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The fundamental
group

X X is a topological space

Xo C X base point

we will give a group structure

to the set of homotopy classes

Io I 0,13 X Eas

First we need to define the

operation
when f kf g Load 0,13 X 9 3 fc2 CH

f gce gfl
teco k guy y

zt 1 te 42,1 continuous

defines a binary operation on paths





GROUPS A group is a pair
G where G is a set

and is a binary operation

satisfying

closure If a BEG a BE G

identity there exists an EEG at

a e e a a Fa EG

inverse Tae G 3 a C G such

that a a a a e

associativity ta b c c 6 we have
a b a bee



EXAMPLES
1 7L with operation of addition
closure n n C 7L nine 7L

identity OER is he identity
since otn n o.nu Hue 7L

inverses If he 7L the n C 7L is
the inverse since

ht C me C al tu O

Assoc nth s n Mts

2 X is a topological space
G Homeo XII homeomorphisms of to

itself
binary operation is composition

CLOSURE

Giver f g f Honeola fog c Homeo X

Note fog is not necessary to gof
Idently Deline e X X by eCx7 X

tf XE X
f e of f t xeX
f oecd f x

Inverses Smee f c Honea X Bf Elton
with faf f of e

Assoc fog 4 I f goh



Given f lab 90,13 X 2 3

we let If be the equivalence class

of maps honotopic to f as pains
path honotopic

We're defined f g

We need to show that

f g f g is well defined

That is we need to show

if fo Epf 9o p9

then fo go f g



EXAMPLE

f n E a at
thecall our maps

f n Lois so.is Sf co

E T
I I

f
IT

S

o
Then fn fm p f him

If n m then fn fn fun

but otherwise they are only
honotopic



TO See fnxifn pfn.im

we need to re parameterize

fm n k m 1 time

u n o

f nth

distance
n m

1

First define homotopy of

id LAD Lo D

that stretches Lo d to Lo a

and shrink 4,03 to Him t
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