Contents

Introduction....... Cresesasannen e eearassacensesacescsenr oo naens R |

1. Symplectic Structures and Hamiltonian Systems....coiseeieiceicensniaaanss 3

Strong and Weak Nondegenerate FOXmS....sseesssnconcssncsasssl
SYMPLECEIC FOIMS e e snenernsnenrsersrevsnsnsoesasesonevanannnshh
Canonical Symplectic FOrms..cessievecasesecss [
Symplectic Forms Induced by Metrics..cseiesrevireeiineeenssn @
Canonical TransformationS..cevesevoacercevecrvessnseasansssl0
Hamiltonian Vector FieldS..eeeserenessscenrsasessarssnnsnsall
Poisson BracketS.veeescessesssosrsasasssnssressssrssesansssld

N el s
Lo EWw D -

2. Linear Hamiltonian SyStemMS...ecsserssesseesssssacsstsssssonassssansensslB

Introduction and Motivation-—the Wave Equation.........s.ss16
Canonical Commutation Relations for the FieldS....ecsvees. .22
Linear Hamiltonian Systems....veesessvssossoscssovsasnosessll
Poisson Brackets and Commutators...sveecesssscesanns veraeee 3T
Symmetry Groups and Conservation LBWS e evavesvossnsassnssoss3B
Complex Linear SySLemS....eeeeeeesesorararasessasssssacossslil
Complex Structure for Real Linear SYStemSeuurnrrerseerseesah2
Symmetric Hyperbolic SYSTemS.eseservsceensrsiosavssnsasaeasi]
Some Technicel Remerks: TFlows of Linear Vector Fields.....51

MMM N
.
O o A EW D

.

3. Some CGeneral Properties of Nonlinear SemigroupS....ccceeeeeecisccnes ...56

1 TLoWS N0 SemiflOWS.eeescesorrsrssnsnssossssnansanans veeee 56
2 Separate and Joint ContiNUityecocnvevosraessnssosncassnseasdd
3 Boundedness of the CENETaEOT e v avvrvovevosoascasorossrosasesb2
B Lipschitz FLOWS...eseesnerssrrnesnrsnacesescassisirssesssssbl
5 Uniqueness of Integral CUTVES . v eeervrrrssssessasasssssaans BB
6 The Generator OF & FLoW.esereeeressssnsesaosrssesasrosnass.b9

4., Hamiltonian Systems....................................................72

Flows and Lie Derivatives. . viveeerressceosssorosarassnaes]2
Hamiltonian Vector Fields and Poisson Brackets.......... (3
A Genersl Conservation THEOTeM...escvensesscrsassscsssorsss(9
Symplectic MEDDANES ¢ v e eosssersrnrnesanannnossessssarsssess 83
Polynomial Systems.........................................8h
Systems in Interaction: An Example........................86
A Nonlinear Version of Stone's THeOTemM......veseesscssssns B89
Some Global Existence THEOTeMS..e.csesesssvsssaeersssseassGh

« v . . e e
QO -3 AV =W N

P Rk



5. Lagrangian Systems..... ceerssecene cherecsevaanrenonn crerscccressonanan 100

5.1 Lagrange's Equations....ceeeesccevesensaes [ K¢ [0}
5.2 Motion in a Potential Field...... eeens eersatectecaaan ...106
5.3 Constralined Systems...ceeeveveccenes e K0
5.4 Tagrangian Field TheorieS...ceeesseeecsssccsesscassvsnssss110
5.5 Lagrangian Systems in Quantum Mechanics......... PR i £ 1
6. Symmetry Groups and Conservation LawS......... eteaeenseastenanns ves.125
6.1 Lie Groups and MOmMENtS...cesseeescosessnassssnsnsons R F21)
6.2 A Conservation TheOreM.....eeeseseassss herbenaaeserenaane 132
6.3 Symmetry Groups on Tangent BundleS...eeeesecesescacres v 137
6.4 The Conservation Theorem for Lagrangisn Systems........... 1k0
6.5 Symmetry Groups on Vector BundleS...eeesecsevescsacnanns L1k
6.6 Conservation Laws for Nonlinear Wave Equations....... PR 2 1 ¢
6.7 Noether's Theorem and Local Conservation Laws..... Chesaeas 1kg

References....... e ereeteseatesanatteatsacasrencronennannnnn Cereanaee ...154



