The set theory was developed by German mathematician Georg Cantor (1845-1918).
He first encountered sets while working on ‘problems on trigonometric series’. This

coneept is used in every branch of Mathematics like Geometry, Algebra, ete. Further,
sets are used to define relations and functions.

SETS
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In our daily life, while performing regular work, we often come across a variety

of things that occur in groups. e.g. Team of cricket players, group of tall boys, a * Subset and Universal Set
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WELL-DEFINED COLLECTION OF OBJECTS

If any given collection of objects is in such a way that it is possible to tell without
any doubt whether a given object belongs to this collection or not, then such a
collection of objects is called a well-defined collection of objects.

e.g. “The rivers of India’ is a well-defined collection. Since, we can say that the
river Nile does not bell:lng to this collection. On the other hand, the river Ganga
belongs to this collection.

Difference between Not Well-defined and Well-defined Collections

Not well-defined collection Well-defined collection

A group of intelligent students. A group of students scoring more than 95% marks
of your class.

A group of most talented A group of odd natural numbers less than 25.
writers of India.

Group of pretty girls. Group of girls of class Xl of your school.

Here, a group of intelligent students, a group of most talented writers of India,
group of pretty girls are not well-defined collections, because the term
intelligent, talented, pretty are vagu and the criterian for determining intelligent
students, talented writers and pretty girls may vary from person-to-person.
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DEFINITION OF SET

A well-defined collection of objects, is called a set.
Sets are usually denoted by the capital letters 4, B, C,
X, Y, Zetc. The elements of a set are represented by
small letters 4, &, ¢, x, J» Z etc.

If 2 is an element of a set A, then we say that 2 belongs
to A. The word ‘belongs to’ denoted by the Greek
symbol € (epsilon).

Sol. Given, A=1{0,1,2,3,4,5,6,7,8,9, 10}

(i) Since, 4 is an element of A, therefore 4 € A.

(ii) Since, —4 is not an element of A, therefore —4 ¢ A.
(iii) Since, 12 is not an element of A, therefore 12 ¢ A.
(iv) Since, 9 is an element of A, therefore 9e A.

(v) Since, 0 is an element of A, therefore 0 e A.
(vi) Since, — 2 does not an element of A, therefore
-2 A

Thus, in notation form, a belongs to set A is written as N/ Some examples of sets used particularly in

a€ Aand b does not belong to set A is written as& ¢ A.
e.g. (i) If A={1,2,3,4,5}, then 3€ A and 6 A.
() If P being the set of perfect square numbers,
then 36 € P but 5 ¢ P.

MNote Objects, elements and members of a set are
sSynonymous terms.

EXAMPLE |1| Which of the following are sets?
Justify your answer. [NCERT]
(i) The collection of all the months of a year
beginning with the letter J.
(ii) The collection of ten most talented writers of
India.

(iii) A collection of novels written by the writer Munshi
Prem Chand.

(iv) A collection of most dangerous animals of the
world.
Sol. (i) We are sure that members of this collection are
January, June and July.
So, this collection is well-defined. Hence, it is a
set.

(ii) A writer may be most talented for one person and
may not be for other. Therefore, we cannot
definitely decide which writer will be there in the
collection.

So, this collection is not well-defined. Hence, it
is not a set.

(iii) Here, we can definitely decide whether a given
novel is written by Munsi Prem Chand or not

So, this collection is well-defined. Hence, it is a
set.

(iv) The term most dangerous is vague term. An
animal may be most dangerous for one person
and may not be for the other.

So, it is not well-defined. Hence, it is not a set.

EXAMPLE |2|1fA={0,123,4,5,6,7,8,9, 10},
then insert appropriate symbol € or € in each of the
following blank spaces.
() 4...4 (i) —4..4
(iv)9... 4 (v)0o...A

(iii) 12 ... A
(vi)—2... 4

Mathematics

N — The set of natural numbers.

Z— The set of all integers.

Q — The set of all rational numbers.

R — The set of real numbers (rational and irrational numbers).
Z*— The set of positive integers.

Q*— The set of positive rational numbers.

R*— The set of positive real numbers (positive rational and
numbers)

Note From now onwards, we use the symbols N, Z,Q, R, Z*,Q*, R*
for the above sets only.

REPRESENTATIONS OF SETS

Sets are gfﬂf?’d‘ﬁ} ?“EP?’ESEMIE&’ byﬁft’owzng tfwao wa_ys

1. Roster Form or Tabular Form or Listing Method

2. Set-Builder Form or Rule Method

Roster form or Tabular Form or

Listing Method
In this form, all the elements of a set are listed, the elements are being
separated by commas and are enclosed within curly braces { }.
e.g.
(i) The set of all natural numbers less than 10 is represented
in roster form as {1, 2, 3,4, 5, 6, 7, 8, 9}.
(i1) The set of prime numbers is {2, 3, 5, 7, ...}. Here, three dots

tell us thar the list of prime numbers continue indeﬁnitcly.

Note

(i) In roster form, order in which the elements are listed is not important.
i.e. the set of natural numbers less than 10 can also be written as
{2,4,1,3,5,6,8,7,9} instead of {1,2, 3, 4,5,6, 7, 8, 9}.

(i) In roster form, element is not repeated, i.e. all the elements are
taken as distinct. e.g. The set of letters forming the word
‘MISCELLANEQUS' is {M, I, S, C, E, L, A, N, O, U}.

EXAMPLE |3| Write the set of all vowels in English alphabet
which precedes ‘s
Sol. The vowels which precedes ‘s’ are a, e, i and o.
So, the required set is A = {a, e, i, o}.



EXAMPLE |4| Describe the following set in Roster
form. {x : x is positive integer and a divisor of 9}
Sol. Here, x is a positive integer and a divisor of 9.
So, x can take values 1, 3, 9.
- {x: xis a positive integer and a divisor of 9} = {1, 3, 9}

EXAMPLE |5| Write the set of all natural numbers x such
that 4x + 9 < 50 in roster form.

O, Firstly, simplify the inequality and then list all the natural
numbers under given condition.

Sol. We have, 4x +9<50

= 4x+9-9<50-9 [subtracting 9 from both sides]

41
= 4x <41 :>qu

x<10.25

Since, x is a natural number, so x can take values
1,2,3,4,5,6,7,8,9, 10.
~. Required set=1{1,2,3,4,5,6,7, 8,9, 10}

EXAMPLE |6] List the elements of the following sets.
(i) {x:xe Z and |x|< 2}

(i) {x:x= n and 1< n<3, wherene N}
1

+l"i2

Sol. (i) Given, {x:x € Z and |x|< 2}

Since, x| 2

AN —2=x=<2
Also, as x € Z, therefore x=—-2 —-1,0,1, 2
Hence {x:xeZand|x|22={-2-1012

(ii) Given, {x:x = 7 and 1< n< 3, where ne N}
1+n

Here, x = 2,1Sn£3,neN
1+n
= x=——n=123
1+n
1 2 3 123
= X —— = o
1+1%7 1427 1+43° 2510

.. Required set is { l, E, i}
2 5 10

EXAMPLE |7| Use listing method to express the
following sets.
(i) A={a,:neN, a,, , =3a,and a, =1}
(ii) B={a,:neN,a,,,=a,,+a,and a;, =a, =1}
Sol. (i) We have, a, =1anda,,, =3a,, Vne N
On puttingn=1, 2, 3, 4, ... ina, ,, =3a,, we get
a,=3a =3xX1=3

a; =3a, =3x3=3"
a,=3a, =3x3"=3"
a, =3a, =3x3" =3*
a, =3a, =3x3* =3 and so on.
A={,33,3,3,73 .}
(ii) We have, a, =1,a, =1

and Ay iz =0y 4, +a,, VneN.

n

On puttingn=1,2,3, ..ina, ,

=a,, ,+a, we get
a;=a, +a, =1+1=2
a,=a,+a,=2+1=3
a, =a,+a; =3+2=5
a; =a; +a, =5+3=38and so on.
Note B={112,3 58 ..}

Set-builder Form or Rule Method

In this form, all the elements of set possess a single common
property p(x), which is not possessed by any other element
outside the set.

In such a case, the set is described by {x : p(x) holds}.

e.g. In the set {a,¢,7,0,u}, all the elements possess a
common property, namely, each of them is a vowel of
English alphabet. Note that no other letter possesses this

property.
If we denote the set of vowels by V; then we write

V ={x:x is a vowel in Eng]ish alphabet}
The above description of the set Vis read as
The set of all x such that x is a vowel in English alphabet.
Some examples are given below
(1) Set of all natural numbers less than 10,
A={x:x€ Nand x< 10}
(i1) Set of all real numbers,
B={x:xe R}

WORKING RULE TO WRITE THE SET IN THE
SET-BUILDER FORM
To convert the given set in set-builder form, we wuse the
ﬁi&wing steps
Step 1 Describe the elements of the set by using a symbol x
or any other symbol y, z etc.
Step 11 Write the symbol colon .
Step 111 After the sign of colon, write the characteristic
property possessed by the elements of the set.

Step IV Enclose the whole description within curly braces

Le. { }.



EXAMPLE |8| Write the set A = {14, 21, 28, 35, 42, ...,
98} in set-builder form.

_-‘,'—?;7 Firstly, find the characteristic property possessed by the
Y elements of the set, then write in set-builder form.

Sol Let x represents the elements of given set.
Given numbers are natural numbers greater than 13, less
than 99 and multiples of 7.

Thus, A = {x: xis a natural number greater than 13, less
than 99 and a multiple of 7}, which is the required
set-builder form of given set.
This can also be written as
A ={x: x is a natural number, a multiple of 7 and
13< x <99}

or A={x:x=7nneNand2<n<14}

EXAMPLE |9] Describe the following set in
set-builder form B = {53, 59, 61, 67, 71, 73, 79, 83, 89, 97}
Sol. The given set is {53, 59, 61, 67, 71, 73, 79, 83, 89, 97}
We observe that these numbers are all prime numbers
between 50 and 100.
.. Given set,
B = {x: x is a prime number and 50 < x < 100}

EXAMPLE |10| Write the set of all real numbers which
cannot be written as the quotient of two integers in the
set-builder form.

Sol. We know that all rational numbers are expressible as

the quotient of two integers. Therefore, the required set
is the set of those real numbers which are irrational.

. Required set is {x : x € Rbut x ¢ Q}.

Representation of a Statement in Both Form

Statement Roster form Set-builder form
The set of all natural {11,12,13} {x: xe Nand
numbers between 10 10< x< 14}

and 14.

The set of all prime {2,8,5, 7} {x:xis a prime
numbers less than 11. number and x< 11}
The set of all distinct {F,r.i,e,n d} {x:xis aletter used

letters used in the word
‘Friend’.

in the word ‘Friend'}

EXAMPLE [11] Describe the following.
(i) “The set of all vowels in the word EQUATION” in roster
form.
(ii) “The set of reciprocals of natural numbers” in
set-builder form.
(i) The word “EQUATION" has following vowels,
ie. A,E, I, Oand U

Now, the given statement can be described in roster
form as {A, E, I, O, U}

Sol

(ii) Given statement can be described in set-builder
form as {x: x is a reciprocal of a natural number}

or {x:x:l,nENlr
h

| TOPIC PRACTICE 1 |

OBJECTIVE TYPE QUESTIONS

1 Which of the following is not a set?
(a) The collection of days of week.
(b) The collection of prime number less than 10.
(c) The collection of intelligent students in your class.
(d) All of the above.

2 If bis not an element of 4, then we write
(a) be A (b) Acb (c)beA (d) Aeb
3 The set of natural numbers which divide 42 is
(a) {1,2,3} (b) {1,2,3,6,7,14, 21}
(c) {1,2,3,6,7,14,21,42} (d) {42}
4 The set of all letters in the word ‘BETTER’ in
roster form is
(a) {B,E,T,R} (b) {B, T,R}
(c) {B,E,R} (d) {B,R}
5 The set A= {x: xis an odd natural number} in

the roster form is ..X.... Here, X refers to

(a) {1,3,5,7) (b) {1,3,5,7,..}

(c) {3,5,7,..} (d) None of these
VERY SHORT ANSWER Type Questions

Directions (Q. Nos. 6-8) Which of the following are sets?
Justify your answer.

6

A team of eleven best cricket batsman of the
world. [NCERT]

7 The collection of all boys in your class. [NCERT]

8
9

The collection of all natural numbers less than 100.

If A={1, 3,5 7,9,11,13,15}, then insert the
appropriate symbol € or ¢ in each of the

() 1.4 (i)6..4 (i)9..4 (iv)14..4
Write the set A= {x: x € Z, x? <20} in the roster
form.

10

1

Write (x : x is an integer and - 3< x < 7} in roster
form. [NCERT]

12 Write set A= (3, 6,9, 12, 15} in set-builder form.

13 Write set A={1, 4,9, .., 100} in set-builder form.

[NCERT]



14 Express the set
2

D=<qx:x= nz
n-+1
15 Describe the following.

(i) “The set of vowels in the word
MATHEMATICS” in roster form.

(ii) “The set of all odd natural numbers” in
set-builder form.

16 Describe the following set in roster form.
{x : x is a letter of the word PROPORTION}

SHORT ANSWER Type Questions

17 Let A=(1,2,3,4),B={5,6,T}and C ={7, 8, 9,10}
Insert the correct symbole or ¢ in each of the

following blanks.

(i) 2..A (ii) 5..C
(iii) 6...B (iv) 7...A
(v) 5...B (vi) 10...C

18 Describe the following sets in roster form.

(i) The set of all letters in the word ‘ALGEBRA.
(ii) The set of all natural numbers less than 7.
(iii) The set of squares of integers.

(iv) The set of all letters in the word
“TRIGONOMETRY".

19 Describe the following sets in set-builder form.

(i) The set of all letters in the word
PROBAEBILITY.

(ii) The set of all even natural numbers.
(iii) {5, 25,125, 625)

HINTS & ANSWERS

1 (c) The collection of intelligent students in your class is
not set.

2 (c) If ‘Y is not an element of a set A, then we write b ¢ A
and read ‘b does not belong to A’.

3 (c) Factorsof42are 1,2, 3,6,7, 14, 21, 42.

The set of natural numbers which divide 42, is
represented by {1, 2, 3, 6, 7, 14, 21, 42}.

-1 .
——— ne Nandn<4_in roster form.

4 (a) There are 6 letters in the word ‘BETTER’ and two
letters E and T are repeated. So, the given set can be
represented in roster form as {B, E, T, R}.

o

(b) The given set can be represent in roster form as {1, 3,
5,7, ..}

Not a set

Set

Set

()1e A

(i) 62 A

(iii)9e A

(iv)14 ¢ A

10 It can be seen that the square of integers0,+1,£ 2, £3,+ 4
are less than 20.
Ans. A={-4-3-2-10,1,2,3, 4}

11 {-3-2-10123456}

12 A ={x: x is a natural number multiple of 3 and x <18}
13 A={x:x=n’ne Nandn<l1i)

14 D:{ﬂ,i 4_}
55

O 0N

15 (i) The word “MATHEMATICS" has following vowels i.e.
A Eand L

Ans. {A E I}

(ii) An odd natural number can be written in the form
(2n —1). Given set can be described in set-builder form
Ans. {x:x=2n—1ne N}

16 Distinct letters in the word PROPORTION are P, R, O, T,
ILN.So, xcanbe P,R, O, T, I, N.
Ans. Required set={P. R, O, T, I, N}
17 (i) Since, 2is an element of A. So,2€ A
(ii) Since, 5 is not an element of A. So,5¢ C
(iii) 6€ B (iv)7 ¢ A
(v)5eB (vij10e C
18. (i) {A,L,G,E,B, R}
(i) {1,2.3.4, 5, 6}
(iii) {0, 1, 4, 9, 16, ...}
(iv) {T,R, L, G, O, N. M, E, Y}
19. (i) {x: xis aletter of the word PROBABILITY}
(ii) {x: x =2nm,ne N}or{2n:ne N}
(iii) {x: x =5",ne N and n< 5}
or{5" :ne N and n< 5}



| TOPIC 2|
Types of Sets

In this topic, we will study abour different types of sets and
cardinal number of a set.

Empty Set

A set which does not contain any element, is called an
empty set or null set or void set. It is denoted by ¢ or { }.
e.g. A ={x:x is a natural number less than 1}

We know that, there is no natural number less than one.
Therefore, set A contains no element and hence it is an
empty set.

EXAMPLE |1| Which of the following sets are empty
sets?

(i) Set of all even natural numbers divisible by 5.
(ii) Set of all even prime numbers.
(iii) {x :x* —2 =0 and x is rational}

[NCERT]

(iv) {x : x is a point common to any two parallel lines}
[NCERT]

Sol. (i) There are infinite even natural numbers which are
divisible by 5. e.g. 10, 20, 30, 40, 50, etc.

Therefore, it is not an empty set.
(i) We know that 2 is only even prime.
Therefore, it is not an empty set.

P

(iii) Given, {x: x* —2=0and x is rational}
xf-2=0 = x*=2 = x:i»JEgQ

Therefore, it is an empty set.

Here,

(iv) Given, {x: x is a point common to any two parallel
lines}
We know that, no point is common to any two
parallel lines. Therefore, it is an empty set.

EXAMPLE |2| Which of the following sets are empty?
(i) A={x:xe N and x < 1}

(i) B={x:3x+1=0,xe N}

(i) C={x:2<x<3, xe N}

Sol. (i) We have, A={x:xe Nand x<1}
= A={1}
So, this is not an empty set.
(ii) We have, B={x:3x+1=0, xe N}
Since, 3x +1=0

-1
= x=—¢gN
3

Thus, set B does not contain any element.
Hence, set B is an empty set.

(iii) We have, C ={x:2<x <3 xe N}
Since, there is no natural number between 2 and 3.
Hence, set C is an empty set.

Singleton Set

A set, consisting ofa single element, is called a singleton set.
e.g.
(1) The sets {0}, {5}, {= 7} are singleton sets.
(i) A={x:x+8=0,xe L} is a singleton set, because
this set contains only one integer, namely — 8.

