MATH 3240 "'Ow\mi Feb 4.
Lﬂcbuc C\

T(AJL ’““F‘F“'“S \‘.’AUBAY in erwlﬁﬂu‘r\ Qo
C’(LQQQ(L "Wm Uun(on oﬁ( /(&4 W\acﬁj ’F &~ JS
?Bc@'m‘omi: et {(')(L,/L;)}iq be @ - colle cbion &{E‘
prirase difont spaces . Grve: U e plapy
W(’f{\ basis

E'—*EUC \cUIX°‘ e G ‘F"* svwe 1}‘
TCW\ witfe A {'“(39\08«)7 U X-C s Cj.cmo{.act EBXL

vex Vel

and 1 ca.QQe& “fe* olticxdz SU-m4. ’h’()otojfco.ﬁ SWA,
oY C/OFYOCLU.(:L.

coposihon : : S £ and omly &
oy, € Ti Hor ol

Eo_{: [ xercise (vvuvggd be on M@\Wd )

M:Mote vH?\ai We can &LGM”"&Q “l’b(ao[ocaj DN

@XL o SC,CGY\CQ wﬂ: W\Sichr/fea 1aclasion maPs

(€T |
/@;ZX;'—’> @XL = LG)X‘ ‘/]C\e ‘leincs'{ ‘{D(Dob?m on

UX; makina F, conhinuen v ol ¢ Gie e
tqﬁr\aﬂ ‘*Vrvlﬁ’@ MM&L EJ {‘f['}‘:eI) (|

A\l



z'/: { 5= UXL\ /?L.‘(LL) IS open in Ku@’" aﬂt}

LET

3\5{, SN e .ﬁ; s g inclmusiov\ W\QP) "ez“'(u'):unxis_o

= YMC C‘,‘)IX{ I uﬂxb K} oPen N XL @’" d.ﬂ C})
W'/\(olr\ IR exac{b:s AHoe oQLScri(JﬁM O'f T \\b‘\‘e»e lask
PYo@e/xfbm \.’Tl;\rs GLGSuig{TM doesn' reczourc CAK}‘U\YH x; 'l
’@__Q_;g'- 1(\ YVLoYe cé,zmro.h"’b‘) ii ﬂt(xi}cef i &
collechom 'rf Q@;@_ﬁ_&_jgﬂ_gt sets  than
'C(d) :{ uc(ek_)IXL l un)(i 1§ opein n XL {lwwej ie]}

¢ callled 4{2 weale h(h(ﬁa Pvev chL deecanined
\m() k. Gite

V\f@. CoNn  USe "fe\LSL wngﬁuhms' /('b r W'ffex”fei& uq{
\ ‘ otn 7 nol |
gubeets vf tfe saume afau)
'@3@; Let X and Y ke ob‘&\&owtt paces, and AcX nWMP{r
et £:A—Y be any map, and wrts B=§(R)
Defne  an wivalbnee redaton om XuY loa
A~ b ";F (&)—,b’ and X~ X {w all. Xé)(uy.
Co -%e 4 wi valence elasses are

(AT DY, and siofitons




'fr(um )(&)’/v 15 called e space oloteined, ba

43/&4-”\3 X andk Y a(mc ’F., oY X and \/ a.(cn/ A and
B \((&f. We wecte )8\)*\/ snﬁf‘:{a& a—( Xﬁy 3

Bt ¢

X Y
=D
Thew XU{ b = ) :)) with b 4‘0‘5\9(033 o ex(élc»(.

T “Hu gxcmﬂ cake whake X,Y € Z are ngjmr\‘k su\a&fn(u
amk A =X, 0\'&.0\ “re"-”f( Woan e1ui\/0j£'/\dl cd\lahion on Z.,
Simf(cu o b’»?"*’l: S‘”UL ’() X—')Y we Ciﬂg\'ne 4’6\1
cﬂu(wﬂuxu; claraes —  be

(Y 0F (Pl » and singlabns

‘Ttw,\ Z/N 15 obtained fom 7Z \03 5{**“\6 A wd B
vie £




SO xug\/ Comed (rom W A*?jm"rt PaLeH, Z,‘ i
Josn o fua e il

E)(amél CIJY\SRCQGJ )(‘-;\:O,\i\ andl \/:LL 51-

St A=1o,1} andk fA—Y b {0)=f()=2.

