E COV@/‘(I?/? S,ﬂa ces

a ggve/tr!g Spacc 07( a space X &5 a pa (ZP> whese

Xl:S Q $pa¢e ana{
p: X=X &5 a contiuous map soch that every ,aom'f' 'xex
has an evenly covered neghborhood
an open sef U s called even covered f
P"[U) z dl.SJbl'U\f' umo.n 0{ opg/t sets f(&; 9 Y
svch that P/Ud:(/,(-’(/ 5 a L0meomorpl'll'!m Ve

fh(amg/e,s:

1) a homaomor/hc?w p: X=X is a covery space
2) pt R 5': ¢+ lcog 2wt spi 2wt) s a tovesing space
smie we showed A:S'-[tol and B* 5"~ ft-to)}
are evenlf &oye/‘ea/

exercise: nt' (%,D) s a douaf‘u'y pacc o-F X and
(’Y‘:y) \l el (99 er Y

then ()’e"? F"f') s a coverig space of Xxf”

S0 p /Rz—-a T (%.y) =2 [(cos 27X, sm1 Z‘n‘x)’ (cos Zﬂ” ] zu'Y))
5 a coverng space of T°

|

|
|
le]o]
[o] o]
|

>

|
|
f
|

{ F" k/mf 5 ‘ n 1‘10‘:135
A, - around S '
A



020

%) X = m wayeofz cwcles

not€: a euanél covered
b evenly covered

%o Llos nLLJ Xx.,

emly cove/eo' Ly
gxercese: e/x,olct:i‘/y write out P

fmai!arly another cover of X w

i

®q
*

)‘f’

G, b,
b
%o
G, b,

5) ,Rp‘lz 57~ palr;ﬁ' " 51 ~ fo au'ﬁ}ﬂoﬂ’e

7uohem‘ mMap

S <%

S/nit'[afy 5“—-?42{’" Q Cove/lo’!j #ap

x X

5



Jerma 12
let [%p) be a coveriiy goace of a
tonnected ¢pace X
the ca/'a(Ma/Hy Jp7' (D] s ndependlent of x X

lpted] & called the dlegree of the covering space

_/og_@f’ for some x,€X, let k= o~ '(x)]

let A=ExeX:|px)=k] pote: AXZ smce x, €A

it x €A then et U be a 8(/6/1/7 covered nbtd of x
o p'(0)= fu,.. Ui
aptex) sk ¥ <" €UV
Z UCA and A open

smilorly X—A open <0 A closed

2 X=A smce K connected

&
f(K,p) « covesidg space of X _ g
f:Y—=X a conbduous map 4’07 LP
then F:0=% a lfe of £ F poF=f gl

F )% and KoK st p&) n, thea T is a lde of f based of &
(')C it /5 a /t;Lf' and f[x,‘F x,

le mma 20:

(y:p) Q coyg/,}y 5/(2[8 o'F X, x, €X and geﬂ"(ro)
/;{";:h ———b a) each pa'fé Yite, 02X based at %, has o umfoc Lf¢
7 o @ gath §ifo X bosed at %

homotopy —p B) (b HiYxfo =X is a homotpy with hyly)= Hiyo)
l"ﬁﬁ"’7 ond Z;:."/—”)\(, o lf+ of h, thew Ja vnipue. L'odwﬁ/y

ﬁ-’fx{o,z]—-;)? <t E;lyhﬁl);o)

_&o_of’ same as poof of lemma (2 for 2) aud ) f Y=Ta1]
for jewm/ case see 9223 velow lexercse) =



[emma 2t
f (Xp) is o parth connected cot/e/uhf space of X

ard x,eX, % € pUx,)
then  p,: TIKE) = T(X,%)

(s (e ctwe
(2) 1ts widge s the set- of lowps m Ti(K %) that- when
/l—Ha/fv,mféj % yé«ea/a.f'?t'o ,they ar€ /00/.75

