M'\guel Yulo Pro8 SET |
| am gva'k'ﬁ.l )\ TNP"‘ Rodelas -for hig valuable 1ustghts.

(1) A set can have elements which are themselves sets, e.g. {1, {2, 3},4}. A set can also contain itself as
one of its elements, in which case it would be called an abnormal set. Any set that does not contain
itself as an element is called normal. Now consider the set N of all normal sets. Is N normal or
abnormal? Show that if N is normal, then it must be abnormal. Show also that if IV is abnormal,

then it must be normal.

A hormal set may be defined Gs
ng n

Aw abvormal sct may be defued as
nNeEN

NOtC that These two J"flm'hohj arC Propo.smold
£ and oulb £ n 15 a set.

Consider a set N of all normal sets.
We defue AI qas
AN:Vn:i(hen & .'_‘El‘)

Definiton of
nor wal set

So, is N & normal or ab norwal set-7
Is N a set at all?

Le‘t'S ASSume M 15 normql, SD We assume
that it i true that

NEN
By the definthon of ﬁ(
N¢Nlatvuc;';£> 1(NeN)

of



But l>_<9 e definton of N
_'(NGN) = NéN

OGN thn of

obnprwmal
get-

Ths is a coutradicton.
Thwis  “shows” that (£ N Is normd,
then tt is abnermal.

LetS now assume it is tvue tuat
N ¢ N,

or € quwalemtly that N is obnormal-

Eb the defuihon of €
NeN is true =2 1(NEN)

oI-M
Ths 15 owce aga 0 cowtradicon.
They “shows” twat 1f N 15 Gbnovwal
tha, it © norwmal.

From {‘hcse two ocvx'hradlcmus we MGZ) not
e aluate or decide 1f ’blt. proposthion

NEN

1 true.

We couclude that N 15 wot 3 set .



(2) [The difference between two sets A and B, denoted A — B, is the set of elements in A and notin B,
ie. A— B:= AN B¢ where B¢ is the complement of B. Decide if the following statement is true
or false:

A-—(BNnC)=(A-B)n(A-20C).

If it is true, prove the statement; else, provide a counterexample.

Diagramt: A =B = A /) B

<2

Diagrom 2: A - (Bﬂ(_)

<2

Dlagram 3. A-C

o




Dagram4- (A-B)N (A-O)

&9

We gre taskd b evaluate
1£ the 'Fbllowung s tatewment
15 true or false:

A-(BNC) = (A-B)N(A-C)

The LHs s represented by
Dmgvam 2. The RHS s
"‘Cfrcsavf.ﬁaf bv D\agraw\ 4.

As can ca.sdb be seem,
Daq@vahs 2 and 4 are
not ,in gened, egual-
Twns, twe g statommd
5 false.

TV\C Ih(,qlualdp of Dlagran 2 and q

SeyveS as our Counlercxample -



|‘€ ‘h'\t d(qu(‘dv"\"‘ atic |llushahon of a
counttr-example is msufbcient for e

rcad% et s '“hs-pa'(c WI.H\ ‘n\f 'Fb"owwy'-

Let

A~ {l,2,3,=1,55
B= {2,34%
c= {)45s]

Then
A-B= {153
A-c= {23
BNC= {43
(A-B) N (A-O= &
A-BNO= {12,353

{353 # &

LOA-(BNO) E (A-RBYN(A-0).



3) (3) The symmetric difference between two sets A and B is defined by AA B := (A— B)U (B — A).
Decide if the following statement is true or false:

AN(BAC)=(ANB)A(ANC)

If it is true, prove the statement; else, provide a counterexample.

Diagawm: A -8

D(‘tgraw\Z t AAB




Dmovaw\ 4: ANR

A

D;qovamSZ ANC

'y

8

qugmm 6: (AN B) - (AN C)

»

Diagram?: (ANC) -(ANB)

)

>




DmgramSZ(Af\B)A(A/lC)

Q;,

Dagram [0 C -B

(¢

Diagramll: BAC

‘>




Diagram (2 AN(BAC)

We ave asked prove tue
stat ement

AN(BAC) = (AMBA(ANC) .

