
Elementary Mathematical 
Methods in Economics

Kshyama Sagar Meher



Terms & Conditions for Buying E-Book
 The User must Read & Accept the Terms and Conditions (T&C) carefully before clicking on the accept option for Buying the Online Soft Copy of E-books. Under this Particular Facility you may buy only the Online Soft Copy of E-books, no Hard Copy or Printed Copy shall be provided under this facility.
 These E-Books are valid for 365 days online reading only (From the Date of Purchase) and no kind of Downloading, Printing, Copying, etc. are allowed in this facility as these products are just for Online Reading in your Mobile / Tablet / Computers.
 All the online soft copy E-books given in this website shall contain a diffused watermark on nearly every page to protect the material from being pirated / copy / misused, etc.
 This is a Chargeable Facility / Provision to Buy the Online Soft Copy of E-books available online through our Website Which a Subscriber / Buyer may Read Online on his or her Mobile / Tablet / Computer. The E-books content and their answer given in these Soft Copy provides you just the approximate pattern of the actual Answer. However, the actual Content / Study Material / Assignments / Question Papers might somewhat vary in its contents, distribution of marks and their level of difficulty.
 These E-Books are prepared by the author for the help, guidance and reference of the student to get an idea of how he/she can study easily in a short time duration. Content matter & Sample answers given in this E-Book may be Seen as the Guide/Reference Material only. Neither the publisher nor the author or seller will be responsible for any damage or loss due to any mistake, error or discrepancy as we do not claim the Accuracy of these solution / Answers. Any Omission or Error is highly regretted though every care has been taken while preparing these E-Books. Any mistake, error or discrepancy noted may be brought to the publishers notice which shall be taken care of in the next edition. Please consult your Teacher/Tutor or refer to the prescribed & recommended study material of the university / board / institute / Govt. of India Publication or notification if you have any doubts or confusions before you appear in the exam or Prepare your Assignments before submitting to the University/Board/Institute.
 Publisher / Study Badshah / shall remain the custodian of the Contents right / Copy Right of the Content of these reference E-books given / being offered at the website www.studybadshah.com.
 The User agrees Not to reproduce, duplicate, copy, sell, resell or exploit for any commercial purposes, any portion of these Services / Facilities, use of the Service / Facility, or access to the Service / Facility.
 The Price of these E-books may be Revised / Changed without any Prior Notice.
 The time duration of providing this online reading facility of 365 days may be alter or change by studybadshah.com without any Prior Notice.
 The Right to accept the order or reject the order of any E-books made by any customer is reserved with 

www.studybadshah.com only.
 All material prewritten or custom written is intended for the sole purpose of research and exemplary purposes only. We encourage you to use our material as a research and study aid only. Plagiarism is a crime, and we condone such behaviour. Please use our material responsibly.
 In any Dispute What so ever Maximum Anyone can Claim is the Cost of a particular E-book which he had paid to Study Badshah company / website.
 If In case any Reader/Student has paid for any E-Book and is unable to Access the same at our Website for Online Reading Due to any Technical Error/ Web Admin Issue / Server Blockage  at our Website www.studybadshah.com  then He will be send a New Link for that Particular E-Book to Access the same and if Still the Issue is Not Resolved Because of Technical Error/ Web Admin Issue / Server Blockage at our website then His Amount for that Particular Purchase will be refunded by our website via PayTM.
 All the Terms, Matters & Disputes are Subjected to "Delhi" Jurisdiction Only.

NEERAJ 
PUBLICATIONS



1. Sets, Relations and Functions ........................................................................ 1
2. Elementary Co-ordinate Geometry .................................................................. 9
3. Systems of Linear Equations ........................................................................ 17
4. Matrices and Determinants .......................................................................... 26
5. Linear Economic Models.............................................................................. 33
6. Limits and Continuity .................................................................................... 43
7. Differentiation .............................................................................................. 49
8. Partial Differentiation.................................................................................... 62
9. Integration .................................................................................................... 69

10. Location of Extrema: The One Variable Case ............................................... 76
11. Optimisation of Functions of More than One Variable .................................... 82
12. Constrained Extremum Problems ................................................................. 90
13. Comparative Statics ..................................................................................... 97
14. Introduction to Dynamics ............................................................................ 106
15. Difference Equations.................................................................................. 112
16. Differential Equations ................................................................................. 117
17. Linear Programming .................................................................................. 126
18. Non-Linear Programming ........................................................................... 132
19. Elementary Dynamic Optimisation .............................................................. 135
20. Static Games ............................................................................................. 141
21. Dynamic Games ........................................................................................ 153

CONTENTS
S.No. Page



Sample Preview

of

The Chapter

Published by:

NEERAJ

PUBLICATIONS
www.neerajbooks.com



www.neerajbooks.com

Neeraj 
Publications

1Sets, Relations and Functions

ELEMENTARY MATHEMATICAL
METHODS IN ECONOMICS

Mathematics has been used in the analysis and
understanding economic theory. With the basic
mathematical language, ideas in economics can be well
understood. Identifying and formally defining
relationship among primary factors is the first
requirement in decision problems, which use
mathematical tools. An equation or a set of equations
explains these relationships which help the decision-
maker in understanding complex economic problems.
In this chapter, we will discuss the basic ideas of set,
relations and functions.

