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€ - & identity, 10
MATLAB®
invariants, 35
symbolic
invariants, 36

acceleration field, 106, 172
adiabatic, 212, 275

angular momentum, 176
axiom of impenetrability, 106

balance laws, see conservation of
barotropic, 278, 280
fluid, 275
base vectors, 7
basis
orthogonal, 7
Bernoulli equation, 280
bi-harmonic equation, 242, 255
polar form, 246
box product, see triple scalar product

caloric equation of state, 180
Cartesian axes, 7
Cauchy deformation tensor, 118, 208

left, 292

right, 133, 136, 292
Cayley-Hamilton theorem, 294
characteristic equation, 31
Christoffel symbols

of the first kind, 354

of the second kind, 351
circulation, 41, 281
Clausius-Duhem equation, 167, 179, 181,

182

local form, 182
coefficient of

bulk viscosity, 272

thermal expansion, 252
compatibility

Beltrami-Michell, 224, 253, 254, 258

equations, 254

strain, 128
compliance

creep, 318
shear, 316, 320
volumetric, 320
concentrated moment, 55
configuration, 103
current, 104, 105, 116
initial, 106
reference, 104-106
conservation of
angular momentum, 167, 182
energy, 167, 177,179, 186
linear momentum, 167, 182, 186
mass, 167, 169, 182
constitutive equations, 167, 179, 196, 198,
272
continuity equation, 169, 213, 278
contraction, 17
convective rate of change, 112
covariant
base vectors, 353
derivative, 353
derivative of tensors, 355
creep, 315
function, 316
response
Kelvin, 316
Maxwell, 317
cross product, 11, 15
cubical dilatation, 123
curl, 38

decomposition
additive, 134
multiplicative, 134
deformation, 103, 117
gradient, 116, 117, 134
homogeneous/inhomogeneous, 117
del operator, 38, 112
density, 53, 54, 109
determinant
cofactor, 21
deviatoric response, 310, 311
dilatational response, 310, 320

365



366 Continuum Mechanics for Engineers

Dirac delta function, 317 internal, 178
direction cosines, 25 specific internal, 178
displacement, 103, 110, 120 entropy, 179
differential, 127 equation of state
field, 110 fluid, 271
displacement gradient, 120 equations of motion, 174
distortional response, 320 Eulerian, 172
divergence, 38 Lagrangian, 172
theorem of Gauss, 40, 62 local, 172
dot product, 11 equilibrium, 61
double dot product, 14 force and moment, 61
dual basis, 345 balance of moments, 62
dummy index, 8 equation, 174, 253
dyad, see tensor product local equations, 61
dyad-dyad product, 13 Euclidian space, 7
Euler equation, 275, 276, 278, 280
eigen problem, 216 Eulerian
characteristic equation, 31 description, 109, 273
eigenvalue, 30 strain, 118
~eigenvector, 30
normalized, 34 field equations, 167
elastic materials, 178 first law of thermodynamics, 167, 179
elasticity, 211 fluid, 271
Airy stress function, 242, 246, 259 linear viscous, 199
constants Newtonian, 271, 272
Cijk, 212 Stokesian, 271, 272
anisotropic, 215, 219 force
bulk modulus, 217 body, 53, 223
isotropic, 215, 223 contact, 53
Lamé, 215, 217, 221 surface, 53
modulus of elasticity, 216 Fourier’s law, 178, 253
orthotropic, 221
Poisson’s ratio, 216 Galerkin vector, 255, 256
shear modulus, 216, 219 gas dynamics equation, 278
elastodynamics, 223, 225 gradient, 38
elastostatics, 223 scalar, 38
linear, 211 vector, 38
linear solid, 199 Green’s deformation tensor, 117
nonlinear, 211, 285 Green’s second identity, 51
plane, 238
semi-inverse, 243 harmonic, 231
symmetry, 219, 220 heat, 179
three dimensional, 253 conduction, 253
displacement formulation, 253 flux, 178
stress formulation, 253 supply, 178
energy - Helmholtz, theorem of, 254
balance, 213 homogeneous, 212
mechanical, 179 body, 54
thermal, 179 deformation, 117
density, 178 Hooke’s law, 211, 214-216, 219, 240, 241,

