302-315
piezoelectric plane waves, 43-57
plane wave into Rayleigh waves, 314-315
plane waves, 1-57
Rayleigh wave, 190-201, 305-315, 330,
3493
SH (horizontal shear) modes, 190-201
shear to longitudinal, 27-29, 30-31, 34—
35

Scattering, (Continued)
waveguide, 190-201
weak-scattering assumption 315
Sezawa wave, 102-103
SH (horizontal shear) modes, 68-69, 71-73,
73-76, 128-130, 136-139, 202, 203,
257, 313
anisotropic, 136—138
antisymmetric, 72, 142
bounded plate resonator (thickness-twist
modes), 229
characteristic equation, 141
dispersion curves, 76, 142
dispersion relation, 69, 73, 138
energy velocity, 206-207
field distributions, 76, 140—141
group velocity, 202-203
piezoelectric, 140-141
scattering, 190-201
slowness curves, 74
symmetric, 72, 142
trapped energy resonator, 251-253
SH trapped energy modes, characteristic
equation, 253
field distributions, 251-253
frequency equation, 253
SH wave, 21, 23, 24
Shear surface waves, see STW, SBAW and
SSBW
Shear wave, 7, 21-29, 30-31, 49-52, 53—
57, 227
horizontally polarized (SH), 21, 23, 24
vertically polarized (5V), 23, 25, 28, 29
Short circuit boundary conditions, 51, 56,
140, 145, 147, 148, 157, 162, 231,
233, 259
Short-circuit mode, resonator, 231, 233,
259, 264, 347, 351, 354, 357-361
Slow layer waveguide, strip, 132
overlay, 95-97
partial waves, 95, 134
velocity dispersion, 97, 135
Slowness curves, Lamb waves, 78
Love waves, 98
purely acoustic, 8~13, 70
purely electromagnetic, 4, 5, 70
quasiacoustic, 45, 46
quasielectromagnetic, 45, 46
Rayleigh wave equations, 134
SH modes, 74



Slowness curves, (Continued)
stiffened acoustic, 45, 46, 70
surface wave equations, 134
two-dimensional waveguides, 203-204
Slowness surface, 3, 6, 8
Smith’s Rayleigh wave transducer model,
219
Snell’s Law, acoustic, 3, 6, 22, 26, 27, 38,
39
definition, 2
electromagnetic, 3, 6
piezoelectric, 45, 46, 49, 50, 54
slowness surface, 3, 6, 8, 45, 46
Sources, distributed, 161-162, 166, 172
clectrical, 161-162, 163, 166
mechanical, 161-162, 163, 166
surface, 161-162
volume, 161-162
S-parameters, defimtion, 175, 191-192
Bom theory, 303-310
perturbation, 302-315
quasistatic theory, 199-201
reciprocity, 175, 193-195
Spring-loaded boundary conditions, 369
SSBW, resonator, 313
transducer, 170-171
Standing wave, 222, 226-227, 228-229,
230, 233, 242, 246, 256, 362
Stationary property, 334, 335, 340, 350-351
Stiffened acoustic wave, 43-46, 47, 52,
140-141
coupling, 140

Stiffened Christoffel equation, 47-48, 53, 54

Stiffness matnix, planar, 233
Stoneley waves, 103-104, 105, 106, 139,
146
anisotropic, 139, 146
conditions for existence, 215
field distributions, 104
velocity, 103-104, 105
Stored energy, electrostatic, 261
instantaneous, 261
kinetic, 261
peak, 261
resonator mode, 261, 262, 319, 322
strain, 261
waveguide mode, 205-206
Strain, cylindrical coordinates, 108
composite modeling, 131-133
finite element, 246-248
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Stress, boundary conditions. 2. 43, 45, 186,
190, 227, 229, 231, 233
composile modeling, 131-133
coordinate transformation, 41-42
finite element, 249, 250
Stress-free boundary. 30-38, 66, 99, 104,
113, 137, 140, 157, 162, 227, 229,
231, 233, 274, 335, 337-338
See also, Mechanically free boundary
Strip waveguide, characteristic equation, 134
velocity dispersion curves, 135
STW, coupled wave theory, 315
dispersion relation, 313-315
grating, 257
resonator, 257-258
Subscript (index), resonator modes, 223
waveguide modes, 82-83, 158
Substrate, anisotropic, 376378
definition, 94
isotropic, 375-376
orientation convention, 376-378
velocity, 102103
Superposition of partial waves, Maerfeld-
Tournois waves, 146-151
piczoelectric surface waves, 145, 146-151
SH modes, 136-138
Surface impedance, acoustic, 275, 284, 326,
330
electrical, 288, 289, 291, 320-321
mechanical, 275, 284, 326, 330
perturbation, 275-294, 321, 326, 330
transformation, 291
Surface sources, 161-162
Sutface waves, 87, 88-94, 94-97, 97-103,
103-104, 138, 139-151, 163-185,
187, 188, 189, 210-211, 272-315,
375-393
Surface wave, amplifier, 272, 293-294
coupled, 93-94, 146, 149
slowness curve equations, 134
Smith’s transducer model, 219
transducer, 163-185, 290, 309, 364-368,
375, 393
Susceptance, interdigital transducer, 182,
184-185
SV modes, 77, 80-81, 82, 113
SV wave, 23, 25, 28, 29
Symbolic notation, acoustic field equations,
153
electromagnetic ficld equations, 153
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Symmetry, arguments, 72, 79, 141, 228

