
Contents

1.GeneralPreliminaries 1
1.1 Overview 1

1.1.1 Subjectsof StatisticalMechanics 1
1.1.2 Approach to Equilibrium 3

1.2 Averages 4
1.2.1 ProbabilityDistribution 4

1.2.2 Averagesand Thermodynamic Fluctuation 10

1.2.3 Averagesof a MechanicalSystem ―VirialTheorem 12
1.3 The LiouvilleTheorem 17

1.3.1 DensityMatrix 17
1.3.2 ClassicalLiouville'sTheorem 19

1.3.3 Wigner'sDistributionFunction 22
1.3.4 The CorrespondenceBetween Classicaland Quantum

Mechanics 25

2. Outlinesof StatisticalMechanics 28
2.1 The Principlesof StatisticalMechanics 28

2.1.1 The Principleof Equal Probability 28
2.1.2 MicrocanonicalEnsemble 29

2.1.3 Boltzmann'sPrinciple 30

2.1.4 The Number of MicroscopicStates,Thermodynamic
Limit 32

a) A Free Particle 32
b) A PerfectGas 33

c) Spin System 35

d)The Thermodynamic Limit 37
2.2 Temperature 37

2.2.1 Temperature Equilibrium 37
2.2.2 Temperature 39

2.3 ExternalForces 41

2.3.1 PressureEquilibrium 41
2.3.2 AdiabaticTheorem 43

a) AdiabaticChange 43

b) AdiabaticTheorem in StatisticalMechanics 45

c) AdiabaticTheorem in ClassicalMechanics 47



XIV Contents

2.3.3 Thermodynamic Relations 50

2.4 Subsystemswitha Given Temperature 51
2.4.1 CanonicalEnsemble 51

2.4.2 Boltzmann-Planck'sMethod 54
2.4.3 Sum Over States 57

2.4.4 DensityMatrixand theBloch Equation 58
2.5 Subsystemswith a Given Pressure 61
2.6 Subsystemswith a Given Chemical Potential 63

2.6.1 Chemical Potential 63
2.6.2 Grand PartitionFunction 65

2.7 Fluctuationand Correlation 66

2.8 The Third Law of Thermodynamics, Nernst'sTheorem 68
2.8.1 Method of Lowering theTemperature 70

3. Applications 72

3.1 Quantum Statistics 72
3.1.1 Many-ParticleSystem 72
3.1.2 OscillatorSystems(Photons and Phonons) 74

3.1.3 Bose Distributionand Fermi Distribution 78

a) Differencein theDegeneracy of Systems 79
b) A SpecialCase 80

3.1.4 DetailedBalancingand theEquilibriumDistribution... 82

3.1.5 Entropy and Fluctuations 84
3.2 PerfectGases 88

3.2.1 LevelDensityof a Free Particle 88
3.2.2 PerfectGas 90

a) AdiabaticChange 91
b) High Temperature Expansion 91

c)DensityFluctuation 92
3.2.3 Bose Gas 93

3.2.4 Fermi Gas 95

3.2.5 RelativisticGas 98
a) Photon Gas 99

b) Fermi Gas 99
c) ClassicalGas 100

3.3 ClassicalSystems 100
3.3.1 Quantum Effectsand ClassicalStatistics 100

a) ClassicalStatistics 102
b)Law of Equipartitionof Energy 103

3.3.2 Pressure 104

3.3.3 SurfaceTension 106
3.3.4 Imperfect Gas 107

3.3.5 ElectronGas 112



Contents XV

3.3.6 Electrolytes 114

4.PhaseTransitions 118
4.1 Models 118

4.1.1 ModelsforFerromagnetism 118
4.1.2 LatticeGases 120
4.1.3 CorrespondenceBetweentheLatticeGas and the

IsingMagnet 121
4.1.4 SymmetricPropertiesin LatticeGases 124

4.2 AnalyticityofthePartitionFunctionand Thermodynamic
Limit 126
4.2.1 Thermodynamic Limit 126
4.2.2 ClusterExpansion 129
4.2.3 Zerosof theGrandPartitionFunction 129

4.3 One-DimensionalSystems 132
4.3.1 A SystemwithNearest-NeighborInteraction 132
4.3.2 LatticeGases 133
4.3.3 Long-RangeInteractions 135
4.3.4 OtherModels 137

4.4IsingSystems 137
4.4.1 Nearest-NeighborInteraction 137

a)One-DimensionalSystems 138
b)Many-DimensionalSystems 138
c)Two-DimensionalSystems 140
d)CuriePoint 141

4.4.2 Method ofMatrix 142
a)One-DimensionalIsingSystem 142
b)Two-DimensionalIsingSystems 144

4.4.3 Zeroson theTemperaturePlane 149
4.4.4 SphericalModel 150
4.4.5 Eight-VertexModel 151

4.5 ApproximateTheories 153
4.5.1 MolecularFieldApproximation 153
4.5.2 BetheApproximation 155
4.5.3 Low and HighTemperatureExpansions 158

4.6 CriticalPhenomena 160
4.6.1 CriticalExponents 160
4.6.2 PhenomenologicalTheory 164
4.6.3 Scaling 168

4.7 RenormalizationGroup Method 171
4.7.1 RenormalizationGroup 171
4.7.2 FixedPoint 174



XVI Contents

5.ErgodicProblems 177
5.1 Some Resultsfrom ClassicalMechanics 178

5.1.1 The LiouvilleTheorem 178
5.1.2 The CanonicalTransformation 178
5.1.3 Actionand AngleVariables 178
5.1.4IntegrableSystems 181
5.1.5 Geodesies 183

5.2 ErgodicTheorems 185
5.2.1 Birkhoff'sTheorem 188
5.2.2 Mean ErgodicTheorem 189
5.2.3 Hopf'sTheorem 191
5.2.4 MetricalTransitivity 191
5.2.5 Mixing 192
5.2.6 Khinchin'sTheorem 193

5.3 AbstractDynamicalSystems 195
5.3.1 BernoulliSchemesand Baker'sTransformation 195
5.3.2 Ergodicityon theTorus 198
5.3.3 K-Systems(KolmogorovTransformation) 199
5.3.4 C-Systems 202

5.4 The Poincareand FermiTheorems 204
5.4.1 Bruns'Theorem 204
5.4.2 Poincare-Fermi'sTheorem 204

5.5 Fermi-Pasta-Ulam'sProblem 206
5.5.1 NonlinearLatticeVibration 206
5.5.2 ResonanceConditions 209
5.5.3InductionPhenomenon 212

5.6 ThirdIntegrals 216
5.7 The Kolmogorov,Arnol'dand MoserTheorem 222
5.8 Quantum MechanicalSystems 227

5.8.1 Theoremsin Quantum MechanicalSystems 227
5.8.2 ChaoticBehaviorin Quantum Systems 233
5.8.3 AdiabaticProcessesand Susceptibility 235

GeneralBibliography 239

References 241

SubjectIndex 245


	page1
	page2
	page3
	page4