Twe LHS is showw in ijmm 12.-
The RHS is Showw in Dlagraw\ -

I+ can be seew twe Buo D(djvmnj

ave cqwal-

The, it has bean dewmomstvaled
that

AN(BAC) = (AMBA(ANC)

s tvue.



Ll ) (4) Let f : X — Y be an arbitrary mapping. Define a relation in X as follows: z; ~ 5 means that

f(x1) = f(x2). Show that this is an equivalence relation and describe its equivalence sets.

Let X awd Y be Sets.
Let
‘f' X7 Y/
be an arbdlmrb mappmg -
We. define a relation n X

We must show that this iy an €quvalence relation.
We mist show it 8 ceflexive, Sommetrc, owd trausttive.

R El@xwl’a,q_
Bb e al\lev\ dEﬁndm\,

(X\ NXz) =D "f(x-) = 'F(xz\
Thws,
Vx| € X.' {(X,) = ‘,F(xl)

U0 T velahow is reflevve.



Syrmmetrtc
% X, = ($00) = fon))
£ (x) = F00) & F602) = £60)
FOa) =F6) = (x,~x)

Xl ~ X2 &> X2 ~X|
Ths  relaton s symmetvc.

TV’GV\S l‘hm‘l‘;,

WC know X\ VX2 = ()c(’(l) ':"c[’(ﬂ)
Now let, X ™~ Xq

Thus,
Xq VX3 = ('F(xz) = flxs))

Xa X1 A Xp ~ X,
= F)=FO)A F66) = Flx5)

—> 5’ (XI) ')c(x3)

- Thys velation 5 trausde -

" S\V\CC fus relation 1§ Vetlechve ,59MMC‘(‘WC,

ond tausihive (t 8 an
Equwalimee  Relation.



Now, we mugt describe fue  cqutvaleuce classes
owd  Ruohest Set-

Wﬁ Mab d(:fme tln(. EqQ nivglence classes
Edch equwalence closs contams all XEX

St- applymg the map gues tie some
valug fod=YEY.

The entails that eachn equnalonce ¢ luss
pertamt v 4 olishwet value of y-

X]= {x,ex Fox) =9, €Y]
1= {x€ X1 #0 =9, €Y5

D] = (VXX 31 4 Y] S0 =0.]
bn due guuem, X K = FEI=S60),
[%] =[x:]

The Quotieat Se€ & thus
X/ = {[x]l?l!geY:Vx ex,:,:,t(,,,}



5) (5) Inthe set R of real numbers, let = ~ y mean that « — y is an integer. Show that this is an equivalence
relation and describe the equivalence sets.

In IK, we define twe velaton
Xvy=> (X-y)€Z

We muct Show tuat this s

an  gquvalomee  velation.
RC'HCXIVl{*Q_

VX €R: (X -X) €2

X-X= 0€Z
o Tug relahom 8 veflesave -

Sqmdec

X~y =(x-y) €2
YVUX =7 Y -X

Let x-y=b,
then bez.

bEZ = b-(x-y)=0EZ b= y-x£2

Tlaus,

VXY ER:X-yEZ , x~yedYynx
T Tws  relahow S symmetvic.



Transihuity

Let Y~z
Y2z D Y-2 €2
Let y-2=C €7,
then CICarly
X=Y+Yy-2=x-2 = btc€z
L Ths is ewsuved by the Closure  propecty
Of Infegers vwmdew addiow.
Thug, Xvz2z=D X-2£€7.
Vx,y€R:x-9€2, X~YAy~z = X~2
S The velaton 15 Bransihoe.

S, Swmce fus relahon (s retlechue 3y mmetve,

ond tamsitive (£ s an
Equwalimee Relation.

