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O Let By ke the set B with 4ne topology given by the basic

B={lab) a<b and a, b € QY. Determine the closure of the Pollowing
Subsers v Mg,

() (1,47).
M We khow that (1,42) € (1,42).
heail thot x 15 a limit paint of A i every deleted nbrd of X
intertects A. (14 x € A, then ewvery nbhd of X intedects A)
o X<|, 4hen a nbhdl oA X s [a,l) where a€EQ, A< x <.
We have tnat [a, NA(142) =&

Therrﬁ\n”/ every x| ¢ not 1n (-IT,{;;)
I X2z, then a nbhd of X 13 [qlb) where a,b€®)ﬁ5a<)(<b‘
WE hart that (1,4Z)n[a,P)=d.
Therefore, every x4 15 not in (1) NN
Now we want to check H | and 47 @€ in (1,42).
I X'-", then a T\\OL\O( Of X S [ﬂ,lo) where 4‘56&) as1<b.
We hare thad [a,0) N, &) =(1,¢) 77 (c= min{l42])
L ce® St |<Cfﬁ(;’hmm, & Smaller)

Thecefore, x=1 (s in (1,42)- (17 ¢ Q)
H X’H, then A i’\bl«o‘ of X8 [“1‘0) Whent a,bé(ﬁ)) a<dr<b.
We hare 4rad (1,42)N[a,b) = (¢,d2)?#

Ly ice@: 5t 14CER

Therefore, x=4Z 15 in (L4Z).

Thus, we conclude trat (5" [,42) wm Ry.
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Continped.
(7)) lf{ {\ X'”) y be a (0"‘1!"\!0\13 ar\d ,T}({hw h\aP bpprfrl +U}zﬁlf’q!'.f:;’g paces D,

and Y. Prove thad ff X 1S compact and Y 8 HauSdorff ) then { is an
244 b(’({({rng :
—ri(— Sinte £ (s continuous ard N'y'cm'vcf) /1 suffrces to prove that F
15 closed.
Let K< X be closed.
Closed cubsets of compact cpaces are cormpact.
Since K closed, X compact, LEX = K 1§ compact

Twe continuous image of a compact Set 1S compact.
; &
Since F conbnuous, K compact 2 £OK) & campact, fK) <Y

Compact subsefs of Hausdort€ spaces are closed.

Since {(€) compact, Y Hausdod®, £(k) € Y = F(K) 1S closed.
Therefore, if K <X is closeel, then F(E)EY 1S dored.
Thus, £ 1S closedt.
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Conhnued. . L. .
(n) use part () to give the fund amental group of each of the ﬁ;l(ow:‘r\f Spaces. :

(1) R* with the ongin removed .
P w7\ 1,05

T (B*\§(0,03) = M (§") = 2.

O

(2) The 4orus S'xS' with one point removed.

fi: def. red A
ef. red. ef ret. def.red.
— 311 = = o9

=C'y S

pet W= ) T

U s path-cenn. open. M, (U)*= m(S)= T
et v=0<p bt~ ¢

V 1S path-tonn. open. a1, (V)= n,(S‘)‘Z

Obsexve that C'vS'=puvVv

U AV (¢ path-conn., ardl ronempty. i (unv) =0.

Since UNV 15 fl'mphj conn., we can ure the hllowrrg verrion of
Vo -kampen T, (S'vS') = 0, (UUVY = (W) * (V) = T+Z.

By part (i), (T =1(s'vs)=7LxZ.




Wucd
) let X be ‘ :
' e a fopo(og.m! Space obtained by takirg two copies of real prjechve

plane P* apd dentifin .
0 95 Al 0 Vl‘h{:yng a fmﬁ'é point p rn one cory) wrth a cirgle poird
r apy. Determine the fundamental group of X.

FL: we have that X - P*V P whee P B ave the two copies of +he
veal projechve plane.
WE Would lige +o use Van-Kamgen.

Let x be 4he wedge point of X.

Bvery point of P? and B* s an intenor point, except the wedge
pomt, so let B, <P and B, €F° be open nbhols of x that are
\r\omcomorpk(c 0 +he unit ball in R*

Let U=PR'UB, dfret p2 plc B, 'S anopen unitball in P

—
U 1S open, path-connected. Ty (u) =1, (p*)=2/22.
Let V= P;U B, def. ret. P:‘ blc B, 15 an opem unit ball 7n P

—_—
V icopen, Pa’(h'(mn(d-ea(. m(v)=1,(%") = Z{2Z.
Ovserve trat X=UUV.
UNV=(P2ug,)N(FPUB) =BUB,
WAV (€ norempty, apm,ano( pM‘h'annecf&{. m(unv) = m(8,uB.) = 0.
Since UAV 15 simply Connected, we can use the FD“ow‘v\g Ve b
Van - Kampen 11, (X) =71, (P V o)
-1 (WV V)
= v, (W) * T, (V)

oY R 7

Thecefove, M (X)=2/2Z > Z(2Z.




