











































































































if 33 HamiltonianDynamics Lecture 4

Dettifie aupes 10 05 204

Ma W symplectic
H IR x M IR Hamiltonian

t Hit o Ht
Autonomous it ind of t H M IR
often l periodic in t 1212

H SixM IR Ha H

Det Hamiltonian v f generated by H

ix w dH F Xu non deg

Xu us time dependent flow
x 5time dependent

44 Hamiltonian
flow generated
by H

Need not be defined for all t and is

not sometimes collisions but we will
assume it s C E g M is correct etc

It Doing dynamics usually interested
in 4th tell H autonomous
on y'T Ken H time dependent














































































































EI.EE dpadg

Edpiadgii8qaexu 8tqfp 84
q p

checking into ftdq ffdp dtl

shale 1122 THR IR xLR
q pH Em pit ttiq kinetic potential

forcep Iq ElmIFtentohis of
q Imp a p mq momentum

2 Cotangent bundle M T Q wst
ftp.M.ouQ Ta Ta

e
w yo

H E THQ IR

Xu geodesic spray
4 geodesic flow MY

ÉjÉd
Describe Et é














































































































3 Iwistectanbundle
M T Q W Wat THT

IT
Q Idf

magnetic field

H
The flow governs the motion of
a charge on Q in magnetic field r

Example a Q IR G Bdf adg
f B

unit charge unit man

Italplanchey is Inexag 91 s

iii
H E q BL Jj J

b Q IN t.f.int 123

magn.fielddr
oedigBggE tt

H E q ÉxB
unit charge unit was

loathed
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a

Prep Essential
a
EpigstEnettis atoms Then

YE H H Hey Cps coast Up

d
YE W w

S

Core It is vol preserving Yttw ooh

04 450
sow Smits

Huge restriction as dynamics
PL da Hey pi Lx H Ifpi
ixadftiidix.dk c

e d fix ix w duty
THEY ix we die














































































































b da 4,41 0 14,41 4 w sup

yt dix w t indy
Nt d
411

0

a

Ex Prove Me Prep using a direct
calculation in Darboux coordinates

Cos dim M 2 surface
solofODEH autonomous

integral ensues of Yt unparametried
are lever

taffeta

rmt.N.EE EIiisu EE EE a

q Flq q as in Lorentz

Energy conservation FI g














































































































j
ÉÉ

Oh IR Ip
mod at

P q
th tipi cosqt I

met K l
t

p
Hooke's law

Gives the behavior of integral curves up toparametrization
Eardotef EX Not easy

a qe to al H o q cong i h

Tch its period
show that tch monotone in crew
function from 2T to x as h 220h D hi 2














































































































Compare with the harmonic oscillate
Ha p'tq T const4 mama n

b Consider Dy Talk
show that Det C if

Co Find explicitly y 0,2
in elementary functions

I IT t
H z h connected
h regular
A W area of Heh Say
Tch period of tbh

show that data Tch














































































































5 EE ef quadetic msEzg
1122 Q Ej Pgt ifj Z tu put

H I Aj 13.2 93 12812512
Y or just 0

Gouveia n uncoupled oscillators
with frequecies I

E Itch is an ellipsoid
Find Xu and

a it a it

show that Yt z C e z no e Zn

Coordinate axis 0 07j O o n E
are periodic orbits of 4th with I E
Are there other periodic orbits
The answer depends on cars yall
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b LineanHI
M IR w Nst dpadf

Q Matrix of w

I É multiplication
by i in en Rah

H 1122 IR quadratic form
H a Are a AT A
A TH

HI Je JOHGe JAX XyGes

YE la exp ta a
Dismas a bit
Lie alg liegps

exp spear Spon
u I Yu

Spca lin Han v ft
XI Txt o

rte forms on 1124














































































































Normal forms

FE's si IES spy

Bring a to a.to YiIjgI
to calculate exp Pt se

symplectic normal forms are

more complicated
symmetric

SQST an diag 1 1,0 0
a

GL Lu

sast is diag ex au

n

soft my
much more complicated
lista

Spean Not just Eaglajt
Rush Oilers A 0 then it can be

diagonalized




