


Contents

PartIPHYSICSOFTHEMACROSCOPICWORLD1

Chapter1PrinciplesofClassicalMechanics3

1-1Newton'sMechanics4
1-2Two-Body,Many-BodyProblems6

1-3KineticandPotentialEnergies8

1-4GeneralizedCoordinates12
1-5Lagrange'sEquations14

1-6CanonicalMomenta16
1-7HamiltonianFunction.Hamilton'sEquations17

1-8Poisson'sBrackets19
1-9ConstantsofMotionandSymmetry22
1-10Hamilton'sPrinciple23

1-11ThePrincipleofLeastAction25
1-12CanonicalTransformations28

1-13Hamilton'sPrincipalFunction.Hamilton-JacobiEquations32
AdditionalProblems34

Chapter2SimpleHarmonicOscillators.NormalVibrations39

2-1SimpleHarmonicOscillator40

2-2DampedHarmonicOscillators43
2-3ForcedHarmonicOscillator.Resonance46

2-4TwoCoupledOscillators48
2-5NormalCoordinates51

2-6SecularEquation53



2-7LinearMolecule58
AdditionalProblems62

Chapter3ContinuousBody,RigidBody,andRotatingFrame65
3-1VibratingString66
BoundaryandInitialConditions68

3-2StringwithVariableTension70
3-3ContinuousBody.EquationofContinuity71
3-4StressTensor75
3-5Strain.ElasticConstants78
3-6IsotropicElasticBody79
3-7ElasticWaves82
3-8IdealFluids84
3-9ViscousFlow86
3-10LagrangianDensity88
HamiltonianDensity90
PoissonBracketDensity92

RigidBodyandRotatingFrame
3-11KineticEnergyofaRigidBody.InertiaTensor92
3-12AngularMomentumofaRigidBody96
3-13FreeRotationofaRigidBody97
3-14Euler'sEquationsofMotionforaRigidBody99
3-15EquationofMotioninaRotatingFrame101
AdditionalProblems102

Chapter4SpecialTheoryofRelativity107
4-1AbsoluteSpace.Mach'sPrinciple109
4-2InertialSystem110
4-3LorentzTransformations111
4―4CovariantandContravariantComponents113
4-5LorentzTransformationMatrices115
4-6SpecialLorentzTransformations116
TimeDilationandLorentzContraction120
VelocityAdditionRule121

4-7Vectors,Tensors,Spinors122
4-8RelativisticEquationofMotion126
4-9RelativisticLagrangianandHamiltonianFunctions129
4-10LagrangianDensity.Stress-EnergyTensor131
4-11MassDensity.Stress-EnergyTensorofDust,IdealFluid,
andIdealGas135
AdditionalProblems139

Chapter5ElectromagneticFields141
5-1Coulomb'sLawofElectrostaticForce142
5-2ElectricField144
5-3ScalarPotential.Poisson'sEquation.Green'sFunction147
5-4SolutionsofLaplace'sEquationI150



5-5SolutionsofLaplace'sEquationII153
CylindricalFunctions153
SphericalFunctions156

5-6MagneticField160
5-7LorentzForce166
5-8MagneticMoment169
5-9Faraday'sLawofInduction.Maxwell'sEquations171
5-10MicroscopicandMacroscopicFields173
5-11MacroscopicSusceptibleMedia174
ElectricSusceptibility174
MagneticSusceptibility178

5-12ElectromagneticPlaneWave181
5-13Huygens'Principle186
5-14Diffraction189
FraunhoferDiffraction190
FresnelDiffraction192

5-15EikonalEquation.Fermat'sPrinciple195
AdditionalProblems197

Chapter6ClassicalTheoryofRadiation203
6-1VectorPotential.LorentzGauge205
6-2CovariantFormalismofElectromagneticFields207
6-3LagrangianDensityofElectromagneticFields210
6-4Stress-EnergyTensorofElectromagneticFields211
6-5HamiltonianofaParticle-FieldSystem214
6-6EnergyTransferbetweenParticleandField217
6-7PlaneWave219
6-$InteractionofaPlaneWaveWithFreeandBoundCharged
Particles221

6-9RetardedandAdvancedGreen'sFunctions224
6-10Lienard-WiechertPotentials230
6-11ElectromagneticFieldsDuetoaMovingCharge233
6-12EmissionandScatteringofRadiation235
Bremsstrahlung235
RadiationbyaSimpleHarmonicOscillator237
ThomsonScattering237
ScatteringbyaBoundCharge238

6-13*RetardedPotentialsatShortDistances240
6-14*Self-energyofanElectron242
6-15*Self-force245
AdditionalProblems248

Chapter7*GeneralTheoryofRelativity257
7-1GravitationalForce258
7-2Einstein'sEquivalencePrinciple259
7-3FreeParticleinGeneralSpace-Time260
7-4TransformationsinGeneralRelativity262



7-5CovariantDerivative265
7-6SomeUsefulMathematicalFormulas269
7-7RiemannTensor,RicciTensor,andEinsteinTensor270
7-8Hamilton'sPrinciple.Stress-EnergyTensor273
Stress-EnergyPseudotensor276

7-9Einstein'sEquationsandTheirLinearLimit276
7-10GravitationalWave280
7-11SchwarzschildSolution283
7-12ExperimentalTestsofGeneralRelativity286
7-13HomogeneousModelUniverse290
7-14CosmologicalTheories293
EinsteinModel293
DeSitterModel296
DynamicModelswithA=0,P=0297
AdditionalProblems300

PartIIPHYSICSOFTHEMICROSCOPICWORLD303

Chapter8QuantumMechanics305
8-1HilbertSpace306
VectorSpace306
Norm,InnerProduct306
HilbertSpace307