even, 72, 79, 141, 228, 341, 348, 357,
359-361

odd, 72, 79, 141, 228, 341, 348, 357,
359-361

Temperature dependence, Rayleigh wave ve-
locity, 297
Thick disk resonator, 344-347, 353-357
Thickness modes (anisotropic), characteristic
equation, 226-227
field distributions, 226-227
frequency equations, 226-227
Thickness modes (isotropic), field distribu-
tions, 227, 338, 339, 343
frequency equations, 227, 265, 267, 338
Q, 265-266
quality factor, 265-266
variational technigques, 338-343
Thickness modes (piczoelectric), characteris-
tic equation, 230-232
field distributions, 230-232
frequency equation, 230-232
perturbed, 319-322, 323-324
Q. 323-324
quality factor, 323-324
Thickness-twist modes, field distributions,
229
frequency equation. 229, 246-247
Thin bounded plate resonator, 232-233,
234-243, 347-349
Thin plate resonator, 232-233, 234-243,
347-349
Tiersten boundary conditions, 277, 280, 305,
330
Topographic waveguide, 132
Torsional cylinder resonator modes, field dis-
tributions, 263
frequency equation, 263
Q. 266
quality factor, 266
variational techniques, 371
Transducer, apodized, 165, 167
chirp, 164, 166
coding, 171, 172
composite, 130-133
edge, 165, 168
EMAT. 163, 165, 168, 175
filters. digital, 172
filters, frequency, 169-172
finger structures, 165—168

Transducer, (Continued)
immiltance, 172, 182, 184185
interdigital, 163—185, 290, 309, 364-368,
375, 393
modeling, 173-174
Rayleigh wave, 163-185, 290, 364368,
375, 393
reciprocity. 174-179
transmitting and receiving, 179185
unidirectional, 165
variational techniques, 364-368
waveguide, 163—185
wedge. 165, 168
Transformation, coordinate, 42
impedance, 57
surface impedance, 291
Transformer, matching, 57
Transmission coefficient, particle velogity.
22-24,27-38, 39, 42, 191
plane wave, normal incidence, 42
plane wave, oblique incidence, 22-24, 27—
38, 39
reciprocity, 194
relation to impedance, 22, 39
stress, 268
waveguide, see S-parameters
Transmission line, characteristic impedance.
220
model for reflection at a free boundary,
35-38
model, receiving interdigital transducer,
183—184
Transmilting transducer, 179-182
admittance, 184185
conversion ratio, 183
radiated power, 182
recipracity, 183
voltage-current (VI) equations, 220
Transverse decay constant. Y6
Transverse resonance, Bleustein-Gulyaev
wave, 141—-145
defintion, 71
generalized Lamb waves, 102-103
impedance, 73
Lamb waves, 78-79
Love waves, 78=79
partial waves, 71-72, 77-78, 89-90, 96,
99, 101, 140-141, 143
Rayleigh wave, 88, 89-90
reflection coefficient, 72-73
SH modes, 71-73, 140-141