equation, 179 253
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isotropic body, 223

plane strain, 241
hydrostatics, 276
hyperelastic material, 214

incompressible

fluid, 275

material, 294
indices

raising and lowering, 346
indicial notation, 5, 16

free index, 16
inelastic, 211
infinitesimal

deformation theory, 120

rotation tensor, 127

strain tensor, 127
inner product, 17
internal

constraint, 294

energy, 213
invariance, 189
invariants, 31, 35
inverse mapping, 105
inviscid fluid, 275
irrotational, 254, 280

flow, 278
isochoric, 145
isothermal, 212, 275

Jacobian
determinant, 106
matrix, 344

Kelvin problem, 256
Kelvin’s theorem, 280, 281
kinematics, 103

kinetic energy, 177
Kronecker delta, 9, 19

Lagrange multiplier
stress, 72

Lagrangian
description, 109

equations of motion, see equations

of motion
Lamé strain potential, 255
laminar flows, 275
Laplace equation, 279
left stretch tensor, 134
linear
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independence, 344
momentum, 171
transformation, 5, 30
antecedent, 30
image, 30
local rate of change, 112

mapping, 103
mass, 169
density, 169
material
body, 103
coordinates, 105, 109, 121
derivative, 111, 112
of a line element, 143
of a line segment, 143
of a volume, 145
of an area, 144
of Jacobian, 144
operator, 112
description, 109, see referential de-
scription, 110, 118
material frame indifference, 189
matrix, 19
column matrix, 19
addition, 19
adjoint, 23
decomposition, 20
determinant
diagonal matrix, 22
expansion by cofactors, 22
minor, 21 o+
signed minor, 21
determinant of square matrix, 21
diagonal, 19
exponent rule, 20
identity, 19
inverse, 23
multiplication, 20
associative, 20
communitive, 20
null, 19
orthogonal, 24
prefactor/postfactor, 20
row matrix, 19
scalar multiplication, 20
singular, 22
skew—symmetric, 19
square, 19
square of, 20
square root, 20
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symmetric, 19
trace, 31
transpose, 19
vector-tensor product, 24
zero, 19
mechanical power, 177
Mohr’s circle, 189
for stress, 76
moment
of momentum, 176
vector, 55
Mooney-Rivlin material, 292, 296
motion, 103, 117
multiplication
cross product, 15
double dot product, 16
dyad product, 15
dyad-dyad product, 16
tensor-tensor product, 16
triple cross product, 15
triple scalar product, 15
vector by scalar, 15
vector by vector, 15
vector-dyad product, 15
vector-tensor products, 16

Navier equation, 224, 225, 240, 253, 254,
257
plane strain, 241
Navier-Stokes equations, 273-275
neo-Hookean material, 292, 296
Newton’s laws, 55
nonion form, 12

Ogden material, 297
orthonormal, 7
orthotropic, 221
outer product, 17

Papkovich-Neuber, 257

partial differentiation
subscript comma notation, 37

particles, 103

path, 106

permutation symbol, 9, 10

plane strain, 124, 238 -
generalized, 241

plane stress, 80, 238
generalized, 241

plastic material, 199

polar
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coordinates, 245
decomposition, 134
material, 176
polymer, 309
chain, 287
conformation, 287
positive/negative definite, 37, 134
potential flow, 278
pressure
function, 276
head, 280
hydrostatic, 271
thermostatic, 271
principle of linear momentum, 55

rate of
deformation, 137, 138
extension, 139
shear, 140
stretching, 139
reciprocal vectors, 345
referential
coordinates, 105
description, see material description
relaxation, 315
function, 318
residual stress, 214
resilience, 285
retardation time, 316
right
principal direction of stretch, 135
stretch tensor, 134
rigid body, 103
displacement, 132
translation, 135
rotation
tensor, 134
vector, 127
rubber
butadiene, 285
molecular approach, 287
natural, 285

