
Index

8CB (4n-octyl-4′-cyanobiphenyl), 37

additivity (hydrodynamics), 115

adiabatic temperature gradient, 73

aeroelasticity, 207

angle of fall (cylinder in viscous fluid), 124

anharmonic correction

elasticity of columnar phases, 598

smectic elasticity, 561

antithixotropy, 10

Arrhenius law, 68

Arrhenius model, 477

asthenosphere, 73

atactic, 413

athermal behaviour, 27

Ball and Richmond model, 477

Bartolino–Durand experiment, 555

Beltrami conditions, 189

Bénard–von Karman vortex street, 84

Bénard, see Rayleigh–Bénard convection, instability,

number

bending, 203, 515, 598

Bernoulli theorem, 88

Bingham fluid (yield stress), 12, 368

Bingham law, 12

Blasius profile, 106

blob (semi-dilute polymer), 456

boundary layer

permeation (smectics), 571

thermal (simple liquid), 113

viscous (simple liquid), 103

bubble (foam), 8, 27

buckling instability, 43, 202, 601

Burgers circuit (around a dislocation), 247

Burgers equation, 331

Burgers model, 331

Burgers vector, 246

capillary number

critical (droplet break-up), 490

emulsion droplet in simple shear, 488

emulsion droplet under elongational flow, 488

Saffman–Taylor finger, 137

Cates model, 469

Cauchy’s equation, 51

Cauchy’s postulate, 46

Cauchy tensor, 380

cellulose acetate, 411

cellulose nitrate, 410

cellulose xanthate, 411

chain

Gaussian (polymer), 425

primitive (entangled polymer), 441

Chaplygin–Kutta condition, 94

Clapeyron relation, 72

climb (dislocation), 292

CMC, see critical micellar concentration

Coanda effect, 89

Coble creep, 306

colloidal crystal, 36, 222

elastic moduli (measurement), 227

fabrication, 223

mechanisms of formation, 224

melting under shear, 319

plasticity, 318

collision cross-section (perfect gas), 65

colloidal suspension, 471

compliance

complex shear J∗ (viscoelastic

fluid), 344

creep J (t)

viscoelastic fluid, 337

viscoelastic solid, 351

equilibrium J0 (viscoelastic fluid), 338

initial time J (0) (viscoelastic

fluid), 338

condition

Beltrami compatibility, 189
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Index 615

boundary conditions

immiscibility, 71

impermeability, 71

no-slip, 71

stress equilibrium (at an interface), 71

Cauchy–Riemann, 91

Chaplygin–Kutta, 94

conservation, see law

consistence, 9

constant

Boltzmann, 66

Frank–Oseen elastic, 515, 605

Planck, 66

construction

tetrahedron, 47

Volterra, 246

Wulff, 260

continuous medium (definition), 46

coordinance (of a crystal), 244

copolymer, 408

core (of a dislocation), 252

Coriolis force, 80

corotational derivative, 383

Cottrell cloud, 290

Couette flow, 365, 533

Cox and Merz formula, 396

CPCl (cetylpyrimidium chloride), 461

crack tip stress, 315

crack velocity, 316

creep, see also compliance

α (or logarithmic) creep, 294, 303

β creep, 294

κ creep, 294

Coble creep, 306

compression normal to layers (smectics), 574

Harper–Dorn creep, 306

Nabarro creep, 307

Nabarro–Herring creep, 304

smectic B, 297

thermally activated obstacle crossing, 296

Weertman creep, 308

zero creep, 267

critical compression

column buckling (columnar phase), 602

Euler instability of beams, 202

critical micellar concentration, 460, 465

critical shear stress (elasticity)

