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1.1

LEARNING OBJECTIVES
After going through this unit, you will be able to

 describe sets and their representations
 identify empty set, finite and infinite sets
 define subsets, super sets, power sets, universal set
 illustrate the set operations of union, intersection, difference and
complement.
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1.2

INTRODUCTION
Concepts of sets, though primarily discussed in the field of

Mathematics also has wider use in Economics. It was developed by the
German mathematician Georg Cantor (1845-1918) developed the theory of
sets and subsequently many branches of modern Mathematics have been
developed based on this theory. In this unit, preliminary concepts of sets,
set operations and some ideas on its practical utility will be introduced. In
fact, like the number systems and functions, the set theory is very
fundamental in Mathematics and hence, we need to derive its basic concepts
for the study of qunatitative analysis of economics as well.

1.3

SETS AND THEIR REPRESENTATION
A set is a collection of well-defined objects. By well-defined, it is

meant that given a particular collection of objects as a set and a particular
object, it must be possible to determine whether that particular object is a
member of the set or not.
The objects forming a set may be of any sort– they may or may not
have any common property. Let us consider the following collections :
i) the collection of the prime numbers less than 15 i.e., 2, 3, 5, 7, 11, 13
ii) the collection of 0, a, Sachin Tendulkar, the river Brahmaputra
iii) the collection of the beautiful cities of India
iv) the collection of great mathematicians.
Clearly the objects in the collections (i) and (ii) are well-defined. For
example, 7 is a member of (i), but 20 is not a member of (i). Similarly, ‘a’ is
a member of (ii), but M. S. Dhoni is not a member. So, the collections (i) and
(ii) are sets. But the collections (iii) and (iv) are not sets, since the objects in
these collections are not well-defined.
The objects forming a set are called elements or members of the
set. Sets are usually denoted by capital letters A, B, C, ...; X, Y, Z, ..., etc.,
and the elements are denoted by small letters a, b, c, ...; x, y, z, ..., etc.
If ‘a’ is an element of a set A, then we write a  A which is read as ‘a belongs
to the set A’ or in short, ‘a belongs to A’. If ‘a’ is not an element of A, we write
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a  A and we read as ‘a does not belong to A’.
Example 1.1: For example, let A be the set of prime number less than
15.

Then

2  A, 3  A, 5 A, 7  A, 11  A, 14  A
1  A, 4  A, 17  A, etc.

Representation of Sets : Sets are represented in the following
two methods :
1. Roster or tabular method
2. Set-builder or Rule method
In the Roster method, the elements of a set are listed in any order,
separated by commas and are enclosed within braces, For example,
A = {2, 3, 5, 7, 11, 13}
B = {0, a Sachin Tendulcar, the river Brahmaputra}
C = {1, 3, 5, 7, ...}
In the set C, the elements are all the odd natural numbers. We cannot
list all the elements and hence the dots have been used showing that the
list continues indefinitely.
In the Rule method, a variable x is used to represent the elements of
a set, where the elements satisfy a definite property, say P(x). Symbolically,
the set is denoted by {x : P(x)} or {x | p(x)}.
Example 1.2: A = {x : x is an odd natural number}

B = {x : x2 – 3x + 2 = 0}, etc.
If we write these two sets in the Roster method, we get,
A = {1, 3, 5, ...}
B = {1, 2}
Some Standard Symbols for Sets and Numbers : The following
standard symbols are used to represent different sets of numbers :
N = {1, 2, 3, 4, 5, ...}, the set of natural numbers
Z

= {..., –3, –2, –1, 0, 1, 2, 3, ...}, the set of integers

Q = {x : x = p/q; p, q  Z, q  0}, the set of rational numbers
R = {x : x is a real number}, the set of real numbers
Z+, Q+, R+ respectively represent the sets of positive integers, positive

1) It should be noted that
the symbol ‘:’ or ‘|’
stands for the phrase
‘such that’.
2) While writing a set in
Roster method, only
distinct elements are
listed. For example, if
A is the set of the
letters of the word
MATHEMATICS, then
we write
A = {A, E, C, M, H, T,
S, I}
The elements may be
listed in any order.

rational numbers and positive real numbers. Similarly Z–, Q–, R– represent
respectively the sets of negative integers, negative rational numbers and
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negative real numbers. Z0, Q0, R0 represent the sets of non-zero integers,
non-zero rational numbers and non-zero real numbers.
Illustrative Examples :
1.3: Examine which of the following collections are sets and which
are not :

i) the vowels of the English alphabet
ii) the divisors of 56
iii) the brilliant students degree-course of Guwahati
iv) the renowned cricketers of Assam.
Solution :
i) It is a set, V = {a, e, i, o, u}
ii) It is a set, D = {1, 2, 4, 7, 8, 14, 28, 56}
iii) not a set, elements are not well-defined.
iv) not a set, elements are not well-defined.
1.4: Write the following sets in Roster method :

i) the set of even natural numbers less than 10
ii) the set of the roots of the equation x2–5x+6 = 0
iii) the set of the letters of the word EXAMINATION
Solution :
i) {2, 4, 6, 8}
ii) {2, 3}
iii) {E, X, A, M, I, N, T, O}
1.5: Write the following sets in Rule method :

i) E = {2, 4, 6, ...}
ii) A = {2, 4, 8, 16, 32}
iii) B = {1, 8, 27, 64, 125, 216}
Solution :
i) E = {x : x = 2n, n  N}
ii) A = {x : x = 2n, n  N, n < 6}
iii) B = {x : x = n3, n  N, n  6}
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CHECK YOUR PROGRESS
Q 1: Express the following sets in Roster
method :i) A = {x : x is a day of the week}
ii) B = {x : x is a month of the year}
iii) C = {x : x3–1 = 0}
iv) D = {x : x is a positive divisor of 100}
v) E = {x : x is a letter of the word ALGEBRA}
Q 2: Express the following sets in Set-builder method :
i) A = {January, March, May, July, August, October,
December}
ii) B = {0, 3, 8, 15, 24, ...}
iii) C = {0, 5, 10, 15, ...}
iv) D = {a, b, c, ..., x, y, z}
Q 3: Write true or false :
i) 5  N
iv)

