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O*- Gis
f(x) =x ⑦

F(x) is continuous. BigS'

If xat xthen F(x) -> F(x).

You need toshow EFkn converses!



Sapper e *- x and F(x) -> z.

Need toshow z =F(X).

Whatto share)is closed,

(a, F(x)) -> (x,z)

Need toshow (x,z) =G(F)
(x, F(x)



Fundamental Group (Iology Algebra)

Relative homotopy

D
hatfatore t

constant maps.

Def:Let X,4bespaces and A-X.

Suppose fast!X-Y. We say theyare Laope

relative to if there is ahomotopy to free fi tofa

such that
H(a,t) =f,(a) for all a =A.



I only possible if- fe(a)=f, (a) a =A

Af,X

Def:Suppose f,,tz:I- X me two paths,

We say theyare pathos if

They are homotopic relative to 50,13

(The endpoints need to stay putt,

Important special case:A path f:I eX is

a loop of flo) =f(1).



e.g. f(s) =eT+s-1 seI

-
Pathhomotopy;

H(s,t=f(s)(1 -t)

Eathsthat are path hanotope ⑳
to constant paths are called

latopic. (boring)
(Mustbe a loop!)



E.g: 6:I- I P(x)
D

4(0) =0,d(l) =1 -
!

X
Consider a pathf:I -> X.

We can make a new pathI =foo.⑳Observe that F(0) =f(4(0) =f(0)

and Schu (11) =f(1).

We call I a repormeteication of fo



In fact I is math hanctopus to fo

H(s,t) =f(s(1-z) +4(s)t)
t =0 f(x) +0) =f(s)

t =1 f(4(x) =F(s)

H(1,t) =f(((rt) +4(1)-)
=f((-t +t) =f(1)

H10,t) =f(0) similarly



· ·
-

X
f [f]x pathhomotopy class of f

↓ Call paths thatare path

7
hamtopic to fi

. Set of all

path hanotomy classes of

loops based atp
fundamental gree

[X,Y] π,(X,p)* of X (with base

pointp)



1, (*p) is a group!

L⑧A A

7

Def:Two paths fog in X one composable

if f(1) =g(0). (Note order matters)-

If f and g me composable



we define f(es) Osle
fog(s) =[g(2 - 1) =s)

Note that fig is continus by pastry lane.

Note:if I and a one loops basedat

thenthey are composable in either order and we

can form ⑮ or 9.5.

92

Prop! Suppose fasts are pathhanotopos fz ·
3,92 as path hanotopic - 9,

and hands, one composable.
O

f,



Then

andas we composableand fell)
=90e

f2 92

Pf:

F(2s,t) Os
H1s,t)= E G(2s-1,t) 2s1) a

f,9,
f(x,t) =F(1,t) =f,(l), =

s=t

G(2i -1,t) =G(0,t) =9,10) -> pasting!



[f3(9]) well defined

[f.s]
fog or 5.5

(f-s] =[F.5]


