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Abstract: In economics, mathematics is used primarily for two reasons: first, it gives economists the skills they need to formulate
and comprehend economic arguments; second, it uses mathematical jargon to make discussions within the field easier. In the latter
part of the 20th century, the mathematization of economics was a noteworthy advancement in the science. Consequently,
mathematical approaches were formalized and applied, giving rise to mathematical economics, a field that has become essential to
economic analysis. To express economic theories and resolve challenging economic issues, mathematical techniques are applied in
mathematical economics. Mathematical frameworks give economists the ability to formulate testable hypotheses and examine a
wide range of intricate problems that could be challenging to solve with just informal reasoning. The purpose of this study is to
examine various viewpoints regarding the function of mathematics in economics. Mathematics has always been seen as a tool for
solving problems, but it has influenced the conceptualization of economic theories by providing a rigorous framework for hypothesis
testing and prediction making. Through a critical examination of the benefits and drawbacks of mathematical methods, this study
offers a comprehensive knowledge of how mathematics has influenced the evolution of contemporary economics, while also
recognizing its crucial role in forming economic theory and research.
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1.INTRODUCTION

Economics, as a social science, has evolved significantly over time, particularly in its use of mathematical methods. During the
early 20th century, economics became increasingly mathematical, and around the period of the Second World War, new and
generalized techniques were introduced. These innovations expanded the use of mathematical formulations, leading to a major
development in the mathematization of the discipline [1]. Economics is not just a descriptive science; it aims to explain the
functioning of the economy and make predictions about the effects of certain changes on economic variables. For instance, it seeks
to determine the impact of a crop failure on prices, the effect of a sales tax increase on the cost of finished goods, or the consequences
of increased government spending on unemployment. Moreover, economics provides guidelines for firms, governments, and other
economic agents to allocate resources efficiently.

Mathematics is integral to this process, serving both as a theoretical discipline that is abstract and logical, and as a practical tool
that facilitates quantitative and qualitative analysis. Through the application of mathematical methods, economists can analyze
various aspects of the economy more precisely, providing critical resources for the field's advancement [2]. The connection between
economics and mathematics is therefore indispensable; the problems and research in economics are inseparable from the support of
mathematical techniques. This interrelationship is particularly evident in the application of advanced mathematics to economic
theory and practice, where it plays a crucial role in the development of the field [3].

A thorough understanding of the qualitative and graphical approaches and viewpoints employed by economists can be obtained
through the application of mathematics in economics. Economic linkages and principles take on a solid form through the use of
mathematics, which increases their applicability and practicality in real-world situations. Mathematics is a theoretical field that is
rational and abstract, but it is also an effective instrument for economic analysis. Economists may analyze many facets of the
economy quantitatively and qualitatively by utilizing mathematical techniques, which provides essential resources for the field's
advancement [4].

The use of mathematics in economics is vital for systematically understanding complex relationships and deriving results that might
be impossible to achieve through verbal reasoning alone. Such mathematical approaches often simplify processes that would
otherwise be complex, tedious, and difficult to navigate. In modern economic analysis, mathematics has become an indispensable
tool. Economic models, underpinned by mathematical frameworks, play a critical role in policy formulation. These models allow
for proactive analysis, helping to minimize unintended consequences and maximize the effectiveness of policies, ultimately
benefiting both individuals and society as a whole. Moreover, mathematical models aid in decision-making by providing
quantitative frameworks that help evaluate different options, thereby reducing uncertainty and risk. The use of mathematics deepens
our understanding of various economic conditions and enhances the accuracy of economic predictions.

This study aims to explore the extensive applications of mathematics in economics, identifying the different possibilities and
methodological approaches. The application of mathematical techniques to analyze economic problems is often referred to as
mathematical economics. This field involves the use of mathematical methods to represent theories and solve problems within
economics [5]. By examining the relationship between these two seemingly distinct subjects, this study will highlight how
mathematics and economics are interrelated and how their integration contributes to a deeper understanding of economic
phenomena.

1.1Objectives
e To examine the evolution of mathematical economics and its impact on the development of economic theory.
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e To analyse the application of mathematical tools such as differential calculus, optimization, and equations in various economic
fields.
e To investigate the implications of mathematization on the accessibility and relevance of economic analysis.

1.2 Methodology

This study employs a secondary data approach to explore the application of mathematical techniques in economic theory. The
research is based on a comprehensive review of existing literature, including research reports, academic articles, books, journals,
and reputable websites. By analyzing these sources, the study aims to elucidate how various mathematical tools and methods are
applied to economic concepts. The findings are illustrated through examples and case studies to provide a clear understanding of
the theoretical and practical integration of mathematics in economics. This methodological framework ensures a thorough
examination of the subject, drawing on established knowledge to highlight the relevance and impact of mathematical applications
in economic analysis.

