differential equations as mathematical
models

Differential Equations as Mathematical Models: Understanding Their Role and
Applications

differential equations as mathematical models have become indispensable tools
in understanding the complexities of the natural and engineered world.
Whether predicting the growth of populations, modeling the flow of heat, or
describing electrical circuits, these equations bridge theoretical
mathematics with real-world phenomena. At their core, differential equations
capture how quantities change and interact, revealing patterns that static
numbers alone cannot express.

What Are Differential Equations and Why Use
Them as Models?

Differential equations are mathematical expressions involving derivatives,
which represent rates of change. Unlike algebraic equations that solve for
unknown values, differential equations solve for functions that satisfy
specific relationships involving their rates of change. This makes them
uniquely suited for modeling dynamic systems—those that evolve over time or
space.

When we talk about differential equations as mathematical models, we'’re
referring to their role in translating physical, biological, or social
processes into a language that can be analyzed and solved. For example, a
simple model of population growth might use a differential equation to
describe how the number of individuals changes over time, factoring in birth
and death rates.

The Essence of Modeling with Differential Equations

Mathematical modeling involves abstracting a real-world situation into a
mathematical framework. Differential equations allow this by connecting
variables and their changes. The process usually follows these steps:

1. Identify the key variables and parameters relevant to the system.

2. Formulate relationships between these variables based on physical laws,
empirical observations, or theoretical reasoning.

3. Express these relationships in terms of derivatives, resulting in
differential equations.

4. Solve or analyze these equations to gain insights or make predictions.

This approach not only helps in understanding existing systems but also in
designing new ones, optimizing performance, or controlling outcomes.



Types of Differential Equations in Mathematical
Modeling

Differential equations come in many flavors, each suited to different kinds
of problems. Understanding these types is crucial for choosing the right
model.

Ordinary Differential Equations (ODEs)

ODEs involve functions with one independent variable, commonly time. They are
widely used to model systems where changes depend on a single dimension. For
instance, Newton’s law of cooling, which describes how an object’s
temperature changes over time, uses an ODE.

Partial Differential Equations (PDEs)

When systems depend on multiple variables, such as time and space, PDEs come
into play. These equations involve partial derivatives with respect to each
independent variable. PDEs are essential in physics and engineering—for
example, the heat equation models how temperature varies across a material
over time.

Linear vs. Nonlinear Differential Equations

- **Linear equations** are those in which the unknown function and its
derivatives appear to the first power and are not multiplied together. They
often allow for straightforward solutions and superposition principles.

- **Nonlinear equations** involve powers, products, or other nonlinear
functions of the unknowns or their derivatives. These models can describe
more complex phenomena like chaos, turbulence, or population dynamics with
feedback loops.

Applications of Differential Equations as
Mathematical Models

Differential equations permeate many scientific and engineering disciplines.
Here are some compelling examples illustrating their versatility.

Physics and Engineering

— **Motion and Mechanics:** Newton’s second law forms the basis for many
mechanical models, relating acceleration to forces via second-order
differential equations.

- **Electromagnetism:** Maxwell’'s equations describe electric and magnetic
fields using PDEs, foundational for wireless communication and electrical
engineering.



— **Fluid Dynamics:** The Navier-Stokes equations, a set of nonlinear PDEs,
model the flow of fluids and gases, vital for aerodynamics and weather
forecasting.

Biology and Medicine

— **Population Modeling:** The logistic growth model uses an ODE to describe
how populations grow rapidly initially but slow as they approach a carrying
capacity.

- **Epidemiology:** Models such as the SIR (Susceptible-Infected-Recovered)
framework use systems of ODEs to predict disease spread and inform public
health strategies.

- **Neuroscience:** Differential equations model nerve impulses and synaptic
transmissions, helping us understand brain functions and disorders.

Economics and Social Sciences

— **Economic Growth Models:** Differential equations model capital
accumulation, consumption, and investment dynamics over time.

- **Market Dynamics:** Models of supply, demand, and price fluctuations often
incorporate differential equations to capture continuous changes.