e 041,72 \'dl.anh(-)\‘c&
1 [

We could akso st A =X and &afwrm ‘F-.A——>Y

" e (o e
b= 5/2 \'f X=4 (Rl‘-&u‘{ V\ceoL m‘( L:e
3 4 x>k oncbinuowd M thT exa >

Them X\)4\/ o hombl spac:

'/ ; \\\\JL %
)

in Fa./{:icuolcu) note v{’ﬂ?ud’i’ﬁn imaa/a C“f y vaeu_
O\u,zrlwv\t X@% 7 obads \at (1;(:1;112/\,
ff L € X&) rtains «rh image 5, g |
’(u) ~ j C\(/Q_\, “Hin
c\ N an OPM untom or zc]uivaﬂw.u, closdeA. ’Bu:t

“than 1"&) mast onduin an open nblnd st yd(5)5)




\\enq (1“((,() must Lovitouin v/feu &flu,(Va.&.n& clossen

B uid and [oh)ultl Ta pubesls, every

open nelaﬂ\mwkwci o CL(/S,) will alss contann ct(l\ cmicl(g).
‘T(mu V{’E\ﬂ \mazy a§ \/ N X® Y/J v \ONQ

Lessom U—wweﬁl: }\Iai‘fﬁu’r 01{ +these
X nduzgn N — X@%

7/ tacluion X S \{ X@%
s o 2w bedcin (hameoMm((\\Tw o s tmac&e>
Twn “l’c\z {L\rS{ o we had X /Hzﬂﬁioq ﬁ&el€ So

vrp\,o. vvta() waA st \v:'ledt\'ve,, |
T e cecomd case, “the #lowlo]} s Y was torrile .

gy XW&Q, 44%0\,_6@\, e struchun 'J‘( \f < i‘mzé—crucflf

P(D!)e’&fhc\x Sq‘O‘)m X aﬂA \/ ave "'V‘F-de/\caﬂ .‘DM,LA
wnd Ae X closed. I( —f/\‘—"y i continuous, “Haen

\/ inclu.S\‘m\sX@\/ o X@% -~ X U_(,7/
Goodn ew\kcol&ag,

&_‘_’f;t‘ Give e (‘/G'W\M‘\"“\ above a name, call] b
6;\/,—»)(\,”/_ The foroula 3(\1)"‘[\1]




. ?‘G{' @ s m‘jedwe: ':q 3(\1,):3(\11\ +than
ixt\x"’ LYzl /WUL eo\u\vaﬂmw clas of \16 Y 3

J\\ﬁ Ui:((\\i_)) , S© \i {—\‘M - [\’wgl is ast ""’3" ‘safcm

So?b‘,zt {\3\} US“(W‘)L: (\1115 \}‘P(\fz)

$0 1, = \/2 ;
Also, % 5 tonhouoy Sina b o the cm(ac&rhma'@ |
Y XY (by defation of Al bpelogy mXﬂ»‘/,)

4’6\\1 P} c,cvd'\'n W oWsS

ond X@\/————) XeVY - aso comtinuens b oLCflnrb\m J-F
4 e tpobgy XYL

We show s an ewmbedd: {
; 3 5 : CO\LLlfo sC 1€ ac (WQQ
Duppese Dy T doted. "\‘C\M
S(B): “ﬂ e XugY| ye®y - “\ﬂu("(p\ yeBl 1
fllons Ahet 3@) s closed o and cm@ 4
U({S}U‘r‘(\/)) 5 closecdd in )(a)/ (B\L’t Obkrve“l’e\ajt

\’eB

U{\ﬁ U‘P(\‘) - U{\ﬂ v UP(Y) =B U‘(—‘(B)) N
ye®

7’66 Yeb

MC{ ’("(B‘) 3 cloged in 74 D ‘€ 3 onhnweuA,



This Have s a closed CeX aucy tht
'® = (n A, theccfoe

Pul®) = Bul(CnA)  and onsidered a5 a subset
O’F X@\/ ’fe\d 15 doged  since
(BU(CQA>)(\\/ =B s dosed, ank
CBU(C(\A))“ X = (nA v cloged qinc A C(o’s,e,,(.

