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Learning Objectives:

Afterthe completion of this section, the students will be able to:
) Define setsand type of sets

[ Draw venn diagrams and do operation on sets
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3.1 Introduction

In everyday life we speak of collections - whether it be collection of books
written by great poet Munshi Prem Chand, or it be collection of movies
featuring great actors like Amitabh Bachchan or it be collection of melodious
songs by Nightingale of India, Lata Mangeshkar or collection of months in a year
and the list is endless.

Similarly, most of us listen fo music but not everyone has same taste of songs.
Rock songs are separated from classical or any other genre, where particular
songs belong to that particular genre.

Consider one more redl life situation. You may have noticed that every school
has some set of rules that need to be followed by every student and employee
of the school. These may include disciplinary rules, timing rules, rules for leave
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etc. Hence all different types of rules are separated from each other, thus
forming different categories or sefts.

In Mathematics too, we come across collection of numbers, functions etc., for
example, natural numbers, integers, tfrigonometric functions, algebraic functions
and so on.

To learn sets we often talk about such collection of objects. The concept of sets
is used in the foundation of various topics in Mathematics.

Now, the above collection of objects or numbers or functions is well-defined as
we can identfify and decide whether a particular object belongs to the
collection or not.

3.1 What is a Set?
Definition 1 : A set is a well-defined collection of distinct objects.

The word “well-defined’ refers to a specific property or some definite rule on the
basis of which it is easy to identify and decide whether the given object belongs
to the set or not. The word ‘“distinct’” implies that the objects of the set must be all
different.

For example, consider the collection of all the students in your class whose
names begin with lefter 'S’. Then this collection represents a set as, the rule of
the names beginning with ‘S” has been clearly specified.

However, the collection of all the inteligent students in your class does not
represent a set because the word ‘intelligent’ is relative and degree of
infelligence of a student may be measured in different spheres. Whosoever may
appear intelligent to one person may not appear the same to another person.
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lllustration 1: Which of the following collections is not a set? Give reason for your
answers.

0) The collection of all boys of your class.

(i) The collection of all monuments in Delhi made by Mughal emperor Akbar.
(i The collection of all the rivers in Delhi and Uttar Pradesh.

(iv)  The collection of most talented singers of India.

(v)  The collection of measures of central tendency of a given data.

(vi)  The solution of the equation x> - 6x + 8 =0
Solution: (iv)

This is because it is not a well-defined collection as the criteria for determining
the talented singer may vary from person to person.

In @), (i), i), (v) and (vi) we can list the objects belonging to the given
collection.

For example, in part (vi), x =4 and x = 2 belong to the collection which satisfy
the given equation x* — 6x + 8 = 0,

In fact, no real number except x = 2, 4 belongs to this collection.

Note:

1. The objects that belongs to a partficular collection or set are also known
as its members or elements.

2. Sets are usually denoted by capital letters, say, A, B, C, X, Y etc.

3.2 Representation of Sets

There are tfwo methods of representing a set:
1. Roster form or Tabular form

2. Seft builder form

Let us discuss both of them in detail.
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1. Roster Form or Tabular Form

In Roster form, all the elements of a set are listed, separated by commas and
enclosed within curly braces { }.

For example, the set of vowels of English Alphabet may be described in roster
form as:

V={a, e, i, o, ul

Since ‘a’ is an element of a set A, we say that *-"a belongs to A" and the Greek
symbol ‘e’ (epsilon) is used to denote the phrase ‘belongs to”.

Thus, mathematically, we may write the above statement as:
aeA
Similarly, ecA, icA, oA, and ucA.

Also, since ‘b’ is not an element of set A, we write, bgA and is read as ‘b does
not belong to A”.

Let us consider some more examples of representing a set in roster form:

(@) The set of all even natural numbers less than 10 may be written as:
A=1{2,4,6,8}

() The set of lefters forming the word ‘'NUMBERS" is B = {N, U, M, B, E, R, S}

Note 1: While writing the set in roster form, the element is not repeated, that is,
all the elements in the set are distinct. Please note that the repetition of the
elements of a set does not alter the set.

For example, the set of letters of the word "'FOLLOW' is written as:
A={F, O, L W}

Interestingly, when we consider the set of letters of the word "WOLF’, it is given
by B = {W, O, L, F}. Please note that the elements of set A are exactly the same
as set B. Such are called equal sets, which would be discussed later. Moreover,
a set of particular alphabets may form different words, as noticed above.
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Similarly, the set of alphabets of the word, "ABLE" is given by X = {A, B, L, E} and
the set of alphabets of the word ‘LABEL" isalso Y = {A, B, L, E}.