— **Social Behavior:** Some sociological models use differential equations to
study opinion formation, diffusion of innovations, or crowd dynamics.

Challenges and Tips in Using Differential
Equations for Modeling

While differential equations offer powerful modeling capabilities, they come
with challenges:

Complexity and Solvability

Not all differential equations have closed-form solutions. Many real-world
models lead to nonlinear or high-dimensional equations that require numerical
methods and computational tools. Understanding the limitations and
approximations involved is essential.

Parameter Estimation

Accurate modeling depends on reliable parameters. Often, these must be
estimated from experimental data, which can be noisy or incomplete.
Techniques like curve fitting, optimization, or Bayesian inference are
commonly used.



Interpretation and Validation

A model is only as good as its predictive power. Validating the model against
observed data ensures its relevance. Sometimes, simplifying assumptions made
during modeling must be revisited to improve accuracy.

Practical Tips for Effective Modeling

e Start simple: Begin with basic models and gradually incorporate
complexity as needed.

e Use software tools: MATLAB, Mathematica, Python libraries (SciPy,
SymPy), and others facilitate solving and visualizing differential
equations.

e Collaborate across disciplines: Combining domain expertise with
mathematical skills leads to more realistic models.

e Focus on interpretation: Instead of just finding solutions, analyze
their behavior and implications.

The Future of Differential Equations as
Mathematical Models

With the growing availability of data and computational power, differential
equations continue to evolve as modeling tools. Hybrid models that combine
differential equations with machine learning techniques are emerging,
offering new ways to tackle complex systems where traditional approaches fall
short.

Moreover, advancements in numerical methods and software have democratized
access to sophisticated modeling, enabling researchers and practitioners
across various fields to harness the power of differential equations in their
work.

Exploring differential equations as mathematical models not only deepens our
understanding of dynamic processes but also equips us with the means to
innovate and solve pressing challenges in science, technology, and beyond.
The journey from abstract derivatives to tangible insights is a testament to
the enduring relevance of mathematics in interpreting the world around us.

Frequently Asked Questions

What is a differential equation in the context of
mathematical modeling?

A differential equation is an equation that relates a function with its



derivatives. In mathematical modeling, it describes how a quantity changes
over time or space, allowing us to model dynamic systems and processes.

Why are differential equations important for
mathematical models?

Differential equations are important because they provide a precise way to
model the behavior of complex systems that change continuously, such as
population growth, heat transfer, fluid dynamics, and electrical circuits.

What types of differential equations are commonly
used in mathematical models?

The most common types are ordinary differential equations (ODEs), which
involve functions of a single variable, and partial differential equations
(PDEs), which involve functions of multiple variables and their partial
derivatives.

How can initial conditions affect the solutions of
differential equations in models?

Initial conditions specify the state of the system at the start of
observation. They are crucial because differential equations often have
multiple solutions, and the initial conditions help determine the unique
solution that accurately represents the modeled system.

Can you give an example of a real-world phenomenon
modeled by differential equations?

An example is the spread of infectious diseases modeled by the SIR model,
which uses a system of differential equations to describe the rates of
susceptible, infected, and recovered individuals over time.

What role do numerical methods play in solving
differential equations in models?

Numerical methods approximate solutions to differential equations that cannot
be solved analytically. They are essential for simulating real-world models
where exact solutions are difficult or impossible to obtain.

How do differential equations help in predicting
future behavior of systems?

By modeling the rate of change of system variables, differential equations
allow us to simulate and forecast how the system evolves over time under
given conditions, aiding in prediction and decision-making.

What challenges arise when using differential
equations as mathematical models?

Challenges include accurately formulating the equations to represent the
system, dealing with complex or nonlinear equations, sensitivity to initial



conditions, and computational difficulties in solving them.

How do parameter estimation and sensitivity analysis
relate to differential equation models?

Parameter estimation involves determining the values of constants in the
differential equations from data, while sensitivity analysis studies how
changes in parameters affect the model's behavior, both critical for building
reliable and robust models.