EXAMPLE |3| LetT:{x: X+5 -5=M}.
X

-7 13 — x
Is T a singleton set? Justify your answer.

Sol Wehave,T={x: x+5_5=ﬂ}

x-=7 13— x
x+5 5_4x—40 x+5 5 4x-40
x-7 13— x x-7 1 13— x
x+5-5x+35 4x-40 40—4x 4x-—-40
= = = =
x—=7 13— x x -7 13— x
—(4x —40 -
- (4x )_4x 4(}:0
x—=7 13— x

= —(4x—40)[ 1 1 ]:o
(13—x) (x-7)

6
= (4x—40][ ]=0:> 4x—40=0

(13—x)(x—-7)
A x=10
Hence, T'is a singleton set.

Finite Set

A set which is empty or consists of a definite number of
elements, is called a finite set.
e.g.
(i) The set {1, 2, 3, 4} is a finite set, because it contains
a definite number of elements, i.e. only 4 elements.
(i) The set of solutions of x> =25 is a finite set, because
it contains a definite number of elements, namely 5

and —5.
CARDINAL NUMBER

The number of distinct elements in a finite ser A is called
cardinal number of set A and it is denoted by # (A).

e.g. If A={-3,-1,8,10,13}, then n(A4) =5.



Infinite Set

A set which consists of infinite number of elements is called
an infinite set.

When a set is infinite set, it is not possib]e to write all the
elements within braces { } because the number of elements
of such a set is not finite. In such cases, we write a few
elements which clearly indicate the structure of the set

followed by three dots.

e.g. Set of squares of natural numbers is an infinite set,
because such natural numbers are infinite and it can be
represented in roster form as {1, 4, 9, 16, 25, ...}.

Note All infinite sets cannot be described in the roster form.
e.g. The set of real numbers cannot be described in this form,
because the elements of this set does not follow any particular
pattern.

EXAMPLE |4| Which of the following sets are finite and
which are infinite?
(i) Set of concentric circles in a plane.

(ii) The set of lines which are parallel to the X-axis.

(iii) The set of animals living on the Earth. [NCERT]
(iv) The set of circles passing through the origin (0, 0).
[NCERT]

Sol. (i) We can draw infinite circles having same centre.
. It is an infinite set.
(ii) We can draw infinite lines parallel to X-axis.
. It is an infinite set.
(iii) There are finite number of animals living on Earth.
- It is a finite set.

(iv) We can draw infinite number of circles, passing
through origin.
. It is an infinite set.

EXAMPLE |5| Which of the following sets are finite and
which are infinite?
(i) {xeR:0<x<1} (ii) {xe Z:x <5}

(iii) The set of positive integers greater than 100.
(iv) The set of prime numbers less than 99.
Sol. (i) Given, {xeR:0< x<1}
Here, 0< x<1
We know that between any two real numbers, there
are infinite real numbers.
.. The set {xe R:0< x <1} is an infinite set.
(ii) Given, {x e Z: x<5}. Here, x<5
We know that, there are infinite integers less than 5.
le. 4,3 2 1,0, —1, etc.
. The set {x € Z : x < 5} is an infinite set.
(iii) It is an infinite set because there are infinite numbers
greater than 100, ie. 101, 102, 103, 104, etc.

(iv) If is a finite set because there are 25 prime numbers
less than 99. namelv 2. 3. 5. 7. 11. ... 97.

[NCERT]

Equivalent Sets

Two sets A and B are said to be equivalent, if their cardinal
numbers are same i.e. if #(A) =n(B).

e.g. Let A={a,b,c,d} and B=1{1,2,3,4}, then n(A)=4
and n(B) =4.

Therefore, A and B are equivalent sets.

EXAMPLE |6| From the following sets given below,
pair the equivalent sets.
A={12,3}, B={t, p.q. 1,5}, C={o,PB, v} and
D={a, e i o0, u}
Sol. Given, A=1{1,23} = n(A)=3
B={t, p.q.r.s} = n(B)=5
C=fo,B. v} = n(C)=3
D={a e io u = nD)=5
Here n{A) = n(C) =3and n(B) = n(D) =5
.. The sets A, C and B, D are equivalent sets.

Equal Sets

Two sets A and B are said to be equal, if they have exactly
the same elements and we write it as A = B. Otherwise, two
sets are said to be unequal and we write 4 # B.

e.g Let A={a,b,c,d} and B={c,d, b, a}, then A=B,
because each element of A is in B and vice-versa.

Note A set does not change, if one or more elements of the set are
repeated.

e.g. The sets A={1 4,5} and B={11, 4,5, 5} are equal because
elements of A is in B and vice-versa. That's why, we generally do not
repeat any element in describing a set.

EXAMPLE |7| From the following sets, select equal sets.

A={2,4,6,8}, B={123 45},
C={-24,6,8), D=1{2,3,5, 41},
E ={8,6,2 4}

Sol.  Since, each element of set A presents in set E and

vice-versa.

Therefore, A and E are equal sets, i.e. A = E.

Also, each element of set B presents in set D and vice-versa.
Therefore, B and D are equal sets.

EXAMPLE |8| Are the following pair of sets equal?
Give reason. [NCERT]
(i) A={2,3}and B = {x: x is a solution of x* +5x + 6 =0}
(ii) A= {x:xisa letter of the word "FOLLOW"}

and B ={y: y is a letter of the word “WOLF"}

.‘@7: Firstly, convert the given sets in roster form and then
® check whether they have exactly the same elements.

Sel. (i) Here, A ={2 3}
and B = {x : x is a solution of x* +5x +6 =0}




Firstly, we find the solution of x* +5x + 6= 0.
By splitting the middle term, we get
2’ +3x+2x+6=0
(x+3)+2Ax+3)=0
(x+2)(x+3)=0 =>2x=-2-3
o B={-2 -3}
Since, the elements of sets A and B are not same,

therefore A # B.
(ii) Here, A = {x : x is a letter of the word “FOLLOW"’}

={F, O, L, W}

and B={y:yis a letter of the word “WOLF"}
={W,0O, L, F}

Since, every element of A is in Band every element of

Bis in A, i.e. both have exactly same elements.

A=B

=
=

EXAMPLE |9| Which of the following pairs of sets are
equal? Justify your answer.
(i) A={x:xis a letter of the word "LOYAL"},
B = {x:xis a letter of the word “ALLOY"}
(i) A={x:xeZandx*<8},
B={x:xeRand x> 4x +3=0}
Sol. (i) Given, A ={x: x is a letter of the word “LOYAL"}
={L, O, Y, A}
and B={x:x is a letter of the word “ALLOY"}
=A, L O,Y}
Here, we see that both sets have exactly the same
elements.

A=B

(ii) Given, A ={x:xe Zand x? <8}={-2-1.01 2}
[ the squares of integers 0, £ 1, + 2 are less than §]
and B={x:xeR and x* —4x +3=0}= {1, 3}
[ x*—4x+3=0=(x-1)(x-3)=0=>x=173]
Here, we see that set A has 5 distinct elements and set B
has 2 distinct elements. So, they do not have same

elements.
: A#B

EXAMPLE |10| Identify which of the following set is an
empty set, singleton set, infinite set or equal set.
(i) A={x:xisa girl being living on the Jupiter}
(ii) B ={x:xis a letter in the word “MARS"}
(iii) € ={y: yis a letter in the word “ARMS"}
(iv) D={x:3x—-2=0,xe0Q}
(v) E={x:xe N and x is an odd number}
Sol. (i) A ={x:xisa girl being living on the Jupiter}
We know that, there is no human being or any girl
living on the Jupiter. Therefore, A is an empty set.
(ii) B={x:x is a letter in the word “MARS"}
= B={M,AR, S}

(iif) C ={y:y isaletter in the word “ARMS"}
= C={A R M,S}
Here, we observe that the elements of sets B and C are
exactly same, Therefore, these sets are equal, ie.

B=C.
(iv) D={x:3x —2=0,xe Q}
= D={§} ['.'3x—2=0:>x=gzeQ]

.~ Dis a singleton set.

(v) E ={x:xe N and x is an odd number}
Clearly, it is an infinite set because there are infinite
natural numbers which are odd.

TOPIC PRACTICE 2 |

OBJECTIVE TYPE QUESTIONS

1 The empty set is represented by

Lo IL. {6)
1L (} V. {{(})
(a) ITand II (b) IandIII

(c) Il and III (d) Tand IV

2 Identify the null set from the following
I. {x :x is a natural number, x <5 and x > 7}
IL. {y : yis a point common to any two parallel
lines}
(a) Onlyl
(c) BothIandII

(b) OnlyII
(d) None of these

3 The set{x:x*=x, xe N}can be expressed in
roster form as
(a) {0,1} (b) {1} (c) {0} (@ ()

4 Let S be any set and n (S) is a natural number.

Then, the set Sis ...Y... Here, Yrefers to
(a) empty set (b) infinite set
(c) non-empty finite set (d) None of these
5 LetA={x:xeZandx?’<4)and B={x:xeR
and x% — 3x +2=0}. Then,
(a) A=B (b) A#B (c) AeB

VERY SHORT ANSWER Type Questions

6 Which of the following sets are empty sets?
(i) A={x:4<x<5xeN}
(i) D ={x : x> =25and x is an odd integer}
(iiii) {x :x e N and x* =9)
(iv) {x:x%-3=0,xis rational}
(v) A =Set of odd natural numbers divisible by 2.

(d) AeB

(vi) B =Set of odd prime numbers.



10

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: x1is an integral positive root of the
equation x* — 2x — 15=0} [NCERT)]

Show that the set of letters needed to spell

"CATARACT" and the set of letters needed to

spell “TRACT” are equal.

Show that the following sets are equal.
A={21,B={2,1,1,2,1,2)

and C = {x:x2-3x+2=0)

State which of the following sets are finite and
which are infinite?

(i) A={x:xeZand x> -2x - 3=0)
(ii) B =Set of lines passing through a point.

SHORT ANSWER Type Questions

1

12

13

14

15

16

From the sets given below, select equal sets and
equivalent sets.

A={0,a},B={12, 3,4},C={4,8,12},

D={3,1,2 4}, E={10), F=(8,4,12), G={ 5, 7,11},
H ={a, b}

Are the following sets equal?

A={x: xis a letter in the word ‘REAP’}

B = {x: xis a letter in the word ‘PAPER’}

C ={x:xis a letter in the word ‘ROPE’}

Which of the following sets are equal?
A={x:xeN,x<3},B={1,2},C=(3,1},
D={x:xe N,x<5xisodd}, E=(1,2,1, 1}
F={11,3)
State which of the following sets are finite and
which are infinite?

(i) A={x:xeZand x* -5x +6=0)

(ii) B={x:x eZ and x” is even)
(iii) C ={x :x € Z and x? = 36)
(iv) D={x:x eZandx >-10}
From the sets given below, select empty set,
singleton set, infinite set and equal sets.

(i) A={x:x <landx > 3}

(i) B={x:x*-1=0,x e R}
(iii) € ={x : x € N and x is a prime number}

(iv) D={2, 4, 6, 8,10}

(v) E={x : xis a positive even integers and x <10}
Which of the following sets are empty sets?

INCERTI

17

18

(i) A={x:xis a human being living on the Mars}
(ii) B={x :x is an even natural number divisible
by 3}
(iii) C ={x : x is a point common to opposite sides
of parallelogram}
(iv) D ={x :x is a natural number, x <5 and
simultaneously x > 7}
Which of the following sets are singleton/non-
singleton?
(i) A={x:|x|=7,x € N}
(i) B={x:x*>+2x+1=0,x € N}
(ili) C ={x:x?=9,|x|<3,x e N}
Which of the following pairs of sets are equal?
(i) A={1,3,3,1), B=(1, 4}
(ii) A={x:x+2=2},B={0}

(iii) A = {1,%,%,...},B={%,REN}
(iv) A={x:x eW)},B={x :x e N}

| HINTS & ANSWERS |

(b) The empty set is represented by ¢ or { }.

(c) There is no natural number which is simultaneously
greater than 7 and less than 5.

Also, there is no point common to any two parallel lines.

(b) The natural number whose square is the number
itself is 1. So, the given set in the roster form is {1}.

(c) If n(S)is a natural number, then § is a non-empty finite
set.

(b) A=1{-2-1,01 2}

Given equation is x* —3x + 2=0

= (x-1)(x-2)=0=x=12

o B=1{ 2}

Since,0e A and 0 ¢ B, A and B are not equal sets.

6. (i) There is no element in this set, so A is empty set.

(ii) D ={-5, 5}, not empty

(iii) {x:x e N and x* =9} = {3}, so it is non-empty set.

(iv) Empty set

(v) As no odd natural number is divisible by 2, so set A is

empty.

(vi) Since, 2 is only an even prime number.

- B={2}

So, B is not an empty set.
A={0}, B={.34and16,17,...}
C={5LD={5—5and E = {5}
Since, each element of set C represents in set E and
vice-versa.

Ans. Sets C and E are equal set.




8. Set of letters needed to spell “CATARACT” ={C,A,T,R}

Set of letters needed to spell “TRACT” ={T, R, A, C}
Both sets are same, so both are equal.
9. Given, A={21} B={211212}=4,2}
and C ={x:x*—3x+2=0}
={x:(x-1)(x—-2)=0}=1{, 2}
From these, we observe that the sets A, B and C contain the
same elements and hence these are equal.

10. (i) A={x:xeZandx*-2x-3=0}={3, -1}
Here, A has two elements. So, it is a finite set.

(ii) Since, infinite number of lines can pass through a
point. So C is an infinite set.

11 Equalsets: B=D,C=F
Equivalent sets: A, E, H; B, D,G;C, F
12 No
13 A=B=E.C=D=F
14 (i) A ={2, 3}, s0 Ais a finite set.
(ii) B={..—6,—4,—20,2,4,6, ..}, so Bis on Infinite set.
(iii) C ={6, — 6}, so C is a finite set.
(iv) D={-9, -8, -7, ..} so Dis an infinite set.
15 (i) A ={} =, so it is empty set.
(ii) B ={1}, so it is singleton set.
(iii) C ={2 3,5, ...}, so it is infinite set.
(iv) D ={2, 4, 6,8 10}
(v) E={24,6810}

[ (A) = n(B)]

D and E are equal set.
16. (i) A ={x:xis a human being living on Mars}
We know that, there is no human being on the Mars.
So, this set is an empty set.
(ii) B ={x : x is an even natural number divisible by 3}
We know that, there is no even number, which is
divisible by 3. So, this is an empty set.

(iii) C ={x : x is a point common to any two parallel lines}
We know that, there is no common point between
opposite sides of the parallelogram. So, this is an
empty set.

(iv) D ={x : x is a natural number, x <5and
simultaneously x > 7}

We know that, any natural number cannot be less than
5 and greater than 7, simultaneously.
So, this is an empty set.

17. (i) We have, A ={x:|x|=7, xe N}={7},
[+]x]|=7=x=27,but xe N]

This set is a singleton set.

(i) We have, B={x:x" +2x +1=0, x& N}
Now, x24+2x+1=0
= (x4+1°=0 = x=-1
which is not a natural number.

B={}=¢

This set is non-singleton set

(iii) We have, C={x:x"=9|x|<3 xe N}

Now, xi=9
= x =13
Now, [x]=3
= x=-3-2-10123

Here, x = —3 and 3 satisfy x* =9 and | x| < 3 both.
But out of =3, 3only 3 N.
C = {3}
This set is a singleton set.
18. (i) Given, A =1{1,3,3,1}={1, 3}, B={L 4}
Since, A and B have different elements.
o A#B
(ii) Given, A ={x:x+ 2= 2}={0}and B= {0}
Since, A and B have same elements.
A=B

(iii) Given, A=J1, 1. L L=
2’3
and B:{l:nEN}={£,l,l,,..}
n 123
{ 11
=4L = - ..
2" 3

Since, A and B have same elements.
R A=B
(iv) Given, A ={x:xe W}and B={x:xe N}
=A={0.1,23..}and B={, 23, ...}
Since, A has one element differ from Bi.e. 0.
A#B



| TOPIC 3|
Subset and Universal Set

SUBSET

Let A and B be two sets. Ifevery element of A is an element of

B, then A is called a subset of B.

If A is a subset of B, then we write A C B, which is read as “4
is a subset of B” or A is contained in B.

In other words, A < B, if whenever z € A, then z€ B. It is
often convenient to use the symbol “=” which means
impt'z'e:. Using this symbnl, we can write the definition of
subset as follows

AcB ifxeA= xeB
The above statement is read as

A is subset 0f B, ff x is an element 0f ‘A, then it i mpfie_r that x is
also an element of B.

If A is not a subset of B, then we write A € B.
e.g. Consider the sets 4 and B, where set A denotes the set of
all students in your class, B denotes the set of all students in

your school. We observe that, every element of A4 is also an
element of B. Therefore, we can say that A is subset of B i.e.

AcB.

If ic happens for both sets 4 and B, i.e. every element of A is
in B and every element of B is in A, then in this case, Aand B
are same sets. 1 hus we have,

Ac Band Bc A& A= B, where “&" is a symbol for two
ways implications and is usually read as if and only if (iff).
Note

0 {te{1.23
(i) 2  {1,2, 3}

Proper Subset

If Ac B and A# B, then A is called a proper subset of B,
written as A C B and B is called superset of A.

C.g. Lﬁ[ A = {x:x Is an even natuml l'lLllleEl'}

and B ={x:x is a natural number}
Then, A=12,4,6,8,.} and B=1{1, 2, 3, 4, 5,...}
AcB

SOME IMPORTANT RESULTS
(i) Every set is a subset of itself.

Proof Let A be any set. Then, each element of A4 is
clearly in A. Hence, 4 C A.

(i) The empty set 0 is a subset of every set.

