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Recall Suppose P E B is a coveringmap and plea bo
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1 Apath fits B startingat bo canbeuniquely lifted to a

Path Fi Is E statingater
2 Apath homotopy FINI B sit Flo o bo canbe

uniquely lifted to a path homotopy FINI Est Floro e
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FIFIIto



3 If fand g arehomstopi pathsin B starting atbo then

the uniquelifting FandY startingate are alsohomotopic

he

If fepf Then e 19 fifa by 3 above

Me define amap Oleo T Bebo s p bo

by Peo Cf FCA when F is theunique lifting
off startingateo By the above observations thismap iswelldefined

Peo is called the lifting correspondence derived fromthe covering

map p

Suppose Eis path connected Let e e p bo

7 Path F I E startingat eoandending in e
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Then DefCA e

Ole is surjective

Suppose E is simply connected Suppose fig are loops based at bo

sit ICP Tca

0 Feig

Since Eo issimply connected ftp.onfopy Fi IIs E betweenFand

9 Then fi Pot IxI B is apathhomotopy between tardy
Then fipg Ole isinjective



Wehave theproven

theorem let P E B be a covering map LetPleas bo

If E ispath Connected Then the lifting correspondence
Ole is surjective If Eis simply connected then
Peo is bijective

theorem The fundamental group of S is isomorphic to

CZ it

Proof Let P IR S bethe coveringmap defined by
P x COSCIA SinkTN

Since R is simply connected the lifting correspondence

do Ti s an

Eg
is bijective

It suffices toshow that Po is a homomorphism

Someneed toshow that forevery Cf g E TI l Clio

do 88 193 Do Cf do fg

Let f g e Th S Clio let me D Cf
and n Do g
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Define g I R by ja JA m

Then Po FAI PF PT
f A Poem
f Dog

fig
Ffg is a lifting of fig

Do f G D CAIR
F gas man

If too CD
asneeded
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Recall A retraction of X onto A EX is a continuous

map f X A St fly Idla



Corollary Thereis no retraction fromthe disk B2
onto s

Proof Suppose I continuay map fi B S

s t fl gl Idle
IS There

apointfromthe assignment I Btn HIM Iggy
is surjective

But Tics so Z
and TI B2no 0
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Howdo we fit this Yes

Consider B 163 Ietf DEB s

defined by f x fay which is a retraction

I

I T B 93 x is D
is surjective

IT B 1403 0
IF

In fact Ti B2 03,10 E Tics no Eat



9 Dothe exercisesalone

2 al let f I X be a loop based at Yo EX Show.at F

Continuer map fi s X s t f Pof

iii

where P I S
X te 1052ASinan

3 Solve 3 in section54
4 LetP ESB bea coveringmap where E is path connected

a show that if Bil simply connected then pisa homeomorphism

b Suppose

5 LetP E B be a coveringmap Suppose F b is finite theB
a Showthat if Bil compact then Eiscompact
b will Ip'tb necessarily be the same for each b

How does picb I relate with IT B b l


