



































































































































TopologyandManifolds ConstructorUniversityBremen Spring2023 Session23
Apr27,2023

Prof Dr SoevenPetrat

Recall M a smoothoriented n manifold w an n formwithcompactsupport

If suppw coveredbyonechart he thenwedef I w Sta w
6cal

This defis independentofthechoiceofchart

More generally if
Ui finiteopen coverofsuppw withpositivelyorientedcharts Uiceil

Yi a smoothpartitionofunity subordinateto Ui

Def I w Yw

Idf onsinglechart Uiceil

Proposition Thisdef is independentofthechoiceofopencover or partitionofunity

Next Stokes than we need manifold boundariesfirst






































































































































58ManifoldswithBoundann

Def HI lx x ER x so upperhalfspace
OH x x OleR L G H

An n manifoldwithboundaryis a secondcountableHausdorffspaceMwhereevery

pen has a neighborhood homeomorphic toeither anopensubsetof IR orHI

pell is a boundarypoint if it is in thedomain of a boundarychart plainoh 01
thatmaps p to OH

OM set of allboundarypoints

Note AnypeM iseither a boundarypoint or an interiorpoint platopen
subsetofIR I

OMandlatM are disjoint

OMreferstomanifoldboundaryi.e allpencoveredbyaboundarychart
this isnotnecessarilyequalto topologicalboundary if wethinkofMcsomeother

topologicalspace

OM In it manifoldwithoutboundary e.g OBI S Y
Many results wediscussed formanifoldswithoutboundaryalsoholdformanifolds
withboundary seeLee'sbookfordetails

Smooth structures aredef analogously as formanifoldswitho tboundary
transitionmap A M U it open is smooth if it canbeextendedtoa smoothmap
I it with ti IR openI
Def of smoothmanifoldswithboundary






































































































































Proposition If manifoldwithboundaryM is orientable thenalsoOMisorientable

Note dm is actually anembeddedsubmanifold in Mwithcodim 1 I embeddedhypersurface
One can showthat thereis always a smooth outwardpointingvectorfieldalong OM

Infact If manifoldwithboundaryM is orientable thenallo twardpointingvectorfields

alongOMdeterminethesameorientation onOM whichis called induced

orientation or Stokesorientation

Example

S is orientable as theboundaryof In lelosedunitball
What orientation does OH inheritfrom Al IH hasstandardorientationinheritedfromIR

Hi x Ole dit identifiedwith Ix x f IR

In is an outwardpointingvector fieldalongOH

I I I Ian TEN 8 871 1 11 E I

Induced orientation on at
standardorientationon IR if ueven

oppositeofstandardorientationon IR if u odd






































































































































5gstokestheoremm

Thu let M be an orientedsmooth u manifoldwithboundary and w a compactlysupported

smooth full form onMThen
gdu g w StokesTheorem
M

Remarks o dw exteriorderivativeof w n form

OMhasorientationinducedbyM StokesorientationI
w on righthandsidemeans ionw ion dm M inclusion





















