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Dilferentialformse

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 ya a chart on 14 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 card chart In
UNT yulu x11247

x EU
CIR xRcf
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i.E.cip9irip xiY dK.p x 1 7 Rdx i Yi ip i c cipfor 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 fiy iEny 17114
Here



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

APA APIR APRn Tae T
acomplicated towrite in a basis but i.FIpj jpdxj.a

adxp EcpYi ipdXi ahdFepinvertible d d i i
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Xp045 is c on overlaps APT M is a sixth iiihold din n c np

def The bundle of p forms on 14 is the smoothmhd 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 asmoothfunctionL
2 A l for is a section of the cotangentbundle E g df is a 1 form
In lec cords df 2g

0 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 sunt 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
Supp y i e 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 Ux CG and aburpfunctiona
pix which is 1 in anhhd xCU and with Sappµ CU

ie

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



Set 9 this is a partitionofunity subordinateto VL a
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Workingwith differentialhorns

In a Gc Gord system on M a differentialformlooks like

ip
DXif adXip 1

Smoothfunctions

If y y different Eec coordinate system Xexcy then write

dxiu
g28df.ggdy

substitute into c to get
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Let M 1122 w dander 2 form

be a word chart weshould
changeto polarcards ontheopenstet Gish Go

Y It qI jX rcos Xz rs in 0

DX cosO dr rsi nododxzs.no dr rcosQ do

G coso dr rsno do7als.nodr r cosQ d0 r drado

Notation IP M space of all p forms on M
Can as dimensional vectorspace

b k d ht k t
F M 7 N a smooth map

Pushkoard DFx TxM TF N
gncally

et 2e SP N
but it doesn'tdefine arushb udb.uectorf.ie
if F is notonto and if Fnotinjective itcan

DFx TxM Tea N be ill defned

Guaimarso asnot to confusewithpullback
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APCDF AP T c N N'TIM
So APCDF Leep is defined forall and is a p form on M



def the pullback of a p form a C RPCN by a smoothmap f M 1N
is the p k n F't L e Cm definedby f 2 APDFI Lfo
E for a o form f c Calm we get thepullbackoffunctions

F f fo F
boydef ofthedualmap for2cIcon
DF Xx dead DF Xx take 2 df

in
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F df d Etf bydet of DF

Let F R 71122 a xdxady c 4122 Let'sfind 2
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F 2 x dFCx x dF Cy
4 2 dcx.la adChetXz
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XTX dxzadxy X.xidx.adx tx.at decades

propertiesofpullbacks fdlf.fr
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F Cdf d f f saw above