1.4

2R

ii) ½  Z

iii) –1  Q

v)  1  R

vi) –3  N

THE EMPTY SET
Definition : A set which does not contain any element is called an

empty set or a null set or a void set. It is denoted by .
The following sets are some examples of empty sets.
i) the set {x : x2 = 3 and x  Q}
ii) the set of people in Assam who are older than 500 years
iii) the set of real roots of the equation x2 + 4 = 0
iv) the set of Lady President of India born in Assam.

1.5

FINITE AND INFINITE SETS
Let us consider the sets
A = {1, 2, 3, 4, 5}
and B = {1, 4, 7, 10, 13, ...}
If we count the members (all distinct) of these sets, then the counting

process comes to an end for the elements of set A, whereas for the elements
of B, the counting process does not come to an end. In the first case we say
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that A is a finite set and in the second case, B is called an infinite set. A has
finite number of elements and number of elements in B are infinite.
Definition : A set containing finite number of distinct elements so
that the process of counting the elements comes to an end after a definite
A finite set can always
be expressed in roster
method. But an infinite
set cannot be always
expressed in roster
method as the elements
may not follow a definite
pattern. For example, the
set of real numbers, R
cannot be expressed in
roster method.

stage is called a finite set; otherwise, a set is called an infinite set.
Example 1.6: State which of the following sets are finite and which
are infinite.

i) the set of natural numbers N
ii) the set of male persons of Assam as on January 1, 2009.
iii) the set of prime numbers less than 20
iv) the set of concentric circles in a plane
v) the set of rivers on the earth.
Solution :
i) N = {1, 2, 3, ...} is an infinite set
ii) it is a finite set
iii) {2, 3, 5, 7, 11, 13, 17, 19} is a finite set
iv) it is an infinite set
v) it is a finite set.

1.6

EQUAL SETS
Definition : Two sets A and B are said to be equal sets if every

element of A is an element of B and every element of B is also an element of
A. In otherwords, A is equal to B, denoted by A = B if A and B have exactly the
same elements. If A and B are not equal, we write A  B.
Let us consider the sets
A = {1, 2}
B = {x : (x–1)(x–2) = 0}
C = {x : (x–1)(x–2)(x–3) = 0}
Clearly B = {1, 2}, C = {1, 2, 3} and hence A = B, A  C, B  C.
Example 2.7 : Find the equal and unequal sets :
i) A = {1, 4, 9}
ii) B = {12, 22, 33}
iii) C = {x : x is a letter of the word TEAM}
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iv) D = {x : x is a letter of the word MEAT}
v) E = {1, {4}, 9}
Solution : A = B, C = D, A  C, A  D, A  E, B  C, B  D, B  E,
C  E, D  E

1.7

SUBSETS, SUPERSETS, PROPER SUBSETS
Let us consider the sets A = {1, 2, 3}, B = {1, 2, 3, 4} and C = {3, 2, 1}.

Clearly, every element of A is an element of B, but A is not equal to B. Again,
every element of A is an element of C, and also A is equal to C. In both
cases, we say that A is a subset of B and C. In particular, we say that A is a
proper subset of B, but A is not a proper subset of C.
Definition : If every element of a set A is also an element of another
set B, then A is called a subset of B, or A is said to be contained in B, and is
denoted by A  B. Equivalently, we say that B contains A or B is a superset
of A and is denoted by B  A. Symbolically, A  B means that
for all x, if x  A then x  B.
If A is a subset of B, but there exists atleast one element in B which

According to equality of
sets discussed above,
the sets
A = {1, 2, 3} and
B = {1, 2, 2, 2, 3, 1, 3}
are equal, since every
member of A is a
member of B and also
every member of B is a
member of A. This is
why identical elements
are taken once only
while writing a set in the
Roster method.

is not in A, then A is called a proper subset of B, denoted by A  B. In
otherwords, A  B  (A  B and A  B).
The symbol ‘’ stands for ‘logically implies and is implied by’ (see

unit 10).
Some examples of proper subsets are as follows :
N  Z, N  Q, N  R,
Z  Q, Z  R, Q  R.
It should be noted that any set A is a subset of itself, that is, A  A.
Also, the null set  is a subset of every set, that is,  A for any set A.
Because, if   A, then there must exist an element x   such that x  A.
But x , hence we must accept that  A.
Combining the definitions of equality of sets and that of subsets, we
get A = B  (A  B and B  A)

Illustrative Examples :
1.8: Write true or false :
i) 1  {1, 2, 3}
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ii) {1, 2}  {1, 2, 3}
iii)   {{}}
iv)  {, {1}, {a}}
v) {a, {b}, c, d}  {a, b, {c}, d}
Solution :
i) False, since 1  {1, 2, 3}.
ii) True, since every element of {1, 2} is an element of {1, 2, 3}.
iii) False, since  is not an element of {{}}.
iv) True, since  is subset of every set.
v) False, since {b}  {a, b, {c}, d} and c  {a, b, {c}, d}.