measurement, 178

theoretical, 181

cross-slip (dislocation), 292

curvature

Gaussian curvature (surface), 201, 558

total curvature (surface), 72, 201, 558

D′′ layer, 73

d’Alembert paradox, 78, 97, 166

Darcy law, 130, 401

Debye frequency, 243

Debye length, 224

defects

linear, see dislocation, disclination line

point-like, see vacancy, interstitial, precipitate

surface, see wall, grain boundary, sub-grain

boundary

deformation

bend (nematics), 515

droplet under shear, 489

elastic (definition), 1

elongational, 379

plastic, 2

shear, 4, 378

splay (nematics), 515

twist (nematics), 513, 515

derivative

Gordon–Schowalter, 383, 395

Jaumann (or corotational), 383

lower-convected (or covariant) time, 383

material, 50

upper-convected (or contravariant) time, 383

destructuring (thixotropic fluid), 16

deviator of strain tensor, 174

diagram

Cole–Cole (viscoelastic fluid), 342

orientation (sheared smectics), 596

phase diagram for CPCl/Sal/brine, 462

Wulff, 260

diffusion coefficient

curvilinear

polymer in semi-dilute solution, 458

polymer melt, 443

heat, 73

molecular (Rouse model), 432

molecular orientation (nematics), 526

rotational (elongated ellipsoid), 483

radioactive isotope, 245

self-diffusion coefficient, 244

spherical particle, 472

vacancies, 243

dilation

bulk dilation, 174, 556

critical dilation (undulation instability,

smectics), 563

director (nematic), 38

disclination line (nematics)

annihilation time of two planar wedge lines, 553

aspect under microscope, 40

de Gennes–Friedel construction, 544

disclination loop, 545

planar wedge line, 546

dynamics, 549

twist line, 545

wedge line, 545
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616 Index

dislocation, see also energy, field, mass, mobility, jog

climb, 292

crossing, 281

forest, 281

Frank network, 261

glide, 276

in crystals, 181

edge, 245, 253, 254

mixed, 245, 255

screw, 245, 249, 250

in smectic phases, 577

edge, 577, 579, 580

screw, 577

interactions, 287, 322, 523

kink, 280

pile-up, 285

tree, 281

width, 278

dislocation loop

crystal, 256

smectic film

critical nucleation radius, 593

growth or collapse dynamics, 593

nucleation, 591

dispersions, 471

dissipation

minimal dissipation principle, 115

viscous

nematics, 533

simple liquid, 73

smectics, 565

viscoelastic fluid, 26, 346

Doi–Edwards model, 439

drag

induced (airplane wing), 97

on elongated cylinder, 123

on moving plate, 112

on moving sphere (Stokes formula), 122

on moving sphere (smectics), 574

shock wave drag, 165

drainage (foam), 8

droplet break-up, 487

dumbbell model, 30, 421, 501

Earth’s core, 73, 222

Earth’s mantle, 24, 73, 154, 220

earthquake waves, 219

Einstein formula, 476, 506

Einstein relation, 244

elastic anisotropy (columnar phase), 599

elastic limit σc (solid)

of a colloidal crystal, 319

of a monocrystal, 277, 278, 283

of a polycrystal, 286

of an alloy, 289, 291

theoretical, 181

elastic modulus, see modulus

elasticity

enthalpic, 1, 36, 226

entropic, 2, 449

elastomer, 33, 447

emulsion, 25, 485

energy

bending (columnar phase), 598

core of dislocation

smectics (screw), 588

solid, 252

curvature (smectics), 558

dissipated, 26, 55, 61, 77, 346, 533, 565

elastic deformation

columnar phase, 597

cubic crystal, 186

elastic solid, 183

isotropic elastic solid, 184, 187

smectics, 557

stored in bent plate, 198

stored in compressed beam, 193

stored in viscoelastic fluid, 28, 340, 346

equation, 58

formation energy of vacancy, 242

free energy

activation, 68, 299

Frank–Oseen, 515, 604

micellisation, 464

interaction between dislocation and coherent

precipitate, 287, 322

migration energy of vacancy, 243

of dislocation (smectics)

edge, 581

mixed, 583

screw, 582

of dislocation (solid)

edge, 255

mixed, 256

screw, 252

of dislocation loop (solid), 257

of grain boundary (solid), 264, 266

of sub-grain boundary (solid), 264

of wedge disclination (nematics), 547

scission energy of micelle, 464

self-diffusion energy, 244

entanglement, 23, 414, 439

entropy equation, 59

entropy variation on crossing shock wave, 164

equation, see also formula, law, relation

Blasius, 108

Burgers, 331

Cauchy’s, 51

elasticity, in cylindrical and spherical coordinates, 235

energy, 58

entropy, 59

Euler’s (perfect fluid), 82, 87
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Index 617

equation (Cont.)

