
 

LIFTING LEMMA Let f Lois Ea 163

IR o

3 I so.is 9037 CIR 203
f

with f IT off Can y icon

PE We need to find a partition

to _O C t c tail

of 0,13 set that for

each interval Iti ti 3 an

evenly covered nbd Uics

with fllti.ti.is CUi



Now assure I is defined on

E ti As f ti Chi we

have Itti C it Ui

Let Ii be the component of

IT Ui that contains Itti

Iii is the inverse of Hq
Extend I to Lti tied by

T lfti.ti.az fotT i



PF OF EXISTENCE OF PARTITION

f Lois 0,13 silos

for all se Lo I3 3 Eoc set

with f stored cut Us evenly covered
SMALL FIX

If s o then too 5 1 the 4 2

o t
IR

f as ft

Eis As Is
choosing Lto 47 C Us wit se fo 41

The interiors of the Us cover lab

As Kit is compact there exists a

finite sub cover associated to tie
intervals kn soso.si 25 1

The endpoints of the associated intervals are

the partition



0 Sh I

t.tt T
G ti Es 1

Each i tied C Us



HOMOTOPY LIFTING LEMMA

Let F Lo.DxLo.is Nooi3 S 203

3 F LoisxLo.is Nooi3 IR 43

with F TOE

PF The proof has the same

strategy We need to

partition the square
0,1 x Lol't

Every so s C 913 1011
fcso.si
u

evenly

af cso.si

f u
t CRcs.si C4



The interior of the kegs
will cover 1913 10,13

3 a finite subcover



Eirik collector
of Raso.si tht
cover EachxC9D

Extend the side

of each rectangle



With the partition of the square

F will map each
sub rectangle to an evenly
cover nb.cl in S

R th Ks
F Ri C ki
wit hi every covered

Assume E is defined
on the first i

Ria
rectangles

E is continuous on

Rie
the dark blue edges

Since f c Uit we have

F C C T Kia and



is connected we mustLet Ti'i be
have F is contained

he inverese in a single component 4in
of la of it Uia

Ftp Fo'T't
1



Uniqueness

to.fi R I Fae
IT

f v continuous lofts
X s of f

The subspace A xex Told 541

is open closed

CLOSED Define FoxF X 112 112

by fixity Ian t cxl

This map is continuous the

diagonal DC 112 112 is closed

So A Ext D is closed



OPEN XE A Iocxt I.CH t

U an evenly covered ubd of

IT f x C S

ti the component of IT U

that contains t

Afp Un 7 Uc S is a

homeomorphism

V is a nbd of xeX at

f v CT
since Ii are lifts

On V fly IT goIi v
II is invertible with inverse II so

Iif IT t off Iof _Flu



I I on V

if A 3 an

open nbd V of

with VCA
A is open

Uniqueness for L L
412,9031

t
can.es tcs eoD

A taco.is foCtI IctI

It is open closed

A is also non empty since

OEA A 913 III



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

f g 6.13 0,13 X 9 3

f g E
9Gt teco.kz

f zt 1 te 42,1

f g lot 0,13 X 9 3



m



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


