n Basic Set Theoretic Concepts
1.6.2 Number of Subsets of a Set

If A is a set contains n distinct element such that 0 < r <n. If we consider those subsets of

A that have r elements each, then we know that the number of ways in which r elements can be

choose out of n elements is n~ . Therefore, the number of subsets of A having r elements each
r

is ne .
r
Hence, the total number of subsets of A is equal to
"Cy+"Ci+"Cy+..+"C, =+ D" =2

For example:
(1) If a set A has one element, then it has 21 =2 subsets.
(2) If a set A has two elements, then it has 22 = 4 subsets.

REMARKS

1> The number of proper subsets of a set with n elements is 2" — 2.

1 The collection of all possible subsets of a given set A is called power set. It is denoted by P (A).
For example : If A = {1,2,3} then the power set P(A) = {0, {1}, {2}, {3}, {1,2}, {1,3}, {2,3},
{1,2,3}}.

= P(¢)={¢}

1> The power set of any given set is always non-empty.

UNIVERSAL SET

In any discussion , we are given particular set and we consider different subsets of the given
set. This given set is called Universal Set. It is denoted by U.

For Example:

(1) The universal set is of real numbers R, while considering the set of natural numbers,
whole numbers, integers and rational numbers.

(2) The set of alphabets is the universal set from which the letters of any word may be
chosen to form a set.

(3) In geometry, we discuss set of lines, triangles and circles, then the universal set is the
plane, in which the lines, triangles and circles lie.

REMARKS

1z Universal set is a super set of each of the given sets.
1> The universal set is not unique.

1.7.1 Complement of a Set

Let U be the universal set and the set A & U. Complement of set A with respect to the
universal set U is the set of all those elements of U which are not the elements of A and is
denoted by A’ or A€,

ie., A'={x:x € Uand x¢A}

For example:

() 1fUu=41,2,3,4,506,7,8,9,11} and A= {1, 2, 3}
thenA'= {4,5,6,7,8,9, 11}.
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Therefore,

A~B={x:xeAandx¢B} = ANB
And B~A = {x:x¢AandxeB} = BNA'
For example:

Let A={1,2,3,4,5}
And B={-1,0,1,2}
Then, A~ B = {3, 4, 5}
And B~A = {-1,0}

REMARKS

[—
(o)}

B~A = (Shaded Area)
Fig. (8)

xe(A-B)< xeAand x ¢ B.
x¢g(A-B)eo x¢ A and x € B

A-B#B~A,ie., ,difference of two sets is not commutative.

(=
(=

(=

1> AcBthen A~B=¢

1w Thesets A ~ B, A~ B and B ~ A are mutually disjoint.
1

Difference of a set with the universal set is known as complementation.

15> A ~Bisasubset of Aand B ~ A is a subset of B.

1.9.4 Symmetric Difference of Two Sets

If A and B are two sets, then the symmetric difference of two sets A and B is denoted by AAB

is given by AAB=(A~ B)U (B~ A)
Symbolically:
AAB={x:(xeAand x ¢ B)or (xeBand x ¢ A)}
For example:
(i IfA={1,2,3,4,5,6,7,8} and B = {1,3,5,6,7,8,9}
Then A ~ B = {2, 4} and B~ A = {9}
and AAB={24,9}

A B U

AAB = (Shaded Area)

Fig. (9)

Equivalent Sets: Two finite sets A and B are said to be equivalent if their cardinal numbers

are same , i.e., n(A) = n(B).
1.9.5 Law of Excluded Middle and Law of Contradiction

Two special properties of set operations are known as the excluded middle axioms and law
of contradiction. The excluded middle axioms are very important because they are the only set
operations described here that are not valid for both classical sets and fuzzy sets. Let A be any

subset of universal set X. Then , we define.
(i) Axiom of the excluded middle: AUA’=U
(ii) Axiom of the contradiction: ANA" =0

Theorem 1.

