3. Branched and. unbranched CoVerings

Lok ma consider apoly nomiod Pe C[2], odog P=nz4. okt C=
{2€C:P@)=0}, which 4is & finide sek (wikh ok mosk -1 elemenks).
1 ur e CVPE), Ahon P (a) = f205--.,26] ron 2xcockly n elomonts,
and for 2ach 4 khere exisk nuighbouckoeds Vj of 2j omd Uj of w such
Ahar Pl ViU &5 bifobmorphic (sines P(2j)#0). We can in
fack dobe U=...2Un=U and V).,V mukuolly disjeink.

Thom for 2ach w'eV, P(u') 0V, cnsists of one elament 2] amok
for ' a0 we Rave P (w') = P'(n), dn the simse dhak 2 2 for
amg 454,00,

Jn A geonatnic study of corlinusus maps p:YL—X botmwen
kopologicall swifacos it is convemiert Ao adept khe following
poirk of arlew : p can be seen as o wonbinuous family of the
inverse imoges £ () paramainized by xce X. Jn Ahis corkest e
call X the bosis , Y Ahe total space amd 450 Ahe fibar over .
The map p is colled. disorefe (resp. Binite) if eoch fibar is
disuefe (resp. finite).

The Hhaory of coverings is purely Aspological , 5o e cam Work omly
with dopelsaical spaces. Fof some feswlhs supplemantary Rypotheses are
rerded , so- we Wl ok from khe beginning with spaces Raving oL
necessary Fro\wteo, hameby with Aspsloeical mamifslds.



31. s%bﬂ»m)uah Lot X be o it.wpoﬂs?;c@’l mqnl]EJQCI. A c.ovezrtmg o{ X
AS o pokr (\I,f) c.th/:.S*/:f\% od o Jcefog,aylcoi swfoce Y| colled.

c,ovexi,r\fa Apo-e. amd. o Contirmous mop P Y —’7X,Caﬂlo.al Prg‘;'gciisn
or CDV-U‘A'.V\g map such thrak Ahe %ku(a MJA

Tt’.wJ« /P@Lhi :r.éX f/xou) oL thhe_c't.moL opLn M)@Lloou(lwoi U svda
J(L\ojﬁ. QMJL cm\hec_'teo( Cor’r\FoNht O{ f-'(U\ ,{s h\mlo‘o-zo(. V\OMQoMor-
rak'.c:;ﬂbz on U L;j 1: 'W'& Sma /‘d«oi U AS Qvemﬁra, ooVQru( |oj P-
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3.2 Lemma vara c,ove/rdna map AS o Docal %mom«vﬁdsm amel.

amd open. map. An Ané;zrizivn. c:ovwm‘,na map AS oo ﬁwmmwg@;m.
3.3. E)COJ‘V\(‘D-QQS (’]_\ f! [R—) SA) /[)(t) = QXF(A"{:) . ?&( 2= eA'.‘Lo
the reighbourdood U= [ et te (T, t,41))= S' {- ety
AS JLV-(/V\QIa covered. f?l(U) z (io-ﬁ,£.+rt)+2ﬂ7_.

Q) exp: C— C* As a CoVeringy op. TFor x= |2 L Al
M%L@ur‘eweok U= @\ [R_Eia'rj %a 0 o_vemﬂ»a covered. *



Qx];l (V) =§ze@: Tmze (”22;‘1;“32;“—‘)} +27
@) p: T — C7, £(2)=2" As o CoVLUANG tnap. Lok 2,6 CF and
drhesose W€ C* an n-thresth of 24, Ug'=2,. The map P As o Locol
homesmerphism(p(2) 40,2 € CF) s Ahere are opon heighbourhoeds
Vo of w, amdk U of 24 such Ahak Pl 2 Vo= U 4s o Aomasmorphism.
Thaom £'(V)= Vo USVo U... T Vo, awhate § 4s o primikive mot of
wmiky (e.g. S=exp(2i/n)) and U As avemby overed .
(4) Suppose 1 G € is & LoMice amd Lk T2 C— €/P be the canohical
qustiont map. Jot 26 €. Thum U= ®(P) 4s wonby, covered sina
T(U) = T (R(R)) = Bt omol freadhn yel', R: Py 5TV is &
homestmorpdism,
(5) A surpctive ocal Romasmorplism may nat ba o cavaring map.
Jok Y= (0,47) umd p:Y—>S" p)=ert. Then pis o focol
homesmorplrism (bacamse itis kha resticlion of tha covering R— S')
and is surgckive . Howevar, Ake poink 4 € S' hos no averdy covarad.
reighbourfsod..
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We woamk Ao Lndl condlihions whim o locol homesmerphuism

