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1 Graph o is lag if T is closed

from lectures thereasoningbelowonlyuses ecloseness

Itis asectionlie too idfortittiesormore
generallythat too red is adiggingwemakeuse

ofthee assumptionIndeed
Cllridlesufficientlysmall

2 T z
O

ET d 0

canuse inversefatthen

and H ar M 0 D If s.to dy Gerken p c
graph TM

Graph a preps E Tn

MAn intersection Graph a n zero section

is a point p st ocp O

Et dflp O

ED p is a crit point
of f MR

M is apt so there are at least two such

crit points D
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A in pink are the parts where we use the e assumption

































I For simplicity on first prove a linear

version of this result

V fate dim symplectic vectorspace

A V V endomorphism sat At w w

T wow 2form an Vx V

Graph A Cv An ve Yc Ux V Then

In we V TofuAn waw wGw WCIEL.tw
O





































































Hence the statement is true for vector spaces
and a fertiori locally for salmfds
because it holds for their tangent spaces

So locally and every point in Graph f
one can find a uhbds.tw

grapes
0
I

2 Recall that D case seen

is Lagrangian in Mxr And by the
Weinstein nhbd theorem can find
a nhbd U of D in text and

map it to a nhbd U of the zero

section Mes TM in TM

If f is sufficiently e close to id then

we can ensure that Graph S C U
recall M is apet





































































Hence Graph f can be viewed as

a Lagrangian in T Mj which moreover

is in a uhbd of the zero section

TM

ik u

if we find a l form on M sit we can identify
Graphg a man with GraphG es TM thenby Ex I
t is closed Zohra

corresponds to loftyYetis

In TM Graphs f x y I
r e M

gettinIpereign
Since f is smooth so is themap

sets Yoe
which is by def a differential Iform I





































































3 Directly follows from ex I

4 Consider the antipodal map
T 2 2 K

Manically
opposite to se

I

Then T preserves area up to sign and is clearly
a diffeomorphism but it has nofixedpointst





































































5 Consider the stereograplicprojection
ON

Egg R

Can now act on IR by translations

fix est e Bt

i ÉI I
projection get I I IN 2103

can continuously extend it so that ICN N

follows from the fact that points at x in It are

mapped to points very close to N on
2

I has only one fixed point
And one can easily show it's a diffeomorphism

D































































We consider the action R A IR
e app 1 late p

The infinitesimal generator for this action is

Xe c 2g

Indeed pick g p ER and c e IR The flow
live through app isgiven by

Oct q top
with derivative Ict c2g C p

ix w ix Cdgndp

Thelaymanentnapptry
e econ is defined

set ix 48 or t depending on your
sign

convention


















So we must have cdp dree

p c e p

Then the moment map is defined from the
co momentmap by asking that

cozy
N M ga
p f v

So p p is the linear map

R R c s ep
InacassacanidentfygRI

This is the same thing as the scalar pelR

Manentmap p.tl By pas p
Ende most of the time we rather consider



W pop for convenience which is what

you might havegotten with different sign
conventions

D

t

o notdirectlytheaction 583ABe but its cotangent eftSO ATTE

1 First note that from the condition At At 0

every matrix Ae so can be written in

the form t

Clearly 4 50 R is an isomorphismof vector
spaces so need to check it preserves the lie bracket

calculation
just do it for
basisvectorsofso



Bottoming 903FIR
Am ve IR Y m 4 v3 4 uxo

Twillbeuseful later

Nownotice let AE 803 so At m sa
lo as Az Az

t

a Gai
Ae

q Aec Aes

1 14 Elf

1 l

So in general fo e IR

An TCA XO



2 From now on we are considering the

cotangent lift to TR i.e the induced

action 58 AT R

to we're interested in the infinitesimal
generator of this action i.e

For AE 583 Xa El exp EA g pl

higherorderterms Eo Htt At At g p

disappear since we

differentiate at to a

It l A g p Ag Ap

Xa Ag Ap



iii Recall that by def the

g moment map

g econ
sign

convention

A Way you shldget
to asign

set
yaw dfa

And the momenta is defined as

N M z
m g R

A palm

fth.at map first
We have



Yaw dqndp Ag Ap

Aq dp Apdg
notice indeed

deptAg
A dq Agdptd p A q at.at
Ap dg Aqdf

Hence the co moment
map is given by

µ g econ

A PtAg
Write a a the std inner product

Wa ptAg p Ag

p yea x
d by 2



And recall there is this cyclic equality

for mixing cross dot products

La bx c b ex as Le ax b

Hence
p OCA qxp

And recall we want

µ M g
m B R

A ta com

can simply define p m

qxplmdiudeedhdectori.IR
equivalently a matrix in so which we can

identify with C q xp E 503T

So moment map p gap D