We now ned B detme
Equaleree  Classes owd The guotiat seb -



Leﬁ /X3 dfﬁme a funchow
frac(X) tuat gues ¢ frochoal

oF q real wnyumbe- e So:

frac(D=0  frac(125)=0-2¢, fac(3-32)=0-3¢
cfc-

Tue range of frac i tuorchove [0/1)-

We Can now SEC uat  fhe ngvn{eq«-
Relabon  holds

VXy€R : $ractx)= Fraccs
Let ws defwme an a si-
frac(x) = frac(y)= 3
Thay we  way defme  equivalace classes
HE {aé[o,l)l X-Y€Z }

for example ,

[0] = {"v": 0 l,z,...} =7
[0.|] = {.-,-l.l,o;, '-LZ-I,--.}

[o038)= {29535, 095135

The Quotient Set thew yeelds
R/~ = {[a]] a€o1)]
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TOS% Rodtlas, Rovald Paugavibon,
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valuabl ¢ um,H’S aud  Guswes
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(1) [MC, Exercise 3.1] How many topologies can be put on: i) a set that has 2 points? ii) a set that has 3
\7 points? iii) a set that has 4 points?

Bb defuwchon, 6 Topological Space s
he set X awd O] te Topiogy ou X
Wvitts as & double (X,07).

()(, U) Sa‘hs{b '/\,ae #llowmy Cowdrhous *

i) ¢€UWMM ¢i$ora\, omol XékaMX IS optw,
i) AJRED meaus ANBO ,s0 ANR is opew
iy Let Cbe an avbibavy wdex set. Gun Va €0,

we hod wat UdecA.\ €0, and 15 Mus oplo.

Let T (n) be e wunbe- of Topolosies frat com
b" 'Pla,'l' own a sct Ull’h;\ n Polu‘t.\'/dfanutS.

T‘MAS, ‘R)v-
n=l:

X =
We owly fiud

o: {¢, (8] = {gx] =|T0=1

{
8, 5, {123} = |T() =4
{Cﬁ, {ZS, i'ﬂﬁ
[d’/ 0y, 123, {I,zﬂ




¢/ {'12/3 }]- {¢,X} =2 Tral =2 |
{0, 15 ]
{(7), {7-3, X} =2 u’"ﬂ, only Swmglefs => 3
{0, x|

{0, 180,38, X]
10, 1803, X3

, 0y, {n3d, X
gg, gii , g:,sj, )(% =) Sl:zlcfz m:um dowble =5 ¢

10, (4, 235 % §
10,01, {235 X §

{0, (10,2035, X]
{¢/ {7';/{’/2},{2,35,)(5 =) S'hqltfm aud fwo doubles =273

{¢/{33,{|,3j'{2’35 'Xi it is m



{o, {8, 23.x

{o, (i, (u3)xj = Swolete 4
oue double jf = 3

{Q) {31, {1.2§ ,Xf S ot In

(@ 0 &8, 025, X3
{o {13, 35, 133,45 = e Sugcs & ) 3
(6,005, b5

(@ 18 &5, 0125, 0133, 48
@ 1% &8, (135, o3y, X

{
(® M {z 3, 1133, {2.38,4§
(@, 08, 133, 133, {02d. X3 ’%“Zﬁ:ﬁ’ :;d =

lesst ome of

(% {z,m, R [RL S SEV
[, (5, 38, {128, {13, x]

{¢/ {d/ {Zi/ {3}/ {'IZG, [‘Igs, {21321 XE = blSCvck TbP l’ =)’
olo )
" | (3) - Zq




he: Y = {0234

We mote tuat e Maximuin Numbe of Subscts
ofa'lopolopyo'onﬂ set X of nelameats IS 2.

Fov- Cxample : (£

We we o result from (Bewowmhani, 2006).

LC(‘. k be tue numbe of optr
Subseks m gueshow.

k tuen ranges 2Lk L2".
T(V\): ZT(mk)

k2

T(n2) = | =2 Tewal Topolegy

T(n, 3) = 2" -2 =) Trwal Topology wh eue
h-"\aplc

We may use .Shvlmg numbes of
-(T“C S e cond kw\-d 'fvr k>3

k .
S(V\Ik) - Smk = -II?I 2 ('l)"(g()(k_j)'\
J<O

Tl g(vu Me numbe  of par hhous of 9 St
0f N tlameats md  k  blocks



Cowd&»m, C(Ilmh 'hapologu;
Cnk) = (k-!S (i, k-1)

' lﬂlsl BG/\OWM hani 9glves 'ﬂ"f walas 'FW‘ T(Vllk)
qlkely.

