


CONTENTS

NOTATIONGUIDExv

PARTI

INTRODUCTION

1.WHATARETHECRITICALPHENOMENA?ASURVEY

OFSOMEBASICRESULTSI

1.1.Classicaleraofcriticalphenomena1
1.2.Moderneraofcriticalphenomena9
1.3.Phasetransitionsinothersystems18

2.USEFULTHERMODYNAMICRELATIONSFORFLUID
ANDMAGNETICSYSTEMS22
2.1.ThethermodynamicstatefunctionsU,E,G,andA22

2.2.Differentialrelationsforthestatefunctions:thethermodynamic
square23

2.3.Twobasicresponsefunctions:thespecificheatandthecom-

pressibility25
2.4.Stabilityandconvexityrelations28
2.5.GeometricalinterpretationoftheGibbsandHelmholtz

potentials30
2.6.Analogiesbetweenfluidsandmagnets32

2.7.Thethermodynamicstatefunctionsforamagneticsystem33
2.8.Differentialrelationsandthethermodynamicsquareformag-

neticstatefunctions33
2.9.Magneticresponsefunctions:specificheatandsusceptibility35
2.10.Convexityrelationsformagneticsystems36

2.11.Geometricalinterpretationsofthethermodynamicpotentialsfor
amagneticsystem37

PARTII

CRITICAL-POINTEXPONENTSANDRIGOROUS

RELATIONSAMONGTHEM

3.CRITICAL-POINTEXPONENTS39

3.1.Definitionofacritical-pointexponent39
3.2.Thecritical-pointexponentsa,β,γ,δ,υ,andη42
3.3.Numericalvaluesofcritical-pointexponents46
3.4.TheexponentsAand049

