
Pushforward Pullback

A tingle differ 4 on M can help us to transfer the tensor

field information
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g Suppose Xi in n is the local coordinate near p

Xi in in is the Wal coordinate near yep

Then for coordinate function Xi
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In general 4 17 f V frp for any function for M
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For a differ e Yelp T M TygM is an isomorphism

If pe Fix e then 4 4 T M D is an automorphism



Once a local coordinate hear p is fixed then eigenvalues of
Yelp characterizes dyn properties of y near p
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For 0 eigenvalues of Glo lie on the unit circle

For eigenvalues of Glo are al and I

For y o as n so will generate a certain chaos



Pullback by 9

For a e p n't'm differential k form define
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Rink For local coordinate Xi Xu
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For a differ y on M 6 is an isomorphism
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e.g Y E Diff R

Miffed
den nd y

def Jack dx n and xn

If det Jackel et then Y is called a volumnpreservingditte
This also means most differs won't preserve volumn

1
g Y't can also act on a general tensor

For a Riem mfd Mig an ist is a differ on M
c t p g g In particular an isometry always preserves

lengths givenby g and angles



Lie derivative introduced by Slebodzinski 1931

Lie derivative measures how a tensorfield T changes along a vectorfieldX

Lie derivative preserves the tensor type

when T vector field Y

Lx Y 111 MEI where et is the t par
t
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waged pointwise to the reference v f X
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Exe Lx Y x Y

For X Y Z e P TM we have
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When T L E 2k M

Lx a HI HEI where 4 is the t par

group of differ associated

Tokay
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Ep Cartan's magic formula Lx 2 d f xx Wha
This is infant a commutator
but with the sign switched



If fe can then

f dig Idf X f fatly

For any ac okay
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Lf x 2 d If x2 If x da

d f 7 2 f Ix da

If 2x a f d Ix at fled a d f 7 2 f Lxx

The proofof prop above is another typical example of local

argument bydef
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Rewrite term fi in drain nd Xin by

dxi n fi n d Xian i nd Xia
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