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absolute temperature, 70
adiabatic exponent, 76, 260
admissible boundary condition, 27
Alfvén characteristic speed, 155
Alfvén theorem, 147
Ampère theorem, 9
Ampère–Biot–Savart law, 8
anisotropic tensor, 243

Beltrami equations, 179
bound charge, 41
boundary value problem with equivalued

surface, 53

Cartesian tensor, 237
Cauchy elastic, 194
Cauchy problem, 23, 78, 104–106, 208
Cauchy strain tensor, 180
Cauchy stress tensor, 188
centered rarefaction wave, 115
characteristic curve, 88
Ciarlet–Geymonat material, 202
Clausius inequality, 250
closed system, 249
compressible Ogden material, 202
compressive shock, 116
conduction current, 42
conservation and transformation law of

(electromagnetic) momentum, 19
conservation and transformation law of

electromagnetic energy, 18
conservation law of magnetic field, 147
constitutive equation, 97
constitutive relation, 175, 194
contact discontinuity, 111
continuity equation, 71, 136, 183
continuity equation of electric current, 7
contraction of tensor, 240

conversation law of electric charges, 7
Coulomb gauge, 36
Coulomb’s law, 2
current density, 7
cycle, 250

Darwin model, 58, 61
deflagration, 161
deformation gradient tensor, 178
detonation, 161
dielectric constant, 2, 41
differential form of Ohm’s law, 51
diffusion equation, 142
dipole, 36
Dirichlet boundary condition, 50
Dirichlet integral, 50
displacement current, 43
displacement gradient tensor, 180
displacement vector, 179
dyadic vector, 19, 240

elastic body, 175
elastic material, 194
elastic tensor, 213
electric conductivity, 51, 67
electric dipole moment, 36
electric displacement vector, 41
electric field, 2
electric field intensity, 1, 3
electric field line, 3
electric flux, 3, 4
electric flux density, 41
electric neutrality, 132
electric polarizability, 41
electromagnetic energy, 18
electromagnetic energy density, 21, 47
electromagnetic energy flux density

vector, 21, 47
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262 Index

electromagnetic field, 1
electromagnetic induction, 11
electromagnetic momentum, 19
electromagnetic momentum density

vector, 21, 47
electromagnetic momentum flux density

tensor, 21, 47
electromagnetic wave, 15, 27
electrostatic field, 2, 48
electrostatic field potential, 6
energy density, 71
energy flux vector, 71
enthalpy, 256
entropy, 75, 79, 218, 251
entropy condition, 116
entropy flux, 218
entropy flux vector, 79, 84
entropy function, 84
entropy inequality, 116, 218
equation of state, 70
equations in Eulerian representation, 120
equations in Lagrangian representation,

120, 158, 171
equilibrium state, 249
equivalued surface boundary condition,

50, 52
Euler equation, 73, 98, 138
Eulerian coordinates, 120, 176
Eulerian representation, 177
expansive coefficient of viscosity, 97

“frozen” principle of magnetic field lines,
147

Faraday’s law of electromagnetic
induction, 12

fast characteristic speed, 155
field with source, 5
finite elasticity theory, 176
first coefficient of viscosity, 97
first law of thermodynamics, 250
first-order quasi-linear hyperbolic system,

87, 157, 172
first-order quasi-linear symmetric hyper-

bolic system, 76, 78, 151, 168,
219, 221

first-order quasi-linear system of partial
differential equations, 75

first-order symmetric hyperbolic system
of partial differential equations,
23

first-order system of partial differential
equations, 22

first-order tensor, 239
Fourier’s experimental law, 92
free electromagnetic wave, 28
frictional shear stress, 90
Friedrichs inequality, 226

Gauge invariance, 34
Gauge transform, 34
Gauss’s law, 4
generalized Hooke’s law, 204
generalized Newton’s law, 97
generalized shear modulus, 224
geometric nonlinearity, 175
Gibbs free energy, 258

harmonic equation, 56
heat conductivity, 92
heat flux density vector, 92
heat function, 257
Helmholtz free energy, 257
homogeneous material, 194
Hugoniot equation, 112
Hugoniot function, 112
hyperbolic system, 88, 215
hyperelastic, 197

ideal fluid, 69
ideal gas, 70, 259
ideal magnetofluid, 149
ideal magnetohydrodynamics system,

149
incompressible fluid, 105
infinitesimal strain tensor, 180
initial-boundary value problem, 23, 25,

