


INTRODUCTION

R.L.Carovillano:THESOLAR-TERRESTRIALSYSTEM1

SOLARSYSTEMMAGNETOHYDRODYNAMICS:CONCEPTSANDBASICEQUATIONS

G.L.Siscoe:SOLARSYSTEMMAGNETOHYDRODYNAMICS

I.THEMACROSCOPICEQUATIONSOFAPLASMA11

FromParticlestoFluids11

PhaseSpaceDensity12
TheContinuityEquationinPhaseSpace12

TheBoltzmannEquation13
Liouville'sTheorem14
FormingtheMacroscopicVariables14

DerivationoftheMacroscopicEquations14
TheFieldEquations18

TheConservationEquations20
InclusionofNeutralParticleInteractions22
ThePrognosticEquationforScalarPressure23

TemperatureandRelatedConcepts25
ReturntothePrognosticEquationforScalarPressure28

Adiabatic,Isentropic,andPolytropicFlows29

TheBernoulliEquation30
DivergenceoftheAnisotropicPressureTensor31
SingleParticleDriftsandtheEulerEquation32
LimitationstotheUseoftheMacroscopicEquations37



II.THEHYDROMAGNETICAPPROXIMATIONANDITS
CONSEQUENCES38

TheGeneralizedOhm'sLaw38
ChargeNeutralityandRelatedApproximations41
Poynting'sTheoremintheHydromagneticLimit43
EquipotentialFieldlinesandStreamlinesinSteady-State
HydromagneticFlows43
FreezingLaws46
ThawingofMagneticFlux48
TheGeneralizedVorticityTheorem50
TheMHDHelmholtzEquation52
TheDoubleAdiabaticInvariants53

III.MHDWAVESANDDISCONTINUITIES57

LinearizedPlaneWavesinanIsotropicMagnetizedPlasma57
MHDDiscontinuities67
ShockWaves1:Ordinary(non-MHD)ShockWaves71
ShockWaves2:ParallelShocks74
ShockWaves3:PerpendicularShocks74
ShockWaves4:ObliqueIntermediateModeShocks76
ShockWaves5:ObliqueFastandSlowModeShocks77

IV.MHDINSTABILITIES80

TheFirehoseandMirrorInstabilities80
TheKelvin-HelmholtzInstability85
TheMagnetosphericInterchangeInstability92

SOLARANDINTERPLANETARYPHYSICS

E.N.Parker:GENERATIONOFSOLARMAGNETICFIELDS101

TheoriesofMagneticFieldOrigins101
InductionEquations104
Short-SuddenApproximation108
CyclonicConvection113
InductionintheEarth119
OtherDynamoEffects122
MagneticFieldoftheSun125

E.N.Parker:HEATINGOFTHEOUTERSOLARATMOSPHERE129

TheSolarMagneticField129



HeatingoftheCorona131
ModelforMagneticMerging132

IdealizedProblem139
ApplicationtotheSun143
AlternativeMechanisms152
Conclusion152

A.Barnes:HYDROMAGNETICWAVESINTHEINTERPLANETARYMEDIUM155

EquationsofMagnetohydrodynamics156
AnExactSolution-AlfvenicFluctuations157

ClassificationofWaveModes-SimpleWaves161
GeometricalHydromagnetics164

AlfvenWavePressure170

A.Barnes:HYDROMAGNETICTURBULENCEINTHEINTERPLANETARY

MEDIUM172

SomeCommentsontheTheoryofFluidTurbulence174

RuggedInvariantsofHydromagneticTurbulence179

ObservedAlfvenicFluctuations-WavesorTurbulence?182

A.Barnes:COLLISIONLESSPROCESSESINTHEINTERPLANETARY
MEDIUM185

GeneralRemarksontheCollisionlessKineticTheory185
EvolutionofVelocityDistributionsinSolarWindFlow190