() [T(xx): 7 (%,5)] = degree of (£ F X is patt

Connected
Cxam/X€s :
1) P ﬂ?*?jl |
pe i T (R) = TLs") o mon-trived loop o S'Utt o a loop 5 R
o [(/]
fel Z degree = oo = [Z:{d]
2) p,i 8
(Pﬂ)x'lf/fl)-") 717/5‘) s0 "‘"(Fﬂ),’MZ‘
(s s
la — % olegree g = = [Z:n2]
11— n

O>c

any /oo/ i f,%aﬁ wrags a
woltple of 3 twies IcFts A
a bop

Droof: Suppose. i (£x1)= [e] <

50 3 a LOMQ‘DW A@ ._lia)(
pY o
% —~

lemmat 20, 4) 2 ﬂhoma/v,?/v )?,'9; ‘lj” X

7 o
pote: H(ot) lfe of Heot)=x, o Constantly &,



51»‘11‘/0/4/ [7(6t)=§'; = 17[5, )]
5o ¥~ €g by 0 and fb’]‘fel__/

@) oclesrly d DVETUIXR and T lfs o a loop T basarl st &
then ﬂ,/fﬂ):-' Y

and f YYJ =P [f'l])l.f[gg,q 3’~F07 . é}’ lemma 20,4)

the It T of Y based a5 is bomotopl o Y
_ (rel ed pts)
50 7 a lmz_/

) let H=p, (T(%x)

X W [¥)eT(ky) and [S]€H, then note
./%;f}@_g’ # 5 a Lt ot X based ar &
J:'p S’:'/b' u v §x¥ u e ?&;

then %’m = m(l) e fs" g a /oa)a {auof m:f‘;f)

G0

L we get- @ ma ¢: },N'j‘l*' wosets of /,{; -’-9,0"/29)
H)——— 70
thot is M‘Mﬂed

(F 5?;6/-‘/293 thon lef ¥ be apm“{f X o X
{;/.;? s a /w/a of X based ot .
ond ¢ (HID)=F (=%

o ¢ ouf2

now svgpose E(HIN)= d(HMT)
so & ¥ are litts of 0,9 based at %,
then ¥ V=70
o FuF i a loop i X and so p,,[[fkf;;]) €H
bt P lLFei )= [¥)wiv]” = HI81=Hiy]

1. ¢ ¢ one-tfo -one



lemma 22
I (7,/) 5 a pa-('[t onnected CgUef"'j spzce o‘IL X and X,

then .
é P« (I[X’ x)> 36? €p (k)
] l:' a wnjajacy céz.f.s o‘)C 5:/.49/‘0(4/5 O‘F '77,'[X,xa) J

ex]|

Prot et % % e,o"(xo) and <et Hi-'—p. (Z(Kx) 120, X
let h:fou] =X be o path % w0 %
then 8= poh < a bola tn X
A IPIeH thea ¥ IHs o a loop 7 b
bosed at X, (by lomma 21) ¥z pob X

4
{o h*?*; l.-f G [oa/ Lasgd a#g

YA LTI [eew el F) « (poi)]
=f,,[hx"yv*z]é /'/o
SRR TR T
Slinl’/a//y R H,, [¥] € H, 5 H,= [7] H‘[XJ -{
now f H is conjugate to H, thea 11 €T (X,x) st
[«]HLa1 "= H,
F x] €H, thea H=H, and done
F [«1& H, then & I#ts o q path 2"( starfiiy at %
let %, = X(1)
set Hi= pl UKD

From above HozLIHIx1™ H=H,ﬁ

Th®23: _

let (Xp) be a Covering space of X, %:ég(v and x,=p (%)
suppose fiV->K is a wntmuous map with
J f path come cted and /ora/l\/ path wnnected




%€ 4 st £04,)= %,
Then E{a i+ T V—X (poF=f) s flm:i
é_)
fu (Ti(vyy) € P (TR R

(amd A /nlt‘ erists it (s amyoe , %ee lewima 24 éela)

