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Symbols Boundary layer solution, 71, 81
<, 56 Boundary layer thickness, 470, 476
1.4 Bratu’s equation, 101

Brittle material, 314
Brownian motion, 165

A Brownian ratchet, 180

Admissibility condition, 267 Buckingham Pi theorem, 16
Advection equation, 246 Bungie cord, 99,296,317, 319, 333,
Airy function, 46 339

Alfven speed, 39 Burgers’ equation, 40, 290

Almansi strain, 314, 342
Arrhenius equation, 113

Articular cartilage, 198, 313 C

Asymmetric simple exclusion process, 293 Capture silk, 313

Asymptotically stable, 127, 129 Carbon nanotube, 317, 341
Asymptotic expansion, 53, 65 Carburization, 178

Autocatalytic reaction, 112, 144 Cauchy-Green deformation tensor, 336
Avogadro’s number, 177 Cauchy stress tensor, 406

Cellular automata modeling, 276
Characteristics, 249, 255

B Clausius-Duhem inequality, 329

Balance law, 195, 238, 400 Complementary error function, 26, 183, 194,
Balancing, 68, 72,81 352

Bell curve, 169 Composite approximation, 74
Belousov-Zhabotinskii reaction, 143 Composite expansion, 83, 140

Bernoulli’s theorem, 460 Compressive strain, 324, 347

Bessel function, 352, 376 Conservation law, 110, 121, 239

Binding energy, 340 Constitutive law, 197, 312, 325

Blasius boundary layer, 474 diffusion, 197

Bobyleff-Forsyth formula, 490 Greenshields law, 241, 257

Bohr radius, 39 linear elastic, 316, 345, 429

Boltzmann constant, 177,217 viscoelastic, 365

Boltzmann distribution, 203 viscous fluid, 418

Boundary layer coordinate, 71, 81,473 Contact discontinuity, 261
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Continuity equation, 239
incompressible, 402
material, 306, 424
spatial, 306, 402

Control volume, 237, 337

Convolution theorem, 189, 355

Cooperativity, 162

Couette flow, 446

Creep, 312

D
D’ Alembert’s paradox, 469
D’ Alembert solution, 349
Deformation gradient, 336, 392,427, 464
Density, 234, 305, 402
Descartes’ rule of signs, 130, 163
Determinant, 413, 509
derivative, 398
Diffusion coefficient, 23, 175
Diffusion equation, 40, 175, 207
point source solution, 41, 206, 209, 455
radially symmetric, 210, 455
Diffusive boundary layer, 470
Dimensionally complete, 18, 20
Dimensionally homogeneous, 4, 17, 20
Dimensionless product, 8, 19
independent, 19
Dimension matrix, 17
Direct notation, 401
Displacement
gradient, 427
material, 296, 390
spatial, 297, 390
Distinguished limit, 175
Divergence Theorem, 399
Drag coefficient, 10
Drag on sphere, 6
Drift coefficient, 218
Drift diffusion, 202
Drift-diffusion equation, 224
Drift velocity, 225
Du Bois-Reymond lemma, 304
Ductile material, 314
Duffing equation, 99

E

Einstein-Smoluchowski equation, 176,221
Elastic beam, 43

Elastic limit, 324

Elastic modulus, 4,316

Elastic string, 41

Elastomer, 324

Index

Elementary reaction, 114, 149
Eley-Rideal mechanism, 152
Entropy, 4, 329

Epidemic equilibrium, 118, 158, 159
Error function, 352

Euclidean transformation, 327, 409
Euler equations, 461

Eulerian coordinates, 390

Eulerian strain, 314

Expansion fan, 40, 266
Exponential order, 354

Extension ratio, 313, 339

Extreme parameter value, 150

F

Fick’s law of diffusion, 197

First Piola-Kirchhoff stress tensor, 424
Fisher’s equation, 32

Fixed junction model, 339

FKN mechanism, 143

Flux, 47,195, 196, 236, 400

Form invariance, 410

Fourier law of heat conduction, 197
Fourier series, 503

Fourier transform, 186

Fracture, 324

Frame-indifference, 327,410, 426
Free-surface problem, 478

Froude number, 492

Fundamental diagram, 244
Fundamental dimension, 3, 16

G

Galilean transformation, 327, 409

Gap, 277

Geometric analysis, 124

Geometric Brownian motion, 219
Geometric linearity, 345, 363
Goldilocks, 175

Greenshields constitutive law, 241, 252
Green strain, 314, 428

H

Half-plane of convergence, 354
Hanes-Woolf plot, 164
Heaviside step function, 353
Helical flow, 491

