


1.Introduction

1.1NatureoftheIonosphere2
1.2ProgressintheStudyofIonosphericWaves....5
1.3ScopeoftheBook6
1.4Notations7

References9

2.ReviewofElectromagneticTheory

2.1Maxwell'sEquations12
2.2VectorandScalarPotentials14
2.3ElectricandMagneticPolarizations17
2.4SlowandFastProcesses23
2.5Kramers-KronigRelations29
2.6OnsagerRelation33
2.7PlaneWaves36
2.8RefractiveIndices39
2.9CharacteristicPolarizations42
2.10EnergyandPower49
2.11GroupandEnergyVelocities56
2.12GeometricInterpretationofGroupVelocity....59
2.13ExcitationofFields66
2.14DyadicGreen'sFunctions71

Problems80
References83



3.WavesinFluidPlasma

3.1Introduction85

3.2ChargeNeutrality86

3.3Oscillation89

3.4Screening91

3.5ElectronandIonPlasmaWaves94

3.6PlasmaDensityFluctuations99

3.7Two-StreamInstability103

3.8InteractionofChargedParticleswithLongitudinal

Waves109

3.9ExcitationofFieldsbyaTestParticle113

Problems123

References129

4.WavesinFluidPlasmawithaSteadyMagneticField

4.1TransverseDielectricConstantandIndexofRefraction130

4.2ReflectionofaPlaneTransientWavefromthePlasma

Half-Space135

4.3SignalPropagationinLossless,IsotropicPlasma..137

4.4GyrofrequencyintheIonosphere148

4.5DielectricTensorofaColdMagnetoplasma....149

4.6EffectofCollisionalLossandDCConductivity..153

4.7LongitudinalOscillations155

4.8RefractiveIndicesandPolarizations159

4.9PropagationParalleltoSteadyMagneticField...165

4.10FaradayEffect170

4.11ElectronandIonWhistlers173

4.12PropagationPerpendiculartoSteadyMagneticField176

4.13HydromagneticWaves―LowFrequencyApproxima-

tion179

4.14Appleton-HartreeFormula―HighFrequencyApprox-

imation183

4.15SomePropertiesoftheAppleton-HartreeFormula188

4.16CutoffsandResonancesinParameterSpace....193

4.17IndexCircleandIndexSurface197

4.18DielectricTensorofaWarmMagnetoplasma...204

4.19WarmPlasmaCorrectiontotheHighFrequencyWaves207



4.20PlasmaWavesandTwo-StreamInstabilities....212

Problems215

References221

5.WavePropagationinInhomogeneousMedia

5.1Introduction223

5.2FoundationsofGeometricalOptics―IsotropicMedia224

5.3AmplitudeVariationalongtheRay228

5.4Fermat'sPrinciple231

5.5RayEquationsinAnisotropicMedia234

5.6EffectofBoundaryontheRayandGeneralizedSnelPs

Law240

5.7ReflectionandTransmissionofWavesatSharpBound-

aries246

5.8WavePropagationinStratifiedMedia―IsotropicCase250

5.9TheWKBSolution252

5.10TheMatrixMethod255

5.11TheStokesPhenomenon260

5.12AnExample267

5.13ReflectionCoefficientsforStratifiedMedia―High

FrequencyApproximation270

5.14ReflectionCoefficientsforStratifiedMedia―VeryLow

FrequencyApproximation276

5.15SignalPropagationandReflectioninStratifiedMedia279

5.16TheTrueHeightProblem―Ionosonde281

5.17WavePropagationinStratifiedMagnetoplasma―For-

sterling'sCoupledEquations284

5.18AnApplicationofForsterling'sCoupledEquations287

5.19WavePropagationinStratifiedAnisotropicMedia―

GeneralCoupledEquations292

5.20ApplicationoftheCoupledEquationsMethodtoWave

PropagationinaStratifiedMagnetoplasma....298

Problems303

References306

6.WavePropagationinRandomMedia

6.1MathematicalBackground308

6.2WavePropagationinRandomMedia316



6.3ScatteringofElectromagneticWavesbyIrregularities317

6.4FluctuationofElectromagneticWavesinRandom

Media―GeometricalOptics329

6.5FluctuationofElectromagneticWavesinRandom

Media―WaveTheory333

6.6CorrelationsofFluctuationsandApplicationtothe

Ionosphere343

6.7HigherOrderApproximations―PerturbationTech-

niques349

6.8EffectiveDielectricTensorforCoherentWaves...358

Problems364

References365

7.NonlinearWavePropagation

7.1Introduction367

7.2BreakingofWaves368

7.3NonlinearEffectsinaPlasmainanElectromagnetic

Field370

7.4Self-InteractionofWaves374

7.5Cross-ModulationPhenomenon379

7.6Wave-WaveInteraction382

7.7AnAveragedVariationalPrinciple392

Problems399

References400

8.InteractionofAtmosphericWaveswiththeIonosphere

8.1StructureoftheAtmosphere403

8.2BuoyancyOscillations407

8.3AcousticGravityWavesinanIsothermalAtmosphere409

8.4PropertiesofInternalWaves413

8.5PropagationinaWind-StratifiedIsothermalAtmo-

sphere419

8.6EffectofIonDrag423

8.7AttenuationduetoThermalConductionandViscosity429

8.8EffectofInternalWavesintheIonosphericFRegion430

8.9ImpulseResponseofanIsothermalAtmosphere...432

8.10EffectofaWindShearintheIonosphericERegion436

Problems439

References441



AppendixA.TheMethodofSteepestDescents

A.ITheMethodofSteepestDescents443

A.2ModifiedMethodofSaddlePoint449

References450

AppendixB.TheDistantRadiationFieldfromaLocalizedSource451

References458

SUBJECTINDEX459


	page1
	page2
	page3
	page4
	page5
	page6

