Sets
1

1.1 Introduction

Let’s begin by taking some examples where we use the word “set” without having
formally studied it. You must have heard about different blood types. The primary
system used for blood typing is the ABO system. The four major blood types under
this system are:

oA OB
e AB e O

Blood types have very important applications. If a person of blood type ‘A’ needs blood
transfusion, then which set of people can donate blood?

OR

A teacher recommends a set of books in algebra to the student.
1.2 Set

So, we may talk about a set of people or a set of books in a casual manner. Since set
1s often used in mathematics, we define this term first.

Definition of a Set

A set is a well-defined collection of objects. The objects in a set are the elements or
members of the set.

Three best students of your class is not a set, as best may vary for different
individuals.

Some examples of set are:
(1) A set of students participating in a quiz contest.
(11) A set of girls participating in Kho-Kho match.

On the other hand, collection of 3 most interesting books is not a set as different books
may interest different students.

1.3 Representation of a Set

¢ Roster Form: One method of writing a set is to list all the elements of the set
within braces separated by commas. For example, the set of vowels in English
alphabet 1s written as V ={qa, ¢, i, o, u}.

Sets are denoted by capital letters.

This method 1s also known as tabular form.
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The fact that “e is an element of the set V” is written as e € V where the symbol
‘e’ means “belongs to”.

Similarly, we use the symbol ¢ ¢ V to denote ¢ is not an element of the set V.
Example 1: Write the following sets in Roster form
(1) Set of whole numbers less than or equal to 5.

(1) Set of first 4 terms of the A.P., whose first term is -3 and
common difference is 4.

Solution: 1) A=1{0,1,2,3,4,5} (1) B={3,1,5,9
Can all sets be written in roster form? Think about it!
Set Builder Form

Another method of writing a set is set builder form. In this method we specify the
elements of the given set by its description. All the elements of the set possess a
single common property which no element outside the set possess.

For example, the set V ={a, e, i, 0, u} can be written using this notation as
{x | x1s a vowel in English alphabet}

which is read as, “the set of all elements x such that x is a vowel of the English
alphabet.

Example 2: Write the following sets in the set-builder form:
|2 o |11
1) {1,-1 — -, =, 1,2
0 {1,-1} (11) { 3} (1i1) { 5 1 }
Solution: (1) {x | x1is an integer and x2 = 1}

(ii) {x | x1is fraction equivalent to 0.6}

(iif) {%a=10r4andb:20r4}

The theory of sets was developed by German mathematician Georg
Cantor (1845-1918). He 1s considered the founder of set theory.

Cantor developed interest in mathematics in his teens. He began his
university studies in Zurich but shifted to Berlin the very next year
in 1863, where he studied under the eminent mathematician Karl
Weierstrass, Ernst Kummer and Leopold Kronecker. He received his
doctorate degree in 1867 in Number theory.

Cantor was also interested in philosophy and wrote papers relating
his theory of sets to metaphysics. Cantor’s contribution includes the
discovery that the set of real numbers is uncountable. He is also noted Georg Cantor
for his contributions in analysis. IR

Get More Learning Materials Here : & m & studentbro.in




1.4 Finite and Infinite Sets

Can you make a list of students studying in your class? Of course it can be done easily,
as the number of students are finite. Even the school’s strength though, a large
number, 1s finite. What about the set of natural numbers or set of real numbers
between 2 and 3. Are they finite?

No these constitute infinite sets.
Some infinite sets are given below:
A ={x |xis a multiple of 5 and greater than 20}
B ={x | x1is a prime number}
Example 3: State which of the following sets are finite or infinite:
(1) {x:x1s an integer lying between 5 and 91}
(11) Set of coordinates of the points lying on a unit circle.
(i11) {x:x € N and (x, y) satisfies the equation 2x + y = 8}
(iv) {x:x1s the number of animals on earth}
(v) {x:x1s a digit in the decimal expansion of J2 }
Solution: (1) Since the set is {6, 7, 8, ..., 90} so it is a finite set.
(i) There are infinite points lying on a circle so its an infinite set.