2. MATHEMATICAL APPLICATIONS IN ECONOMICS

Mathematics is fundamental to economic analysis, serving as a crucial tool for modeling and understanding complex economic
phenomena. Its importance lies in its ability to provide precision and clarity to economic theories and relationships. Through
mathematical techniques, economists can formalize and quantify theories, allowing for rigorous analysis and empirical testing.
Mathematics facilitates the development of models that simulate economic behavior, enabling economists to predict the effects of
changes in variables such as prices, costs, and policies. Concepts such as calculus, algebra, and statistics are instrumental in
analyzing trends, optimizing outcomes, and making data-driven decisions [6].

Moreover, mathematical methods are essential for solving problems related to resource allocation, market equilibrium, and
economic growth. They help in determining optimal production levels, assessing consumer behavior, and evaluating the impacts of
fiscal and monetary policies. By translating economic ideas into mathematical frameworks, economists can uncover deeper insights,
enhance policy formulation, and contribute to more effective economic planning and strategy.

2.1 Demand, Supply and Utility Functions

A mathematical function represents the relationship between two or more variables, where one variable relies on the values of the
others. In other words, a function captures how one variable depends on one or more different variables. For example, when the
value of a variable y is affected by another variable x, we denote this mathematically as

y=f(X).
This signifies that the value of y is governed by x, following the specific rules outlined by the function f. Functions are essential in
modeling real-world scenarios, as they describe how variations in one quantity led to changes in another. The given expression also
indicates that for every value of x, there is a unique corresponding value of y. In this context, y is referred to as the dependent
variable, while x is called the independent variable.
In economics, demand is often described as a function of price, just as production is a function of various factors of production.
When we say that demand (D) depends on price, we are expressing the relationship between these variables. In mathematical terms,
it states that demand is a function of price, and symbolically, this relationship can be written as:

D=f(P)
This functional relationship reflects a fundamental mathematical concept. Similarly, the supply of a commodity (S) is also a function
of price, which can be represented symbolically as:

S=f(P)
These functions are crucial in economic analysis as they help quantify how changes in price affect both demand and supply. By
graphing these functions as depicted in fig 1, it can visually represent the demand and supply curves, illustrating how market
equilibrium is achieved. The demand curve typically slopes downward, indicating that higher prices result in lower demand, while
the supply curve slopes upward, showing that higher prices incentivize increased production. These graphical tools are essential for
understanding the dynamics of the market and predicting economic behavior under varying conditions.
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Figl: Demand and Supply Curves with Market Equilibrium

Similarly, various economic factors such as utility, cost, revenue, profit, supply, and savings are all functions of certain related
variables. These relationships can be mathematically expressed to capture how changes in one variable affect the other. For instance,
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if the utility (U) that a consumer derives from a commodity depends on the quantity of the commodity consumed or used (Q), we
can express this relationship with the function:
U=f(Q)

When the value of a variable Y depends on more than two variables, such as X1, X»...,Xn, the function is generally expressed as:

Y=f (Xl, Xz, X3..., Xl’l)
Similarly, in the case of a production function, the output of a single variable is determined by a group of other variables. This
means that one dependent variable relies on a set of independent variables. For instance, the production quantity Qx can be
represented as a function of multiple input factors such as prices or quantities of inputs P1, P2, Ps... and is written as:

Qx:f (Pl, Pz, P3...)
This demonstrates how complex economic models often rely on the interaction of several independent variables to determine
outcomes like production levels or costs.

2.2 Linear Functions

A linear function is a mathematical concept, typically expressed in the form ax+b, where a and b are real numbers. This function is
graphically represented as a straight line. Linear functions are extensively used in economic analysis, particularly in the study of
demand and supply. For instance, in a perfectly competitive market, the demand curve is a straight line, which can be represented
by a linear equation. The demand function, for example, can be written as

D=f(P) and D=7-P
In this instance, (P) represents the independent variable, while (D) is the dependent variable. As the price decreases by one unit, the
demand correspondingly increases by one unit. The straight-line depreciation method is a technique used to allocate the cost of a
fixed asset evenly over its useful life. This method is particularly suitable when the economic benefits derived from the asset are
expected to be consistent throughout its lifespan. Additionally, the straight-line method is advantageous in situations where it's
challenging to estimate the pattern of economic benefits the asset will generate. This method ensures a straightforward and uniform
allocation of the asset's cost, providing clarity in financial reporting. The straight-line depreciation can be calculated using the
following formulas as shown in table 1, which offer a simple and reliable approach to determining the annual depreciation expense.