CollisionlessWaves,Damping,andInstability193

L.A.Fisk:SOLARCOSMICRAYS-THEIRINJECTION,ACCELERATION,

ANDPROPAGATION201

SolarFlareObservations202
TheInjection202

TheAcceleration207
ThePropagation208

L.A.Fisk:SOLARMODULATIONOFGALACTICCOSMICRAYS217

Solar-CycleVariations217
TheBasicIdea218

TheModulationEquations219
EnergyLoss222

SolvingtheModulationEquations224

SomeIllustrativeExamples226



L.A.Fisk:THEACCELERATIONOFENERGETICPARTICLESINTHE
SOLARWIND231

StatisticalAcceleration231
ShockAcceleration233
TheAnomalousComponent237

MAGNETOSPHERICPHYSICS

V.M.Vasyliunas:LARGE-SCALEMORPHOLOGYOFTHEMAGNETOSPHERE243

MagneticFieldStructures244
PlasmaStructures248
Low-AltitudeStructures252

V.M.Vasyliunas:MAGNETICFIELDLINEMERGING;BASICCONCEPTS255

T.W.Hill:SOLAR-WINDMAGNETOSPHERECOUPLING261

I.THESOLARWIND-ANANISOTROPICFLUID262

II.MAGNETOSPHERICCONVECTION264

Frozen-in-Flux264
TheAxford-HinesModel265
TheDungeyModel266
Openvs.Closed269
BirkelandCurrents269
Substorms271

III.MAGNETICCOUPLING271

TheRequirementforMagneticMerging271
EnergyFlowintheOpenModel273
MomentumTransferintheOpenModel280
Geometry284

IV.NON-MAGNETICCOUPLING288

WaveTransfer288
ParticleTransfer288
Diffusion292



V.THETAIL296

APPENDIXA-THEREQUIREMENTFORRETURNFLOW297

APPENDIXB-MEAN-SQUAREDISPLACEMENTINCROSS-FIELD

DIFFUSION298

R.A.Wolf:THEQUASI-STATIC(SLOW-FLOW)REGIONOFTHE

MAGNETOSPHERE303

I.INTRODUCTION303

II.QUALITATIVEOVERVIEW305

PlasmaRegions305

ElectricCurrents307
DynamicsoftheInnerMagnetosphere308

III.ADIABATICINVARIANTSANDADIABATICDRIFTS309

AdiabaticInvariants309
Bounce-AveragedDrifts314

IV.IONOSPHERE-MAGNETOSPHERECOUPLING319

Pressure/Birkeland-CurrentRelation(fromDriftTheory)319

Pressure/Birkeland-CurrentRelationfromMHD321

IonosphericConductivity324

AFundamentalEquationofIonosphere-Magnetosphere
Coupling329

V.CALCULATIONSOFCONVECTIONINTHEINNER

MAGNETOSPHERE329

Vasyliunas1LogicalLoop330
SimpleAnalyticModel332

VI.COMPUTERMODELOFINNERMAGNETOSPHERICCONVECTION342

IntroductoryComments342
InputtotheComputerModels344

ComputerModels-SelectedResults345



VII.PARTICLELOSSANDMAGNETICFIELDMODELS356

LossofParticlesfromMagnetosphericFluxTubes356
MagneticFieldModels359
CombinedConvectionandMagnetic-FieldModels364

C.C.Wu:GLOBALMHDMODELOFTHEEARTH'SMAGNETOSPHERE369

GlobalMHDModel369
NumericalMethods371

Results:376
1.ShapeoftheMagnetosphere380
2.PlasmaFlowPatternsintheMagnetosphere390

W.J.BurkeandM.Heinemann:ORIGINSANDCONSEQUENCESOFPARALLEL

ELECTRICFIELDS

I.INTRODUCTION393

II.ORIGINSOFE||395

AnomalousResistivity397
ThermoelectricEffect399
Quasi-neutralPotentials400
DoubleLayers406

III.CONSEQUENCESOFEM414

Field-AlignedCurrents414
MagnetosphericModels416

A.Hasegawa:ELECTROSTATICIONACOUSTICWAVES

I.INTRODUCTION425

II.LINEARPROPERTIES425

Electrostatic,CollisionlessIonAcousticWave425
EffectofanAmbientMagneticField429
InstabilityduetoanElectronDrift431
InstabilityduetoaDecayofanElectromagneticWave432