(i11) Infinite points (x, y) where x € N lies on the line 2x + y = 8. So set of
values of abscissa forms an infinite set.

(iv) Set of animals on the earth is finite.

v) J2 is an irrational number, so its decimal expansion is non-

terminating, but the digits occurring in decimal expansion of J2 is
finite.

Example 4: Write the following sets in roster form:

(1) {x | x 1s an odd natural number between 3 (excluding) and 11
(including)}

() { x| Jx is a whole number less than or equal to 3}
Solution: @ {5,7,9 11} (1) {0, 1,4, 9;.
Example 5: Write the following sets in roster as well as set builder form.
(1) Real numbers between 2 and 5.

(1) Fractions whose numerator and denominator are natural numbers
and denominator exceeds the numerator by 1.

Is it possible to write in both the forms?
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Solution: (1) Real numbers between 2 and 5.

Roster Form: Not possible to write the set in roster form, as we
neither know its first element nor its last element. In fact, it’s not
possible to write two consecutive elements of this set.

Set Builder Form: {x:x €e Rand 2 <x <5}

(11) Fractions whose numerator and denominator are natural numbers
and denominator exceeds the numerator by 1.

Roster Form: {l 2 3 4 }

2345 "
Set Builder Form: {x:x = Ll’ where n € natural number}
n+

Example 6: Use € or ¢ to indicate whether the given object is an element of the given
set or not.
@) y..{a,xy, 2
() 4..{1,2,5,7, 11}

(i) 2..¢
(iv) 5...{x:x1s a natural number < 5}

Solution. 1) e (1) ¢ (i11) ¢ ) e

Example 7: Write each of the sets given below in the alternative form (roster or set
builder)

@ {2,3,5,7,11}

@) {1,3,5,7,9, 11}
Solution: (1) {x:x1s a prime number less than 12}

(i1) {x:x1s an odd natural number less than 13}
e Is the order of elements in a set important?

The elements of a set distinguish the set — not the order in which the elements are
written.

Thus the three sets {1, 2, 3}, {1, 3, 2} and {3, 2, 1} are the same set.
e (Can a set have repeated elements?

Think about it!

Try to form a set containing letters of the word “BANANA”

Is it {B, A, N, A, N, A}? If it is correct, how many elements does the set contains,
6 or 3.

In fact, repetition of elements is not allowed in a set. A set contains only distinct
elements. So the set containing the letters of the word “BANANA” is {B, A, N}.

Let us define some more type of sets:
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1.5 Empty or Null Set

Consider the set {x : x is a prime number which is composite}

Is there a number which is both prime as well as composite?

Since no prime is composite, so the above set can be written in roster form as { }.

We say a set which does not contain any element is called an empty, null or void set.
An empty set is denoted by the symbol gor { }.

Example 8: Which of the following are empty sets:
(1) Set of even prime numbers.
(i1) Set of composite numbers having atmost 2 factors.
(i11) Set of numbers which are both rational and irrational.
(iv) Set of irrational numbers whose decimal expansion terminates.
Solution: (1) {2}; It 1s not an empty set.

(i1) Since a composite number has more than two factors, so it is an
empty set.

(i11) Since no rational number is irrational, so set of numbers which are
both rational and irrational is an empty set.

(iv) The decimal expansion of irrational number is neither terminating
nor recurring. So it is an empty set.

