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A set is a collection of well-defined and well distinguished

objects of our perception or thought.

1.1 Notations

The sets are usually denoted by capital letters A, B, C, etc.
and the members or elements of the set are denoted by lower-
case letters a, b, ¢, etc. If x is a member of the set A, we write
x e A(read as 'x belongs to A") and if x is not a member of the
set A, we write X ¢ A (read as 'x does not belong to A,). If x

and y both belong to A, we write X, y e A.

2. REPRESENTATION OF A SET

Usually, sets are represented in the following two ways :
@) Roster form or Tabular form
(i1) Set Builder form or Rule Method

2.1 Roster Form

In this form, we list all the member of the set within braces
(curly brackets) and separate these by commas. For example,
the set A of all odd natural numbers less that 10 in the Roster
form is written as :

A={1,3,5,7,9}

sin A

@ In roster form, every element of the set is listed
only once.

(i)  The order in which the elements are listed is
immaterial.

For example, each of the following sets denotes
the same set {1,2, 3}, {3,2, 1}, {1,3,2}

2.2 Set-Builder Form

In this form, we write a variable (say x) representing any
member of the set followed by a property satisfied by each
member of the set.

For example, the set A of all prime numbers less than 10 in
the set-builder form is written as
A= {x|xis aprime number less that 10}

The symbol '|' stands for the words 'such that'. Sometimes,

we use the symbol ":' in place of the symbol '|'.

||v

3. TYPES OF SETS

3.1 Empty Set or Null Set

A set which has no element is called the null set or empty

set. It is denoted by the symbol ¢ .

For example, each of the following is a null set :

(@  The set of all real numbers whose square is —1.

(b)  The set of all rational numbers whose square is 2.
(c)  Theset ofall those integers that are both even and odd.

A set consisting of atleast one element is called a

non-empty set.

3.2 Singleton Set

A set having only one element is called singleton set.

For example, {0} is a singleton set, whose only member is 0.

3.3 Finite and Infinite Set

A set which has finite number of elements is called a finite
set. Otherwise, it is called an infinite set.

For example, the set of all days in a week is a finite set
whereas the set of all integers, denoted by

— -2,-1,0,1,2,...} or {x|xis an integer}, is an infinite set.

An empty set ¢ which has no element in a finite set A is

called empty of void or null set.
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3.4 Cardinal Number 4. OPERATIONS ON SETS

The number of elements in finite set is represented by n(A), 4.1 Union of Two Sets
known as Cardinal number.

3.5 Equal Sets The union of two sets A and B, written as A \U B (read as'A

) ) . union B'), is the set consisting of all the elements which are
Two sets A and B are said to be equals, written as A =B, if

every element of A is in B and every element of BisinA. either in A or in B or in both Thus,

3.6 Equivalent Sets AUB={x:x ¢ Aorx B}

- ) ) ) Clearly,x e AUB = x e Aorx B, and
Two finite sets A and B are said to be equivalent, if n

(A)=n(B). Clearly, equal sets are equivalent but equivalent xeAUB = x¢ Aandx ¢ B.
sets need not be equal.

For example, the sets A={4,5,3,2} and B= {1, 6,8, 9} are
equivalent but are not equal.

Combination of the
3.7 Subset —> shaded regions
together represent
i the union of sets.

Let A and B be two sets. If every elements of A is an element
of B, then A is called a subset of B and we write A < B or
B o A(read as 'Ais contained in B' or B contains A'). B is
called superset of A.

/ For example, if A= {a, b, ¢, d} and B = {c, d, e, f}, then
Nt . A UB={ab,c,de,f

4.2 Intersection of Two sets

@ Every set is a subset and a superset itself.

" . . The intersection of two sets A and B, written as A ~ B
@) IfAisnota subset of B, we write A ¢ B. ) ) ] o
(read as ‘A’ intersection ‘B’) is the set consisting of all the

(i)  The empty set is the subset of every set. common elements of A and B. Thus,

(iv) If A is a set with n(A) = m, then the number of A~ B={x:x cAandx ¢ B}
subsets of A are 2™ and the number of proper
subsets of A are 2™ -1. Clearly,x e An B = x ¢ Aandx ¢ B,and
For example, let A= {3, 4}, then the subsets of A xgANnB=xg¢gAorx ¢B.