Proof Let A be any set and ¢ be the empty set. To
show that ¢ € A, we have to show that every
element of ¢ is an element of A also. But we know
that empty set ¢ contains no element. So, there is
no element of ¢ which does not belong to A.
Thus, we can say that every element of ¢ is in A.
Hence, d < A.

(iii) The total number of subsets and proper subset of a
finite set cnntaining n elements is 2" and 2" -1,
respectively.

(iv) f Ac Band BcC, then A cC.
(v) A=B,ifand only if AC Band B C A.

EXAMPLE |1| Let A = {1, 2, {3, 4}, 5}. Which of the
following statements are incorrect and why? [NCERT]

(i) {3, 4} c 4 (ii) {3, 4} A
(i) {{3,4}}c A4 (i) 1e4
(v)1c 4 (vi) {1,2,5) c A
(vil) {1,2,5}e A (viii) 6 c A

(ix) 0 A (x) {¢}cA

Sol. Wehave, A={1,2,{3, 4}, 5}

(i) Since, {3, 4} is a member of set A.
{34} A
Hence, {3, 4} — A is incorrect.

(ii) Since, {3, 4} is a member of set A.
.43, 4} € A is correct.

(iii) Since, {3, 4} is a member of set A.
So, {{3. 4}} is a subset of A.
Hence, {{3 4}} c A is correct.

(iv) Since, 1 is a member of A.
1€ A is correct.

(v) Since, 1 is a member of set A.
1< A is incorrect.

(vi) Since, 1, 2, 5 are members of set A.
So, {1, 2, 5} is a subset of set A.

Hence, {1, 2, 5} € A is correct.
(vii) Since, 1, 2 and 5 are members of set A.

So, {1, 2, 5} is a subset of A.
Hence, {1, 2, 5} € A is incorrect.

(viii) Since, ¢ is subset of every set.
. & c A is correct.

(ix) Since, ¢ is not a member of set A.
*. ®e A is incorrect.

(x) Since, ¢ is not a member of set A.
- {0} < A is incorrect.



EXAMPLE |2| Insert the correct symbol c or ¢
between each of the following pair of sets.
(i) {x:x is a student of class XI of your school} ......
{x : x is a student of your school} [NCERT]
(ii) {x: x is a triangle in the plane} ...... {x: x isa
rectangle in the plane}
(iii) {x: x is an equilateral triangle in the plane} ......
{x : x is a triangle in the plane} [NCERT]
(iv) {x: x is an even natural number} ......
{x : x is an integer}
(v) {1, 4, 8}...... {1,2,4,6, 8}
Sol (i) {x: x is a student of class XI of your school}
C {x:x is a student of your school}
(ii) {x:x is a triangle in the plane} & {x : x is a rectangle
in the plane}
[ all elements of Ist set are not there in the IInd set]
(iii) {x : x is an equilateral triangle in the plane} c {x: x is
a triangle in the plane}

[ elements in the IInd set are triangles, so there will
also be equilateral triangle, thus all elements of Ist set
are there in the IInd set]

(iv) {x:x is an even natural number} c {x:x is an
integer}
[ integers have both even and odd natural numbers,
so all elements of Ist set will be there in the IInd set]

() {L4, 8} {1, 24,68}

EXAMPLE |3| In each of the following, determine
whether the statement is true or false. If it is true, prove it
and if it is false, give an example.

(i) fxe Pand PeqQ, then x e Q.

(i) fPcQandQ cR, thenP cR.

)
(iii) If xe Pand P ¢ @, then x € Q.
(ivyIfPcQandQe R, then PeR.
(v) IfPzQ andQ ¢ R, then P ¢ R.

Sol. (i) It is false statement.
e.g. Let P = {1}, O={{1}, 2}
Clearly,1€ P and PeQ butl e Q.
So. x € P and P € Q need not imply that x € Q.
(ii) It is true statement.
Let x € P be any arbitrary element, then
PcO=xeQ andQcR=xeR
Thus, xe P=xe Rforallxe P=FPcCR
Hence, PcQandQc R= PcR
(iii) It is false statement.
eg Let P={l, 2} and Q ={2 3, 4, 5}
Clearly,1e Pand Pz Q butl ¢ Q.
Thus, x € P and P ¢ Q need not imply that x e Q.

(iv) It is false statement.

eg. Let P={1}, O ={L 2} and R={{L, 2}, 3}, then P c Q

andQeRbut P& R

Thus, P < Q and Q € R need not imply that Pe R.
(v) It is false statement.

eg Let P=1{l, 2}, 0=1{2 3} and R={L 2 5}

Then, PeQand Q& Rbut Pc R.

Thus, P & Q and Q & R need not imply that P ¢ R.

EXAMPLE |4| Prove that if A c ¢, then A = 6.

Sol Given, Acod (i)
We know that ¢ is subset of every set.
hcA ..(ii)
From Egs. (i) and (ii), we get
A=¢ Hence proved.

EXAMPLE |5| Two finite sets have m and n elements.

The number of subsets of the first set is 112 more than

that of the second set. Find the values of m and n.
[NCERT Exemplar]

Sol Let the two sets be A and B such that n(A) = m and

n(B)=n

Then, number of subsets of set A = 2™

and number of subsets of set B = 2".

According to the given condition, we have
M=11242" = 2" -2 =2" -2}

On comparing both sides, we get
2"=2"and2" =2 = m=7andn=4

Subsets of the Set of Real Numbers

We know that every real number is either a rational or an
irrational number and the set of real numbers is denoted by R.
There are many important subsets of set of real numbers which
are given below

NATURAL NUMBERS
The numbers being used in counting as 1, 2, 3, 4,..., called

natural numbers.

The set of natural numbers is denoted by V. Thus,
N=1{1,2 3,4, ..}

WHOLE NUMBERS

The natural numbers along with number 0 (zero) form the
set of whole numbers i.e. 0, 1, 2, 3, ..., are whole numbers.

The set of whole numbers is denoted by W. Thus,
W =10,1,23,..}

Note Set of natural numbers is the proper subset of the set of
whole numbers.

ie. NcW



INTEGERS

The natural numbers, their negatives and zero make the set
of integers and it is denoted by Z.
Z :{s _5)_4)_ 3)_21 - 1) 0) ]-s 2) 3)49 --'}
Note Set of whole numbers is the proper subset of integers.
ie. Wes

RATIONAL NUMBERS

A number of the form ﬁ, where 2P and q both are integers and
qg#0 (division by 0 isqnot permissible), is called a rational

l'llllleE['.

The set of rational numbers is generally denoted by Q.
Thus, Q={£:p,q€2’andqi0}
q

Note (i) All integers are also rational numbers, since any integer,
say n, can be represented as the ratio %

(i) The set of integers is the proper subset of the set of rational
numbersie.Z cQandhence NcW c Z cQ.

IRRATIONAL NUMBERS

A number which cannot be written in the form pfq, where P
and q both are integers and in, is called an irrational
number.
The set of irrational numbers is denoted by Q. Thus,
Q’'={x:xe Randx ¢ Q}
Note A non-terminating, non-repeating decimal number are
irrational number.

DIAGRAMMATICAL REPRESENTATION

Semi-closed or Semi-open Interval
Some intervals are closed at one end and open at the other,
such intervals are called semi-closed or semi-open interval.

[a,b)={x:a<x< b} is a semi-open interval from 2 to 4

which includes  but excludes 4.

(a,b]={x:a<x< b} is a semi-open interval from @ to &

which excludes z but includes 4.
e.g. (1) (2, 8) is a subset of (=1, 11).

(i) [4, 6) is a subset of [4, 6].
On real line, we can draw the interval, which is shown [gy the dark

portion on the number line
(a b) [a, b]
a b e - a b
[a. b) (a, b]
T3 b = = 3 b
Note

(i) The set [0, =) defines the set of non-negative real numbers.
(i) The set (- =, 0) defines the set of negative real numbers.
(iii) (===, ==} is the set of real numbers.

LENGTH OF AN INTERVAL

The number (b — a) is called the length of any of the
intervals (a, &), [a, &], [a, &) or (a , b].

EXAMPLE |6| Write the following as intervals and also
represent on the number line.

(i) {x:xeR,—-5<x<6} (ii){x:xeR —1l<x<-9}
(iii) {x:xe R,2<x<8} (iv){x:xe R, 5<x<6}

Sol (i) {x:xe R —5< x <6} is the set that does not contain

Above subsets can be mpm:mted d'iagmmm.atz'mfi_'y as given below

Integers qeal NUmbg, Rational
number
Whole Irrational
number number
Natural
number

INTERVALS AS SUBSETS OF R

Let a, b belongs to R and 2<b. Then, the set of real

numbers {x:2<x <4} is called an open interval and is
denoted by (a, b).

All the real numbers between 2 and b belongs to the open
interval (&, &) but 2and & do not belong to this set (interval).

The interval which contains the end point (¢ and 4) also, is
called closed interval and it is denoted by [a, &].

Hence, [a,b]={x:a<x<b}

—5 but contains 6. So, it can be written as a
semi-closed interval whose first end point is open
and last end point is closed i.e. (-5, 6]

On the real line, (— 5, 6] can be graphed as shown in
figure given below

—oo -5 6 oo

The dark portion on the number line represent
(=56}

(ii) {x:xe R —11<x<—9} is the set that neither
contains —11 nor —9, so it can be represented as open
interval ie. (—11, —9).

On the real line, (—11, — 9) can be graphed as shown
in figure given below

—ee =11 -9 o0

The dark portion on the number line represent(— 11, — 9).

(iii) {x:x € R, 2= x < 8} is the set that contains 2 but not
contain 8.5o0, it can be represented as a semi-open
interval whose first end point is closed and the other
end point is open ie. [2, 8).



On the real line, [2, 8) can be graphed as shown in
figure given below

0o 2 8
The dark portion on the number line represent 2, o).
(iv) {x:x e R 5% x<6}is the set which contains 5 and 6
both. So, it is equivalent to a closed interval i.e. [5, 6].

On the real line, [5, 6] can be graphed as shown in the
figure given below

—oo

—oo oo

- >

- ] oo

0 5 6
The dark portion on the number line represent [5, 6]
EXAMPLE |7| Write the following intervals in
set-builder form.
@ (-3.00 (i) [6,12] (iii) (6, 12]  (iv)[-23,5)
Sol. We know that closed interval contains end points while
open interval does not contain end points.
() (-30)={x:xe R -3<x<0}

(ii) [6,12] = {x: xe R, 6= x <12}

(iii) (6,12] = {x:xe R 6< x <12}

(iv) [- 23,5)={x:xe R —23<x <5}

2 If Ac Band A # B, then

(a) Ais called a proper subset of B
(b) Ais called a super set of B

(c) Aisnot asubset of B

(d) Bis asubsetof A

3 Let A4, B, C be three sets. If Ae B and B c C, then

(a) AcC (b) AecC
(c) AeC (d) None of these

4 The set of real numbers {x:a < x < b} is called
(a) open interval
(b) closed interval
(c) semi-open interval
(d) semi-closed interval

5 The set of negative real numbers is denoted by
..Y.... Here, Y refers to
(a) (===,0)
(c) (===, 0]

VERY SHORT ANSWER Type Questions

(b) [~e=,0]
(d) [-==,0)

UNIVERSAL SET

If there are some sets under consideration, then a set can be
chosen arbitrarily which is a superset of each one of the
given sets. Such a set is known as the universal set and it is

denoted by U.
eg. (i) Let A=1{2,4, 6}, B=1{1,3,5}and C = {0, 7}
Then, U =10, 1, 2, 3, 4, 5, 6, 7} is an universal set.

(1) For the set of all integers, the universal set can be the
set of rational numbers or the set of real numbers.

EXAMPLE |8| What universal sets would you propose
for each of the following? [NCERT]
(i) The set of right triangles.
(ii) The set of equilateral triangles.

Sol. (i) The universal set for the set of right triangles is set of
triangles.

(ii) The universal set for the set of equilateral triangle is
set of isosceles triangles or set of triangles.

TOPIC PRACTICE 3 |

OBJECTIVE TYPE QUESTIONS

1 Consider
X = Set of all students in your school.
Y = Set of all students in your class.
Then, which of the following is true?
(a) Every element of Yis also an element of X
(b) Every element of X is also an element of ¥’
(c) Every element of Yis not an element of X
(d) Every element of X is not an element of YV

6 Consider the sets 9, A={1,2) and B={1, 4, 8}.
Insert the following symbols c or ¢ between
each of the following pair of sets.

(i)o..B (i) A...B

7 Prove that A c ¢ implies A= o.

8 Write the following subset of R as interval. Also
find the length of interval and represent on
number line.

{x:xeR,-12<x<-10}
9 Let A={a, b, {c, d}, €). Which of the following
statements is/are true?
(i) {c,d}e A (i) {{c,d)}cA
10 Given, the sets A=(1, 3,5}, B={(2, 4, 6) and
C={0, 2, 4, 6, 8). Which of the following may
be considered as universal set(s) for all three
sets A, B and C? [NCERT]

(i) ¢ (i) {0,1,2,3,4,5,6,7,8,9,10}

SHORT ANSWER Type Questions

11 Let A={1,3,5)and B ={x: xis an odd natural
number < 6}.
(i) Is A c B?
(i) Is A= B?
12 Consider the following sets ¢, A = {2, 5),
B={1234)andC= (1,2, 3, 4,5)
Insert the correct symbol c or ¢ between each

pair of sets

@ e¢..B
(iii) 4...C

(i) A...B
(iv) B...C




13

14

15

16

17

18

19

20

21

22

If A=(3, {4, 5}, 6}, then find which of the following
statements are true?

(i) {4,5)cA4 (ii) {4,5)eA
(iii) 6 cA (iv) (3,6} cA
Let A, B and C be three sets. If Ae Band B cC, is
it true that A cC? If not, give an example.

Write the following as intervals. [NCERT]
(i) {x:xeR,-4<x <6}

(ii) {x:x eR,-12<x <-10}

(iii) {x:xeR,0=x<T}

(iv) {x:xeR,3<x <4

Write the following intervals in set-builder form.

() (-6,0) (i) 3,21)
(iii) [2,21] (iv) (-20,5]
Write down the subsets of the following sets.
(i) {1,2,3}
(i) {0} [NCERT)

If A={x: x =n’ n =12, 3}, then find the number
of proper subsets.

Determine whether the given statements are
true or false.
(i) IfFA=(3,6,7)and B={2,3,7,8,10), then A c B.
(ii) IfFA=(x:x?+4x -21=0,x € N} and
B={-7,3),then AcB.
(iii) IfA=(1,7,9), B={2, 4,6) and C =(0, 2, 4}, then
U={0,1,2,3,4,5,6,7,8,9}is the universal set
for all three sets.

(iv) {6} €{4,5,(6), 7}

Write the following as intervals and also
represent on real line.
(i) {x:xeR,-3<x<T}
(i) {x:xeR,-1l<x<-T}
(iii) {x:x e R,0=<x <11}
(iv) {x:x eR,2=sx <9}

Examine whether the following statements are
true or false.
(i) {a, b} z(b,c, a}
(ii) {a,e}c{x : xis a vowel in the English alphabet}
(iii) {a}e{a, b, c}
(iv) {0,1,2,3,4,5,6,7, 8, 9,10} is the universal set
for the sets {1, 3, 5} and {2, 4, 6).

In each of the following, determine whether the
statement is true or false. If it is true, then prove
it. If it is false, then give an example.
(i) Ifx e Aand A € B, then x € B.
(i) fAc Band BeC,then 4 eC.

10.

11.

HINTS & ANSWERS

. (a) We note that every element of Yis also an element of X,

asifastudentis in your class, then he is also in your school.

. (a) If A < Band A # B, then A is called a proper subset of

Band Bis called a super set of A.

.(b) Lee A={1}, B={{1},2}and C ={{1}, 2,3}

Here, Ae Band Ae CbutA@ Casle Abutl e C.

. (a) Let @, b€ R and a < b. Then, the set of real numbers

{x:a<x<b}is called an open interval, as @, & do not
belong to this interval.

. (@) The set of negative real numbers is denoted by (—eo, 0).

(i) Null set is a proper subset of every set.
Ans.dC B

(ii) 2e A but2e¢ B

Ans. Az B
Given, A C ¢ (i)
But 6 c A [empty set is a subset of each set]...(ii)
From Eqgs. (i) and (ii), we get
A=0¢
{x:xeR -12< x<-10}
Given set can be written in the interval from [-12, —10]

0

- 12 -10
Ans. [-12,-10], 2
(i) Since, a, b, {c, d} and e are elements of A.
. {c.dje A
So, the statement is true.

(ii) As {e, d}e A and {{c, d}} represents a set, which is a
subset of A.
fledljc A
So, the statement is true.
We know that, universal set for sets A, B and C is

superset of A, B and C i.e. universal set contains all
elements of A, Band C.

(i) ¢ cannot be considered as universal set.

(ii) {0,1,2,3,4,5,6,7, 8,9, 10} is the universal set for the
given sets.

(i) Given, A ={1, 3, 5}

and B = {x : x is an odd natural number < 6} ={1, 3, 5}
So, A C B, because all elements of set A are present in
set B.
Ans. Yes

(ii) Here, B — A, because all elements of set B are present
in set A.
Hence, A = B, because both sets contain equal and same
elements.
Ans. Yes



12. (i) ¢is a proper subset of every set and ¢ # B.
bc B
(ii) 5€ A but5 ¢ B.
: AcB
(iii) Each element of A belongs to Cand A= C.
AccC
(iv) Each element of B also belongs to Cand B# C
BccC
13. (i) Since, element of any set is not a subset of any set and
here {4, 5} is an element of A.
So, statement is false.
(i) {4, 5} A
So, statement is true.
(iii) pc A
So, statement is true.
(iv) {3, 6} makes a set, so it is a subset of Aie. {3, 6} C A.
So, statement is true.
14. Let A = {a}, B= {{a}, b}, C = {{a}, b, c}

Clearly, Ae Band Bc C.But A ¢ CasaeAbutaeC
Thus, the given statement is not true.