1.8

POWER SET
Let us consider a set A = {a, b}. A question automatically comes to

our mind– ‘What are the subsets of A?’ The subsets of A are , {a}, {b} and
A itself.
These subsets, taken as elements, again form a set. Such a set is
called the power set of the given set A.
Definition : The set consisting of all the subsets of a given set A as
its elements, is called the power set of A and is denoted by P(A) or 2A.
Thus, P(A) or 2A = {X : X  A}
Clearly,
i) P() = {}
ii) if A = {1}, then PA = {, {1}}
iii) if A = {1, 2}, then PA = {, {1}, {2}, A}
iv) if A = {1, 2, 3}, then PA = {, {1}, {2}, {3}, {1, 2}, {1, 3}, {2, 3}, A}
From these examples we can conclude that if a set A has n elements,
then P(A) has 2n elements.

1.9

UNIVERSAL SET
A set is called a Universal Set or the Universal discourse if it contains

all the sets under consideration in a particular discussion. A universal set is
denoted by U.
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Example 1.9:
i) For the sets N={1, 2, 3}, Z={3, 7, 8} and Q = {4, 5, 6, 9}
We can take U = {1, 2, 3, 4, 5, 6, 7, 8, 9}
ii) In connection with the sets N, Z, Q we can take U as the universal
set.
iii) In connection with the population census in India, the set of all people
in India is the universal set, etc.

CHECK YOUR PROGRESS
Q 4:

Find the empty sets, finite and infinite sets:
i) the set of numbers divisible by zero
ii) the set of positive integers less than 15
and divisible by 17

iii) the set of planets of the solar system
iv) the set of positive integers divisible by 4
v) the set of Olympians from Assam participating in 2008,
Beijing Olympic.
Q 5: Examine the equality of the following sets :
i) A = {2, 3}, B = {x : x2–5x+6 = 0}
ii) A = {x : x is a letter of the word WOLF}
B = {x : x is a letter of the word FLOW}
iii) A = {a, b, c}, B = {a, {b, c}}
Q 6: Write true or false :
i) {1, 3, 5}  {5, 1, 3}

ii) {a}  {{a}, b}

iii) {x : (x–1)(x–2) = 0}  {x : (x2–3x+2)(x–3) = 0}
Q 7: Write down the power sets of the following sets :
i) A = {1, 2, 3, 4}

ii) B = {1, {2, 3}}

Q 8: Give examples to show that (A  B and B  C)  A  C.

1.10 VENN DIAGRAM
Simple plane geometrical areas are used to represent relationships
between sets in meaningful and illustrative ways. These diagrams are called
Venn-Euler diagrams, or simply the Venn-diagrams.
In Venn diagrams, the universal set U is generally represented by a
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set of points in a rectangular area and the subsets are represented by circular
regions within the rectangle, or by any closed curve within the rectangle. As
an illustration Venn diagrams of A  U, A  B  U are given below :

U

U

B

A

A

AU

ABU

Similar Venn diagrams will be used in subsequent discussions
illustrating different algebraic operations on sets.

1.11 SET OPERATIONS
We know that given a pair of numbers x and y, we can get new
numbers x + y, x – y, xy, x/y (with y  0) under the operations of addition,
subtraction, multiplication and division. Similarly, given the two sets A and B
we can form new sets under set operations of union, intersection, difference
and complements. We will now define these set operations, and the new
sets thus obtained will be shown with the help of Venn diagrams.

1.11.1 Union of Sets
Definition : The union of two sets A and B is the set of all
elements which are members of set A or set B or both. It is denoted
by A  B, read as ‘A union B’ where ‘’ is the symbol for the operation
of ‘union’. Symbolically we can describe A  B as follows :
A  B = {x : x  A or x  B}

U
A

B

A  B (Shaded)

It is obvious that A  A  B, B  A  B
Example 1.10 : Let A = {1, 2, 3, 4}, B = {2, 4, 5,
6}
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Then A  B = {1, 2, 3, 4, 5, 6}

1.11.2 Intersection of Sets
Definition : The intersection of two sets A and B is the set of all
elements which are members of both A and B. It is denoted by A 
B, read as ’A intersections B’, where ‘’ is the symbol for the operation
of ‘intersection’. Symbolically we can describe it as follows:
A  B = {x : x  A and x  B}

AB

U
A

B

A  B (Shaded)
From definition it is clear that if A and B have no common
element, then A  B = . In this case, the two sets A and B are called
disjoint sets.

U
A

B

AB=

It is obvious that A  B  A, A  B  B.
Example 1.11 : Let A = {a, b, c, d}, B = {b, d, 4,
5}

Then A  B = {b, d}

Example 1.12 : Let A = {1, 2, 3}, B = {4, 5,
6}

Then A  B = .

1.11.3 Difference of Sets
Definition : The difference of two sets A and B is the set of all
elements which are members of A, but not of B. It is denoted by A–
B. Symbollically,

A – B = {x : x  A and x  B}

Similarly,

B – A = {x : x  B and x  A }
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U

U

A

B

A

A – B (Shaded)

B

B – A (Shaded)

Example 1.13: Let A = {1, 2, 3, 4, 5}, B = {1, 4, 5}, C = {6, 7,
8}

Then

A – B = {2, 3}
A–C=A
B–C=B
B–A=

1.11.4 Complement of a Set
Definition : If U be the universal set of a set A, then the set of all
those elements in U which are not members of A is called the
Compliment of A, denoted by AC or A.
Symbolically, A = {x : x  U and x  A}.

