
 

Topological Terminology in IR

Def Be to EEIR III Folke is calledthe

open ball of radius E and centered at to

BeXo I EIR III Folle e is calledthe

closed ball of radius E and centered at to

Remark If n 2 Belko Belko are referred as

open disk closeddisk and denoted by

Delhi Dellis in some textbooks

Belko Belko

to E tf e

Tpointson
pointson thesolid

thedottedline line are aiduded
are not included

Recallnotation I thereexists

t for all



Def Let S be aset in R

1 The interiorof S is the set

Int S TE IR IE 0 Sit Belt CS

Points in IntlS are called interiorpoints of S

2 Theexteriorof S is the set

Ext S ITER IE 0 Sit Belk c Anis

Points inExt S are called exteriorpoints of S

3 The boundaryof S is the set

25 FER f e o sit Belt n 540
Bettin Rns to

Points on 25 are called boundarypointsof S

Ig S l x y ER I Ry's 4 CIR
Y D A boundary point C boundary point

I 1 B interior point D exteriorpoint

Int 5 MYGR KKK

q E Ext5 xy ER x get a x4g a

25 xy ER y'ty't or Ky 4



Prop let SCR Then

1 IR disjointunionof Ints Exts and as

41 Intis CS

Ext S É IRIS
3 A point on 25 may or may not be in S

Fa statement 13 see points A C in theaboveeg

Def A set SCIR is called

41 Open if DX ES IE o suchthat Bellies
4 Closed if R IS is open

Equivalent definition

11 S open S Intis

K S closed S Intis v25 check

eg Is S l ix y ER I Ry's 4 open a closed

Answer Not open and
Not closed

similarto I J C R
closed notopennotclosed Iopen



Eg
Subset Bio0 B 0.0 s

emptysetSCR2 IX4 ER X y'd IX4 ER X y'd IX4 ER X't
R

Intl 13110,0 13110,0 0 IR 0

Extis
131190 R'is p p

MyER Xy
IRB 10,0

as s 0 0
Open Yes No No Yes Yes

Closed No Yes Yes Yes Yes

Picture 4 1 41
i's

Remarks 1 Thereare exactly two subsetsof IR which are both open
and closed IR and 0

21 Some subsets of R are neither open na closed

eg above

3 Fa any SEIR Intis Extls are open air

25 is closed'mR

Ex Whatabout Ints 025



Def SEIR is called bounded if
IM O suchthat

SE BMO FER III K M

S is called unbounded if it is notbounded

1

p

S isbounded

I I 1
s s is unbounded

eg y axis 3 x y EIR o is unbounded

Pf HM O I 10,2M Ey axis sit 10,21474By105

Def ScR is called path connected if any twopoints in S
canbeconnected by a curve in S

cannotjointbya cave completely
iatiected

EE insides



eg 5 3 x y er X y't l is path connected

S L x y ER X y I is not path connected

1 HE
Is

s

Remark In topology there is a differentnotion ialled connected

We'll notdiscuss it

Thm JordanCarneTheorem

A simple closed curve in R divides IR into 2 path connected

components with onebounded and one unbounded

Remark closedcave means contuiumscarve IA Atsb

withEarths Andone canshow that it is a
closedsubset in R

Y
Gpi

Gigha unded

unbounded

bounded



Vectorvalued functions of Multivariables

F rt s R Howtovisualize it

11 Graphof I n m I
WRKR

Graph
HYE

tert

tidy
Mmm

eg n 2 M l g R IR defined gexy x'y
AR FIRMI

ay aye
graph19 is thesurface

2
Yaz fan

H Xy ER xyepigep

1 In general it is impossible to draw thegraph fa ntm 3

2 level set of Frats 1pm
If TERM define the levelset at t to be

Letter CR FAKE ISTE ER ER



eg fix y xty 52 1122 me CER ie Eisanumber

Led CAGIER fix y C

x y ER xty c

2

L Xty 1

Lo xty o

L z xty 2

eg glxy x4y ER

Let exy ER Goxyl C

exy ER x'y c

Casey CCO Le 0

Case C O Lo 110,0

Care C O Le RYDER X'tyEC

circleofradius F centered at 10,0

Le fu different C 0
Lo



eg hix y Les 271443 I p

Le x y EIR hay c

exg ER Ces 2T x'y't c

Case 1 If Ki l then 4 0

Easel If 41st then Le lay ER Ry asks

subcarelalcesta o needcesta o

4 0
subcase bi cesta o

Le 310,07

subcarek Costco o

Le circleofradius Fc centered

at10,0

level sets graph

gig x'y

cat at horizontal load
I Z C 701

projectdown

at k levelset


