numerical solution of partial differential equation

Numerical Solution of Partial Differential Equation: Unlocking Complex Problems with Computational

Power

numerical solution of partial differential equation is a fundamental approach in modern science and
engineering. When dealing with complex physical phenomena such as heat transfer, fluid flow,
electromagnetism, or financial modeling, partial differential equations (PDEs) often arise. These
equations describe how physical quantities change over space and time, but their analytical solutions
are rarely simple or even possible. That’s where numerical methods shine, providing approximate yet
highly accurate solutions that help researchers and engineers understand and predict real-world

behavior.

In this article, we’ll explore what numerical solutions to PDEs entail, the most common methods used,
and why they’re essential in various fields. Whether you’re a student, a researcher, or just curious
about how math meets computation, this guide will walk you through the core ideas and practical

insights about solving partial differential equations numerically.

Understanding Partial Differential Equations

Partial differential equations involve functions with multiple variables and their partial derivatives. Unlike
ordinary differential equations, which depend on a single independent variable, PDEs can describe
systems that change over both space and time. A classic example is the heat equation, which models

how temperature evolves within a solid object.
Mathematically, a general PDE can be written as:

\[ FMleft(x_1, x_2, ..., x_n, u, \frac{\partial u}{\partial x_1}, ..., \frac{\partial*2 u}{\partial x_i \partial x_j},
.Aright) = 0]



where \(u = u(x_1, x_2, ..., x_n)\) is the unknown function.

Due to the complexity of boundary conditions and the nonlinear nature of many PDEs, finding exact
solutions analytically is often impossible. This challenge motivates the use of numerical methods to

approximate the solution within a defined domain.

Why Use Numerical Solutions for Partial Differential Equations?

Analytical solutions, when they exist, provide exact formulas. However, most real-world problems
involve irregular domains, complex boundary conditions, or nonlinearities that defy closed-form

solutions. Numerical solutions allow:

- **Flexibility**: Adaptable to complex geometries and diverse boundary conditions.
- **Practicality**: Applicable to nonlinear problems where analytical methods fail.
- **Visualization**: Generates data that can be visualized to gain intuitive understanding.

- **Simulation**: Enables time-dependent simulations for transient phenomena.

By converting PDEs into algebraic systems solvable by computers, numerical methods make it feasible

to tackle problems ranging from weather prediction to structural analysis.

Common Numerical Methods for Solving PDEs

Several numerical techniques have been developed, each with its strengths and ideal applications.

Let’s discuss the most widely used methods.



Finite Difference Method (FDM)

The finite difference method approximates derivatives by differences between function values at

discrete grid points. For example, the first derivative can be approximated as:

\[
\frac{\partial ul{\partial x} \approx \frac{u_{i+1} - u_i}{\Delta x}
\]

FDM is intuitive and relatively straightforward to implement, especially for problems defined on regular

grids. It works well for parabolic and elliptic PDEs like heat conduction and potential flow.

However, FDM struggles with complex geometries because it relies on structured meshes. Stability
and convergence depend on the choice of time step and spatial discretization, which requires careful

consideration.

Finite Element Method (FEM)

The finite element method divides the problem domain into smaller subdomains called elements
(triangles, quadrilaterals, tetrahedrons, etc.) and uses test functions to approximate the solution. FEM
is highly flexible in handling irregular geometries and complex boundary conditions, making it a favorite

in engineering disciplines.

FEM transforms the PDE into a system of algebraic equations by applying a weighted residual
approach, often leveraging variational principles. Its adaptability allows for mesh refinement, improving

accuracy in regions where the solution exhibits rapid changes.



Finite Volume Method (FVM)

The finite volume method is particularly popular in computational fluid dynamics (CFD). It integrates
the PDE over control volumes, enforcing conservation laws locally. This method ensures that physical

quantities such as mass, momentum, and energy are conserved across the mesh cells.

FVM combines the geometric flexibility of FEM with the conservation properties, making it ideal for

simulating fluid flows, heat transfer, and other transport phenomena.

Spectral Methods

Spectral methods approximate the solution as a sum of basis functions, such as sines and cosines or
orthogonal polynomials. These methods provide very high accuracy for smooth problems, often

converging exponentially faster than FDM or FEM.

However, spectral methods require the problem domain to be simple (like rectangular or spherical) and

the solution to be smooth, limiting their applicability in many practical cases.

Key Concepts in Numerical Solution of Partial Differential

Equation

Understanding some foundational ideas can help when approaching numerical PDEs.

Discretization

Discretization is the process of transforming continuous variables into discrete counterparts. Whether



using grids in FDM or meshes in FEM, discretization converts differential operators into algebraic

expressions, enabling computational solutions.
The choice of discretization affects accuracy and computational cost. Smaller grid sizes increase

accuracy but demand more computing resources.

Stability and Convergence

A numerical scheme is **stable** if errors do not grow uncontrollably during computations.

**Convergence** means the approximate solution approaches the exact one as the mesh is refined.

The Courant-Friedrichs—-Lewy (CFL) condition is a famous stability criterion for time-dependent PDEs,
linking time step size to spatial discretization. Ignoring stability can cause simulations to produce

unphysical results or diverge.

Boundary and Initial Conditions

Numerical solutions require well-defined initial and boundary conditions to be physically meaningful.