So, we may understand from this now that the set comprising of different
alphabets may form different words, depending on the repetition of alphabets
in the words. Moreover, the elements in the set may be written in any order. So,
X ={AB,LE} is equal to the set Z = {B,E. A L}.

2. Set-Builder Form
In this form, a set is described by a characterising property of its elements.

For example, in the set A = {1, 2, 3, 4, 5}, dll the elements possess a common
property, that is, each of them is a natural numiber less than 6. So, this set can be
written as:

A = {Xx: x is a natural number and x < 6} and is read as "the set of all ‘x” such that
x is a natural numlber and x is less than 6."

Hence, the numbers 1, 2, 3, 4 and 5 are the elements of the set A.

lllustrations 2: Write the following sefts in roster form:

@ A = {x: xis a lefter in the word "MATHEMATICS'}

) B = {x: xis aletterin the word "STATISTICS'}

(i) C={x:xisatwo digit number such that the product of its digits is 12}
D=

(iv) {x: xis a solution of the equations x* — 4 = 0O}

Solution:

@ A={MATHEICS
() B={S,T.A.ILC}

(i) C=1{26,34,43,62}

(iv), D={22

lllustrations 3: Write the following sefts in the set-builder form:
0) A=1{1,4,9,16}
(i) B={2,3.5,7,11}
(i  C={-2,02
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Solution:

0] A={x:x=n?>wheren=1,2,3,4)
(i) B = {x: xis a prime number less than 12}
(i)  C={x:xis asolution of the equation x* — 4x = 0}
Note: The symbols for special sets used particularly in mathematics and referred
to throughout, are given as follow:

N : the set of all natural numbers

Z: the set of all integers

W : the set of all whole numbers

Q : the set of all rational numbers

R : the set of all real numbers

/" : the set of all positive integers

Q" : the set of all positive rational numbers

R* : the set of positive real numbers

Check your progress 3.1

Q.1 Which of the following are sets?
(i The collection of most talented authors of India.
(i)  The collection of all months of a year beginning with lefter M.
(i) The collection of all integers from -2 1o 20.
(iv) The collection of all even natural numbers.

(v) The collection of best tennis players of the world.

Q.2  Write the following in set-builder form:
i A={4,8,12,16, 20}
(i) B=1{2,3,5,7,11,13,17,19,.....}
(i) C={b,c.,d.f,g.h,jkl.mnp.qa.rs.tv.wXy,z
(v) D={-1,1}
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(v) E=1{41,43,47}
. 1 1 1
vi) F=41, =, =, —, ...
i { Ll }
o 1 1 1
vid) G={1,—, —, —, ...
(Vi { Ll }
Write the following in roster form:
(i A={x:xisawhole number less than 5}
(i) B={x:xisaninfeger and -4 <x <6}
(il C =The set of all letters of the word FOLLOW.
(iv) D = {x:xis atwo-digit number such that the sum of its digits is 6}
(v) E =the set of all lefters of the word "ARITHMETIC’

Match each of the sets on the left expressed in roster form with the same
set described in the set builder form on the right:

® 1{1,2,3,6,12} (@) {x:xis aday of the week beginning
with T}

(D 1{2.3.5} () {x:x=n?’-1,neNandn <4}

(i) {Tuesday, Thursday} (©) {x:xisafactor of 12}

(v) {0, 3.8, 15} (d) {x:xisthe smallest natural number}

V{1 (e) {x:xisaprime number less than 7}

Let A =1{1,2,3.4,5,B={x:xis afactor of 4}, C = {1, 4, 9}. Insert the
correct symbol ‘e’ or ‘¢’ in each of the following to make the statement
frue

O 4__ A
G 3__ B
Giy 9 C
iv) 1 B

C

v 3
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3.3 Types of Sets

Consider the following sefs:

0) A = {x: xis an even prime number}

(i) B = {x: xis an even prime number greater than 2}

(i) C={x:xisaprime number less than 50}

(iv) D ={x:xisaprime number}

Now, in case (i), we observe that there exists only one even prime number

which is 2. Therefore, the set A contains only one element. Such a set which
consists of only single element is called a singleton set.

Definition 2: Singleton Set
A set consisting of a single element is called a singleton set.

Examples:

(@ LetX={x:1<x<3andxisanatural number}. This is a singleton set as the
only element of set Bis "2°.

