
 

AMAT 342 Lecture 24 11 25 19

Topics far restof dass.io Only 3 lectures

Manifolds Business
Cell complexes Exams backTuesday
Euler characteristic Solutions out soon
Topological Data Analysis Homeworkoutsoon due in 1 week

Manifolds

1 dimensional manifolds are curve
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A manifold can have multiple path components
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Here's something That's not a manifold I keeps this fromµ being a manifold



Z D manifolds are surface
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Open sets in 1122 are also 2 D manifolds
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cylinder with a tail
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An n dimensional topological manifold is a subspaceMcRm
for some m n such that for each EM there exists

CM with E U and U homeomorphic to IR

Intuition we think of U as a small region in M
around X
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First important observation IR is homeomorphic to an

open ball in 1124

For example in the case n'I the function
tan L Hz Hz IR is a homeomorphism
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R are homeomorphic

1127dL
More generally for n I the function f B IR
given by f tanCHINK
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is a homeomorphism where 11 11 Euclidean disk from T to8



Fact For B B any open balls in IR B and B
are homeomorphic

PI Easy exercise

So IR is homeomorphic to any open ball in Rh

Upshot In the definition of a manifold we can take
U to be homeomorphic to an open ball
in IR

m in It is intuitively clear that

II for each x e s't 3 Uc containing
t x such that V is homeomorphic to
4 an open ball open interval in IR

Tj s o_0

Hence S1 is a manifold

Let's prose that s is 1 D manifold Fixsmall 820

Define UI U es by



U 1 Kost sin x xcEr ItD

U cost sin x x e t J 21T tf
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Moreover XI tf It 8 Uf x G cos x sin x
x z IT 8 2Mt f U xz G cos x sink

are homeomorphisms I'll skip Theproof of This part
Thus 01and U2 are homeomorphic to IR

Exampte Cconsider the torusT For each XET
we can find X CUCT s t
U is homeomorphic to B Q1
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Why manifolds ere important
Very often the solutions to equations are manifolds

Example Let 54122 bethe set of solutions to
the equation y x't 2

If S is a parabola This is

L y

a manifold

I
Similarly S is the set of solutions to k't y

2 1

5 is the set of solutions to x4y2t22 1

Is the taros the solution to any equation Yes

Fat T is homeomorphic to 5 514124

5 5 is The set of simultaneous solutions in 1124
to the equations w't I

y't 22 I



Here is a simple equation whose solution set is
not a manifold

Xy O

the often set
gisµ_

the X and Yates no neighborhood
around this
point is
homeomorphic to IR

But S is almost a manifold Sl 0,0 is
a manifold
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