Additional Resources

Differential Equations as Mathematical Models: An Analytical Overview

differential equations as mathematical models occupy an indispensable place
in the realm of applied mathematics, serving as crucial tools for describing
dynamic systems and phenomena across a multitude of scientific disciplines.
From physics and engineering to biology and economics, these equations
provide a structured framework to capture relationships involving rates of
change, enabling researchers and practitioners to predict future behavior,
optimize processes, and deepen theoretical understanding. This article delves
into the nature of differential equations as mathematical models, exploring
their various forms, applications, and the inherent challenges and advantages
they present.

The Role of Differential Equations in Modeling
Complex Systems

Differential equations encapsulate the essence of continuous change by
relating a function to its derivatives. As mathematical models, they
translate real-world phenomena into equations that can be analyzed, solved,
or approximated. This translation is particularly powerful because many
natural and engineered systems evolve over time or space, making differential
equations a natural language for expressing these dynamics.

In essence, differential equations link dependent variables to their rates of
change—whether that be velocity as the rate of change of position, population
growth rates, or thermal diffusion. By incorporating initial or boundary
conditions, these models become predictive tools capable of simulating
outcomes under various scenarios.

Types of Differential Equations Commonly Used in
Modeling

Understanding differential equations as mathematical models requires
familiarity with their classifications:

e Ordinary Differential Equations (ODEs): These involve functions of a
single variable and their derivatives. ODEs are extensively used in
modeling mechanical systems, chemical reactions, and population



dynamics.

e Partial Differential Equations (PDEs): PDEs involve multiple independent
variables and partial derivatives. They are essential in describing
phenomena like heat conduction, fluid flow, and electromagnetic fields.

e Linear vs. Nonlinear Differential Equations: Linear equations involve
terms linear in the unknown function and its derivatives, often allowing
closed-form solutions. Nonlinear equations, which arise frequently in
real-world systems, exhibit more complex behaviors such as chaos and
bifurcations.

FEach type embodies unique analytical and computational challenges,
influencing their applicability and solution strategies.

Applications of Differential Equations as
Mathematical Models

The versatility of differential equations as mathematical models manifests
vividly across varied fields. Their ability to mirror system dynamics makes
them invaluable for both theoretical exploration and practical problem-—
solving.

Physics and Engineering

In physics, differential equations underpin classical mechanics,
electromagnetism, and quantum mechanics. Newton’s second law, expressed as an
ODE, governs motion by relating acceleration to force. Similarly, Maxwell’s
equations, a set of PDEs, describe how electric and magnetic fields propagate
and interact.

Engineering disciplines exploit differential equations to model structural
vibrations, electrical circuits, control systems, and fluid mechanics. For
example, the Navier-Stokes equations—complex PDEs—describe fluid flow,
playing a critical role in aerodynamics and weather prediction.

Biology and Medicine

Biological systems often exhibit nonlinear and time-dependent behavior,
making differential equations ideal for capturing growth rates, population
interactions, and the spread of diseases. Models such as the Lotka-Volterra
equations describe predator-prey dynamics, while compartmental models based
on differential equations simulate infectious disease transmission, critical
for public health planning.

In medicine, pharmacokinetics employs differential equations to model drug
absorption, distribution, metabolism, and excretion, optimizing dosage
regimens for individual patients.



Economics and Social Sciences

Economic models frequently incorporate differential equations to represent
changes in capital accumulation, market dynamics, or consumer behavior over
time. The Solow growth model, for instance, uses ODEs to describe economic
growth, while differential game theory addresses strategic interactions
involving time-dependent decisions.

Social sciences leverage these models to study phenomena like population

migration patterns and opinion dynamics, offering quantitative insights into
complex societal processes.

Advantages and Limitations of Using
Differential Equations as Models

While differential equations provide a powerful modeling framework, their use
comes with both strengths and challenges.

