Definitions and Examples

Assumption. All the spaces in this chapter are path connected and locally
path connected.

Aol 1 Letyp: X—>X. Xisa covering space of X with a covering map p if
(1) p is onto and

(2) each © €X has a neighborhood U which is evenly covered, i.e.,

p HU) = H V, is a disjoint union of open sets V, of X such that

acA
plv, : Vo = U is a homeomorphism , ¥ a € A.

webA Ao z e Xof sl p~'(z) &= discreted}t}.

Examples.

1.id: X — X.

2.p: R — SYcC) givenby p(x)=e2.

3.p:8" — S given by p(z) = 2"

A}t 2ol pt9 image”t n 7] ¢l 7= n-sheeted covering =& n-fold cov-
ering o] 2}al FEr}.

4.p:8" — P"=8"/~.

o] 7% quotient map p+= covering map®] = i1 £ 3| two fold covering(double
covering) ©| T}

5.p:R> — T?=5'xS" givenby (v,y)— (2™ e2™W),

Excercise. If p: X=X , q: Y =Y are covering maps, then
pxq: X xY — X xY is also a covering map. (o] 23} 55 A B 4= 9]
o

6 . non-covering



p+= local homeomorphism 2 =] X] Bt covering map= 2 <= itk (2 2 H7)7)

7 . (figure eight, torus 5] n-fold covering.)

<M——zZmo —

8 . Mobius band 2] double covering < annulus 7} % i1 3-fold covering<
T} A] Mobius band 7} ®t}h 22 ®¥ © 2 Klien bottle®] double covering<
torus7} Atk HtA o2 th52 S otet

Note. .

1. M is a manifold = M is also a manifold.

(598) Z x € Mol 3l p(x) € M 7} coordinate chart (U,p) & 7FA 2L, &=
St p(z) + evenly cover ¥+ neighborhood V & 7}Rt}. o] ] UNV of tj
A p (UNV)E A2 B, o] 5 22 ZFE U0V copy7t 9L o]
copy} ¢ o p7} £2] coordinate chart & &

Excercise. If M is a C*°-manifold = M is also a C®-manifold .

2. M is orientable = M is also orientable. .

(5H) WA M2 ZF & zol orientation= FAF. M 2] orientation -2 local
homeomorphism p & ©]83}o] p(z)9] orientaions I ZE 7}FA Tt} &t} 1
2™ 7+ € Mol thal orientation©] locally constant7} 5+ p(z)e] 2% U
£ e 7 A2, B3 p(x)ollA evenly cover H+= VE = 5 Atk o] df
pHUNV) =[[We % 25 Z 83l W, A orientation- poll 98 UNV <

aEA



orientationa} Z+ 0 2 2 locally constant ©] T}

P
A 7.
Every non-orientable manifold has an orientable double covering manifold.

3. M is a compact manifold, p is a finite covering = M is compact.

4 . Mo] orientable®] 21 genus & g7 7}2 A%, o]of wp£ ME 24553}
19 W&ol Wef M= S A] orientablec] 22 x7F 4 ME 2T 5 9l
t}. 2484 M7} n-fold 2} M| triangulationS M 92 28| V.E,F 25
nill 7} = 22y JA] nofl 7} ok W3 W 2 2 M o] non-orientable Y

+= orientable double covering M & 7}A| 22 MO Z HE M AAS <+ At



