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3 1 Local StructureofMapsbetweenManifolds
mmr

recallfrom linear Algebra
linearmapT V sW imIT1 TveW ve V rankIT dim int

kerIT veV Tr O nullityITI dimkart

for any linearmapT ofrank r one can choosebases s t matrixof T

s dinU dimlimT It dimlkert

uptobasischoice a linearmapis onlycharacterizedbyits rank

T injective skert Of sdim int dimV s T f insomebasis

T surjective s dim int dimW s T Ir 01 in somebasis

backto manifolds

Def let UNbesmoothmanifolds F M NsmoothThenwecallF
submersion if dFp is surjectiveVpe.tl raukdFp dimN

immersion if Itp is injectiveVpeM rankdFp dinM

embedding if F is an immersion and F M FIMI a homeomorphism

If rankdFp r ApeM we say Fhas constantrank rankF r



Ex si projections T M x xMv Mi aresubmersions
e smoothcurves g all M with yH1 to ft cEoDaveimmersions

e.g jlt.lt o isnotanHcMopen inclusionmap ii U 7M is anembedding immersionsincey101 1901

F 11251123 Flu v 2 cos2rulcoskrut 12cos2ru sinker Siu12rut is an immersion
z

7 withsomeworkwecanshowthat F S xs 1123

i Y is alsoanembedding

next considersuchsubmanifolds like1mFwhichisnotopenin1127

Importantresult Rank thin If F M s N has constantrank r then locally

Ffx x x x x x O O

F submersion F x im lx x Im ul

F immersion F1x xml Ix xm 0 O men


