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Applied Partial Differential Equations J David Logan is a significant work in the field
of applied mathematics, particularly for students and professionals interested in the
practical applications of partial differential equations (PDEs). J. David Logan's textbook
provides a comprehensive approach to understanding the theory and application of PDEs
in various scientific and engineering contexts. This article delves into the key concepts,
methodologies, and applications presented in Logan's work, as well as its importance in
both academic and real-world scenarios.

Understanding Partial Differential Equations

Partial differential equations are mathematical equations that involve functions and their
partial derivatives. They are essential in describing various phenomena in physics,
engineering, finance, and other fields. Logan's book focuses on the applied aspects of
PDEs, making it an invaluable resource for those looking to solve practical problems using
mathematical modeling.

Types of Partial Differential Equations

In Logan's work, he categorizes PDEs into several types, each with its own characteristics
and applications:

1. Elliptic Equations: These equations are often used in steady-state problems, such as
heat distribution and electrostatics.
2. Parabolic Equations: Parabolic PDEs are typically used to model diffusion processes,
such as heat conduction over time.
3. Hyperbolic Equations: These equations are crucial for wave propagation problems,
including sound waves and vibrations.

Key Concepts in Applied PDEs

Logan’s book emphasizes several key concepts that are foundational to understanding
applied partial differential equations:

1. Boundary and Initial Conditions

Boundary and initial conditions are critical in solving PDEs. Logan discusses:



- Dirichlet Boundary Conditions: Specifying the function's value on the boundary of the
domain.
- Neumann Boundary Conditions: Specifying the derivative of the function on the
boundary.
- Mixed Boundary Conditions: A combination of Dirichlet and Neumann conditions.

2. Mathematical Techniques for Solving PDEs

Logan outlines various mathematical techniques for solving PDEs, including:

- Separation of Variables: A method that reduces a PDE to simpler ODEs by assuming a
solution can be expressed as a product of functions, each depending on a single variable.
- Fourier Series and Transforms: Techniques used to convert PDEs into algebraic
equations, making them easier to solve.
- Green's Functions: A method for solving inhomogeneous linear differential equations
subject to boundary conditions.

3. Numerical Methods

In addition to analytical techniques, Logan also covers numerical methods, which are
essential when analytical solutions are difficult or impossible to obtain. Key numerical
methods discussed include:

- Finite Difference Method: A technique that approximates derivatives by using differences
between function values at discrete points.
- Finite Element Method: A numerical method for solving PDEs by breaking down a large
problem into smaller, simpler parts called finite elements.
- Spectral Methods: Techniques that involve expanding the solution in terms of known
basis functions, allowing for high accuracy with fewer grid points.

Applications of Applied Partial Differential
Equations

Logan's textbook highlights a variety of applications of PDEs across different fields. Some
notable applications include:

1. Physics and Engineering

PDEs are extensively used in physics and engineering to model:

- Fluid Dynamics: Navier-Stokes equations describe the motion of fluid substances.
- Heat Transfer: The heat equation models the distribution of heat in a given region over



time.
- Electromagnetism: Maxwell's equations govern the behavior of electric and magnetic
fields.

2. Finance and Economics

In finance, PDEs are used to model:

- Option Pricing: The Black-Scholes equation is a famous PDE that describes the dynamics
of option pricing.
- Risk Management: PDEs help in modeling the evolution of financial derivatives.

3. Biology and Medicine

PDEs also find applications in biology and medicine, such as:

- Population Dynamics: Models like the Fisher-KPP equation describe how populations
evolve over time and space.
- Diffusion of Substances: PDEs are used to model the diffusion of chemicals in biological
tissues.

Learning Outcomes from Logan's Textbook

Studying applied partial differential equations through Logan’s textbook equips readers
with several valuable skills:

- Analytical Problem-Solving: Developing the ability to analyze and solve complex PDEs
using different mathematical techniques.
- Numerical Approaches: Gaining proficiency in using numerical methods to tackle PDEs
that do not have analytical solutions.
- Application of Theory: Understanding how to apply theoretical concepts to real-world
problems in various disciplines.

Recommended Prerequisites

To fully benefit from Logan's textbook, readers are encouraged to have a foundational
understanding of:

- Calculus: Knowledge of single and multivariable calculus is essential.
- Ordinary Differential Equations: Familiarity with ODEs provides a solid groundwork for
understanding PDEs.
- Linear Algebra: Matrix operations and vector spaces play a crucial role in many
numerical methods.



Conclusion

Applied Partial Differential Equations J David Logan serves as an essential resource
for students and professionals alike, bridging theoretical knowledge and practical
application. Logan's comprehensive treatment of the subject, alongside numerous
examples and applications, makes it an invaluable tool for anyone looking to delve into the
world of PDEs. By understanding the principles outlined in this textbook, one can
effectively tackle complex problems across various scientific and engineering domains,
making it a must-read for aspiring applied mathematicians.

Frequently Asked Questions

What is the main focus of 'Applied Partial Differential
Equations' by J. David Logan?
The main focus of 'Applied Partial Differential Equations' is to provide a comprehensive
introduction to the theory and applications of partial differential equations (PDEs) in
various fields, including physics, engineering, and finance.

What are some key topics covered in J. David Logan's
book?
Key topics covered in the book include the derivation of PDEs, classification of equations,
boundary and initial value problems, Fourier series, separation of variables, and numerical
methods for solving PDEs.

How does J. David Logan approach teaching PDEs in his
book?
J. David Logan emphasizes a problem-solving approach, using real-world applications to
illustrate concepts and encouraging readers to develop both theoretical understanding
and practical skills in solving PDEs.

Who would benefit from reading 'Applied Partial
Differential Equations'?
The book is suitable for undergraduate and graduate students in mathematics,
engineering, and the sciences, as well as professionals looking to enhance their
understanding of PDEs and their applications.

What makes Logan's book different from other texts on
PDEs?
Logan's book stands out due to its clear explanations, emphasis on applied problems, and



integration of numerical methods, making complex concepts more accessible and relevant
to real-world scenarios.
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