Trapped energy resonator, 251-253

Trapped wave, 96-97, 98, 102, 132-135,
138

Traveling wave, 363

Trial function, 339, 344-346, 348, 352,
353, 354, 359, 363

Trial solution, 333, 334, 336-338, 339, 352,

367
boundary conditions. 335-336, 337-338
Triple transit signal, 167

Unidirectional transducer. 165
Uniqueness theorem, 372-373
Unloaded Q, 268

Variational expression, 334, 336-338
Variational techniques, 248, 333-368

boundary conditions, 335-336, 350-
333

compressional sphere modes, 370

contour extensional modes, 347-349

convergence, 338, 342, 346, 348-349,
352, 354, 355-357

dilatational modes, rectangular parallelepi-
ped, 357-361

dilatational modes, thick disk, 344347,
353-357

interdigital transducer, 364-368

Kino's vanational formula, 368

Lagrangian density function, 350, 351

Lagrangian function, 350, 351

Lagrangian methods, 349-353, 364

Lamb waves, 372

lower bound, 342

nonpiezoelectric resonator, 334-349

nonpiezoelectric waveguides, 362364

piezoelectric resonator, 349-361

piezoelectric waveguide, 364

Rayleigh-Ritz method, 339-344

resonator, 334-361

rigid-boundary resonator, 369

stationary property, 334, 335, 340, 350-
351

thickness modes, isotropic, 338-343

torsional cylinder resonator modes, 371

transducer, 364-368

trial function, 339, 344346, 348, 352,
353, 354, 359, 363

trial solution, 333, 334, 336-338, 339,
352, 367

upper bound, 342
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Vanational techniques, (Continued)
variational expression, 334, 336-338
waveguide, 361-364

Vector mode function, 187-189

Velocity, Bleustein-Gulyaev, 291
energy, 12, 201-207
group, 8. 12, 14, 158, 201-207, 279, 280
Lamé, 85
phase, 158, 202, 204, 277, 299
piezoelectrically stiffened, 55
Rayleigh wave. 91-92, 112, 113, 134,

147, 148, 291, 377, 379-388, 393
stiffened acoustic, 55
Stoneley, 103-104, 105

Velocity dispersion, 202

Velocity dispersion, Love mode, 97
strip waveguide. 135

Velocity perturbations, 272-292
anisotropic, 278-279
electrical, 286-292
mechanical, 274-286
Tiersten boundary conditions. 277

Volume sources, 161-162

Wave, backward, 158

Bleustein-Gulyaev, 139-142, 150, 210-
212,291

bound, 102

bulk (plane), 138, 165, 168

coupling, 81, 93-94, 113, 141-142, 146,
149, 207, 272, 291, 328-329

degenerate, 11, 14, 87, 88

electrostatic, 70-71, 140, 143, 148, 230

evanescent, 5, 6, 9, 11, 23, 44, 47, 49,
50, 51, 52, 55, 56, 57, 59, 70, 140,
143, 148

excitation by distributed sources, 161-162,

forced, 161-185, 222

free, 221

fromt, 9, 10, 12

generalized Lamb, 97-103

gencralized Rayleigh, 138

guided, 64

horizontally polarized shear (SH), 21, 23,
24

hybrid, 43

interface, 102

Lamb, 76-88. 139, 140, 141, 146, 158,
203, 207, 229, 306, 372

Lamé, 85, 86, 207, 209

Laplace, 71
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Wave, (Continued)

leaky, 95, 96-97, 98, 102, 138, 145

longitudinal, 7, 28-32, 227, 247-248

Love, 95-98, 99, 101, 139, 146, 201, 208

Maerfeld-Tournois, 146—151

P, 28, 30, 31, 32

partial, 69-71, 71-72, 74-75, 77-78, 86,
89-90, 95-96, 99, 101, 132-135,
136138, 140-141, 146

plane (bulk), 138, 165, 168

plane waves in nonpiezoelectric media, -
43

plane waves in piezoelectric media, 43-57,
140-141

pseudosurface, 138

pure shear, 8, 11-18, 39-43

quasiacoustic, 43-46

quasielectromagnetic, 43-46

quasilongitudinal, 8, 70, 227

quasishear, §, 70, 227

Rayleigh, B8-94, 138, 139, 141, 147, 148§,
163185, 187, 189, 210-211, 278-
294, 305-315, 326, 375-393

reflected, 2

refracted, 2

scattering, 1-57, 190-201

scattering perturbation theory, 302-315

Sezawa, 102—-103

SH, 21, 23, 24

shear, 7, 21-29, 30-31, 49-52, 53-57,
227

spurions, 130

standing, 226-227, 228-229, 230-232,
362

stiffened acoustic, 43-46, 47, 52, 140,
141, 148

Stoneley, 103-104, 105, 106, 139, 146

surface, 87, 88-94, 94-97, 97-103, 103~
104, 132135, 138-139, 141-145,
146-151, 161-165, 187188, 189,
201, 210-211, 272-315, 375-393