Saint-Venant
extension, 227
flexure, 236
pure bending, 234
torsion, 228

scalar, 6
field, 37
product, 11
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second law of thermodynamics, 179, 186
simple shear deformation, 119
solenoidal, 254
spatial
coordinates, 105, 121
description, 110, 118
position, 105
velocity gradient, 137
specific
entropy, 180
entropy production, 181
free energy, 186
heat, 253
internal energy, 178
steady flow, 276
Stokes’
condition, 272
theorem, 41
strain, 104
axial, 217
deviator tensor, 123
energy, 211, 213
energy density, 213
engineering shear, 123
Eulerian, 118, 175
linearized, 120
finite strain tensor, 116
gauge rosette, 125
infinitesimal, 123
invariants, 121
Lagrangian, 117, 118, 175
linearized, 120
linear, 120
longitudinal, 121, 132
mean normal, 123
normal, 121
principal, 121
deviator, 124
directions, 121, 123
pure, 127
rate of, 140
shear, 125
strain rate, see strain, rate of, 310
strain-displacement equation, 253
streamline, 280
stress, 53
as a tensor, 58
axial, 217
Cauchy
formula, 58, 59, 61
principle, 54, 56
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characteristic equation, 67
components, 59
compressive, 59
deviatoric, 85, 252
principal values, 86
extremal values, 72
first Piola-Kirchhoff, 173
hydrostatic, 85
invariants, 67
maximum
and minimum values, 71
shear, 76
mean, 85, 271
Mohr’s circle, 74
normal, 59, 71
octahedral, 87
normal, 87
shear, 87
orthogonal principal directions, 68
Piola-Kirchhoff, 172
plane, 80
power, 178
principal
directions, 66
real values, 67
stresses, 66
values, 66
rate, 196
Green-Naghdi, 196
Jaumann, 196
second Piola-Kirchhoff, 174
shear, 59
magnitude, 72
spherical, 85, 252
symmetry, 61
tensor, 56
three dimensional stress function, 258
transformation, 63, 69
units, 59
vector, 55, 57, 66
stretch
ratio, 131
tensor, 134
summation convention, 8
superposed rigid body motion, 189
superposition principle, 223, 224
symbolic notation, 5, 11

temperature
reference, 252
tensor, 5
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~tensor products, 13
anti-symmetric, 17
Cartesian, 5
component, 7
curl, 38
definition of, 5
divergence, 38
field, 37
metric, 346
order, 6
physical components, 358
positive/negative definite, 37
product, 12
skew-symmetric, 17
spin, 138, 141
symmetric, 17
trace, 31
transformation, 25, 27
thermodynamic state, 180
thefmoelasticity, 252
thermomechanical continuum, 178
thermoplastic elastomers, 285
thermoset, 285
traction vector, 55
trajectory, 106
transformation, 25
fourth-order tensor, 212
arbitrary Cartesian tensor, 28
improper orthogonal, 28
law, 27
orthogonality condition, 26
tensor, 25, 212
vectors, 25
transport theorem, 168
triple
cross product, 11, 15
scalar product, 11, 15

undeformed configuration, 104
unit

base vectors, 7

extension, 132

vector, 6
-dyad product, 13
-tensor product, 24
-tensor products, 13
addition, 11, 15
axial, 18, 44
axial or pseudo, 28
components, 7
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curl, 38
divergence, 38
field, 37
multiplication, 11
physical components, 350
transformation, 25, 27
triangle rule, 6
true or polar, 28
velocity, 106
field, 55, 104, 106
gradient, 137
head, 280
viscoelastic, 309
absolute compliance, 323
complex
compliance, 320
modulus, 320

correspondence principle, 324, 327

creep function, 318
dashpot, 312
harmonic loading, 320
hereditary integral, 318, 323
Kelvin model, 313, 323
generalized, 315
linear
integral equations, 200
material, 199
linear differential operator, 310
loss
compliance, 322
modulus, 321
Maxwell model, 313, 323, 324
generalized, 315
mechanical models, 311
relaxation modulus, 320
retardation time, 316
shear compliance, 320
standard linear solid, 313
storage
compliance, 322
modulus, 321
superposition principle, 318
three-dimensional problems, 324
volumetric compliance, 320
viscosity coefficients, 272
viscous stress tensor, 271
vorticity, 137, 283
tensor, 138, 141
vector, 141

work, 179