U
A

A

A (Shaded)

Clearly, A = U – A.
Example 1.14: Let U = {1, 2, 3, 4, 5, 6, 7, 8, 9} and A = {2, 4, 6, 8}
Then A = {1, 3, 5, 7, 9} Illustrative
Examples :
Example 1.15: If

U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}
A = {2, 4, 6, 8, 10}
B = {3, 6, 9}

and C = {1, 2, 3, 4, 5}, then find
(i) A  B, (ii) A  C, (iii) B  C, (iv) A, (v) A  B, (vi) C B,
(vii) A  C, (viii) A – C, (ix) A – (B  C), (x) A  B.
Solution : i) A  B = (2, 3, 4, 6, 8, 9, 10}
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ii) A  C = {2, 4}
iii) B  C = {3}
iv) A = {1, 3, 5, 7, 9}
v) B = {1, 2, 4, 5, 7, 8, 10}
So, A  B = {1, 2, 4, 5, 6, 7, 8, 10}
vi) C = {6, 7, 8, 9, 10}
So, C B = {6, 9}
vii) From (iv) & (vi), A C = {1, 3, 5, 6, 7, 8, 9, 10}
viii) A – C = {6, 8, 10}
ix) B  C = {1, 2, 3, 4, 5, 6, 9}
(B  C) = {7, 8, 10}
So, A – (B  C) = {2, 4, 6}
x) From (iv) & (v), A B = {1, 5, 7}.

CHECK YOUR PROGRESS
Q 9: If A = {a, b, c}, B = {c, d, e}, U = {a, b, c, d,
e, f} then find
i) A  B

ii)

AB

iii) A – B

iv) B – A v) A

1.12 LET US SUM UP


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



Sets are represented by capital letters and elements by small letters.
If ’a’ is an element of set A, we write a  A, otherwise a  A.



Sets are represented by (i) Roster or Tabular method and (ii) Rule or
Set-builder method.



A set having no element is called empty set or null set or void set,
denoted by .



A set having a finite number of elements is called a finite set, otherwise
it is called an infinite set.
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Two sets A and B are equal, i.e. A = B if and only if every element of A
is an element of B and also every element of B is an element of A,
otherwise A  B.



A is a subset of B, denoted by A  B if every element of A is an element
of B and A is a proper subset of B if A  B and A  B. In this case, we
write A  B.



A = B if and only if A  B and B  A.



The set of all the subsets 8 a set A is called the power set of A, denoted
by P(A) or 2A. If |A| = n, then |P(A)| = 2n.



Venn diagrams are plane geometrical diagrams used for representing
relationships between sets.



The union of two sets A and B is A B which consists of all elements
which are either in A or B or in both. A B = {x : x  A or x  B}



The intersection of two sets A and B is A  B which consists of all the
elements common to both A and B.



For any two sets A and B, the difference set, A – B consists of all
elements which are in A, but not in B. A – B = {x : x  A and x  B}



The Universal set U is that set which contains all the sets under any
particular discussion as its subsets.



The complement of a set A, denoted by Ac or A is that set which consists
of all those elements in U which are not in A.
A = {x : x  U and x  A} = U – A
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1.14 ANSWERS TO CHECK YOUR
PROGRESS
Ans to Q No 1: i)A = {Monday, Tuesday, Wednessday, Thursday, Friday,
Saturday, Sunday}
ii) B = {January, February, March, April, May, June, July, August,
September, October, November, December}
iii) C = {1, w, w2}
iv) D = {1, 2, 4, 5, 10, 20, 25, 50, 100}
v) E = {A, B, E, G, L, R}
Ans to Q No 2: i)A = {x : x is a month of the year having 31 days}
ii) B = {x : x = n2 – 1, n  N}
iii) C = {x : x = 5n, n  Z}
iv) D = {x : x is a letter of the English Alphabet}
Ans to Q No 3: i)

True, ii) False, iii) True, iv) True, v) False, vi) True.

Ans to Q No 4: i)

, ii) , iii) finite, iv) infinite, v) .

Ans to Q No 5: i) B = {2, 3} = A
ii) A = {W, O, L, F}, B = {F, L, O, W} and so, A = B
iii) A  B; since b  A but b  B.
Ans to Q No 6: i)True
ii) False, since {a}  {{a}, b}
iii) {x : (x–1)(x–2) = 0} = {1, 2}, {x : (x2–3x+2)(x–3) = 0} = {1, 2, 3}
Hence {x : (x–1)(x–2) = 0  {x : (x2–3x+2)(x–3) = 0} and
so, the given result is false.
Ans to Q No 7: i) P(A) =

{, {1}, {2}, {3}, {4}, {1, 2}, {1, 3}, {1, 4},
{2, 3}, {2, 4}, {3, 4},
{1, 2, 3}, {1, 2, 4}, {1, 3, 4}, {2, 3, 4}, A}
15

ii) P(B) = {, {1}, {{2, 3}}, B}
Ans to Q No 8: Let A = {1, 2}, B = {0, 1, 2, 3}, C = {0, 1, 2, 3, 4, 5, 7}
Ans to Q No 9:

i) A  B = {a, b, c, d, e}; ii) {C}; iii) A – B = {a, b},
iv) B – A = {d, e}; v) A = {d, e, f}

1.15 MODEL QUESTIONS
Q 1: Give examples of i) five null sets
ii) five finite sets
iii) five infinite sets
Q 2: Write down the following sets in rule method :

 1 1 1
 2 3 4




i) A  1, , , ,   

 1 1 1 1

,
,
,
,   
1.2 1.3 3.4 4.5


ii) B  
iii)

