
Contents

Preface  xi

Notation  xv

1 The elements of the kinetic theory of gases  1

1.1 One-particle distribution function  1

1.2 The Boltzmann kinetic equation  3

1.3 Entropy increment law and H-theorem  7

1.4 Equilibrium distributions  10

1.5 Hydrodynamic quantities and transport 

equations  12

1.6 Transport coefficients in ƒÑ-approximation  19

1.7 Plasma as a gas of charged particles  22

2 One-particle motion in a plasma  26

2.1 The motion of a charged particle in constant 

homogeneous fields  26

2.2 Conservation of the magnetic moment  30

2.3 The guiding centre approximation  31

2.4 Equations of motion in the drift approach  35

2.5 Magnetic traps  43

2.6 The motion of a charged particle in fast varying 

fields  48

3 The hydrodynamic description of a plasma  51

3.1 Multicomponent hydrodynamics  51

3.2 Two-liquid hydrodynamics  53

3.3 Magnetic hydrodynamics  55

3.4 Generalized Ohm's law  57

3.5 The magnetic hydrodynamic equations  58

3.6 The frozen magnetic field  60



3.7 The longitudinal plasma vibrations  63

3.8 Magnetohydrodynamic waves  66

4 Plasma confinement  70

4.1 The equilibrium configurations  70

4.2 Virial theorem  72

4.3 Small oscillations near an equilibrium 

configuration  74

4.4 The boundary conditions  76
4.5 The energy principle  78

4.6 The stability of the plasma-magnetic field 
boundary  83

4.7 The instability of a pinch  88

4.8 The convective instability of a low-pressure 

plasma  92
4.9 Pinch with a longitudinal magnetic field  94

4.10 Dissipative plasma instabilities  98

4.11 Drift instability  104

5 Collisions in a plasma  107

5.1 The transport cross-section  107

5.2 Coulombic collision term  109

5.3 The mean free path  114

5.4 The relaxation in a nonisothermal plasma  116

5.5 The transport coefficients  119

5.6 The running electrons  121

5.7 Lorentz plasma  125

6 Plasma electron vibrations  128

6.1 The self-consistent field in a plasma  128

6.2 The evolution of the perturbed distribution 

functions  131

6.3 The frequency and the damping coefficient of the 
Langmuir vibrations  138

6.4 The capture of electrons by the wave field  145

6.5 Longitudinal vibrations in an electron-ion plasma  148

7 Waves in an isotropic plasma  152

7.1 The electric field induction in a plasma  152

7.2 Electromagnetic waves in media with space-time 

dispersion  157



7.3 Dielectric permittivity tensor  167

7.4 Electromagnetic waves in a plasma  176

8 Waves in a magnetoplasma  174

8.1 Tensor of dielectric permittivity of a cold 

magnetoplasma  174

8.2 Dispersion equation of a cold magnetoplasma  176

8.3 Plasma resonances  178

8.4 Wave dispersion in a cold magnetoplasma  183

8.5 Tensor of dielectric permittivity of a 

magnetoplasma in the kinetic approximation  186

8.6 The effect of thermal motion on the dispersion 

in a magnetoplasma  192

8.7 Cherenkov radiation in a magnetoplasma  195

9 Beams in a plasma  201

9.1 The interaction of charged-particle beams with a 

plasma  201
9.2 Dispersion equation of a plasma-beam system  204

9.3 Excitation of the Langmuir and low-frequency 

vibrations  206

9.4 Beam of cold electrons  208

9.5 The instability of a plasma with electrons moving 

with respect to ions  211

9.6 The stability conditions of particle distributions  213

9.7 Two-beam instability  218

9.8 The absolute and convective instabilities  219

10 Nonlinear wave interaction  224

10.1 Nonlinear polarization of a plasma  224

10.2 Nonlinear electric susceptibilities of a plasma  227

10.3 The method of many-time step-by-step 

approximation  232

10.4 Nonresonant interaction of waves and echo 

phenomena  237
10.5 Three-wave resonance  242

10.6 Decay and explosive instabilities  248

10.7 Parametric instability in a plasma  251

11 Fluctuations in a plasma  256

11.1 The correlation functions  256



11.2 The fluctuation-dissipation theorem  258

11.3 Symmetry of the response tensor  262

11.4 Fluctuations in media with spatial 

dispersion  264

11.5 Fluctuations in an isotropic plasma  266

11.6 Fluctuations in an equilibrium plasma  268

11.7 Fluctuations in an equilibrium magnetoplasma  273

11.8 Fluctuations in a nonisothermal plasma  275

11.9 Fluctuations in an unisotropic nonisothermal 

plasma  279
11.10 Fluctuations of the distribution functions  282

11.11 Fluctuations in a nonequilibrium plasma  287

11.12 The collective fluctuations and the effective 

temperature  294

11.13 The effect of nonlinear wave interaction on 

fluctuations in a plasma  300

11.14 The nonlinear frequency shift and saturation of 

the fluctuation level  303

12 Wave scattering in a plasma  309

12.1 Noncoherent scattering of electromagnetic waves 

in a plasma  309

12.2 The scattering of electromagnetic waves in a 

plasma with Coulomb interaction between 

particles  313
12.3 The spectral distribution of scattered radiation  320

12.4 Conversion of electromagnetic waves into 

longitudinal plasma vibrations  326
12.5 Wave scattering in a magnetoplasma  328

13 Correlations between particles  336
13.1 Microscopic dynamic equations  336

13.2 The Liouville distribution  340

13.3 The one-particle distribution function and 

correlation functions  342

13.4 The Bogoliubov-Born-Green-Kirkwood-Yvon 

hierarchy  345

13.5 The self-consistent field approximation  348

13.6 Two-particle correlation functions and a 

collision term  349



14 Waves as quasiparticles  352
14.1 The kinetic equation for particles  352
14.2 Quasilinear approximation  360
14.3 Time evolution of fluctuation spectra  364
14.4 The kinetic equation for waves  369
14.5 Renormalization in the nonlinear fluctuation 

theory  374

Further reading  382

References  385

Index  391