Falkner–Skan, 109

heat (or temperature) (simple liquid), 72

Hugoniot, 162

hydrodynamic, in cylindrical and spherical coordinates, 166

Langevin (motion for polymer chain)

moving fluid, 432

quiescent fluid, 429

Lodge

generalised, 395

simple, 381

Maxwell

lower-convected (or covariant), 383

n relaxation times, 332

one relaxation time, 330

upper-convected (or contravariant)

definition, 383

Rouse model (polymer), 438

Navier

dynamics, 213

statics, 188

Navier–Stokes

simple liquid, 70

smectics (generalisation), 566

Oldroyd-A, 388

Oldroyd-B, 388

permeation, 566

Prandtl (boundary layer), 103

Reynolds (lubrication), 118

Stokes, 114

torque equilibrium (nematics)

at surface, 518

in bulk, 517, 524, 529, 531

von Karman integral, 111

vorticity, 80

WLF (Williams, Landel, Ferry), 399

Ericksen number, 539

etching figure, 249

Euler’s equation, 82, 87

Euler instability, 202

Euler theorem, 70

experiment

Bartolino–Durand (smectics), 555

Delaye, Ribotta, Durand, Clark and Meyer

(smectics), 561

Frederiks (nematics), 519

Grupp (nematics), 513

Miesowicz (nematics), 527

Tanner (viscoelastic fluid), 362

Eyring, 65

Falkner–Skan equation, 109

FENE model, 393, 503

Fick’s law, 243

field

critical (Frederiks instability), 522

displacement around edge dislocation (solid), 253

kinematically admissible displacement, 191

kinematically admissible velocity, 86

molecular (nematics), 516

statically admissible stress, 191

strain around edge dislocation

smectics, 580

solid, 253

strain around screw dislocation

smectics, 582

solid, 250

strain around mixed dislocation

smectics, 583

solid, 255

stress around edge dislocation (solid), 254

Finger tensor, 379

flow

around cylinder, 83, 92

around wedge, 92

Couette

isotropic non-Newtonian fluid (stability), 365

nematics, 533

elongational, 372

irrotational (or potential), 80, 90

permeation (smectics), 569

plane potential, 90

‘plug’, 368, 569

Poiseuille

nematics, 543

non-Newtonian fluid, 367

simple liquid, 128

rotational, 80

simple extension, 348

viscoplastic, 10

fluids see also liquids

Jeffrey, 24

Maxwell, 18

Newtonian viscous, 4

non-Newtonian viscous, 5

shear-thickening, 6

shear-thinning, 6

viscoelastic, 17

yield stress, 12, 311

fluttering, 207

foam, 8, 27

force

buoyancy, 74

capillary, 71

Coriolis, 80

drag, see drag

elastic force normal to layers (smectics), 565

electromagnetic, 80

lift (wing), 94

Magnus, 101

normal

elastic (viscoelastic fluid), 30, 358

© in this web service Cambridge University Press www.cambridge.org

Cambridge University Press
978-0-521-88362-7 - Rheophysics: The Deformation and Flow of Matter
Patrick Oswald
Index
More information

http://www.cambridge.org/9780521883627
http://www.cambridge.org
http://www.cambridge.org


618 Index

force (Cont.)

lubrication (simple liquid), 119

lubrication (smectics), 594

Peach and Koehler (on dislocation),

272, 320

stochastic Langevin, 429, 498

surface, 46

tangent

lubrication (simple liquid), 119

lubrication (smectics), 595

trapping force between dislocation and coherent

precipitate, 289

forest (of dislocations), 281

formula

Cox and Merz, 396

Einstein, 476, 506

Laun, 396

Maxwell, 19

Pal (emulsion), 491

Peach and Koehler, 272, 320

Stokes, 122

Taylor (emulsion), 491

fracture (solid), 311

Frank network, 261

Frank–Oseen free energy, 515, 604

Frank–Read source (or mill), 282

Frederiks experiment, 519

function

Blasius, 108

distribution of the end-to-end vector (polymer chain), 425

Falkner–Skan, 110

holomorphic, 91

linear viscoelasticity, see moduli G′ and G′′
memory m(t) (viscoelastic fluid), 334, 395