C = {2, 5, 10, 17, 26, 37, 50}

Q 3: Write down the following sets in roster method
i) A = {x : x  N, 2 < x < 10}
ii) B = {x : x  N, 4+x < 15}
iii) C = {x : x  Z, –5  x  5}
Q 4: If A = {1, 3}, B = {1, 3, 5, 9}, C = {2, 4, 6, 8} and
D = {1, 3, 5, 7, 9} then fill up the dots by the symbol  or  :
i) A ... B, ii) A ... C, iii) C ... D, iv) B ... D
Q 5: Write true or false :
i) 4  {1, 2, {3, 4}, 5}, (ii)  = {}
iii) A = {2, 3} is a proper subset of B = {x : (x–1)(x–2)(x–3) = 0}
iv) A B, B  C  A  C
Q 6: If U = {x : x  N}, A = {x : x  N, x is even}, B = {x : x  N, x < 10}
C = {x : x  N, x is divisible by 3}, then find
i) A  B, ii) A  C, iii) B C, iv) A, (v) B, vi) C.
Q 7: If A  B = B and B  C = C, then show that A  C.
Q 8: If U = {–5, –4, –3, –2, –1, 0, 1, 2, 3, 4, 5},
A = {–5, –2, 1, 2, 4}
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B = {–2, –3, 0, 2, 4, 5}
C = {1, 0, 2, 3, 4, 5},
then find i) A  B, ii) A  C, iii) A  (B  C), iv) B  C,
v) A (B  C), vi) A – C, vii) A – (B  C), viii) (B  C),
ix) A  C, x) (C B) – A.
Q 9: Prove the following :
i) If A, B, C are three sets such that A  B,
then A  C  B  C, A  C  B  C.
ii) A  B if and only if B  A.
iii) A  B if and only if A  B = A.
iv) If A  B = , then A  B.
Q 10: How many elements are there in P(A) if A has
i) 5 elements, ii) 2n elements?

*** ***** ***
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2.19

Answers to Check Your Progress
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Model Questions

2.1

LEARNING OBJECTIVES
After going through this unit, you will be able to-

 identify various types of numbers
 express a rational number as a terminating or non-terminating
repeating decimal

 know imaginary and complex numbers
 know about constants,variables and its types
 derive knowledge about the concept of a relation
 describe the concept of a function
 discuss the different types of function.

2.2

INTRODUCTION
Creation of numbers is the greatest inventions in the history of

mankind.Numbers, which are a basic part of mathematics, help us to
understand algebra, to measure geometric objects, and to make predictions
using probability and statistics. In this unit,we will discuss diferent types
numbers i.e Natural number,W hole number,Integers,Rational
number,Irrational number,real number,imaginary number and Complex
number.We will also discuss about the concept of constants and variables.
In this unit we will aslo discuss the concept of relations and functions.
We shall define the concept of relations and functions. Apart from those, we
shall also discuss the different types of functions in the general mathematial
context. Later, in Unit 3, we shall discuss different functions in the particular
context of Economics.

2.3 NATURAL NUMBER (OR COUNTING NUMBER)
Counting things is easy for us. We can count objects in large
numbers, for example, the number of students in the college, and represent
them through numerals. When we begin to count, we use 1, 2, 3, 4, ….
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These numbers come our mind naturally when we are counting. Numbers
such as 1, 2, 3, 4, 5, 6, ……. .etc. which are used in day-to-day counting of
things are called Natural Numbers or Counting Numbers.
Gemetrical representation of Natural numbers
1

2.4

2

3

4

5

6

7

8

9

10

WHOLE NUMBER
The natural number along with zero form the collection of whole

number. When 0 (zero) is included into the system of the natural number,
the resultant extended system is called the system of whole numbers.
Numbers such as 0, 1, 2, 3, 4, 5, 6, ……. . etc are called whole Numbers.
The set of Whole number is denoted by W.

2.5

INTEGERS
There are times when we need to use numbers with a negative

sign. For example, involving opposite measurements, such as, profit and
loss in business, fluctuation of temperature, altitude or depth of places water
level in lake or river, level of oil in tanketc. This is when we want to go below
zero on the number line. These are called negative numbers.
Therefore, the negative of the natural numbers, zero and the natural
numbers together constitute the integers.
The collection of numbers …. , -4, -3, -2, -1, 0, 1, 2, 3, 4, …..
is called integers. So, -1, -2, -3, -4, ……. Called negative numbers are
negative integers and 1, 2, 3, 4, …. . called positive numbers are positive
integers.

2.6

RATIONAL NUMBERS OR FRACTIONS
A fraction is a number representing part of a whole. The whole may

be a single object or a group of objects. If x and y are two natural numbers,
then

x
( y  0) is a fraction where, x and y are respectively the numerator
y
20

and the denominator of the fraction.
For examples :

2 4 123
, ,
etc.
3 9 23

Types of fractions :
(1)

Proper fraction : If in a fraction, the numerator is always less than
the denominator, then fraction is called proper fraction. For example :

3 1 9 5
, ,
, etc are all proper fractions.
4 2 10 8
(2)

Improper fraction : The fractions, where the numerator is bigger than
the denominator are called Improper fractions. For example :

13 12 18
,
,
etc are all improper fractions.
12 7 5
(3)

Mixed fraction : A mixed fraction has a combination of a whole and a
part. We can express an improper fraction as a mixed fraction by
dividing the numerator by denominator to obtain the quotient and the
remainder. Thus, the mixed fraction can be written as Quotient

Remainder
.
Divisor
3
1
3
For example : 2 , 7 , 5 etc are all mixed fractions. These mixed
4
9 7
fractions

can

be

expressed

as

improper

fractions.

i.e.,

3
3 2  4 3 11
2 2  
  .
4
4
4
4 4

2.7

IRRATIONAL NUMBERS
An irrational number is a number that cannot be expressed as

afraction for any integers. A number which can be neither be expressed as
a terminating decimal nor as a repeating decimal, is called an irrational
number. Thus, nonterminating, nonrepeating decimals are irrational number.
Clearly, 10.01001000100001…… is a non-terminating ,non-repeating
decimals, and therefore, it is irrational.
Irrational Numbers cannot be expressed as the quotient of two
integers (ie a fraction) such that the denominator is not zero
Irrational numbers have decimal expansions that neither terminate
nor repeating. All numbers that are not rational are considered irrational. An
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irrational number can be written as a decimal, but not as a fraction. An
irrational number has endless non-repeating digits to the right of the decimal
point.
One example of irrational number is the Pi ( ) . Pi ( ) is a famous
irrational number.
The value of Pi ( ) is equal to 3.
1415926535897932384626433832795 (which is a non-terminating and
non-repeating decimal).

