Contents

Preface

. Introduction

1.1. PlasmaProperties . . . . . . ....... ... .............
1.2. ParticleMotions . . . . . . . . . .. ... e
1.3. BasicKineticEquations . . . . . . ... ... ... ... ... ...,
1.4. PlasmaWaves . . . . . . . . . .. e

. Concept of Instability

2.1. LinearlInstability . . ... . ... ... ... ... .. ... .. ...
2.2. ElectronStreamModes . . . . .. . ... ... oL
2.3. Buneman-Instability . . . ... ... ... ... ... ... . ...
2.4. TonBeam Instability . . . . ... ... ... ... ...........

. Macroinstabilities

3.1. Rayleigh-TaylorInstability . . . .. ... ... .............
3.2. Farley-Buneman Instability . . . . .. ... ... ... .. .......
3.3. Kelvin-Helmholtz Instability . . . .. ... ... ... ... ......
3.4. FirehoseInstability . . . . . ... ... ... ... ... . ... .. ..
3.5. MirrorInstability . . ... ... ... .. ... .. . 0 ...
3.6. Flux Tube Instabilities . . . . .. . ... .. ... ... ........

. Electrostatic Instabilities

4.1. Gentle BeamInstability . . . . . ... ... ...............
4.2. Ion-Acoustic Instabilities . . . . . ... ... ... ... ... .....
4.3. Electron-Acoustic Instability . . . ... ... ... ... ... .....
4.4. Current-Driven CyclotronModes . . . . . . . . .. ... ... .....
4.5. Loss Cone Instabilities . . . . . ... .. ... .............
4.6. Electrostatic Cyclotron Waves . . . . .. ... ... ..........

ix



vi

10.

CONTENTS

Electromagnetic Instabilities

5.1. WeibelInstability . . . ... ... ... ... ... ... ........
5.2. Anisotropy-Driven Instabilities . . . . ... ... ... .........
5.3. IonBeam Instabilities . . . . . ... ... ... ... ..........
5.4. UpstreamlonBeamModes . . . . . ... ... .............
5.5. MaserInstability . . .. ... ... ... ... ... ..

Drift Instabilities

6.1. DriftWaves . . . . . . . . ... ... e
6.2. Kinetic Drift Wave Theory . . . . .. ... ... ... .. .......
63. DriftModes . . . . . . . . . . ...

Reconnection

7.1. ReconnectionRates . . . . . . ... ... ... ... ... ......
7.2. Steady Collisionless Reconnection . . . . . . ... .. e
7.3. Resistive TearingMode . . . . . . . ... ... ... ... .. .....
7.4. Collisionless TearingMode . . . . . ... ... ... .. ........
7.5. Percolation . .. ... ... ... ...

Wave-Particle Interaction

8.1. Trappingin Single Waves . . . . . ... .. ... .... e
8.2. ExactNonlinear Waves . . . . .. ... ... ......... Lo
8.3. Weak Particle Turbulence . . . . . .. ... ... ............
8.4. Resonance Broadening . . .. ... .............. ERPI
8.5. Pitch Angle Diffusion . . . . . . ... ... ... ... .........
8.6. Weak Macro-Turbulence . . .. ......... e

Weak Wave Turbulence

9.1. Coherent Wave Turbulence . . . . .. ... .. ... .. ........
9.2. Incoherent Wave Turbulence . . . . ... .. ... ... ........
9.3. Weak Drift Wave Turbulence . . . . ... .. ... ... ........
9.4. NonthermalRadioBursts . . . . . ... ... ... .. .........

Nonlinear Waves

10.1. Single Nonlinear Waves . . . . . . ... .. ... ............
10.2. Nonlinear Wave Evolution . . . . . ... .. ... ... ........
10.3. Inverse-Scattering Method . . . . . . . ... ... ... ... ..., ..
10.4. Acoustic Solitons . . . . . . . . .. ...
10.5. AlfvénSolitons . . . . . . . . ... ...

103
103
105
114
118
120

129
129
133
136

143
144
150
155
160
168

175
176
181
184
199
203
211

219
220
227
231
237

243



CONTENTS vii

11. Strong Turbulence 283
11.1. PonderomotiveForce . . . . . . . . . . . .. .. .. 284
11.2. Nonlinear Wave Equation . . . . . . . ... .. .. ... ... ..... 287
11.3. Modulational Instability . . . . . . . ... ... ... ... ....... 293
11.4. Langmuir Turbulence . . . . . . . .. ... ... .. .. ... 298
11.5. Lower-Hybrid Turbulence . . . . .. .. ... .. ........... 305
11.6. Particle Effects . . . . . . . . . . o e e e 307

12. Collective Effects 317
12.1. Anomalous Resistivity . . . . . .. ... ... ... 318
12.2. Anomalous Diffusion . . . . . .. .. .. ... .. ... ... 329
12.3. Collisionless Shock Waves . . . . . . . . . .. ... ... .. .... 334
12.4. Shock Wave Structure . . . . . . . . . . .« . it e 341
12.5. Particle Acceleration . . . . ... ... ... ... e 353
12.6. Accelerationin Wave Fields . . . . ... .. ... ... ... ..... 362

Epilogue 375

Index 377



