
Pre-class Warm-up !!
Is the following a topology on the real numbers  
R ?

U = the collection of all finite subsets of  R,  
together with  R  itself.

a. Yes
b. No

Let  U, V  be subsets of  X.  
Is it obvious that (X-U)   (X-V)  =  X - (U   V) ?

a. Yes    b. No

Is it obvious that  (X-U)    V = X - (U   V) ?

a.  Yes   b.  No

What can we take as a working definition of 
‘obvious’?
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Some definitions

Interior, closed, closure, boundary, (limit points) Definition. Y is closed ESX-Yis open
Example (a ,b][R is closed

Definition. Let y bea subsetofatopological because R- (a , b] = =0 ,a) u(b ,d)
RacePeriorP =Y = Int() is te

is open.

largest open ,

subsetof The closure of Y is the smallest
It is the union ofall open subsets of X closed setthet contains Y
contained in

48 = U A
Y = 1Y A

AEY A isclosed inX
A open inX

Note x -Y =X -(1) = UK-A)
&

Example. Y = &(x,g) /x
=

+ < 13 which is open , so i is closed ,

E ,y(xEy= 1
,

Xc
, 03 Definition .The boundaryof is

8Yo
= 3(y)(x=<13 SY = Y - Y

I

Example on left . Y = Ekiy)/x+B
&Y = E(X ,y)(x *y= 13 .



Recall: A slightly different example.

Let  X = {0, 1/n | n is a positive integer} as a 
subset of  R  with the same distance function as  
R.
What are the open subsets of  X ?

c. All subsets of X, with the proviso that if  0  is in 
the set then for some  N , every 1/n is in the set 
for all  n ≥ N.

What is the interior of
a. Y = {1}
b. Z = {0}
c. W = {1/n | n ≥ 1}

Answers:
a.  empty set
b.  X
c.  Y
d.  Z
e.  W

Same question with closures.

The correct answer was:

Yo =Y
2== W

* = Y bkX-Y= 50 , in open
- so "is closed

7

& I2 = 26kX-2 is open (doesn't contain
= X (Witself is netclosed)



Worksheet 3 questions 3, 4, 5

Pre-class Warm-up!!!
Worksheet ' 2 Question 10:
Which of the following subsets of  R^2  (with the 
usual topology) are open? closed?

Recall:

#

· [( ,y) (vi)< 13 r[(k@3·
b
. [(x , )/v==< 13 ~ -

c
. [(,y) /1x113
d
.
E(x , g) ( x +y<03

e
.((x ,j) / x +y = 03 :**
fo(( ,y)(x+y = 03 -

↑



Worksheet 3 5
.
Obvious ?

3. Obvious ? incomhasonlynelymaaTheorem... 1 = 3x-v3 is atopology then it has the disvete topology .

Yes No

Yes No
4. Obvious ?

Theorem . In a discrete space every
subset

closeis open and d

Yes No



A result to make you think about the definitions

Proposition. Let  Y  be a subset of a topological space  X.
a. The interior  
Int(Y) = { x in X | there exists an open set  U  contained in  Y,  with  x  in  U. }
b. The closure  
Y^– = { x in X | for all open  U  with  x in U,  U    Y ≠     }.
c. The boundary  
∂Y = { x in X | for all open  U  with  x in  U,                                           }

Which definition of the 
closure do you prefer?
a. The initial definition
b. The property given here

The last implication of part c that LHS 
is contained in RHS was not done in 
class. It proceeds similarly and is an 
exercise.

~ &

UnYep andWnY--+ O

This implies A FY , a contradiction.Proof int = Vopens
LHSERHS Let XELHS = Y soIf XERHS tenJxeUeY/ closed set containingY Letwith U open . Thusker - Int(i) . -every

" LHSERHS" · LetXeInt() · Take U= Intlit X U
., Copen : we show Un $ by

assuming otherwise : UnY= soto show xf RHS .

X-U is losed and contains . Thus
b.Y = McosedA = Y - XX- U This contracts X-U ,

RHS[LHS
.

Let xeRHS ; we showxE &RHSCSupposeY. If notevery closed set A contain inI -

Then XeY by (b).We show yo by- closed A with X*A , AzY .
Thus

showing x = X-yo = &closed sets containin
CeX-A

,
which is open so (X-A)nY # 0 = This follows from1b) appliedtoX- Yo