(b) LetQ ={x:xisthe day of the week starting with alphabet ‘M’}. This is also
a singleton set as the only day of the week starting with alphabet ‘M’ is
Monday.

Consider case (ii). We observe that there does not exist any prime number
which is greater than 2. Therefore, this set B does not contain any element. Such
a set is called an empty set or a void set.

Definition 3: Empty Set

A set which does not contain any element is called the empty set or null set or
the void set and is denoted by the symbol g or { }.
Examples:

(@) Let A ={x:xis a month of the year starting with alphabet B}. This is an
empty set as no month of the year in English calendar starts with alphabet
‘B,
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(o) Let A ={x: xis a real solution of the equation x* + 2 = 0}. This set is an
empty set as there is no real solution of the quadratic equation x* + 2 = 0.

In case (i), we observe that there are fiffeen elements, which is finite in number.
Such a type of set is called a finite sef.

Definition 4: Finite Set

A set which is either a null set or whose elements can be numbered from 1 to n
for some positive integer n is called a finite set.

In other words, a finite set is either an empty set or has definite number of
elements.

The number 'n’ is called the cardinal numlber or order of the finite set and is
denoted by n (A).

Note: The cardinality of an empty set is zero, i.e., n (¢) = 0.

Examples:
(@) Let X={x:xis month of the year beginning with letter J}
= {January, June, July}

There are three elements is the set x, given above. Therefore, the set X is a
finite set and n (x) = 3.

(b) LetY={x:-1<x<4andxisaninteger}.
={-1,0,1,2,3,4}

There are six elements is this set Y. Therefore, set Y is a finite set and n (¢Y) = 6.
Now we consider case (iv). The number of elements in this set is infinite and
moreover, the elements of this set cannot be listed by positive infegers. Such a
set is called an infinite set.
Examples:
() The set of natural numbers, N ={1, 2, 3, 4, .....} is an infinite set.

(b) The set of even natural numbers, say, E=1{2, 4, 6, 8, .....} is an infinite set.
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Note: All infinite sets cannot be described in roster form. For example, the set of
real numbers cannot be described in this form as between any two given real
numbers, there exists infinite number of real numbers. So, it is not possible to list
them in roster form.

lllustration 4: State which of one following sets are finite and which are infinite.

0) {X : x e Zand satisfies the equation (x+1) (x+2) = 0}

() {x:xeNandx*-1=3}

(i)  {x:xis an odd natural number}

(v) {x:xisanintegerand-1<x<0}

(v) {x:xisaninteger less than O}

(vi) {x:xsatisfies the identity cos*x + sin’x = 1}

Solution:
0) A ={-1, -2}, is afinite set as it consists of only two elements.
(D) B = {2}, is a finite set having only one element.

(i) C={1,3,5,7,9, ... }is an infinite set as it doesn’t have a definite number
of elements.

(iv) ¢, which is a finite set.
W) D={.....,-3,-2, -1} is an infinite set as all its elements cannot be listed.

(vi)  There are infinite real numbers that satisfy the identity cos®*x + sin’x = 1.
Therefore, it is an infinite set.

3.4 Subsets

Consider the following sefs:

E = set of all students in your school.

F = set of all students in your school who have taken up commerce as their
subject stream.

We note that every element (student) in set F is a student of your school itself,
which is described by set E.
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In other words, every element of F is also an element of E. The set F is said to be
a subset of E and in symbols it is expressed as F < E. The symbol * < * stands for “is
a subset of” or ‘is contained in”.

Definition 5 : Subset

Let A and B be two sefts. If every element of set A is an element of set B also,
then A is called a subset of B and is written as A < B.

In other words, A c B, if whenever a € A, then a € B. Using the symbol ‘=" which
means ‘implies’, we can write the definition of subset as:

AcBifaoeA=aeB

If A'is not a subset of B, we write Az B

Note:
1. The empty set is a subset of every set.
2. Every set is a subset of itself.

3. The symbol ' ¢ * suggests that either A < B or A =B. A c Bimplies that Ais a
proper subset of B, that is,

A has lesser number of elements than B.

A = B implies that A and B are equal sets, that is, they have exactly the
same elements.

In other words, two sets are said to be equal if every element of A is a
member of B and every element of B is an element of A.

Thatis,tfosay, A=B< AcBandBc A.
lllustration 5: Consider the sets ¢; A=1{1,2,3};B={1,4,5};C={1,2,3,45}; D ={x
X e Nand x < 4}.
Insert the symbol "< *, “ ¢ " or ‘=" between the following pair of sets:
@ wo_B
iy A____B
Ggiy. B____C