105, 106, 208, 214
interface condition, 44
internal energy, 70, 250
irrotational field, 6
isentropic flow, 89
isolated system, 249
isotropic, 198
isotropic tensor, 244
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Joule heat, 141
Joule–Lenz law, 141
jump condition, 111

k-shock, 116
kinetic coefficient of viscosity, 97
Korn inequality, 225, 226

Lagrangian coordinates, 120, 176
Lagrangian representation, 176
Lamé constant, 200
Laplace operator, 10
largest nonnegative subspace, 27
left Cauchy–Green strain tensor, 179
leftward shock wave, 116
Legendre transform, 82, 85, 254
Lenz’s law, 12
linear elastic body, 175
linear elasticity theory, 175
local speed of sound, 77
longitudinal field, 31
longitudinal wave, 30
longitudinal wave condition, 31
Lorentz condition, 35
Lorentz force, 16
Lorentz force formula, 1, 16
Lorentz gauge, 35

magnetic conductivity, 8, 42
magnetic dipole moment, 66
magnetic field, 8
magnetic field intensity, 42
magnetic induction intensity, 1, 8
magnetic susceptibility, 42
magnetization, 42
magnetohydrodynamics, 133
magnetohydrodynamics system, 134, 141
magnetostatic field, 9, 53
mass density, 69
mass flux vector, 70
material coordinates, 120, 176
material derivative, 177
material nonlinearity, 175
material representation, 176
Maxwell’s equations, 1, 13
Maxwell’s equations in a vacuum, 15
method of energy integral, 23
minimizing sequence, 230

momentum density vector, 70
momentum flux tensor, 70
Mooney–Rivlin material, 202

nth order tensor, 239
natural boundary condition, 230
Navier–Stokes equations, 106
Neo–Hookean material, 202
Neumann boundary condition, 50
Newtonian fluid, 90
non-Newtonian fluid, 90
nonlinear elasticity theory, 176
normal stress, 188

objectivity hypothesis, 195, 196
Ogden material, 202
one-dimensional quasi-linear wave

equation, 223, 224

p-system, 124
Piola stress tensor, 193
Piola stress vector, 193
plane coordinate, 253
plane electromagnetic wave solution, 28
plane wave, 28
plasma, 131
Poisson equation, 11
Poisson’s ratio, 205
polar decomposition, 178
polarization, 41
polyconvex, 231
polytropic gas, 70, 260
poynting vector, 18, 47
Prandtl’s relation, 117
pressure, 70
principal axis direction (principal

direction) of tensor, 242
principal invariant of tensor, 243
principal value of tensor, 242

quasi-electrostatic model, 58
quasi-electrostatic state, 57
quasi-harmonic equation, 48, 52, 56
quasi-linear symmetric hyperbolic-

parabolic coupled system, 103,
149, 168

quasi-static process, 249
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radiation region, 40
Rankine–Hugoniot conditions, 111
reference configuration, 176
relative dielectric constant, 41
relative magnetic permeability, 42
resistivity, 51
response function, 194
reversible process, 251
right Cauchy–Green strain tensor, 179
rightward shock wave, 116
rotational field, 9

scalar, 237
scalar potential, 31, 34
scalar potential method, 54
scalar potential of magnetostatic field, 55
second coefficient of viscosity, 97
second law of thermodynamics, 250, 253
second Piola stress tensor, 193
second-order hyperbolic system, 208
second-order linear elliptic system, 225
second-order quasi-linear elliptic system,

227
second-order quasi-linear hyperbolic sys-

tem, 214
second-order symmetric tensor, 243
second-order tensor, 239
sequential weak lower semicontinuity, 231
shear modulus, 206
shear stress, 188
shock wave, 111
skin effect, 49
slow characteristic speed, 155
Sobolev space, 108, 225, 229
solenoidal field (source-free field), 11
spatial coordinates, 176
spatial representation, 177
specific heat at constant volume, 70
specific volume, 75
St. Venant–Kirchhoff material, 201
stability condition, 212
static field region, 39
steady-like field equation, 58
stored-energy function, 197
strain energy function, 197
strain–stress relation, 205
stress, 90, 183

stress tensor, 93
stress vector, 93, 184
stress–strain relation, 205
strictly hyperbolic system, 88, 157
strong ellipticity condition, 208, 214
surface force, 183
symmetric parabolic system, 103
symmetric parabolic system in the sense

of Petrovsky, 103
system of conservation laws, 78
system of reacting fluid dynamics, 164

tangent plane coordinate equation, 253
tensor identification theorem, 93, 241
tensor product, 19, 240
thermodynamic potential, 258
thermodynamic state, 249
thermodynamical shock condition, 112
three-dimensional Navier–Stokes equations,

106
total energy, 162
total flux boundary condition, 50
total flux boundary value problem, 53
transverse field, 30, 53
transverse wave, 30
transverse wave condition, 30
two-dimensional Navier–Stokes equations,

108

vector, 237, 239
vector potential, 31, 34
vector potential method, 53
vector potential of magnetostatic field, 53
velocity vector, 69
viscosity coefficient, 90
volume elastic modulus, 207
volume force, 183
volume force density, 72

wave equation, 27, 210
wave field region, 40
wave vector, 29
weak solution, 230
weakly space-like surface, 23

young modulus, 205