1.6 Equality of Sets
Let A and B be two sets. We say A = B, if A and B have the same elements.
If two sets A and B are not equal, we write A # B.
Some example of equal sets are:
{2, 5,-1, 0} and {0, -1, 5, 2} ;
{1,2,2,2,7,7,7,7, 7 and {1, 2, T} ;
{x : x1s a prime divisor of 6} and {x : x 1s a pair of consecutive numbers that are prime}
EXERCISE 1.1
1. List the elements of the following sets :
(@) {x:x1is aninteger and x2 =9}
(b) {x:x1s a positive integer less than 5}
(c) {x:x1s even natural number divisible by 5}
(d) {x:xe Nandx<-1}
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2. Determine which elements of the set

A= {—5, —\/g, —1, 0, g, 7, 13.4, 1, 9 , are
2 5 3 2
(a) Natural numbers (b) Whole numbers
(c) Integers (d) Rational numbers

(e) Real numbers
3. Write the following sets in roster form:
(@) {x:x1satwo digit number and the sum of the digits is 5}
(b) {x:x1s aninteger and |x| =29}
(c) {x:x1s letter of the word “SWEET”}

(d {x:x= n—+1, where n 1s a natural number and n < 6}
n

(e) {x:x1s a composite number}

4. Write the following sets in set-builder form.

@) 12,4,6,8, ...} (i) {3,6,9,12, 15!
(i) {1,4,9,16, ... (v) 18,9, 10,11, ..}
) {1,2,3,6

Can two different sets have the same roster form?
5. Which of the following pairs of sets are equal.
@ D, E, G, E,N, T} and {C, E, N, T, D}

@) {a b, 7, v2} and {a, 7, v2, b}

(i11) {x : x 1s zero of the polynomial x2} and {x : x is the root of the equation,

(iv) {x:x has numerical value less than or equal to 1} and
{x : x 1s the root of the equation, x2 — 1 = 0}

(v) {5, 10, 15, 20} and {5, 10, 15, 20, ...}
(vi) ¢and {¢}

6. State which of the following sets are finite or infinite.
(1) {x:xeZand (x-1)(x+2)(x—3)=0}
(1) {x:xand 2 are coprime}
(111) {x:x1s a rational number between 3 and 4}

(iv) {x:x1s aninteger and |x| > 5}
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1.7 Subset

Consider the set X of students who live in the vicinity of 5 km radius around your
school.

These students obviously along with others belongs to the set Y of all students in your
class.

Since every student of set X belongs to or is contained in set Y, we say X is a subset
of Y.

Definition: The set A is said to be a subset of B if and only if every element of A is
also an element of B.

Symbolically, we write it as A < B.
If A is not a subset of set B, we write it as A  B.

WesayAcBifa e A= a e B.

Note that if A is a subset of B and A # B, then we say A is a proper subset of B and
denote it by A < B.

e Is an empty set ¢, a subset of a set containing at least one element, say P?
Yes, because there is no element in ¢ which is not in P.

Example 9: Use the notation c to denote which set is the subset of the other in the
following problems.

1) A=1{2,3,p} B={1,2,3,p,q
Gi) A=1{2, 35,7 B=¢
Gii) A=1{3,8,9,0 B=1{0,9,8, 3}

(iv) A={x | x=2n, where n € N] B={x | x=4n, where n € N}
Solution: 1 AcB
(i1) Since ¢@1is subset of every set, So Bc A

(111) Since A = B, therefore each is a subset of the other i.e., A c B as
well as Bc A.

(v) A=12 4,68 10,12,..}
B=1{4,8, 12, 16, 20, ...}
So Bc A.
1.8 Cardinality of a Set

Let A be any set. If there are exactly m distinct elements in A, we say, cardinality of
set A is m. Symbolically we write it as

n(A) = m, where m is a non-negative integer,

For example, if A=1{1, 2, 3, ..., 9} then n(A) =9 and if B = {n, \/5, 7%, O} then

n(B) = 4.

Page | 9

Get More Learning Materials Here : & m & studentbro.in



1.9 Power Set

Consider the set D = {a, b}. Can you write all its subsets?
Are {a}, {b} its only subsets?
A little thinking would suggest some are still left.