stream, 91

stress energy, 395

torsion stress, 196

viscometric

calculation, 384, 390, 392

measurement, 370, 418

fundamental (or elementary) invariants (elasticity), 175

Gibbs–Thomson law, 265

Giesekus model, 392, 503

glide (dislocation), 272, 276

glider, 209

Goodyear, 33

Gordon–Schowalter derivative, 383, 395

grain (crystal), 8, 262

grain boundary (crystal), 263–64

gravitational acceleration (Earth), 74

Green tensor, 379

Griffith criterion, 315

growth spirals, 249

Grupp experiment, 513

Guinier–Preston zone, 288

hardening (metal)

by alloying, 286

by quenching, 292

work hardening, 7, 303

Harper–Dorn creep, 307

head (hydrodynamics), 88

heating (during fluid flow), 156

Hele–Shaw cell, 130

hevea, 33

hodograph of a wedge line (nematics), 546

homopolymer, 408

Hooke’s law, 3, 183

Hugoniot curve, 162

hydrostatic pressure

simple liquids and liquid crystals, 49, 70,

564, 598

viscoelastic fluid, 348

ice, 22, 24

induced drag, 97

instability

aeroelastic, 207

buckling (columnar phase), 42, 602

column undulation (columnar phase), 599

elastic (viscoelastic fluid), 144, 146

Euler (buckling of beam), 202

flutter, 207

Frederiks (nematics), 519

helical, of screw dislocations (smectics), 586

Kelvin–Helmholtz, 159

layer undulation (smectics), 561

Rayleigh–Bénard, 73

Saffman–Taylor, 130, 399

instantaneity (concept of), 17

interstitial, 240

irreversible entropy production

general expression, 53

in isotropic liquid, 59

in nematics, 533

in smectics, 565

isotactic, 413

Jaumann derivative, 383

Jeffery orbit, 482

Jeffrey fluid, 24

Jeffrey model

convected, 387

simple, 24, 331

jog, on dislocation, 281

equilibrium density, 293

induced by crossing, 281

Jump frequency, 66, 243, 300

Kelvin theorem, 89

kink on dislocation, 280

knot rule (dislocations), 247

Kuhn segment, 423, 439, 449
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Index 619

Lamé coefficient, 184

Langevin force, 429, 498

latex, 33

Laun formula, 396

law, see also equation, formula, relation

adiabatic expansion, 73

Arrhenius, 68, 296

Bingham, 12, 368

Casson, 12

conservation

of energy, 59

discontinuity surface, 158

of mass, 50, 69

discontinuity surface, 158

of momentum, 50, 69

discontinuity surface, 159

constitutive

definition, 53

of elastic solid, 183

of nematics, 532

of smectics, 566

of viscous fluid, 60

of viscoelastic fluid, 347

Coulomb, 28

Darcy

Newtonian liquid, 130

non-Newtonian liquid, 400

Fick’s, 243

Fourier, 60

Gibbs–Thomson, 265

Hall and Petch, 286

Herschel–Bulkley, 12

Hooke’s, 3, 184

mass action, 464

Newton’s

in rheology, 4

second (mechanics), 50

third (mechanics), 47

Ostwald–de Waehle, 9

Poiseuille

Newtonian fluid, 128

non-Newtonian fluid, 367

yield stress fluid, 369

Reynolds’ similarity, 82, 121

stress-optic, 504

leek shape (smectics), 596

length

capillary (Saffman–Taylor finger), 137

correlation (semi-dilute polymer), 455

Debye, 224

magnetic coherence (nematics), 521

penetration

columnar phase, 599

nematics (anchoring), 554

smectics, 559

permeation, 570

slippage, 153

viscous, 86

Leslie viscosity, 531

light scattering, 356, 527

line, see dislocation, disclination line

liquid, see also fluid

anomalous, 68

oriented, see phase (nematic)