III.INCOHERENTNONLINEAREFFECTS435

QuasiLinearEffects435
NonlinearModeCouplings436



IV.COHERENTNONLINEAREFFECTS440

IonAcousticShock.440
IonAcousticSolitons442
Weak.DoubleLayers446

W.J.Hughes:HYDROMAGNETICWAVESINTHEMAGNETOSPHERE453

Introduction453
HMModesinColdPlasma454
TheEffectoftheIonosphere457
FieldLineResonance460
SolutionAlongB465
ResonancesinWarmPlasmas465
Field-AlignedCurrents466
ConvectionFlowandAlfvenWaves469
SourcesandSinksofWaveEnergy472

V.M.Vasyliunas:COMPARATIVEMAGNETOSPHERES

Introduction479
SurveyofMagnetospheres480
PlasmaFlow:CorotationanditsLimits486
MagnetosphericDistanceScales490

P.H.Reiff:THEUSEANDMISUSEOFSTATISTICALANALYSES

WhyUseStatistics?493
ConfirmatoryStudies494
ExploratoryStudies495
Common-SenseRules496
UsefulStatisticalTechniques499
LinearCorrelationAnalysis500
SearchingforPeriodicities506
FourierAnalysis506
SuperposedEpochAnalysis509
AutocorrelationandCross-CorrelationAnalyses512
Autocorrelation512
PowerSpectraldensity514
Cross-CorrelationAnalysis514
SmoothingtheData517



UPPERATMOSPHERICPHYSICS

A.D.Richmond:THERMOSPHERICDYNAMICSANDELECTRODYNAMICS523

I.INTRODUCTION523

II.BASICEQUATIONS526

MassContinuity526
MomentumBalance527
EnergyBalance529
PressureandInternalEnergy530
Diffusion532
Viscosity534
HeatConduction535
ElectricConductivities536

III.LARGE-SCALETHERMOSPHERICSTRUCTUREANDDYNAMICS539

HydrostaticEquilibrium540
Steady-StateThermalStructure541
ThermosphericHeating543
MeanMeridionalCirculationoftheThermosphere544
Steady-StateComposition544
Large-ScaleDynamics547
ImportanceofIonDrag549
ImportanceofViscosity551
ComputerSimulationsofThermosphericDynamics553

IV.ATMOSPHERICWAVES555

EntropyEquation555
PressureChangeEquation556
LinearizedPerturbationEquationsinaPlane
StratifiedAtmosphere556
WaveEnergyEquation557
TwoSimplifiedLimitingCases559
DispersionRelationforWavesinaDissipationless
Atmosphere,NeglectingRotation561
Ducting563
VerticalEnergyFlux564
WaveEnergyDensity565
PropertiesofLong-PeriodGravityWaves566
GravityWaveEnergyDissipation567
AtmosphericTides569



V.ELECTRODYNAMICS573

BasicEquations574
HorizontalandVerticalCurrentDensities576
DynamoActionbyWinds577
ApproximationofInfinitelyConductingMagnetic
FieldLines579
DipoleCoordinates580
SolutionforV582
EquatorialElectrojet584

VI.THERMOSPHERICDISTURBANCES586

Two-DimensionalTime-DependentModelDescription587
SubstormSimulation588
ElectrodynamicEffectsofStormtimeHeating593
EnergyTransfertoLowerLatitudes595
StormtimeCompositionChanges599

GlossaryofSymbols601

R.W.Schunk:THETERRESTRIALIONOSPHERE609

I.INTRODUCTION609

II.IONOSPHERICENVIRONMENT609

High-latitudeIonosphere611
Mid-latitudeIonosphere615
Low-latitudeIonosphere618
IonosphericLayers620

III.THETHEORY620

TransportEquations621
CollisionTerms622
CollisionFrequencies623
StressandHeatFlowExpressions626
Photoionization627
ChemicalReactions632
HeatingRates633
CoolingRates638