2.8

REAL NUMBERS
A number whose square is non-negative is called a real number. In

fact, all rational and all irrational numbers form the set of all real numbers.
Every real number is either rational or irrational.

CHECK YOUR PROGRESS
Q 1: Convert each of the following fractions to
decimals
(a) 1/4(b) 2/3

(c)4/5

(d) 3/7

Q 2: Classify the following numbers as rational or irrational,
terminating or recurring decimals :
(a)

1
4
100 (b)  (c) 5

(d) 0.75 (e)

13
99

Q 3: How many rational numbers and irrational numbers lie between
the numbers 2 and 7?

2.9

IMAGINARY NUMBERS
An imaginary number is defined as any number that, when squared,

results in a real number less than zero. When any real number is squared,
the result is never negative, however, the square of an imaginary number is
always negative. Imaginary numbers are written using the variable i.
Imaginary numbers have the form biwhere b is a non-zero real
number and i is the imaginary unit, defined such that i=  1
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2.10 COMPLEX NUMBER
A number of the form x+iy where x and y are real numbers and
i=  1 , is called a complex number . It is denoted by Z .
Thus, Z=x+iy is a complex number.
x is called its real part and is denoted by Re(z). Thus , Re(z) = x
and y is called its imaginary part and is denoted by Im (z). Thus ,Im(z) = y.
If x=0 , then z=0+iy is a purely (or wholly) imaginary number.
If y=0 , then z=x+i.0 which is wholly is a real number.

2.11 PRIME NUMBER
The number other than 1 whose only factors are 1 and the number
itself.Such number are 2, 3, 5, 7, 11 etc. These numbers are prime
numbers.
The numbers other than 1 whose only factors are 1 and the number
itself are called Prime Numbers.
Note : (a) 1 is not a prime number.
2 is the smallest prime number.

2.12 CONCEPT OF
CONSTANTS
DIFFERENT TYPES

AND

ITS

A symbol which represents a definite number used in any operation
is called a constant. A constant retains the same value throughout a set of
mathematical operation. These are generally denoted by a, b, c etc.
For example, 7, 13 , 1/12, -6 ,  , e, m , c, d etc are called
constants. These quantities which donot change in any mathematical
operations.
Types of Constants :
Constants are of two types :
(a)

Absolute constant : A constant which remains the same throughout
a set of mathematical operation is known as absolute constant. The
value of absolute constant remains fixed in all conditions .All numerical
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numbers are absolute constant. For example, 3, 6 , 7/16 ,

3 ,

etc. are absolute constants.
(b)

Arbitrary constant : A constant which remains same in a particular
operation, but changes with the change of reference, is called arbitrary
constant. The value of arbitrary constant remains unchanged in a
particular problem.
For example, In coordinate geometry of two dimension the
equation y = mx + c represents a straight line. Here But m and c are
constants, but they are different for different straight lines. Therefore,
m and c are arbitrary constants.

2. 13 CONCEPT OF VARIABLE AND ITS DIFFERENT TYPES
A variable is a symbol which can assume any value out of a given
set values. The quantities, like height, weight, time, temperature, profit,
sales etc, are examples of variables. The variables are usually denoted by
x, y, z, u, v, w etc.
Types of Variable : There are two types of variables :
(a)

Independent Variable : A variable which can take any arbitrary value,
is called independent variable.

(b)

Dependent Variable : A variable whose value depends upon the
independent variable is called dependent variable.
For example:
(i)

y  x 2 if x=2 then y=4, so value of y depends on x. Here y is
dependent and x is independent variable.

(ii)

Let A be the area and r be the radius of a circle. Then A  r 2
where A depends on r i. e area of a circle depends on radius of
the circle. Here A is dependent and r is independent variable.
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CHECK YOUR PROGRESS
Q 4: What is the smallest prime number ?
Q 5: Find the value of i 65
Q 6: Define constants with examples.
Q 7: Define variables with examples.

2.14 CONCEPT OF RELATION
Let us consider the following sentences.
(1) 11 is greater then 10.
(2) 35 is divisible by 7.
(3) New Delhi is the capital of India.
In each of the sentences there is a relation between two ‘objects’.
Now let us see what is meant by relation in set theory.
Definition Let A and B be two non-empty sets. A subset R of A x B is said to
be a relation from A to B.
The concept of Set has
been discussed in Unit
2.