Table 1: Depreciation Formulas for Calculating Annual Depreciation

Depreciation Formula Calculation Method
Formula 1: Depreciation per annum (Cost — Residual Value) / Useful Life
Formula 2: Depreciation per annum (Cost — Residual Value) x Rate of Depreciation

2.3 Quadratic Functions (Parabola)

A quadratic function, also known as a parabola, is a mathematical expression where the highest power of the variable is squared,
typically represented in the form f(x)=ax?+bx+c, where a, b, and ¢ are constants. The graph of a quadratic function is U-shaped as
shown in fig 2, either opening upwards or downwards depending on the sign of a. In economics, quadratic functions are commonly
used to model various relationships. For example, cost functions often take a quadratic form, reflecting the reality that costs initially
decrease with increased production due to economies of scale, but eventually rise due to diminishing returns. Similarly, revenue
functions can be quadratic, where revenue first increases with the quantity sold but eventually decreases as prices drop due to higher
supply. These functions provide valuable insights into the optimal levels of production and pricing for maximizing profit.
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Fig 2: Representation of a Quadratic Cost Function

This technique is utilized in economics within cost functions, as cost curves are typically U-shaped. Quadratic functions are
frequently employed in economics to represent both production cost functions and revenue functions. For example, the cost (C) in
rupees of producing (p) mobile phones can be expressed as :

C(p) =400 + 8p + 0.1p? .

2.4 Differentiation in Economics
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Economic decisions often rely on mathematical concepts known as “derivatives,” a process referred to as “marginal analysis.” In
mathematics, a derivative represents the rate of change of one variable with respect to another. In economics, the concept of
“margins” is fundamental. This involves differentiating to determine various “marginals,” such as marginal revenue, marginal
product, and marginal cost. Understanding these concepts is crucial in microeconomics, as decisions are typically made at the
margin. For instance, as production increases, marginal revenue (MR) tends to decrease while marginal cost (MC) tends to increase.
Therefore, profit is maximized when MR equals MC. Graphically, MC can be represented as follows.
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Fig 3: Representation of Marginal Cost Calculation

If the total utility function is U = f(Q), then the marginal utility is the first derivative of the total utility function, i.e., Z—Z. Similarly,

all marginal concepts—such as marginal productivity, marginal revenue, marginal cost, marginal rate of substitution (MRS),
marginal propensity to consume (MPC), and marginal propensity to save (MPS)—are derived as the first derivatives of their
respective functions. In essence, differentiation is a key tool for deriving marginal functions from total functions [6] [7].

2.5 Interpreting Slope in Economic Functions

The slope or gradient of a curve, denoted by Z—z, represents the rate of change of one variable with respect to another. In economics,

the concept of slope is crucial as it quantifies how one variable responds to changes in another. Specifically, the slope is calculated
as the ratio of the change in (y) (the dependent variable) to the change in (x) (the independent variable), often described as "rise
over run." The slope not only indicates the steepness of a curve but also its direction. A positive slope suggests that as (x) increases,
(y) also increases, resulting in an upward-sloping curve. Conversely, a negative slope indicates that as (x) increases, (y) decreases,
leading to a downward-sloping curve.

In economics, this technique is widely applied to analyze the slopes of various curves, such as demand curves, revenue curves, cost
curves, indifference curves, and isoquants. For instance, the slope of a demand curve reveals how sensitive the quantity demanded
is to changes in price. Similarly, the slope of a revenue curve indicates how revenue changes with variations in sales quantity. When
analyzing cost functions, the slope can help identify the rate at which costs increase as production expands. The slope is also
essential in understanding consumer preferences through indifference curves and in optimizing production through isoquants. The
fig. 4 provides a graphical example of how slope is applied to these economic concepts, illustrating the practical significance of this
mathematical tool in economic analysis.
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Fig 4: Capital-Labor Trade-Off on an Isoquant Curve

2.6 Euler’s Theorem: Insights and Applications

If Z=f(x, y) is a homogeneous function of degree (n), then the relationship (x g—i +y g—; =nZ) holds true. This relationship is
known as Euler's Theorem on Homogeneous Functions. Euler's theorem is particularly significant in economics, where it can be
applied to the Marginal Productivity Theory of Distribution. In the case where Z = f(U, V) is a linearly homogeneous function, we
have Z = Ug—i + Vg—i . This highlights the crucial role that partial derivatives play in economics, especially since many economic

functions involve multiple variables. For example, in a society consumption function, wealth and income may both influence the
amount spent on consumer items. The partial derivative of the consumption function with respect to income in this case represents
the marginal inclination to consume. Economists can examine how changes in one variable affect economic behavior when other
variables are also in play by using partial derivatives [8].
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2.7 Maxima and Minima: A Tool for Economic Decision-Making

Let f(x)) be a real-valued function defined on an interval I. The function f(x) is said to attain a maximum value in the interval | if
there exists a point a within I such that f(x) < f(a) for all x € I. The value f(a) is referred to as the maximum value of f{X) within the
interval, and the point a is known as the point of maxima for f in that interval.

