IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper (GR L) P AT WG TV MUGC CARE Listed ( Group -1) Journal Volume 11, Iss 8, 2022

Review of Mathematical Modeling Through Differential Equations
Name - Vrushali Sushant Patil
Guide Name - Dr Shoyeb Ali Sayyed
Department of Mathematics

Malwanchal University, Indore

Abstract

This paper provides a concise overview of the exploration of mathematical modeling using
differential equations. It highlights the broad applicability of this approach in understanding
dynamic relationships and predicting behaviors across diverse fields. The abstract underlines
the role of differential equations in addressing real-world complexities and mentions
applications in physics, biology, economics, and engineering. It also points out the integration
of technology for solving intricate equations and mentions the paper's focus on various types
of differential equations and their solutions. However, the abstract lacks specific details about
the paper's methodology, unique contributions, and key findings. Including more concrete
information about these aspects would enhance the clarity and impact of the abstract. In
conclusion, the abstract effectively conveys the significance of mathematical modeling
through differential equations but could benefit from additional details to provide a more

comprehensive overview.

Introduction

Mathematical modeling is a powerful tool that allows us to understand and predict the
behavior of complex systems in various fields such as physics, biology, economics, and
engineering. It provides a systematic framework to describe the relationships between
different variables and their interactions over time. One of the fundamental tools in
mathematical modeling is differential equations. Differential equations are mathematical
equations that involve derivatives and represent the rates of change of variables. They are
particularly useful for describing dynamic systems where the behavior of a variable depends
on its current value and the rates at which it changes. In the context of mathematical
modeling, differential equations help us express the underlying principles and laws governing
a system. By formulating a set of differential equations that capture the relevant dynamics,
we can simulate and analyze the system's behavior under different conditions. This allows us

to gain insights into the system's properties, make predictions, and guide decision-making
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processes. Differential equations can be classified into different types based on their
characteristics. Ordinary differential equations (ODES) involve a single independent variable
and describe the evolution of a function with respect to that variable. Partial differential
equations (PDEs), on the other hand, involve multiple independent variables and describe the
variation of a function with respect to each of them. PDEs are particularly useful for
modeling systems in which spatial variations are significant, such as heat transfer or fluid

flow.

Solving differential equations analytically can be challenging and often requires advanced
mathematical techniques. However, numerical methods have been developed to approximate
the solutions of differential equations, allowing us to obtain numerical solutions and gain
insights into the system's behavior. In this exploration of mathematical modeling via
differential equations, we will delve into the key concepts and techniques involved. We will
explore the process of formulating differential equations based on the problem at hand,
discuss various types of differential equations, and introduce numerical methods for solving
them. Through examples and applications, we will witness the power of mathematical

modeling in understanding real-world phenomena and making informed decisions.

Mathematical models can be classified into various categories based on their characteristics

and purpose. Here are some common classifications of mathematical models:
Deterministic vs. Stochastic Models:

Deterministic models assume that the system's behavior is completely predictable and can be
described by precise mathematical equations. These models do not incorporate random

variations or uncertainties.

Stochastic models, on the other hand, consider random variations and uncertainties in the
system. They often involve probabilistic elements to capture the inherent variability and

randomness in real-world phenomena.
Continuous vs. Discrete Models:

Continuous models represent systems that change continuously over time or space. They are
typically described using differential equations or integral equations, where variables can take

on any value within a given range.
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Discrete models represent systems that change in discrete steps or events. These models often
use difference equations or discrete-time formulations, where variables change at specific

time points or intervals.
Static vs. Dynamic Models:

Static models describe a system at a specific point in time, without considering its temporal
evolution. These models capture the relationships between variables in a static or equilibrium

state.

Dynamic models, on the other hand, account for the time-dependent behavior of a system.
They capture the changes and interactions of variables over time and are typically represented

by differential equations or difference equations.
Descriptive vs. Predictive Models:

Descriptive models aim to describe and understand the behavior of a system based on
available data and observations. These models are often used for exploratory analysis,

hypothesis generation, or gaining insights into the underlying mechanisms.

Predictive models focus on making predictions about future behavior or outcomes of a
system. These models are typically calibrated and validated using historical data and are used

to forecast or simulate the system's behavior under different scenarios.
Empirical vs. Mechanistic Models:

Empirical models are derived solely from observed data and relationships without explicit
consideration of the underlying mechanisms or principles. These models are based on

statistical or regression techniques and aim to capture the observed patterns or correlations.

Mechanistic models are based on fundamental principles, laws, or theoretical frameworks
that describe the underlying mechanisms and interactions of the system. These models often
involve mathematical equations derived from scientific principles and are used to simulate

and understand the system's behavior.

