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5 VectorFields andDifferentialForms

51VectorFieldsm

Attain a vector to eachpen
i jy Vectorsat p eM should live inTpm

Def let Mbea smoothmanifold thenthetangentbundle isdef as

TM JenTpM pul pen veTpm

Fitri jointunion
Note fibers

Anaturalprojectionmapis ti TM M it pit P TTbase points
Wecall p basepointand e p fiber

Simple ex T IR attTalk say a IR IR x IR butusually TM is not

a cartesianproduct no canonical identificationofdifferentTpm's

We will sometimes identify pul eTM with veTpM if no confusionarises



Proposition let Mbea smooth umanifold thenTM has anaturaltopologyandsmooth

structurethatmakeitinto a 2n dim smoothmanifoldFurthermoretheprojection

I is Smooth

Proofidea takechart 14,4 with pell TpmstainREIT

def E ti cul M a pul ulpl depth e

of
X IR

Fm

smoothness of transitionmapscanbechecked 0

Def Asmoothvectorfield is asmoothmap X M sTM s t XepletpMApeM

i.e tox idm

Note X isalso calledsectionofthemap re TM M XXX
Note zerosection XIp 0pm not a constantmap 0pmcanvaryfordifferentp

openUc IR TpU E IR def vectorfields p ei lei i th canonicalbasis
vectorofIR

Ilp ul
p
basis ofTpU Kpell

Anyvector fieldcanbewritten inlocalcoordinates as X p Ei filpl Ip

fi smoothcomponentfats


