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activity coefficient
Debye-Hiickel ionic model, 359
definition, 358
adiabatic, 179, 323
aliasing, 564
analytic or meromorphic functions, 572-574
arithmetic mean, 536
averaging
the gradient of the mass average, 184
the gradient of the volume average, 72-73
the mass average, 183
the volume average, 71

big-O notation, 29
Bjerrum length, 172, 359
body forces, 86—-89
body-force equivalents, 234-241
Bohm’s momentum hypothesis, 68, 103
Born—-Oppenheimer approximation, 71
boundary conditions

Dirichlet conditions, 465

mixed conditions, 465

Neumann conditions, 465

periodic conditions, 466

radiation conditions, 466
bulk modulus, 205, 323

Cahn—Hilliard profile equation, 430
capillary physics
zoomed-in Cahn-Hilliard theory, 422433
zoomed-out macroscopic theory, 433-446
capillary pressure, 436
capillary rise, 442
carrier frequency, 612
Cauchy integral theorem, 588
Cauchy’s theorem, 574-576
Cauchy-Riemann conditions, 573
central limit theorem, 535-543
chemical potential
and first-order phase transitions, 350
and thermodynamic equilibrium, 343
in multicomponent fluid solutions, 354-361
of a solid mineral, 378
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of single-component fluid, 321
reference configuration, 358
chemical reactions
chemical affinity, 365
equilibrium constant, 366
extent of reaction, 364
Gibbs free energy of reaction, 365
in equilibrium, 364-367
mass-balance law, 366
stoichiometric coefficients, 364
chirped pulse, 613
Clapeyron equation, 352
Clausius—Clapeyron equation, 352
completeness relation
in Fourier-integral theorem, 523
in Sturm-Liouville theory, 493
proof using the Gaussian function, 527
proof using the sinc function, 578
conservation of angular momentum, 90
conservation of electric charge, 134-135
conservation of energy, 93, 395-397
conservation of entropy
one-component fluid, 397-398
two-component (binary) fluid, 404
conservation of linear momentum, 78-82
conservation of mass, 75-77
contact angle
dynamic, 438
equilibrium, 437
contact forces
definition, 85
molecular-interaction tensor, 85
near-neighbor interaction tensor, 84
virial tensor, 86
contact lines
imbibition force acting on, 437
speed of advancement, 439
visualizing movement, 444
Young’s equilibrium condition, 437
convolution theorem, 533
Coriolis and centrifugal forces, 163—167
Coulomb’s friction law, 234
covalent bond, 71
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Curie’s principle, 3741, 188, 205, 375, 386 electro-viscous effect, 301
curl of a tensor field, 20-23 electromagnetic constitutive laws, 127
current density definition, 116 electromagnetic continuity conditions,
144-149
Debye length, 359 electromigration
Debye relaxation, 602-604 conductivity of ions, 132
delayed linear response, 599-604 constitutive law, 131-133
deviatoric and isotropic decomposition, 40, 195 defined as a charge flux, 117
dielectric displacement definition, 115 defined as a current density, 116
diffusivity electron density, 74
electromagnetic, 137, 660 electrostriction, 83
pressure, 268 enthalpy, 337
solute, 406 entropy
thermal, 402 Boltzmann’s formula, 318
viscous, 271 postulational definition, 315-318
dilatation entropy of mixing, 356-357
definition, 195 entropy production
nonlinear relation to volume change, 196 Joule heating, 125
dimensional analysis, 271-276 one-component fluid, 398
Dirac delta function two-component fluid, 405
as limit of well-behaved functions, 50 Euler equation, 324
derivative of, 50 Eulerian perspective, 77
integral property, 49 evanescent interface waves, 218-225
sifting property, 49 expected value, 535
three dimensions, 52 extensive strain tensor, 371
discrete particle mechanics
molecular dynamics, 7071 fast-Fourier transform FFT, 563
Newton’s second law, 62 ferromagnetic, 130
quantum mechanics, 67-70 fields
dislocation line, 188 higher-order tensor fields, 8
dispersion, 410 scalar fields, 4
dispersive waves, 608-613 second-order tensor fields, 6
displacement strain vector fields, 4
integral definition, 190 first law of thermodynamics
relation to thermodynamic strain, 190, 192 electromagnetic applications, 124
dissipation and delay, 604-608 enthalpy representation, 337
divergence of a tensor field, 18-20 for an elastic solid, 370
double-dot product, 10 Gibbs free energy representation, 339
drainage, 437 Helmbholtz free energy representation, 335
internal-energy representation, 320, 334
Einstein—Stokes ionic-mobility model, 132 Fourier series
elastic anisotropy, 202 and rectification, 518
elastic isotropy from Sturm-Liouville theory, 494-497
definition of the stiffness tensor, 203-204 Gibbs phenomenon, 500-502
Hooke’s law, 205 solving partial-differential equations, 502-514
elastic-strain energy, 179 Fourier transform
elasticity and integral moments of functions, 534
definition, 177 applied to diffusion problems, 543-550
rate of reversible work, 178 applied to wave problems, 550-556
elastodynamic plane waves, 209-212 derivation of the transform pair, 519-520
elastodynamic representation theorem, 231-233 differentiation property, 532
elastodynamic wave equation, 209 of real functions, 529-530
elastostatics of the Gaussian function, 525-527
Green’s tensor, 646 shifting property, 531
linear, 241 stretching property, 531
nonlinear, 241-243 Fourier-integral theorem, 521
electret, 129 friction coefficient, 234
electro-osmotic flow, 300 functions of 2nd-order tensors, 29-31
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fundamental theorem of calculus
divergence theorem, 16
one dimension, 16
three dimensions, 15, 54
fusion or melting, 348

