
 

Recall how we learned mfd

Definition basic examples

Constructing mfds
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1 Definitionof a suburfd

Def Let M be a mfd A subset N C M is called

a regular
or embedded submfd if U pen 7 a local

Chart U E UI V of M near p s t
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for some of Ken Here dim N K and n K is called

the codimension of N in M
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e.g S Skyler x y I is a leg oremb subafd

of IR and dims codims link 1
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g Slightly more general if f IR IR is a smooch function

then graph f 3 x fix e IR x elk is a dim I

subufd of IR
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g If F Mm L is a smooth map then

graph F p Fcp e Mx L t PEM

is a dim m submfd of Mx L
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Note that verifying NCM is a submfd is in general not easy

Pry Any reg
or emb subufd itself is a smooch mfd
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Since you is smooth then You
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eg Shen R is a sub mfd of GL a IR

Then von Neumann Cartan Let G be a lie group Then any
closed subgroup H of G is a reg emb
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submfd and lie group

Given lie groups G and G and a lie homomorphism 4 GG

then Kerce is a
reg

or emb subufd of G

y Glen R Gellar A AAT a polynomial

This is a lie homomorphism

Then Kerly AEGLG.IR AA T H Oln is a

submfd of Glen.IR orthogonalmatrixgroup
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Question If a subufd N km is already a mfd

why not study N independent of M

e
g We have learned a lot on S independent of s cant

AIbiased ambient mfd

Sub mfd s often reveal s more properties off
e
g Study px curves in Ep

Often NCM is the image of a smooth map
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Rink The image of a smirch map may
be very bad

eg F IR IR
speedslowsdown
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by looking at it isendowedispate
To give a sufficient condition on F N M sit im F is a

reg or emb suburfd one need to use
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Reay we have seen pushforward of a differ 4 ME

Here the definition is similar day
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e.g F M IR smooch function

dF TM TIRE Rx IRI and bydef
Y but
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V is dFLU Jac F V

TIM LET Jen u directional
in derivative

Raf Thi explains why we denote the basis of tangent
spaceTPM by Ex In
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2 Rank

An important observation

Jac F and JackF in general are not the same
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rank Jai F rank JackF tap
rank of F is a globally defined value over domain

e.g In examples above rank FM 1112 I or 0 rank Inam K