3.5.Usefulrelationsamongcritical-pointexponents51



4.EXPONENTINEQUALITIES

4.1.TheRushbrookeandCoopersmithinequalities53

4.2.TheGriffithsinequality56

4.3.Moreinequalities60

PARTIII

CLASSICALTHEORIESOFCOOPERATIVEPHENOMENA

5.THEVANDERWAALSTHEORYOFLIQUID-GAS

PHASETRANSITIONS67

5.1.HeuristicderivationofthevanderWaalsequationofstate67

5.2.vanderWaalsisothermsandtheMaxwellconstruction69

5.3.ThevanderWaalscriticalpoint71

5.4.Thelawofcorrespondingstates72

5.5.Critical-pointexponentsforthevanderWaalstheory74

5.6.ThevanderWaalsequationofstateasameanfieldtheory76

6.THEMEANFIELDTHEORYOFMAGNETICPHASE

TRANSITIONS79

6.1.Thenon-interactingmagneticsystem80

6.2.Theassumptionofaneffectivemolecularfield82

6.3.Critical-pointexponentsforthemeanfieldtheory84

6.4.ThemeanfieldtheoryasanapproximationfortheHeisenberg

model89

6.5.Equivalenceofthemeanfieldtheoryandaninfiniteinteraction

range91

7.THEPAIRCORRELATIONFUNCTIONANDTHE

ORNSTEIN-ZERNIKETHEORY94

7.1.Thedensity-densitycorrelationfunctionforafluidsystem94

7.2.Relationbetweendensityfluctuations,theisothermalcom-

pressibility,andthedensity-densitycorrelationfunction96

7.3.Thestructurefactor:relationbetweenthepaircorrelation

functionandthescatteringofelectromagneticradiation98

7.4.Ornstein-Zerniketheoryofthescatteringamplitude100

7.5.FurtherdevelopmentsoftheOrnstein-Zerniketheory106

PARTIV

MODELSOFFLUIDANDMAGNETICPHASE

TRANSITIONS

8.RESULTSPROVIDEDBYEXACTSOLUTIONOF

MODELSYSTEMS109

8.1.AmodelHanoiltonianforaclassicalspinsystem:thegeneralized

Heisenbergmodel110

8.2.Exactsolutionofthecased=1,D=1,H=0:Thelinear

chainIsingmodelintheabsenceofanexternalmagneticfield115

8.3.Thelinearchainofarbitrarydimensionalspinsinzeromagnetic

field124

8.4.Thesphericalmodelasthelimitofinfinitespindimensionality128



8.5.Thetransfermatrixmethod:applicationtothed=1Ising

modelinamagneticfield131

9.RESULTSOBTAINEDFROMMODELSYSTEMSBY

APPROXIMATIONMETHODS134

9.1.Successiveapproximationconcept135

9.2.Seriesexpansionmethods136

9.3.Calculationofthecoefficientsinthehigh-temperatureexpansion

ofthepartitionfunction138

9.4.Calculationofthecoefficientsinthehigh-temperatureexpansion

ofthetwo-spincorrelationfunction145

9.5.Physicalinterpretationofthetermsinthehigh-temperature

expansionofthecorrelationfunction148

9.6.Extrapolationproceduresforestimatingthelimitingbehaviour

ofapowerseriesfromthebehaviourofitsfirstfewterms152

9.7.Pad6approximantsandtransformationmethods158

9.8.Conclusions164

PARTV

PHENOMENOLOGICALTHEORIESOFPHASE

TRANSITIONS

10.LANDAU'SCLASSICTHEORYOFEXPONENTS167

10.1.Expansionsaboutthecriticalpoint167

10.2.AssumptionsoftheLandautheory168

10.3.Critical-pointpredictionsoftheLandautheory170

10.4.CritiqueoftheLandautheory172

11.SCALINGLAWHYPOTHESISFORTHERMODYNAMIC

FUNCTIONS175

11.1.Homogeneousfunctionsofoneormorevariables176

11.2.Staticscalinghypothesis181

11.3.Predictedrelationsamongthecritical-pointexponents182

11.4.Magneticequationofstate:scaledmagnetizationandscaled

magneticfield185

12.SCALINGOFTHESTATICCORRELATIONFUNCTIONS191

12.1.TheKadanoffconstruction191

12.2.Applicationtothepaircorrelationfunction194

12.3.Alternativemethodsofobtainingthecorrelationfunction

scalingrelations197

12.4.Comparisonwithmodelcalculations199

PARTVI

DYNAMICASPECTSOFCRITICALPHENOMENA

13.INTRODUCTIONTODYNAMICCRITICAL

PHENOMENAINFLUIDSYSTEMS202

13.1.Critical-pointexponentsfortransportcoefficients203

13.2.Time-dependentcorrelationfunctionsandthedynamicstructure

factory(q,ω)204



13.3.Relationbetweenthedynamicstructurefactorandlight-
scatteringexperiments205

13.4.Predictionsofhydrodynamicsforthespectrumofthescattered

radiation210

13.5.Predictionsofhydrodynamicsnearthecriticalpoint214

14.MEASUREMENTSOFTHEDYNAMICSTRUCTURE

FACTORFORFLUIDSYSTEMS217

14.1.Time-dependentdensityfluctuations217

14.2.Opticalmixingspectroscopy218

14.3.MeasurementsoftheRayleighlinewidth219

14.4.CorrectionstothehydrodynamictheoryoftheRayleighlinewidth225

14.5.MeasurementsoftheBrillouinpeak:velocityandattenuationof

hypersonicsoundwaves228

15.DYNAMICSCALINGLAWSANDTHEMODE-MODE

COUPLINGAPPROXIMATION233

15.1.Dynamicscalinghypothesis233

15.2.Predictionsoftherestricteddynamicscalinghypothesisfor

fluidsystems236

15.3.Predictionsofextendeddynamicscalingforfluidsystems238

15.4.Evidencesupportingthedynamicscalinghypothesisprovidedby

magneticsystems240

15.5.Spiritofthemode-modecouplingapproach246

15.6.Predictionsofthemode-modecouplingapproximation249

15.7.Applicationofthemode-modecouplingapproachtotheinter-

pretationofexperimentalresultsonfluids254

15.8.Applicationsofthemode-modecouplingapproachtoother

systems259

APPENDIXA.Thelattice-gasmodelofafluidsystem260

APPENDIXB,Exactsolutionofthezero-fieldIsingmodelforatwo-

dimensionallattice265

APPENDIXC.Geometricinterpretationofthestaticscalinghypothe-

sisforthermodynamicpotentials272

APPENDIXD.Thedynamicstructurefactorinthehydrodynamic

limit275

APPENDIXE.Modelsystemsusefulinthestudyoftime-dependent

cooperativephenomena:theGlaubermodel280

APPENDIXF.Two-dimensionalferroelectricandantiferroelectric

models287

BIBLIOGRAPHY290

AUTHORINDEX301

SUBJECTINDEX305


	page1
	page2
	page3
	page4
	page5