IV.MIDDLEANDLOWLATITUDEIONOSPHERE639

ChapmanLayer640
AmbipolarDiffusion640
DiffusiveEquilibrium642



Wind-inducedPlasmaDrift643
DecayoftheF-layer643
ThermalStructure644
DiurnalVariationoftheIonosphere647
SolarCycleVariationoftheIonosphere649
SeasonalVariationoftheIonosphere649
IonosphericBehavioratLowLatitudes651

V.HIGHLATITUDEIONOSPHERE651

PlasmaConvection652
MagnetosphericConvectionPattern654
ElectronDensityMorphology656
EffectofElectricFieldsonIonTemperature659
EffectofElectricFieldsonIonComposition663

VI.POLARWIND663

SubsonicH+Outflow663
SupersonicH"1"Outflow666
HydrodynamicSolutions669
CollisionlessSolutions670
Self-SimilarSolutions672

J.R.Winick:PHOTOCHEMICALPROCESSESINTHEMESOSPHERE
ANDLOWERTHERMOSPHERE677

I.PHYSICALANDCHEMICALCONCEPTS677

TheHydrostaticLaw679
TransportProcesses681
PhotochemicalProductionandLoss684
AbsorptionofSolarFlux690
CalculationofPhotodissociationRates698

II.THEONE-DIMENSIONALCONTINUITYEQUATIONINTHE
UPPERMESOSPHERE699

TheChemistryofH0xand0x702
ProductionofNitricOxide711
AtomicOxygenProfile713

III.IONCHEMISTRY715

TheLowerE-Region715
TheD-Region719



ClusterIonsintheD-Region720
D-RegionNegativeIonChemistry725
TheDisturbedD-Region728

J.M.Forbes:PHYSICSOFTHEMESOPAUSEREGION733

I.CHARACTERISTICSOFTHEMESOSPAUSEREGION733

ThermalandDynamicalStructure733
PhysicalProcesses735

II.SOMEFUNDAMENTALDYNAMICS738

ThePerturbationApproach(Linearization)738
ThermalWindBalance740
Wave-MeanFlowInteractions741

III.RADIATIVECOOLINGNEARTHEMESOPAUSE742

SimpleRadiativeTransfer742
Non-LTEandCollisionalRelaxation744
The'CoolingtoSpace'and'NewtonianCooling'
Approximations745

IV.ZONALMEANLATITUDESTRUCTURE747

RadiativeandThermalBudgets747
Radiative-DynamicalBalanceandthePossibleRole
ofWaveStress748

M.H.Rees:AURORALEXCITATIONANDENERGYDISSIPATION753

Introduction753
PenetrationofAuroralElectronsintotheAtmosphere754
InelasticScattering758
ElectronIntensityandEnergyDeposition761
ExcitationbyElectronImpact763
AuroralIonChemistryandTransport765
ChemicalExcitation769
TheoryoftheAuroralSpectrum770
DissipationofAuroralEnergy773
AuroralProtons776
Summary777



S.T.Zalesak:SMALL-SCALESTRUCTUREINTHEEARTH'S
IONOSPHERE:THEORYANDNUMERICALSIMULATION781

Introduction781
TheGradientDrift/CollisionalRayleigh-Taylor
Instability785
TheMotionofIonosphericPlasma787
ModelSimplificationandMathematicalRepresentation791
TheSimplestCaseEquationsforBariumCloudsandforESF794
NumericalSimulation:General795
TheNumericalSolutionofthePotentialEquation797
TheNumericalSolutionoftheContinuityEquation798

T.E.Cravens:COMPARATIVEIONOSPHERES805

I.THEINNERPLANETS805

Introduction805
NeutralAtmosphere807
SolarWind-IonosphereInteraction811
TheDaysideIonosphere:BasicEquations815
TheDaysideIonosphere:Composition816
TheDaysideIonosphere:Energetics820
TheNightsideIonosphere822

II.THEOUTERPLANETS825

Introduction825
JupiterandSaturn:ThermosphereCompositionand
TemperatureStructure826
JupiterandSaturn:ThermosphereHydrocarbonsand
AtomicHydrogen828
JupiterandSaturn:TheIonosphere834
TheJovianSatelliteIo837
TheSaturnianSatelliteTitan837
Comets839

SUBJECTINDEX845




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14