It has two more subsets i.e. {a, b} and ¢.
So the set has 4 subsets in all 1.e., {a}, {0}, {a, b}, ¢.
If these subsets are written in a set form, we call it a power set of D.
Le., P(D) = {{a}, {0}, {a, b}, ¢}
Note: e {a} and {a, b} are elements of the set P(D).
e Neither a, nor a, b taken together are the elements of the set P(D).

Example 10: What is the power set of A = {0, 1, 2}?
Solution: Since the power set of A is again a set containing all its subsets, so

P(A) = {4, {0}, {1}, {2}, {0, 1}, {0, 2}, {1, 2}, {0, 1, 2}§

Symbolically, we denote it by P(A).
Example 11: What is the power set of an empty set? What is the power set of {¢}?

Solution: Since every set 1s a subset of itself. So ¢ is a subset of ¢. Hence
P() =1{4}.
Also the set {¢ } has exactly two subsets ¢ and {@} itself hence
P{¢}) ={¢ {4}

A set containing n elements has 2" subsets. If n(A) = p, where p is a whole number
then n[P(A)] = 2.

Consider the set A = {1, 2} then it has 22 1.e., 4 subsets and 22 — 1 = 3 proper subsets
(i.e. ¢, {1} and {2}).

1.10 Universal Set

In sets, the elements that we consider are usually limited to a specific all-
encompassing set. For example, when we take sets of students belonging to a class or
different sections of the same class or students of an editorial team, they all study in
the same school. So the universal set denoted by ‘U’ are all the students of the school.

Similarly, if we discuss set of natural numbers, rational numbers and irrational
numbers, then real numbers is the appropriate universal set. Universal set is denoted
by U.

EXERCISE 1.2
1. Fill in the blanks with symbol c or «.
1) {2,3,4}.ccu.nn.nn. {1, 2, 3, 4, 5}

(1) {x | x are triangles in a plane} ............ {x | x are polygons in a plane}
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(i11) {x1s an integer} ............ {x : x1s a multiple of 4}

(V) @ eeernannnnn {p}
V) {x|x = m_—l, where m 1s a non-zero integery ............ {x | x1s a rational
m
number}
Vi) {x | x=n2 ... {x | x=n3}, (where n is a natural number)
(vil) {x | xeR}............ {x | x =21}, (where R is a real number)

2. Determine whether the following statements are true or false.
@) 1e{l (1) {2} e {2}
(1) {2} e {{2}} () ¢e{l, 23}
v) ¢cil, 23
3. Write the power set of the following sets:

O {1} @ {p, g
() {1, 2, 5} @) {¢ {9}}
4. What is the cardinality of the following sets:
@) {a} 1) {a, {a)
(1) {4, 1,2, {1, 2} (v) {1, {15, {1, {1}}}

(v) {4,101, {4 {431}

5. Let A be a set and n(A) = 10, then find the value of n[P(A)]? What if A has 100
elements?

1.11 Venn Diagram

A Venn diagram is a visual or pictorial representation of sets. This representation is
known as Venn diagram after the English mathematician and philosopher John Venn
(1834-1923). He studied in Cambridge, London. These diagrams are used to illustrate
relationships between sets and draw logical results.

In the following figure two sets are represented by two circles enclosed in a rectangle.

The rectangle represents the universal set U. The circles may be overlapping or
distinct depending upon they have common elements or not.

A B
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1.12 Set Operations

Two sets can be combined in many different ways. For instance, if we have set of
students who play cricket and a set of students who play soccer, then we can form a
set of students who play either cricket or soccer. We may also consider students who
play both cricket and soccer. This is possible by performing certain operations on two
sets to give another set.

Let us study these operations in detail.

1.12.1 Union of Two Sets

Let A and B be any two sets. Then union of A and B is the set containing elements of
A or B or both A and B.

Symbolically, AUB={x:x e Aorx e B}

- =AuUB

Note: ‘A U B’ is also denoted by A or B.