are ¢, {3}, {4}. {3,4}. Here, n(A) =2 and number
of subsets of A=22=4. Also, {3} = {3,4}and {2,3}

z 13,4} U The shaded region

—» which is common
to both the shaded
regions represents
intersection of sets

3.8 Power Set

The set of all subsets of a given set A is called the power set

A B
of A and is denoted by P(A).
Forexample,ifA={1,2,3}, then
P(A)={0. {1}, {2}, {3}, {1.2} {13}, 2.3}, {1.2.3}} For example, if A = {a, b, c, d) and B = {c, d. ¢, {1, then
Clearly, if A has n elements, then its power set P (A) contains A ~ B={c,dl.

exactly 2" elements.
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4.3 Disjoint Sets

Two sets A and B are said to be disjoint, if A " B= ¢ ,i.e. A

and B have no element in common.

A B

For example, if A = {1, 3, 5} and B = {2, 4, 6},
then A~ B = ¢, so Aand B are disjoint sets.

4.4 Difference of Two Sets

If A and B are two sets, then their difference A - B is defined
as :

A-B={x:x ¢ Aandx ¢ B}.

Similarly, B-A={x:x € Bandx ¢ A}.

»B-A

A B

For example,ifA={1,2,3,4,5} and B={1,3,5,7,9} then A
-B={2,4}andB-A={7,9}.

Important Results
(@A A-BzxB-A

(b) ThesetsA-B,B-Aand A M B are disjoint sets
(0 A-BcAandB-AcCB

(d A-¢=AandA-A=¢

4.5 Symmetric Difference of Two Sets

The symmetric difference of two sets A and B, denoted by
A A B, is defined as

A A B=(A-B)u(B-A).
Forexample, if A={1,2,3,4,5} and B={1,3,5,7,9} then
A AB=(A-B) UB-A)={2,4} U{79}=1{24,79}.

4.6 Complement of a Set

If U is a universal set and A is a subset of U, then the
complement of A is the set which contains those elements
of U, which are not contained in A and is denoted by
A'or A¢. Thus,

A={x:x eUandx ¢ A}

Forexample, ifU={1,2,3,4...} and A {2,4,6,8,...}, then, A°=
{13,5,7,..}

Important Results
aUs=¢ b)¢c=U c) AU A°=U

d)ANA=O

5. ALGEBRA OF SETS

1.

~

For any set A, we have
a)A UA=A b)A nA=A
For any set A, we have

AU ¢ =A HDAN D=0

e)Au U=U DA~ U=A

For any two sets A and B, we have

g2’ AUB=BUA hA~nB=BnA
For any three sets A, B and C, we have
DAUBUCO=(AuB)uU C
DANBANCO=(ANnB)nC

For any three sets A, B and C, we have
KNAUBNO=AUB)N(AUC)
DANABUO=(ANB)U(ANO)

If A is any set, we have (A°)° = A.
Demorgan's Laws For any three sets A, B and C, we have
m) (AuUB)*=A° ~ B¢

n) (A n"B)*=A°c U B°
0)A-(BUC)=(A-B) n(A-C)

P)A-(BNC)=(A-B) U(A-C)
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Important Results on Operations on Sets

()Ac AUB,BcAUB,A~BcCAA~BCB

(i)A-B=A A B (iii) (A-B) UB=A UB

(iv)(A-B) AnB=0 (VWA CB < B C A
(vi)A-B=B¢- A (vii) (AUB) A (AU B)=A
(vii)AUB =(A-B) U (B-A) U (A~ B)

(iX)A-(A-B)=A~B
(X)A-B=B-A <>A=B (x)AUB=ANB <> A=B

HANBACO)=(ANB)AANC)

Write the set of all positive integers whose cube is odd.

Sol.

Example —2

The elements of the required set are not even.
[-- Cube of an even integer is also an even integer]

Moreover, the cube of a positive odd integer is a positive

odd integer.
The elements of the required set are all positive odd integers.

Hence, the required set, in the set builder form, is :

{2k+1: k>0, keZ}.

>
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Write the set {

builder form.

Sol.

In each element of the given set the denominator is one
more than the numerator.
Also the numerators are from 1 to 7.

Hence the set builder form of the given set is :

{x:x:n/n+l, neN and 13n£7}.

Write the set {x : x is a positive integer and x> <30} in the

roster form.

