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when are two covering maps of X equivalent ? Say YHsX ,
Y't'X are

covering maps.

Graph i
.e . combinatorial graph with vertices 91 , 2 , 3, 43

eg . x= and edges 991
,
23
,
31 ,33-.., 93

, 439
.

X is the geometric realization of this graph formed as a

disjoint union of copies of 10
. 33 with endpoints identified as

required by the picture.

↳ and as have the same geometric realization although they are different graples. ↑
f I

A homomorphism of g obs T-T' is a map VIT)E> V(N') preserving adjacencyray --
i

.e. xwy
in T => f(x) ~ Fly) in 5' . A covering map of is a homomorpEisen

(x
,y = V(t) inducing a bijection on the neighbo

graph
of each vertex of i

Ex,y3 = E(M)( land the preimage of the neighbours of each verti yet are copies
"

&

of the neighbors 3-
.

i, as
&Adouble

- is the skeleton Embe i= I4"
I
·4'

Y->X 2
,

2" > 2!

I ..

"

/ -le .Eg. a cover of X=i Y&- - 3,3" m> 3

The covering space is Y-> X (or informally just Y) . T ie
4'
,
4"24

Some other double corees of X : .

2
--

/ D

1 .
3 -

(>Trivial double cover T-
I

-

.I
4
z" 2-XI 1 I

//

xnxi ei 3
· I :

- - /I ->I lime
3/ ↳ 4'4">4



When are two covers of X equivalent (isomorphic ,

i

.e. essentially the same) ?

Let p: X,
-eX

, P2 : Xc-> X be covering spaces of X .

We say A : X
,
-> Xc is An

equivalence or isomorphism of the two covers ifA is a homeomorphism and P20 0 = P1 i.I .
- -

xX this diagram commutes.

Pitopen
DEg. , i 2

P X.
4 WV

T & is not equivalent to Y-> X .

But what about T- ..-

.
z" 2-X - i I1 I We

II I I->"

· I i
,I'm

&

· 2,2>24" 4'4">4
4 ·

z"-
Is this equivalentto T 3! -3-

2-
Another picture of these coreas :

44" 4

···X

W



toconstructany
refold cover of X created one copy of (v] = 41

,
2
,
.., vis for each Vertex of 4. Theo o

1

match
up the corresponding fibres in the coven using a chosen permutation.

trucle 1 2 3A triple cover Y-eX is cons
-d as

...- /-/---in 123

-↳
·

03

--& /......- -m↓a8a---123 123-
08 x

=
123

X

Why is a more special than, other positive integers (the oddest prime of all ??
>

mas-
& · ⑬& .-vaConsider x = = 20 has many triple covers including Y

,
:

&
·D

②
- <

6a
6

a ↳ <

-j
·

2Ye
b
V

~- b
1 Va

·The covering maps Y
,
-1 and Yc-> X are not equivalent . b-

An equivalence between Y-> X and itself (automorphism of the cover)
is a deck framnation. This is the same as a homeomorphism i-> Y which preserves fibres.

In the example above
,

Y-X has is automorphisms (deck transformations). 8
I -
-VJoBut Y,-> X has only one "Itrivial) deck transformation. 1)3xa

.
⑪
> ·-z

·

aIn a connected refold corts
,
there are at most o deck transformations. <i

sa
- - bIfequalityholds, theCorring spaceis normalorGas. Yz = Q- bugofraOG ·

< e

Double covers are always normal.



In group theory , subgroups of index 2 are normal.

In the case oCarables of fields, the extension is normal.

For a field extension EIF
,

the degree of the extension is (E : F] = dimension of E as

a vector space over F.
The number of Fautomorphisms of E (i.e. - : E->E automorphism fixing

ual
,

it's a normal or Galois
oa)= a for all a -> A) is at most (EiF). If this number is

eq
extension. Extensions of degree 2 (quadratic extensions) are always normal.