As o CovuUng map.

3.4 Definition ek X, Y be opologicol manifolds. A corkinusus mag
£: X=X As callad propar Af for amy compact st KCX Ahe preimage

B (K) As comp atk.

Example. T p: XX is corkinuouwn amd L is compack, them p As proper.
3.5 fropeclies of proper maps If p is proper, khan

(1) pAs closed, i.e. khe image of amy losed set is fosed.

(2) 1 e X amd Vs o reighbonchoed of §'(x), Ahere exisk o nasgh-
bourhood U o] o such Ahat §'(U) V.

Jf pAs proper and diserete , khen

(3) p is funitke, L. PG As fenike for every xeX.

(oof (1) In o Qocally compack spaca a avbsek Ls Rosad precisaly whem
its inkersackion mwith every compatt set As compack.

@) We may assume khak V is spen amd Hhws YAV is dosed . Than
P(VAY) As cosed amdl x ¢ p (V). Thun U= X\ p(NV) As an opon
raighbourhood of x such hot F'(U) V.

) P &5 o compact isoate set of Y. %

3.6 Thastem Fot X, Y be Aopolsaicol surfacen amd p:Y X be e

sproper Oocol %MMMP&BM. o # As o Covering masp.



(roof Suppese xeX is acbikrary amd Wk Pl = 1Y,y Jn ). Sinc p
is & Locol Jrormasmerphism for every 4=t n Ahere exints am open naigh
bourRood Uj of oc amdk am open neighbourhood Wy of yj svdn khot
Fl‘xﬁ = U; As o Romasmorphism. We mey amurme thot khe Wy
are pairwise disjoint . Wowr W u...U Wi &5 o reighbaurhosd of
F'e). Thus by 3.5 (2) Ahere 2xtists an open tomacted neighbourhosd
UcU,n...nUpedx such Khak “(U) cW,u...UWp.

I e ok Vi =W, F(U) Ahen khe Vi are disgoink opem sets awith

F(U)=V,U...UV, , ol ke maps £, |VJ-’VJ' — U are onesmarphisms

. . y
ond Y €V, for jedyeeeyni. %

3.7 Theorem Lok p:¥—>X be a Covering. Assume. khow X As conrecked .

Thon Ahe cardinaliky of £ is khe sama for odl xe X . Inpackicnar, if X
s non-emphy, p is surpckive .

Freof Fok xe X arbitrary omd Lt U be am open reighbovrhosd of x avhich
is vomby covered. by p. dot 'ﬁ'(U)=1.\éJ]V1- be khe dispeink union of kha compe
rants of B'(V). For amy o/ €U me fave F'@) € PI(U) and 4160 0V hos one
damendt Yo, Thare &5 khus o bipckion 17 F1R), §1H—>;, po each floor
£'6c), for e U Jhan khe same cardine@iky an J. Thur ke cacdinoliky
Ponction T —MN u foo), 23| F'9] s Locolly constank.

Sinca X is convectacl, khe funchiom is conshank . Indeed, considar for
any c€NUfes) the sek A = {xeX: |Feol=c].



This set As spen from khe abeve afwmemt. JA &s odoe- dosed since

A= XN AL Thio, 48 At$, Akon AcsX. %

J)

Tha nrmber | Pl 4s colled Ahe mumbor of shaks of khe covering.