Advantages

e Expressiveness: Their capacity to represent continuous change makes them
highly expressive for dynamic systems.

e Predictive Power: When coupled with initial or boundary conditions,
these models can forecast future states accurately.

e Wide Applicability: Applicable across disciplines, from physics to
economics, fostering interdisciplinary research.

e Analytical and Numerical Methods: A rich arsenal of solution techniques

exists, ranging from closed-form solutions to sophisticated numerical
algorithms.

Limitations

e Complexity: Nonlinear and high-dimensional differential equations often
resist analytical solutions, necessitating approximation methods.

e Parameter Identification: Accurate modeling depends on precise parameter
estimation, which can be difficult in practice.

e Computational Intensity: Numerical solutions, especially for PDEs in
multiple dimensions, may require significant computational resources.

e Model Assumptions: Simplifications and assumptions inherent in the
modeling process may limit real-world applicability.



Balancing these factors is crucial for effective modeling and interpretation.

Contemporary Trends and Computational Advances

The landscape of differential equations as mathematical models is continually
evolving, propelled by computational advancements and interdisciplinary
integration.

Numerical Methods and Simulation

Modern computational techniques such as finite element methods, finite
difference methods, and spectral methods have revolutionized the ability to
solve complex differential equations numerically. High-performance computing
enables simulations of multi-scale and multi-physics problems that were
previously intractable.

Data-Driven Modeling and Machine Learning Integration

The fusion of traditional differential equation models with data-driven
approaches has opened new horizons. Techniques like system identification and
physics—-informed neural networks (PINNs) leverage observational data to
enhance model accuracy, bridging gaps where first-principle models fall
short.

Symbolic Computation and Software Tools

Software platforms such as MATLAB, Mathematica, and Python libraries (e.g.,
SciPy, SymPy) provide accessible environments for formulating, analyzing, and
solving differential equations. These tools democratize modeling
capabilities, supporting education and research alike.

Exploring differential equations as mathematical models continues to be a
vibrant area, combining rigorous mathematical theory with practical
computational methods to address increasingly complex challenges in science
and engineering.

Differential Equations As Mathematical Models

differential equations as mathematical models: Mathematical Modelling with Case Studies
B. Barnes, G..R. Fulford, 2011-03-23 Focusing on growth and decay processes, interacting
populations, and heating/cooling problems, Mathematical Modelling with Case Studies: A
Differential Equations Approach using Maple and MATLAB, Second Edition presents mathematical
techniques applicable to models involving differential equations that describe rates of change.
Although the authors

differential equations as mathematical models: Modelling with Ordinary Differential
Equations T.P. Dreyer, 2017-09-06 Modelling with Ordinary Differential Equations integrates
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standard material from an elementary course on ordinary differential equations with the skills of
mathematical modeling in a number of diverse real-world situations. Each situation highlights a
different aspect of the theory or modeling. Carefully selected exercises and projects present
excellent opportunities for tutorial sessions and self-study.This text/reference addresses common
types of first order ordinary differential equations and the basic theory of linear second order
equations with constant coefficients. It also explores the elementary theory of systems of differential
equations, Laplace transforms, and numerical solutions. Theorems on the existence and uniqueness
of solutions are a central feature. Topics such as curve fitting, time-delay equations, and phase plane
diagrams are introduced. The book includes algorithms for computer programs as an integral part of
the answer-finding process. Professionals and students in the social and biological sciences, as well
as those in physics and mathematics will find this text/reference indispensable for self-study.

differential equations as mathematical models: Practical Course In Differential
Equations And Mathematical Modelling, A: Classical And New Methods. Nonlinear
Mathematical Models. Symmetry And Invariance Principles Nail H Ibragimov, 2009-11-19 A
Practical Course in Differential Equations and Mathematical Modelling is a unique blend of the
traditional methods of ordinary and partial differential equations with Lie group analysis enriched by
the author's own theoretical developments. The book — which aims to present new mathematical
curricula based on symmetry and invariance principles — is tailored to develop analytic skills and
“working knowledge” in both classical and Lie's methods for solving linear and nonlinear equations.
This approach helps to make courses in differential equations, mathematical modelling, distributions
and fundamental solution, etc. easy to follow and interesting for students. The book is based on the
author's extensive teaching experience at Novosibirsk and Moscow universities in Russia, College de
France, Georgia Tech and Stanford University in the United States, universities in South Africa,
Cyprus, Turkey, and Blekinge Institute of Technology (BTH) in Sweden. The new curriculum
prepares students for solving modern nonlinear problems and will essentially be more appealing to
students compared to the traditional way of teaching mathematics.