Galilean invariance, 122

geometric mean, 538

Gibbs free energy, 339

Gibbs—Duhem equation, 324

glide plane, 188

gradient operator, 5

Green’s function continuity at source point, 636

Green’s function in a wholespace
biharmonic equation, 666—668
Laplace equation, 665-666
scalar diffusion equation, 640-641
scalar wave equation, 631-634

Green’s function method
elastodynamics, 642-643
electromagnetics, 652
scalar diffusion equation, 637-640
scalar wave equation, 627-631
Stokes flow, 647-650

Green'’s tensor in a wholespace
elastodynamic, 643-646
elastostatic, 646—647
electromagnetic diffusion, 660-663
pure electromagnetic waves, 659-660
Stokes flow, 650-652

Green’s theorem, 17, 54, 574

group velocity, 613

harmonic mean, 540

head waves, 218

Helmholtz free energy, 335

Hilbert transform, 602

Hooke’s law
matrix form for isotropic material, 207
linear form, 200
linear isotropic form, 205
matrix representation, 201
nonlinear form, 184186
nonlinear isotropic form, 205

hydrogen bond, 71

ideal gas law, 81
identity tensors
fourth-order, 57
second-order, 11
imbibition, 437
impermeability, 127, 384
impermittivity, 127, 384
internal energy
as a fundamental function, 320
definition, 314
representation, 333
internal pressure (thermal pressure), 80, 82

Index

inverse-normal distribution, 540
ionic bond, 71

ionic mobility, 132

ionic strength, 360

isentropic, 323

isochoric, 323

isotropic tensors, 34-37

Jordan’s lemma, 576

Kirchoff’s formula, 552
Kramers—Kronig relations, 602

Lagrangian perpsective, 77

Lamé modulus, 206

latent heat, 351

Laurent series, 580, 587-591

law of large numbers, 538

Le Chatelier’s principle, 345, 353
Legendre transform, 332

Leibniz rule of differentiation, 17
Lennard-Jones molecular-interaction energy, 70
Levi—Civita alternating tensor, 13
log-normal distribution, 539
longitudinal elastic plane waves, 210
loss tangent, 608

Mach number, 265
macroscopic electromagnetics in a moving frame,
122-124

magnet, 130
magnetohydrodynamics, 293
magnetic field definition, 119
magnetic induction definition, 119
magnetization definition, 117
magnetohydrodynamics, 143, 297
Maxwell stress tensor, 120
Maxwell’s equations

continuum form, 111-120

for discrete molecules, 65

for discrete nuclei and electrons, 112
meniscus, 436
metallic bond, 71
method of images

a diffusion problem, 548-550

a wave problem, 555-556

an electrostatic problem, 175
method of Lagrangian multipliers, 424
metrical coefficients, 42
moment tensor, 238-240

near-neighbor interaction tensor o, 84
Newtonian gravity
continuum form, 161-163
gravity from discrete particles, 65
nondimensional analysis
perturbation analysis, 275
similarity, 273
nonwetting, 438
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normal distribution, 538
Nyquist frequency, 564