Similarly, f(x) is said to attain a minimum value in the interval I if there is a point a within I such that f(x) > f(a) for all x € I. The
value f(a) is called the minimum value, or minima, of f(x) in the interval, and the point a is known as the point of minima for f in
that interval. Example: C(q)=g"2-2qg+2, C(q)=-9"2-2q

v 4

f(a)

a-0 a a+d

Fig 5: lllustration of the Point of Minima on a Quadratic Function
In economics, calculus optimization techniques are essential for studying consumer equilibrium and firm equilibrium. By employing
these techniques, we can calculate the maximum utility a consumer can achieve and, consequently, determine the consumer’s
equilibrium. Similarly, differentiation allows us to identify the maximum profit a firm can attain, establishing the firm's equilibrium.
Symbolically, profit (P) is expressed as the difference between revenue (R) and cost (C), i.e., (P =R - C). To find the maximum

profit, Dp=0 and D?p<0, where g= the level of output, and D= di. In some cases, a firm's goal may be to minimize costs for a given
q

output level. Optimization techniques are also applied to determine the minimum average cost and minimum marginal cost for that
specific level of output [9].

2.8 Exploring Elasticity in Economics

The theory of elasticity examines how sensitive the supply and demand of a product are to changes in its price. When a product is
considered elastic, even a small change in price can lead to significant shifts in the quantity supplied or demanded. Conversely, for
inelastic products, changes in price have little to no substantial impact on supply or demand. This concept is crucial in understanding
market behavior, as it helps businesses and policymakers predict how changes in pricing might influence consumer behavior and
production decisions. Additionally, elasticity varies across different products and markets, depending on factors such as necessity,
availability of substitutes, and the proportion of income spent on the good.
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Fig 6: Price-Quantity Relationship in Elastic Demand
Demand is inversely related to price, and the "Elasticity of Demand" is defined as the ratio of the percentage change in quantity
demanded to the percentage change in price. Essentially, elasticity is a mathematical concept. Symbolically, the elasticity of demand

can be expressed as Eq = Z—q .g , Where (P) represents the price, and (Q) represents the quantity demanded of a commodity [10].
1%

2.9 Simultaneous Linear Relationships
The equilibrium price is the price at which the quantity demanded matches the quantity supplied. This analysis is typically conducted
by solving a system of two simultaneous equations with two variables: price and quantity.
For example, consider the following equations for demand and supply:
e Demand: Q4=9P+20
e  Supply: Q=11P+14
To find the equilibrium, set Q4=Qs
9P-11P=14-20

~2P=—6= P=2=3
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The fig 7. provides a graphical representation of the demand and supply functions, illustrating the system of simultaneous equations.
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Fig 7: Equilibrium in Demand and Supply Analysis
2.10 Input-Output Analysis

Input-output analysis (1-O) is a method of economic analysis that explores the interconnections between various economic sectors.
By mapping how outputs from one sector become inputs for another, this approach helps estimate the effects of economic shocks—
both positive and negative. It provides insights into how these shocks propagate through the economy, allowing for a comprehensive
understanding of their ripple effects across different industries and sectors. This technique is particularly useful for assessing the
broader economic impact of changes and developments within specific areas.

INPUT-OUTPUT METHODOLOGY
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Fig 8: Mapping Economic Transactions through Input-Output Methodology
Input-output analysis is a mathematical approach used to examine the production structure of an economy, based on the assumption
that different sectors are mutually interdependent. The main goal of this analysis is to determine the output levels across various
industries necessary to meet specific demands for final goods [9].
3 CONCLUSION

As society continues to develop, mathematical theory has also advanced and become more integral to various aspects of life.

Mathematics serves as the foundation for solving economic problems, ensuring accuracy and precision in research. In the economic

realm, different advanced mathematical methods are employed to address specific issues under various circumstances. These

predictive tools are essential for businesses, as they enable them to adapt to socio-economic changes, avoid potential losses, and

make informed decisions based on risk analysis. Moreover, advanced mathematical concepts like derivatives and elasticity functions

are invaluable for conducting elasticity analysis. A thorough understanding of economics necessitates the application of

mathematical techniques at every turn. The integration of mathematics into economics not only enhances comprehension but also

fosters greater interest in the subject. Consequently, the relationship between mathematics and economics is deeply interconnected,

and the role of mathematics in economic analysis is indispensable.
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