differential equations as mathematical models: Differential Equations As Models In
Science And Engineering Gregory Richard Baker, 2016-07-25 This textbook develops a coherent
view of differential equations by progressing through a series of typical examples in science and
engineering that arise as mathematical models. All steps of the modeling process are covered:
formulation of a mathematical model; the development and use of mathematical concepts that lead
to constructive solutions; validation of the solutions; and consideration of the consequences. The
volume engages students in thinking mathematically, while emphasizing the power and relevance of
mathematics in science and engineering. There are just a few guidelines that bring coherence to the
construction of solutions as the book progresses through ordinary to partial differential equations
using examples from mixing, electric circuits, chemical reactions and transport processes, among
others. The development of differential equations as mathematical models and the construction of
their solution is placed center stage in this volume.

differential equations as mathematical models: Differential Models Alexander Solodov,
Valery Ochkov, 2005 Differential equations are often used in mathematical models for technological
processes or devices. However, the design of a differential mathematical model iscrucial anddifficult
in engineering. As a hands-on approach to learn how to pose a differential mathematical modelthe
authors have selected 9 examples with important practical application and treat them as following:-
Problem-setting and physical model formulation- Designing the differential mathematical model-
Integration of the differential equations- Visualization of results Each step of the development ofa
differential model isenriched by respective Mathcad 11commands, todays necessary linkage of
engineering significance and high computing complexity. TOC:Differential Mathematical Models.-
Integrable Differential Equations.- Dynamic Model of the System with Heat Engineering.- Stiff
Differential Equations.- Heat Transfer near the Critical Point.- The Faulkner- Skan Equation of
Boundary Layer.- The Rayleigh Equation: Hydronamic Instability.- Kinematic Waves of Concentration
in Ion- Exchange Filters.- Kinematic Shock Waves.- Numerical Modelling of the CPU-board



Temperature Field.- Temperature Waves.

differential equations as mathematical models: Differential Equations with MATI.AB Mark
McKibben, Micah D. Webster, 2014-09-08 A unique textbook for an undergraduate course on
mathematical modeling, Differential Equations with MATLAB: Exploration, Applications, and Theory
provides students with an understanding of the practical and theoretical aspects of mathematical
models involving ordinary and partial differential equations (ODEs and PDEs). The text presents a
unifying picture inherent to the study and analysis of more than 20 distinct models spanning
disciplines such as physics, engineering, and finance. The first part of the book presents systems of
linear ODEs. The text develops mathematical models from ten disparate fields, including
pharmacokinetics, chemistry, classical mechanics, neural networks, physiology, and electrical
circuits. Focusing on linear PDEs, the second part covers PDEs that arise in the mathematical
modeling of phenomena in ten other areas, including heat conduction, wave propagation, fluid flow
through fissured rocks, pattern formation, and financial mathematics. The authors engage students
by posing questions of all types throughout, including verifying details, proving conjectures of actual
results, analyzing broad strokes that occur within the development of the theory, and applying the
theory to specific models. The authors’ accessible style encourages students to actively work
through the material and answer these questions. In addition, the extensive use of MATLAB® GUIs
allows students to discover patterns and make conjectures.

