/x)

1

T

—

AN X

NN ao) D

% =

waaaww,y
«f,f,/ufﬁgx

DA A ath]:
Lo,

| Z¢ (2,1])

X. X

INY
T
rei
N
(D
N

N~y

~

aT

v

v f,.y[v‘) oAt MW

' é

w4 (4)







Dg T WMJ

X of x,eX (L ) &

7,00 (047 | [ T=x
L2 10 x,- - P

oA

Mp/v-v‘)a:/y%?xﬂ/u‘vfw

/\LW\.M nlxloh,\j//zoa,ﬂaw /
Proed - \/ bl - Aefiad /
»MW4

~ vl

T = el =
/

(rrmg  cvrinded o (X, x,) ¢ based W Dol




Xo

—

_Liotuo. . R
CC-BY-NC-SA

Xo —

Dey (X;Xa) /(Xlx") ﬂﬁ “ (X’()_ 14[)(')(")

kWM Wty ﬂ T — X Z/OZX,, (/4}=x4

2=Wawwm

htrnn ﬂg ;awmm?

—_— |

.
——

= path in (X

‘o path in 71 (X *)
N

(/OA%\ e )
= =







T—ﬁmem n, (54) A

[\

~o

Q“MHXWWW

ﬂwﬂX?X

Sua,f VxéYa oy xe U e X M %,)(

,p'/'((,{)t_(_lk/_(‘ RV, = U deu

,;{;/;\?\
RN E o
M\/m
R —
7 x U
DN,
N -

W:—X—sx prid o A o

pﬂ{—>§<l¢i5 4%45/

w/;l' &7 <d /Jﬁ\\/
~(un(d5¢), < R? C

e (3nr)) =D
R E Nedix < R° ~

w (e (370), 7 (370), ¢ )fC R i



W ()TH’)
_EJ A Lt of f VY= Xx L X

‘ﬂa?: \/"‘>><W~/

(a) For each path f:I— X starting at a point x, € X and each X, € p1 (xq) there

7 is a unique lift f:I—»)rZ' starting at X.
— (b) For each homotopy f; :I — X of paths starting at x, and each X, € p'l(xo) there —
is a unique lifted homotopy jN”t :I—X of paths starting at X,,.
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topology map X Y

N B

algebra  group homo 7 (X) # 7 (Y)

homotopy equivalence X ~ Y | deformation retract A - X ———

lwl l’” -

group iso 71 (X) =2 7 (Y) group iso 7 (A) = m (X)
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ation on pointed spaces!

algebra

nothing really
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” Coro]lary 1.16. R? is not homeomorphic to R™ for n = 2. m % {D v o

Proof: Suppose f:R2—>[R" is a homeomorphism. The case n = 1 is easily dis-
—— posed of since R? — {0} is path-connected but the homeomorphic space R" — { £(0)}

is not path-connected when n = 1. When n > 2 we cannot distinguish R® — {0}

from R™ — {f(0)} by the number of path-components, but we can distinguish them
by their fundamental groups. Namely, for a point x in R", the complement R"™ — {x}

is homeomorphic to S" xR, so Proposition 1.12 implies that T, (R" — {x}) is iso-
morphic to 1 (S 1) x 1, (R) = #r;(S" D) Hence 1, (R™ — {x}) is Z for n = 2 and

trivial for n > 2, using Proposition 1.14 in the latter case. |
|

Theorem 1.9. Every continuous map h:D?*— D? has a fixed point, that is, a point
x € D? with h(x) = x

topology retraction A — X (r: X — Aand ¢: A — X with r m
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Theorem 1.10. For every continuous map f:S 2 R? there exists a pair of antipodal
points x and —x in S with f(x) = f(-x).
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