We twe. ph, m n=9 We we G Hable
of “fne

V‘t-vaed S‘hrllkj Numbees Qs refevbuce
Sqol =

Sua =?
Suy 6
Su,q-‘-l
S(4,k>4) =0,50 | owit tuem.
T4 = |
T33)=2"-2=14
T A= Sen #3153 = 3 434(c) = 43
T(4.5)= 3! Sm Sy = 3! (¢) +4'(1)= 60
T(4.6) ‘3 Ses *3 (‘l')S«m =3'(6)+3(‘1')(z) = 72
T(.3) = 2049 Sue = -(«)m =54
T(,8 = S.,,, + 14 Sq., 6+2-4' ()= SY
T = y " Sy T y[‘l')(l) = 20
T(“/lb} - ‘l'Sqq "L('(l)“'Z’-l
T4, = 0 = Al feews wim k>
TMER) < -I-z-"i-l Say = !

3 = 12
T(y,13)
T(4, 14) k =0 DA Jowms win k>4
T(4,15)
T(Y,16) =1

=) Distrek ‘IDPolegy

ZT(MM = 3SS
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(2) [PR, Exercise 3.2] Let X be a topological space. Show that the following properties hold.

2> (a) Arbitrary intersections of closed sets are closed.
(b) Finite unions of closed sets are closed.

(c) The empty set ) and X are both closed.

Bb de‘ﬁ“l.hohl 2] -h’PO(O ical SPﬁce Is
the set X aud O] tue fopology ouX
Wvittn as o  double (X,07).

()(, 0) Saisfy ’/\,\e #llowmg Coudhous

) ¢€kam ¢i&oru‘, omol XékaMX Is opth,
i) ABEDC meaus ANBO ,s0 ANB is open
iy Let Cbe an avbibavy adex set. Gun Vs €0,

we lhod fwat UdecA,‘ GO’, and 15 s opln.

Proy&,'lb D is related to  Comdihon i)

S iwce an arbﬂWth Union of opev\ sets
AUB is open wyrt.- - By defunon, ity
Cow\plemmt X—(AUB) 15 clpsed.

We can miwvpret X=(AUB) as (X -A)N (X-B) by

De Morgon’s Laws.

S wce

X = (aum) = (X-A)N (X-B),
(X-A)N (X-B) is also closed

Slvu.e. X/A/ Ang B ave oP&,\ 59 dtﬁmhou,
(X-AY aud  (x-B) ave clogeq.



Tuws, (X-A)N(X-B) IS an avbibers mtncechon 0f clssed Sets.

We  have theve five Shown Tuat 50 O 'hpologlca/
space, an  Arkihvary Inftesechon O Closed Sets s ¢loseq.

PVOP&J, b) it related D0 Cowdihon D)

S wece A /\B s Qn oplm set, 1S an ar L'M"b m'tonem.n y
£ he Cohplmo..t X -(A (\B) IS closed.

We can mtov\wet X - ( A NR) as a fwte Union
(- U (x -B).

T‘O\C Comflwa.t of awy opom get wrt o Tue fvpalogjO' is clased.

Slucc

X = (A NB)= (x-AV(x-B),

(X MV (x-B) i also closeo

Since X/A/ augl B ave oPev\ bl, dtﬁmhou,
(X-AY aud  (x-B) ave clogeq.

T\/lus/ (X'A)U(X-B) 1S 4@ fute Uwnion of clesed sets.

We  lave tuee five Shown Twat m a 'hpologlca/
SPQOG/ 1"“’- ‘ﬁlmﬂ' UWlon O‘P Cloged Sets (s C(OSCd



PVOP&r'l"Q Q'8 velated Jo condihew )

SM Ce X 1$ open Wwvt: O; bb dC'Am'ltoh
Its Cowp loment X -X 18 clpsed

X-X= ¢

S\w.e X"X 1 Closed wrt. O: ¢ 15
Also closed wvt. O~

SM Ce ¢ 1 open Wwvt- O; bb dtﬁmhoh
its Comp loment X - O s closed

X-p = X

S\\M,g X - ¢ s Closed wet- O;X s alsp
Closed wvt. .



