


PREFACEvii
INTRODUCTIONxv
CHAPTERI.OBSERVATIONALBASIS
§1.LuminositiesandRadii1

TheHertzsprung-RussellDiagram1
TransformationtoLuminositiesandRadii6
SubdwarfsandWhiteDwarfs11

§2.Masses12
SpectroscopicBinaries13
VisualBinaries14
Mass-LuminosityRelation15
MassesofGiantsandWhiteDwarfs16

§3.StellarPopulations17
BrightestStarsinStellarSystems18
KinematicalBehavior19
SpectroscopicDifferences21
SequenceofStellarPopulations22

§4.AbundancesoftheElements23
CompositionoftheSun24
CompositionDifferencesbetweenPopulations26
CompositionAnomalie28

CHAPTERII.PHYSICALSTATEOFTHESTELLARINTERIOR
§5.HydrostaticandThermalEquilibrium30

ConditionofHydrostaticEquilibrium30
TheEnergyStoresofaStar.33
ConditionofThermalEquilibrium.35

§6.RadiativeEnergyTransport37
TheGeneralRadiationTransferEquation38
RadiativeEquilibriumintheStellarInterior39
TheMagnitudeofStellarLuminositiesandtheMass-Lumi-
nosityRelation42

StabilityofThermalEquilibrium43
§7.ConvectiveEnergyTransport44

StabilityConditionforRadiativeEquilibrium44
ConvectiveEquilibrium47
EnergyTransportbyConvection47
AdiabaticApproximationforTemperatureGradient50
CharacterofConvectioninStellarInterior50