‘torque’, 38

viscoelastic, 17

yield stress, 12, 367

liquid crystal, 37, 511

lithosphere, 73

longitudinal waves, 214

loss angle (viscoelastic fluid), 345

lubrication

simple liquid, 116

smectics, 593

Mach number, 77

mass of dislocation

edge (crystal), 270

screw (crystal)

at rest, 269

in motion (‘relativistic’ mass), 269

Maxwell, see equation, fluid, model, time

MBBA (N-(p-methoxybenzilidene)-p-butylaniline), 528

mean free path (perfect gas), 64

memory, 4, 5, 20

mesomorphism, 37

micelle, 461

micro-organism propulsion, 124

microstructure

columnar phases, 43

nematics, 40

smectics, 41, 578, 579

solid, 8, 46, 250, 251, 259, 261, 263

Miesowicz viscosity, 527, 534

mobility

of disclination (nematics), 550

of dislocation

crystal, 293

smectics (edge), 576, 584

smectics (screw), 587

modes

hydrodynamic (liquid crystals), 525, 568

normal, 430, 498

model, see also law

Arrhenius (suspension), 477

Ball and Richmond (suspension), 477

Burgers, 331

Cates (‘living polymer’), 469

Doi–Edwards (entangled polymers), 439

dumbbell, 30, 501, 503

Eyring (simple liquid), 65

FENE, 394, 504

Gaussian chain, 425

Giesekus, 392, 503
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620 Index

model (Cont.)

Green and Tobolsky, 394

KBKZ, 395

Kelvin–Voigt, 36, 350

lifting line, 97

Lodge, 381, 395

Maxwell

continuous distribution of relaxation times, 333

finite distribution of relaxation times, 332

single relaxation time, 18, 329

Mott and Nabarro, 287

Oldroyd 8-constant, 389

Oldroyd A and B, 387

Orowan, 290

Orsay group on liquid crystals, 575

Phan-Thien and Tanner, 395

random walk, 423

Rouse, 31, 428

seismological model of Earth, 221

Zimm, 496

modulus, see also constant

bending of circular beam, 203

complex shear G∗ (viscoelastic fluid)

definition, 341

dilute emulsion, 494

compression

beam, 194

isotropic elastic solid, 185, 187

smectics (in bulk and of the layers), 557, 558

viscoelastic fluid, 347

elastic, G′ (viscoelastic fluid)

definition and general expression, 341

dilute emulsion, 494

Doi–Edwards model, 446

‘living polymer’, 463

measurement, 352

Rouse model, 436

suspension of spherical particles, 478

Gaussian curvature (smectics), 558

intrinsic elastic
[
G′] (polymer solution)

definition, 496

polymer solution in � solvent, 495

Zimm model, 499, 501

intrinsic loss
[
G′′] (polymer solution)

definition, 496

polymer solution in � solvent, 495

Zimm model, 499, 501

layer bending (smectics), 558

loss, G′′ (viscoelastic fluid)

definition, 341

‘living polymer’, 463

measurement, 352

Rouse model (polymer), 436

suspension of spherical particles, 480

plateau (Doi–Edwards model)

‘living polymer’, 470

polymer in semi-dilute solution, 458

polymer melt, 445

relaxation, G(t) (viscoelastic fluid)

definition, 333

Doi–Edwards model, 445

measurement, 334

Rouse model (polymer), 435

relaxation, K (t) (viscoelastic fluid), 347

shear

of elastomer, 451

of isotropic elastic solid, 185

viscoelastic fluid, see relaxation modulus G(t)

storage, see elastic modulus G′
torsion

definition, 195

of circular rod, 198

of rod with elliptical cross-section, 197

of rod with triangular cross-section, 198

Young, 187, 193, 228, 451

Mohr circles, 177

molecular frustration, 37

molecules

calamitic, 37

discoidal, 42

Mott and Nabarro model, 287

Mott carpet, 182

Nabarro creep, 306

NaSal (sodium salicylate), 461

Navier equation, 188, 213

nematic phase, 37, 513

network

Frank (dislocations), 261

reticulated (elastomer), 35, 448

transient, elastic junctions (viscoelastic

fluid), 393

Newton’s laws, 4, 47, 50

normal stress difference (viscoelastic fluid)

first

definition, 358

nematics, 541

Rouse model, 438

second

definition, 358

nematics, 541

Rouse model, 438

number

Ericksen (nematics), 539

Mach, 77

Nusselt, 73

Péclet, 472–73, 478, 484

Prandtl, 113

Rayleigh, 74
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Index 621

number (Cont.)

