
 
Lecture 24 December12ᵗʰ 2023

Thm If nice then X has a universal cover

Rem I 8 8 I X 810 w 8 8 iff 8 8 rel 2I

p X X p 83 8111

Given 8 c x ̅ defn y 861 ok set

844 else

Note I th 8 is the lift of 8

Ucr 2.2
U path conn open it Ul it X

2 I U w 2 o 811

p a VeryKers

Trop nice subgroups HE w̅ X to coveringspace pH XH X

st Im pital H

Droof Consider on x ̅ 8 8 I X 8101 by
8 8 iff 811 811 and 8.8 e H
is an equiv rel 8 8 since 8 8 O E H

8 8 S 8 since 8 8 8.8 e H

Y S S e r e since 8 e 8.8 S e 8 8 S e t e H

Defn XH Let XH I
Note 8 8 iff 8 e S E E I X w o 811

if 8 8 then identifies Her w Uas
8 811 is a covering map over WHer In U



Compute Impx Fix x ̅ constantpathat x e XH

Spse α MIX

As above we have a lift x ̅ at w 210 x ̅ 2111 α

So α H iff x ̅ α iff 210 Fill iff La Im p l

Them Spse nice pi x ̅ for i 1,2 are isom iff Im pixel is

conjugate to Im pz l

Zoof 3 Im pi Im pax pan t X2d x ̅

But pa a x ̅ 0171 conj to pe it x ̅ x ̅ since

protex pi x ̅ Xo pale
K Spse Imp Ica Im part

Let x ̅ I x ̅ w 210 x ̅ be a lift of α
Then it x ̅ is gen by 2 β x ̅ for Beta X2X2

2 1 β x ̅ pop α

So p t X Int pi.lt x x
So lifts

w pick 2111 plan x ̅
Note prop is a lift of p x ̅ X to x ̅
But I x ̅ 1 x ̅ is alsosuch a lift
Since propi x x ̅ prop I agreeat a point
prop I

Sim pop I
So pi is the desired isomorphism



Cor nice

Conj classesof Isom classesof
subgroupsof it X x pathconn covers x ̅ X

Revering
Defn An self isomorphism I x ̅ of a covering space p X X is

called a deck transformation

Aut X group of deck transformations

Ex Aut R 2

Lemma EAut x ̅ is completely determinedby X when I path conn

and locally path conn

Proof eAut X is a lift of p x ̅ X to x ̅ Any such lift is
uniquely determined bywhere it sends a point

Defr A covering space is regular if for each X and x ̅ x ̅ e p x

te Aut x ̅ w x ̅ x ̅

Thm nice I X regular iff Im p is normal

If normal then Aut x ̅ It IX Im p



roof regular I
w x1̅ x ̅

p

p.CM x ̅ a ix 1 vi x ̅

p it x ̅ x ̅ is conj inv

p t x ̅ x ̅ is normal

I X x Aut X α is best 12101 x ̅ Iii

Note lift of α β is x ̅ p
So a β x po x tap Op
α c Ker iff a e p t X x

Fix a path 8 I x ̅ st 810 x ̅ 811 x ̅ c p x

Then por it X x w lift 8 surg
MIX Im p Aut x ̅


