
Contents

Preface xvii

1 Overview 1

1.1 Condensedmatterphysics 1

1.2 An example-H2O 3

1 Gaseousandliquidstates 3
2 The liquid-gasphasetransition 4
3 Spatialcorrelationsin theliquidstate 5

4 Ice- crystallizedwater 8
5 Brokensymmetryand rigidity 10

6 Dislocations- topologicaldefects 12
7 Universalityof thewaterexample 13

8 Fluctuationsand spatialdimension 15
9 Overviewofbook 16

1.3 Energiesand potentials 17

1 Energyscales 17

2 Van derWaalsattraction 18
3 Molecularhydrogen- theHeitler-Londonapproach 20
4 Hard-sphererepulsion 22

5 Exchangeinteractionand magnetism 24
6 The hydrogenmolecule,molecularorbitals,and bands

in metals 25
Bibliography 28
References 28

2 Structureand scattering 29

2.1 Elementaryscatteringtheory- Bragg'slaw 29
2.2 Photons,neutrons,or electrons 33
2.3 The densityoperatoranditscorrelationfunctions 34

2.4 Liquidsand gases 38

1 Hard-sphereliquids 40
2.5 Crystallinesolids 43
1 Unitcellsand thedirectlattice 43

2 The reciprocallattice 45



3 Periodicfunctions 46
4 Braggscattering 47

2.6 Symmetry and crystalstructure 49
1 Two-dimensionalBravaislattices 50

2 Three-dimensionalBravaislattices 53
3 Closepackedstructures 56
4 Spacegroups 57

2.7 Liquidcrystals 58
1 Isotropic,nematicand cholestericphases 58

2 Smectics-Aand -C 61
3 Hexaticphases 65
4 Discoticphases 68

5 Lyotropicliquidcrystalsand microemulsions 68
2.8 One- and two-dimensionalorderin three-dimensional

materials 71
2.9 Incommensuratestructures 77
2.10 Quasicrystals 82

2.11 Magneticorder 85
2.12 Random isotropicfractals 90

Appendix2A Fouriertransforms 97
1 One dimension 97
2 d dimensions 99

3 Transformson alattice 100
Bibliography 101

References 102
Problems 103

3 Thermodynamics and statisticalmechanics 108

3.1 Thermodynamicsofhomogeneousfluids 108
1 The firstlaw ofthermodynamics 109

2 The secondlaw ofthermodynamics 111
3 The thirdlaw of thermodynamics 111
4 Thermodynamicpotentials 112

5 Stabilitycriteria 113
6 Homogeneous functions 115

7 Equationsof state 116
3.2 Statisticalmechanics:phasespaceand ensembles 117
3.3 Theidealgas 122
3.4 Spatialcorrelationsin classicalsystems 123

3.5 Orderedsystems 127
3.6 Symmetry,orderparameters,and models 132
1 Discretesymmetries 135

2 Continuoussymmetries 137



3 Models 139

Appendix 3A Functionalderivatives 140

Bibliography 142

References 142

Problems 142

4 Mean-field theory 144

4.1 Bragg-Williams theory 146

4.2 Landau theory 151

4.3 The Ising and n-vectormodels 152

1 The nonlocal susceptibilityand the correlationlength 154

2 On symmetry 156

3 Some mean-field transitions 157

4.4 The liquid-gastransition 159

1 The criticalpoint and the criticalisochore 162

2 The coexistencecurve 165

4.5 The first-ordernematic-to-isotropictransition 168

4.6 Multicriticalpoints 172

1 Tricriticalpoints 173

2 Metamagnets and FeCl2 175

3 He3 ―He4 mixtures and the Blume-Emery-Griffiths

model 179

4 Bicriticaland tetracriticalpoints 181

5 Lifshitzpoints 184

4.7 The liquid-solidtransition 188

1 Are allcrystalsBCC? 189

2 Criterionfor freezing 192

3 Improvements of the theory 192

4 Changes in density 194

5 Density functionaltheory 195

4.8 Variationalmean-fieldtheory 198

1 Two inequalities 198

2 The mean-fieldapproximation 200

3 The s-statePotts model 201

4 The On classicalHeisenberg model 202

5 Debye-Huckel theory 204

Bibliography 208

References 209

Problems 209

5 Field theories, critical phenomena, and the

renormalization group 213

5.1 Breakdown of mean-fieldtheory 214



1 Mean-fieldtransitionsrevisited 216
5.2 Constructionofa fieldtheory 217

1 Coarsegraining 217
2 Latticefieldtheoriesand theircontinuumlimit 219

3 Gaussianintegrals 221
4 Mean-fieldtheoryfromfunctionalintegrals 223

5 Breakdown of mean-fieldtheoryrevisited 225
5.3 The self-consistentfieldapproximation 226

1 The n-vectormodelin thelimitn →∞ 229
5.4 Criticalexponents,universality,and scaling 230
1 Exponentsand scalingrelations 230

