
Automorphins ofa coming 13.1.23

9.TX coveringsin aha deck transformations-
q

or covering traformations

Pop qit-Xwering, 9,4 Autq(E)
(a) Y =0 <> JetE s..Y(el

=N(e)

(614]g+x) is a H,(x, x) - equivariant automorphism ofa "3x3

1) UsXevenly covered
open permatescomponents of gl

(d) Autq(E) & Efremly



Eg. Auta((N)
=2"

I 5(h,...,kn) =k

x +k

Eg. gish-RP" has Auta (SY)
=Sid, antips.

Then Jorbit criterion for covering automorphisms giz
->Xcovering.

↑

Ife,e.eq"(x), then 5DeAuta (8) s.t.Y(e,) =eziff
q8π,(f,2) =20π(t,e).

Cor Autq(E) actstransitively on each fiber iffg is normal

hi.e. some (all 90n. (t,0) =h,(X,x)).



th qiE
- Xcovering,, xeX. Thin

Autq(E)
E> Auti.(x, x (q

-(x)). =5y:q
- x) -q

-5x3)
lis-

i,(x, x) -equivariant
7 Mireg

ofgps automorphisms offiber big
4 -y)

IfProp(b) => homomorphism.
q
-

(x)

I
f: A -B G-iso

akb

6
=

Ga ga:aProp (a) => injective. If
For subjective, suppose y:q"(x5= g+(x). Fore,595*5x3, flgate
en

=

y(e), the isotropy ofe,ec arm the same, gf(al
thas

90x, (E,e,)
=

9p π, (E,en) => JY<Auta (F) with gb



y(e) =e2. then 1,91q5x are it. (X,x)-equanariantisos
ofgixs agreeing at e, so they are equal.

The Corning Art Group structura) lite covering,
G =H,(X,x), H =90T, (5,e)

= G. Foreach UeNGCH)
5! Yr tAutq(E) s.t.Yy(e) =0.8. The map
NGCA) -> AutqIE) is a subjective group harm with

02-8
kernelH => Wa(t) =Autq(E)

[m.Nx,(x,x)(9* π, (5,el)/904 t,e)



IfWeb

EtuicicaSy-mul
HV -> y

Cor (Normal case) Ifgie -> Xis a normal covering,
then NxeX, eequx), H,(X,x)/20T, (5, e) => Autg(E)

(q.π,(E,e))V+-y
for (Universal cover case) Ifgif

-Xcovering w/Esimply



connected, thin a,(X,x) =Autat
Un+y

i.e. Aut(X) =x,(X,x).

①notients bygroupains -g(e,)
=

g(e)

· Auta(E) &Efreely by homeomorphisms
a↓ => JYE AutqlE)
↓ 3.f.Y(e) =e2

· Auta (E) & q"3x) transitively for a normal
=> XEE/Antqlt) with even iff en =4(0,) for some PEAutzE.

for
a normal

I:Tagrompate coering me



Note EETnecessarily normal sincefacts transitively<

on fibers.
⑤
ala properly discontinuous

DefIOEis a covering sparation ifitacts by homeomorphisms
line is cts) and

every
exthas a nble Us.t.

NgeT, UN(g(U) =0 unless
g

= 1. (Ue(qU) #0

call the action effecting when g.e.
Next > g

=
q=1)

so only the unitofactstrivially).
Thm (covering space quotient theorem) Ecounid, locally path coun'd,
%Eeffectively by homes. Then the quotient git -> E/
is a covering map offthe action is a covering space

action.



In this case, is normal and Auta (F) = T.

IfFirstassume is covering. Each getinduces a covering
automorphism, so iAutaE. Check thatAutaE OE is coming,
and the restriction ofa covering action to a subgroupis covering.
For the converse, suppose I&Eis covering. Havegit+E
its, subjective, open.Take xeE/T ame choose ex q.x). Take
Unabled of a sit. EgeT, Un(gU) =0 unless

g=).

WLOG, U path coun'd. Take Vi qc,mcssarily a path courid
able ofX. Then I'V: I gill. Since Ught

ge 2) v),
V



suffices toshow glu:HEU. gln is surj, cts, open,
and itis

injective b/gle) =gletfor ,eel = g.e for some get:
Since IEiscovering, geteye. Thus isa covering map.

prop,EG
=> GSTis a covering space action > qiG

->G/
coun'd

discrete tp' is a normal covering map.

ThusPEM.(d(),subsp group
notnormal in G!

Ifdiscrete > JubldVoffinds.t.

VeT = 51). DefineF:Gx6+G Then FV isa nble of
(g,h) -gh.

(11) => Jproduct able U.xUn s.f. (1.1)eU, xUz?FV.

Set1 =1,01. Then g,heU gTheV.



WTs u satisfies covering action condition:Ur (U.g) #6) E g
=1.

Suppose gCTst. UnlU.g X. ThnGheUstihgEU.

Byconstruction, g:hi(hg)Ur = g
=adesired.

Cor Suppose G, H cour'd, los path could topsgps, Y:G-H

surjits homomorphism
with discrete kernel. IfY is an open

or closed map,
then itis a normal coveringp

= Su(z) +s0(3)
112 172
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