Sol.

The squares of positive integers whose squares are less
than30are:1,2,3,4,5.

Hence the given set, in roster form, is {1, 2, 3,4, 5}.

Example —4

Write the set {0, 1,4, 9, 16, ....... }in set builder form.

Sol.

The elements of the given set are squares of integers :
0, £1, £2, £ 3, £4,

Hence the given set, in set builder form, is {x*: xeZ}.

State which of the following sets are finite and which are

infinite

(i)A={x:xe Nandx*-3x+2=0}
(ii) B={x: x € N and x*=9}

(iii) C={x: x € N and x is even}

(ivyD={x:xeNand 2x-3=0}.

Sol.

(i)

(iii)

(iv)

(A= {1,2}.

[+ X—3x+2=0=(x— 1) (x-2)=0=>x=1,2]
Hence A is finite.

B={3}.

[-» x)=9=x=13.But3 e N]

Hence B is finite.

Hence C is infinite.
3
D=¢. | 2x-3=0 = X:E ¢ N

Hence D is finite.
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Example-6

Which of the following are empty (null) sets ?
(i) Set of odd natural numbers divisible by 2
(ii) {x:3<x<4,x e N}

(i) {x : x>=25 and x is an odd integer}

(iv) [x : x2—2 =0 and x is rational]

(v) {x: x is common point of any two parallel lines}.

Sol.

(ii)

(iii)

(iv)

V)

Example—7

(i) Since there is no odd natural number, which is divisible
by 2.

.. it is an empty set.

Since there is no natural number between 3 and 4.

.. it is an empty set.

Now x?>=25=x=+5, both are odd.

.. The set {—5, 5} is non-emptry.

Since there is no rational number whose square is 2,
.. the given set is an empty set.

Since any two parallel lines have no common point,

.. the given set is an empty set.

Find the pairs of equal sets from the following sets, if any,
giving reasons :

A={0},B={x:x>15and x <5},
C={x:x-5=0},D={x:x*=25},

E = {x : x is a positive integral root of the equation
x*-2x-15=0}.

Sol.

and

Here we have,
A={0}
B=¢

[+ There is no number, which is greater than 15 and less
than 5]

C={5 [.x-5=0=>x=5]
D={-5,5} [+ X2=25=x=+5]
E={5}.

[ x*=2x-15=0 = (x-5)(x+3)=0 = x=5,-3.Outof
these two,

5 is positive integral]

Clearly C=E.

Example-8

Are the following pairs of sets equal ? Give reasons.
(i)A={1,2}, B={x:xis asolution of x> +3x+2 =0}
(i) A= {x : xis a letter in the word FOLLOW},

B={y:yisaletter in the word WOLF}.

Sol.

(i)

Example-9

HA={1,2},B={2,-1}

[ X+3x+2=0 = x+2)(x+1)=0 = x=-2,—1]
Clearly A #B.

A={F,0,L,L,0,W}={F,O,L, W}
B={W,0O,L,F}={F,0O,L, W}.

Clearly A=B.

LetA={1,2,3,4,5},B={3,4,5,6,7},C={6,7,8,9} and
D=1{7,8,9,10}. Find :

@ () AUB (i) BUD
(iii) AUBUC (iv) BUCUD
b OANB (i) BAD (iii) ANBNC.

Sol.

(i)

(i)

(iv)

(@@ AuB =1{1,2,3,4,5} U {3,4,5,6,7}
={1,2,3,4,5,6,7}.

BUD ={3,4,5,6,7} U {7.8,9,10}
=1{3,4,5,6,7,8,9,10}.

AUBUC ={1,2,3,4,5} U {3,4,5,6,7} U {6,7,8,9}.

=1{1,2,3,4,5,6,7} U {6,7.8,9}={1,2,3,4,5,6,7,8,9}.

BUCUD ={3,4,5,6,7} U {6,7.8,9} U {7,8,9,10}.

=1{3,4,5,6,7,8,9} u {7,8,9,10}={3,4,5,6,7,8,9,10}.

(b)) ANB ={1,2,3,4,5} ~ {3,4,5,6,7} ={3,4,5}.

(i)
(iii)

BND ={3,4,5,6,7} n {7,8,9,10}={7}.