T"\M 3(8) S c\oﬁxd N )(U{,\/.
’//_—_’_—’-——'ﬂ



MATH 3240 7090\0331 (Feb G)
Leckhwee VO

The wmoral of Hhe lant \\‘)YLW&‘M 5
T we want 4 considar paces XUQ L.
reaxonalp nice *lvqao ten we restatk 4o X eloted
ind £:A—Y conhaweu
Example: Let  Z = [0,#lam). set X ={ofx[o,1]
Y:{i}X[O,ﬂ) ond  define '():X‘_’Y \aa

flo,+) =(1,1-t). Schamarteally,

\ l P oA ¥

m\ Z; TS o Hb'b\\,u ‘ou)ai k/‘

OU\A vte\,a 1ma48( '>‘€ Y ' 72‘!; &(ﬂpe«rf as an srrjﬂe(v&
whidh  cuts M i o %\néb. wnhuisted S““ﬂ().

Example. Lt X =% \dsske, A =X, SPéchClca.QQuj
%=y (x,»j,z)l x1+~(2+z"= { 293/,_} and

A= Xn(b&qs’z‘)\ i—'@g_}

et Y=7Z =lod x[o% P Al previeus examfﬁ.

n Sphef(ca.,o, LOOYCQX"OSLG) A’{(T.@,(ﬁ)\ =l 6‘1%) 9e[°»‘lﬂz,



[(£:0)) f 026

“Dehne A — (T,8,¢ =
Debne f1A—Y by 4(r.09) oz ) fxeern

Tn F’wmresg

/—*—\)

TQ\Q, \"iSLLH'\nS é?a,bt s o '>Fe\.u‘e wﬂ(’« an cct(u&u&
Mobias  band | sewn alnnf) o cicde &'

Eg.__gk_.'- X‘\_)_?\/ i< hMeomorQ(Mc “(‘0“"61 cead ‘wojed*ivel
W_ ’m S’Zwma ryg \/ TS sowiehmes (AQQ(& o “CY&.‘LLL\()‘(,
Some’ '){2 ’fa-& *‘1905 Uf Qf\acu we  conshudk ‘H)/»G wag\
are (f;‘{.‘l)_ Manfolds and CW - complaxer.



.®Q€\mﬁw\: .A PAL X B & mmq’il& (an n-maudéo\oD
é 4’&.{; &&(meca (,cmo‘.(h'oﬂs eLce Scd'lsfzieo(‘.
(L) X \ S \"’sto\m%f.

(jt’) X 5 second cownckal,
(i) For eve/nj xeX Aleres an open e U ,,-4@ x
S\.L(J«“fe'\ct(f w s hcmeow\ww‘ﬁﬁu-c *v'\_’)“={(x.‘-,x3€?\iﬁ<1},

Hee, n Ao dimensin m{) s MML@(CL X.
Ngt,_, «y&a:t -/rew Ohmensi‘% i< wem«&e%rmok {«Q and m\a
T R =>n=m
’Ie\d (3'»\(«»« {Ybrv\
Theovem (iﬂmﬂmaaf'aomm, Brouwwer \412).

—I“F (L< K w open and. 'Fi u— Rﬂ W oan QW&LS)
thon (W s ReN. i R

(‘70:0(3 1$ W(’,\L bﬁv'GnoL ‘/\‘eu‘s (ourse , udes alg,(\o‘rafc \v(tnbﬂ:]}

Car_o}_tg_ﬂ(: R« R™ H wem.
?‘Z“ﬁi Let %:TK“——-?TR"” be a \Amm»@@ww el
ppese WLOG thad a<m.
Let LS R™ be an open sel, ~thau a‘(u\ T pe, wonaphy,
Fx  auwmbens om0 Gy ~50mE R and debive
R —R" oy C (%r %) = (X o Gy 1 B ).