—

Y s /i‘l”)lﬂdﬁ onnected it Vyé)/ and open sefs anhm«hj )’,jan open
set V st yeVel/ and Vi path commected

examde: the comb e C-= (fﬂ?‘fdcﬂ)uﬂl’f«[ql])u(L'O.dx(o}) s
patt comected but wdt [o(aﬂ)f path Lo nnected y,-,H [ l

Prook: () f, (Ti(wd) =p. (T () € 5, (%(%7),
(&) for ye¥ let ¥ beapoth 4, 0wy

50 £oU U a path i X based ot &
N I FY: o] =X based at- X,

detme: Fiy)= f:f(l) note: & well-defuied, then clearly pof-f{: and ?(YJ:’;E

Clawi: F well-detvied %
let .7 be two pa'fh Yo O Y

Ym? 5 @ [oopt—: 14 5aseo{m‘)/a
so $,1L0%%]) € g (T(X, %))
12. o) ul@e7) ks fo a loop 1A § bases at %o

/ 0
ll.Ff Lus.eo(

Ift baseod
aft & af ‘F:\-’/(’)

aote: ) £ (1= %

2) f'\;: :\7"/ 0 7{:4; (1) = 12"7[’) and ?/15 woéz‘v%n%ﬁ_[/

Clawv: £ 3 contriuous



71&% an 0'0944 seft UC)A(’ ur&j/tou/ Vyé ;Lv-[(/), 3 an Cf&? set V
st yeVe (V)

@u (:. £7'() open)
ty)
; |

lp m‘fea s o smagé

L Folpl)”!
;
£

let W be an ev'enly oove/eo/ nbAa[ of 'F(y)
ond W open sef ui X ¢ Ft)cWey
~ i (mf']l"f’ need
and F/C/’ (T homeomorphism Vo LT

Y loca/(y path wanected =3 IV opea U & yeV ¢ £7(w)
ad V' path conneckd

now Fix apa{'h ¥ Hom y, toy
for any v'€V let 9 be o path y oy’ wm V
50 YW  a path y, to y’
~ ~—
L Fiy)s Folxeap) (0
s . -~ o~
bt & Fon s L of foy bagd at FA0 = £ty
then Folg»7) (0= o7 (1)
and we Rnew 1£°71 = w

L A Rance S (s o L'A"
LEly)ew cU and e G on?ae./

12 Vef () g

¢:
(Kp) a covering fpace of X
let ;)-,(,2:2 Vo X be two lifts of Fiv—X

F Y s wonnected and -/f\,’ano(%: ayree at one powit then ’,;:":',E




Proof: T )=f
Jet A=fye st Fi)-Fn)

AxZ by assuption
,:f' yéA {f\e/t /ef— (/ée an €|/enly oovefPﬂl nblolmc 70()’)
let 9] be an open set i X st, '/FT()’)‘-';E:fY) €/Uv
andl P/()” J—-v s a meeomafﬂrism
5mte'Fz} convinous Hoper\ ,,.blnp/ V of y 5¢ 1[(\/)6(/
now £, }V= &[G’)—o-flv = Tz’ IV
L VeA ard A open
i+ ykA,fhem with U ag aéolfe,ﬂa,/,l,/: open s‘w st
{{\/)C 0; ond F/Ov: [/:’9” a l/\_ameamo/'phl}m
clearky 0T = g
L dV o as aLove’f’hen -E(V)CU,!
so0 X-A open
by conectedness of X, A=X

[wo (,ove/w\y spaces ()?:,p,),f-'l,f—, of X are 'gg_magzét_'é_ i+ da

homeomo //Al:fm h: Z _a')‘('z_ st poh=p 5\(' }._7;(:
i < . : 4 (%
note: this « an equa Ieme /e/a-han \/X /

Cor 25
Soppese (K,,p), 1202, 0 path comnectad locally path connected
Lovering spaces of X, x,eX, &:-3&"(?(.)