15. (i) {x:x e R —4 < x <6} is the set that does not contain
—4 but contain 6. So, it can be written as an interval
whose first end is open and the last end is closed.

So, the interval is (—4, 6]

(ii) {x:xe R —12< x<—10} is the set that neither
contains —12 nor —10. So, it can be represented as an
open interval. So, the interval is(—12, —10).

(iii) {x:x € R, 0= x < 7}is the set that contain 0 but not 7.
So, it can be represented as an interval whose first end is
closed and the other end is open. so, the interval is [0, 7).

(iv) {x:x € R 3< x <4} is the set which contain 3 and 4
both. So, it is equivalent to a closed interval.

(iv) {x:xe R —20< x <5}
17. () o {1}, {2 3. {1 2). (2.3 {1.3). {1. 2. 3)

(ii) Clearly, {9} is the power set of empty set ¢. So, the
subsets are ¢ and {0 }.

18. Here, A={,4,9} = n(A)=3
Number of proper subsets=2" —1=7
19. (i) False (ii) True (iii) True (iv) True

20.  ()(-37) D R —
@)(-11,-7)  x——e——o—2
(iii) [0, 11) s
@) [2 9] e

21. (i) Since, the elements of the set {a, b} are also present in
the set {b, c, a}.
So, {a b}c{b c,a}
So, statement is false.
(ii) Vowels in the English alphabets are a, e, i, o, u.
~.{a, f = {x : x is a vowel in English alphabet}
So, statement is true.
(iii) Since, a€ {a, b, ¢} and not {a}.
So, statement is false.
(iv) Since, all elements of both sets {1, 3, 5} and
{2, 4, 6} are subset of {0, 1, 2, 3, 4, 5.6, 7, 8, 9, 10}.
Hence, {0, 1, 2, 3,4, 5, 6, 7, 8, 9, 10} is the universal set
for given two sets.
So, the statement is true.
22, (i) LetA={2} B={{2},3}
Clearly, 2e Aand A e B.but2 ¢ B.
Thus, x € A and A € B need not imply that x € B.
So, statements is false.

Ans. [3, 4]
16. (i) {x:xe R —6< x<0}
(ii) {x:xe R 3= x<21}
(iii) {x:xe R 2< x <21}

(ii) Let A = {2}, B={2 3}and C ={{2, 3}, 4}
Clearly, A Band Be C,but A ¢ C.
Thus, A  Band B € C need not imply that A € C.
So, statement is false.



| TOPIC 4|

Venn Diagrams and Operations on Sets

VENN DIAGRAMS

Venn diagrarns are named after the Eng]ish Ingician, John
Venn (1834-1883). Venn diagrams represent most of the
relationship between sets. These diagrams consist of
rectangles and closed curves usually circles.

In Venn diagrams, the universal set is represented by a
rectangular region and its subset are represented by circle
or a closed geomctrical ﬁgu.re inside the universal set. Also,
an element of a set is represented by a point within the
circle of set.

e.g. IfU =11,2,3,4,...,10} and A = {1, 2, 3}, then its Venn
diagmm is as shown in the ﬁgure

u

J10 A

EXAMPLE |1| Draw the Venn diagrams to illustrate the
following relationship among sets E, M and U, where E is
the set of students studying English in a school, M is the
set of students studying Mathematics in the same school
and U is the set of all students in that school.

[NCERT Exemplar]

(i) All the students who study Mathematics also study
English, but some students who study English do not

study Mathematics.
(ii) Not all students study Mathematics, but every student
studying English studies Mathematics.
Sol. Given, E = Set of students studying English
M = Set of students studying Mathematics
U = Set of all students
(i) Since, all of the students who study Mathematics also
study English, but some students who study English
do not study Mathematics.
N McEcU
Through Venn diagram, we represent it as
u

E

/\

(ii) Since, every student studying English studies
Mathematics.
EcMcU

Through Venn diagram, we represent it as

OPERATIONS ON SETS

There are some operations which when performed on two
sets give rise to another set. Here, we will define certain
operations on set and examine their properties.

Union of Sets

Let A and B be any two sets. The union of A and B is the set

of all those elements which belong to either A or B or both.
Itis denoted by AU B and read as A union B. The symbol

‘U is used to denote the union.

AUB={x:xe Aor xe B}
e.g. Let A=1{2,3}and B=1{3,4,5}
Then, AU B=1{2,3,4,5}

The union 0f sets A and B is r.epresemed by the ﬁ?ﬂowing Venn
a’z'agmm

A U

The shaded portion represents AW B.

EXAMPLE |2| Find the union of each of the following
pairs of sets.

(i) A={a, ei,0,u},B={ac d}

(i) A={13,5}, B=1{2 4,6}

(iif) A = {x:x is a natural number and 1< x <5}
and B = {x : x is a natural number and 5 < x <10}

Sol. (i) Given, A=la ¢ i, 0, u}, B={a ¢ d}
= AuB={acde i o u}
(i) Given, A=1{,3, 5} B={2 4,6}
= AUB=1{,234,5 6}
(iii) Given, A ={x: x is a natural number and1< x £5}
=  A={234,5}
and  B={x:xisanatural numberand5< x <10}
= B=16,7.8,9,10}
AUB={234,5U {67 8 910}
={23,4,56,7, 8 9, 10}

MNow,



EXAMPLE |3| Suppose 4,, 4,, ...

each having 5 elements and B,, B,,...
n

with 3 elements, let u A= u B; = S and each element
=1

, Ay, are thirty sets
, B, are n sets each

of 'S’ belongs to exactly 10 of the 4;'s and exactly 9 of the

B e Find 7" [NCERT Exemplar]

Sol. If elements are not repeated, then number of elements in
AJUA,UA, U...UA, is30X5.

But each element is used 10 times, so

ws)=30X5 15

If elements in B, B2 , ... B, are not repeated, then total
number of elements is 3n but each element is repeated 9

3
times, so rx(S):;n
= 5=t

9
= n=45

EXAMPLE |4| Let S = Set of points inside the square,
T = Set of points inside the triangle and C = Set of points
inside the circle. If the triangle and circle intersect each
other and are contained in a square. Then, prove that
SuT uC =S, by Venn diagram. [NCERT Exemplar]
Sol. Given, S = Set of points inside the square
T = Set of points inside the triangle
and C = Set of points inside the circle.

According to the given condition, the Venn diagram is
given below

c S
T Z
It is clear from the Venn diagram that, SUT W C =8

LAWS OF UNION OF SETS
For any three sets A, B and C, we have

(i) Avudo=A (Identity law)
(i) UuA=U (Universal law)
(i) AuA=A4 (Idempotent law)

(iv AUB=BuU A
v) (AuB)uC=Au(Bu(C)

(Commutative law)

(Associartive law)

EXAMPLE |5|If A={12,3, 4}, B={3, 4,5, 6},
C=1{506,78}and D =7, 8,9, 10}, then find

(i) AUBUC (i) BUCUD [NCERT]

Sol. Given, A={,234} B={34,56,C=
and D={7,8910}

i) AUBUC=(AUB)ULC
=({,234}U{34,56)U 67,8
={,234,564U{567,8}
=1{1,234,5678}

(ii) BUCUD=(BUC)uD=({3.4,56} U {56,7, 8})

U {7, 8 9,10}
={3,4,56,7,8 U {7, 8 910}
={3,4,5,6,7, 8,910}

{567, 8}

Intersection of Sets

Let A and B be any two sets. The intersection of A and B is

the set of all those elements which belong to both 4 and B.

It is denoted by AN B and read as A intersection B. The

symbol ‘N’ is used to denote the intersection.
ANB={x:x€ Aand x € B}

The intersection of sets A and B is represented by the following
Venn diagram

@
The shaded portion represents AN B.

e.g. Let A=1{2,3,4,5} and B={1,3,6,4}
Then, AN B=1{3,4}

EXAMPLE |6| Find the intersection of each of the
following pairs of sets.
(i) A={1,3,5,7,9}, B={2.3,6,8,9}
(i) A={e.f. g}.B=¢
(iii) A={x:x=3n,neZ},B={x:x=4nnelZ},

Sol. (i) Given, =1{,357,9}
and B=1{2362829)
= An B={39}

[ 3 and 9 are only elements which are common]
={e. f.g} and B=0
= An B=0 [since, there is no common element]

(iii) Let xe AmB
= xeAandxe B

(i) Given,

= xis a multiple of 3 and x is a multiple of 4.
= x is a multiple of 3 and 4 both.

= xis a multiple of 12.

= x=12nneZ

LANB={x:x=12nneZ}



EXAMPLE |7| If ae N such that aN ={an:ne N}.
Describe the set 3N n7N.
Sol. Given, aN = {an:ne N}
3N ={3n:ne N}
=1{3,6,9, 12, 15, 18, 21, 24, 27, ...}
and 7N ={/n:neN}
={7, 14, 21, 28, 35, 42, ...}
Hence, 3N m7N ={21,42, ..} ={21n:ne N}= 21N

EXAMPLE |8| For any natural number a, we define
aN ={an:neN}. If b, ¢, d € N such that bN n cN =dN,
then prove that d is the LCM of b and c.
Sol. Given,aN = {an:ne N}
= Set of positive integral multiple of a.
Similarly, bN ={bn:ne N}
= Set of positive integral multiple of b
cN ={cn:ne N}
= Set of positive integral multiple of ¢

- BN m N = Set of positive integral multiple of both b
and c.

= bN M cN ={hn:ne N}, where A is LCM of band c.
Hence, d is the LCM of band c.

LAWS OF INTERSECTION OF SETS
For any three sets, A, B and C, we have

Hence proved.

(i) And=0 (Identity law)
(i) UNMA=A (Universal law)
(i) AmM A=A (Idempotent law)
)

(iv AnB=Bn A (Commutative law

V) (AN BNC=An(BNC)

(Associative law)

Distributive Law
If A, B and C are any three sets, then
(i) An(BUC)=(ANnB)U(ANC)
i.e. intersection distributes over union.
(i) AU(BNCO)=(Au BN (AuC)

i.e. union distributes over intersection.

EXAMPLE |9| If A={4,5,7,8 10}, B={45,9} and
C ={1, 4, 6, 9}, then verify that
(i) (AnB)nC=An(BnC)
(i) AUBNC)=(AUuB) N (AUC)
(iii) An(BuC)=(AnB)u (AnC()
Sol. Given, A=1{4,5,7, 8, 10},
B={4,59} and C={14,6 9}
(i) Now, AN B=14,57,810} N {4,5 9 ={4,5)
LHS=(AnBnC
={4,5) N {1,469 = {4} (i)

Now, BN C=1{459 Nn{L46 9 =149
RHS=AnN(BnC)
={4,57, 810} M {4, 9}= {4} ...(ii)
From Egs. (i) and (ii), we get
LHS = RHS = {4}
Hence, (AN B)NnC=An(BNnC(C)
(ii) Here, BN C = {4, 9}
LHS=Au(BnC)
={4,5,7, 810} U {4, 9}

= LHS = {4, 5,7, 8 9,10} (i)
Now, AU B={4,5,7,810} U {4,5,9}
=1{4,57.8 910}

and AUC=4,57810}uU{L 4,69}
={1,4.5,67,8910}
RHS=(AUuBYn(AuUC)
={4,57.8910}N {1, 4,567, 8 910}
={4,5,7,8 910} (iv)
From Eqgs. (iii) and (iv), we get
LHS=RHS =1{4,5,7, 8 9,10}
Hence, AuU(BNC)=(AuBnNn(AuUC)
(iii) Now, BUC =1{4,59 U {,4,6 9 =1{4,56 9
LHS=An(BuUC(C)
={4,57,810}N {4,569} ={45}..(v)
Now, A N B=1{4,5,7,810} N {4, 5 9} = {4, 5}
and ANC={4,57810}N {4,609 =14}
RHS=(An B)u(AnC)={4,5}u {4}
=45}
From Egs. (v) and (vi), we get
LHS =RHS ={4, 5}
Hence, An(BUC)=(AnNnB)u(AnC)

(i)

hammanay s s 4 g A e e g NEm r b arg e gam s m g

EXAMPLE |10| f A={x:xeN,x<7}, B={x:x1is
prime, x<8} and C= {x:xe N, x is odd and x <10},
verify that
(i) Au(BNnC) =(AUuB)n(AuUC)
(i) An(BuC)=(AnB)U(An ()
Sol. Given, A={x:xe N, x<7}={1,2,3,4,56,7}
B={x:xis prime, x <8 ={2,3,5,7}
and C={x:xe N, xisoddand x <10}=1{1, 3,5, 7, 9}
(i) Clearly, AU B={1,2,3,4,56,7} = A,
AUC={1,2,34,567 09}
BN C={3,57}
Now, AU (BN C)={1.2,3,4,56,7}= A (1)
and(A U B N(AUC)=1{1,2,3,4,5,6,7}= A ..(ii)
From Egs. (i) and (ii), we get
AUBNC)=(AUB) N (AUC)
(ii) Clearly, An B={2,3,57}=B
ANC={1,3,57,BuC={1,23579
Now, An(BuC)={1,23,57} ()



and (ANB)U(ANC)={1,2,3,57}
From Eqgs. (i) and (ii), we get
An(BulC)=(AnB)U(AnC)

(i)

EXAMPLE |11]| For any two sets A and B, prove that
(i) AU(AnB)=A (i) An(AuB)=A4A

Sol. (i) AU(ANB)=(AUA)N (AU B)

[by distributive law]

=AN(AuB)=A [AcCAUB
(i) An(AUB)=(AmA)U (AN B)

[by distributive law]

=AU(AnNB)=A [vAnBc Al

Hence proved.

EXAMPLE |12]| Let A and B be two sets. If
ANnX=BnX=pand A u X =Bu X for some set X,
then prove that A = B.

Sol. Given, Au X=Bu X
=>AN(AuX)=An(Bu X)
= A=(AnB)u(AnX)
[“AcAUX, An(AuX)=A]
= A=(ANnB)u¢ = A=AnNB
= ACB [“AnBc B]..()
Apgain, AuX=BuX
= BNn(Au X)=Bn(Bu X)
= (BNA)W(BNnX)=B
[“BcBuX,Bn(BuX)=B]
= (BNA)ubd=B [“Bn X =]
= BMA=B
= Bc A [“BmAcA] (i)

From Eqgs. (i) and (ii), we get

A=B Hence proved.
EXAMPLE |13]| For any two sets A and B, prove that
AUB=ANB& A=B.

Sol. LetA=B thenAuB=Aand AN B=A

= AUuB=AnNB

Thus, A=B

= AUB=AnNB (1)
Conversely,let A U B=ANB

Now, let xe A

= xe AUB

= xe AnB [+AuB=AnB|
= xeAand xe B

= xeB

AcCB ..(ii)
Now, let ye B

= yeEAUB

= ye AnB [+AuB=AnNB|
= ye Aand ye B

= veA

Bc A

From Eqgs. (ii) and (iii), we get A=B

Thus, (Aw B)=(An B)

= A=B

From Egs. (i) and (iv), we get
AUB=AnBe A=B

i)

(iv)
Hence proved.

Difference of Sets
Let A and B be any two sets. The difference of sets A and B

in this order is the set of all those elements of A which do
not belong to B. It is denoted by A — B and read as

A minus B.The symbol *~ is used to denote the difference
of sets.

A A-—B={x:x€e A and x e B}
Similarly, B—A={x:xe B and xe A}
The d:ﬁz‘erence r;f two sets A and B can be repre_te?rrea’ f?_y the
Jollowing Venn diagram
u u

@y || @

The shaded portion represents the difference of two sets A

and B.
e.g. Let
Then,

A=1{1,2,3,4,5}and B=1{3,5, 7,9}
A—-B=1{1,2,4} and B- A=17,9}

EXAMPLE |14

() IfX={a b cde ftandY={f, b d g, h k}, then
findX-Yand Y- X.
(i) fA={123,4,5}and B={2,4,6}, then find A— B
and B — A.
Also, represent each of these by Venn Diagram.
Sol. (i) Given, X={a. b, c.d. e, f}
and Y={f.bd ghk}
s X-Y={abecde fI-{f.bd g hk}={ac e}
[only those elements of X which do not belong to Y]
andY - X={f.bd g hk}—{abecde [}
= {g h k}
[only those elements of ¥ which do not belong to X ]

A=1{1,234,5 and B={2 4,6}
A-B={1,234,5-{24,6}

(ii) Given,



= A-B=1{.35}

[only those elements of A which do not belong to B]
and B-A={24.6)—-1{, 2345} =16
[only those elements of B which do not belongs to A]

EXAMPLE |15| If 4, B and C are three sets such that
A B, then prove thatC — B cC —A.

Sol. Let xeC—B = xeCandx ¢B
= xeCand x €A [+ Ac B]
= xeC-A

C-BcC-A Hence proved.

Symmetric Difference of Two Sets
Let A and B be any two sets. The symmetric difference of A
and B is the set (4 — B)U (B — A). It is denoted by AAB
and read as A symmetric difference B. The symbol ‘A’ is
used to denote the symmetric difference.
AAB =(A-B)u (B - A)

={x:x€ Aorxe Bbutxe An B}
The symmetric dﬁr&nce qf sets A and B is mpr&:entea’ 5}! the
Jfollowing Venn diagram

A-B B-A

Here, the shaded portion represents the symmetric

difference of sets 4 and B.

e.g. Let A=11,2,3,4} and B=1{3,4,5,6}
Then, A-B=1{1,2}, B—A=1{5,6}
Now, AAB=(A—-B)u(B- A) ={1,2,5,6}

EXAMPLE |16| Find the symmetric difference of sets
A={13567}and B=1{3,7,89}.
Sol. Givensetsare A=1{,3567)and B=1{3 7,8 9.
Now, A—B=1{,3567}—{378 9 =156}
[set of those elements of A, which are not present in B]
and, B—A=1{3789—{.3567}={8 9}
[set of those elements of B, which are not present in A]
.. Required symmetric difference,
AAB=(A-B)u(B-A)={L5 61U {8 91=1{1.568 9}

EXAMPLE [17| Let A={1, 2, 4, 5}, B={2, 3, 5, 6},
C={4,5,6,7} verifythat AN (BAC)=(AnB) A (ANC).
Sol. Given, A={1,2,4,5)}, B={2,3,5,6}and C ={4,5, 6, 7}
Now, AnB={25} and An C={4,5}
and BAC=(B-C)u(C-B)=1{2,3,4,7}
An(BAC)={2 4} (i)
and (AN B)A(ANC)={24} ..(ii)
From Eqgs. (i) and (ii), we get
AN(BAC)=(AnB)A(AnC) Hence proved.