WHAT IS A SET?
A set is a well defined collection of objects. The

elements of a set can be anything: numbers, people,
letters of the alphabet and so on. For example, a set of
odd numbers (1, 3, 5, 7, 9,…) or a set of alphabets
(a, b, c, d, …). A set can have limited as well as unlimited
number of entries. Curly bracket is used to write sets
with their elements listed in between. For example, a
set of even numbers will be written as
(2, 4, 6, 8,…). The dots in the example at the end
indicates that the set has unlimited or infinity entries.

There are two different ways to specify a set:
(i) roster method, and (ii) descriptive or set builder
method.

For example, if 1, 2, 3, 4, 5 and 6 is a set of different
product manufactured by a company, by roster method
this can be mentioned as:

P = {1, 2, 3, 4, 5, 6}.

ELEMENTARY ALGEBRA

In the descriptive method, the rule or condition on
the basis of which the elements have been considered
as a set is mentioned in curly brackets. So, the set can
be mentioned as:

P = {1, 2, 3, 4, 5, 6 are products manufactured by
the company}.
Elements of a Set

An element or a member is an entry in a set. Thus,
7 is an element of a set of even numbers. Elements of a
set can be written in any order. The elements of a set
are mentioned in small letters (a, e, i, o, u), while sets
are written in capital letters (P, Q, R, S,...).

Thus, if a is an element and A is a set, it can be
written as a  A. It implies that a belongs to A. If x is
not an element of set X, it can be mentioned as x X. It
means that x does not belong to X. A set without any
element is called an empty set. It is mentioned by the
Greek letter phi . Sets can also be elements of a set. In
this case, elements are written capital letters
A = {X, Y, Z,…}. A is a set of sets X, Y, Z,…

Some Basic Features of Sets

(i) Equal sets: If two sets have the same elements,
they are equal sets. For example,
X = {4,5,6,7} and Y = {4,5,6,7}, they are equal
sets. It is mentioned as X = Y.

(ii) Subset: If the elements of a set X are parts of
a set Y, X is a subset of Y. For example,
X = {4,5,6,7} and Y = {4,5,6,7, 8, 9, 10}. It
will be written as X Y  or Y X . This implies
every element of X is also an element of Y. It
also means X is part of Y, or Y includes X, or
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X is included in Y, or Y is a superset of X. A
set can be subset of itself. Graphically, a sub-
set can be illustrated as given below.

X

Y

In this figure, X is entirely within Y, or X  Y. This
type of diagram is called Venn diagram.

When two sets (X and Y) have nothing in common,
they are written as X  Y or Y X. Graphically, it can
be presented as given below.

YX

In this figure, X and Y have nothing in common.
This is specified as X Y = .

(iii) Proper subset: If X = {4,5,6,7} and
Y = {4, 5, 6, 7, 8, 9, 10}, X is a proper subset
of Y. It implies that X Y, but X Y. Here,
X has four elements and Y has seven and
8 Y, but 8 X.

(iv) Empty subset: Set without any element is
called empty set. It is mentioned by . The
empty set or null set is written as = { }.

(v) Power set of a set: Power set is the set of all
subsets. For example, if A

1 
= {a, b}, A

2

= (a,  c) and A
3
 = {b, c}, the power set of

A = {(a, b); (a, c); (b, c).}. It is mentioned as
P(A) = {X:X  A).
If X and Y are two sets,

(i) X = Y, if and only X Y and Y X
(ii) X X and Y

(iii) X P(X) and P(X)
(iv) P() = {}. Here P() is not empty, it has an

element .
A set can have many possible subsets. If X = {a, b,

c, d, e, f }
The possible subsets are:
(i) X0 = {a, b, c, d, e, f}

(ii) X10 = {a, b}, X12 = {b, c}, X15 = {d, e}, X20

= {e, f }, X21 = {a, f}, X27 = {b, e}
(iii) X31 = {a , b , c}, X37 = {c, d, e}, X39

= {d,e, f }, X45 = {a, e, f }, X49 = {a, e, f}
(iv) X51 = {a, b, c, d}, X57 = {b, c, d, e}, X59

= {a, d, e, f}, X61 = {a, b, e, f}, X69 = {a, c, e},
(v)  = { }.