Example 12: If A={2, 3,5, 7}and B={1, 3, 5,9, 11} find A U B.
U

A B

Solution: Since A U B consists of all the elements of A as well as B.
Hence, AUB={1,2,3,5,7,9, 11}
Example 13: Find the union of the following pair of sets.
1) A=1{2,59,B=1{1,4,7}
(a1) C={3,5,6},,D=1{3,4,5,6,9}
(1) P={a,b,d, e}, Q=1b,c,e,f, g}
Solution: @ AuB={1,2,4,5 179
a) CuD=1{3,4,5,6,9}
i) PuQ=ia,b,cdef g
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1.12.2 Intersection of Two Sets

Let A and B be two sets. Then the intersection of A and B is the set that contains
elements present in both A and B.

Symbolically, AnB={x:x e Aand x € B}

A

=AnB

Note: ‘A n B’ is also denoted by ‘A and B’

Example 14: Find the intersection of the following two sets
A=1{23,5179
B =1{3,5,9 11,13}
U

B

Solution: Since A N B consists of elements that are common to A and B.

Hence, AN B=1{3, 5, 9}.

Example 15: Find the intersection of the following pairs of sets
(@) {a, b, f}and{d, e, [ g
() {1,2,3,6,9 and {1, 4, 5,9, 13}
(i11) ¢and {c, d, e}

(iv) {x:x1s a natural number greater than 4 and less than 10} and
{x : x 1s a factor of 12}

Solution: @ {f} @) {1,9} (1) ¢ (iv) {6}
1.12.3 Disjoint Sets
Two sets A and B are disjoint if they have no element in common.

Therefore, the intersection of two disjoint sets is an empty set
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AnB=¢

A

B

Disjoint Sets

Example 16: Identify pair(s) of disjoint sets from the following:
A={1,3, 4}
B=1{56,78,..}
C = {x: x1s a prime factor of 36}
D =157, 11,13}
Solution: Since, ANB = ¢; A, Bare disjoint
AnD = ¢;A D are disjoint
CnD = ¢;C, D are disjoint.

1.12.4 Difference of Sets

Let A and B be two sets. The difference of A and B, denoted by A — B is the set
containing elements which are in A but not in B.

Symbolically, A—-B={x:x € Aand x ¢ B}

A

[]=A-B

The difference of {2, 5, 7} and {1, 2, 4} 1s {5, 7}.
Example 17: Find the difference of A and B from the following pair of sets.

@ A={1,3,5179;,

(1) A={a,b,p,q},
Gi) A=1{1,5,9,

B=1{2,86, 8
B=1{b, g}
B={1,2,4,5,1,9

Solution: 1) A-B={1,3,5,7,9}

(1) A-B={a, p}
(i) A—B=4¢
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1.13 Complement of a Set
Let us learn complement of a set by taking a simple example.

Consider the students of your class as universal set. Let A be the set of boys in the
class and B be the set of girls in the class. Then complement of boys is the set of
students other than the boys i.e. the girls. Let us give the formal definition of the
complement.

Definition of Complement

The complement of set A denoted by A’ is defined by A’ ={x:x e Uand x ¢ A}
U

Al

|:| = A complement

Example 18: Given, U={xeN:x<9}
A={1,217
B ={1,6,8, 9}
find the following:
(a) A (b) B (¢ (AuBY (d A'nB
Solution: U={1,2,3,4,5,6,7,8, 9}

A

(a) A'={3,4,5,6,8, 9}

(b) B'=12,3,4,5, 7}

(¢ AuB)Y={1,2,6,7,8,9={3,4,5}

(d AnB=1{3,4,5,6,89 {2 3,4,5 7 =13,4,5}

Note that (A U B)’ = A’ n B'. This law is known as De-Morgan’s Law.
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Example 19: GivenA={1,3,5,8,9},B=1{2,3,4,7,9, 13}
andU={1,2,3,4,5,6,7,8,9, 11, 13, 15}
Use Venn diagram to verify the following De-Morgan’s Laws.
@ AnB)Y=A"UB 1) AuB)Y=A"'NnB

