Contents

Preface

1. Introduction

1.1.
1.2.
1.3.
1.4.

DefinitionofaPlasma . . . ... ... ... .. ............
Geophysical Plasmas . . . . . .. .. ... ... ... ...
Magnetospheric Currents . . . . . . . ... ... ...
Theoretical Approaches . . . . .. .. ... ... ... . ...

2. Single Particle Motion

2.1.
2.2.
2.3.
2.4.
2.5.

FieldEquations . . . . . . .. .. ... ... ...
Gyration . . . . . . . . e e e e e e e
ElectricDrifts . . . . . . . . . ... L .
MagneticDrifts . . . . . . . . ... Lo o
AdiabaticInvariants . . . . . ... .. L. 0oL

3. Trapped Particles

3.L
3.2.
3.3.
34.
3.5.

DipoleField . . . . ... ... ... .. ... . . .
Bounce Motion . . . . . . . . ... ... e
DriftMotion . . . . . . . . . . . . e
SourcesandSinks . . . . . . ... ... o
Ring Current . . ... ... .. e

4. Collisions and Conductivity

4.1.
4.2.
43.
44.
4.5.
4.6.

Collisions . . . . . . . . .
Plasma Conductivity . . . . . .. .. .. ... .. ...
Ionosphere Formation . . . . . . ... ... ... ............
Jonospheric Conductivity . . . . . . ... ... ... .. .. .. ...
TonosphericCurrents . . . . . . .. ... ... ...
Auroral Emissions . . . . ... ... ... ... ... ... e

ix



vi

CONTENTS

Convection and Substorms

5.1. Diffusionand FrozenFlux . . .. ... ... ... ... ........
5.2. ConvectionElectricField . . . ... ... ... ... ...........
5.3. Corotation and Plasmasphere . . . . . . ... ... ...........
5.4. High-Latitude Electrodynamics . . . . . . . .. ... ... .......
5.5. Auroral Electrojets . . ... ... .. .. ... ... .. ... ...,
5.6. Magnetospheric Substorms . . . . . ... ... L.
57. SubstormCurrents . . . . . ... ... ...

Elements of Kinetic Theory

6.1. ExactPhase Space Density . . . . .. .. . ... ... .........
6.2. Average DistributionFunction . . . ... ... .............
6.3. Velocity Distributions . . . . . . . ... ... ... .. .........
6.4. Measured Distribution Functions . . . . . .. ... ... ........
6.5. Macroscopic Variables . . . . ... ... ... . ... ... ... .

" Magnetohydrodynamics

7.1. Multi-Fluid Theory . . . . . . .. .. ... ...
7.2. EquationofState . . ... ... ... .. ... ... ... ...
73. One-FluidTheory . . . .. ... ... . ... ... ...
7.4. Stationarity and Equilibria . . . . .. ... ... o 000

Flows and Discontinuities

81. SolarWind . ... ... ... ... . ... ...
82. FluidBoundaries . .. ... ... ... ... ... . .......
8.3. Discontinuities . . . . . . . . .. .. ...
84. Shocks. . . . . . . .
85. BowShock . ... ... ... . ...
8.6. Magnetopause . . . . . ... ... i e e e e

Waves in Plasma Fluids

9.1. Waves in UnmagnetizedFluids . . . . .. ... ... ..........
9.2. General DispersionRelation . . . ... .. ...............
9.3. PlasmaWaveEnergy . .. .. ... ... ... ...,
9.4. MagnetohydrodynamicWaves . . . ... ... .............
9.5. ColdElectronPlasmaWaves . . . ... ... ... ...........
9.6. Two-Fluid Plasma Waves . . . . . .. .. ... .....o.o.......
9.7. GeomagneticPulsations. . . . .. .. ... ... ... .........

103
104
108
114
120
124

129
129
133
138
146

159
159
165
171
176
181
186



CONTENTS

10. Wave Kinetic Theory

10.1.
10.2.
10.3.

Landau-Laplace Procedure .
Landau Damping . . . . . .
Unmagnetized Plasma Waves

10.4. Magnetized Dispersion Relation . . . .. ... ... ... .......

10.5.

Outlook

Electrostatic Plasma Waves .

A. Some Basics

Al
A2,
A.3.
A4
AS.
A.6.
AT

Useful Constants . . . . . .
Energy Units . .. ... ..
Useful Formulas . . . . . ..

Some Electrodynamics . . .
Plasma Entropy . . . . . . .
Aspects of Analytic Theory .

B. Some Extensions

B.1.
B.2.
B.3.
B.4.
B.5.
B.6.

Index

Coulomb Logarithm. . . . .
Transport Coefficients . . . .
Geomagnetic Indices . . . .
Liouville Approach . . . . .

Clemmow-Mullaly-Allis Diagram . . . . ... .............

Magnetized Dielectric Tensor

vii

247
247
253
260
269
272
283

295

297
297
297
298
299
301
305
306

311
311
313
315
318
320
321

325