A set with five elements will have 32 subsets as 25.
If a set has n elements, a total of 2n subsets can be
formed.

Operations on Sets

Universal set is a union of some sets. The union of
sets X, Y, Z can be written as

H = {X, Y, Z}.
Union of sets: The union of set is denoted by .
(i) The union of sets X and Y is written as X Y

= {a  X or a Y}. a is the element of at least
of X and Y. The union of sets X and Y is the
set including all elements that belong to X and
Y.

(ii) The union of set X of sets is mentioned as X
= {a H: X X a X}. a is the at least one
element of X. implies “there exists”.

Example 1:
X = {a, b, c, d, e, f}
Y = {e, f, g, h}
X Y = {a, b, c, d, e, f, g, h}.
When sets are united, the common elements are

mentioned once only.
Example 2:
X = {all products export by India}
Y = {all products import by Pakistan}
X Y = {all products export by India and all

products import by Pakistan}.
Intersection of Sets: The intersection of set is

denoted by .
(i) The intersection of sets X and Y is written as

X Y = {a H: a X and a X}. a is the
common element of both the sets.

(ii) The intersection of a set X is written as 
X = {a H: XX and a X}. a belongs to all

elements of X. implies “for all”.
Example 3:
X = {a, b, c, d, e, f}
Y = {e, f, g, h, i, j}
X  Y = {e, f}.
In intersection of sets, the common elements are

mentioned once only.
Example 4:
X = {all electronics products produced by

Samsung}
Y = {Washing machines produced by Samsung}
X  Y = {Washing machines produced by

Samsung}.
Example 5:
X = {a, b, c, d, e}
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Y = {g, h, k, l, m}
X  Y = 
This is because they have nothing in common.
Disjoint sets: If X and Y have no common elements

X  Y = , they are called disjoint sets.
Complement of a set: In a universal set (say ),

there are sets (say X, X’ and Xc). Here the complement
of set X is sets X’ and Xc. This is mentioned as X’
= {a  / a  X}.

Difference of sets: It is denoted by “/” or “–”.
(i) The difference of sets X and Y is presented as

X/Y = {a H: a  X and a  Y}.
X/Y is also the complement if Y with regard
to X.

(ii) H/Y is the complement of Y and is denoted by
Yc = {a  H: a  Y}.

Commutativity, associativity and distributivity
(i) The union and intersection of sets are

commutative and associative operations:
X  Y = Y X,     (X Y) Z = X (Y Z)
X Y = Y X,  (X Y) Z = X (Y Z)

(ii) The union is distributive with regard to the
intersection and the intersection is distributive
with regard to the union:
 X (Y Z) = (X Y)  (X Z)
X (Y Z) = (X Y) (X Z)

De Morgan’s laws
(i) Z/(X Y) = (Z/X) (Z/Y)

Z/(X Y) = (Z/X) (Z/Y)
(ii) Z/(X) =  {Z/X: X X)

Z/(X) = {Z/X: XX)

Ordered Pairs and Cartesian Product of Sets

Ordered pairs: Ordered pair is the set of two
separate elements of two sets. For example, A = (a1, a2,
a3… an) is the weight of staff members in a company
and B = (b1, b2, b3… bn) is the age of the staff. Thus,
(a1, b1) has the pair of two elements weight and age. If
we replace them with number (say a1 = 60 and b1 = 29),
the pair will be (60, 29).

If a and b are some objects (say any elements of
the basic set H), the ordered pair is presented as (a, b)
={{a},{a,b}}. a and b are the first and second
components of the ordered pair. If a = b, it will be
(a, a) = {{a}}.

Cartesian product of sets: If the ordered pair
(60, 29) is changed to (29, 60), there will be a different
order. The elements of the sets A and B will differ
according to a changed ordering. Thus, the set H of all

ordered pairs {a, b} where a  A and b  B called the
Cartesian product of A and B. The Cartesian product is
written as:

A × B = {(a, b)| a A and b B)
Example:
If A = {1, 2, 3} and B = {a, b}, then
H = {(1, a); (2, a); (3, a); (1, b); (2, b); (3, b)}.
Thus,
(i) (a, b) = (x, y) if a = x and b = y.

(ii) The ordered n-tuples (x1, x2, …., xn) and the
Cartesian product X1 × X2 ×…… × Xn

(n N +, n > 2) can be defined in a similar
way.

(iii) X × X = X2, and similarly Xn will be

X X ... X.
n

  

RELATIONS

A relation is a set of ordered pairs. It is also defined
as any subset of a Cartesian product of sets. If A and B
are sets and  is a relation from A and B, it is written as
A × B. If A × A, it means is a relation in A.