LAW OF DIFFERENCE OF SETS
(a) For any two sets A and B, we have

(i) A—-B=An B’

(i) B—A=Bn A’

(i) A-Bc A

(ivi B—AcB

vy A—B=A< AnB=0¢

(vi) (A=B)uB=AuUB

(vil) (A—B)NnB=0
(viii) (A —-B)w(B-A)=(AuB)—(ANB)
(b) If A, B and C are any three sets, then

(i) A—(BNC)=(A-B)u(A-C)
(i) A—(BuC)=(A-B)n(A-C)
(iti) AN(B-C)=(ANB)—(AnC)
(iv) AN(BAC)=(ANB)A(ANC)

EXAMPLE |18| Prove that
A—-(BnC)=(A-B)u(A-0).
Sol. Toprove, A—(BNC)=(A-B)U(A-C)
t xeA—(BnC)
xeAandxe(Bn C)
xe Aand(x € Borx gC)

(xe Aand x€B)or(xe Aand x 2C)
xe(A-B)orxe(A-C)
xe(A-B)Uu(A-C)

- A-(BNC)c(A-B)u(A-C) (i)
Again, let ye (A-B)U(A-C)

B U U VO

= ye(A—B)or ye(A-C)

= (yeAandyeB)or(ye Aand y ¢C)

= yeAand(yeBoryeC)

= yeAandye(BNnC)=ye A—-(BnC)
(A-B)U(A-C)c A—(BnC) ..(ii)

From Eqgs. (i) and (ii), we get
A—-(BNnC)=(A-B)u(A-0C)
EXAMPLE |19| Show that
(i) An(B-C)=(AnB)—(AnC)
(i) AN(BAC)=(ANB)A(ANC)

Hence proved.



Sol. (i) Let x be any arbirary element of A n (B —C).
xe An(B-C)
xeAandxe B-C
xe Aand(xe Band x € C)
(xe Aand xe B)and (x € Aand x ¢ C)
xe(An B)and x ¢(A N C)
= xe(ANB)—(ANC)
= AnN(B-C)c(AnNnB)—-(AnC) ()
Now, let y be any arbitrary element of
(ANB)—(ANnC)
ye(AnB) -(AnNC)
ye(AnB)and ye(AnC)
(ve Aand ye B)and (ye Aand y 2C)
ye Aand(ye Band y 2 C)
ye Aand ye B—C
ye An(B-C)
(ANB)—-(ANC)c An(B-C)
From Egs. (i) and (ii), we get
ANn(B-C)=(An B)—-(AnNC)
(ii) LHS= AN (BAC)=An[(B-C)u(C - B)]
[ AAB=(A-B)u(B—A)]
=[An(B-C)]Ju[An(C-B)]
[ m distribute over U]
=[(ANB)-(AnNC)U(AnC)—(AnN B)]
=(AN B)A(A N C)=RHS

Then,
=
=
=
=

UUUUUUE
B

L.(ii)

Hence proved.

Disjoint Sets

Two sets A and B are said to be disjoint sets, if they have
no common element i.e. AN B=0.

The disjoint of two sets A and B can be represented by the Venn

OO

eg. Let A={2,4,6} and B={1,3,5}
Then, AN B =0¢. Hence, A and B are disjoint sets.

Note The sets A- B, AnB and B - A are mutually disjoint sets
i.e. the intersection of any of these two sets is an empty set.

diagra;n

EXAMPLE |20| Which of the following pairs of sets are
disjoint?
(i) A={1,2,3,4,5,6}
and B = {x : x is a natural number and 4 < x <6}
(ii) A = {x : x is the boys of your school}
B = {x : x is the girls of your school}
Sol. (i) Given, A={1,234,5, 6}
and B=1{4,5, 6}

ANB={,23456N{456=1{56%=0d
Hence, this pair of set is not disjoint.
(i) Here, A = {b,,b,....b,} and B={g,, g5, £}
where, b,.b,, ..., b, are the boys and g,, g,..... g,, are
the girls of school.
Clearly, AnB=¢
Hence, this pair of set is disjoint set.

Complement of a Set

Let U be the universal set and A be any subset of U, then
complement of A with respect to U is the set of all those
elements of U which are not in A. It is denoted by A or A’
and read as, “A complement’.

Thus, A={x:xelU and xe& A} orA'=U-A4

The complement of set A is represented by the fo]]owing

Venn diagram

A

Here, the shaded portion represents the complement of set A.
eg. Let U={12,3,4,5,6}
and A=1{2,4}
Then, A'=U-A={1,2,3,4,5,6}—{2,4}
={L3,5,6}

Note If Ais a subset of the universal set U, then its complement A’
is also a subset of U.

Some Properties of Complement of Sets
(i) (A")’'=A=U — A’ [law of double complementation]
(i) @ AvA’=U

by AnA"=0¢ [complement laws]
(i) (@) ¢'=U
byU =0 [laws of empty set and universal set]

(ivy (AuB)’'=U-(AUB)

EXAMPLE |21| LetU={1,2,3,4,5,6,7,8,9},
A={1,2,3,4},B={2,4,6,8}andC ={3, 4, 5, 6}. Find
(i) A (ii) B (iii) (AN C)
(iv) (AU B) (v)(4") (vi)(B-C)
Sol. Given,U ={1,2,3,4,5,6,7,8,9, A={1,2,3, 4}
B=1{2,4,6,8 and C ={3,4,5, 6}
(i) A’=U-A={1,2,3,4,56,7,8,9—{1,2,3, 4}
=1{56,78,9}
(i) B=U-B={1,2,3,4,5,6,7,8,9} —{2,4,6, 8}
={1,3,579}



(iii) AN C=1{34)
L (ANCYy=U-(ANC)
={,23456789-{34)={1,25,67,8, 9
(iv) Auw B={1,23,4,6, 8
(AUBY=U-(AUB)={1,2,3,4,56, 7.8, 9}
—{1,2,3,4,6,8 =157 9
() (A’Y =U —A’={1,2,3,4,5,6,7,8. 9} — {5, 6,7, 8, 9}
={1,2,3,4} [using part (i)]
Alternatively
We know that, (A”) =A
- (A') ={,23,4}
(vi) Now, B—C =12, 8}
(B—CY=U—(B=C)
={1,2,3,4,5,6,7, 8,9 — {2, 8
={1,3,4,5,6,7,9)

Theorem (De Morgan’s Law)
Statement If 4 and B are any two sets, then

1) (AUB)'=A"NnB’ (i) (AN B)'=A"UB
Proof (i) Let x, be any arbitrary element of (4 U B)".

Then, x, €(Au BY

= x, e(AuB)

= x, ¢ Aand xe B
= x, €A and xe B’
= x, €A NnB

. (Au B c A’ B’ [ x| is arbitrary]...()
Again, let x, € AN B’

= x,€ A" and x, € B’
= x, ¢ Aand x, & B
= x,e AUB

= x, € (AU B

A'NB c(Au B)
From Egs. (i) and (ii), we get
(AU B)'=A"NnEB’

Similarly, we can prove pare (ii).

[ x, is arbitrary] ...(i1)

The Venn diagmm af De Morgan’s law is shown below
u A B u

) || QD

U] (ii)

EXAMPLE |22| LetU={1,2,3,4,5, 6,7,8,9},
A={2,4,6,8}and B=1{23,5,7}.

Verify that [NCERT]

(i) (AuB)' =A'nB’ (ii) (AnB)'=A"UB’
Use the formulae, (AuBY =U -(AuB), A =U - Aand
B’ =U - B and then simplify it.
Sol. (i) We have, U=1{,234,56789}
A={24,68 and B={2357}
AUuB=1{24,628 {2357}
=1{23,4,56,7, 8}
Now, (AU B)Y'=U - (AU B)
={.234567,89
-1{23,4,5.6,7, 8
=1{1, 9} (i)
Now, A"'=U-A
=1{, 234,506,789 —{24,6,8}
=1{,3,5,7,9}
and B'=U-B={,234,567,89}—{23,57)}
= {1,4,6,8,9}
s ANB ={,357 9N {4689 =1{,9 (i)
From Eqgs. (i) and (ii), we get
(AUB) =A"NnF
(ii) Here, A n B={24,6,8)n{2 3,5 7}={2}
(AnB) =U—-(AnB)
=1{1,234,56789}- {2}

= (ANBY={1,34,567.8 9} ()
Now, A"UB'={1,3,5790U{l4,689
={,3,4,5678 9} ..(ii)

From Egs. (i) and (ii), we get
(ANBY=A"UB

EXAMPLE |23| Prove that (A nB") U (BN (C)=A"UB.
[NCERT Exemplar]

Sol. LHS=(AnBY U(BNnC)
={A'U(B)}u(BNC)
=(A"UB)U(BNC)
=((A"UB)UB) N ((A’UB)UC)
=(A"U(BUB)N(A"UBUC)
=(A"UB)N(A"wUBUC(C)
=(A"w B)=RHS

[by De Morgan’s law]
[(B) =B

Hence proved.

EXAMPLE |24| For any two sets A and B, prove that
A NB=¢implies A c B

Sol. Let AnB=¢
Now, let xe A
= xgB [-AnB=0]
= xeB’
= AcB [: x is arbitrary]
Thus Anb=¢
= Ac B Hence proved.



EXAMPLE |25| Using properties of sets, show that for
any two sets Aand B, (A w B) n(A U B’")=A.
Sol. LHS=(AU B)n (AU B)

=AuU(BnB) [by distributive law]
=AU [*BnB'= ]
= A =RHS [by identity law]

Hence proved.

EXAMPLE |26| Let A and B be two sets. Prove that
(A —-B)u B=Aif and only if B c A.
Sol let(A-B)uB=A

= (An B )uB=A [“A-B=An B
= (AU B)n (B w B)=A [by distributive law]
= (AUBYNU=A [*B"u B=U]
= AUuB=A = BcA

Conversely, let Bc A
(A-B)UB=(AN B)UB
=(AuU B)n(B"UB)
[by distributive law]
=(AUBNU [+ BBUB=U]
=AuUB=A [.BcA]Hence proved.

EXAMPLE |27| Let A, B and C be three sets such that
AUB=Cand A n B=4¢. Then, prove that A=C - B.
Sol. We have, A U B=C

C-B=(AUB)-B=(AUB)N B [+

X-Y=XNY’
=(AnB)U(Bn B") [by distributive law]
=(AnB)Yuobd
=AnNB =A-B
=A [*A mB= 0] Hence proved.

TOPIC PRACTICE 4|

OBJECTIVE TYPE QUESTIONS

1 Most of the relationships between sets can be
represented by means of diagrams which are
known as
(a) rectangles
(b) circles
(c) Venn diagrams
(d) triangles

2 IfU=({12 3,4,...,10)is the universal set of 4, B
where A= {2 4,6,8 10} and B = {4, 6}. Then

given sets can be represented by Venn diagram
as

.1 B 3 a4
5
(b) [s7 9
9
.1
(d)
9

3 Which of the following represent the union of
two sets Aand B?
(a) {x:xe A}
(c) {x:xe B}

(b) {x:xe Aand x € B}
(d) {x:xe Aorxe B)

4 Let A=(1,2,3,4,5,6,7,8,9,10}and B={2, 3,5, 7).

Then, which of following is true?
(a) AnB=A (b) AnB=B
(c) AmBa B (d) None of these

5 The shaded portion represented in the Venn
diagram is

()

(b) AnB

(a) AuB (c) A-B (d B-A

VERY SHORT ANSWER Type Questions

6 Let A={2 4,6,8)and B={6,8,10,12}. Find A U B.

7 1fA=(3,5,7,9,11}, B=(7,9,11,13} and
C ={11, 13, 15}, then find
(i) AnB (ii) BNnC
8 IfA=(1,3,57 9} and B={2, 3,5,7, 11}, then find
A-B.
9 Find the smallest set A such that
Au{L2)={1,23,59}.

10 LetU=({1,23,4,567,8,9,10}, A=(1,2,3),
B={2,4,6,7) and C=(2, 3, 4, 8}, then find
(BuC),(Au B). [NCERT Exemplar]

11 If A={x:xis a positive multiple of 3}
and U = {x: x is a natural number}, then find A"

12 Represent the following sets in Venn diagram.
(1) A'Nn(BUO) (i) A"N(C - B)
13 If B’ c A’, then show that A c B.



SHORT ANSWER Type I Questions

14 Find the union of each of the following pair of sets.
(j) A = {a’ e’ i’ o’ u}’ B = {a’ b’ C}
(i) A={1,3,5},B={1,2,3}
15 Find A B,ifA=(3,5,7,9,11)and B = (7,9, 11, 13).
[NCERT]

16 If A and B are two sets such that A c B, then
show that Aw B = B. [NCERT]

17 Let A={x: xis anatural number} and B ={x: x
is an even natural number}. Find 4 n B.

18 LetA={x: xeN},B={x:x=2n,ne N},
C={x: x=2n-Lne N}and D ={x: x is a prime
natural number}. Find

(i) AnB (i) AnC
(iii) BAC (iv) BAD
19 For three sets A, B and C, show that
AnB=AnNCneednotimply B=C.

Also, represent it by Venn diagram.

20 For any two sets 4 and B, show that the
following statements are equivalent.

(i) AcB (i) A-B=0
(i) AUB=B (iv) AnB=A
21 State whether each of the following statement is
true or false.
(i) A={2, 4,6,8} and B ={l, 3,5} are disjoint sets.

(ii) A={a,e,i,o,u}and B ={a, b, ¢, d} are disjoint
sets.

SHORT ANSWER Type Il Questions

22 Let A=(3,6,12,15,18,21}, B = {4, 8, 12, 16, 20},

C={(2,4,6,8,10,12,14,16} and
D ={5,10, 15, 20}. Find

(i) A-B (i) A-C
(iii) B-C (iv) B-D
23 Let A={1,2,4,5},B={2,3,5,6),C={4,5,6,T}.
Verify that

(i) AU(BAC)=(4U B) (4UC)
(ii) A (BuC)=(ANB)U(4NC)
24 1fA={a,b,c,d e}, B={a,ce glandC={b,e, f, g},
then verify that
(i) An(B-C)=(AB)~(4C)
(ii) A —(BAC)=(A-B)uU(A-C)

25 If Aand B are any two sets, then prove that
(AnB)u(A-B)=A

26

27

28

29

30

31

32

33

34

35

If U={1,2,3,4,56,7,8,9,10}, A=(1, 3, 4} and
B ={5,6}, verifythat A—-B=An B"=B"— A"
Ifu=(1,23,4,56,7,8}, A=(1,2, 3, 4},
B={3,4,6}and C ={5, 6,7, 8}, then verify that
(AnB)Y=4"U B

IfA={1,3,57,9,11,13,15 17}, B={2, 4, .. ,18}
and N, the set of natural numbers is the

universal set, then prove that
A U{(AuB)nB}=N.

Taking the set of a natural numbers as the

universal set, write down the complements of

the following sets. [NCERT]
(i) {x :xis a natural number divisible by 3 and 5}
(ii) {x :x is a perfect square}

(iii) {x : x is a perfect cube}

(iv) {x:x+5=8]} (v) {x:2x+5=9}

(vi) {x:x 2T} (vii) {x:x eN,2x +1>10}
If X ={a,b,c,d}andY = (f, b, d, g}, then find
[NCERT]
(i) XUy (i) XY
(i) X -Y (iv) Y =X

Also, represent each of these by Venn diagram.

If U={23,4,5,6,78,9,10,11),
A={24T,B={3,579,11} and
C={7,8,9,10,11}, then compute

(i) (AnU)n(BuC) (i) C-B

(iii) B-C

Find AAB, if
(i) A=(1, 3,4 and B=(2,5,9,11).
(i) A={1,3,6,11,12) and B={1,6).
Which of the following pairs of sets are disjoint
[NCERT]
(i) {1, 2, 3, 4} and {x : x is a natural number and
4<x <6}
(ii) {al e! ii O’ u} and {c’ dl e'f}
(iii) {x:xis an even integer} and {x : x is an odd
integer}
Let A={x: xeN and x is a multiple of 2}

B ={x:xeN and x is a multiple of 5}
and C ={x: x € N and x is multiple of 10}
Describe the sets
(i) (ANB)NC (i) Au(BNC)(iii) AN (BuC)

Give examples of three sets A4, B and C such that
AnB#0,BNnCz0, AnC#dand AnBnC=o.



36

37

38

39

—
Y

If A={a, b,c,d e}, B=(a,ce gtandC=(b,e, f, g,
verify that
(i) BAC=Cn B (i) AnC=CnA
(iii) (AuB)uC=Au(BuC(C)
(iv) An(BnC)=(AnB)nC

Let A={1,2,4,5),B={2,3,5,6},C={(4,5,6,7).
Verify the following identities.

(i) An(B-C)=(AnB)-(AnC)

(i) A -(BuC)=(4-B)n(4-C)
(iii) A—(BNC)=(A-B)uU(A-C)
Let A and B be two sets. Using properties of set,
prove that

(i) AnB=¢ = AcB

(ii) AuUB=U = AcB
Let A, B and C be the sets such that
AuB=AuCand An B=AnC.Show that
B=C. [NCERT]

HINTS & ANSWERS

(c)

(d) GivenU =11, 2,3, 4,...,10}
A=1{24,6810}

and B={4, 6}

- All the elements of B are also in A.

