0, True/ False.
(&) The connected sum MAN of two connected 2-dimensional manifleds M and

N satishes T (MEN) = m (M)* T, (N).
PL False. (14 would be +rnee for n-dim. manihlds, wheve nz 3).
(ounter-exemple: let m=N =R
We have that RP23# RIP*= K, where K e 4ne Klein botHe.
Then T (RP*# RP*)=m (RP>) = 7 (RP*) = Z/22 * Z/22,
whereas w1, (K)=2Z A Z, whith kas no element of order 2, <o
it 1€ not 1Somorphic o Z/2Z2 > 2]2Z. =

(b) There 1S a (ovenng map from the torus TH=S'x S! to the Klein botte.
PE: Observe that 1 We take a tous ard draw a line in the middie
as follows, we hare two Klein Letties.

' a

(d) Let X be a commpact space, et X be a path-connccted space, and let ¢ X=X
bt & covening map. Given any xéX and X € p7(X), the number # ¢ '(X) of

Sheets tovenvy must be equal o the index [m (X, x): p (0, (X, )] of the
Subgroup po (,(X, X)),
Pt Falge, because X need net be poth- connected.

Counter-example: Let X =S% and X=52xY, wheve Y 15 the set
fo,1} equipp ed with the diserete topology. (We con think of ¥ as
the digjoint union of +wo Spheres).

Then the pryjéction map pis’(-—) X given by (X)F X S a Covenrg
Mag, but the CMdc‘f‘d,ify of eath fbec s 2, arol since M X)) &

tnviel, the index of +he Cubgroue S . 0




Conhnied. .

(e) Let X be RIP* with one P‘”’"‘I' removed. Tkem 1, ()() o Z) where =" .K
Stand( for the group (Semorphism.
P True.
X def. ved. ,‘dmﬁ@y
@ AOB ] O P
(juct the pcn'mekr)
m(x)-m(s')-Z. ¥

() Let £: $2sy §2 be a conhinuous mag Swoh that Flw) # -w for any wé S%
Then, the map f Mmust be homotopic to the dentity map on s
ff: True.
Let id.: T given bj "dsz(b‘/)"' w.
P R O i L) Rk kL L s

M- H)F(w) + + 1d (@)l
Observe that H 1€ ¢+S Since it’s the produet andl sum of c45. Enf. |
Arst we will show that H ¢ Wdl*deﬂn(g(l:'.(., {l'”-‘(W)*‘hd_g:fw;ta.

(-t)f(w) + t idga(w) = 0 = (- ) f(w) = -t dca (w) |
“(l"ﬂ\c(w)‘k -t \'ol.gz(w‘)u

since [flwli=1 —— jo-Hi= -+l
i l‘dsx(w)""l -+ =%
1= 2t
St=3

Plugging in 173, we get: (1-3)#(w) = 5 ide()
3 4{w)= o 1d52(=)
F(w)= -1dgalw)
f(w) = -

2
whith cannot happen Since flw)#-w for any W€ ¥

Theretore, H 1S well-defired.
Now we will daeck trat H 15 a hometopy:







(nhnued.
@ Let X €R® be the unien of the unt sphere §% with the line segments
f(xlyl )eﬁ';l Xy O)X +yl-l.|i Cbm?uft ﬂ|(xx3 W(+L| X,’(0,0 l)

P Since X 16 path-tonnected, the furd. gp. 1§ independent of the
bafe point up 4o vsomophigm.

h 4 ¥ Womotopy "‘M”
) ¢ tollapse ove
0 R
(0 57 C‘l“"‘l""“ +qu +he % ge) orte ®
x move all wﬂl(ﬂ 0“*“” "F haroto(
‘H\C dremeder the uale eq'uiu\?_.a(yt
4o one point

clyS'vE'VETs @

Each space S'ard ST (S locally Euctidean, o the wedge pont hos a
nbhol in each spare trat delormation retratts 1o the wWedge point.

So uling Van- Karnpen, we can take the furd. gp a5 Dllows

m(X)=n(s'vsVvS'vVeEL)
(5')* m(5) = m(s) < m(s?

Z2«7+»7+0
S N A
Therefore, T (X)=Z*Z~ 2. :
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