
 

LAST TIME V W
TV

p
P tensoralgebra

a A V TWIN APV it P

idealgeneratedby u U LuEV
A product on A V inducedfrom product on TV

LEAP V p c 119 V snap fnP9p a c APT
c Pti

Remark Qu wa a n U p a V n e n wayA ppm in
APU V Ke

0pA w na nu ar

counterchangeanytwovectors inawedgeproduct atthecostofclangingthe
sign

Proposition If I nV n then dim A V L
nonzeroProof for u une V consider Dcu y defth
a alternating
n linearfern

matrixwithcolumns on
Coordinatevectorsofw w

So B E V so d n NV z rel to some basis in
Xo
if 0 vn basis s V then anything in V is a Anacons oh Ui 0in
So by Prop 7 anything in NV is a 1h comb of Vin A Un

so din N VEI EH

5.4
PIposition Let u ion be a basis for V Then the hp elements

Ui Vip is pen
b a basis for AP

Proof APU is spannedby faux Vip en A V Spa Vi Vip e e pt
reordering1i E ipEn
changingsign



Linear independence suppose a

p
i a a p

P Vip o

a _xUjp I ai ipu n 0

where ti ip3U Ij ijn p 1,2 n 0

Callotherterns intheIhs of
fixedsubsetof I h vanishafter wedgingvits p
a

p
o for any i c c p Ex

5.5Proposition U is linearly dependent on thesetof la halepvectors V sup
iff u a aUp a 0 0

Prod if u qui In dependent on U S then

ra Vp Ja U qU a aUpn U 0

if N is En nalepa then U Op U ca beextended info a basisfor
theset

and bytheprevious Prop Ua Ap 0
ed

def if Ar V 7W is a entransformation thenthere is an inducedlinear
transformation XPA AP APW defaedfy via aup Aura a AUp

and extendedby linearity

Another construction ofAPA by miu property
xv VoxV Vx xv V P A PCICV

wyD A 2 oui up A P C ICW
Eu th

AU Ariz Au AupW P

A induces a map ofquotients API V v
W MIN

APV APW



andA V V
Proposition 5.7 If din V n then thelinear transformation An A V

is givenby multiplicationby
mean of thematrixof A rel tf

Proof A V is 1 dansional so 11 A A NV is amultiplication

by a real number 9 A For U on a basis in

AnACU a aUn Au a a A Un d A U a A Un

Av Aji Vj Aj Uj a XAjnnUjn
j j n

permutations
Ffsa an Va Aaa a Uq

Ffg GigaE Ada Asa n U X AVg
ElDet A

Differentiate
The bundle of p forms Let M n manifold TI cotangentspace

NPT its exteriorpower

consider APT M U APT't wewill endow it withthestructure of a
XCM

Lith anaturalprojection my
vectorbundle andthus amanifold

Let U 4u a chart on M with X xn coordinates

ThenIheelements DXi DXza nd Xip fer ne c p form a basis of APTfor x EU
The hp coefficients of 2CAPT thengive a word chart In
UNT yulu xIRCI

XEU
CIR xRcf

T t U open

for p e this is just the wordchart we had for the cotangent bundle 1 M

Y u x yidx Xi ix j Yi syn and on an overlap UanUp wehad

4m42 Cx ix y yn Cia Iiy iEny
netII4
Here



for p arbitrary we replace the matrix A 0
by its p thexteriorpoweroEi

Tae 1TAPA APR APR co placated towrite in a basis but
invertible
cos in X

Xp045 is c on overlaps APT M is a smooth manifold din n c hp

def The bundle of p forms on 14 is the smoothmeat APT M withthesmooth
structure as above There is anaturalprojection I APT M M n

a section is called a d.cl tap br

EI 1 A zero horn is a section of 110T'tM which is by convention asmoothfunctionf
2 A l for is a section of the cotangentbundle E g df is a 1 form
In lec cords df 2g 8 DX

Byusing a bumpfunction we can extend a locallydefined p form like
DX a adxp to thewhole M sectors always exist

one can represent functionsfvectorfields p b ni al Suns of localones
using a partition of unity

Partitionsofanity

def A pertit.co ty o M is a collection e eI of smoothfunctions at

Qi 3
Sapp y i i C I is locally finite e VxCM F U opennbhd whichintersects only

finitely many supports SuppEie 24 L
i

Thon10.8
theorem Givenanyopen cover Va of a manifold M thereexists a partitionofunity
4 on M s L Supp 4 C Vac for some Lci
the one says that e3 is subordinate to thecare VI

ProofincaseMonract Vxc M take a word.nbhd U Cb and aburpfunctionin
pix which is 1 in anhhd xCU and vits Suppµ CU

ie

a
Vixen is a coverof Mj he canfund a finitesubover Vx a



Set 9 this is a partitionofunity subordinateto VL a