: Bc A

=> Set B lies inside A in the Venn diagram

*1

*5

«g .7

(d)
(b) Given A ={1, 2,3,4,5,6,7, 89,10}
and B=1{23,5 7}
AN B=1{2357}
AnNnB=B
(b) The intersection of two sets A and B is set of all those
elements which belong to both A and B ie, AN B.

The shaded portion in the given figure indicates the
intersection of A and Bi.e, AN B.

If A={2 4,6, 8}, B={6 810,12}, then
AuB={2.4,6,8, 10, 12}

Solve as Example 6 (i).

Ans. () An B=1{7,9,11} (ii) BN C={11, 13}

8. Solve as Example 14 (ii).
Ans. A -B={,9}
9. A={3509
10. (BuC)Y =1{,5910}and(A v BY = {5, 8, 9,10}

1. {x :x e N and x is not a multiple of 3}

12. A U A u
B C B
[0] (i)
13. Let xeA = xgA’
= xehB [“B' < A"
N xe B

14. (i) AUB={a bc e iou}
(i) AUB=1{235)
15. Wehave, A=13,57,9,11}and B={7, 9,11, 13}
AN B=1{357911}N {7,9.11,13}
AnB=1{7.911}

A B

(0

16. A c B means that, all the elements of set A are in set B

and also there are some other elements in B. We know
that, A U B contains all the elements either in A or in B
or in both A and B. Thus, A B=B

17. Given, A ={x: x is a natural number} = {1, 2 3, 4, ...}

and B={x:xisaneven natural number} = {2 4, 6, ...}

We observe that 2, 4, 6, ... are the elements which are
common to both the sets A and B.

Ans. AnB={24.6,..}=8
18. () AnB={x:x=2nneN}=B
(i) AnC={x:x=2n-1ne N}=C
(iii) BN C={}=40
(iv) Bn D={2}
19. Let A={1,2,3,4), B={3,4,5 6}and C ={1, 3,4, 7, 8}
20. Let AcB,A—- B={xeAbutxeB}
'+ A c B, therefore there is no element in A which does
not belong to B.
A-B=10¢
Apgain, we have A —-B=¢ = AcB=Aw B=8B
We have AUB=B=>AcB=AnNB=A
ANnB=A=ACB
21. (i) Wehave, A=1{24,6,8} and B={,3 5}
Now, ANB={24,68}N {135}
= AnB=¢



22.

24,

26.

27.

28.

29.

30.

Therefore, A and B are disjoint sets.
So, the statement is true.

(ii) We have, A={a,e,i.o,u} and B={a, b, c, d}
Now. AnB={a}
ie. AnB=¢
Therefore, A and B are not disjoint sets.
So, the statement is false.
(i) {3. 6. 15, 18, 21} (ii) {3, 15, 18, 21}
(iii) {20} (iv) {4, 8, 12, 16}
Solve as Example 9.
Find LHS and RHS, separately, to verify the result.
LHS=(AnNn B)Uu(AnNn B") [+A-B=AnB]
Let A B = X, then
LHS=XuU(AnB)=(XUA)N(XUB) ..
[ U distribute over N ]
X=AnB
XUA=(AnB)UA=A
XUB =(AnB)uUB
=(A U B')n (B w B") [ w distribute over N ]
=(AuUB)NnU [ Buw B '=U]
=AuB
Now, substitute the value of X U A, X U B in Eq. (i), to
get result

A’={2,5,6,7,8,9,10}
B'={1,2,3,4,7.8,9, 10}
An B ={,34} and B'— A" ={1,3 4}
AnB=34 = (AnBY={1,256,7,8}
A’=1{5,6,7, 8} and B’ ={1. 2,5, 7, 8}
A'UB ={1,2,5,6,7,8)
Clearly, (A nB)' =A" UB’

[+ An Bc A
and

AuB={1,23,4,5,.. 16,17, 18}
A'=1{2,4,6,8,10,.. 18, 19,20 21, 22, ..}
B'={1,3,5,7,9, .. 17, 19, 20, 21, 22, ...}

s (AUB)N B’ ={1,3,5,7.9, .17}

(i) {x:xe N and x is not divisible by 15}

(ii) {x:x € N and x is not a perfect square}
(iii) {x:x € N and x is not a perfect cube}
(iv) {x:xe Nand x #3}

(v) {x:xe Nand x # 2}

(vi) {x:xe Nand x <7}

(vii) {x:xeNande%lr

(i) XuY={a becd, f, g

9

(i) X NY=1{b.d)

(i) X —Y ={a, c}

() Y-X={f. g}

3L () (AnU)={24,7} n{234,56,7,8 910,11}
={24.7}
BuUC=1{3570911}uU{7 891011}
={3,517,8 910,11}
L (ANU)N(BUC)=1{24,7}n {357, 8 9,10,11}
={7}
(i) C-B=1{7,891011}— {357,911}
= {8 10}
(iii) B—C=1{3,57,911}—{7,89,10,11} = {3, 5}
32. (i) Wehave, A=1,3 4}
and B=1{2,51911}

Now, (A — B)=1{1,3, 4} — {25,911} = {1, 3, 4}
and (B-A)=1{25911}—{L 3 4}={25,9 11}
AAB=(A-B)u(B-A)
={L 3 4}uU {25911}
={1,234,5911}
(ii) Solve as part (i).
Ans. AAB=1{3,11,12}
33. (i) {x:xisanatural number and4 < x <6} = {4, 5, 6}
Now, {l, 2. 3, 4}and {4, 5, 6} have one element common.
So, it is not disjoint set.

(ii) The sets {a, e, i, 0, u} and {c, d, e, f} have one element
‘e’ common.

So, it is not disjoint set.
(iii) E = {x: x is an even integer} ={.., —4,—2,0, 2.4, 6,...}
and O = {x : x is an odd integer}
={..-5-3-LL35 ..}
So, it is disjoint set.
34. (i) Here, AN B={2.4,6,..}n {510,15, ...}
={10,20,30...} =C



S(AnBnC=CnC=C =(ANnB)U(An B") U]

= {10, 20,30, ..} —(AnB)UG
(i) Here, BN C = {5,10,15, ...} n {10, 20, 30...} = A=ANB > ACB
= {10, 20, 30, ...} (ii) We have, A"UB=U
L AUBNC)={24,6..)U020,30.)=A = (A”U By =U’
= (24,6810} - (A'Y A B =6
(iii) Here, BUC=1{510,15 ... } U {10, 20,30, ...} = ANB =¢
=1{5,10,15,20,25, ... } Now, from part (i), we get
. AN(BUC)={24,6.)}n{51015.)=C ACB
= {10,20,30,...} 39. Given, AUB=AUC
35. Let A={1,2), B=1{2,3, 4} and C ={1,3, 5} = (AUB)NC=(AUC)NC
Then, AN B={l, 2} {23 4}={2} £ 0 = (AnC)u(BNC)=C
BAC={234)n{L35={3#0 = (AnBU(BNC)=C
ANC=L 2N {35={}%0 Again,  AUB=AUC
and ANBNC={,2 n{234 n{35=0 = (AUuBNB=(AUC)NB
= B=(An B)u(C n B)
36. Find LHS and RHS, separately, to verify the result. = B=(AnB)u(BnC)
37. Find LHS and RHS, separately, to verify the result. From Egs. (i) and (i), we get
38. (i) We have, A=(A NU)= A (BU B') B=C
| TOPIC 5|
Applications of Set Theory
In this topic, we will discuss some word problems related to Note Sets A- B, AnBand B - A are disjoint and their union

our daily life, which are based on union and intersection of is AU B.

WO serts. Before Sol\-'irlg Lhese l'ypcs Of prl:lb]em, we Should IMPORTANT RESULTS

know the following fo'rmulae. . () n(AUB) =n(A—B)+n(B—A) +nlAN B)
)‘!f‘A ﬂﬂdBﬂrﬁ' twﬂﬁﬂffﬁ' sets, f.é"ffi' f“wo CAases ‘ﬂmf ) (li) ”n (A) :H(A _ B)"'?T(Ah .B)
Case 1 If A and B are disjoint sets, i.c. there is no (iii) 7(B)=n (B — A)+n (A B)

common elementin Aand Bi.e. AN B =d. Then, )

n(A U B)=n(A) + n(B) (iv) 7 (AAB) = n[(A - B)L (B - A)]

=n(A—-B)+n(B-A)

A g Y [since, (A — B) and (B — A) are disjoint sets]
Q O = n(A)+n(B)—2n(AN B)
™ n(AUB)Y=n[(ANB) 1=n(U)-n(AN B)

i) n(A'NB")=n (AU B) 1=n(U) = n (AU B)
Case Il If A and B are not disjoint sets, then there are (vii) 7(A — B)=n(A N B)’ = n(A) — n(A B)

common elements in 4 and B. Then, (viii) If A, B and C are finite sets, then
n(AUB)=n(A)+n(B)—n(ANB) (a)n(Au Bu(O)
2 B 0 = n(A)+ n(B)+n(C)—n(AN B)— n(BNC)
—n(ANC)+ n(ANn BNQC)
@ (b) n(A only) = n(A) —n(AN B)
—n(ANCY+ (AN BN C)
@ nANBNC)=nU)=n(AUBUC)



Y% Knowledge Plus

Let A Band C be any three sets, then the meaning of different
operations on these sets are given below.
(i) A"— Set of those objects which does not belong to
A (similar meaning for B’ and ).

(ii) AuwB— Set of those objects which lies either in Aor in
B (similar meaning for B uCand AuC).

(iii) A B— Set of those objects which belongs to both the sets
Aand B (similar meaning for B nCand C m A).
(iv) AnEB nC— Set of those objects which belongs to A Band C.

(v) Au BwuC— Set of those objects which belongs to
atleast one of the sets A Band C.

EXAMPLE |1]| If X and Y are two sets such that X has
40 elements, X UY has 60 elements and X nY has
10 elements, then how many elements does ¥ have?
(—a Use the folrm‘ula, nAuB)=n{A)+ n(B)—n(AnB)
¥ and simplify it.
SOL. Given, n(X)=40,n(X UY)=60
and nXMY)=10

Clearly, n(XuY)=n(X)+n(Y)- n(XnNY)
60=40+ n(Y)—10
= 60 =30+ n(Y)
= n(Y)=60—30
n(Y)=30

Hence, Y have 30 elements.
EXAMPLE |2| If X and Y are two sets such that

n(X) =17, n(Y) =23 and n(X wY) =38, then find
nXx ny).

SOL. Given,n(X)=17,n(Y)=23

and n(XuY)=138

Clearly, n(XuY)=n(X)+n(Y)—-n(XnNY)
= n(XNY)=n(X)+n(Y)-n(XUY)
= n(XNY)=17+23-38=40—-38=2

EXAMPLE |3| If n(A) =4 n(B)=5,n(U) =7 and
n(A M B) =2, then find the value of » (4 W B)".
SOL. Given, n(A)=4,n(B)=5n(U)=7
and n(AnB)=2
n(AUB)=n(A)+n(B)—n(An B)
o n(AuB)=4+45-2=7
Now,n(AUB)Y=n({U)-n(AUB)=7-7=0

EXAMPLE |4]| In a class of 60 students, 25 students
play Cricket, 20 students play Tennis and 10 students play
both the games. Then, find the number of students who
play neither games. [NCERT Exemplar]

SOL. Let Cand T respectively denote the set of students who
play Cricket and Tennis, and set U denotes the set of all
students in a class.

Then, n(C)=25n(T)=20,n(C nT)=10and n(U) =60
We know that, n(C U T)=n(C)+ n(T)—n(CnT)
= n(CUT)=25+20—10 =45-10=35
Now, the number of students who play neither game
nC'nT)=n(CUT) [by De Morgan’s law]
=n(U)-n(CuT)=60-35=25
Hence, 25 students play neither games.

EXAMPLE |5| In atown of 840 persons, 450 persons
read Hindi, 300 read English and 200 read both
newspapers. Then, find the number of persons who read
neither of the newspapers. [NCERT Exemplar]
SOL. Let H and E respectively denote the set of persons who

read Hindi and English newspapers and let U set of all
perseon in a town.

Then, we have n(U')= 840,
n(H) =450,
n(E)=300
and n(HnMNE)=200
Clearly,n(HUE)=n(H)+n(E)-n(HNE)
n(H U E) =450 + 300 — 200
=750 — 200 =550
Now, the number of persons who read neither of the
newspaper is given by
n(H' MEy=n(HUE)
=n(U)—n(HUE)
= 840 — 550 =290
Hence, 290 persons read neither of the newspapers.

[by De Morgan’s law]

EXAMPLE |6] Each student in a class of 40 students
study atleast one of the subjects English, Mathematics and
Economics. 16 students study English, 22 Economics and
26 Mathematics, 5 study English and Economics, 14
Mathematics and Economics and 2 English, Economics and
Mathematics. Find the number of students who study
English and Mathematics.
Sol. Let A, Band C denote the set of students who study
English, Economics and Mathematics, respectively.
Then, we have,
Total number of students, n(Aw Bu C)=40
Number of students who study English, n(A) =16
Number of students who study Economics, n(B) = 22
Number of students who study Mathematics, n(C)= 26
Number of students who study English and Economics,
n(AnB)=5
Number of students who study Mathematics and
Economics, n(BN C)=14
and number of students who study all subjects,
n(AnBNC)=2



Clearly, n(Aw BuC)=n(A)+n(B) +n(C)
-n(AnB)-n(BNC)
—n(ANnC)+n(AnBnC)
40=16+22+26—5 —14 —n(C N A) + 2
= 40=66-19-n(CnN A)
= n(CnNA)=47-40=7
Hence, number of students who study English and
Mathematics are 7.

EXAMPLE |7| A market research group conducted a
survey of 2000 consumers and reported that 1720
consumers liked “Patanjali Ghee” and 1450 consumers
liked “Amul Ghee”. What is the least number that must
have liked both the product?

SOL. LetU be the set of consumers who were participated in

the survey.

Then, n(U) = 2000

Let P be the set of consumers who liked “Patanjali
Ghee”.

Then, n(P)=1720

Let A be the set of consumers who liked “Amul Ghee”.
Then, n(A)=1450

n(PU A)=n(P)+ n(A)—n(P N A)
. n(PUA)=1720 +1450 — n(P N A)=3170 — n(P N A)

Now, as n(PuA)< ()
. 3170 — n(P n A)< 2000
= n(P mA)=1170

Hence, the least number of consumers who liked both
the product is 1170.

EXAMPLE |8| In a survey of 500 customer in an
electronic shop, 400 were purchases LG refrigerator and
200 purchases SAMSUNG refrigerator, 50 purchase both
refrigerators. Is this data correct?
SOL. LetU be the set of all customers who were participated
in the survey. Then, n(U) =500
Let denotes the set of customers who purchased LG
refrigerator.
Then, n(L) =400
Let S denotes the set of customers who purchased
SAMSUNG refrigerator.

Then n(S)= 200

and n(L ™ S§)=50

2 n(L uS)=n(L)+ n(S)—n(L NS)
n(L US)= 400 + 200 — 50

= n(LwS)=550

But LusScU

= n(LwS)sn(l)

= 550 < 500, which is not true.

This is a contradiction.
So, the given data is incorrect.

EXAMPLE |9| If A and B are two sets containing 3 and 6
elements respectively, what can be the minimum number
of elements in A B? Also, find the maximum number of
elements in A B.

SOL Given n(A)=3
and n(B)=6
We know that,

n(AUB)=n{A)+ n{B) —n(A n B)
Clearly, n(A v B) will be maximum when n( A B) is
minimum and it will be minimum when n(A n B)is
maximum. Therefore, two cases arise

Casel When n(A n B) is minimum
The minimum value of (AN B)=0
nAUB)=n(A)+n(B)=3+6=9

Then, maximum value of n(A U B)is 9.
Case Il When n(An B) is maximum
n( A M B) will be maximum, if

ACB
In this case, n(A mn B)=3

n(Avw B)=3+6-3
=6

Thus, the minimum number of elements in A U B is 6.

EXAMPLE 10| A survey shows that 63% of the Indian
like cheese whereas 76% like apples. If x% of the Indian
like both cheese and apples, then find the values of x.
SOL. Let the population of India be 100 crore.

Let C denotes the set of Indians who like cheese.

Then, n(C) =63 crore

Again, let A denotes the set of Indians who like apple.
Then, n(A)="76crore

and n(C m A) = x crore

Now, n(C u A)=n(C)+n(A)—n(C n A)

= n(CUA)=63+76—n(C N A)
= n(Cwu A)y+n(Cn A)=139
= nCmMA)=139—n(C UA) A1)

But n(C v A)<100
—n(CUA)=-100
= 139 — n(C U A)=2139 — 100
= 139 — n(C UA)=39
= nCmMA)=39
AgainCNnAcCandCnAcCA
=n(CmA)=n(C)and n(C nA)< n(A)
=n(C NA)<63and n(C N AV 76
= n(C mMA)=63
From (ii) and (iii), we get

39<n(C NA)<63
= 39S x <63

[using Eq. (1)] -..(i1)

..(ii)



EXAMPLE |11 In a survey of 200 students of a school,
it was found that 120 study Mathematics, 90 study Physics
and 70 study Chemistry, 40 study Mathematics and
Physics, 30 study Physics and Chemistry, 50 study
Chemistry and Mathematics and 20 none of these subjects.
Find the number of students who study all the three
subjects. [NCERT Exemplar]
SOL. Let M, Pand Crespectively denote the set of students
studying Mathematics, Physics and Chemistry and U

denote the set of students who were participated in the
survey. Then, we have,

n(U) = 200, n (M) =120, n(P) =90, n(C) =70,
n(MAP)=40, n(PAC)=30,n(MAC)=50
and WM P’AC )=n(MUPUC) =20
Now, n(MUPUC) =n{U)-n(MUPUC)
20 = 200—n(MUPUC)
= n(Mu PuUC)=200-20=180
n(MUPUC)=n(M)+n(P)+n(C)
—n(MAP)—n(PAC)—n(CAM)
+n(CAMnP)
- 180=120+90+70—40—-30—50+n(C N M N P)

= 180 =280—-120+ n(Cn M P)
= 180 +120 - 280=n(PnC M M)
= n(PmCrnM)=300— 280=20

Hence, 20 students study all the three subjects.