differential equations as mathematical models: Mathematical Modeling ]. N. Kapur,
2023-02-15 This book can be used in courses on mathematical modeling at the senior undergraduate
or graduate level, or used as a reference for in-service scientists and engineers. The book provides
an overview of mathematical modeling through a panoramic view of applications of mathematics in
science and technology. In each chapter, mathematical models are chosen from the physical,
biological, social, economic, management, and engineering sciences. The models deal with different
concepts, but have a common mathematical structure and bring out the unifying influence of
mathematical modeling in different disciplines. Features: Provides a balance between theory and
applications Features models from the physical, biological, social, economic, management, and
engineering sciences

differential equations as mathematical models: Methods of Mathematical Modelling
Thomas Witelski, Mark Bowen, 2015-09-18 This book presents mathematical modelling and the
integrated process of formulating sets of equations to describe real-world problems. It describes
methods for obtaining solutions of challenging differential equations stemming from problems in
areas such as chemical reactions, population dynamics, mechanical systems, and fluid mechanics.
Chapters 1 to 4 cover essential topics in ordinary differential equations, transport equations and the
calculus of variations that are important for formulating models. Chapters 5 to 11 then develop more
advanced techniques including similarity solutions, matched asymptotic expansions, multiple scale
analysis, long-wave models, and fast/slow dynamical systems. Methods of Mathematical Modelling
will be useful for advanced undergraduate or beginning graduate students in applied mathematics,
engineering and other applied sciences.

differential equations as mathematical models: Modeling by Nonlinear Differential
Equations Paul E. Phillipson, Peter Schuster, 2009 This book aims to provide mathematical analyses
of nonlinear differential equations, which have proved pivotal to understanding many phenomena in
physics, chemistry and biology. Topics of focus are autocatalysis and dynamics of molecular
evolution, relaxation oscillations, deterministic chaos, reaction diffusion driven chemical pattern
formation, solitons and neuron dynamics. Included is a discussion of processes from the viewpoints
of reversibility, reflected by conservative classical mechanics, and irreversibility introduced by the
dissipative role of diffusion. Each chapter presents the subject matter from the point of one or a few
key equations, whose properties and consequences are amplified by approximate analytic solutions
that are developed to support graphical display of exact computer solutions.--back cover.

differential equations as mathematical models: Differential Equations Robert L. Borrelli,
Courtney S. Coleman, 2004-01-02 This effective and practical new edition continues to focus on



differential equations as a powerful tool in constructing mathematical models for the physical world.
It emphasizes modeling and visualization of solutions throughout. Each chapter introduces a model
and then goes on to look at solutions of the differential equations involved using an integrated
analytical, numerical, and qualitative approach. The authors present the material in a way that's
clear and understandable to students at all levels. Throughout the text the authors convey their
enthusiasm and excitement for the study of ODEs.

differential equations as mathematical models: Differential Equations Courtney Brown,
2007-05-18 'Differential Equations: A Modeling Approach' explains the mathematics and theory of
differential equations. Graphical methods of analysis are emphasized over formal proofs, making the
text even more accessible for newcomers to the subject matter.

differential equations as mathematical models: Modeling with Differential Equations in
Chemical Engineering Stanley M. Walas, 1991 'Modelling with Differential Equations in Chemical
Engineering' covers the modelling of rate processes of engineering in terms of differential equations.
While it includes the purely mathematical aspects of the solution of differential equations, the main
emphasis is on the derivation and solution of major equations of engineering and applied science.
Methods of solving differential equations by analytical and numerical means are presented in detail
with many solved examples, and problems for solution by the reader. Emphasis is placed on
numerical and computer methods of solution. A key chapter in the book is devoted to the principles
of mathematical modelling. These principles are applied to the equations in important engineering
areas. The major disciplines covered are thermodynamics, diffusion and mass transfer, heat transfer,
fluid dynamics, chemical reactions, and automatic control. These topics are of particular value to
chemical engineers, but also are of interest to mechanical, civil, and environmental engineers, as
well as applied scientists. The material is also suitable for undergraduate and beginning graduate
students, as well as for review by practising engineers.