Solution: Representing given sets by Venn diagram we get

U

6

11

A 15 B

@) AnBY=U-ANnB)={1,2,4,5,6,7,8,11, 13, 15}
AUB =1{2,4,6,7,11,13, 15 U {1, 5,6, 8, 11, 15}
={1,2,4,5,6,7,8,11, 13, 15}
Hence, AnB) = A'UPB

(i) (AUBY = U-(AUB)=1{6, 11, 15}
A'AB =1{24,6,7,11,13, 15 11,5, 6,8, 11, 15}
= {6, 11, 15}

Hence, AUB) = A'n P
1.14 Application of Sets

The concept of cardinal number finds many practical applications in real life.
The theory of sets and the operations on them, provides some very useful formulae.

Let us now discuss and enlist a few observations which can be very easily verified
using Venn diagrams.

1.14.1 IfA and B are two finite sets, then their cardinal numbers are related
as below:

1. n(Either in A or in B) = n(A U B) = n(A) + n(B) — n(A n B)

2. n(Only in A, not in B) = n(A — B) = n(A) — n(A n B)

3. n(Neither in A nor in B) = n(A’ n B") = n(A U B)’ = n(U) — n(A U B)
n(Only in one of them) = n[(A — B) U (B - A)] = n(A) + n(B) — 2 n(A n B)

Example 20: In a class with 40 students, 22 play badminton, 11 play both
badminton and table tennis and 16 play neither badminton nor table
tennis. How many play table tennis but not badminton?

-~
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Solution: Let B represents the set of students who play badminton and T
represents the set of students who play table tennis.

U

B T

We are given, n(U) =40, n(B) =22, n(BNT)=11,n(BUT)' = 16
nBuUT)=nU)-nBuT)=40-16=24

Now, nBUT) = nB)+n(T) - nBAT)
ie., 924 = 22+ P(T) — 11
or 24 = 11 + P(T)

P(T) = 13 1.e. 13 students play table tennis
n(Play table tennis but not badminton)
n(T)—nBNT)
= 13 - 11 =2 students

2 students play table tennis but not badminton.

Example 21: Each student from a group of 120 university students participated in
teaching either a language or mathematics to the needy students.
It 1s found that 92 of them can teach a language to the needy students
and 46 can teach mathematics.

(a) Find the number of students who can teach both the subjects.

(b) Find the number of students who can teach only one of the two
subjects.

Solution: If L denotes the set of students who can teach a language, M denotes
the set of students who can teach mathematics

n(L) =92, n(M) = 46 and n(L. U M) = 120
Applying the relation
(a) n(Either in L or in M)

n(L u M)
n(L) + n(M) — n(L n M) we get
n(L) + n(M) — n(L, U M)
92 + 46 — 120
=18
Therefore 18 students can teach both the subjects.

n(L M)
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(b) n(Exactly in one of them) = n[(L — M) U (M — L)]

n(L) + n(M) — 2n(L n M)

=92+46-2x18
= 138 - 36
=102

Therefore 102 students can teach only one of the two subjects.
Note: You can also use the Venn diagram to solve this example.

Example 22: In a survey of 100 students regarding their preference for two
subjects—Physics (P) and Chemistry (C), it is observed that 70
preferred Physics and 60 preferred Chemistry.

(1) Find the maximum possible number of students who neither
like Physics nor Chemistry.

(11) Find the minimum possible number of students who like both
Physics and Chemistry.

Solution: We know that, n(P U C) = n(P) + n(C) — n(P n C)

(1) For maximum number of students who like neither of the
subjects, we need (P U C)’

n(Pu C)) = n(U) — n(Pu C) will be maximum if n(P U C) is
minimum. This happens when one of the two sets is a subset of
the other, so that P n C becomes the maximum.

The maximum possible value of n(P N C) is the cardinal number
of the smaller set, which is 60. (Means if everyone who likes
Chemistry also likes Physics).

