Contents

1. Introduction to Plasma Instabilities . . . . . . . . . . . . . 1
L1 Introduction . . . . . . . . . . . ... 0., 1
12 BasicEquations . . . . . . . . . ... .00 L., 3
1.3 Dispersion Relations. . . . . . . . .. ... ... ... 12
1.4 Analysis of Instability . . . . . . . . . ... ... ... 17

References for Chapter 1 . . . . . . . . . . .. ... .. 26

2. Microinstabilities—Instabilities Due to Velocity Space Nonequi-

librium . . . . . . . ... L0000 0oL 27
2.1 Introduction . . . . . . . . . . . ... ..., 27
2.2 Instabilities Due to Two Humped Velocity Distributions . . . 27

2.2a Electrostatic Instabilities. . . . . . . . . . . . . .. 28
2.2b Electromagnetic Instabilities . . . . . . . . . . . .. 44
2.2c Effect of Magnetic Mirror . . . . . . . . . . . . .. 52
2.2d Application to the Field Aligned Current— Anomalous
Resistivity . . . . . . . . . . . . . ... .. 62
2.3 Instabilities Due to Anisotropic Velocity Distributions . . . . 68
2.3a Electrostatic Instabilities. . . . . . . . . . . . . .. 68
2.3b Electromagnetic Instabilities . . . . . . . . . . . .. 79
2.3c Effect of Nonuniformity on Anisotropic Distributions . . 83
2.3d Quasi-Linear Diffusion in Velocity Space . . . . . . . 88
2.4 Hydromagnetic Instabilities. . . . . . . . . . . . .. .. 92
24a Introduction . . . . . . . . . . ... ... ... 92
2.4b Mirror Instability . . . . . . . . . .. ... ... 94
7 98
2.5 Instabilities in Partially Ionized Plasmas . . . . . . . . . . 99
2.5a Introduction . . . . . . . . . ... ... ..., 99
2.5b General Properties of Instabilities. . . . . . . . . . . 99
2.5¢ Application to Ionospheric Plasma Instabilities . . . . . 103
References for Chapter2 . . . . . . . .. .. .. .... 106

Bibliografische Informationen E
digitalisiert durch

http://d-nb.info/750251638 B

R


http://d-nb.info/750251638

X Contents

3. Macroinstabilities—Instabilities Due to Coordinate Space Non-

equilibriom . . . . . . . . ..o 0000000 110
3.1 Introduction . . . . . . . . . ... ..o ..., 110
3.2 Drift Wave Instabilities . . . . . . . . . ... ... .. 110

322 LowfCase . . . . . . . ..o e e e 110
32b Medium fCase . . . . . . . .. . ... ..... 113
32c HighfCase . . .. ... ... .. .. .... 118
3.2d Notes on the Application of Drift Wave Instabilities . . 120
3.3 Rayleigh-Taylor Instability . . . . . . . . . . ... ... 122
3.4 Kelvin-Helmholtz Instability . . . . . . . . . . ... .. 125
3.4a Hydromagnetic Instability . . . . . . . . .. .. .. 125
3.4b Electrostatic Instability . . . . . . . . . .. .. .. 129
3.5 Current Pinch Instabilities . . . . . . . . . . .. . ... 132
3.5a Instability of Cylindrical Current with Infinite Conduc-
HVILY . . . . e e e e e e e e e e e e e e e e e 132
3.5b Instability of a Current with Finite Resistivity: Tearing
Mode Instabitity . . . . . . .. ... ... .. I K
References for Chapter3 . . . . . . .. ... ... .. 143
4. Nonlinear Effects Associated with Plasma Instabilities . . . . . 145
4.1a Introduction . . . . . . . . .. 000 0., 145
4.1b Methods of Approach . . . . . . . . . ... ... 145
4.2 Nonlinear Effects on Particles. . . . . . . . . . . .. .. 147
4.2a Introduction . . . . . . . . ... ... .. 147
4.2b Quasilinear Theory. . . . . . . . . .. . .. ... 148
4.2¢ Resonance Broadening . . . . . . . ... ... .. 154
4.2d Particle Trapping and Wave Overtaking . . . . . . . 160
4.3 Nonlinear Effectson Waves . . . . . . . . . . ... .. 165
4.3a Introduction . . . . . . . . .. ... ... 165
4.3b Coherent Three-Wave Interactions . . . . . . . . . . 166
4.3¢c Three Wave Interactions with Random Phase . . . . . 174
4.3d Nonlinear Two Wave Interactions Due to Scattering
by Particles— Nonlinear Landau Damping . . . . . . . . . 183
4.4 Nonlinear Waves and Envelopes . . . . . . . . . .. .. 190
4.4a Introduction . . . . . . . . . ... ..., 190
4.4b Nonlinear Waves—Solitons and Shocks . . . . . . . 191
4.4c Nonlinear Envelopes—Envelope Solitons, Envelope
Shocks, and Envelope Holes . . . . . . . . . . . .. .. 194
4.4d Modulational Instability . . . . . . . . . . .. .. 201

References for Chapter4 . . . . . . . . . . . . .. .. 204



Appendix . . . . . . . L Lo e e e e e 207
General References . . . . . . . . . .. .. ... ..... 210
ListofSymbols . . . . . . . . . ... ... ........ 212

SubjectIndex. . . . . . . . . . . . ... 215



