


Contents

Prefacevii

ChapterI.HamiltonianDifferentialEquationsandtheN-BodyProblem1

A.BackgroundandBasicDefinitions1

Notation,Hamiltoniansystems,Poissonbracket

B.ExamplesofHamiltonianSystems5

Theharmonicoscillator,forcednonlinearoscillator,theelliptic

sinefunction,generalNewtoniansystems,apairofharmonic

oscillators,linearflowonthetorus,theKirchhojfproblem

C.TheN-BodyProblem17

Theequations,theclassicalintegrals,theKeplerproblem,the

restricted3-bodyproblem

D.SimpleSolutions21

Centralconfigurations,theLagrangianequilateraltriangle

solutions,theEuler-Moultoncollinearsolutions,equilibriafor

therestrictedthree-bodyproblem

E.FurtherReading28

Problems29

ChapterII.LinearHamiltonianSystems33

A.Preliminaries33

Hamiltonian&symplecticmatrices,reductionwithaLagrangian

set

B.SymplecticLinearSpaces40

Symplecticbasis,Lagrangiansplitting

C.TheSpectraofHamiltonianandSymplecticOperators44

Characteristicequations,J-orthogonal,simplecanonicalforms



D.NonelementaryDivisors50

Generalcanonicalforms

E.PeriodicSystemsandFloquet-LyapunovTheory53

Multipliers,monodromymatrix,Liapunovtransformation

F.ParametricStability56

Stability,parametricstability&instability

G.TheCriticalPointsintheRestrictedProblem59

LinearequationsatEuler&Lagrangepoints,Routh'scritical

massratio,canonicalforms

H.FurtherReading67

Appendix.LogarithmofaSymplecticMatrix67

Problems69

ChapterIII.ExteriorAlgebraandDifferentialForms72

A.ExteriorAlgebra72

Multilinear,covector,k-form,determinant

B.TheSymplecticForm76

Symplecticbasis&form,determinantofasymplecticmatrix

C.TangentVectorsandCotangentVectors77

Contra-&co-variantvectors,Einsteinconvention

D.VectorFieldsandDifferentialForms79

Contra-&co-variantvectorfields,differentialforms,exterior

derivative,Poincare'slemma

E.ChangingCoordinatesandDarboux'sTheorem83

Symplecticstructure,symplecticcoordinates,Darboux's

theorem

F.IntegrationandStokes'Theorem85

Problems.85

ChapterIV.SymplecticTransformationsandCoordinates87

A.SymplecticTransformations87

Definition,remainderfunction,variationalequations

B.Applications91

Rotatingcoordinates,Jacobicoordinates,(specialcaseN=2)

C.DifferentialFormsandGeneratingFunctions95

Symplecticform,action-anglevariables,d'Alembertcharacter,

generatingfunctions,pointtransformations,Kepler'sproblemin

polarcoordinates,the3-bodyprobleminJacobiandJacobi-Polar

coordinates

D.SymplecticTransformationswithMultipliersandScaling.102

Gravitationalconstant,Equationsatanequilibriumpoint,the

restrictedthreebodyproblem

E.DelaunayandPoincareElements104

F.FurtherReading107

Problems107



ChapterV.IntroductiontotheGeometricTheoryofHamiltonian

DynamicalSystems109

A.IntroductiontoDynamicalSystems109

Orbit,trajectory,equilibriumpoint,periodorbit,Hamiltonian

dynamicalsystem,reparameterization

B.DiscreteDynamicalSystems113

Diffeomorphismsandsymplectomorphisms,Henonmap,time

τ-map,periodmap,isotopy,billiardstable,crystalmodel

C.TheFlowBoxTheoremandLocalIntegrals120

Ordinarypoint,localintegrals,Hamiltonianflowbox,integral

ininvolution,ignorablecoordinates

D.Noether'sTheoremandReduction125

Discreteandcontinuoussymmetry,reversiblesystem,Noether's

Theorem

E.PeriodicSolutions,FixedPoints,andCrossSections129

Elementaryequilibriumpoints&periodicorbits,multipliers,

crosssection,Poincaremap,systemswithintegrals,thecylinder

theorem

F.TheStableManifoldTheorem136

Hyperbolicpoint,localandglobalstableandunstablemanifold,

transversalhomoclinicpoint,theλ-lemma,thePoincaretangl

G.HyperbolicSystems141

H.FurtherReading148

Appendix.ProofofShadowingLemma149

Problems152

ChapterVI.ContinuationofPeriodicSolutions154

A.ContinuationofEquilibriumPointsandPeriodicSolutions155

B.Lyapunov'sCenterTheorem156

ApplicationstotheEulerandLagrangelibrationpoints

C.Poincare'sOrbits158

D.Hill'sOrbits159

E.Comets161

F.ContinuationfromtheRestrictedtotheFullProblem162

G.SomeEllipticOrbits164

H.FurtherReading166

Problems166

ChapterVII.PerturbationTheoryandNormalForms168

A.TheMethodofLieTransforms168

Nearidentitychangeofcoordinates,theforwardLietransform

algorithm,theremainderfunction

B.ThePerturbationAlgorithm175

Example:Duffing'sequation,thegeneralalgorithm,thegeneral

perturbationtheorem,Duffing'sequationrevisited,uniquenessof

normalforms



C.NormalFormatanEquilibrium182

Theclassiccase,thegeneralequilibria,exampleofnormalforms

inthenon-simplecase

D.NormalFormaty4189

E.NormalFormsforPeriodicSystemsandDiffeomorphisms190

Thereduction,generalperiodiccase,generalhyperbolicand

ellipticpoints,higherresonanceintheplanarcase,normalforms

whenmultipliersare±1

F.FurtherReading199

Problems199

ChapterVIII.BifurcationsofPeriodicOrbits201

A.BifurcationsofPeriodicSolutionsandPoints.201

Elementaryfixedpoints,extremalfixedpoints,perioddoubling,

k-bifurcationpoints.

B.DuffingRevisited.212

Duffingat1-1resonance,k-bifurcationinDuffing'sequation

C.Schmidt'sBridges216

D.Bifurcationofy4218

E.FurtherReading224

Problems224

ChapterIX.StabilityandKAMTheory227

A.ElementaryStabilityResults227

B.TheInvariantCurveTheorem229

C.ASimpleExample―Duffing'sEquationAgain232

D.ApplicationstotheRestrictedProblem233

E.Arnold'sTheorem235

F.Stabilityofy4238

G.FurtherReading239

Problems239

ChapterX.TwistMapsandInvariantCurves241

A.Introduction241

B.NotationandDefinitions242

C.ExistenceofPeriodicOrbits253

D.MonotoneOrbits255

E.InvariantCircles266

F.Applications274

G.FurtherReading274

Problems277

References279

Index289




	page1
	page2
	page3
	page4
	page5
	page6