differential equations as mathematical models: A Compendium of Partial Differential
Equation Models , 2009 Mathematical modelling of physical and chemical systems is used
extensively throughout science, engineering, and applied mathematics. To use mathematical models,
one needs solutions to the model equations; this generally requires numerical methods. This book
presents numerical methods and associated computer code in Matlab for the solution of a spectrum
of models expressed as partial differential equations (PDEs). The authors focus on the method of
lines (MOL), a well-established procedure for all major classes of PDEs, where the boundary value
partial derivatives are approximated algebraically by finite differences. This reduces the PDEs to
ordinary differential equations (ODEs) and makes the computer code easy to understand, implement,
and modify. Also, the ODEs (via MOL) can be combined with any other ODEs that are part of the
model (so that MOL naturally accommodates ODE/PDE models). This book uniquely includes a
detailed line-by-line discussion of computer code related to the associated PDE model.

differential equations as mathematical models: Modelling with Differential Equations David
N. Burghes, Morag S. Borrie, 1981 Motivated by the authors' combined ability and experience, this
book is about the concepts of mathematical modelling with the use of differential equations, as a
powerful technique of mathematical analysis. It is both enjoyable to read, and informative. The
reader's mind is continually exercised by enlightenment, or recollection, or enquiry; either
something new is to be learned, or something known is to be re-examined. It is with mathematical
clarity that the authors explain the theory of ordinary differential equations and introduce their
manifold applications. They show a skillful and imaginative succession of applications introducing
such instances as accident risk or fish population; forgery detection in old masters or kidney
life-support machines; and many others. They show the influence of these mathematical probes into
problems occurring in biology, economics, geography, medicine, planning, psychology, or sociology.

differential equations as mathematical models: Mathematical Modeling using Differential
Equations, and Network Theory Ioannis Dassios, 2020-06-23 This Special Issue collects the latest
results on differential/difference equations, the mathematics of networks, and their applications to
engineering and physical phenomena. It features nine high-quality papers that were published with



original research results. The Special Issue brings together mathematicians with physicists,
engineers, as well as other scientists.

differential equations as mathematical models: An Introduction to Mathematical
Modeling Edward A. Bender, 2000-03-06 Accessible text features over 100 reality-based examples
pulled from the science, engineering and operations research fields. Prerequisites: ordinary
differential equations, continuous probability. Numerous references. Includes 27 black-and-white
figures. 1978 edition.

differential equations as mathematical models: Mathematical Modeling Sandip Banerjee,
2014-02-07 Almost every year, a new book on mathematical modeling is published, so, why another?
The answer springs directly from the fact that it is very rare to find a book that covers modeling with
all types of differential equations in one volume. Until now. Mathematical Modeling: Models,
Analysis and Applications covers modeling with all kinds of differential equations, namely ordinary,
partial, delay, and stochastic. The book also contains a chapter on discrete modeling, consisting of
differential equations, making it a complete textbook on this important skill needed for the study of
science, engineering, and social sciences. More than just a textbook, this how-to guide presents tools
for mathematical modeling and analysis. It offers a wide-ranging overview of mathematical ideas and
techniques that provide a number of effective approaches to problem solving. Topics covered include
spatial, delayed, and stochastic modeling. The text provides real-life examples of discrete and
continuous mathematical modeling scenarios. MATLAB® and Mathematica® are incorporated
throughout the text. The examples and exercises in each chapter can be used as problems in a
project. Since mathematical modeling involves a diverse range of skills and tools, the author focuses
on techniques that will be of particular interest to engineers, scientists, and others who use models
of discrete and continuous systems. He gives students a foundation for understanding and using the
mathematics that is the basis of computers, and therefore a foundation for success in engineering
and science streams.