SV, 23, 25, 28, 29

transmitted, 2

trapped, 96-97, 98, 102, 132-135, 138~
139

traveling, 221, 363

vector, 8, 19-21, 70

vertically polarized shear (SV), 23, 25, 28,
29

Wave equation, acoustic, 66, 233
planar, 233

Wave cquation, (Continued)
scalar potential, 67, 106—107
vector potential, 67, 106—107
Wave vector, 3, 5, 8, 19-21, 49, 53, 54, 70
boundary conditions, 3, 20
imaginary component, 5, 49, 53, 54, 75,
78, 88
Snell’s Law condition, 3, 49
Waveguide, anisotropic, 69-70, 135-151
anisotropic plate on a half space, 138
backward wave, 158
Bleustein-Gulyaev wave, 141-145, 148,
210-212, 291
boundary perturbation formula, 274, 275,
287, 325, 326
boundary perturbations, 272-294, 325, 326
channel, 120
closed, 95
components, 64
composite, 126—127
definition, 64
dilatational modes, free cylinder, 110-112
dilatational modes, free plate, 79, 80, 82,
83-87, 88, 93
energy velocity, 205-206
excitation, 161-162
flexural modes, free cylinder, 112-113
flexural modes, free plate, 79, 80, 84—87,
88, 93 i
free anisotropic plate, 136—138
free isotropic cylinder, 104—114
free isotropic plate, 66—94
Floquet, 126-127
free piezoelectric plate, 140-141
frequency dispersion, 202
generalized Lamb waves, 97-103
generalized Rayleigh waves, 138
group velocity, 158, 202, 205-206, 279,
280
impedance, 220
interior perturbation formula, 296
interior perturbations, 294—302
isotropic, 66—135
isotropic plate on a half space, 94104
isotropic strip on a substrate, 132—135
junctions, 190, 220
Lamb waves, 76—88, 139, 140, 141, 146,
158, 198, 203, 207, 229, 306, 372
Lamé wave, 85, 86, 207, 209
layered, 156
lossy, 212, 213



Waveguide, (Continued)

Love waves, 95-98, 99, 101, 133, 139,
146, 201, 208

Love wave trapping mechanism, 132

Maerfeld-Tournois wave, 146-151

Mindlin Theory, 241-242

modal analysis, 65, 151, 161, 174, 179~
182

mode, 65

mode amplitude, 162, 183

mode amplitude equations, 161-162, 179~
182

mode expansion, 161-162

mode orthogonality, 155-160

open, 95, 118

P modes, 77, 80-81, 82, 113

perturbation theory, 272-302, 325, 326

phase velocity, 158, 202, 204, 277, 279

piezoelectric, 70-71, 139-151, 155-160

potential theory, 66—69

power flow, 159-160, 274

pseudosurface waves, 138

Rayleigh wave, 8894, 132-135, 138,
145, 147, 148, 163185, 187188,
305-315, 326, 375-393

Rayleigh-type mode, strip waveguide, 132-
135

reflection coefficient, see S-parameters

reflection-symmetric, 188189

ridge, 132

SA modes, 113

sandwich, 132
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Waveguide, (Continued)
scattering, 190-201
SH modes, 68—-69, 71-73, 135-138, 140
slot, 132
Stoneley waves, 103-104, 105, 106, 139, 146
stored energy, 205-206
strip, 132-135
superposition of partial waves, 69-71,
128, 134, 136-138, 140-141
surface sources, 161-162
SV modes, 77, 80-81, 82, 113
summetry analysis, 72, 79, 141
three-dimensional guiding, 65
topographic, 132-135
torsional modes, 110-111
transducer, 163—185
transmission coefficient, see S-parameters
transmission line model, 220
transverse resonance, 71-73, 128, 140,
143
two-dimensional guiding, 65, 203-204
variational techniques, 361-364
velocity dispersion, 202
volume perturbations, 294-302
volume sources, 161-162
Waveguide junction, equivalent circuit, 220
Weak coupling approximation, 180, 184,
287, 302, 307, 319, 364
Wedge transducer, 165
Wolkerstorfer boundary conditions, 282, 307

Zero frequency capacitance, 259



