
CONTENTS 

Preface•@ v 

1.•@ Introduction•@ 1 

2.•@ Basic Equations and Properties of Linear Waves•@ 7 

2.1•@ Maxwell Equations•@ 7 

2.2•@ Dispersion Relation•@ 9 

2.3•@ Energy Density and Energy Flow•@ 11 

2.4•@ The Kinetic Equation•@ 13 

2.5•@ Fluid Equations•@ 14 

2.6•@ Plasma Response to an Electromagnetic Wave•@ 16 

2.7•@ Electrostatic Waves•@ 20 

2.8•@ Diffraction Divergence•@ 24 

2.9•@ Dispersion Broadening•@ 26 

2.10•@ Electromagnetic Wave Propagation in an 

Inhomogeneous Plasma•@ 28 

2.11•@ Surface Waves•@ 32 

2.12•@ Duct Propagation•@ 33 

2.13•@ Thomson Scattering of Radiation•@ 36 

2.14•@ Anomalous Resistivity•@ 42 

Reference•@ 44 

3.•@ Resonance Absorption•@ 45 

3.1•@ Current Density•@ 45 

3.2•@ Coupled Mode Equations•@ 47 

3.3•@ Mode Conversion•@ 48

References•@ 52



4.•@ Plasma Wave Excitation by Two Laser Beating 

and Particle Acceleration•@ 54

4.1•@ Excitation of a Langmuir Wave•@ 54 

4.2•@ Electron Acceleration in a Langmuir Wave•@ 60 

References•@ 66 

5.•@ Coherent Emission of Radiation•@ 67 

5.1•@ Phase Coherence and Bunching•@ 67 

5.2•@ Cerenkov FEL•@ 72 

5.3•@ Free Electron Laser•@ 75 

References•@ 87 

6.•@ Self-Focusing and Filamentation•@ 88 

6.1•@ Nonlinear Permittivity•@ 90 

6.2•@ Self-Focusing•@ 95 

6.3•@ Filamentation Instability•@ 99 

References•@ 101

7.•@ Parametric Instabilities in a Homogeneous Plasma•@ 102 

7.1•@ A Harmonic Oscillator•@ 103

7.2•@ Parametric Oscillator with Two Degrees of Freedom•@ 107 

7.3•@ Parametric Coupling in a Plasma•@ 109 

7.4•@ Nonlinear Dispersion Relation•@ 114 

7.5•@ Stimulated Raman Scattering•@ 117 

7.6•@ Stimulated Compton Scaterring•@ 119 

7.7•@ Stimulated Brillouin Scattering•@ 119 

7.8•@ Nonlinear Ion Landau Damping•@ 120 

7.9•@ Modulational Instability•@ 120 

7.10•@ Filamentation Instability•@ 121 

7.11•@ Decay Instability•@ 122 

7.12•@ Oscillating Two-Stream Instability•@ 125 

7.13•@ Two-Plasmon Decay•@ 128 

7.14•@ Parametric Instability of a Random Pump•@ 129 

References•@ 133

8.•@ A Nonlinear Schrodinger Equation•@ 134 

8.1•@ Basic Equation•@ 134 

8.2•@ Stationary Solution•@ 136 

8.3•@ Instability of an Envelope Soliton•@ 138 

8.4•@ Criterion for Collapse•@ 139 

References•@ 141 

9.•@ Parametric Instabilities in an Inhomogeneous Plasma•@ 142 

9.1•@ WKB Solution•@ 143 

9.2•@ Raman Side Scattering•@ 148 

9.3•@ Brillouin Side Scattering•@ 150 

9.4•@ Scattering Off a Heavily Damped Ion Acoustic Mode•@ 154 

9.5•@ Decay Instability•@ 156 

9.6•@ Oscillating Two-Stream Instability•@ 158 

9.7•@ Two-Plasmon Decay•@ 161 

References•@ 165 

10.•@ Epilogue•@ 166 

References•@ 167