It is important to note that these classifications are not mutually exclusive, and many models
can have characteristics that overlap multiple categories. The choice of model type depends
on the specific problem, available data, level of detail required, and the goals of the analysis

or prediction.
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Need of the Study

The study of mathematical modeling via differential equations is of paramount importance
for several reasons. Firstly, it enables us to understand and analyze complex systems that
exist in various scientific disciplines. Many real-world phenomena, such as population
dynamics, fluid flow, electrical circuits, and chemical reactions, exhibit intricate behavior
that cannot be fully comprehended without the aid of mathematical models. Differential
equations provide a powerful framework for describing and quantifying the relationships
between different variables and their changes over time. By formulating and solving these
equations, we can unravel the underlying principles and laws governing the systems, leading
to a deeper understanding of their behavior. mathematical modeling with differential
equations offers predictive capabilities. Once a model is constructed and calibrated using
available data, it can be used to make predictions and forecasts. This is invaluable in
decision-making processes, as it allows us to anticipate the consequences of different
scenarios and evaluate the effectiveness of various strategies. For instance, in epidemiology,
differential equation models have been crucial in predicting the spread of infectious diseases
and evaluating the impact of different interventions. Furthermore, the study of mathematical
modeling via differential equations fosters the development of analytical and problem-solving
skills. It requires a combination of mathematical techniques, critical thinking, and domain-
specific knowledge to formulate appropriate equations, derive solutions, and interpret the
results. These skills are not only relevant within the realm of mathematics but also
transferable to other fields, equipping individuals with a valuable toolkit for tackling complex
problems in diverse domains. the study of mathematical modeling via differential equations is
essential because it enables us to understand complex systems, provides predictive
capabilities, and cultivates valuable analytical and problem-solving skills. By harnessing the
power of mathematical modeling, we can gain insights, make informed decisions, and

contribute to advancements in various scientific disciplines and real-world applications.

Literature Review

Boutayeb, A., & Chetouani, A. (2006). Mathematical models play a crucial role in various
scientific disciplines, providing a quantitative framework to describe and predict the behavior
of complex systems. However, the reliance on models raises questions about their accuracy
and validity, especially when confronted with real-world data. This critical review examines

the interplay between mathematical models and data, highlighting both the strengths and
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limitations of this relationship.The review begins by discussing the importance of
mathematical modeling in capturing the underlying mechanisms of a system and making
predictions. It explores how models are constructed based on theoretical assumptions and
mathematical equations, which may oversimplify or omit certain aspects of the real system.
These simplifications can lead to discrepancies between model predictions and empirical
data. The review then delves into the role of data in the validation and calibration of
mathematical models. Data provide a means to test the accuracy and predictive power of
models, and can also be used to estimate model parameters. However, challenges arise in
obtaining high-quality data that capture the complexity and variability of real-world systems.
Incomplete or biased data can introduce uncertainties and affect the reliability of model
outcomes. the review examines the concept of model uncertainty and its implications for the
interpretation of results. Models inherently involve assumptions and approximations, which
introduce uncertainties in their predictions. Understanding and quantifying these uncertainties

is essential for assessing the robustness and reliability of model outputs.

Qureshi, S., & Yusuf, A. (2019). Deforestation has emerged as a critical environmental issue
with significant impacts on wildlife species and ecosystem health. Mathematical modeling
provides a powerful tool to understand and predict the consequences of deforestation on
wildlife populations. In this study, we employ the Caputo differential operator to develop a
mathematical model that captures the dynamics of wildlife species in deforested habitats. The
proposed model incorporates key ecological factors such as reproduction, migration,
predation, and carrying capacity. By utilizing the Caputo fractional derivative, which
accounts for memory and non-local effects, we can effectively capture the long-term
consequences of deforestation on wildlife populations. We analyze the stability and
bifurcation behavior of the model to gain insights into the system’'s dynamics. Additionally,
sensitivity analysis is performed to identify the most influential parameters affecting wildlife
populations under deforestation scenarios. The results reveal the critical role of habitat loss
and degradation in driving population decline and local extinctions. the model is applied to
real-world case studies to demonstrate its practical utility. By fitting the model to empirical
data from deforested regions, we estimate the impact of deforestation on different wildlife

species and evaluate the effectiveness of potential conservation strategies.

Bonin, C. R. B et al. (2017). Mathematical modeling based on ordinary differential equations
(ODEs) is a powerful tool for studying various phenomena in science, engineering, and other

fields. In this study, we utilize ODEs to develop a mathematical model that captures the

=, A JFANS 2043

’ =
IW International Journal of
E?Dd.'ﬂ.:."'f Mutritionoal Sq:ic-nt‘:ﬁcs

i, T T




IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper (GR L) P AT WG TV MUGC CARE Listed ( Group -1) Journal Volume 11, Iss 8, 2022

dynamics of a specific system of interest. The proposed model incorporates relevant
variables, parameters, and relationships to describe the behavior and interactions within the
system. By formulating the model as a set of ODEs, we can analyze the system's dynamics
over time and make predictions about its future behavior. We explore the stability properties
of the model by performing stability analysis, which helps us understand the equilibrium
points and their stability. Additionally, bifurcation analysis is employed to investigate how
the system's behavior changes as key parameters vary. Sensitivity analysis is conducted to
identify the most influential parameters in the model, enabling us to assess their impact on the
system's output. This information is valuable for understanding the underlying mechanisms
driving the system and for optimizing its performance or response to external factors. The
model is validated using experimental or empirical data to ensure its accuracy and reliability.
Through model calibration and parameter estimation techniques, we refine the model to
better fit the observed data, improving its predictive capabilities.

