IV.3 Some basic properties of 7,,.

%]E] 1 Wn(X X Y7 (x07y0)) = Trn(Xa IL‘()) X ﬂ-n(Y7 yO)

29 Exactly same as m-case. [

Av] 2 Let p: (X,%y) — (X, x0) be a covering space. Then p, : (X, %) —
(X, zo) is an isomorphism for n > 2.

3 (1) p. is one to one :

pefa] = 0°]8}E poa ~ 9] B Z, covering homotopy property®l] £] 3}
a ~ Tp°] F 9 [a] = 00|t} (Lifting property section®] W54 5 FX) w
2}A] p,+= one to one©] T},

(2) p. is onto :

A9 a: (S e) — (X,x0)ol B3I 7(S™) = 00|22 (n > 2), gen-
eral lifting theorem®] 7}4-& wrEsith welA, a9 lifting a : (5™, e1) —
(X,70) 7} EA 8t olu, p.[a] = [a]° ]2 &, p,+&= ontoo] T} 0

Examples.
1. 7,(S") = m,(R) = 0.
R-2 contranctible space®] 2 & 7,(R) = 00] 21, R+ 58] universal covering

space| B2 2] Aol &fsto] 2}ttt
2. m,(T?) = m,(S* x 1) = 7,(S?) x 7, (S*) = 0.

3. mn(Closed surface with genus g > 1) = 7,(A) = 0 (A =Open unit disk).
2,904 AoE Torusd A9+ g 22 PHo=EE 44T + U
Toruse= 47t 2] npFH = WS A Z identifydt 222 YeRd 4 Q=1 o]
identificationE-2 2}z 7}2, A& H 3 0|59 93] realize® 11, o] A H S
HoJol 5ot FHAAE tileXH L 5 Y= A9 "tessellation” & FA|
o], R?E o] H3Jo]FES deck transformation groupl & 7}A| = Torus9)
covering space”’} ¥ T}

Torus




UVEA O Z genus”Z} g9 surface= 4¢gZ+F 02 YERE 4= Ql=d], g > 19 A
_'_oﬂ w 3| 7}to] 2 7]. ol B & o] 497+ & 3 o] 53} o] 33?3_«] tessella—
tione & 4 Ut tq—E]—/H o= 22 Poincaré disko| A A 2+s

Poincaré disk

Poincaré disk+= 3 H A2 open diskol] 9& 1

= 93 (s T4 Tk ) }5—1]4‘101 E]E% etrlce f Aol th
= 878 (g =2)° FALE oz 5 LEX 93} 22 FAo] Poincaré
diskol 1<) 8743 o] Ak

ol W, HpZZ 8o A R 4L (ro]al, PR o r A
W AFo] 2 Ao 7}7;}qu] n g Zz|Zbo] HHo|A S} e
ehA 283} 2] F20] FA 29| 3717} 157} & 524 E A |
o) 82182 " H o) 5 5Hd 87]S] B Wo] WF @] o] B 2 Poincard
disko]] tessellation2 = 4~ 9t}

2o Yoz gE 44y HalAE BF PP olFE T3] Poincaré
disko]] tessellatione & 4 QL2 2, Poincaré disk:= genus ¢g¢l surface2]
covering space’} €t}

&4, Poincaré disk 9 A] contractible space©] 22

7n(Closed surface with genus g > 1) = m,(A) =0
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el 3 Ifn>2, then m,(X, o) is abelian.
29 Define

afty, 2ty -, ty,) if0<t, <3

« O t,t,"',tn: 1
ot ! {Mm%rﬁww%>ﬂ%§@§1

Z, ax fv WA Hao thste] QA AU ao e FHA W st
o] £ Aolth. Ao = HE thE g ule &4 grk (TN AwFL I,
NE2SE Le YeiH Iy, [,> A= o] o}
o Zo o
a | B ~ ~
Zo ﬂ ﬁ
axfl ~ (xopoa)x(Boxg) = (rgxF)o(axxy) ~ [oa
Zo o
~ ~ 3 o
G| Zo
~ (Bxmo)o(woxa)=(Boxg)x(xooa) ~ fra
we2b A, 7, (X, xo)2 abelian o] T} 0
(2-version

9 8l E loop space QF ©o| &3t S T3l HA}

Aol 1 (X, p,x) is an H-space if
(1) p: X x X — X is continuous. Write u(z,y) = xy.
(id,x0) (z0,id)
(2) x XXX commute up to homotopy

i .
i l - relative to xg

Z 99 ()& B SH ol

L, : X — X defined by L, (z) = xozx is homotopic to id (rel o) and
R,, : X — X defined by R,,(x) = xxy is homotopic to id (rel xg).
H-space?] o] 2= Topological group, loop space Q%5 ] At}

3



Ae] 4 Q is an H-space.
H (1) Define 1 : 2 x Q@ — Q by p(a, ) = ax

(X, 2)0D x (X, 2)0) — xT
(o, B) = af

=
o

%A 13.(1) Show is continuous.

(4] 13.(2)= otefl)

(2) Show L, ~id (rel zp) : (Similarly for R,,)
H:QxI—QF th53 Zo] Jo3eh
H(a, s) = a, ag(t) := ao F(s,t) where

(07

= Zt s-levelo| A Hl 2z RS 022 YA FEE linearsHA [2 H
Y= ol E}?/‘r/ﬂ e 0 <t <1—1isdu g0l HEHATDI} aF
7}+= curveZ} E T

ol wi, H7} Ly, 2}k id AFo]€] homotopy Y= H o] A}

tﬂx’] H(] Lx07H1 do1 o Z}Uﬂﬁ]—{j—

G:OxI,xI, » X2 Ga,s,t) = a(F(s,t) = ;go W G =HolnZE, H7}

A% Hol7] AL (7} A4 Qe Kol FEsich. 2dH), G
GO x [ % It MQ [evaluatzonX
(@, 8,1) — (a, F(s,1)) — a(F (s, 1))
o} 2ol A% LT FAo 2R A%o|th WA L, ~ .

A2 5 Suppose (X, e) is an H-space. Then m1(X,e) is abelian.
% %A 13.(2) (Hint. Almost same as the case of topological group.) g
olAl Ao F A2 HYH = BHEATEE et

wSA4e 6 Ifn>2, m,(X, x0) is abelian.