EXAMPLE |12] In a survey of 25 students, it was found

that 15 had taken Maths, 12 had taken Physics, 11 had

taken Chemistry, 5 had taken Maths and Chemistry, 9 had
taken Maths and Physics, 4 had taken Physics and

Chemistry and 3 had taken all the three subjects. Find the

number of students that had taken

(i) only Chemistry. (ii) only Maths.
(iii) only Physics.
(iv) Physics and Chemistry but not Maths.
(v) Maths and Physics but not Chemistry.
(vi) only one of the subjects.

(vii) atleast one of the three subjects.

(viii) None of the subjects.

SOL. Let M, Pand C respectively denote the set of students
who had taken Maths, Physics and Chemistry and
denote the set of students who were participated the
survey. Now, let in Venn diagram, a, b, ¢, d. e, f and g
denote the number of students in respective regions.

From the Venn diagram, we get
nM)y=a+b+d+e,
n(Py=b+c+e+ f.
n(C)=d+e+ f +g
n(MnP)=b+e,
nPNC)=e+ f,
nMNC)=d+eandn(M N PnC)=e,
Also, we have the followings number of students who
had taken all three subjects is 3,
nMnPnC)=3 = e=3
Also, we have the following:
Number of students who had taken Maths and Physies

is 9, nMNP)y=9= b+e=9
= b+3=9 [-e=3]
= b=6

Number of students who had taken Physics and
Chemistry is 4

nPNC)=4 = e+ f=4
= 34 f=4 [ce=3]
= f=1
Number of students who had taken Maths and
Chemistry is 5,
nMnC) =5=>d+e=5

= d+3=5 [e=3]

= d=2

Number of students who had taken Maths is 15,
n(M)=15

= a+b+d+e=15

= a+6+2+3=15 [“b=6d=2e=3

= a=15-11=a=4

Number of students who had taken Physics is 12,
n(P)=12

= b+ec+e+ f=12

= 6+c+3+1=12 [“b=6e=3 f=]]

= c=12-10=c¢c=2

Number of students who had taken Chemistry is 11,
nC)=11=d+e+ f+g=11
= 24341+ g=11 [d=2e=3 f=1]
= g=11-6=g=5
Now, the number of students in various cases are as
follows
(i) Only Chemistry, g=5  (ii) Only Maths, a =4
(iii) Only Physics, ¢ = 2
(iv) Physics and Chemistry but not Maths, f =1
(v) Maths and Physics but not Chemistry, b=6
(vi) Only one of the subjects, a+c+ g=4+2+5=11
(vii) Atleast one of the three subjects
a+b+c+d+e+f+g
=4+4+6+2+2+34+145=23
(viii) None of the subjects,
25—-(a+b+ec+d+e+ f+g)
=25-23=2



By Formula

Given,n(U)=25n(M)=15n(P)=12n(C)=11,

n(MNC)=5n(MnNP)=9,n(PNC)=4,

n(MNPNC)=3

(i) Number of students that had taken Chemistry only
=n(M NP NnC)=n((Mu P) nC)
=n(C)-n((MuUP)nC)

[“n(AnB)=n(A)—n(An B)

=n(C)—n[(MnC)u(PnC))]
=n(C)—=[n(MNC)+n(PNnC)— n(Mn Pn ()]

[using, n(A U B)=n(A)+n(B)—n(An B)

and n(MNCNPNC)=n{MnPN(CnNC)}
=n(MnPnC)
=11-{54+44-3}=11-6=5
(i) Number of students that had taken Maths only
=n(MA P nC)=n{Mn(PuC)}
=n(M)—n[Mn(PuC))
=n(M)—n[(Mn P)u(MnC)]

=n(M)-[n(MAP)+n(MAC)-n(Mn PAC)]

=15-(9+5-3)=15-11=4

(iii) Number of students that had taken Physics only
=r(PNM NC)=n(Pn(MuUC))
=n(P)-n(PNn(MwuC))
=n(P)-n[(Pn M)u(PnC)]
=n(P)-[m(PnM)+n(PNnC)—n(PNn MnC)]
=12—-(9+4-3)=12-10=2

(iv) Number of students that had taken Physics and

Chemistry but not Maths
=n(PNnCn M)
=n(PNC)—n(PNC NM)

(v) Number of students that had taken Maths and
Physics but not Chemistry

=an(MNnPNC)
=a(MNP)—n(MnPnNC)
=9-3=6
(vi) Number of students that had taken only one of the
subjects =n (M) +n(P)+n(C)

—2An(MAP)+n(PAC)+n(MnC))

+3n(PnMnC)
=15+12+11—-2{9+4+5}+3%x3
=38-36+9=11
(vii) Number of students that had taken atleast one of the
three subjects = n(M w P uw C)
=n(M)+n(P)+n(C)—n(Mn P)
—n(PNC)—n(MnC)+n(Mn PN C)
=154+124+11-9-4-54+3=23
(viii) Number of students that had taken none of the
subjects =n(M" N PN C")
=n(MuUPUC)
=nU)—-n(MuUPuUC)
=25—-23=2

EXAMPLE |13] In a survey of 60 people, it was found
that 25 people read newspaper H, 26 read newspaper T, 26
read newspaper Z, 9 read both H and Z, 11 read both H and
T, 8 read both T'and Z and 3 read all three newspapers. Find

(i) the number of people who read atleast one of the
newspaper.

(ii) the number of people who read exactly one
newspaper.

SOL.Let H, T and Z respectively denote the set of peoples who
read newspapers H, T'and Zand U denote the set of people
who were participated in the survey.

Now, let in Venn diagram, 4, b, ¢, d, e, f and g denote the
number of peoples in respective regions.

H 7z U
(o)

6%

T
Here, n(U) =60 (1)
n(Hy=a+b+c+d=25 ..(ii)
n(I'y=b+c+ f+g=26 ...(iii)
n(Z)y=c+d+e+ =26 (iv)
n(HNZ)=c+d=9 (V)
n(HNT)=b+c=11 .(vi)
n(TnZ)=c+ =8 ...(vii)
and n(HNTnNZ)=¢=3 ..(viii)

On putting the value of cin Ea. (vii). we get

3+ f=8= f=5
On putting the value of ¢ in Eq. (vi), we get
3+b=11=b=8
On putting the value of ¢ in Eq. (v), we get
3+4d=9=d=6
On putting the values of ¢, d and f in Eq. (iv), we get
3+6+e+5=26 = e=206—-14=12
On putting the values of b, cand f in Eq. (iii), we get
8+43+5+9=26 = g=26—16=10
On putting the values of b, cand d in Eq. (ii), we get
a+8+3+6=25 = a=25-17=8
Now,

(i) Number of people who read atleast one of the three
newspapers

=n(HUTWZ)
=a+b+c+d+e+ f+yg
=8+8+3+6+12+5+10
=52

(i) Number of people who read exactly one newspaper
=a+e+g=8+12+10=30



TOPIC PRACTICE 5 |

OBJECTIVE TYPE QUESTIONS

1 If X and Yare two sets such that X u Y has 50

elements, X has 28 elements and Yhas

32 elements, then number of elements X nY
have
(a) 10
(c) 110

(b) 46
(d) 54

In a class of 35 students, 24 like to play cricket
and 16 like to play football. Also, each student
likes to play atleast one of the two games. The
number of students who like to play both cricket

and football, is
(a) 27
(c) 5

(b) 43
d) 75

In a committee, 50 people speak French, 20
speak Spanish and 10 speak both Spanish and
French. The number of people who speak
atleast one of these two languages, is

(a) 40 (b) 60

(c) 20 (d) 80

Each set X, contains 5 elements and each setY,

20 n
contains 2 elementsand U X, =S=u Y. If
r=1 =1

each element of S belongs to exactly 10 of the
X,’s and to exactly 4 of the ¥,’s, then n is equal

to
(a) 10 (b) 20
(e) 100 (d) 50

5 Let A and Bbe two sets such that n(A4) =0.16,
n(B)=0.14 andn(Au B)=0.25. Then,n(A n B) is
equal to

(a) 0.3

(b) 0.5

(c) 0.05

(d) None of the above

VERY SHORT ANSWER Type Questions

6 If A and B are two sets, such that
n(A) =28, n(B) = 32and n(An B) =10, then find

the value of n(Au B).

7 If X andY are two sets such that n(X) =28,

n(Y)=32and n(X uY) =45, then find n(X nY).
[NCERT]

SHORT ANSWER Type I Questions
8 In a group of 400 people, 250 can speak Hindi

10

i1

12

13

14

and 200 can speak English. How many can
speak both Hindi and English? [NCERT]

Let n(U) = 700, n(A) =200, n(B) = 300 and
n(An B) =100. Find n(A’'n B").

Let F| be the set of parallelograms, F, be the set of
rectangles, F, be the set of rhombus and F, be the
set of squares. Then, show that F| is equal to

union of all sets. [NCERT Exemplar]

In a town with a population of 5000, 3200 people
are egg-eaters, 2500 meat-eaters and 1500 eat
both egg and meat. How many are pure
vegetarians?

In a school, there are 20 teachers who teach
Maths or Physics. Out of these, 12 teach Maths
and 4 teach Physics and Maths. How many
teach Physics?

In a committee, 50 people speak French, 20
speak Spanish and 10 speak both Spanish and
French. How many people speak atleast one of
these two languages?

The members of a group of 400 people speak
either Hindi or English or both. If 270 speak
Hindi only and 50 speak both Hindi and English,
then how many of them speak English only?

SHORT ANSWER Type Il Questions

15

16.

17

In a group of 70 people, 37 like coffee, 52 like
tea and each person like atleast one of the two
drinks. How many people like both coffee and
tea? [NCERT]

In a survey of 400 movie viewers, 150 were
listed as liking ‘Veer Zaara’, 100 were listed as
liking ‘Aitraaz’ and 75 were listed as both liking
‘Aitraaz’ as well as ‘Veer Zaara’. Find how many
people were liking neither ‘Aitraaz’ nor ‘Veer
Zaara'?

In a survey of 400 students in a school, 100
were listed as taking apple juice, 150 as taking
orange juice and 75 were listed as taking both
apple as well as orange juice. Find how many
sutdents were taking neither apple juice nor
orange juice.



18

19

20

Out of 100 students, 15 passed in English, 12
passed in Mathematics, 8 in Science, 6 in
English and Mathematics, 7 in Mathematics and
Science, 4 in English and Science, 4 in all the
three. Find how many students passed in
(i) English and Mathematics but not in Science?
(ii) Mathematics and Science but not in English?

In a group of 65 people, 40 like Cricket, 10 like
both Cricket and Tennis. How many like tennis only
and not Cricket? How many like Tennis? [NCERT]

There are 200 individuals with a skin disorder,
120 has been exposed to chemical C;, 50 to
chemical C, and 30 to both the chemicals €, and
C,. Find the number of individuals exposed to

(i) chemical C, or chemical Cs.

(ii) chemical C; but not chemical C,.
(iii) chemical C, but not chemical C,.

LONG ANSWER Type Questions

21

22

23

In a group of 100 people, 65 like to play Cricket,
40 like to play Tennis and 55 like to play
Volleyball. All of them like to play atleast one of
the three games. If 25 like to play both Cricket
and Tennis, 24 like to play both Tennis and
Volleyball and 22 like to play both Cricket and
Volleyball, then
(i) how many like to play all the three games?
(ii) how many like to play Cricket only?
(iil) how many like to play Tennis only?

Represent above information in a Venn diagram.

In a class of 140 students, 60 play Football,
48 play Hockey and 75 play Cricket, 30 play
Hockey and Cricket, 18 play Football and
Cricket, 42 play Football and Hockey and 8 play
all the three games. Use Venn diagram to find
(i) students who do not play any of these three
games.
(ii) students who play only Cricket.

(iii) students who play Football and Hockey, but
not Cricket.

A college awarded 38 medals in Football, 15 in
Basketball and 20 in Cricket. If these medals
went to a total of 58 men and only three men
got medals in all the three sports, then how
many received medals in exactly two of the
three sports? [NCERT]

24

25.

From 50 students taking examinations in
Mathematics, Physics and Chemistry, each of
the student has passed in atleast one of the
subject, 37 passed in Mathematics, 24 in
Physics and 43 in Chemistry. Atmost 19 passed
in Mathematics and Physics, atmost 29 in
Mathematics and Chemistry and atmost 20 in
Physics and Chemistry. Find the largest
possible number that could have passed all
three examinations. [NCERT Exemplar]
In a survey, it is found that 21 people like
product A, 26 people like product B and 29
people like product C. If 14 people like products
A and B, 12 people like products C and A, 14
people like products B and C, 8 people like all
the three products. Find how many like product
C only? [NCERT]

HINTS & ANSWERS

(a) Given, n(X U Y)=50, n(X) =28 n(Y)=32
n(XnNY)=?
By the formula,
n(X U Y)=n(X)+n(Y)—n(X nY) we find that
nXnY)=n(X)+nlY)—n(XuwY)
=28+432-50=10
(c) Use formula, n( X U Y)=n(X)+n(Y)-n(XNY)
(b) Let X denote the set of people who speak French and
Y denote the set of people who speak Spanish.
Given. n(X)=50.nY)=20andn X nY)=10
nXuY)=nX)+nY)-nXnNY)
=50+ 20—-10=60
Thus, 60 people speak atleast one of these two
languages.

(b) We have
n(X,)=5
20
nf |JX, |=20x5=100
r=1
= n(S$) =100

But each element of S belong to excetly 10 of X, s

100
So, —0 =10 are the number of distinct elements in S.
1

Also each element of § belong to exactly 4 of the Y, s
and Y, contains 2 elements
- If S has n number of ¥, in it then

E =10

<

= n=20
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11.

12.

13.
14,

15.
16.

17.
18.

19.

20.

(c) We have

n(A) =016, n(B) =014 and n{ A w B)=0.25
We know,

n{A U B)=n(A)+ n(B)— n(A m B)

0.25=016+ 014 — n(A N B)
= n(A m B)=005
n(AuB)=n(A)+n(B)-n(An B)=28+32-10=50
Use the formula, (X U Y)=n(X)+n(Y)—-n(X nY)
Ans. 15
n(H)=250,n(E)=200and n(H U E) =400
“n(HUE)=n(H)+nE)-n(HNE)
Ams. 50
n(A"n B )=n(U)—-n(AuU B) Ans. 300
All Rectangles, Rhombus and Square are parallelogram

because its opposite sides are equal and parallel.
Therefore F,cF,F;cFand F, c F

= F=F,UF, UF,

Let E be the set of people who are egg-eaters M be set of
people who are meat-eaters and U be the set of people in
the town.

Then, number of pure vegetarians
= n (U)—Number of non- vegetarians
=n (U)—n(E w M) Ans. 800
n(MUP)= 20,n(M)=12 n(PnM)=4

n(MuP)=n(M)+n(P)—n(Mn P)Ans. 12
n(FwS)=50+20—10 Ans. 60

n(Av B)=n(only A)+n(only B)+n(An B)
=n (only B) =400 — 270 — 50 Ans. 80

19
The number of people who were liking neither (A)
‘Aitraaz’ nor ‘Veer Zaara’ (V) is given by
n(VnA)=n(vuA)
=n(U)-n(VUA)
=n(U)=n(V)=n(A)+n(VA A)
Solve as Example 4. Ans. 225
n(E)y=15n(M)=12n(S)=8 n(EnM)=6
n(MAS)=7,n(EnS)=4,n(ENMANS)=4
Hn(EnMnS)=n(EnM)-n(EnMnS)
=6—4=2
(i) n(MASAE)=n(MNS)=n(EnMANS)
=7-4=3
n(TUC)=n(T)+n(C)=n(T NC)
n(T)=35
Now, n(T N C)=n(T)—n(T nC)=35-10= 25
Ans. 25, 35
n(U)=200; n(C,)=120, n (C,)=50; n(C, nC,)=30

[by De Morgan’s law]

(i) Required number of individuals =n (C, UC,)

=n(C,)+n(C,)—n(C, nC,)
Ans. 140

(ii) Required number of individuals = n(C, m Cz’ )
=n(C,)—n(C, " C,)=120-30=90

(iii) Required number of individuals = n(C,” m C,)
=n(C,)—n(C, " C,)=50-30=20

21. Wehave,n(C)=65n(T)=40,n(V)=55

n(CuTuV)=100n(CNT)=25n(TNV)=24
andn(CnV)=22

Solve as Example 1.
(i) 11 (i) 29 (iii) 2
22. Slve as Example 11 and 12
Ans. (i) 39 (i) 35 (iii) 34
23. Solve as Example 12. Ans. 9

24. Let P,C and M respectively denote the set of students

who were passed in physics, chemistry and
mathematics. Then, we have n (P w C w M) = 50,
P(M)=37,n(P)=24,n(C)=43 n(Mn P)=19,
n(MNC)< 29and n(P N C) < 20.
Clearlyn(PuUCuM)=n(P)+n(C)—n(M)—n(PnC)
—n(CnM)—n(PAM)+n(PNCNM)<50

Ans. 14

25. Letin Venn diagram, a b, ¢, d, e, f and g denote the
number of peoples in respective regions.

’6% :

B

Then, n(A)=a+b+c+d=21 (i)

n(B)y=b+c+ f+g=26 ...(ii)

n(C)=c+d+e+ f=29 ...(iii)
n(AnB)=b+c=14 .(iv)
n(CmA)=c+d=12 v)
n(BNC)=c+ f =14 wo(vi)

and n(ANnBNC)=c=8 ..(vii)

On solving, we get the number of people who like
product Conly, e =11.