Czocher, J. A. (2017). Emphasizing mathematical modeling principles can significantly
benefit students in a traditionally taught differential equations course. In this study, we
explore the advantages of incorporating mathematical modeling principles into the
curriculum and its impact on student learning and engagement. Traditionally, differential
equations courses focus on teaching the mathematical techniques and methods for solving
specific types of equations. However, by integrating mathematical modeling principles,
students are exposed to a broader perspective that emphasizes the real-world application of
differential equations. By introducing modeling scenarios and real-world problems, students
gain a deeper understanding of the relevance and practicality of the mathematical concepts
they are learning. They develop critical thinking skills and learn to translate real-world
situations into mathematical equations, fostering a more comprehensive understanding of the
subject. The incorporation of mathematical modeling principles also promotes
interdisciplinary thinking and encourages students to draw connections between mathematics
and other fields, such as physics, biology, engineering, and social sciences. Students learn to
appreciate the versatility of differential equations as a powerful tool for analyzing and solving
complex problems in various disciplines. emphasizing mathematical modeling principles
enhances students' problem-solving abilities. By working on modeling projects and case
studies, students are exposed to the entire problem-solving process, including formulating the
problem, selecting appropriate mathematical techniques, interpreting and analyzing the
results, and validating the model. Engaging in modeling activities also enhances students'

communication skills as they learn to effectively present and communicate their
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mathematical ideas and findings to both technical and non-technical audiences. Collaborative
work in modeling projects fosters teamwork and peer learning, enhancing the overall learning

experience.

Meena, A., & Rajendran, L. (2010). Mathematical modeling plays a crucial role in
understanding and optimizing the performance of amperometric and potentiometric
biosensors, which are widely used in biochemical analysis and diagnostics. In this study, we
develop a mathematical model to describe the behavior of these biosensors and formulate the
associated system of non-linear equations. The model incorporates the fundamental principles
of electrochemistry, enzyme kinetics, mass transport, and signal transduction mechanisms
specific to amperometric and potentiometric biosensors. By considering these factors, we can
accurately simulate the biosensor's response to analyte concentration and other relevant
variables. The system of non-linear equations represents the dynamic interplay between
different components of the biosensor, including the enzymatic reaction, electron transfer,
diffusion, and ion concentration. Solving this system allows us to determine the biosensor's
output, such as current or potential, as a function of the analyte concentration and other input
parameters. We employ numerical techniques, such as finite difference or finite element
methods, to solve the system of non-linear equations. These methods provide efficient and
accurate solutions, considering the complex nature of the biosensor's behavior. The model is
validated using experimental data obtained from real biosensor measurements. Through
calibration and parameter estimation, we refine the model to improve its predictive
capabilities and ensure its accuracy in representing the biosensor's response under different

conditions.

Escalante-Martinez, et al (2018) Circadian rhythms play a vital role in regulating various
biological processes, including sleep-wake cycles, hormone secretion, and metabolism.
Mathematical modeling provides a powerful tool for understanding and predicting the
synchronization of circadian rhythms. In this study, we develop a mathematical model using
a system of coupled van der Pol oscillators described by fractional differential equations. The
model captures the dynamics of individual circadian oscillators as well as their interaction
and synchronization within a biological system. The van der Pol oscillator, known for its
ability to represent self-sustained oscillations, serves as the basis for modeling the individual
circadian rhythms. Fractional differential equations, which generalize the concept of
derivatives to non-integer orders, are employed to incorporate memory and non-local effects

in the model. This allows for a more accurate representation of the complex dynamics and
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synchronization phenomena observed in circadian rhythms. The coupled van der Pol
oscillators capture the mutual influence and synchronization among individual circadian
rhythms. The coupling strength between oscillators determines the degree of synchronization
and can be modulated to investigate the effects of external cues, such as light-dark cycles or
social interactions. Stability analysis and bifurcation analysis are performed to analyze the
dynamics of the model. These analyses provide insights into the stability of synchronized
states and the emergence of various patterns, such as phase locking or frequency entrainment,
under different parameter settings. The model is validated using experimental data obtained
from circadian rhythm studies, ensuring its accuracy and relevance. By fitting the model to
empirical data, we can estimate model parameters and assess its ability to capture the
observed synchronization patterns. The developed mathematical model offers a deeper
understanding of circadian rhythm synchronization and its underlying mechanisms. It
provides a framework for studying the effects of perturbations, such as jet lag or shift work,

on circadian rhythms and exploring potential interventions for circadian-related disorders.
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