ANBNC={1,2,3,4,5} n {3,4,5,6,7} n {6,7,8,9}=3,
4,5} ~ {6,7,8,9} =0.
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Example—10

IfA, ={2,3,4,5},A,={3,4,5,6},A, = {4,5, 6,7}, find
v A;and N A, wherei={1,2,3]}.

Sol. () UA =A UA, UA,={2,3,4,5} U {3,4,5,6} U
{4’ 5’ 6’7}

={273547 5} U {3749 576’7}={2’39495565 7}'
() NA=ANA,NA,=1{2,3,45} A {3.4,5,6} N

{4,5,6,7}
={2,3,4,5} n {4,5,6} =1{4,5}.

LetU=1{1,2,3,4,5,6,7,8,9}, A= {1, 2, 3, 4},
B={2,4,6,8}.Find :

()A° (ii) B (iii) (A©)C

i) (Au B)C

Sol. (i) AC = Set of those elements of U, which are not in

A=1{5,6,7,8,9}.

(i) B¢ = Set of those elements of U, which are not in
B={1,3,5,7,9}.

(i)  (AS)C = Set of those elements of U, which are not in
A={1,2,3,4}=A.

(ivy, AuB={1,2,3,4} U {2,4,6,8}={1,2,3,4,6,8}.

(A uB)C = Set of those elements of U, which are not in

(AUB) ={5,7,9}.

Example—12

If U= {x:
A ={x:xis avowelin English alphabet}.

x is a letter in English alphabet},

Find A€ and (A°)C.

Sol. (i) Since A= {x: xis a letter in English alphabet},
.. ACis the set of those elements of U, which are not vowels
= {x: x is a consonant in English alphabet}.

(i) (A€ is the set of those elements of U, which are not
consonants = {x : X is a vowel
in English alphabet} = A.
Hence (A)=A.

LetA={1,2,3,4,5,6}, B={3,4,5,6,7, 8}. Find
(A-B) U (B-A).

Sol. Wehave,A={1,2,3,4,5,6} andB= {3,4,5,6,7,8)}.
~A-B={1,2}and B-A={7,8}
S~ (A-B)u B-A)={1,2} U {7,8}={1,2,7,8}.

Some Basis Results about Cardinal Number

IfA, B and C are finite sets and U be the finite universal set,
then

) n@A)=nU)-n(A)

il n(AuB)=n(A)+n(B)-n(A~B)

(i) »n (A WB)=n(A)+ n(B), where A and B are disjoint non -
empty sets.

(iv) n(AnB)=n(A)-n(A nB)

V) n(A*nBY)=n(AuB)y=n) -n(AUB)

vi) n(A*UB°) =n(A n"B)r=nU)-n(ANB)

(vi)) n(A-B)=n(A)-n(AnB)

(viti) n(ANnB)=n(AUB)-n(ANB%-n(A°~B)

x) n(AuBUOC)=nA)+nB)+n(C)-n(AnB)-nB ~ C)—
nC A"A)+n(AnBn O

® IfA,A,A, ..A aredisjoint sets, then
n(AJUAUA, U ... UA)=n(A) +n(A)+n(A)

+..+n(A)

(xi) n (A A B) = number of elements which belong to exactly
one of A or B.

Example — 14

IfA={1,2,3},B={4,5,6} and C = {7, 8, 9}, verify that
AU(BNC) =(AUB) A (AUC).

Sol. Wehave,A={1,2,3},B={4,5,6}and C={7,8,9}.
AuUB=1{1,2,3} U {4,5,6}=1{1,2,3,4,5,6} ..(1)
AuC =1{1,2,3} U {7,8,9}

={1,2,3,7,8,9} Q)
and BANC =1{4,5,6} N {7,8,9}=0 -(3)
Now AU(BNC)={1, 2, 3} U ¢ ={1,2,3} (4
and (AUB)N(AUC) =1{1,2,3,4,5,6} ~ {1,2,3,7,8,9}