Reynolds , 81, 82, 539

critical, 85

Taylor, 144

Weissenberg, 144

Oldroyd models, 387, 389

olivine, 14, 16, 221

onion (smectics), 597

orientational order, 37

Orsay group on liquid crystals, 575

Oseen tensor, 497

Ostwald–de Waehle law, 9

Ostwald ripening, 8

Pal formula, 491

PBLG (poly(γ -benzyl-L-glutamate)), 484

PDMS, 22

PE (polyethylene), 411

Peach and Koehler formula, 272, 320

Péclet number, 472–73, 478, 484

Peierls valley, 277

Peierls–Nabarro stress, 278

PEO (polyethylene oxide), 404

permeability

cylindrical tube, 129

porous medium, 130

permeation equation, 566

Phan–Thien and Tanner model, 395

phases

columnar, 42, 597

nematic, 37, 513

smectic A, 37, 555

smectic B, 297

plasticity, 5, 294, 318

plateau, see modulus

PMMA (polymethyl methacrylate), 411

Poiseuille, see flow, law

Poisson coefficient, 187

polycarbonate, 413

polygonisation (of dislocations)

smectics, 583

solid, 257

polymers

inorganic, 413

‘living’, 460

melt, 408

elastic and loss moduli, 415

entangled, unentangled, 416

viscosity under continuous shear, 414

organic, 413

reticulated, 33, 447

semi-crystalline, 409

semi-dilute solution, 451

vinyl, 411

polypropylene, 411

polysiloxane, 22, 413

polystyrene, 411

porosity (of a porous medium), 130

potential

chemical potential of molecule in aggregate, 465

complex potential (hydrodynamics), 91

Prandtl equation, 103

Prandtl number, 113

precipitate, 241

coherent (Guinier–Preston zone), 288

incoherent, 290

principle

first principle of thermodynamics, 58

objectivity, 374

Saint-Venant’s, 189

second principle of thermodynamics, 53

‘time–temperature’ superposition, 397

PVC (polyvinyl chloride), 413

pyroxene, 221

radius

Flory radius (polymer chain)

‘living’ polymer in dilute regime, 466

dilute solution (good solvent), 454

semi-dilute solution (good solvent), 457

polymer melt, 424

gyration radius (polymer chain)

definition, 426

Gaussian chain, 427

hydrodynamic radius (polymer coil in dilute solution), 500

rate

absolute reaction (theory of), 66, 299

local rotation, 54, 80, 531

shear, 4

strain, 54

Rayleigh number, 74

Rayleigh waves, 216

Rayleigh–Bénard convection, 74

‘rayon’, 411

regime

elastic, 7

glassy, 418

linear and nonlinear, 20, 328

plastic, 7

Rouse (viscoelasticity), 418

terminal (viscoelasticity), 418

relation

Clapeyron (second), 72

dispersion

Couette flow, 366

hydrodynamic modes (nematics), 526

hydrodynamic modes (smectics), 568

instability of vortex in external flow, 102

Kelvin–Helmholtz instability, 159

Rayleigh surface waves, 218

Saffman–Taylor instability, 136

transverse waves in colloidal

crystal, 231
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622 Index

relation (Cont.)

