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"' aa- sphere = § xe R Well = (5.
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Tor the cowse metvic spaces wll do.

Racalh: EX i o mebric space, U €%, U is opent e For cah xell 3820 swclh Hak
Aln ) €5 o He ik
£ XY & coshnuous (FF for every open seb VY, F'V is open inX.

Definition: A dopolagical space is a set X together with a colkeckion of subsets of X that
ae called QP&\’ such ﬁu,t () <?‘Mol X e open,

(i) omy umicn of open seks s o pen
() iF W and Uy ace opea, so is U, al,.

CMeteic > topolgical . (K= s Calse).

L6 X, Y are dopological spaces X xY is the set of pairs [y) And, o set is open
WE ik i @ unden of cebs WXV, it B open M X, V open w Y,

: Quo\-{e_gs: guﬂ)ﬂif X s a ‘EOP.:Logica,l ‘FPRCG, A RN e%wlvalmcﬂ Maﬁon on Set x

Let X/~ be dre set of equiveltnce classes Have qucbieat map, 4 X>Xn , x ]
- Define quutienk topology on /v byt N open in X/w <> 47V open in X

‘?gmpuf ¥ i: j"“ @ - hane {-OPG[;xa;j on Moblus basel.

QEQL ijco{:ive A -Space, RP“: SA"‘&"”‘”EJ-

Note: ¥/~ may net be @ wmekric space , ewen F X s,
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im! associcke Growps with topolegical spaces: X, spaece
_&_m (j “-P poleg P anfE‘-P — & -FK homomagphism

Y, spece -rr,w)
T (% ¢ Tl =2 X Y.



Stmilarly, W, , 7lh Womology group of X.
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I, Roustopy and the Fundamental (rreup.

Debiaion: A \omotopy betueen waps ",c]: X>Y s o map F: XxI=2Y such et
Flx,0)= flx), Flx1)z9(n VxeX. (Ld: f:Xx=>Y be F ()= F(xt). Fo-F, F,:q]
Wate F¥a. | “
W AcX omd Flag): Fla)=gle) VaeA te T, then the homectopy is vel A

Lemma 11: ”Howo'\-o?‘j rel A" i o equvalence velabion on waps X Y.
‘?&E_-’ 1Y) Fa¢: Set Fxt)= Fl) ¥t
Gr 6 FF9 vel A defhre GlxH= Flxl-t) Thea qgF 0 o
iy \F FFa velh, 9z h vel A, define Y: XxT>Y \nj Wi t) {G(x,‘lt-;j’ sceet. Then, P h

fo % = ~
Lemma 1.2: Suppose X T Y572, amd KEF , 9,529 . Then 9,F > g,f,.
Proof: 9.6 &= %.6.= 9f. \f F and ¢ ave rel A, then the amswer s reld.
BF 7 Gty

Lemma 1.3 (Lineor homotopy) guwose €,q: X=>YcR" amd ¥xeX the stright (e Gowm Fx)
™ g(x) is i Y. Thea c'—"ﬂ 3 qa’ﬁ‘A c"l’Svae AcX, then c'—‘grdﬂ
Dol Define Flx,® = (1-6) F0x) + et tglx)

Comp_aﬂg: ‘Supfose F.g XS and E(x) #-g(x) ¥ 2. Then F=g.
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Defintion: gpaces X and ¥ ase hemotopy gq,a,'ua.iub , X2y, ;€3 maps X :; Y cuch thet
gf = 1, =1y (gcu_,, € is a womotopy equivalence, with homotopy  avesse g ).

Note: 'V\Omemorp\mrsun = \’\Ow.o‘b?ﬂj %MUOMMCQ.

Leama L&t & is an equivalence relabion on class of +opologyical Spaces.
Em_gﬁ-’ Ti‘o.ﬂsi.“:iui{nﬂ: X;:—?Yé?. 9Y¢F > 9F (Lamma\.l),'k X (Lomma 1.0)






