
Contents

Preface page xi

1 Introduction 1

2 Magnetohydrodynamics 10

2.1 MHD equations 11

2.1.1 Dynamic equations 11

2.1.2 The rotatingreference frame 15

2.2 Incompressibilityand the Boussinesq approximation 16

2.3 Conservation laws 20

2.3.1 Fluid invariants 20

2.3.2 Magnetic invariants 22

2.4 Equilibrium configurations 25

2.5 Linear waves 27

2.5.1 Waves in a homogeneous magnetized system 28

2.5.2 Waves in a stratifiedsystem 30

2.6 Elsasserfieldsand Alfven time normalization 31

3 Transitionto turbulence 33

3.1 Singularitiesof the ideal equations 34

3.1.1 FTS in the Euler equations 35

3.1.2 Formation of currentsheetsin ideal MHD 39

3.2 Instabilities 44

3.2.1 Kelvin-Helmholtz instability 45

3.2.2 Rayleigh-Taylor instability 51

3.2.3 Kelvin-Helmholtz instabilityin a stratifiedmedium 56

3.2.4 The tearinginstability 57

4 Macroscopic turbulence theory 65

4.1 One-point closure 66

4.1.1 Reynolds equations for MHD 67

4.1.2 Turbulent transportcoefficients 68

vii



viii Contents

4.1.3 Large-eddysimulationsof MHD turbulence 70

4.1.4 Mean-fieldelectrodynamics 72

4.2 Self-organizationprocesses 75

4.2.1 Selectivedecay 75

4.2.2 The Alfven effectand dynamic alignment 77

4.2.3 Energy-decaylaws 79

5 Spectralpropertiesand phenomenology 86

5.1 Homogeneous isotropicturbulence 87

5.2 Idealsystemsand turbulentcascades 89

5.2.1 Absoluteequilibriumstates 90

5.2.2 Cascade directions 92

5.3 Spectrain dissipativeMHD turbulence 93

5.3.1 Magnetic Reynolds numbers 93

5.3.2 Phenomenology of theinertial-range

spectrum 95

5.3.3 AnisotropyofMHD turbulence 100

5.3.4 Dissipationscales 102

5.3.5 Energy spectrain highlyalignedturbulence 104

5.3.6 Resultsof numericalsimulations 107

6 Two-point-closuretheory 113

6.1 Quasi-normal-typeapproximations 114

6.1.1 The problem ofclosure 114

6.1.2 The quasi-normalapproximation 116

6.1.3 The eddy-damped quasi-normalMarkovian

approximation(EDQNM) 117

6.2 The EDQNM theoryof MHD turbulence 119

6.2.1 Helicalturbulence 120

6.2.2 Correlatedturbulence 125

6.3 Shortcomingsofclosureapproximations 129

7 Intermittency 131

7.1 Self-similarityversusintermittency 133

7.2 Structurefunctions 137

7.2.1 Scalingexponents 138

7.2.2 Extended self-similarity(ESS) 140

7.2.3 The refinedsimilarityhypothesis 142

7.3 Exactturbulencerelations 144

7.3.1 Kolmogorov's four-fifthslaw 144

7.3.2 Yaglom's four-thirdslaw 146

7.3.3 The four-thirdslaw in MHD turbulence 148

Contents ix

7.4 Phenomenological models ofintermittency 150

7.4.1 The log-normalmodel 150

7.4.2 The log-Poissonmodel 153

7.5 Intermittencyin MHD turbulence 156

7.5.1 Log-Poissonmodels forMHD turbulence 156

7.5.2 The effectof themean magneticfield 159

8 Two-dimensionalturbulence 161

8.1 Two-dimensionalhydrodynamic turbulence 164

8.1.1 Propertiesof theidealsystem 165

8.1.2 The decayof enstrophy 166

8.1.3 The phenomenology ofthedualcascade 168

8.1.4 The enstrophycascade 170

8.1.5 The inverseenergy cascade 171

8.2 Two-dimensionalMHD turbulence 173

8.2.1 PropertiesoftheidealMHD system 174

8.2.2 Decay of2D MHD turbulence 175

8.2.3 Spectrain 2D MHD turbulence 178

8.2.4 Intermittencyin 2D MHD turbulence 181

9 Compressibleturbulenceand turbulentconvection 183

9.1 MHD shock waves 185

9.2 Compressiblehomogeneous turbulence 191

9.2.1 Supersonichydrodynamic turbulence 191

9.2.2 SupersonicMHD turbulence 199

9.2.3 Numerical methods in compressible

hydrodynamics 201

9.3 Turbulentconvection 203

9.3.1 Turbulencein a Boussinesqfluid 203

9.3.2 Passivescalarturbulence 207

9.3.3 Compressibleturbulentconvection 212

9.3.4 Magnetoconvection 214

10 Turbulencein thesolarwind 217

10.1 Mean propertiesof thesolarwind 217

10.1.1 The hydrodynamic model of thesolar

wind 218

10.1.2 Effectsofthesolarmagneticfield 220

10.1.3 Fastand slow winds 222

10.2 MHD fluctuationsin thesolarwind 224

10.2.1 Wave typesand turbulencespectra 225

10.2.2 Intermittencyin solar-windturbulence 229



x Contents

10.2.3 Dissipationof turbulence 230

10.2.4 Compressive fluctuations 231

11 Turbulencein accretiondisks
233

11.1 Basicpropertiesofaccretiondisks 234

11.2 The standarddiskmodel
238

11.2.1 Kepleriandisks
238

11.2.2 The cx-diskmodel 242

11.3 Hydrodynamic stabilityof accretiondisks 244

11.3.1 Shear-flowstabilityofa Kepleriandisk 245

11.3.2 Effectsofconvectiveturbulence 247
11.4 Magnetorotationalinstability

248
11.4.1 Linearinstability 249
11.4.2 Nonlinearsaturationand magnetoviscosity

252
12 Interstellarturbulence

256
12.1 The main propertiesoftheinterstellarmedium 257

12.2 Observationalresultson molecularclouds 259

12.2.1 Supersonicturbulence 260

12.2.2 Gravityin molecularclouds 261

12.2.3 The densityspectrumand mass distribution 262

12.2.4 Magnetic fields 264
12.3 Stabilityof molecularclouds 267

12.3.1 The virialtheorem 268

12.3.2 Ambipolar diffusion 272
12.3.3 Generationof turbulencein molecular

clouds 273
References

277
Index 293


	page1
	page2
	page3