differential equations as mathematical models: Mathematical Modelling with
Differential Equations Ronald E. Mickens, 2022 Mathematical Modeling with Differential
Equations aims to introduce various strategies for modeling systems using differential equations.
Some of these methodologies are elementary and quite direct to comprehend and apply while others
are complex in nature and require thoughtful, deep contemplation. Many topics discussed in the
chapter do not appear in any of the standard textbooks and this provides users an opportunity to
consider a more general set of interesting systems that can be modeled. For example, the book
investigates the evolution of a toy universe, discusses why alternate futures exists in classical
physics, constructs approximate solutions to the famous Thomas-Fermi equation using only algebra
and elementary calculus, and examines the importance of truly nonlinear and oscillating systems.
Features -- Introduces, defines, and illustrates the concept of dynamic consistency as the foundation
of modeling -- Can be used as the basis of an upper-level undergraduate course on general
procedures for mathematical modeling using differential equations -- Discusses the issue of
dimensional analysis and continually demonstrates its value for both the construction and analysis of
mathematical modeling--

differential equations as mathematical models: Introduction to Computation and Modeling
for Differential Equations Lennart Edsberg, 2013-06-05 An introduction to scientific computing for
differential equations Introduction to Computation and Modeling for Differential Equations provides
a unified and integrated view of numerical analysis, mathematical modeling in applications, and
programming to solve differential equations, which is essential in problem-solving across many
disciplines, such as engineering, physics, and economics. This book successfully introduces readers
to the subject through a unique Five-M approach: Modeling, Mathematics, Methods, MATLAB, and
Multiphysics. This approach facilitates a thorough understanding of how models are created and
preprocessed mathematically with scaling, classification, and approximation, and it also illustrates
how a problem is solved numerically using the appropriate mathematical methods. The book's
approach of solving a problem with mathematical, numerical, and programming tools is unique and




covers a wide array of topics, from mathematical modeling to implementing a working computer
program. The author utilizes the principles and applications of scientific computing to solve
problems involving: Ordinary differential equations Numerical methods for Initial Value Problems
(IVPs) Numerical methods for Boundary Value Problems (BVPs) Partial Differential Equations (PDEs)
Numerical methods for parabolic, elliptic, and hyperbolic PDEs Mathematical modeling with
differential equations Numerical solution Finite difference and finite element methods Real-world
examples from scientific and engineering applications including mechanics, fluid dynamics, solid
mechanics, chemical engineering, electromagnetic field theory, and control theory are solved
through the use of MATLAB and the interactive scientific computing program Comsol Multiphysics.
Numerous illustrations aid in the visualization of the solutions, and a related Web site features
demonstrations, solutions to problems, MATLAB programs, and additional data. Introduction to
Computation and Modeling for Differential Equations is an ideal text for courses in differential
equations, ordinary differential equations, partial differential equations, and numerical methods at
the upper-undergraduate and graduate levels. The book also serves as a valuable reference for
researchers and practitioners in the fields of mathematics, engineering, and computer science who
would like to refresh and revive their knowledge of the mathematical and numerical aspects as well
as the applications of scientific computation.

differential equations as mathematical models: Differential Equation Models Martin Braun,
Courtney S. Coleman, Donald A. Drew, 2012-12-06 The purpose of this four volume series is to make
available for college teachers and students samples of important and realistic applications of
mathematics which can be covered in undergraduate programs. The goal is to provide illustrations
of how modem mathematics is actually employed to solve relevant contemporary problems. Although
these independent chapters were prepared primarily for teachers in the general mathematical
sciences, they should prove valuable to students, teachers, and research scientists in many of the
fields of application as well. Prerequisites for each chapter and suggestions for the teacher are
provided. Several of these chapters have been tested in a variety of classroom settings, and all have
undergone extensive peer review and revision. Illustrations and exercises are included in most
chapters. Some units can be covered in one class, whereas others provide sufficient material for a
few weeks of class time. Volume 1 contains 23 chapters and deals with differential equations and, in
the last four chapters, problems leading to partial differential equations. Applications are taken from
medicine, biology, traffic systems and several other fields. The 14 chapters in Volume 2 are devoted
mostly to problems arising in political science, but they also address questions appearing in
sociology and ecology. Topics covered include voting systems, weighted voting, proportional
representation, coalitional values, and committees. The 14 chapters in Volume 3 emphasize discrete
mathematical methods such as those which arise in graph theory, combinatorics, and networks.
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