



































































































































Assignment9 due friday 20 off Perday of lateness

OH tomorrow 2 4



Examples of SmoothManifolds

9 Rn

2 Kdim manifolds in IR

3 Let A EM be an opensubset of a smooth
manifold M ofdim n

If it Ua Old is a coatlas onM then

then A A uanA Paloma is a Croatia on A
makingA a smoothmanifold

ofdim n

3 5 let U be a Vs Adim n youwill Prove in
Assignment 2



4 Level sets
let fi 1122 R be fixing x4y2

you see f 9 S
Duf vi Of D

Dnf Vz Of LO
v

vz So asyougoindirection

This'aotions

EM

we have a family ofdisjoint 9 dim manifoldscovering 11244

This is faded afoliation and wesay
f Cr no is a 1 dim foliation of lR4 o

Those 1 dimmanifolds arecalled the leaves ofthe
foliation

risk

filR IRK
then f c

If Df tf c
isoffall is a smoothmaniff
rank of din n k



We generalize this example

let f RF IR beats function

LetectRs t f EB 01

Suppose also that ftp.ov pef Id

forexaine f B s IR definedby f Birth
andmade

an ndins
f x 11 112

foliatignpineygg

Then 5 F I and off to

Rixi
Letaef e

Offa II FIND

Rn Taf c axoffaitc.IR
rest R E R R

r C 1,11 f GIER't let'ssay ftp
a

to I
ftp.ffofuD fade



gg.no
Rn Offa

xi v

ai f fax

Iii

i
s

ggn
a idi anti pest

f Xi Xi Xnt L

xi can be expressed locally intermsof
therest

ByImplicit functionTheorem 3 U neishhddcaiiijpainan.it

and a anique smooth function g U IR

satisfying a Glau ai e anti ai



2 f Xi gG xii Xna fine

ft Xi Hi int EU

meaning that fg x gun ai net xn C42 i

Ctu Fi xn.ci EU

VAFYkc3 whaeVisneishbndJainiRnH

conclusion

if yflatottatf B
then FIE is locally thegraphafanopm

whatwouldthecharts bet joonditanaked coordinatemap

the chart near a i UNF'C B D where

Oliva FLED Urs

defined by Xu line Xii Hi in

with inverse 0 1 i Gi Ii anti ts

deer dadON
a

cent ago Xie 9411 Iii Ana Xna

Unf M B is a chart



C 1
Since we could dothis breach aef c

consider callection fcharts't Vada at f B

is this an atlas

checkthe transitionmaps Rao 015 i 0lb Uab Olacrab

Ola 005 Xi Hi Fi xn 1 9

Xi Fi Sb Xi Xjr Xna Xnti

which is co so it is a fatty onHfc
proving it's asmooth
manifoldAdimn m

a

A 5 Products ofmanifolds

Recall from Appendix A the Product topology

Let CM Tn and N Tn be two topologicalspaces

Consider the collection D Uxvi Utter Utter

this forms a basis for a topology onM N called the ProductTopolog

where A CMXN isopen if it's a union ofelements in B
exercise iverify this



Proposition Productof Hausdorff andsecondcountable spaces is Hausdorff

and second countable.aeaonMldimml atlasonN dim

t 6
Given a chat CU d C An and CV 4 EAN

UxV 01 4 is clearly a Chart on MxN where

01 4 Pig 0101,4Cq eirmth
Allsuch charts make a coatlasm MXN making it asmooth

manifoldofdimmed so MN is atopologicalspace 1 fddftfm.ie

3adimts a as

E s

S is a smoothmanifold 5 xIR
IR is a n Batsman fdg

dim 2 i

fk
1

til

I 1
I

x f n




