If A=B, then any subset of A x A is said to be a relation on A.
If R  A x B, and (a, b) R; a A, b B, it is also written as aRb and is
read as ‘a is R related to b’.
Note 1. The set of the first components of the ordered pairs of R is called
the domain and the set of the second components of the ordered pairs of R
is called the range of R.
2. If A, B are finite sets and n(A)=x, n(B)=y; then n(AxB)=xy. So, the number
of subsets of AxB is 2xy.
Therefore, the number of relations from A to B is 2xy.
Example 1.1: Let A ={1, 2, 3},
B={8, 9}

A x B ={(1, 8), (1, 9), (2, 8), (2, 9), (3, 8), (3, 9)}
Let R = {(1, 8), (2, 9), (3, 9)}
Clearly R  AxB

R is a relation from A to B.
Here 1R8, 2R9, 3R9
Domain of R = {1, 2, 3}
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Range of R = {8, 9}
Example 2.2: Let X be the set of odd integers.
Let R = {(x, y) : x, y  X and x+y is odd}
We know that the sum of two odd integers is an even integer.

if x, y are odd, then x+y cannot be odd.
R =  X x X
In this case R is called a null relation on X.
Example 2.3: Let E be the set of even integers.
Let R = {(x, y) : x, y  E and x+y is even}
We know that the sum of the even integers is an even
integer. if x, y are even, then x+y is always even.

R=ExE ExE
In this case R is called a universal relation on E.

2.14.1 Identity Relation
Let A be a non-empty set.
IA = {(a, a) : aA}  A x AA
IA is called the identity relation on A.
Example 2.4: Let A = {1, 2, 3, 4}
Then IA ={(1, 1), (2, 2), (3, 3), (4, 4)}  A x A.
Clearly IA is the identity relation on A.

2.14.2 Inverse Relation
Let A, B be two non-empty sets. Let R be a relation from A to B, i.e.
R  AxB. The inverse relation of R is denoted by R-1, and is defined
by R-1={(b, a) : (a, b) R}  B x A
Clearly, domain of R-1 = range of R
range of R-1= domain of R
Example 2.5: Let A = {1, 2, 3}

B = {5, 6}
R = {(1, 5), (2, 6), (3, 5)}  A x B
R-1 = {(5, 1), (6, 2), (5, 3)}  B x A.
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CHECK YOUR PROGRESS
Q 8: Let A, B be two finite sets, and n(A)=4, n(B)=3.
How many relations are there from A to B ?
Q 9: Let A be a finite set such that n(A) =5.
Write down the number of relations on A.

2.15 CONCEPT OF FUNCTION
A function is a technical term used to symbolise relationship between
two or more variables. When two real varaibles, say, x and y are so related
that that correspoding to every value of x, we get a definite value (or a set of
definite values) of y, then y is said to be a function of x and symbolically we
write:
y = f(x).
A few examples of functions from our real life include:

 Income tax payable by a person is a function of his/her income. (t = f
(Y). Here, t represents tax payable, and Y represents income.)

 Consumption is a function of disposable income. (C = f (Yd). Here C
represents consumption, and Yd represents disposable income.
Let A and B be two non-empty sets, and f  A xB such that
(i) (x, y)  f,  x A and any y B
(ii) (x, y)  f and (x, y/)  f  y=y/ .
In this case f is said to be a function (or a mapping) from the set A to
the set B. Symbolically we write it as f : A  B.
Here A is called the domain and B is called the codomain of f.
Example 2.6 : Let A = {1, 2}, B = {7, 8, 9}
f = {(1, 8), 2, 7)}  A x B.
Here, each element of A appears as the first component exactly in one of
the ordered pairs of f.

f is a function from A to B.
Example 2.7: Let A = {1, 2}, B = {7, 8, 9}
g = {(1, 7), (1, 9)}  A x B
Here, two distinct ordered pairs have the same first component.
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 f is not a function from A to B.
Example 2.8 : Let A = {1, 2, 3, 4}, B = {x, y, z, w}
Are the following relations from A to B be functions?
(i) f1 = {(1, x), (1, w), (2, x), (2, z), (4, w)}
(ii) f2 = {(1, y), (2, z), (3, x), (4, w)}
Solution : (i) No. Here two distinct ordered pairs (1, x), (1, w) have the
same first component.
(ii) Yes.
Here, each element of A appears as the first component exactly in one of
the ordered pairs of f2.
Thus we see that.

Every function is a relation, but every relation is not a function.
We observe that if A and B are two non-empty sets and if each
element of A is associated with a unique element of B, then the rule by
which this association is made, is called a function from the set A to the set
B. The rules are denoted by f, g etc. The sets A, B may be the same.
Let f be a function from A to B i.e.
f : A  B. The unique element y of B that is associated with x of A is called
the image of x under f. Symbolically we write it as f = f(x). x is called the preimage of y. The set of all the images under f is called the range of f.
Example 2.9 : Let IN be the set of natural members, and Z be the set of
integer and f : IN  Z, f(x) = (–1)x; x  IN
Clearly, domain of f = IN

codomain of f = Z
Now f(1) = (–1)1 = –1, f(2) = (–1)2 = 1, f(3) = (–1)3 = –1 and so on.

 range of f = {–1, 1}

2.16 DIFFERENT TYPES OF FUNCTION
Let A, B be two non-empty sets and f : A  B be a function.
1.

If there is at least one element in B which is not the image of any
element in A, then f is called an “into” function.

2.

If each element in B is the image of at least one element in A, then f is
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called an “onto” function (or a surjective function or a surjective).
Note : In case of an onto function, range of f=codomain of f.
1.

If different elements in A have different images in B, then f is called a
one-one function (or an injective function or an injection).

2.

If two (or more) different elements in A have the same image in B, then
f is called a many-one function.

2.16.1 Polynomial Function
A function of the form f(x) = a0 + a1 x + a2x2 + ..... + anxn
where n is a non-negative integer; and a0, a1, a2, ..... an are real
numbers, is called a polynamial function of degree n.
For example f(x) = x4 – 5x3 + 2x2 + 6x + 7 is a polynomial
function; whereas f(x) = 5x + 9 x +7 is not a polynamial function.
Note : The domain of a polynomial function is IR, the codomain is
also IR.