ﬂu» LQCS'ZRNF—P‘E‘M IS an ewla(uhay an “fe{
N vavian we J"' onMw\ “’\'()/Mu\.« iM(lLC)s *‘(’&ai/ Coaﬂ(lk)
s O.Pm. ‘H‘UWQ\:U "{’6\!’! 3 rofy ()0’5’51%1 *‘i’eui. alka.g( a%

C 3TRH"_’RM ' S ’\Rr‘x{a«m o o *{a"‘} g.lRN\ which
hag QWP{B 'ln“t—(,vrfdv‘_ Cm‘\"\'c{c‘%‘c,“m‘f‘.

Eq H m-2 and w-d tRene <tbo ‘““3“’(‘)
e would be R¥a) | o hovizevdal line

ESRUEUP ( ,_-zimg"c‘gt,

(’V\A(?t’:) ineiior.

«
)

—

/‘-/"/"':""//

M ' Gome Aexts o Mamgo(cts 4o be V\,ay\'H‘duMﬂVH\
"\/C\\f &OQ) r\u’h imvweALa.‘L(% _Pouaw ‘ercm "“E\Q W\O'S‘\ Lru_c,td-—Q

A, e s (i(().
Weg). Considar R x§0% @R*{&} - X

/

w heve ('X.O)N(\")\) whenever X'=\/ and x<D.
To we have

¢ Sy

W “Amdoé Zew.. ‘/(fv; Awo Zewog (556 aad C0,0
oee ol Hawgdoolf g(fwoie&, e eve»:] I'awvvt .
X has a ﬂet‘%t\bew\nﬂd homeomeghve +o (-2, €)



Examgé: "l/l\p. rcal PY\UQL'bm, P(av\,z, S a Q'Ma.ntﬂ(g(,)

pod sy

LI -
Exampl: (fonsider e slid 4ory D> xS
I
=

Take two  dugjeirt solid Aew X=D*x8'x30} and

V=D S {4} Let AEX be Ao suface A X, spm(%mﬁ%
A= D*xS xjop. Note —hat D> < s we

con define o map £ A—>Y b&)‘?(x)xt,o):(\j,x)k\

—This 8\Mu~l’€u fws  suefaces o{ % dwd. Y ba

: swrhhmé coordinaden

< D

C’(Lu r&SW(’hﬂj sPagL ccurmo't bc c{rcwé“ W 30( :R 5
"fe\,& 3‘?&“1 (MDY“COMMY&AL"\'O Tt, cc{ (ﬂ.m)

S22 { (K % %) SR | %242 e axi = 1Y -




"Dg_ﬁ‘;tf_ﬂ A Qw- wW\peo/x s constructed ‘ea,
(Alqu celhs. An n-cell

/Dq:{l(xn-')*n)e@q\ X?*'--*X: i\}
ie. O O—ce& Ao &acw&, , & i’CCLQ ‘< i’(x‘ > Q@
9-cell e wndt sk, et

A C,W' (ﬁ""‘(ﬁ'xx\s (b'Y\S*M:\uL aA ()'Du_}swg:
BQB’M witl o dsscrede space, Hfe O- suﬁfnmf;e X weithen

AH’O.JA 4-cells 4+ X wa meps X,
%:D['l, q = {-I, \} e X". SW(JI\ \"f\fa\-(?"g Ar e a\wo.,d/s (/m-kv\u,:,t/;
since {-L,(§ s a descrete o s "rﬁe rcs;Hinj npace 3

Eq 6\0 e | -sleeledon X

AS’WM“"S we have construdked Afe - sheleton X,
M (o1 )-sheleton 15 obtatned aﬂm%wgcm)w&
T g el S DL ) :S“”"_’XA-

T4 s proceckutce Fevminacker, (iiwmru\;%

X 15 He dimonon of <t bighest dimensond edl



ECLL—L(\/Q,QQVCH/«‘ ;

TD——e_-f: A cw ww\‘seuc o span )( and a colleckton
of A(g}m’r\{ pen cell e {CQ}MA whose unt‘mrs)()
cobhstyin
(V) 21( C}s‘s Hawsdortf
(2) For eadn @i an m- cel&)v\'e\uc exists o
Lonbnuews map f.0 D™ —>K magpoy ‘wamm@my
o € ande caveqing DT iate X Laite wnion
o{z open cell s 0£ dinendion U&%%e\uv\ W
(3) A set FC)( < closed w X H F0E =
(,L@Secl T Z'c 'FDY G(L(JI\ O(GA.




