
 

Courseevaluating

Onequestion ontheexam
will comefromtheoptionalquestions inAssignnetz

Exam Problem 1 5 6 7
Choses Forge bony

Recai.me aimarectrspace
Choiceof

orientation Elisa x aerialon V
2Nd it 2 92

foraso
Classesofgamin Ii finishMV

Onertation on amanifold

A pointwise orientation onM is a choice oforientation oneachTPM
we have 21M Choicesof pointmeonetation

I want tomake asmooth choice forestation oneach TPM

Tam

Training



Def Anorientation onM is a pointwiseorientation on M s t

ApeM F ordered local from Xi an E CU s t

Xig i Andy isconsistent with orientation specifiedMTM

HaeU
onecan assume wlog that X In commutes

exe

Equivalently An orientation on M is a pointwise orientation onM

St TPEM Fa Chart Vio nearp s t

ly i igal isconsistent with orientation on TM

Kato

Thisging rise to an oriented atlas that hastheproperty
Thetransitionmaps satisfy det D4op SO on UAV
forany 2 Charts Uid V14

Etc

Equivalently Anorientation onM is a pointwise orientation onM that
admits an oriented anatlas

we can define an equivalence relation on thespace ofallorientedatlases

it n it if it bit is anotheromentedatlas
specifiesthe
sameorientation

Each equivalence class represent an orientation on M



Eatuinttly Anorientation onM is a pointwisementation s t
APEM Fa Chart O d s t

Ix'd Adda specifiesthe same orientation onTgM
AgeU

Misorientable if it admits anorientationMt
An oriented manifold is an orientable manifold
togetherwith an orientation

Mobius strip Kleinbottle IRP are at orientable
manifolds

Proposition An orientable manifold admits 2
orientations where C ofconnectedcombats

Proof let u u be 2orientationonM up up arementationonTPM

up up or up Vp

let f Ms I 93
i P to l mpop

1 Mps Up
gonnected

a
connected

letPEM let CUa andCV4 be chartsnearp consistentwithMandy

respectively

Then det Dum to on plunv



Since ACOAv isconnected def DUI 20 or 20 mound

so f l or 1 on aCVN

f is locally constant

WpeMTPM g

f quae
Mcamis

Thy A manifold is orientable itf Fac nowhere

vanishing n form on M

MI
Eam nowherevarishingn formspecifiesan

orientation Misorientable

bet we r M be nowhere vanishing

Def an orientation onTPM specified by up which
definesa pointwise orientation

Connected

let Vip be a chat ThenWE n 2omU
Since W Fyi Pan to



Assume weog that W Ey n
0 on U

filqi 13,1 is consistentwiththe

orientation onTqm specified by Wg M 0

That pointwise orientation is an orientation

I fix an orientation on M let PEM

Then F UN nearp s t dy'd Adin is

Consistent with theorientation

let Ua 0 a be an oriented atlas Let 523

be a partitionofunity subordinate to V23

Thendefine w Sa din Adt's

show W isnowhere vanishing

isconsistent withtheorientation

onM Etc



let Mbe an orientable manifold
Let we rn M be nowhere vanishing

Then w specifies anorientation as intheproofabove

Wedefine a relation on nowherewhere vanishing n forms

let w w Emm be nowherevanishing
Wow if w fat for f 0

so if w and w specify thesame
orientation

mentation a classesof
nowhere
vanishingform

9 classesg
mentedatias

Manifolds with Boundary



The prototype of a manifold with boundary is

for nth the a an torn I was with the subspace
topology

fornd H't 203 or It 3 fortechnical
reasons

withsthaetordon

Pointswith Xn o are called interiorpoints of H
denoted by HM
points with xn o are called boundary pointsofH

denoted by 217

HM

Def A topological n manifold with boundary is
second countable Hausdorff topologicalspace

that is locally Hn

for n22 A chat Uid is a homeomorphism I O UEA



where Uis open inn and all is men inHh
formal ACO E H'torH 1

Acollection ofcharts 0,01 is a C atlas if

theycorer M and if forany 2 charts 014 V14
grin th y yopeninHh

Hoot ICON V uconn
is a diffeomorphism

Eggnog
asmath extension

on an open subset in IR containing

Def A smooth manifold with boundary is a topological
manifold with boundary together with a maximalatlas

A point PEM is an interior point it 710101
nearPs t DLP G Hn

Apoint P EM is a boundarypoint if 7 Gol near
St ICP E OHN



t

Proposition The notionsof interior boundary points
is welldefined and is independent ofcoordinates

Partitions M into MoandOM

corollaryof smooth invariance ofDomain

Post Lectmpmceanon

1 do the exercises above
2 Let fire IR

x g to xe es xd tf y
a forwhata isa diffeomorphism

b forwhich I are the charts R Id and IR F
Specifythesame orientation i.e det D fo Id o



wesay f isorientation perserving if deaf so

3 Show Ma Caib is a manifold with boundary andJM 9163

Show that aib Id Carb Id is an orientedatlas forcarb

forthe standardpositiveorientationspecified bythe1 formdx

n dim

4 Let fi RI IR s t df to Showthat f c o D isanmanifold

MEIR with boundary JM f I

Usethis to showthat M BE theclosedunitball inR is amanifold with

boundary and that 2M S

5 do Problem 21 4,21 5 21 6 2110

mani

6 Let Me B a find theboundary 2M
and the topologicalboundary

7 Let M beamanifold with boundary N be a manifold

Then MyN isa manifold withborn and JCMN MXN

8 Onlyforfun

rekindle
let Pbe thegroupof diffeomorphisms ofR generatedby

TCM Cx419 and o xis Cl x gel



Then the Kleinbotte ke R2 P quotienty IR bythesubgro
Mof diffeomorphisms

let IT R K betheprojectionmap
let W be anysmooth 2 form onk