SUMMARY

* # # * % »

*

A well-defined collection of objects, is called sat.

A set, which is empty or consists of a definite number of elements, is called a finite set.
A set which consists of infinite number of elements, is called an infinite set.

A set which does niot contain any element, is called an empty set or null or void set.

A set, consisting of a single element, is called a singleton set.

If every element of A is an element of B, then A is called a subset of B and written as A ¢ B. Also, set B is called
superset of A

A set which is superset of each one of the given sets, is called universal set.

The union of sets A and Bis the set of all those elements which belong to either in A or in B or in both. Itis denoted
by AB,
AuB={xxedorx € B

ThELuIenecmn of sets A and B is the set of all those elements which belong to both A and B It isdenoted by A m B.
AnB={x:xedandx € B}

ThE difference of two sets A and 8 in this order is the set of all those elements of A which do not belong to 8. Itis
denc:ted by A-5B.
A=-B={x:xe dandx & B}

The symmetric difference of A and B is the set (4 = B) w (B = AL It is denoted by AAB.
AAB=(A=B)u(f=-4) but y={x:xedorxe B e An A

Tw-D sets A and B are said to be disjoint sets, if they have no common elementie A n B = é

Let U be the universal set and A be any subset of U then complement of 4 with respect to U is the set of all those
elements of U which are not in A It is denoted by A or 4
Thus, A =fxxelandx e 4

Important Results
MrAuB)=n(A=EB)+nB-4) +nldn B
(i) M) = n(d = 8) + nlA m B)
(iii) MB) = n(B = A) + n(A ~ B)
(iv) MAAB) = nf(A — B) v (B — AJl= n{A - B) + n(B - A)
= n{d) + n(B) = 2n{d N B) [since, (A — B) and (B — A) are disjoint sats]
(Min (A" B") = n [(AnB)] = nlU) - n(A N B)
(i) A" N B") = n[(Aw B)] =n(U) —n(AvB)
(vii) (A = B) = n{A n B)" = n(A) = (A n B)
(vitl) If A, 8 and C are finite sets, then
@A uBul=nA+nB) +nC)=mAnB) - C)=nAnC) +mAnEnC)
() n(A only) = n(A) = nfA A B)=nlA N C) + A N B nC)
DA REARC) =nl)=mAuBul)



CHAPTER
PRACTICE

OBJECTIVE TYPE QUESTIONS

1 L.etB-{.t:.!c-

1€n< 5 wherene NG,
=1

then B equals

11 1 1111
@355 o375
1111
(c) {' '3 T E} (d) Mone of these
21 The set(Ar By w(BnC)is equal to
[NCERT Exemplar]
(a) AvBuC (b) A" B
(e} A"t [d) A RE
3 If Aand B are two sets, Armi(Au B) equals to
[NCERT Exemplar]
(a) A (b) B (ché (d)AnB

4 Two finite sets have m and i elements. The
number of subsets of the first set is 112 more
than of the second. The values of m and n are
respectively

(a)4,7 b) 7,4

5 The intersection of all the intervals having the

(chd, 4 d)7,7

form [1 + L, 6= E} where i is a positive integer,
R ]

is
{a) 1,8
() [2, 4]

(b} 1, &)
ol

6 In an office, every employee likes at least one of
tea, coffee and milk. The number of employees
who like only tea, only coffee, only milk and all
the three are all equal. The number of
employees who like only tea and coffee, only
coffee and milk and only tea and milk are equal
and each is equal to the number of employees
who like all three. Then, a possible value of the
number of employees in the office is

(a) 65 {b) 90 (e) 77 (d) 85

VERY SHORT ANSWER Type Questions

7 What is the difference between a collection and
a set? Give reason to SUpport your answer.

8% Match each of the sets on the left described in
the roster form with the same set on the right
described in the set-builder form.

(i)(H, R, A, Y,N]  (a)

[x :x is a natural number

and a divisor of 18}

(ii){L, 1, T, E} {b) [x:xisaletter of the word
HARYAMA)

(iii){1,2, 34, 6,12}) (c) [x:xisaletter of the word
LITTLE)

(iv){1,2, 3, 6,9,18) (d) [x:x is anatural number
and is a divisor of 12}

9 Find the number of subsets of the set 4 ={1, 4, 5}

10 List all the proper subsets of the set 4 ={a, b}.

SHORT ANSWER Type | Questions

11 Which of the following sets are empty set,
singleton set and equal set.
A=fxr:2x=10and x* - Tx +10 =10)

B={x:x"=16x + 55=0and x* = 25)
C-{x:-lﬁxﬂl},
2 2

12 1fn(Aw B) =25 n{4) =12, n{ A - B) =& then write
the number of elements in An Band B- A

13 U =(a,b,cde, fl, A={a b, c), B=(cd,e, [,
C={c,d, e} and D = {d, ¢, [}, then tabulate the
following sets.

i) AnD (i)AnC () UnAD
(iv) Avwd (VI ~dY  (wi) (o A).

14 1f4={1,2, 3, 4,5, BE={1,3,5 8),C=(2,5,7, 8],
verify that A= (BuC)=(A=B)n(A=C)

15 Let A and B be two sets such that n( 4 - B)
=ld+x,nEB=A)=3xandn(An By=x.Draw a
Venn diagram to illustrate information and if

D={x:0<4x* <)

ni A)=n(B), then find the value of x.
16 Let 4 and B be two sets. Then, prove that
A=B e Ac Band Bg A



SHORT ANSWER Type 11 Questions

17 Express the shaded region of the following Venn
diagram in terms of union and difference of sets

A BandC.
o

C

18 IfA={4"=3n=Lne N)and B ={%n =1):n e N),
show that 4 = B.

19 From the adjoining Venn diagram, determine
the following sets.

A B U
&
g
8
101 ]
i) AuE {ii) An B
(iii) A-B (iv) (A~ BY

20 Two finite sets have m and i elements. The total
number of subsets of the first set is 56 more
than the total number of subsets of the second
set. Find the values of m and n.

21 1fn(A) = 4 and n(E) = 6, then what can be the
minimum number of elements in 4w B?

22 State which of the following statements are true
and which are false? Justify your answer.

(i) 353 e(x:xhas exactly four positive factors)
(ii} 128 (¥ : the sum of all positive factors of y is 2y}
(i) Belr:x 5%+ 22 _112c + 6=0)
(iv) 496 & [y : the sum of all the positive factors of y
is 2y}

23 If X = {1,2, 3)and n represents any member of X,
write the following sets containing all numbers
represented by

(i) 4n (i) n+6

{iii) % {iv) m—1

24 Given set A={1 2 3, 4, .., 100), write the subset

(i) X of A, whose elements are multiple of 7.
(ii) ¥ of A, whose elements are represented by x + 3
where v e A

15 Out of 600 car owners investigated, 500 owned
Mahindra XUV and 200 owned TATA NANO, 50
owned both cars. Is this data correct?

LONG ANSWER Type Questions

26 A survey of 500 television viewers produced the
following information, 285 watch football, 195
watch hockey, 115 watch basketball, 45 watch
football and basketball 70 watch football and
hockey, 30 watch hockey and basketball, 50 do
not watch any of the three games. How many
watch all the three games?

27 Aninvestigator interviewed 100 students to
determine their preferences for the three
drinks: Milk (M), Coffee (C) and Tea (T). He
reported that 10 students had all the three
drinks M, C, T: 20 had M and C, 30 had C and T,
25had M and T, 12 had M only, 5 had C only, 8
had T only. Using Venn diagram, find how many
did not take any of the three drinks?

18 In a group of children, 35 play football out of
which 20 play football only, 22 play hockey, 25
play cricket out of which 11 play cricket only.
Out of these, T play cricket and football but not
hockey, 3 play football and hockey but not
cricket and 12 play football and cricket both?
How many play all the three games? How many
play cricket and hockey but not football? How
many play hockey only? What is the total
number of children in the group?

19 Of the members of three athletic teams in a
certain school, 21 are in the basketball team, 26
in hockey team and 29 in the football team. 14
play hockey and basketball, 15 play hockey and
football, 12 play football and basketball and 8
play all the three games. How many members
are there in all?

CASE BASED Questions

30 The school organised a farewell party for 100
students and school management decided three
tvpes of drinks will be distributed in farewell
party Le. Milk (M), Caffee (C) and Tea (T).
Organiser reporied that 10 students had all the
three drinks M,CT. 20 students had M and C;

30 students had C and T; 25 students had M and
T. 12 students had M only; 5 students had C only;
8 students had T only.



Based on the above information, answer the
following questions.

(i) The number of students who did not take any

drink, is
(a) 20 (b) 30 (c) 10 (d) 25

(ii) The number of students who prefer Milk is
(a) 47 (b) 45 (c) 53 (d) 50

(iii) The number of students who prefer Coffee is
(a) 47 (b) 53 (c) 45 (d)50

(iv) The number of student who prefer Tea is
(a) 51 (b) 53 (c) 50 (d)47

(v) The number of students who prefer Milk and
Coffee but not tea is
(a) 12 (b) 10

31 In alibrary, 25 students read physics, chemistry
and mathematics books. It was found that
15 students read mathematics, 12 students read
physics while 11 students read chemistry.
5 students read both mathematics and chemistry,
9 students read physics and mathematics.
4 students read physics and chemistry and
3 students read all three subject books.

(c) 16 (d) 20

(i)

(i)

(1ii)

(iv)

(v)

Based on the above information, answer the
following questions.
(i) The number of student who reading only

chemistry is

(a)5 (b)4 (c)2 (@1

(if) The number of students who reading only

mathematics is

(a)4 (b)3 €5 (@11

(iii) The number of students who reading only one of
the subjects is
()5 b8 (e)11 @6

(iv) The number of student who reading at least one

of the subject is

() 20 (b) 22 (€)23 (a@) 21

(v) The number of students who reading none of the
subject is
(a)2 {(b)4 (c)3 (d5s

32 In an University, out of 100 students 15 students
offered Mathematics only, 12 students offered
Statistics only, 8 students offered only Physics,
40 students offered Physics and Mathematics,
20 students offered Physics and Statistics,

10 students offered Mathematics and Statistics,
65 students offered Physics.

Based on the above information answer the
following questions

The number of students who offered all the
three subjects.

(a)4 (b)3 (c)2 @s

The number of students who offered
Mathematics.

(a) 62 (b) 65 (c) 55 (d) 80

The number of students who offered statistics
(a) 31 (b) 36 (c) 39 (d) 34

The number of students who offered
mathematics and statistics but not physics.

()7 (b) 6 ©5 (@4

The number of students who did not offer any of
the above three subjects.
(a)4 (b)1

()5 @3



HINTS & ANSWERS

(c)Putn=1 23 45inx=

2n-1

2. (b) We know that, (A BY = AU B and (A'f = A

10.
1L

12,

13.
14

15.

16.
17.

(a)
A g Y
(b) 5. 10 6.1(c)
Every set is a collection but a collection is not necessarily a

get. Only well-defined collection are sets eg. Collection of
most talented writers of India is a collection but it is not a set.

(i} = (b); (ii) = (e), (iii) = (d): (iv) = (a)
Numbr of subsets of A = 2* Ans. §

o, {a}, {b]
A={x:x=5and(x-2)(x-5)=0}={5}
B={x:(x—-11)(x —5) =0and x =+ 5} ={5}
c ={x:-%5x5%}anﬂﬂ={x:ﬂ54r‘ <1}

1 1 1
={x;ns % 5-}={x;--~sxs-}
4 F 2

S C=D
Ans. A and B are singleton sets, C and D are equal sets.
n(A=By=n(A)=n{Ar B)
=nlAnB)=12-8=4
n(B)=n(AwB)+ n(ArB)—n(A)=25+ 4-12=17
v nlB=A)=n(B)=n(BrA)
Ans.n(An B)=4,n(B-A)=13

(o (i) {e} (ii){d e f} (Wiia b e} (VMU (vi)o

BuC=1{,23%57,8)

. A=(BuC)=1{4)

and (A= B)n(A=-C)={2 4} {1, 3, 4}= {4}

gl A B y

AU(BAC)or Au{(B-C)u(C -B))

Now, 4" =3n-1=(3+1)"=3n-1
=1+3n+"(L2-D—-(3)’+....-3n-1
=9("("-l)+...)

2

and B={9(n-1):ne N}

19.

20.
21,
22,

24,

25,

27.

(i) {0, 2, 3, 5, 6 8 (i) {3}
(iii) {2, 5} (iv) {0, 1, 2,5, 6, 8 9 10}
M=56+ 2 =22"-2"=56Ans. m=6n=3
nlAw B)zn(B)=6

{1135 € {1, 5, 7, 35}

(ii)128 € {i, 2, 4, & 16, 32, 64, 128}
Here, y = {1, 2, 4, 8 16, 32, 64, 128}

Now, sum of elements of y
=1+ 2+ 4+8+16+32+64+138=255% 2y

(iii) We have, x* =52 + 2x* =112x +6=0
LHS =(3)" =5(3)* + 23)* —112 x3+6
=81-138+18-336+6=—366#0
{iv) 496 € {1, 2, 4, 8 16, 62,124, 248, 496}
Here, y=1{1, 2 4 8 16, 62,124, 248, 496}
Now, sum of elements of y
=1+ 2+ 4+ 8+ 16+ 62+ 124+ 248+ 496 = 2y
(i) True (ii) False (iii) True (iv) False

m&&m}[m&&ﬂmH}L§(MMLﬂ

(i) {7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91, 98}
(ii) {4, 5, 6, .... 100}
Let E and F denote the can owner owned XUV and TATA
NANO, respectively.
Then, m{E) =500, n(F) = 200,
n(E U F) =600, n(E ~ F) =50
Now, m(Ew F)=500+ 200 —50 = 600 # 650
Given data is incorrect.
n(F)= 285 n(H) =195, n(B) =115,
niFAB)=45 n(Fr H)=70, n(Hr B)=50
n(AnBAC)=50n(Fu Hu B)=500
niFuUHWB)=n(F)+n(H)+ n(B)
=n{FrB)=-n(FAH)=-n(HA B)+ n(FHr B)
Ans. 20
r(U) =100, R (M CAT)=10,
R(MAC)=20, n(CAT)=5%, n{MnT)= 25,
n( Monly) =12 n(C only) =5, n(T only) =8

Now,n(MUCUT)=12+15+10+10+5+ 20 + 8 =80
nMACAT)=n(U)-n(MuCuUT)
=100 -80 =20 Ans. 20

28. 5,2,12,60
29. Similar as Example 13 (i). of Topic 5. Ans. 43



30. Consider the following Venn diagram

M CU

éa

where,
a = Number of students who had M only
b =Number of students who had M and C Only
¢ =Number of students who had C only
d = Number of students who had T only
¢ = Number of students who had Mand T only
f =Number of students who had three drinks M, C, T
and g =Number of students who had C and T only
Then, we have
a=12b+ f=20,c=5d=8e+f=25
f=10and g + f =30
= a=12b=10,c=5d =8 ¢=15 f=10and g =20
(i) (a) Number of students who did not take any drink
=100-(a+b+c+d+e+ f+g)
=100-(12+10+5+ 8 +15+10 + 20)
=100 -80 =20
(ii) (a) Number of students who prefer Milk
=a+b+ f+e=12+10+10+15 =47
(iii) (c) Number of students who prefer Coffee
=b+c+f+g=10+5+10+20=45
(iv) (b) Number of students who prefer Tea
=d+e+f+g=8+15+10+20=53
(v) (b) Number of students who prefer Milk and Coffee but
not Teais b, i.e. 10

31. Let M denotes set of student who reading mathematics

books, P denotes who reading Physics books and C denotes
who reading chemistry books.
We have,
n(U) =25 n(M)=15n(P)=12,n(C)=11
nMAC)=5MMAP)=9,n(PAC)=4,
nMAPNC)=3
(i) (a) Required number of students
=mMMNP'NC)
={(MN PYnC)

=mMrPAC)
=m(Mm P C)
W) =M Py C)
[ n(An B') = n{A) - n(Am B)
mWC)=m{MAC)U(PNC))
=mC)=(rMAC)+ P Cl=nlM e PAC))
=11-(5+4-3)=5
{ii) (a) Required number of students
=(MAFC)
=mM(PAC))
=mM)=nMA(PUC))

=nM)=n(MNP)yu(MnC))
=nM)=(mMAP)+n(MAC)-nMAPAC))
=15-(9+5-3)=4
(iif) (¢) Required number of students
=nM)+ n(P)+n(C)-2
[MMAP)+n(PAC)+ n{MAC)]+3n(MNPNC))]
=15+12+11-2[9+4+5]+3 x3
=38-36+9=11
(iv) (c) Required number of students
=nMuUPUC)
=n(M) + n(P) + n(C) = (M A P)=n(P AC)
-nMAC)+nMAPNC)
=15+12+11-9-4-5+3
=41-18=23
(v) (a) Required number of students
=M PNC’)
=MMuPuCY
=nU)-n(MuPuUC)
=25-23=2
32. Let M,Sand P be the sets of students wo offered
Mathematics, Statistics and Physics respectively. Let x be
the number of students who offered all the three subjects,

then the number of members in different regions are
shown in the following diagram.

From the Venn diagram, we get, the number of students
who offered Physics.

=(40-x)+ x+(20-x)+8 =65 [given]
= 68-x=65 = x=3.
(i) (b)

(ii) (a) The number of students who offered Mathematics
=15+(10-x)+ x+(40-x)
=65-x=65-3=62 [v x=3]

(iii) (c¢) The number of students who offered Statistics
=12+(10-x)+x+(20-x)
=42-x=42-3=39. [ x=3]
=124+(0=x)+ x+(20=x)
=42-x=42-3=139

(iv) (a)10-x=10-3=7

(v) () The number of students who offered anyone of the

[ x=3]

three subjects
=15+12+8+(10=x)+(40=x) +{20=x)+ x
=105—2x
=105-2x3 =99, [~ x=9

= The number of students who did not offer anyone of
the three subjects = 100-99 =1