Einstein (diffusion during random walk), 244

Orowan, 295

Stokes–Einstein, 472

reptation (polymer), 441

resonance peaks (colloidal crystal), 233

restructuring (thixotropic fluid), 16

reversibility (hydrodynamics), 115

Reynolds, see equation, law, number, stress, theorem

rheometer, 6

capillary, 146, 354

cone-plate, 145, 370

double-cylinder, 142

magnetic bead, 355

opposed jet, 374

piezoelectric, 149

rheopecty, 10

rubber, 33, 448

rubber plateau, see also modulus, 23, 416, 445

Saffman–Taylor finger

relative width

Newtonian liquid, 141

non-Newtonian liquid, 402

shape

Newtonian liquid, 132, 140

Newtonian liquid in presence of wire, 401

non-Newtonian liquid, 402

Saffman–Taylor instability, 130, 399

Saint-Venant, principle, 189

scintillation (nematics), 525

sedimentation, see also Péclet number, 473

seismology, 219

separation (of fluid streamlines in

hydrodynamics), 94, 105

shock adiabatic, 161

silicone oil, 5, 22

Silly Putty, 17, 414

slippage, surface (simple or complex fluids),

8, 153

smectic film, 589

smectic phase, 37, 297, 555

solids

ideal plastic, 7

plastic, 5

viscoelastic, 33

viscoplastic, 7

solvent

concept of good and bad solvents, 451

� solvent, 452

sound

first sound (smectics), 569

second sound (smectics), 569

simple liquid, 74

specific heat capacity

at constant pressure, 72

at constant volume, 76, 164

spin-coating, 119

spinodal limit, 486

splay, 516

Stokes equation, 114

Stokes formula, 122

Stokes-Einstein relation, 472

stress, see also field

acting on head dislocation, 285

critical (plastic solids), see also elastic

limit, 7

elastic, 30, 49, 175

Ericksen (nematics), 39, 530

viscoelastic fluid, 356

Frank–Read, 283

Griffith, 315, 316

internal

crystal (precipitates), 289

crystal (dislocations), 276

smectics, 576, 585

normal and tangent (elasticity), 176

maximum tangent, 177

normal (viscoelasticity), 358

microscopic origin, 30, 421

Peierls–Nabarro, 278

Reynolds, 85

theoretical cleavage, 312

tip of crack, 315

transverse shear (nematics), 39, 542

viscous, 49

yield, in fluids, 12, 311

sub-grain boundary, 262

surface force apparatus, 151

surface tension (metals), 266

swelling (jet of viscoelastic fluid), 31

syndiotactic, 413

T1 process (foam), 27

Tacoma Narrows bridge, 212

tacticity, 413

tangential discontinuities, 157

Taylor formulas, 490–91

TEM (Transmission Electron Microscopy), 249, 254

temperature

boiling, 68

brittle–ductile transition, 171, 311

glass transition temperature, 409

� temperature, 453

temperature coefficient aT, 398

tension

Brownian, polymer chain, 427

line tension

dislocation, 257

edge dislocation (smectics), 583

screw dislocation (smectics), 583

vortex, 101

tensor

Cauchy, 380
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Index 623

tensor (Cont.)

configuration (dumbbell model), 501

deformation (viscoelastic fluid), 347

distortion, 172

elastic stress, 175

isotropic elastic solid, 184

microscopic expression (polymer), 428, 433

nematics, 530, 532

smectics, 564

Finger, 379

Green, 378

momentum flux density, 51

Oseen, 497

rotation rate, 79

strain rate, 79, 382

strain

definition, 172

versus stress tensor, 187

stress (total)