3> (3) Give examples of topological spaces and sets in them that

(a) are closed, but not open;
(b) are open, but not closed;
(c) are both open and closed;

(d) are neither open nor closed.

We — can gQue examples of these vemg the
bopologueal  Space (R,0:), wheve O 15 fue standard fopdagy.

Addl‘homﬂb ,‘ﬁw claviny, we cveatt an dvbdvavy 'beolo’lcal
Space (‘M, 024)

We defne Twis as Hifs:

M= { 4]
G = {0 (35, {a.b3, M

Let ws fud tue optn Sets of M

Bb O,dt'ﬁudm., ﬁ,\g set of all open sets In \M 14
M.

Opom sets e M = i = {@. (33, {a.b3, M

To fud the cloed gefs 1w JL, we take The
Compleweut of Twe open sets.

Closed etsm ML= f=, - fa5, - {285, Wt -ac}
T wdds
Closed Sets w b= {1, {63, {c3,



We may how Give examples usmg (R, &) awd (M,05).

Lets fust mivodwe o,B ER, s-t-o £ .
d) Closed but not open

For (R,6:):  [,4]

We Show this 1s closed bb uo'huj LB Comp loment
R - [.8] = (-00,)U(B,+=) i opan

We show tws « not optw by no'l'mgﬂr any 3§>0,lhe micrval
(“‘J,$ 'hf) Will melude a numbe less tian
A and owe greata- 'hm$ Dbuo«sly,bncse Wumb®rs would ¢l;’"3]

For (JL, O:«.) : {b,cs and §c}

We ij Tuese by Compariug tue Ope 4nd closed Sets.
Wt hofe Baat ¢ anwd M are botu Op&. and closed-
Sb, n tug ‘tbpolo,tca( Space {L,C‘S And {‘3 ave tue oully sete
twat ave closed, but ot open.

b) Opew, but not closed

FOV‘ (R/QE) (o( /’3)

We show tws l;b hotng  thy Complameait
R - (“z'B) = (' x, °‘] U [‘P/""”) 1S Closed.

We know T Complement 1s closed smce (‘ o, °¢] owd [‘B/*'“)
botw mdude @ll faew bourdavy powts , oud ove  tius clocesl:
O\Wlolﬁll,, t™e union (_ o, 0(] U [‘Pf“”) aso mcludes ¢fl boundavy

pomts and 1s cloged-




For (M, 0): {a}wd (b}

We ﬁwj Tuese 53 Cow\parm9 tue Ope Aud closed Sets.
We wte tat @ awd M “ave botu ope and claed.

So ; Wt ‘(:Dpolo’ua( Space {3/5} And {33 ave tue oully sefs
'bﬁﬁf ave DP‘M ) buf ltof Cldd.

C) Both open aud closed
FOV‘ (’R/DE) . ¢/ R

B}, de fuchon, 1w aw, 'bopaloglcal space (@ is botnm opem
Gwd Closed: Slwtlﬁvlg, ‘Rr Ams, (X/ Ojc), X is boty optm
avd  closed: So, [Ris both Open Qud  Closed-

For (M,0u): @, M,

Bb 'hA( Sawme dc'ﬁm‘lou), ¢ angl \M ave bot. opsn And closed.

d) Nerfwe~ Opon wor closed
For (’R/OQ) 3(3,|>] ) Q

To check (315:‘ & wele open hov closed, we take 1fs
COMPIM'L IR"(&,b] = (-00,3]\/(5,-}00)

We See b¢ (‘ °°/3] V(b, + ) ,So It does nof inclyde
ove of I boundary Values, fuus 1t is nef closed.
lf we we aw §>0, fue wmtval
(-» -4, 3 +g) mcludes A value 9veqfe~ han d-
Tws  nuwber ¢ (-0,3]U(h, + ), 30 It 1s kot OpCa.



Since er Complement of (3,5] S neitre Opt nov ([ned}
(a,b] 15 alSo neither Opln nov oed.

