



































































































































TopologyandManifolds ConstructorUniversityBremen Spring2023 Session4
Feb70,2023

Prof Dr SoevenPetrat

Recall
Def Atop space at is connected if theonlysubsetsofX that arebothopenand

closed are Xand 0

Note For ScX theboundaryof S isdefas 05 pet allneighborhoodsofphave
atleastonepointin Sandonenotin 5

Sbothopenandclosed 05 0

Def Atopspace X.tl ispathconnected if KayeX Fcont j o 1 Xwith

gLok x jill y g path

Note apathconn conn

proof V

pathhastocrossboundarybutsetsthat arebothopenandclosedhavenoboundary

Foropen
subsetsof IR or M pathconn E conn

ExampleforX thatis connbutnotpathconn topologistssinecurve xsin 1 xe10,77
n u lad

Af topologically connected butnopathfrom0 torestof care

AmaximalconnectedsubsetofX iscalled connectedcomponentofX O O



Ich connected I intervalorpoint

f X Y cont X path connected fly path connected

flXlnotconn I Vefix openandclosedand 0 fix samefor f Ill bycont
contradiction

f X IR cont X conn suppose I abetst flat ooflb

Ice X s t f c 0 Xconn fix conn fix interval



2 Manifolds DefinitionandExamples

21TopologicalManifoldsm

Manifold Cookslocally likeIR

Def A topologicalmanifold M ofdimension u is aHausdorffandsecond countable

topologicalspace s t everypointinMhas a neighborhood homeomorphicto an

openset in IR

ApeM F openUcM pellandopenVCR andhomeomorphism g U V

note equivalently couldusehomeomorphic to someopenballin IR or evenemitballinMY
Why let y U V asabove F r o s t BrCalpi clolul

use 6 6 Bleep Brletpi
witballbyrescaling

V

thedimensionof amanifold is a topological invariant an n dimmanifoldis never
homeomorphicto an m dimmanifold for m u

Def Apair Uic withUcMopen homeomorphism 6 U V foropen Ke latch
is called coordinate chart Also wecall

U a local coordinatemap

Up x lpl x pl localcoordinates

g ks U a coordinatesystem



Examples anyopensubsetof IR is atopnmanifold

u sphereS x x er É 1

Hausdorffandsecondcountableclear

note Hausdorffandsecondcountabilitygenerallytransfertosubsetswithsubspacetop
chartse.g usestereographicprojections

at S 1141 IR atx x fun x x

i s
1
R a ex x t ta ki x I

x x AlXuxa if

y't arebothhomeomorphisms andtheirdomains cover S

S istop u manifold

Thu letMe Mabetopmanifoldsofdim un ua ThenMix xMais atop
manifoldofdim net tuk

Proof Hausdorffandsecondcountablefollowsdirectlyforproducttopology
locally like IT For each pi paleMix xMkchoosecorrespondingcharts UiUi

G x xen h x xUa IR
t
ishomeomorphismontoitsimage 0

Ex n tons I s t xs