construction, 48

nematics, 530, 532

smectics, 564

symmetry, 53

viscoelastic fluid, 356

surface torque

construction, 49

nematics, 517

velocity gradient, 382

viscous stress

nematics, 531

Newtonian isotropic liquid, 61

smectics, 566

texture

developable domain texture (columnar phase), 43

focal conic texture (smectics), 41

thread texture (nematics), 40

theorem

angular momentum, 51

Bernoulli’s, 88

‘derivation under the integral’, 55

dissipation (hydrodynamics), 77

Euler’s (or momentum theorem), 70

Joukovski, 94

Kelvin’s circulation, 89

polar decomposition, 377

potential energy (elasticity), 191

reciprocity

elasticity, 191

hydrodynamics, 116

Reynolds’, 56

work (elasticity), 190

thermal conductivity, 60

thermal dilation coefficient, 76

thermal expansion coefficient, 72

thickness

boundary layer

permeation (smectics), 573

thermal (simple liquid), 113

viscous (simple liquid), 107

displacement (hydrodynamics), 111

momentum (hydrodynamics), 111

thixotropy, 10

thread (nematics), 40

time

breaking-recombination for giant

micelle, 469

Maxwell viscoelastic relaxation

definition, 19, 330, 332

Doi–Edwards model, 444, 459

‘living polymer’ (Cates model), 470

Rouse model, 434

Zimm model, 499

number-average relaxation, 339

relaxation, Frederiks instability, 523

reptation

‘living polymer’, 468

polymer melt, 442, 443

semi-dilute polymer, 459

retardation (Jeffrey fluid), 332, 339, 388

rotational diffusion

Rouse model, 431

Zimm model, 499

terminal relaxation, 419

Doi–Edwards model, 443

Rouse model, 431

weight-average relaxation time, 339

topological rank (nematic disclination), 546

torque

bulk

elastic (nematics), 517, 533

general expression, 52

magnetic (nematics), 52, 518, 533

viscous (nematics), 523, 533

drag (on a rotating sphere), 122

surface, 38, 46, 49, 513, 518

torsion pendulum, 513

transverse pressure gradient (nematics), 544

transverse shear stress (nematics), 39, 542

tree (dislocation), 281

Tresca criterion, 178

Trouton

ratio, 350

rule, 305, 350, 373

truxene, 42

tube (entangled polymer), 439

tubeless siphon, 32, 34

tumbling parameter (nematics), 537

twist, see deformation, disclination

unicity (hydrodynamics), 115

unit elongation, 173

vector

Burgers, 246
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624 Index

vector (Cont.)

critical wave (undulation instability, smectics), 563

displacement (elasticity), 172

end-to-end (polymer chain), 424

energy flux, 59

heat flux, 53

local rotation rate of director, 54, 531

velocity

complex (hydrodynamics), 91

crack, 316

dislocation climb

crystal, 293

smectics, 584

dislocation glide

smectics, 587

solid, 300

mean absolute (perfect gas), 64

mean square (perfect gas), 64

profile

Blasius, 106

Falkner–Skan, 110

permeation boundary layer (smectics), 572

velocity circulation (hydrodynamics), 92, 95

vibration eigenfrequencies

elastic system, 215

rod, 216

wing, 211

viscoelasticity

linear, 328

nonlinear, 356

viscosity

complex η* (viscoelastic fluid), 344

dynamic bulk (isotropic viscous fluid), 61

dynamic, continuous shear (η)

concentrated emulsion, 491

definition, 4

dilute emulsion, 491

isotropic viscous fluid, 61, 67

perfect gas, 64

suspension of spherical particles, 474

viscoelastic fluid, 434

Cates model, 471

Doi–Edwards model, 446, 459

living polymer, 462

dynamic, oscillating shear (η′)
suspension of spherical particles, 478

viscoelastic fluid, 345

elongational

calculation (viscoelastic fluid), 386, 388, 390, 393

definition, 373

intrinsic [η]

definition, 481, 500

polymer solution, 500

suspension of rods under continuous

shear, 484, 485

kinematic (simple liquid), 62

Leslie (nematics), 531

Miesowicz (nematics), 527, 528, 534

plastic (Bingham fluid), 12

rotational (nematics), 523, 531

transient η+(t) (viscoelastic fluid), 336

transient η−(t) (viscoelastic fluid), 335

volume

activation (simple liquid), 157

excluded, 453

Von Karman equation, 111

vortex

dynamics of collection, 98

initial (theory of), 96

Rankine, 92

stability in outer flow, 100

trailing, 97

vortex sheet, 97

vorticity

definition, 79

vorticity line source, 86

wake, 86

wall (crystal), see also grain boundary, sub-grain

boundary, 262

water, 22

wave, see also relation (dispersion)

earthquake, 219

in colloidal crystal, 229

in finite medium (elastic solid), 215

in infinite medium (elastic solid), 213

in smectics (see sound), 567

Rayleigh surface, 216

shock (in a gas), 160

wedge (disclination), 546

Weissenberg effect, 30, 32, 359

Weissenberg number, 144

Williams–Landel–Ferry (WLF)

equation, 399

wing

aeroelastic model, 210

flutter, 209

lift force, 95

typical section, 210

work hardening, 7, 303, 312

Wulff construction, 260

Wulff diagram, 260

Xanthane, 401

Young modulus

colloidal crystal, 228

elastomer, 451

isotropic elastic solid, 187, 193

viscoelastic fluid, 349, 350

zigzag of the columns (columnar phase), 599
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