& k the set of mafiowal Aumbe.s.
R <R

For my XEBQ ad >0, e tvval

(x-§ x+&) wil melude values ¢ Q-
Se, Q is wot open.

[k Gmplwat 15 R- Q-
For aw, & (R-R) avd §>0, e twttwval

(9'Jj 9+3) Wil mclade values € A -
Tuws, twe  Completmant ic not op&-~
So, B 1s wet Closed.

SR is ne e 0pe~ hov tlosed.

For (M,0): {b%

{L§ € not m tue  Optn Sets ju M, nov the Closed sets m M.
.. {l}i IS ALt opl  hMov closed-



LI) 4) [l\:yercise 2.14] By taking a continuous function f : R — R, f(z) = 2% as an example, show

that je reverse definition, “ @ map f is continuous if it maps an open set in X to an open setin Y,
ddes not work. [Hint: Find where (—¢, +¢) is mapped to under f.]

35 'thC 9[(1?#\, we kupw twe map +

15 Contmuous -

We  wust  thon just fiud o Countr- example
of e veveese deﬁlm'h.ov\ t show that [t does neof Lovk.

Lt YCR be an open set.
Let X CR be the set £7'(Y).

Swe ‘F 19 cou'hnuou;, we kuou Fhet
f.i(Y) S Opem P any X € f(Y)
Thus, X 15 opew -

Smee ¥ 18 opan, we canfnd £>0CR st

(foo -€ fen+e) € ¥

fo
(x*-€,x*+€) €Y
for awy xEF7(Y)-
So take x=0, x'¢(-€,¢€)
(-e.e)c.

T'AIS £3 Clcaf(b aw ope. Sel-



H: we e twe map ‘f'
If: ('ézé ) > [O/é.z)/S'lhce € >0.

We can Show that

[O/C') I8 Mot optn singe Por any
$>0

‘l;b\c Op mteval (O -4, éti- $)
wmll \meclude & wumbe- less than ).
e nuwba~  Loould obvwl{,}f [0,€?).

T'M\S, we Simee wt know F

Covhuvows and That 1t ks mapped an
oPﬁ. set m X b a hon- opé
set Y, thes The gu,
Froveese defiurhen  dpes upt hold.



() [PR, Exercise 3.13] If X is a topological space (with topology 7 ) and ~ is an equivalence relation on
g ) X, the quotient Y := X/ ~ is naturally a topological space under the quotient topology o, defined
as
c={UCY:n'(U)er}

where 7 : X — Y is the natural projection map z — [z]. In other words, the quotient topology is
the finest topology for which 7 is continuous. Suppose that g : X — Z is a continuous map of
topological spaces that respects the equivalence relation ~, so that z; ~ x5 implies g (z1) = g (z2) .
Show there is a unique continuous map f : Y — Z such that g = f o 7. (One says that g "descends
to the quotient".)

We assume (X, ) is a Ppdogical space-
The Quotint Y 15 defined as
Y= X/~ st (Yo) & a topological space. (1)
o= {UleY:T" (e (2)

where

T:X=>Y Conhnuous (3)
T X [X] (4

Suppese

9: X 7 } o Cowhuuoug

» respects X~ X, = 9(X,) = 9 (x;) (s)

T (wplies 4 topology om Z tnat we may Call 03 -

We are tasked +o show that tuere exst a umgue
Cowhwuous map § sit-

'l - (s)
£ X1 P£(02) )

2\

[}

9-.: :Fo'ﬂ (8)



X5 Y5z

./

g=foTl

We may cvgluale this Gueshon vsmg Che contmmty
ot the Composthon of  Contnuous maps -

Let us take a VEZ, the VE O -

To show § 15 confmuow, we must  Show

Prci.mm(V) = P"E'LMS(V) (4)

preim (V) == {x€X|(Femee V) (10)

True 14 4 15 contmugus = = {xeX|mwe preim, (V) cot (n)

True f T 1 onbuuns= = Preimy, (Prci.m.} (WET (12)
Whieh we kwow & 15 -

Thus, Preim;, W EU, U €Y so (1)

pream, (V) = T (U) € T . (14)

So far (1) has yet B be shown



B‘o defudion (S),3 respccts -
Ths 9= for

iwples g x = ([x) - (1s)

S‘“te we  know 9 is Cowtuuous, qud
9 = 'FO T, €them 'f' must be countrmudns.