8-2HermitianOperatorsandTheirEigenfunctionsandEigen-
values308
Eigenfunctions,Eigenvalues309
Orthogonality310

8-3WaveFunctions313
8-4Commutators315
8-5UncertaintyRelations319
8-6SchroedingerEquation(WaveMechanics)324
8-7ClassicalApproximation.WKBSolution328
8-8deBroglieWave334
ReflectionandTransmissionofdeBroglieWave336

8-9SimpleHarmonicOscillators340
CreationAnnihilationOperators341
CoupledOscillators343

8-10*TwoTheoremsConcerningEigenfunctionsofHinOne-
DimensionalProblems346

8-11MatrixRepresentatives349
BraandKet349
MatrixRepresentatives350

8-12UnitaryTransformations353
8-13ReductionofMatrixRepresentativesUsingCommuting



Operators:GroupTheory356
8-14PerturbationMethod359

First-OrderPerturbation360
ProjectionOperator.Green'sOperator(Resolvent).Space

ContractionOperator360
Third-OrderPerturbation362
Fifth-OrderPerturbation364
DegenerateCase365
PerturbationSeries366

8-15Time-DevelopmentOperator.Schroedinger,Heisenberg,and
InteractionPictures373

8-16TransitionProbability376
DysonSeries381

AdditionalProblems385

Chapter9OneParticleinaPotential391
9-1HydrogenAtomandHydrogen-likeIons.I392

9-2HydrogenAtomandHydrogen-likeIons.II394
9-3*CoulombScattering400

BoundStates403
9-4ScatteringbyaPotential405

OpticalTheorem409
9-5PartialWaves411
9-6BoundStates415

9-7PhaseShifts418
9-8*ResonanceScattering.TheDispersionRelation422

9-9ScatteringofElectromagneticWave.TheComplex
Polarizabiiity426

9-10CausalityandKramers-KronigRelation430
AdditionalProblems433

Chapter10RelativisticQuantumMechanics435
10-1Klein-GordonEquation436

AOperator437
EquationofContinuity438

10-2PlaneWaveSolutionoftheKlein-GordonEquations441

Antiparticle.Chargeconjugation.(Klein-GordonTheory)442
10-3*Klein-GordonEquationswithElectromagneticFields444

Hydrogen-likeIons445

ZeemanEffect447
10-4SpinAngularMomentum449

10-5DiracEquation451
10-6*BilinearCovariants,SpaceInversion454

SpaceInversion.ParityOperator457
10-7*ChargeConjugation.(DiracTheory)460



10-8*TimeReversal463

Kramers'Theorem465

10-9*Neutrinos467

10-10TotalAngularMomentum472

Eigenvaluesof/2and/z473

10-11Clebsch-GordanCoefficients479

10-12TheHydrogenAtomandHydrogen-likeIons.(DiracTheory)484

EquationsforF(r)andG(r)Functions486

EnergyLevels489

10-13*ZeemanEffectofaHydrogen-likeIon497

10-14*MagneticDipoleHyperfineStructure503

10-15RelativisticCorrections508

AdditionalProblems513

Chapter11GroupTheoryinQuantumMechanics*517

11-1SymmetricGroups^2and^3518
11-2Representations.(MatrixGroups)522

11-3*Schur'sLemma528

11-4Characters.Classes533

Classes535

YoungDiagrams536

ReductionofaRepresentationUsingCharacterTables538

11-5SymmetryGroupsofH542

11-6ThePauliPrincipleandNonrelativisticAtomsandMolecules544

NonrelativisticAtomsandMolecules545

DirectProductRepresentation546
11-7SpinFunctionsinSymmetricGroups549

11-8RotationGroupR3555
11-9IrreducibleRepresentationsandCharactersofR3559

RotationGroupandanAtom561

11-10AtomicShellModel564

CouplingofOrbitalAngularMomenta567

Hund'sRules571

11-11RotationsIncludingSpinandtheSU2Group573

LieGroups577

11-12TensorOperators.WignerSymbols578

Clebsch-GordanCoefficients579

TensorOperators579

Wigner-EckartTheorem581

WignerSymbols582

11-13NuclearPotentialinYukawaTheory,Isospin,andNuclear

ShellModel590

YukawaTheory590

Isospin592

Two-NucleonSystem593



Inter-NucleonPotentials594
NuclearShellModel595

11-14OctahedralPointGroupandOtherPointGroups600
OtherCommonPointGroups606

11-15AtomsinCrystals610
11-16Molecules614

Bom-OppenheimerApproximation614
MolecularShellModel615
VibrationandRotationofDiatomicMolecules621
VibrationofPolyatomicMolecules623
RotationofPolyatomicMolecules625

11-17*TheR4GroupasaSymmetryGroupoftheHydrogenAtom629
TheR4Group631
CasimirOperators634

11-18TheSU3GroupandElementaryParticles635
TheSU3Group637
IrreducibleRepresentationsofSU$639
Clebsch-GordanSeriesandClebsch-GordanCoefficients640
TensorOperatorsandtheWigner-EckartTheoreminSU3642
ApplicationtotheHadrons644
AdditionalProblems648

AppendixIMATHEMATICALFORMULAS651

(a)VectorRelations651
(b)Matrices652
(c)SpecialFunctions653
TrigonometricFunctions653
SphericalHarmonics654
LegendrePolynomials655
GammaFunction655
BesselFunctions656
SphericalBesselFunctions659
ConfluentHypergeometricFunctions(Kummer
Functions)662

(d)CharacterTablesofSomePointGroups665

AppendixIIKEPLER'SPROBLEM674

(a)Kepler'sLawsandNewton'sTheory674
(b)SpecialRelativisticEffects679
(c)Kepler'sProbleminGeneralRelativity681
(d)SimplifiedTheoryofGravitation683

Index685


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