2.16.2 Linear Function
If n  1 ,then the polynomial function is of degree 1 and is
called a linear function.For n  1 ,the function is written as

f  x   a  bx ,where a & b are constants.

For example, f(x) = 3x + 5 is a linear function.
The graph of Linear function has been shown with the help of Figure
1.1.
Figure 2.1: Graphical Shape of a Linear Function

y

0
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2.16.3 Qudratic Function
If n  2 ,then the polynomial function is of degree 2 and is
called a quadratic function.
A Quadratic function is of the form f(x) = ax2 + b x +c,where
a,b,c are constants.
The graph of quadratic function f(x) = ax2 + b x +c is parabola
that opens upwards or downwards according as a>0 or a<0. It has
been shown in Figure 1.2.
Figure 2.2: Graphical Shape of a Quadratic Function

y

x
0

2.16.4 Cubic Function
If n  3 ,then the polynomial function is of degree 3 and is
called a cubic function.
A cubic function is of the form f(x) = ax3+ bx2+ cx + d where
a,b,c,d are constants. The graphical shape of a cubic function has
been shown in Figure 2.3.
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Figure 2.3: Graphical Shape of a Cubic Function
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2.16.5 Power Function
A function of the form f(x) = axn where n is a non-negative
integer; and a is constant, is called a Power function.

2.16.6 Rational Function
A function of the form y=

f ( x)
, where f(x) and g(x) are
g ( x)

polynomial function and g(x)  0, is called a rational function.
For example

x2
a rational function. Here x  2, x
x  5x  6
2

 3, i.e. the domain of the rational function

x2
is IR – {2, 3},
x  5x  6
2

2.16.7 Constant Function
A function of the form f(x) = k, where k is a constant is
called a constant function.
Note : The range of a constant function is a singleton set The graph
of a constant function is a straight line paralled to x-axis.
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Figure 2.4: Graphical Shape of a Costant Function
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2.16.8 Exponential Function
Let a be a positive real number other than 1. then the function is of
the form y = ax is called the exponential function.
Graph of an exponential function has been shown in Figure 1.5.
Figure 2.5: Graphical Shape of an Exponential Function

Y
y = ax

0

X

2.16.9 Logarithmic Function
Let x be a positive real number other than 1. Then the function
of the form f(x) = logex is called the logarithmic function.Logarithmic
function is inverse to exponential function.
Remark : logex is also denoted by lnx.
Graph of the logarithmic functions when y = Log aX and when
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y = -Log ax have been shown in Panel A and Panel B of Figure 1.6
respectively.
Figure 2.6: Graphical Representation of Logarithmic Functions

Y
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y = Log ax
f (x)
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y = - Log ax
f (x)
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2.17 LET US SUM UP
 The natural numbers along with zero form the collection of whole
numbers.

 The positive natural number,zero and negative natural number together
are called Integers.

 A rational number is a number which canbe put in the form p/q, where p
and q are integers and q  0 .

 The decimal representation of a rational number is either terminating or
non-terminatingrepeating.

 There exist infinitely many rational numbers between two rational
numbers.

 The irrational numbers are decimal numbers that do not terminate and
donot repeat. On calculators and in the solution of many problems,rational
approximations are used to show values that are close to, but not equal
to, irrational numbers.

 The sytem of rational numbers is extended to real numbers.
 Rationals and irrationals together constitute the system of real numbers.
 The numbers other than 1 whose only factors are 1 and the number
itself are called Prime Numbers.
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 A symbol which represents a definite number used in any operation is
called a constant.

 A variable is a symbol which can assume any value out of a given set
values.

 If A, B are two non-empty sets, a subset of A x B in said to be a relation
from A to B.

 If A, B are two finite sets and n(A) = x, n(B) = y, the number of relations
from A to B is 2xy.

 If A is a non-empty set, IA = {(a, a) : a A} is called the identity relation on
A.

 A relation R on a non-empty set A is called an equivalence relation if it is
reflexive, symmetric and transitive.

 The inverse of an equivalence relation is also an equivalence relation.
 The intersection of two equivalence relations is also an equivalence
relation.

 If A and B are two non-empty sets and if each element of A is associated
with a unique element of B, then the rule by which this association is
made, is called a function from A to B.

 Every function is a relation, but every relation is not a function.
 If different elements in domain have different images in codomain, then
the function is one-one (injective).

 If each element in codomain is the image of at least one element in
domain then the function is onto (surjective).
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2.19 ANSWERS TO CHECK YOUR
PROGRESS
Ans to Q No 1: (a) 1/4=0.25 (b) 2/3=0.6666.. (c) 4/5=0.8

(d) 3/7=0.4286.

Ans to Q No 2: (a) Rational (b) Irrational (c) Irrational (d) Rational (e) Irrational.
Ans to Q No 3: Infinitely many.
Ans to Q No 4: Smallest prime number is 2.
65
416 1
i
Ans to Q No 5: i  i

Ans to Q No 6: Try it yourself.
Ans to Q No 7: Try it yourself.

2.20 MODEL QUESTIONS
Q 1: Write down an irrational number between 6 and 7.
Q 2: Prove that the following numbers are irrational

2 , 5, 7
Q 3: Insert 3 rational numbers between 1/5 and 3/5.
Q 4: Write 5 rational numbers and 5 irrational numbers in decimal form.
Q 5: Prove that

5  3 is not a rational number..

Q 6: Which is the greater of the numbers

7
8
and
.
9
11

Q 7: Find a rational number between 19.9 and 20.
Q 8: Let A = {1, 2, 3}, B = {3, 4, 5}.
How many relations are there from A to B ? Write down any four relations
from A to B.

*** ***** ***
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