§8.EquationofState52

IdealGas52

RadiationPressure55

Degeneracy56

CompleteDegeneracy57

DegeneracyLimits60

PartialDegeneracy60

Semi-relativisticDegeneracy61

Summary62

§9.Opacity62

AtomicAbsorptionCoefficients63

TheOver-allAbsorptionCoefficient64

TheRosselandMean65

Kramers'LawforBound-FreeTransitions67

Kramers'LawforFree-FreeTransitions69

ElectronScattering71

Temperature-DensityDiagramfortheOpacity71

MixedOpacities72

§10.NuclearReactions73

NuclearProcessesatStellarTemperatures73

TheProton-ProtonReaction75

TheCarbonCycle76

NuclearReactionRates77

MeanReactionTimesandEquilibriumAbundances79

RateofEnergyGenerationbyProton-ProtonReactionand

CarbonCycle81

TheTriple-AlphaProcess83

RateofChangeofHydrogenandHeliumAbundances85

TransmutationsoftheHeavierElements86

Summary88

§11.SurfaceLayers89

TheZeroBoundaryConditions89

ThePhysicalBoundaryConditions89

ThePressure-TemperatureRelationinStellarEnvelopes90

TheIonizationZoneofHydrogenandHelium93

ThePracticalBoundaryConditions94

CHAPTERIII.MATHEMATICALTECHNIQUES

§12.TheOver-allProblem96

UniquenessoftheSolution97

InhomogeneitiesinCompositionandEvolutionaryModel

Sequences98

TheOver-allProblemforFastEvolutionaryPhases100

§13.TransformationsandInvariants101

IntegrationsfromCenterandfromSurface;FittingConditions101



StandardTransformation103

ReductionintheNumericalWorkbytheStandardTrans-

formation105

SupplementaryTransformationforIntegrationsfromthe

Center106

TheInvariantsandtheUVPlane108

TheFittingProcedureintheUVPlane112

§14.NumericalIntegrations113

DevelopmentsattheCenter114

DevelopmentsattheSurface115

LogarithmicVariables116

ProceduresforStep-by-StepIntegrations118

CHAPTERIV.INITIALSTELLARSTRUCTURE

§15.TheUpperMainSequence121

ChoiceofGasCharacteristicsRelations121

EquationsfortheEnvelope123

EquationsfortheCore124

ChoiceofMassandComposition125

FittingProcedureandComputationofModelCharacteristics126

TheoreticalResultsandComparisonWithObservations128

DependenceofResultsonComposition129

§16.TheLowerMainSequence131

ChoiceofGasCharacteristicsRelations132

EquationsfortheEnvelope133

EquationsfortheCore133

FittingProcedureandComputationofModelCharacteristics134

RelationofModelCharacteristicstoObservedL,M,and

RValues135

ChecksandResults137

§17.TheSubdwarfs139

EffectsofLowAbundanceoftheHeavierElements140

GasCharacteristicsRelationsandBoundaryConditions141

ConstructionofRadiativeModel142

EffectsofPossibleConvectiveEnvelopes143

ProblemofHeliumAbundanceinSubdwarfs145

§18.TheApsidal-MotionTest146

ObservationofApsidalMotion147

SimplifyingApproximations148

HydrostaticEquilibriumConditions149

TransformationofthePoissonEquation151

DifferentialEquationfortheDistortionFunctionc2152

TheSurfaceConditions152

ThePerturbingPotentialandtheRateofApsidalMotion154

TheoreticalResultsandComparisonWithObservations154



§19.Pre-main-sequenceContraction156

HomologousContraction158

ConstructionofContractionModel158

ResultsfortheContractionModel160

RateofContraction162

CHAPTERV.EARLYEVOLUTIONARYPHASES

§20.SimplifiedExampleofEvolution165

SimplifyingCircumstancesandBasicEquations165

FittingConditionsWithDiscontinuityofComposition167

ConstructionofModels168

EvolutionaryTrackinHertzsprung-RussellDiagram171

ComparisonofInhomogeneousandHomogeneousEvolutions173
§21.RotationalMixing175

HydrostaticEquilibriuminaRotatingStar175

DeficiencyofRadiationFluxandMeridionalCirculation177

DeterminationofRotationalDistortion178

DeterminationoftheDivergenceoftheRadiationFlux179

SpeedoftheMeridionalCirculation179

NumericalResults181

EffectsofInhomogeneitiesinComposition183

§22.EvolutionofUpperMain-SequenceStars184

OccurrenceofInhomogeneousZone185

BasicEquationsandDefinitions186

Constructionofthe"FirstModel"187

ConstructionoftheSubsequentModels190

ResultsforHydrogenDepletion190

LaterPhasesWithHydrogenBurningintheIntermediate

Zone192

EvolutionaryTracksinHertzsprung-RussellDiagram194

TimeScaleofEvolution195

Apsidal-MotionTestforEvolutionaryModels197

§23.EvolutionoftheSun199

DepletionofHydrogenintheSun199

ConstructionofInhomogeneousSolarModel201

ResultsforthePresentStateoftheSun204

ChangesintheSolarLuminosityandRadiusinthePas206

CHAPTERVI.ADVANCEDEVOLUTIONARYPHASES

§24.GrowthofIsothermalCore208

StarsWithCoresExhaustedofHydrogen208

DilemmaofMassiveStarsWithIsothermalCores209

StarsofModerateMassWithPartiallyDegenerateCores211

StarswithLargePartiallyDegenerateCores214

TheSurfaceLayersofStarsWithIsothermalCores217



ResultsforStarsofVariousCompositions219

OnsetofFastCoreContraction220

§25.HeatingofCorebyContraction221

ContractingCoresinMassiveStars221

GravitationalEnergyReleaseinaContractingCore222

EvolutionofMassiveStarsDuringCoreContraction225

CoreContractioninStarsofModerateMass227

CHAPTERVII.FINALSTELLARSTRUCTURE

§26.StructureofWhiteDwarfs230

ModelsforCompletelyDegenerateStars230

CorrectionstotheDegenerateEquationofState232

Mass-RadiusRelationandMassLimit233

LocationofDegenerateStarsinHertzsprung-Russell

Diagram235

§27.ThermodynamicsofWhiteDwarfs236

TheInternalTemperatures237

ExtentofNon-DegenerateLayers238

Proton-ProtonReactionandtheInteriorHydrogenContent239

SecularInstabilityCausedByNuclearReactions240

PulsationalInstabilityCausedbyNuclearReactions242

ResidualThermalEnergyandCoolingTime243

CHAPTERVIII.SUMMARYANDREVIEW

§28.PhysicalStateoftheStellarInterior246

TemperaturesandDensities247

EquationofStateandOpacity249

NuclearEnergySources250

DensityDistribution251

§29.EvolutionaryTracksintheHertzsprung-RussellDiagram263

EvolutionaryTracksofMassiveStars263

EvolutionaryTracksofMedium-WeightStars265

MassEjection266

TimeLinesintheHertzsprung-RussellDiagram268

AgeandCompositionofClusters271

§30.VitalStatisticsoftheStars272

GalacticDensitiesandLuminosityFunctions273

Birth-RateFunction276

DeathRate280

IrreversibleDevelopments281

REFERENCES285

INDEX292


	page1
	page2
	page3
	page4
	page5
	page6