@) F P(T(K) < (p) (T(X,,3))

—

then P s +o o wve/im; space p: 97-'9 $<’z -nhu'y X, 0K, |
b) (X,R',) and (3‘(’,,,?,_) are Zsomo/phti Coveriig spaces of X
by an TJOMO/',OA‘:W faking & to X
=
Pl WK ) = (p (T(R,5))




c) (S(V, ,p,) and (2;, p,) are [SOMOK}GA&Z zove/[my spaces 07c X
4

(P (TR R)) &5 conjupate +o (p, (Ti(R,, 7))

Prooki a) by Th™ 23 we get a I piX =¥, tokiy o %
)'(v we now show p a covering map
X xe X, let U be a nbhd of px) nX that is
¢ 191 ewenly covered by p, and p,
X 50 J a vngve U i X st xel and

Pl U-v is a homeomorlok[sm
let P-‘(O’)= (uj q,clea/ly ‘({/(Zcﬁ"(u) s0 pf

7 O.IG;—"U a homeo,
ol

50 PIU.;z P{'}U“’ P ,V is a homeomorphism 0’;”(7
;. each posit w p has an ewenly covered MLLLOI__/

b) ) dear ,X
&) let 7:%2% e bt of p :I”/x
5K oK, be lirofp, P &
note: §e B X, =X, takes %, to %, and 3 o IFt of g 10 X
Tef 5 X
e
X, =X

but 50 15 JJR.:)’(:”Z b)/ lewma 2% , f°p. = (&/;{:
similarly  Bie =g
©o p, and B, are homeoma/flt smS. /

<) clear from lemma 22 and b) &



A 5pace X s _——O(MI/ [{ __QM:) [ MM (‘f’ 8Qc/l powf(“ﬁ‘éx
has a ”e‘/‘ihéa/hmd U st ’TT,'(MX)-’,\"”"F{X,g) s prval

M: woluced by wclusion

oo
X‘ = U 5_(_(*!0)
ns\ \:\w/
e circle d{' radus L about (%,0)

05 not semi - loaz//y 51&,9‘7 tonnected

but CW-complexes and wandolds gre

Th22¢:
let X be a paf’[a connected,
loca ”\/ path tonnected, and

5emiloca/[y szri»,o/y connected pace
€ X, Then here 5 a one-to-ome wfresponole/lce

it M9 [somorohs
Zba’e P 3 ¢« jsvbgroups of TIXx)S

classes of coverings (X‘,’ P,"r:) of (Xx)
(%05) — — p (T (R%) = w(KE)

(X, 00.,%) < —t H

/5“"‘ thet N &+ H<K, then ()C«,Pu,ﬁ) is also a cover of (&,P][,ﬁ)
2) F pow (, p,ﬁ:) s 1o o cover of li,p,_,&‘:) hknh/e % fo %
then () (T(%,5)) < (TR, %)
» [Tk H]l=n & (K0, %) i5a covefaf'o(?/ee n
v addition we have the one-to-one wrfespomdence
I’samwfhc}m clagses of j —> g wn)'u]acy clases of}
g coverngs (Xp) of X svbgroups of (X%,

This is an amazihg 42! There ic a “lattee’ of w‘é?/au/o_; of T(Xe)

anof a “Iaf'(?oe " a‘F wvefl;lf S,aacéJ a)t X

These  [attries are the f__a/_ngg-[

we wt'i/ ee there (s more o s correspanaﬁmce
later



X lo:
e Z 71y v K
NN N
2z [32)| 52 7%

(l l) ?q

tr’z 9Z lrh

3& 5 f? lP} ?q

\i'o}// &"’ "/

Proot

m;fe ) and 2) follow from Cor25 one we bove the one-to-one Coresp.
3) follous From lemma 2|
also, once we have a uell-defvied map W4« T(Kx) = Xy, %)
such that p,( T, [2;,,6‘:’,,)) =H
the fut that the 1% corvespondance s one-to-one follows fpm Lor 254)