2 Scaledequationofstate 234
3 Multicriticalpoints 235

4 Amplituderatios 236
5 Theoreticalcalculationsof criticalexponentsand

amplituderatios 237
5.5 The Kadanoffconstruction 237
5.6 The one-dimensionalIsingmodel 242

1 Exactsolution 242
2 Decimationand renormalization 245

5.7 The Migdal-Kadanoffprocedure 248
1 The Isingmodelon a hypercubiclattice 248

2 Generalpropertiesofrecursionrelations 252
3 The Pottslatticegasand kryptonon graphite 253

5.8 Momentum shellrenormalizationgroup 256

1 Thinningofdegreesoffreedomand rescaling 256
2 Correlationfunctions 260

3 The Gaussianmodel 261
4 Theε-expansion 263

5 n-vectormodel withcubicanisotropy 267
6 Quadraticanisotropy 269
7 Crossover 270

8 Dangerousirrelevantvariables 273
9 The utilityof theε-expansion 275

Appendix5A The Hubbard-Stratonovichtransformation 276

AppendixSB Diagrammaticperturbationtheory 277
Bibliography 283
References 283
Problems 283

6 Generalizedelasticity 288

6.1 The xy-model 289
1 The elasticfreeenergy 289



2 Boundary conditionsand externalfields 290

3 The Josephson scalingrelation 292

4 Fluctuations 293

5 Long-range order,quasi-long-rangeorder,and disorder295

6 Resistanceof a conductingmedium 297

6.2 On symmetry and nematicliquidcrystals 298

1 n-vectorelasticenergy 298

2 The Frank freeenergyof nematicliquidcrystals 298

3 Cellswith non-uniformn 300

4 The Freedericksztransition 302

5 The twistednematicdisplay 304

6 Fluctuationsand lightscattering 306

6.3 Smecticliquidcrystals 308

1 The elasticfreeenergy 309

2 Fluctuations 312

3 Nonlinearities 314

4 The nematic-to-smectic-Ａtransition 315

6.4 Elasticityof solids:strainand elasticenergy 316

1 The straintensor 316

2 The elasticfreeenergy 318

3 Isotropicand cubicsolids 319

4 Fluctuations 321

5 Mercury chainsalts- one-dimensionalcrystals 322

6 Xenon on graphite- a two-dimensionalcrystal 324

7 Vacanciesand interstitials 325

8 Bond-angle order and rotationaland translational

elasticity 328

9 Elasticconstantsfrom densityfunctionaltheory 329

6.5 Lagrangianelasticity 330

1 Classicaltheoryof elasticity 330

2 Elasticityof classicalharmonic lattices 332

6.6 Elasticityof solids:thestresstensor 334

1 The Lagrangianstresstensor 334

2 Stress-strainrelations 337

3 The Eulerianstresstensor 338

6.7 The nonlinearsigma model 341

Bibliography 347

References 347

Problems 347

7 Dynamics: correlationand response 353

7.1 Dynamic correlationand responsefunctions 354

1 Correlationfunctions 354



2 Response functions 355

7.2 The harmonic oscillator 359

1 The undamped oscillator 359

2 The damped oscillator 360

3 The responsefunction 362

4 Dissipation 365

7.3 Elasticwaves and phonons 366

1 Sound waves in an elasticcontinuum 366

2 Acousticphonons in a harmonic lattice 367

7.4 Diffusion 369

1 Fick'slaw 369

2 The Green functionand dynamic response 370

3 The responsefunction 371

4 Externalpotentialsand theEinsteinrelation 373

5 Brownian motion 375

6 Cooperativediffusionversusself-diffusion 376

7 Master equationfordiffusionon a lattice 378

7.5 Langevin theory 381

1 Random forcesand thermalequilibrium 381

2 Correlationfunctionsfordiffusion 383

3 Short-timebehavior 385

4 Fluctuation-dissipationtheorem for the harmonic

oscillator 387

5 The Fokker-Planckand Smoluchowski equations 388

7.6 Formal propertiesof responsefunctions 390

1 Response toexternalfields 390

2 Symmetry propertiesof responsefunctions 392

3 Dissipation 394

4 Spectralrepresentationsof xφiφ 395
5 The fluctuation-dissipationtheorem 397

6 Sum rulesand moment expansions 398

7.7 Inelasticscattering 399

1 Scatteringgeometry and partialcross-sections 399

2 Fermi goldenruleand neutronscattering 400

3 The Fermi pseudopotential 402

4 Coherent and incoherentscattering 404

5 Cross-sectionsand correlationfunctions 405

6 Neutron scatteringfrom crystals 406

7 Magnetic scattering 407

8 How neutronscatteringexperimentsareactuallydone 408

9 Scatteringof chargedparticlesand photons 410

Bibliography 411

References 411



Problems 411

8 Hydrodynamics 417

8.1 Conserved and broken-symmetry variables 417

8.2 A tutorial example - rigid rotors on a lattice 419

1 Description of the model 420

2 The disordered phase 421

3 The ordered phase 426

4 Excitations from the classicalground state 430