Thus, Minimum n(P n C) =70 + 60 — 60 = 70.

Therefore, maximum number of students who neither like
Physics nor Chemistry = 100 — 70 = 30

(1) We know that n(P u C) < n(U)
This means 70 + 60 — n(P n C) <100
Therefore, n(P n C) > 30

Thus the minimum possible number of students who like both
Physics and Chemistry is 30.

Alternate solution:

Let x be the number of students who like neither Physics nor
Chemistry. These students sit outside the two circles but inside the
rectangular Universal set (U).
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So on the basis of information the following Venn diagram is drawn.

U U
P C P

C
—> 10

X 30

(1) Thus, to make x as large as possible, we must make the “space”
occupied by the circles (P U C) as small as possible. To make the
union of two circles small, we must overlap them as much as
possible. The most they can possibly overlap is the size of the
smaller set. So, we put all 60 Chemistry students inside the
Physics circle.

Therefore, Maximum value of neither Physics nor Chemistry
=30

(11) Since n(PuC) = nP)+nC)—nPnC
nPnC) =n)+nC)-nPul

Now n(P n C) will be minimum if n(P U C) is maximum.

U

P C

X

The maximum possible value of n(P U C) = 100 (as there are a
total of 100 students).

Hence, minimum value of n(P n C)
= n(P) + n(C) — n(P u C)
= 70+60-100=30
1.14.2 If A, B and C are three finite sets, then the relation between the
cardinal numbers is given below:
nAuBuUC)=n(A) +nB)+ nC) - [nAn B)+n(B N C)+n(CnA)
+n(AnBnC)
Example 23: A market research group conducted an online survey of 1000
consumers and found that 35% of the consumers had rated a shampoo

of type A by 5-stars. While 30% of the consumers rated the shampoo
of type B by 5-stars and 250 consumers rated the shampoo of type C
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by 5-stars. It was observed that 200 consumers gave 5-star rating to
the shampoos of both the types A and B, 150 consumers gave it to the
shampoos of both the types B and C and 15% gave a 5-star to both
A and C and 100 consumers rated all of them with 5-star.

(1) Find the percentage of consumers who gave 5-star rating to only
one type of shampoo.

(i) Find the number of consumers who did not give 5-star rating to
any of the shampoos.

Solution: Let A, B and C represent the sets of consumers who rated 5-stars to
the shampoos A, B and C respectively. We observe
n(U) = 1000; n(A) = 30% of 1000 = 350;
n(B) = 30% of 1000 = 300 and  n(C) =250
n(A N B) = 200; n(B N C) = 150;

n(AnC)=15%of 1000 =150 and nAnBnC)=100

Using Venn diagram we find:

n(only in A and B) = n(A n B) —n(An B~ C) =200 -100=100

n(only in Band C) =n(Bn C) —n(An B n C)=150-100 =50

n(only in A and C) = n(A N C) —n(An B n C) =150 - 100 = 50
U

500

(1) Thus, from Venn diagram, Number of consumers who gave
5-star rating to only one type of shampoo = 100 + 50 + 50 = 200

So, percentage of consumers who gave 5-star rating to only one
type of shampoo

~ 200

1000

(1) Now, number of consumers who did not give 5-star rating to any
of the shampoos n(U) — n(A uB u C) = 1000 — 500 = 500

x100 = 20%
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EXERCISE 1.3
1. Find the union of sets A and B i.e. A U B, in each of the following pairs.
1) A={1,2,37,B={2,79
(i) A={a,b,d, e}, B={a,e,1i,o0, u}
(1) A ={x:x1is natural number > 5}, B = {x : x is natural number < 5}
@v) A=¢, B=1{2 2, -1,0
2. Evaluate each of the following.
(i) {1,2}n{1, 2,5}
1) {1,3,5,7,9 {2, 4,6, 8}
(1) {g,o0,a,t} n{c a,t
(iv) {x:x1is aninteger} N {x: x is a negative integer}
3. Which of the following sets are disjoint?