ond the 224 correqoona@m(e From Cor 25 ¢c)
S0 we are left to construct (Xy,p5) guen H < (X5

to this end we call two paths Y9 :f0,) 53X based ot %o, H-cquialeut
FN ¥ 70) and X
»]y«7 €N @
exense: V) This o5 an eyr/t'\/a/ence relation
2) F H-{el then this & just hometopy rel end ponts

let <1> dencte the equwa(euze class o'f' ¥

Set ’)\(/H= <N | ¥a pathin X based at K‘,j
(+(4£; i;ja;f Q st but we pu-l- a 1‘z>po/09>: on 1t [efer)

Pu: X = X : {¥) — )
'xﬂ'<e7;°>

note: PH s onfto Since any poah)‘ ‘Kéx is tonnected 1o X, b)’ Q /aa;l'h

We want 1o defire a topolosy on Xy, but First we need +o vndestand
xmefhthj about the '(Dpo/o}y on X



Claws: $(=f VeX: U open, pathconnected and T, (Ux) - T (Xx) mi/'m/, Some XK€ U}
is a basis for the topology on X

{/eca” a oo//edzmq of gpen sets M X & a éq;“
for @ M on X F VxeX and open set V with xel/
Fan open set O i the collectson 3t xeOc().
18 any Open set 3 @ Union of sefs 14 the collection)

PE pote: F TUR) o TKs) trival
then T (Vy)—> T (X,y) triad VyelU smnce

T (V) — T (%)
6l o =le, h poth y o x

m(UIY\—a E.(X,Y)
a[50,1'7[’ Ucu arw/ \/CU i opan and pa'fl« connected
then T (V. x) = T (Un—>_ T (K)
~

trived
~VeU

Now X Seml'/occz/// .6ln’lp/y tonnected L2 7%/‘ any xeX
and open sef U contaihing %, Fopen setV st
xeV and TV x)=TXx) trivial

50 (JaN open set tontmining x and
T (UV, ) —> KLKx) trinad

X [oca/l/ /wﬂ! connected —‘—’Dﬂopen Vst axeWclUaV and
W & path connected
from abgre. T(Wx) = T XY prival

s0 WeU ad U s a Las{s for fvpbloyyonl(y
7!.‘0,. eabA U€% and ¥ a,oa-l’h x,foa,ootrif w (/

set Uf = z {Y¥« 2> ) Y a pa'tt\ im U st Y(0)= b’tl)}



Claw: ZUy}wu frms a basis for a fppo/g)/ on )A(;
¥ poth %, 1o
gt v U
(recall, a collectron of se&s vi a set frma base for =
topology |f gwen any twp 526 U,V ui collecton

arnd o powit x€VAV, I W i wllection st xeWeyav
and the set LS the oniov all elis 14 co/[eofré't)

28
ﬂg('_@.’ )] ,1’ ‘(K? :<S>’ then U = Us [50 can wrte U(r))

mdeed, F b""é vhen r*? ox Y V'y pa—f’tl m (/
H —equiv.  Lith ’7{0) Y1)

since (¥uyhe(§xy) = L 23 24
xYr§
50 [’("'7”5_“;7]6 f.

2 pi %, U 5 onfo [suce Uloaflt connected)

3)p >U O one-to-one
Moleeo', F p(§«y)) - p ({¥x97)) , then ("' )(') (vey')l)

50 Y ‘7’ Ualoop w /) ﬂ\O
based af = . Y« Y mem‘vpcoally 'b"u/la[

=5 7~y rel endd pourts tn X

=) YuY~ ¥2y’ rel el pounts
= [Gren)(rap)]=le,] e H
S0 {¥xw) =<7f*?2_/
4 K TV E Yy, then Yoz Yy,

mdeed, by Aypo'/ﬂesu 3% c path in U
st. L¥') =KV«

50 we can toke WrY to represent ¥’ by 1)

