



































































































































TopologyandManifolds constructorUniversityBremen Spring2023 Session20
Apr14,2023

Prof Dr SoevenPetrat

Lasttime or M spaceofdifferential k forms w M s 1 TM smooth

sit WpE Ak M

Incoordinates W I in win indx a Adx E EWIdat

Def FM N smooth we r N then thepullback F we r IM isdef as

Rulesforcomputation

I want w a y

In coordinates I Ewedy a ndyin I w ofIdlyof a idly of

MNsmooth u manifolds x somelocalcoordinatesonM lil onN uVIR then
lady's ndy not

def I
not

Ex Hw
F IR IR laul Flank f w ydinda t xdyndz 12formour

I w I Lydiade x dyndz
vdundla u't t udundla l
v da n 2adu 2ndul tudun Lada Ludus

2u dundu 2u'dvida
2 ta tu dundr 12formon IR I



Recall fe chin rYul la O form thenthedifferential df is a 1 form er lml

Nextgeneralize thisto amap d r lml r lml

Fx A 1 form in IRS canbewrittenas w widx
Is w df forsomesmooth f Il e is w exact I
Yes if lulu 0 i e 855 815 0 Vij la closed on a simplyconnected

In form language introduce 2 form domain

dw 1857 YI dxindxi

II dxindxt E.gg dxindxi

E5.8Idxindxit I 8 dxindxi

FYI dxindxi
ur closed if du 0 Ithen ddf o

Def For any w Iw dx k formon R wedef the exteriorderivative

du d F'adx FF dyAdx 5 EE dxindxiin ndxi

differentialofWgIRIIR

Properties ad is linear
ProofsHWI For w a k form y an l form wehave dlway dwny t l l undy

dod O
U R open Vam open F U Usmooth then I dw d w

For f e Clint wehave df If dx differential off



We taketheseproperties togeneralizethedef tomanifolds

Thu Theexteriordifferentiationd r IM ok im is foranyk uniquelydefbythe

followingproperties

al d is IR linear

bl weskint ye real then d wry dwny t l i wady
ol dod O

d For fecal roll df isthedifferential defby df IX Xf

Inanysmooth chart the formla above for R holds

Proof See lee'sbook
IIdea Existence Defby coordinate formla ineach chart thenshow independence

ofchoice of chart Uniqueness Useproperties

Westillhavethe importantproperty For F M sNsmooth we r M

I Idw d Ftw