(1) {x:x1s a multiple of 2} and {x : x is a multiple of 3}
(i) e, m v2, 0f and {e2, 53 1}

(111) {x:x1s a real number} and {x : x is an irrational number}
4. Find A — B in each of the following.
(i) A={1,3,5,8,B={3,7,8,9
() A={3,0,8,B={1,3,0,8, 9}
(i) A=1{2,6},B={1, 3,5, 9}
5. Use the Venn diagram given below to answer the questions that follow.

Hint: You can find sets A, B, C and universal set U from the given Venn

diagram.
U
A A B
OV
10 13
C
1 A’ @) B
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(i) (A By (v) A'UB

v) AnBnC (vi) An(BuC)
6. Verify A— B =A n B’ using the Venn diagram given below:
U
4
6 9
A B

7. For a competitive exam, 85% of students opted for a Mock Test in Mathematics
and 75% opted for a Mock Test in Science.

(a) What is the minimum possible percentage of students who opted for both
tests?

(b) If 10% opted for neither, how does the minimum percentage for both
change?

8. Let S be a set of 50 people. 35 people speak English and 25 speak Hindi. If £ be
the number of people who speak only English, then find the possible value of &,
assuming every person speaks at least one of the two languages.

9. An organization awarded certificates to its 56 students for at least one of the
three activities of Origami, Instrumental music and Fine arts. If 17 students
received the certificates for Origami, 28 for Instrumental music, 25 for Fine arts
and only 4 students got the certificates for all the three activities. Find the
number of students who received the certificates for exactly two activities.

10. A survey of a group of 100 students in an international school revealed that
60 students could speak English, 50 students could speak German and
35 students could speak Spanish. Further 40 students could speak both English
and German, 30 could speak both German and Spanish, 25 could speak both
English and Spanish and 25 could speak all the three languages. Let E represent
the set of students who speak English, G represents the set of students who
speak German and S represent the set of students who speak Spanish. Answer
the following using Venn diagram.

(a) How many students could speak at least two languages?
(b) How many students could speak at most one language?

(¢) How many students could not speak any of the three languages?
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Summary

@)
2)

3)
(4)

(5)

(6)
(7)

®)

9)

(10)

(11)

A set 1s a well-defined collection of objects.

A set 1s represented in two forms

¢ Roster Form

e Set-Builder Form

A set is finite if its number of elements is a natural number. Else it is infinite.

A is subset of B if every element of A is contained in B. Symbolically it is
denoted by A < B.

Cardinality of a set is the number of distinct elements in it. It is denoted by

n(A).
The set of all subsets of a set A is celled power set of A and is denoted by P(A).
Operation of sets.

e Union of sets A and B is a set containing elements of A or elements of B or
both. It is denoted by A U B.

e Intersection of sets A and B is a set containing elements of A and B. It is
denoted by A N B.

Disjoint sets
Two sets A and B are said to be disjoint if their intersection is an empty set
e, AnB=¢
Difference of two sets A and B is a set containing elements of A which are not
in B
1.e,A-B={x:x e Aandx ¢ B}

Complement of a set A with respect to universal set U is a set containing the
elements of U which are outside A

Le., A’ =U-A.
Applications of Sets using cardinal relations and Venn diagrams

11.1 If A and B are two finite sets, then their cardinal numbers are related as
below:

e n(AuB)=n) +nB)-nAnB)

e n(A-B)=n(A)-nAn B)

e n(A’nB)=nAuB) =nU)-nAuvB)

e n((A-B)u (B-A)=n(A) +nB)-2nAn B)

11.2 If A, B and C are three finite sets, then their cardinal numbers are
related as follows:

n(A uBuUC)=n(A) + nB) + n(C) - [n(An B)+nBnC)+nCnA)
+nAnBnC)
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