F {§5¢ ({D")' ¥hen 5=(D’u’7)xy'= ‘b’r(%’l')
s0 <5 € Yy

5lu‘u‘/afly (5)6%,)@(5)6%2/



now if <676 UnaVpr, jthen Uy =Ygy and Vopn=Y,
50 rF l«/eu st WelaV and §UY W
then Wgy © Uy MVegy = Upy WV
c,/ea/[y YH s a vnwon of all Uy
50 we have a basis for @ topolegy on _)’_(u_/
Uawm: with above fv,oa/q/ (E,pu) 5 & Coverwy space of X

PE pote: YUell, ¥ paths % to pf 14 U

Pﬂl”(/(r) U «a laawwmarplu:fm
¥

Mdeeol Py s a L{)edwh by 2) and 3)

Pul,

o5 5 ontiuous Snce any basee open set Vel

and amypm‘h § Pom & fopt 1n V

(PH,V«)) (V)= Vi, = open

the abare arpument” also shows that basi; open sets 11
(%0 map fo bese open sets in U

., Iu< o howesmonphim s

»
note +his zmp//g 14 5 tontmous
noew ¥ 'xe)(,-{’hen et Ul be a set oon-f-aw‘mzq/e X

P"(U)= Umon of U<,,> as ¥ rons ﬁamujtl a//pan‘hs X, fo pt- i (/

and pl U“; U<Y>-—-> V4 homeomorf}zdm. e

Claw: (p, ), (7 (% 5) = H
_E‘E" F [YJGH,fhen let “6’(5) be the paf'h

u-—-—-n’/fs) _

note: ¥ :lo]— XH s a /oaf since 7[0)= <e,‘°>
KD and Y1) ={¥)= (€%

siwe L¥J€H




moreover fe%=%
oo Iy)e "”"?6(?&4 )s

now ot {TJ*:H, then the pa'{‘h

%’:{O“j — ’)\EH
+— <Y+7

& clearly the L of ¥ based af %,
and ¥ = {¥)
but {¥)>%{€, >=% suce [¥]&H

2 LYT & mage @), by lemma 21,2) 5

let p’y(’—ﬂ( be a wl/ﬁ/‘/fy.rloace
a deck transformatzon or wvennp transfrmation is a coverds space
/30ma//0AI}m £:¥—2K

the set G(R) of deck transtormations C/ea/[y 3 @ group under
the oloem'/zon of Lo mpos 70

exam, /e : ¥,
ge;
« J |
’ % ‘Ri 5'—s' 5 a wue/:;y tramstormatzon
| T or> LK

s Qx I'F £ i any o(eci ﬁ’&&ﬂé/'wc:f?ait (2 -F{?‘.)='A",
for some 7, bat ?52.(3',):5‘: foo

o é}/ Emma 24 y £ = ‘e (smie 601/6/10:17
transtorms are

so GI¥)= 2, l#ts of ¢,)
2—) 5, ?
a,
b, l'Fwe/J(-éfa??;fdcmd—t}a/oo/éar
%AL’?'"L" F we lfe 0 % or % 1t 5 a path
) 50 no dech tans. Takiag 5‘} CIF AN

5 .. -~ o
w 5'%1:/«/4/ cant-sernd & o % or X%



S0 Q'ty dech trans fixes X Xy 0% Ilem‘?{y
© G(R)= 1}

A Coveriig space p-'s("ix i ca[{e/ normal £ VxeX and XK’ ep"/x}
I be (%) st (R)=X’

