Example
1. Contractible space

Aol 1 A space X is contractible to o € X if
idx ~ ¢, where ¢ : X — {xo} C Xis a constant map.

=

’

of] 1. R” is contractible.

F(t,x)=tx 2 $£% o]+ id 2} constant map 0 ZFol] homotopy & <t}
2. D" is contractible. G A] F(t,x)=tx 2 FH FAt}.
3. Any space which is homeomorphic to a contractible space is contractible.
4. A 7tree” is contractible.

5. S' is not contractible.

Remark.
1. contractible = path connected:

919l 9] F pointE 2y E 3| path® A4

2. X 1s contractible to xy € X = X s contractible to any other point of X :
X7} contractible to z; ©] ™ path connected ©]2E2 V z, € o] &l zo, 21 A
olof path p7} A8ttt F & idx £ ¢y, ZHS] homotopyEt & ufl ol e} 2
o] o H HE idx 2} ¢, AFololl Y3+ homotopy S =t



[F@a2t) o
H(x’t)_{p(Zt—l) if 1

3. X is contractible < X ~ {point} :
(= 5%) {20} = X — {zo} A

l Cxo
C2o01 = 1dy, ©12L X 7} contractible O] 22 joc,, ~ idx ©| T} WEbA X ~ {zy}
ojt}.
(< 3%) X ~ {x0} °]2 2 homotopy equivalence f: X — {z¢},9: {ze} = X
7} £ gt} o] ufl fi= constant map ¢, 7} =3 WELA] go f S A] constant
map®] @t} 28 go f ~idxy 9|22 X = contractible3}t}.

A2l 1 X is contrantible = 71(X) = 0.
S X ~ {z5} o122 m(X) & m ({point}) = 0. 0



2. 7T1(X X Y)
Al 2 If X and Y are path connected, then m (X X Y, (zo,y0)) = 71 (X, 20) X
1 (Y7 yO)

%tg Define ¢ : 7T1(X XY, (xﬂayO)) - Trl(X7 33()) X Wl(Ya yO) )

[a] = ([proa][p2oa])
where pq, po are projections to X and Y respectively.
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AREA © 2 F homomorphism ¢y : G — Hy, ¢ : G — Hy ol thal| ¢(g) =
(61(9), #2(9)) : G — Hy x Hy 9 Al homomorphism©] ¥ B2 e A2 ¢ +
homomorphismo] Ft}. oA 98] Ag4E 37| Y6 ofefj 9} Zo] & 2
)=}

Y (X, 20) X T (Y, 90) = (X x Y, (20, %))

(81, [7]) =[]

,where 6(t) = (8(t),v(t))
o] = ¢ O AT HIAL oA o 7 F BAH A=A 4B HEH HAch
F:B~p ,Giy~y Ll H(t,s) = (F(t,5),G(t,s) 2 FH o= 6 2
Atol€] homotopy & FEZ ¢ 7} & FoHASFS ¢ 5 It

O

A: m (ST x §T) =mi(ST) x T (ST) =L x Z=Z?

7T1(Tn) =7"

T(R* x SY) =7



3. Topological group

A8l 3 G : a path connected topological group with identity e
= (G, e) is abelian.

58 [a],[8] € m(G, e) ol tsl [o][5] = [B]la] €= He]7] 93]

(Bl 1B =1 2 Bol Ak [o][flla] M =[axfraxflal g R
o7 A3k axfraxf & The T o] WAL
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F : I? — G given by F(t,s)=a(t)3(s) = group G ¢F°]| Fo] Aol m =2 24
oIN Q%52 F A D P9 boundary= A4 o« frax5E 2
et

[e][B][e] (8] = Fy((0I7]) = Fy(1) = 1.

ZA3. [a] € m (X, xp), a: St =0D? — X o tjjs
[a] =1 if and only if a can be extended to D?