5 The Goldstone theorem 432

6 Kubo formulae 432

7 Summary 433

8.3 Spin systems 434

1 Spin dynamics 434

2 Generalized Heisenberg models 435

3 The planar magnet 436

4 The isotropic antiferromagnet 438

5 Isotropic ferromagnets 439

8.4 Hydrodynamics of simple fluids 440

1 Conservation laws 441

2 Thermodynamics with mass motion 443

3 The entropy production equation 444

4 Dissipationless hydrodynamics 445

5 Dissipation 446

6 The Navier-Stokes equations 448

7 Hydrodynamic modes 449

8 Light scattering 452

9 Two-component fluids 453

8.5 Liquid crystals,crystallinesolids,and superfluid helium 454

1 Nematic liquid crystals 454

2 Smectic-A liquid crystals 456

3 Crystalline solids 459

4 Superfluid helium 460

8.6 Stochastic models and dynamic criticalphenomena 464

1 Critical slowing down and the conventional theory 464

2 Dissipative dynamics 466

3 Dynamic scaling 469

4 Poisson bracket terms 472

5 Models with Poisson brackets 475

6 Mode-mode coupling 477

8.7 Nucleation and spinodal decomposition 479

1 Nucleation with a nonconserved order parameter 480

2 Symmetric unstable quench with model A dynamics 483



3 Conserved order parameters and spinodal

decomposition 484

Bibliography 491

References 491

Problems 492

9 Topological defects 495

9.1 Characterizationof topologicaldefects 495

1 Vortex pairs 499

2 Order parameters with more than two components 499

3 Order parameter spaces and homotopy 501

9.2 Examples of topologicaldefects 506

1 Vorticesin xy-models 506

2 Dislocationsin smecticliquid crystals 507

3 Periodicsolids 512

4 Volterraconstruction 515

5 Hexagonal and close-packedlattices 515

6 Disclinationsin crystals 517

7 Strength of crystals 518

8 Crystal growth 522

9 Grain boundaries 522

10 Nematic and hexaticliquid crystals 524

9.3 Energies of vorticesand dislocations 526

1 Simple calculationof xy-vortex energies 526

2 Analogy with magnetism 530

3 Energies of dislocationsin crystals 531

4 Dislocationsin smecticliquid crystals 536

9.4 Vortex unbinding and the Kosterlitz-Thoulesstransition 542

1 Vorticesand the spin-wave stiffness 542

2 Vortex unbinding in two dimensions - the Kosterlitz-

Thouless transition 544

3 Superfluidhelium films 551

9.5 Dislocation mediated melting 555

1 Effectsof a substrate 558

2 Experiments and numerical simulation 559

9.6 The twist-grain-boundaryphase 561

1 Structureof the TGB phase 561

2 The thermodynamic criticalfield 564

3 The lower criticalfield 565

4 The upper criticalfield 566

5 X-ray scattering 568

6 Analogy with superconductivity 571

Appendix 9A Notes on the Kosterlitz-Thoulesstransition 573



1 Integration of the KT recursionrelations 573

2 Longitudinal and transverseresponse 575

3 The spin correlationfunction 577

Appendix 9B Duality and the Villainmodel 578

1 Potts models 579

2 The xy-,Villain,and latticeCoulomb-gas models 582

Bibliography 584

References 584

Problems 585

10 Walls, kinks and solitons 590

10.1 Some simple examples 591

10.2 Domain wallsin mean-fieldtheory 595

1 The φ4 kink 597

2 The sine-Gordon soliton 599

3 Dynamics 599

10.3 The Frenkel-Kontorowa model 601

1 Introduction 601

2 Discommensurations 602

3 Devil'sstaircasesand the FK phase diagram 603

4 The continuum approximation 605

5 Nature of solutions 608

6 The minimum energy solution 610

7 Repulsive interactionbetween discommensurations 613

8 X-ray diffraction 613

9 Compressional elasticconstants 614

lO Phasons 615

11 Pinned phasons 617

12 Extension to two dimensions 618

10.4 Fluctuating walls 620

1 Differentialgeometry and the totalsurface area 620

2 Curvature 623

3 Energy of a surface 625

4 Fluctuationsin the harmonic approximation 626

5 Nonlinearitiesand renormalizationin fluidmembranes 629

6 Polymerized membranes 630

10.5 Arrays of fluctuatingwalls 635

1 Fluctuating wallsand stericentropy 635

2 Honeycomb latticeof walls 638

3 Elasticityof stericallystabilizedphases 638

4 Dislocations and the CI transition 640

10.6 Roughening and faceting 643

1 The solid-on-solidand discreteGaussian models 643



2 Therougheningtransition 646
3 Faceting 648

Bibliography 655
References 656
Problems 656

Glossary 662
Index 685


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10