Ohm’s law of electromigration, 131

order of poles, 583-587

orthogonal curvilinear coordinates, 4148
orthogonal polynomials, 494

Oseen tensor, 652

osmosis, 368

osmotic pressure, 368

P waves or compressional waves, 210

Péclet number, 402, 410

paramagnetic, 130

Parseval’s theorem, 532

particle trajectory, 61

phase diagram, 349

phase transitions
first order, 348-353
second order, 348

phase velocity, 611

piezoelectric response, 383

piezomagnetic response, 383

plasticity, 188

point defects, 377, 393

Poisson ratio, 206

Poynting vector, 93
complex, 220
elastodynamics, 211, 212
electromagnetics, 125
time averaged, 220

pressure, 321

pressure solution, 381

principal value, 577, 601

product rules of tensor calculus, 23-26

quality factor Q, 607
quantum force, 69
quantum potential, 69

Rayleigh dispersion formula, 613
Rayleigh waves, 222-225
reciprocity of transport coefficients
continuum demonstration, 415-419
Onsager demonstration, 419-422
reflection and transmission
elastodynamic plane waves, 213-218
electromagnetic plane waves, 252-254
SV wave incident at free surface, 247
representation theorem
elastodynamic (seismic), 233, 643
electromagnetics, 656
scalar diffusion equation, 640
scalar wave equation, 630
Stokes flow, 649
residue theorem, 580-583
residues, 582
reverse osmosis, 368
Reynolds number, 272
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Reynolds transport theorem, 17
Roshko number, 272
Rossby number, 167
rotation of the Cartesian coordinates
changes in the vector and tensor scalar
components, 31-35
the rotation matrix, 33, 57

S waves or shear waves, 212
scalar product, 9
Schrodinger equation, 67, 103
second law of thermodynamics
electromagnetic applications, 125
general statement, 398
seismic reciprocity, 227-231
separation of variables
overall approach, 466-485
separation constant, 467
shear modulus, 205
singularities
branch points, 579
poles, 578
skin depth
electromagnetic, 137, 151, 169
magnetohydrodynamic, 296
pressure, 268
thermal, 447
viscous, 292
Snell’s law
elastodynamics, 215
electromagnetics, 253
solenoidal (incompressible) flow, 266
solid-state diffusion, 393
solubility, 170, 376
solubility product, 376-380
specific heat, 323
spin, quantum, 63
state functions, 321
Stefan problem, 448
Sterling approximation, 357
stiffness tensor
in Voigt matrix notation, 200
thermodynamic definition, 185
Stokes mobility law, 288
Stokes’ theorem, 16
Stonely waves, 222-225
strain tensor
displacement strain E, 188
thermodynamic strain e, 182, 188
stress tensor
continuity of traction, 97
definition, 89
deviatoric stress, 90, 94
isotropic stress, 90
Korteweg or capillary stress, 428
thermodynamic definition, 182
total pressure, 93
traction vector, 94
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stress tensor (cont.)
traction-force density, 89, 98-99
viscous-stress tensor, 262
Sturm-Liouville theory, 491-494
sublimation, 348
surface current, 146, 147, 157
surface tension
Cahn-Hilliard theory, 430
qualitative description, 433435
symmetry of the stiffness tensor, 200

Taylor dispersion, 410-414
Taylor series
of fields in one dimension, 27
of fields in three dimensions, 27-29
radius of convergence, 490
temperature, 321
tension crack, 238
thermal expansion coefficient, 323
thermodynamic equilibrium conditions, 341
thermodynamic stability, 344-348
thermodynamic strain
integral rate definition, 180
relation to displacement strain, 190, 192
thermodynamics
of elastic solids, 369-376
of multi-component fluids, 354-369
of single-component fluids, 314-354
with electromagnetic polarization, 382-386
time-series analysis
deconvolution, 561
filtering, 557-560
windowing, 562
total internal reflection, 218
traction, 86, 94
transport laws
Cahn—Hilliard theory, 428-429
one-component fluid, 399
two-component (binary) fluid, 407
transverse elastic plane waves, 211

Index

uncertainty relation, 526, 566

van 't Hoff osmotic pressure, 369
van der Waals attraction, 66, 70, 104
vaporization, 348
vector product, 12
virial tensor W, 86
viscosity
bulk viscosity, 263
law of Newtonian viscosity, 263
shear viscosity, 263
viscous flow
common boundary conditions, 278
creeping flow around a sphere, 285-289
in co-axial pipes, 283
incompressible viscous flow, 266-269
laminar flow, 272
lubrication approximation, 302-312
Navier—Stokes equation, 269
steady flow in a duct, 279
Stokes flow, 272
the laws of viscous flow, 261-264
time-varying flow, 289-293
viscous pressure gradient, 270
viscous-stress interface condition, 271
Voigt or matrix representation of Hooke’s law, 201
vorticity, 270

wave function, quantum, 67
well-posed problems
continuum electromagnetics, 158
elastodynamics, 226-227
scalar diffusion, wave and potential problems,
462-466
viscous flow, 277-278
wetting, 438

Young’s modulus, 206
Young-Laplace equation, 436
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