



































































































































Jession25
we assume ec4,2019

M a smooth oriented n manifold

w an n form on Mwithsppwcompact

If sppw coveredbyonechart U e thenwedef w I w

This defis independentofthe choiceofchart

More generally if
Hi finiteopen coverofsppw withpositivelyorientedcharts luiceil

Yi a smoothpartitionofunity1subordinateto Ui

Def w fuYiw
w

welldefonsinglechart Uiceil

Proposition Thisdef is independentofthechoiceofopencover or partitionofunity

Properties alinearityorientationreversal positivity

diffeomorphism invariance F KSMorientationpreservingdiffeomorphism

s w S F w
N






































































































































5 8 ManifoldswithBoundary
mmmm M

Def Ht Ix x ETR x 70 upperhalfspace T
OHE Cx x OleR le n

An n manifoldwithboundaryis a secondcountable HausdorffspaceMwhereevery

peMhas a neighborhood homeomorphic to either anopensubsetof IR or IH

pe.NLis a boundarypoint if it is in thedomain of a boundarychartthatmaps
p to 0TH

OM set of allboundarypoints

Note a 0Mreferstomanifoldbounday ie allpeMcoveredbyaboundarychart
this isnotnecessarilyequalto topologicalboundary if wethinkof Mesomeother

topologicalspace
ON InH manifoldwithoutboundary e.g OF S t
manyresults wediscussed formanifoldswithoutboundaryalsoholdformanifolds
withboundary

Proposition If manifoldwithboundaryM is orientable thenalso0Mis orientable

with a so calledinducedorientationor Stokes orientation






































































































































5 9StokesTheoremmmmm

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

smooth h Il form onMThen
ngdu Lw StokesTheorem

Remarks o dw exteriorderivativeof w n form
a 0MhasorientationinducedbyM
w ou righthandsidemeans ionw lionOMSMinclusion

Corollary M a compactorientedsmoothmanifold

withoutboundarythen NSdw 0 fuexactmeans y du exactform O

with boundaryand w closed i.edw 01then w 0

Ex in1123 diffDV ofFDI clear if weestablishconnectionofformsand
Ido vectorfieldsclearly
Eoutwardpointingunitnormalvector




















ProofofStokes a

simplecase M HI sppwc A I R R x xEHR xEOR
A

R p

general u I form w Fw dx's nd a ndin
forsomelargeenoughR

hatmeansomitted

n n
dw F dwindx'n nd n rdx Il Ili

t E dx n rdxi w I

dx

f du El Ili II I Mdx dx

c Ii II IIindxidx drain dx
i Rwill I 0 support

1 I it II I IHdx dx dit
w

w411IET w ki x io

l il II wYxi x oldx dx

and ofw EI wi l x x toldx'n nd n rdx

AnsonWulf x 101dx n rdx

since Ix t positivelyorientedforOHLwitheven n negforoddul equality follows

inducedorientationfollowsfromfirstcoordinatewhereas formanifoldswithbounday
lastcoordinateis zero l 11 factor

general cases followrelativelydirectlyfromdefinitionsofintegral O


