



































































































































DEI provisional

A smooth is a set M equipped with a

smooth atlas A Ua d 3 eA

Let's deal with the provisional

Det a chart U d is wmpah A if

it is compatible with each Mada c A

Exercise It Ill is compatible with A then

Au CU is an atlas on M

BasicProblene It is easy to find CU d compatible w A
and we don't want to view CM A and
M Au U D as different smooth manifolds

Method Restriction

Choose Ua da E A and V Cope dacha

E i ii






































































































































Exercise ditch da is a chart compatible ex A

Method Composition

Let 4 R R be smooth with smooth inverse

If A is an invertible matrix and ee IR

the map 41 7 _A Xtc is smooth as is its

inverse 4 t Atty c

Exercise For Cha Oa c A Cha Yo da is

a chart compatible with A

Oi

41
j

V e

4 to

f R






































































































































let's deal with the Basic Problem

Det two atlases A and A on M are compatible

And if each chart of a is compatible

with each chart of a

Det l A smooth manifold is a set M equipped

with a equivalence class of smooth atlases EAT

Now M a M Eau CU 3

There is still a subtle topological problem

Given an attas A for M add to it all charts
compatible with a to get maxCA

Max A is an atlas on M

max a n a

every chart compatible w maxia is in maxla

An A maxed Max al






































































































































Topology from an atlas

let A be an atlas on M M Ea is smooth mud

W C M is opere it for each pew there is

a CU 107 e maxed such that pe UCW

This collection of open sets of M defines a

topology on M

DEI A smooth manifold is a pain M 1977

such that the induced topology on M is

Hausdorff and has a countable base

Hausdorft for p gem there are open sets U V CM al

PEU gt V and Un V 0

Example M MEO U p pz3

c p Pz




































U M i Ip Uz Mi p I

10 h R 102 Uz IR

X 1 7 X x 1 7 x

P 1 7 O Pz 1 2 0

Ui 01,7 Us Oz is a smooth atlas on M

The topology on M is not Hausdorff

let M Ea be a smooth manifold of dimension n

let c CM smooth funchins on M

C'CM is a vector space ft g cp fgstgcp

f p c fcps

let f M IR ke smooth

Q What is the derivative of f at pe M

A It is a linear map from TpM to R

Q What is TpM



By name Tpm is the tangent space to M at p
o Tp M is a vector space of dimension n

o TpM is a collection of linear maps from

c cm to R

Each chart U d with peu determines a

basis for TpM

Let's look at things in Example 0

M U fer IR A U Idn
V r U

I X i

ti

A tangent vector to M at is a vector v

w base at x

The space of all such vectors is a copy of R
with origin at Hence a vector space of dimension



Each v determines a map

Dv CTM R

f t 1 f Cxttv
to

This map is linear

Duct 1cg Etf Cftcg Kttv

It fcxttntccgcxi.tn

Dv f t c DrCg

This map satisfies the product rule

Dr fog Dut gud t tea Dug

Fact Any linear map satisfying this rule is

egiral to Dr for some v



So v Du

DEI For a smooth manifold CM 1917 the

tangent space to M at p is

TpM L CEM R I l
is linear and

LCtgl UAgeptfepsl.gs