=11,2,3} (5
From (4) and (5), AU(BNC)=(AUB)N(AUC), which

verifies the result.
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LetU={1,2,3,4,5,6,7,8,9}, A= {2, 4, 6, 8 and Prove that :
B=1{2,3,5,7). Verify that ANB-C)=(ANB)-(AnC)
() (AUB) =A° NBC (i) (ANB)  =A° UB". Sol. Letx be an arbitrary element of AN (B—C).
Thenx e AN (B-C)
Sol. Wehave,A={2,4,6,8} and B= {2,3,5,7}. = xeAandxe(B-0)
) AUB=1{24.68 U (23,57 = xeAand(xeBandx ¢ C)
= (xe Aandx € B)and (x € Aand x ¢ C)
=12,3,4,5,6,7.8} = xe(AnB)andx ¢ (ANC)
(AUB) ={1,9} .(1) =  xe{(AnB)-(ANC)}
ANB-C)c(AnB)—(ANC) (1)
Also A°={1,3,5,7,9} Let y be an arbitrary element of (A N B) — (A N C).
and B€={1,4,6,8,9} Theny e (ANB)-(ANC)
AC ABE = {1.3.5.7,9}  {1,4,6,8,9} = Ye@nBandyeAnQ
= (yeAandyeB)and(ye Aandy ¢ C)
={1,9} -A2) = yeAand(yeBandy ¢ C)
= yeAandye(B-C)

From (1) and (2), (A ) B)c =A°NB®, which verifies the
= yeAn(B-0)
result.

(ANB)—(ANC)c AN (B-C) Q)
(i ANB=1{2,4,6,8} n {2,3,5,7}=1{2} Combining (1) and (2).
(ANB) ={1,3,4,5,6,7,8,9} -3 ANB-O=ANB)—-ANC).

Example—18

and A® B =1{1,3,5,7,9} U {1,4,6,8,9}
=1{1,3,4,5,6,7,8,9} ..(4) Prove the following :

AcB< BcA°
From (3) and (4), (AN B)c =A® UB®, which verifies the crePe

result.

Sol. Letx € B¢, where x is arbitrary.

Now x € B¢
If A and B are any two sets, prove using Venn Diagrams = xe¢B
() A-B=ANB® (ii))(A-B) UB = AUB. = x¢A [-- AcB]
= X € A°
Sol.
Bec A° (D)
A-B [AnE] . .
Q) % 1 :E"B Conversely : Letx € A, where x is arbitrary.
A B At Now x € A
Shaded region in both The common s.haded alfea
are the same. represents the intersection. : X e Ac
= X g B, [~ Bec A9
AUB (A-B) < —
(11) % E Jﬂﬂﬂ)i_’s - o B
A B AN~~~ B A - B

Combination of all the shaded regions
represents the union.

Combining (1) and (2),Ac B< Bcc A“.
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Example—-19

Prove the following :
A-B=A-(AnB)

where U is the universal set.

Sol.

Hence

Example —20

Letx € (A—B), where x is arbitrary.

Nowx € (A—B)

& xeAandxeB

& (xeAandxeA)andx ¢ B
[Note this step]

& xeAand(x e Aandx ¢ B)
[Associative Law]

&  xeAandx ¢ (AnB)

= xe A—-(AnB)

A-B=A-(ANB).

In a class of 200 students who appeared in a certain
examination. 35 students failed in MHTCET, 40 in AIEEE,
401in1IT, 20 failed in MHTCET and AIEEE, 17 in AIEEE
and IIT, 15 in MHTCET and IIT and 5 failed in all three

examinations. Find how many students
@) Did not fail in any examination.

(i)  Failed in AIEEE or IIT.

Sol.

n(M) =35, n(A) =40, n(I) = 40

n(MAA)=20,n(ANT)=17,

@

(i)

Example — 21

nINM)=15,n(MNAND)=5

n(X) =200

nMuUAUD)=nM)+n(A)+n()—
nMNA)-n(AnD-nMnD+n(MnANI
=35+40+40-20-17-15+5=68

Number of students passed in all three examination
=200-68=132

Number of students failed in IIT or AIEEE
=n(IUA)=n(I)+n(A)-n(INA)

=40+40-17=63

In a hostel, 25 students take tea, 20 students take coffee,
15 students take milk, 10 students take both tea and coffee,
8 students take both milk and coffee. None of the them
take tea and milk both and everyone takes atleast one

beverage, find the number of students in the hostel.

Sol.

Let the sets, T and C and set M are the students who drink
tea, coffee and milk respectively. This problem can be solved

by Venn diagram.
n(T)=25;n(C)=20;n(M)=15
n(TNC)=10;n(MNC)=8
Number of students in hostel
=n(TuCuM)

An(TUCUM)=15+10+2+8+7=42






