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Instructor Jun ZHANG 3093s e USTC IGP
Office E 2868th CTE 1118

Email jzhang4518 ustc.edu.cn ADD 1hr

Course time Monday 7 30pm 9 00pm no break

Tuesday 2 00pm 3 30 pm no break

Location 585 102 1

Leituring 1418244 slides in English

Homework I Every 1.5 Weeks f 10 problems each time

Score 30 HW t 30 Midterm 40.1Final
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Reference

In 2023 Prof ZuoqinWang's 298th course

will be sharedRemark
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Topics covered in this course ideally

takes 44 RER
concepts computations theories

manifold and

EASY submfd differential derham
structure cohomology

formsresults of mfd theory

relations between
integration Hodge theory

MIDDLE Mfds
vector bundles and on harmonicforms

fiber global results

dynamics
constructing characteristic

HARD Lie derivatives
connection examples class theory



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Extension

cotefts computations theories

manifoldand
submtd differential derham algebraicY
structure cohomology geometry
resultsofmfd

forms theory

relationsbetween
integration HodgetheoryMfds

onharmonicforms
PDF

MIDDLE vectorbundles and
complexgeometry

fiber globalresults

dynamics

HARD Liederivative constructing characteristic

connection examples classtheory topology

practice
h

hit

memorize applications

differential manifold is the

fountof many furtherdevelopments in math
platform
tools
Theorems



 
 Style of lecturing

Undergraduate concrete examples abstract definition

Graduate abstract definition concrete examples

We will take this style

Example Undergraduate approach

s
IR

observe fixed it p
silly I IR

every point x p has an

open neighborhood f sup
x that looks like an open

subsetof IR



i
xt i

s 1193 IR

every point x q has an

open neighborhood f 54393
that looks like an open

A fixedptg subset of IR

Locally s looks like an open subset of IR

Ambiguity For x p g
should I use 4 or 4 to

identify it to apt in 1103

xx
B

IR Be R

Y 49
X E S

i
ed at

A y
IR AE IR



What is the relation between A and B
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Def of a manifold

Example Graduateapproach

Def A smooth mfd M is a second countable Handoff

space sit tenor suage of M and a family

of imagining U I Vac ik for some n satisfying

for any 2 p e I the restriction k rm a

Ypo45 Va n up Van up
transition map
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Rmf If Yp y are C maps then M is called

a Cr diff mfd

If 1K on and Yp Yi are holomorphic maps

then M is called a complex mfd

Open coren 3ha and maps 543 are not unique

FAI For a smoothmfd M dim M is a topological invariant

under homeomorphism

of dim m is not invariant under homotopy It

eg if swoosh mfd
o dim't M U Ip

countable emitted with discretetop
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No overlap uan up of for a f

Ruf In most cases we will consider connected smoothmfd

I dim't M s or M IR

They are still different due to compactness

Rmf A mfd is called closed if it is apt without boundary

n dim IR open cover 4 112 x xn

map ed t
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standard smooch str
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Example in smooch mfd of dim M n

F M IR a smooth fan

I kin IR fa is clear

To glue sfalaez we need compatibility over Ua n up
fila luang fptp uanup

Rink Anchorway
is to embed M into R for some K

Then define F on M by F IRK IR and restricting to Mar

Prof If Ze IR is a regularvate of F on M then preimage

F z XE M FX z This helps us to
is a manifold of dim n t I construct meds

from functions



Rink One can consider F M N where M N are

manifolds then for regular value z e N of F the preimage

F z is a manifold of dim n n

To define reguler value one needs derivatives

and it is a new concept on smooth manifolds

To simplify the situation F IR IR and z is a

regular value if txt F z the derivative Enix Ex
is a ma vector

e
g F IR IR an Mihomogenous function

F txt txn th F x Xn

Then 14112 is a regular value of F



To verify this one apply Euler's formula for X E F'd

Fxx t Een x m Fa m o

By prop I xe M I Fa i level a subset is a manifold

of dim n t

eJ Man IR I n by n matrix in IR I 112mn

toe Munck a II an ann
is induced by a

top on Rnxn

F Man R IR by A to det A

Then I 6112 is a regular value of F

To verify this we need to show for any AEF CD Ejgg.CA 0



Suffices to prove that I ve 112 s.t

É a E MY 0

directional derivative innerprod
of Fat A along V

Trick take U A

Then

dadet Att A 1 at dot E A
no
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BY PNP AE Man R detCA I SL n IR is a manifold

of dim N t
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