Helicity, 493

Helmbholtz free energy, 329

Helmbholtz Representation Theorem, 457, 474

Helmbholtz’s Third Vorticity Theorem, 465
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Hencky strain, 314

Hill’s equation, 162
Homogeneous material, 417
Hopf bifurcation, 132
Hurricane, 455

Hurwitz matrix, 163
Hydrogen-bromine reaction, 163
Hyperelasticity, 331, 332

I
Ideal fluid, 461
Ideal gas, 332,419
Impenetrability of matter, 303
Impermeability boundary condition, 421
Impulsive plate, 470, 493
Incompressibility
material coordinates, 439
spatial coordinates, 402
Indicator function, 189
Infinitesimal deformation, 363
Initial layer, 135
Inner solution, 71, 139
Instantaneous elastic modulus, 386
Integro-differential equation, 371, 375
Internal energy, 329
Interstitial diffusion, 177
Inverse Function Theorem, 304
Inverse problems, 362
Invertase, 116
Inviscid fluid, 461
Irrotational flow, 441, 457
Isotropic material, 413

J

Jacobian matrix, 128, 392, 425
Jacobi’s formula, 398

Jam density, 283

K

Karman vortex street, 476

KdV equation, 46

Kelvin-Helmholtz instability, 484
Kelvin’s Circulation Theorem, 464, 492
Kelvin’s Minimum Energy Theorem, 441
Kelvin-Voigt model, 365
Kermack-McKendrick model, 104
Ketchup, 445, 449

Kinematic viscosity, 470

Kinetic energy, 328, 430, 433, 441
Kutta-Joukowski theorem, 469

L

Lagrangian coordinates, 296, 390
Lagrangian strain, 314, 430
Lame constants, 429

Langevin equation, 212

Laplace transform, 350
Laplacian, 418

Law of Mass Action, 108
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Left Cauchy-Green deformation tensor, 433

Leibniz’s rule, 304
Lengyel-Epstein model, 20
Lennard-Jones potential, 324
Limit cycle, 133

Lincoln Tunnel, 240
Lindeman model, 159
Linear flow, 435, 487

Linear stability analysis; 128
Logistic equation, 154
Luminosity, 35

M
Magnetonsonic waves, 39
Markovian forcing, 216
Markov property, 167
Mass density, 4
Mass, spring, dashpot, 41, 363
Master equation, 174, 208, 224
Matching condition, 73, 139
Material coordinate system, 296, 390
Material curve, 464
Material derivative, 301, 395
Material linearity, 345, 363, 385
Material velocity gradient tensor, 399
Maxwell model, 365
Mean free path, 171, 176
Mean-square displacement, 214, 220
Mechanical energy equation, 342, 430
Merge density, 236, 283
Merritt Parkway, 240
Metallic bonding, 321
Method of characteristics, 348
linear wave equation, 249
nonlinear wave equation, 255
Method of multiple scales, 89
Michaelis-Menten reaction, 115, 130
Midpoint strain, 314
Mobility, 202
Momentum equation
angular, 407, 424
material coordinates, 309, 337, 424
spatial coordinates, 309, 407
Mooney-Rivlin model, 341
Morse potential function, 341
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N

Nagel-Schreckenberg model, 277
Navier equations, 430

Navier-Stokes equation, 418
Nernst-Planck law, 203
Neubert-Fung relaxation function, 373
Newtonian fluid, 416, 418, 445
Newton-Sefan law of cooling, 42, 94
Nondimensionalization, 27, 137
Non-isotropic material, 413
Non-Newtonian fluid, 448, 495
No-slip condition, 421, 462

Nuclear explosion, 38

Nullcline, 124, 146

(0]