If (a, b) , it is written as a b.
Example: Let X = {2, 4, 8} and Y = {3, 6, 9}. If S

is the Cartesian product of X and Y,
S = {(2, 3);(2, 6);(2, 9);(4, 3);(4, 6);(4, 9);(8, 3);

(8, 6);(8, 9)}.
To get the relation from S, one of the following

conditions can be imposed:
(i) x < y

(ii) (x + y) > 15
(iii) (x + y) is an exact multiple of 5
For these three cases, the relations are:
(i) (2, 3); (2, 6); (2, 9); (4, 6); (4, 9).

(ii) (8, 9)
(iii) (4, 6)
Examples:
(i) The relation of “less” in

R 
1
= {(a, b)  R × R : a < b},

Thus, (a, b)  4
 
R × R if b – a is a positive

number.
(ii) The relation of “greater or equal” in

R = {(a, b) R × R: a – b},
Thus, (a, b)  

5
 R × R if a – b is a positive

number.
(iii) The relation between the elements of the set

0R  of all positive numbers and the elements

of the set T of all triangles of the plane.


3
 = {(t, x) T × 0R  : the area of the triangle

t is x}.
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(iv) The relation between the elements of the T of
all lines of the plane and the elements of the
set C of all circles of the plane and, 

3 
= {(c, l)

 C × L: l is triangle of c}.

Domain and Range of Relations

If A and B are sets and  is a relation from A to B
( A × B)

The domain of  will be D() : = {a  A :  b 
(a, b)}.

The range of  will be R() : = {b  B : a 
A(a, b) }.

Properties of Relations

Suppose A is a set and  is a relation in A
( A2). We are talking about a subset of a Cartesian
product of set A with itself.

(i) Reflexivity

 is reflexive if a  A(a, a). (means
“for all”).

(ii) Irreflexivity

 is irreflexive if a A(a, a)
(iii) Symmetry

 is symmetric if  (a, b)(b, a) , (a, b)
 implies (b, a).

(iv) Antisymmetry
 is antisymmetric if ((a, b) and (b, a) )
shows a = b.

(v) Transitivity
 is transitive if ((a, b) and (b, c)) shows
(a, c).

Special Relations

Suppose A is a nonempty set and  is a relation in
A( A2) . We are talking about a subset of a Cartesian
product of set A with itself.

(i) Equivalence relation:  will be in an
equivalence relation if it is reflexive,
symmetric and transitive.

(ii) Order relation: will be in an order relation
if it is reflexive, antisymmetric and transitive.
 is a total (linear) order relation if for each
(a, b) A2 (a, b)  or (b, a) is satisfied;
If it is not,  will be a partial order relation.

Inverse relation: Suppose A and B are sets and  is
a relation from A and B.

The inverse of  (mentioned as –1) is presented as
–1 = {(b, a) B × A : (a, b)}

Classification of sets: If A is a nonempty set. A set
X (of subsets of A) is called a classification of A if the
properties given below are satisfied:

(i) X  X. X is nonempty subset of A.
(ii) (X, Y X and X  Y) means X  Y = 

(iii) X = A.
The elements of X are the classes of the

classification.
Equivalence classes: Suppose A is a nonempty set

and  is an equivalence relation in A. Here for each a 
A, the equivalence relation is defined as Xa : =
{b  A : (a, b)  } P(A). Xa is the equivalence class
of a.

FUNCTIONS

Function is rule of associating an element of one
set with an element of another set. If the relation exists
such that for each value of x  there exists one
corresponding value of y, then y is said to be a function
of x. Suppose y = (x)2, then for the value of x = 2, then
y = 4. However, in ordered pair such a function is not
always possible.

For example, if X = {1, 2, 8} and Y = {3, 6, 9}, in
subsets, the single value of 8 will be associated with 3,
6, and 9. So it is not always possible to determine the
value of y.

If y is said to be a function of x, it is denoted as
y = f(x).

A function is also called a transformation. It is
denoted by f : X  Y, x  X and y  Y.

Suppose X and Y are two sets, a relation f 
X × Y is referred to as a function from X to Y if  (i) D
(f ) = X, and (ii) the set has exactly one element.

In a function y = f(x), x is called the argument of
the function or independent variable and y is called the
value of the function or dependent variable.

Variable: A variable is a representation of a
number, which may take different numerical values in
mathematics. A variable can assume various values. The
magnitude of variables varies. They are thus represented
by symbols instead of specific numbers. In applied
mathematics, a variable is represented by the first letter
of its name. For example, d for demand, q for quantity,
p for price and s for sales and savings.

Variables can be categorized in various ways. A
variable can be discrete (countable with numbers – 100
machines or 1000 employees) or continuous
(measurable as 20 degree centigrade temperature or 2
feet and 2 inches height).
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