A and B are disjoint or (A N B = ) so we could write Az B and B ¢ A.

Set of numbers:
Several sets are used so often, they are given special symbols.

N = the set of natural numbers or positive integers
N = {0,1,2,3,...}

Z = thesetof all integers: ... ,—2,-1,0,1, 2, ...
Z=NU{...,—2,—1}
Q = the set of rational numbers
Q=ZU {..._,—1/3,—1/2,1/2,1/3,...,2/3,2/5,...
Where Q={a/b:a,b e Z b+0}

R = the set of real numbers
R=QuU{...,—7, —V2,vV2,x, ..}
C = the set of complex numbers

C=RU{;1+i1—14V2+mi,...}
Where C={x+iy;x,y eR;i=1-1}

ObservethatNc Z< Q< Rc C.

Theorem 1:

For any set A, B, C:



1-OcAcU.

2-AcCA.
3-IfAcBandBcC,thenAcC.
4-A=Bifandonlyif AcBand BcA.

Set operations:
1) UNION:

The union of two sets A and B, denoted by A U B, is the set of all elements which
belong to A or to B;

AuB={x:xeAorx e B}
Example

A={1,2,3,4,5} B={5,7,9,11,13}
AUB={1,2345,79111,13}

gD

AwB

2) INTERSECTION
The intersection of two sets A and B, denoted by A N B, is the set of elements which belong to both A
and B;

AnB={x:xeAandx eB}.

<D,

An~nB

Example 1

A={1,3,5,7,9} B={2,3,4,5,6}
The elements they have in common are 3 and 5
AN B={35}

Example 2
A={The English alphabet} B={vowels}
So A n B = {vowels}



Example 3
A={1,2,3,4,5} B={6,7,8,9,10}
In this case A and B have nothing in common. AnB =g

3) THE DIFFERENCE:
The difference of two sets A\B or A-B is those elements which belong to A but
which do not belong to B.
AB={x:x €A, x ¢ B}

Q)

A-B

4) COMPLEMENT OF SET: Complement of set A or A', is the set of elements
which belong to U but which do not belong to A .
A={x:x eU,x ¢ A}

Example: let A={1,2,3}
B={3,4}
U={1,2,3,4,5,6}
Find:
AuB={123 4}
AnB={3}
A-B={1,2}
A°={4,5, 6}
5) Symmetric difference of sets
The symmetric difference of sets A and B, denoted by A & B, consists of those
elements which belong to A or B but not to both. That is,
AEB=(AUB)\(ANB) or A& B=(A\B) U (B\A)

a

A B

Example: Suppose U =N ={1, 2, 3, .. .} is the universal set.
Let A={1,2 3,4} B={3,4,5,6,7} C={2,3,8,9}, E={2,4,6,8,...}
Then:
A°={5,6,7,..}B°={1,2,8,910,...}, C={1,45,6,7,10,...} E°={1, 3,5, 7, ..}
AB ={1, 2}, A\C={1,4},B\C={4,5,6, 7}, A\E = {1, 3},
B\A={5,6,7}, C\A={8,9},C\B={2, 8,9}, E\ A ={6, 8, 10, 12, . . .}.
Furthermore:
A & B=(AB)U(BA)={1,2,5,6,7}, B& C={24,5,6,7,8, 9},
A® C=(AC)uB\C)={1,4,8,9}, AL E={1236,8,10,...}.



Theorem 2 :
AcB,AnB=A,AuB=B areequivalent

Theorem 3: (Algebra of sets)
Sets under the above operations satisfy various laws or identities which are listed
below:

I-AUA=A
ANnA=A

2-(AuB)uC=Au(BuU C) Associative laws
AnB)NnC=AnNn(BNC)

3-AuB=BUA Commutativity
AnNnB=BnA

4-AU(BNnC)=(A UB)Nn(AUCQC) Distributive laws
ANnBuUC)=(AnBuUAnN C)

5-AUVUd=A Identity laws
ANnU=A

6-AuU=U Identity laws
Angd=0

7-(A9)°=A Double complements

8-AUA=U Complement intersections

and unions

ANA® =0

9- U =@
@ =U

10-(AuB)® =A°n B° De Morgan's laws

(AnB)¢ =A° U B

We discuss two methods of proving equations involving set operations. The first is to
break down what it means for an object x to be an element of each side, and the
second is to use Venn diagrams.
For example, consider the first of De Morgan's laws:

(AUB)® =A° N B€

We must prove: 1) (AUB)® <« A°n B¢
2)A° N B°c (AuUB)®

We first showthat (AUB)® < A° n B€



Let's pick an element at random x (A L B) © . We don't know anything about x, it
could be a number, a function. All we do know about ¥, is that:

X e(AUB)®,so
xegAUB

because that's what complement means. Therefore
X¢Aand X ¢ B,
by pulling apart the union. Applying complements again we get
xeA® and x eB°¢
Finally, if something is in 2 sets, it must be in their intersection, so
XxeA°n B°

So, any element we pick at random from: (A U B)© is definitely in, A® n B°€
, S0 by definition

(AUB)® ¢ A B°
Next we show that (A° n B9c (AuUB)°.

This follows a very similar way. Firstly, we pick an element at random from the first
set, x e (A n B°)

Using what we know about intersections, that means

x e A° and xeB°
Now, using what we know about complements,

x¢ A and xgB.
If something is in neither A nor B, it can't be in their union, so
Xe¢ A UB,

And finally

xe(A U B)°
We have prove that every element of (A U B)° belongsto A® ~ B°and that

every element of A ~n B® belongsto A U B)° . Together, these inclusions prove
that the sets have the same elements, i.e. that (AUB)® =A°n B¢