Objective tensor, 410, 426

Oldroyd fluid, 386

One-way wave equation, 248
Oregonator, 144

Outer solution, 71, 81, 138, 145, 472
Overlap domain, 73

P

Partial derivative notation, 300, 500

Pascal, 317

Pathline, 468

Pauli exclusion principle, 322

Peanut butter, 445

Pendulum, 35, 84

P-glycoprotein, 134, 140

Phantom traffic jam, 254

Piecewise continuous, 503

Pipe flow, 35, 422,450

Planck’s constant, 38

Plane Couette flow, 447, 454

Plasticity, 324

Plug-flow reactor, 20

Point source solution of diffusion equation,
179, 206, 209, 455

Poiseuille flow, 422, 450, 486

Polar decomposition theorem, 428

Polyconvexity, 334

Polytropic fluid, 492

Potential energy, 328, 433

Potential flow, 466

Power-law fluid, 449, 495

Predator-prey model, 104, 118

Pressure, 332

Principal invariants, 413, 438

Principle of Dissipation, 330,419

Index

Principle of Material Frame-Indifference, 327,
409, 426

Projectile problem, 1,27, 60

Pure shear, 434

Q

Quantum chromodynamics, 38
Quasi-steady state assumption, 135, 142

R
Radioactive decay, 103
Random walk, 167, 205
biased, 224
lazy, 222
non-rectangular lattice, 230
persistent, 222
with loss, 223
with memory, 222
Rankine-Hugoniot condition, 261, 386
Rarefaction wave, 266
Rate of deformation tensor, 416, 489
Reaction analysis, 123
Reaction-diffusion equations, 204
Red light - green light problem, 249, 279
modified, 256
Reduced entropy inequality, 330
Reduced problem, 30, 49
Reference configuration, 297, 391
Regular perturbation problem, 49
Reiner-Rivlin fluid, 416
Resonance, 361
Reynolds number, 10, 472
Reynolds Transport Theorem, 304, 397, 400
Riemann problem, 40, 263, 264
Right Cauchy-Green deformation tensor, 428
Rivlin-Ericksen representation theorem, 413,
417,442
Rotation matrix, 394, 409, 428
Rozenzweig-MacArthur model, 161
Rubber, 313, 339

S

Scale functions, 65

Scale model testing, 12

Schnakenberg chemical oscillator, 160
Second law of thermodynamics, 329
Second Piola-Kirchhoff stress tensor, 427
Secular term, 88

Shear stress, 448, 449, 495

Shock wave, 261
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Similarity variable, 24, 199, 210, 293
Simple extension, 440
Simple shear, 393
Singular perturbation problem, 66, 138
SIR model, 105
with vaccination, 158
with vital dynamics, 158
Slinky, 346, 357
Slip plane, 324
Small disturbance approximation, 253, 482
Space elevator, 339
Spatial coordinate system, 297, 390
Spatial velocity gradient tensor, 399
Spin tensor, 416
Standard linear model, 365
Steady flow, 446
Steady state, 111, 123,311
Stirling’s approximation, 172,224
Stochastic differential equation, 212
Stoichiometric coefficients, 107, 119
Stoichiometric matrix, 120
Stokes drag formula, 12,202,216
Stokes-Einstein equation, 176, 217
Stokes’ first problem, 470
Stokes flow, 11
Stokes hypothesis, 419
Stokes’ Law, 37
Stored energy function, 433
Strain
Almansi, 314, 440, 441
energy function, 433
engineering, 314
Eulerian, 314
Green, 314, 338, 428
Hencky, 314, 339, 440, 441
Lagrangian, 314, 315, 430
midpoint, 314,339
nominal, 314
tensor, 440
true, 315
Stream function, 474
Stress, 4,307, 316, 403, 424
Stress power, 431
Stress relaxation, 311
Surface tension, 4, 494
Sutton-Chen potential, 324

T

Tacoma Narrows Bridge, 362
Tautochrone problem, 384
Taylor-Couette problem, 489
Taylor-Sedov formula, 38
Taylor’s theorem, 51, 497

Telegraph equation, 223

Temperature, 329,419

Tensile strain, 324, 347

Tensor, 401

Toothpaste, 445, 449

Trace, 398, 413, 509

Traffic flow equation
linear, 241, 245
nonlinear, 242, 252, 270
small disturbance approximation, 253
wave velocity, 243, 252

Transcendentally small, 66

Trimerization, 162

Tsunami, 481

Two-timing, 89

U

Uniform approximation, 74, 83
Uniform dilatation, 393
Universal gas constant, 177

A%
Van der Pol equation, 132
Van der Waals bonding, 324
Velocity
gradient tensor, 399, 415
material, 297, 390
spatial, 297, 390
Viscoelastic
fluid, 373
solid, 373
Viscoelasticity
Burger model, 381
creep function, 382
Kelvin-Voigt model, 365
Maxwell model, 365
relaxation function, 372
standard linear model, 365
Viscosity, 4, 332,418, 445
Viscous dissipation function, 431, 489
Viscous fluid, 331
Volatility, 218
Volume fraction, 284
Vortex, 455
Burger’s, 488
line, 457, 460
Oseen-Lamb, 456, 463
Taylor, 455, 487
Vorticity, 454, 462, 469, 489
Vorticity tensor, 416, 454
Vorticity transport equation, 488
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w

Wave velocity, 243, 252
Weak nonlinearity, 32
Weber number, 36
Webster’s equation, 337

Well-ordered, 65
Well-ordering condition, 55

Y
Young’s modulus, 316, 345
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