(i) Audp=A () Ano=0 (ii) AUA=A
(V) AnA=A (v). AUB=BUA (Vi) AnNB=BnA

Proof.
(i) Letx be an arbitrary element of AU 0.
e, XxXeAud
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have
4a-2=2aand b+4=4
Therefore, 4a-2a =2 = a=1landb+4=4=b=0

Example 4. IfA ={1, 2, 3, 4} and B = {4, 5}, represent A X B, B XA and B X B pictorially and

find their values.

Solution. Given A={1,2,3,4} and B = {4, 5}
AxXxB={(1,4),(1,5),(2,4),(2,5),3,4, (3,5, 4,4, 4,5}
BxA={41),6,1),4,2),5,2),4,3),5,3), 4 4, 5,49}

And BXB={4,4),4>5),(5,4, (5,5}
Pictorially, A X B, B X B and B X A can be represented as shown in figure 12.

Fig. (12)
Example 5. LetA = {1, 2, 3, 4} and B = {5, 7, 9}. Determine (i) AXB, (ii) BXA. Also represent
AXB and BXA graphically.
Solution. (i) Given A =1{1,2,3,4}andB ={5,7,9}. Then,
AXB ={(1,5),(1,7),1,9), (2,5), (2,7),(2,9) (3,5), (3,7, (3,9,
(4,5),(4,7), (4,9}
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[O%)
(@)

(iii) We have (a,b) R (¢, d) iffad = bcV a,b,c,d e N
Therefore, (a, b) R (¢, d), (c, D R (e,f) => (a,b) R (e, /) Va,b,c,d e N
Using (a, d), (¢, f) = (b, ©)(d, e)
= (a,f) = (b, e) = Ris transitive
Hence, from (i), (ii) and (iii), we conclude that R is an equivalence relation.

Example 7. Let R, and R, be two relations on a set A, where A = {1, 2, 3, 5} such that

Solution.

Example 8.

Solution.

R, ={(1, 1), (1,2),1,5), (2,1, (2,5}
and R, ={(,3),(3,2),(2,3),(1,2), (2,1}
Then, which of the following statement is false :
() R;UR, is symmetric (i) Ry N R, is transitive
(iii) Ry MR, is symmetric (iv) Ry UR, is transitive.

(i) As (1, 2)eRy, also (2, 1) eR;, therefore, it is symmetric and as (1, 2) eR,, also

(2, 1)eR, = R, is symmetric.
Now, R, UR, = {(1, 1), (1, 2), (1, 5), (2, 1), (2, 5), (3, 3), (3, 2), (2, 3)}
InR; UR,, as (1, 2)eR; UR,, also (2, 1)eR; U R, = R; U R, is symmetric
Therefore, (i) is true.

(i) We have R "R, = {(1, 2), (2, 1)}
= (1, 1) should also belong to R; " R,.
But in this case (1, 1)¢R; N R, . Hence, R; N R, is not transitive.
Therefore, (ii) is false.

(iii) We have, R, "R, = {(1, 2), (2,1)}

(1,2)eR; "Ry and also (2, 1)eR; N R,.

Therefore, (iii) is true.

(iv) InR;UR,, (1,2)eR; UR,
and (2, 5)eR; UR,, also (1, 5)eR; UR,
= R, UR, is transitive
Therefore, (iv) is true.

If A be the set of all triangles in a plane and R = {(a, b) : Aa = Ab}, i.e.,
aRb < Area of triangle a = Area of triangle b, then show that R is an equivalence
relation.
(i) Since, for all a € A we have Aa = Aa
Therefore, aRa = R is reflexive.
(ii) Foranya,b € A, we have (a,b) e R = Aa = Ab
= Ab=Aa = (b,a) eR
Therefore, (b, a) € R, i.e., bRa = R is symmetric.
(iii) Foralla, b, c € A, we have (a,b) eR, (b,c) R
Aa=Aband Ab =Ac = Aa=Ac = (a,¢) eR
Therefore, R is transitive.

Hence, from (i), (ii) and (iii), we conclude that R is an equivalence relation.