WC al"dadj lﬂaow T s Conhuuous-

do
Prcimg(v) ‘= {X£X|3(x)(V|X.~Xz=>3(xa=9(xa} (16)

= {xeX|(femeeV} (17)

P"“”‘g(V) = Precmm(V) (18)
Ths  tefls s that for fhe Condrtiow
Drat 9 respeets ~ b be trae,
9 must be able o be Expressed
as a Composthon  InVoluwg
0 map afte~ TI-

Ths & beeawe T is €he map cstablshmg
the sad equaltnce velation.

We call fuis wnew wap f.
Ths, stce 9= foT awd 9 15 Conhuuoss,

I s o umgue conhwuons map asm (§) ad (7) I



6 > (6) [MC, Exercise 3.8] Let f : R — Z be the "floor" function which rounds a real number x down to the
nearest integer:
f(x) =nprovided thatn € Zandn <z <n+1

Determine whether or not f is continuous.

I'R—2

WE autowmteally @ssume B cames tue stamiand topology,
We wote twat Z €R.We lef 2 mhowit e subset Hpolon,

Let X CIR and NCZ.

N uUnde-
f'(v) = {Xéx feoehs.

FO" 'F 'fD be  Cowhuuous, wheeye AJ
15 op'M, f"(u) mist  qlso  he open.

We  defue the pre-image of
t %

We  woy tue, show f 15 Mot cotuouys
by fwdiy A Jeqst owe  optn subset of N

Wherem ‘b/\e pve-image unde.. f &« nof opt

“The defuned U
£y =0, NL XL N+, provdd n€ Z.

Let us take some u,
say n=1EN-



We wote tuat e sef {l} is opew,
due b 25 mhonted Subsct hP°(°_99-

e fake fue pre-mase waer  of {13,
08 = [1,2).
We can Show [1L2) is not ops.
Talee Qwy $ >o.
The opa twual (18 248) wil

welude  a numbo- |ess tuan | .
This Numbe, would{.u(dtuﬂy ¢.-[|/2-)-

o) s owet open

Tius ma be 9&&4!&%/ b Say, that
[In,v\ﬂ) s hot opa.

Sme Wt \Mvt 'ﬁuud 9 pve-iwage
of au opt Set tm N uvwilt- f
Pat 5wt opam, s
kot Conhuu ous.

-



7‘) (7) Give examples of sets that are not manifolds, and explain why they are not.

ExampLe 1t Couside. tue -Followmﬂ Set

X - (IR-L' O;e)

P a set ® be q wandld = R if must
Lok Lke R at all pomls.

Meanng , fir @ |-D maowhld, we Shoid be
dole > take a soffball QAromd Guy

pot St- T local nehborhood looks
ke o liwe Sr.9mud‘.‘ lowwo-, whe, we dsbe

Oy sobt ball avound Tt ved  uit-sechon rolu‘t,

we 9et Y dishwet  brawches . Thus, at  Twis

powt 1 does ot locally resewble 0 lime gagmont -
We Waue o probion forr  ofwer pousts.

Ths 6lso woulg ot be a Mamtold
i 2D, as we caunot fiwd an open ball
abput that powmt whee §€  (ocally [ooks
ke a plane nor a Iwe Seqwtict-

EXMPLE 2. Comsde- a sphere wihe 4 e ?rv'lv«lmj

S I we fake an opan ball avound e
3 lntevs echon  pont, we see that

c® Y
é - 'Z//‘) it Canpot be MPPCI
to Optn Olisk-



EXAMPLE 2: Constde e Suvface

£ we Take 0’\ .
an opaa ball (Sphavical) " r CR
Ovound this Powt tnitsat, Q‘

i1t Canwot be W"PP“‘ b an

opt chsk.

Thus, thes ¢ adt a 2 -D wanbld.