50 Wam,oé ) & normal bat t"/)’amltté 2) s not.

Th221: ——
let p:(K8) 2 KK) bea path sonnected, /oca//y path connected

overig space of a space X
le¢ H=p, (T, (%) < TIKK), then

1 ()?:P) & normal & Hica normal suéyma,o of Tixy)

x) G6(X) < 'V(H)/H where M(H) is the “normalizer”
of H e /afyesf' Sbgroup of T(ks)
contatimg H as a normal stbgroup

ark: ; o <) = X O)
Remack: W p:X>X norwal, them GF) x/,o,{ﬂr()?jzl)

v pa/*fz(',u(a/, for the universal cover ,a:')?’—ax
6[)2’) s ’T/‘/K/&)

froof-:
) () lee Y] E€T(Xx)

and ¥ a |t of ¥ based ot %
set 5= Y0 ot of)
from lemma 22 [¥] P*[WT()Z;?,’)) [¥]7- ,a¥(vr(5?,?=;>)
by hypothesis I ¢ € 6(%) st P(F)- 5,
s0 b TGT)— WK, %) an GomorphiSe
el TURE) 7 o b (RIT ) = g (TN, E)
and [¥IHIYI'=H ,
(&) let & and X be b ponts 1 pilK.)
and K= p (TR, )




let b be a path o X Frome X % and ¥z pol
by lemma 22, 11y [y H

~ H=H, swce H & normal
€ P (T(XE) = pu (T(RE)
by Th®23 3 Lt of p fo § and 9
(¥ 7)o (X7) 27
P\J l? °%
(X =)
note: ¢z°¢' 5 aq /lf\" o‘F P féa? 65(85 Z
so (;/&V ﬁoé’=lﬁf
swmilarly §op = Ly
@ a dech transtonm takity ¥, o %,

enerecse: ‘)CDI‘ any 'KGX ard '?}75'5'5,0-‘(/() 5h0ﬂ/ 3¢6 G[SZ)
s ¢(%)=%_,
2) from above If [YJH[Y);H then Jé € Glx) st $IR)= T

(?’ It baged at %)
So WCya{— a map

& MH)—6(K)
Clawi: ¢ @ homoruor/oh/}wl
svppose ‘Pz: Slzx7) - L ]eV(H)  1=12

~

4;(9;): X, so 71 ,oaklx %, fb:)‘(:
note: FuelpoF) ico puth % ro & (%)

§°/N3:
\YE__\ ® (%)

n

and [po(§g T =l e %] = 13- 1]
| 50 4;04’2_ (s f{[‘f,][’lj&/
C/a{m': § Iig SU/]éLﬁ‘Ve
let ¢ € G(R) theo path hirX fom & 0 %= 6/%)
fzfok " a/00/0 i X



and from above DXTHBY'=H 50 [¥1€n(d)
and & (I¥])= ¢
Clawn: ker D = H
F Y1 then 5(=% 0 B(1¥])= il
H<c ker &
iF [V1€ker & then Ti)=% and 50 § a loop

RLER

a group action on a fv/o/gz&a/ space X is a pair [G,/) where

G is a grovp. and
g6 b‘omeo (x) s a homomor,ohum
7/’0“# of AomComprﬂ)qu

lf G acts on X rAen we Cau 'ﬁ)rm '[‘/te 7Vof2ém” 5/9ace X/é
where two pomts #x. ace ideanhed f J9e6 st o) m=x,

thes s ca//ed the orba- sgzce

7h*“ 28
let G be a group acho.ﬂ on X Suo[t that
* Vxé)(, 3a nélt/ (/07( X Jo ﬂmf— 3,Un‘7tU *0 Q‘Zsjz—

thea 1) p X—= x/(; s a normal coVe/My space
2) G2 GIx-2%) F X ’oaf‘h co nnected

3) (& T o)/p (T () # X & path connected and locally
path connected

Zromc 7cal/‘//8as)/
%e,"cug or sée HQ\(’T/AE/‘ﬁ

oxercse: kG o pade and G acts &e_g{z on X (1e bas no hxed Ioow‘n‘s)
thea the oction on X satishes *

/Q z-:r 3
o LA
2z 0€'f7w\ Z/ll action



