


PartIPlasmaPhysics

1NatureofPlasma3
1.1Introduction3
1.2ChargeNeutralityandLandauDamping5
1.3FusionCorePlasma6

2PlasmaCharacteristics13
2.1VelocitySpaceDistributionFunction13
2.2PlasmaFrequency.DebyeLength14
2.3CyclotronFrequency.LarmorRadius15
2.4DriftVelocityofGuidingCenter16
2.5MagneticMoment.MirrorConfinement19
2.6CoulombCollision.FastNeutralBeamInjection21
2.7RunawayElectron.DreicerField27
2.8ElectricResistivity.OhmicHeating28
2.9VarietyofTimeandSpaceScalesinPlasmas28

3MagneticConfigurationandParticleOrbit31
3.1MaxwellEquations31
3.2MagneticSurface33
3.3EquationofMotionofaChargedParticle34
3.4ParticleOrbitinAxiallySymmetricSystem36
3.5DriftofGuidingCenterinToroidalField38

3.5.1GuidingCenterofCirculatingParticles39
3.5.2GuidingCenterofBananaParticles40

3.6OrbitofGuidingCenterandMagneticSurface42
3.7EffectofLongitudinalElectricFieldonBananaOrbit44
3.8PolarizationDrift45

4VelocitySpaceDistributionFunction
andBoltzmann'sEquation47
4.1PhaseSpaceandDistributionFunction47
4.2Boltzmann'sEquationandVlasov'sEquation48



5PlasmaasMHDFluid51

5.1MagnetohydrodynamicEquationsforTwoFluids51
5.2MagnetohydrodynamicEquationsforOneFluid53

5.3SimplifiedMagnetohydrodynamicEquations55
5.4MagnetoacousticWave58

6Equilibrium61

6.1PressureEquilibrium61

6.2EquilibriumEquationforAxiallySymmetricSystems63

6.3TokamakEquilibrium67
6.4UpperLimitofBetaRatio69

6.5Pfirsch-SchluterCurrent70

6.6VirialTheorem71

7PlasmaTransport75

7.1CollisionalDiffusion(ClassicalDiffusion)77
7.1.1MagnetohydrodynamicTreatment77

7.1.2AParticleModel79

7.2NeoclassicalDiffusionofElectronsinaTokamak80

7.3FluctuationLoss.BohmandGyro-BohmDiffusion.
ConvectiveLoss83

7.4LossbyMagneticFluctuation89

8MagnetohydrodynamicInstabilities91

8.1InterchangeInstabilities92

8.1.1InterchangeInstability92
8.1.2StabilityCriterionforInterchangeInstability.

MagneticWell95

8.2FormulationofMagnetohydrodynamicInstabilities99
8.2.1LinearizationofMagnetohydrodynamicEquations..99

8.2.2EnergyPrinciple102

8.3InstabilitiesofaCylindricalPlasma104

8.3.1InstabilitiesofSharp-BoundaryConfiguration104
8.3.2InstabilitiesofDiffuseBoundaryConfigurations....109

8.3.3Suydam'sCriterion113

8.3.4TokamakConfiguration115

8.4Hain-LustMagnetohydrodynamicEquation117

8.5EnergyIntegralofAxisymmetricToroidalSystem119
8.5.1EnergyIntegralinIlluminatingForm119

8.5.2EnergyIntegralofAxisymmetricToroidalSystem..121

8.5.3EnergyIntegralofHigh-nBallooningMode126

8.6BallooningInstability128
8.7Eta-iModeDuetoDensityandTemperatureGradient....133



9ResistiveInstabilities.....137

9.1TearingInstability137
9.2ResistiveDriftInstability,142

10PlasmaasMediumofWaves147
10.1DispersionEquationofWavesinaColdPlasma148

10.2PropertiesofWaves152

10.2.1PolarizationandParticleMotion152
10.2.2CutoffandResonance153

10.3WavesinaTwo-ComponentPlasma153

10.4VariousWaves158
10.4.1AlfVenWave158

10.4.2IonCyclotronWaveandFastWave159

10.4.3LowerHybridResonance161
10.4.4UpperHybridResonance162

10.4.5ElectronCyclotronWave162

10.5ConditionsforElectrostaticWaves164

11LandauDampingandCyclotronDamping167

11.1LandauDamping(Amplification)167

11.2TransitTimeDamping171
11.3CyclotronDamping171

11.4Quasi-LinearTheoryofEvolution

intheDistributionFunction174

12HotPlasma177

12.1EnergyFlow178
12.2RayTracing182

12.3DielectricTensorofHotPlasma183

12.4WaveHeatingintheIonCyclotronFrequencyRange189

12.5LowerHybridHeating192
12.6ElectronCyclotronHeating196

12.7VelocitySpaceInstabilities(ElectrostaticWaves)199

12.7.1DispersionEquationofElectrostaticWave199

12.7.2ElectronBeamInstability201
12.7.3VariousVelocitySpaceInstabilities202

12.8DerivationofDielectricTensorinHotPlasma202

12.8.1FormulationofDispersionRelationinHotPlasma..202

12.8.2SolutionofLinearizedVlasovEquation204

12.8.3DielectricTensorofHotPlasma206

12.8.4DielectricTensorofBi-MaxwellianPlasma209
12.8.5DispersionRelationofElectrostaticWave210



13InstabilitiesDrivenbyEnergeticParticles215
13.1FishboneInstability215

13.1.1Formulation215

13.1.2MHDpotentialEnergy216
13.1.3KineticIntegralofHotComponent218

13.1.4GrowthRateofFishboneInstability221

13.2ToroidalAlfvenEigenmode224

13.2.1Toroidicity-InducedAlfvenEigenmode225
13.2.2InstabilityofTAEDrivenbyEnergeticParticles...229

13.2.3VariousAlfvenModes237

14ComputerSimulation239

14.1MHDmodel240
14.2LinearizedKineticModel242

14.3ModelingBulkPlasmaandEnergeticParticles243

14.4Gyrofluid/Gyro-Landau-FluidModels244

14.5GyrokineticParticleModel247
14.6FullOrbitParticleModel251

PartIIControlledNuclearFusion

15DevelopmentofFusionResearch259

15.1FromSecrecytoInternationalCollaboration260
15.2ArtsimovichEra262

15.3TheTrektoLargeTokamaksSincetheOilCrisis263

15.4AlternativeApproaches266

16Tokamaks269

16.1TokamakDevices269

16.2Equilibrium272
16.3MHDStabilityandDensityLimit274

16.4BetaLimitofElongatedPlasma277

16.5ImpurityControl,Scrape-OffLayerandDivertor278

16.6ConfinementScalingofLMode284

16.7HModeandImprovedConfinementModes286
16.8Non-inductiveCurrentDrive293

16.8.1LowerHybridCurrentDrive293

16.8.2ElectronCyclotronCurrentDrive297

16.8.3NeutralBeamCurrentDrive300
16.8.4BootstrapCurrent302

16.9NeoclassicalTearingMode304

16.10TokamakReactors311



17RFPStellarator319
17.1ReversedFieldPinch319

17.1.1ReversedFieldPinchConfiguration319
17.1.2MHDRelaxation320
17.1.3Confinement323
17.1.4OscillatingFieldCurrentDrive325

17.2Stellarator325
17.2.1HelicalField325
17.2.2StellaratorDevices329
17.2.3NeoclassicalDiffusioninHelicalField331
17.2.4ConfinementofStellaratorSystem334

18InertialConfinement337
18.1PelletGain337
18.2Implosion342
18.3MHDInstabilities345
18.4FastIgnition347

References353

Index367


	page1
	page2
	page3
	page4
	page5
	page6