Types include:

- Dirichlet conditions (fixed values on boundaries)
- Neumann conditions (fixed derivative or flux)

- Robin conditions (combination of value and derivative)

Properly implementing these conditions ensures the numerical solution accurately reflects the modeled

system.



Practical Applications of Numerical Solutions to PDEs

Numerical methods for PDEs are indispensable across many scientific and engineering fields.

Engineering and Physics

- **Structural analysis**: Stress and deformation in materials are modeled with PDEs such as elasticity
equations.

- **Heat transfer**: Predicting temperature distribution in engines, electronics, or buildings.

- **Fluid dynamics™**: Simulating airflow over aircraft wings or water flow in pipes using Navier-Stokes

equations.

Environmental Science

- **Weather forecasting**: Numerical weather prediction models solve fluid dynamics and
thermodynamics PDEs.

- **Pollution dispersion**: Modeling how contaminants spread in air or water.

Finance

- **Option pricing**: The Black-Scholes equation, a PDE, is solved numerically to evaluate financial

derivatives.



Tips for Effectively Implementing Numerical PDE Solutions

When approaching numerical solutions, consider the following best practices:
o Start simple: Test your method on problems with known analytical solutions to validate your
implementation.

* Mesh refinement: Use adaptive meshes to concentrate computational effort where the solution

changes rapidly.

e Choose the right method: Match the numerical method to your problem’s geometry, boundary

conditions, and smoothness.
e Check stability: Always analyze stability conditions before running large simulations.

» Use libraries and software: Leverage established tools like MATLAB, COMSOL, or open-source

FEM libraries to save time and increase reliability.

Emerging Trends in Numerical Solutions for PDEs

As computational power increases, new approaches are enhancing how we solve PDEs numerically.

- *Machine learning and neural networks**: Data-driven approaches are augmenting traditional
methods, enabling faster or more generalized solutions.

- **Parallel computing**: Exploiting multi-core CPUs and GPUs accelerates simulations for large-scale
problems.

- **Hybrid methods**: Combining strengths of different numerical techniques to improve accuracy and



efficiency.
- **Uncertainty quantification**: Incorporating probabilistic methods to account for uncertainties in

model parameters or boundary conditions.
Exploring these trends keeps practitioners at the cutting edge of computational science.

Numerical solution of partial differential equation remains a vibrant and evolving field. With its blend of
mathematical rigor and computational innovation, it empowers us to tackle problems that were once

out of reach, opening doors to new scientific discoveries and technological advancements.

Frequently Asked Questions

What are the common numerical methods used for solving partial
differential equations (PDEs)?

Common numerical methods for solving PDEs include the Finite Difference Method (FDM), Finite
Element Method (FEM), Finite Volume Method (FVM), and Spectral Methods. Each method has its

own advantages depending on the problem type and domain geometry.

How does the Finite Difference Method work in solving PDEs?

The Finite Difference Method approximates derivatives in PDEs using difference quotients on a
discrete grid. By replacing continuous derivatives with finite differences, the PDE is transformed into a

system of algebraic equations that can be solved numerically.

What is the stability criterion in numerical solutions of PDEs?

Stability criteria ensure that numerical errors do not grow uncontrollably during the computation. For
example, the Courant-Friedrichs-Lewy (CFL) condition is a common stability criterion for explicit time-

stepping schemes, relating the time step size to the spatial grid size.



When should one choose the Finite Element Method over Finite

Difference Method?

The Finite Element Method is preferred when dealing with complex geometries, irregular domains, or
problems requiring higher-order approximations. FEM is flexible in handling boundary conditions and

varying material properties compared to FDM, which is more suited for simple geometries.

What role do boundary and initial conditions play in numerical PDE
solutions?

Boundary and initial conditions are essential to uniquely determine the solution of PDEs. Numerically,
they are incorporated into the discretized equations to ensure the solution behaves correctly at domain

boundaries and starts from a defined initial state.

How can one assess the accuracy of a numerical PDE solution?

Accuracy can be assessed by comparing numerical results with analytical solutions (if available),
performing grid refinement studies to observe convergence, and evaluating error norms such as L2 or

infinity norms to quantify the difference between numerical and exact solutions.

What are implicit and explicit schemes in the context of time-

dependent PDEs?

Explicit schemes compute the solution at the next time step directly from known information at the
current step, often easy to implement but conditionally stable. Implicit schemes involve solving a
system of equations at each time step, are generally unconditionally stable, but computationally more

intensive.

How do spectral methods differ from finite difference or finite element



methods?

Spectral methods approximate the solution using global basis functions, such as trigonometric
polynomials or orthogonal polynomials, leading to high accuracy for smooth problems. In contrast,
finite difference and finite element methods use local approximations, which may require finer meshes

for similar accuracy.

What challenges arise in solving nonlinear PDEs numerically?

Nonlinear PDEs often require iterative solution techniques, can exhibit multiple solutions or instabilities,
and may have convergence difficulties. Handling nonlinear terms accurately and ensuring stability and

convergence of the numerical scheme are major challenges.

How can parallel computing enhance the numerical solution of PDEs?

Parallel computing allows the decomposition of the computational domain or tasks to be processed
simultaneously on multiple processors. This significantly reduces computation time, enabling the

solution of large-scale or high-resolution PDE problems that would be infeasible on a single processor.

Additional Resources

Numerical Solution of Partial Differential Equation: Methods, Challenges, and Applications

Numerical solution of partial differential equation (PDE) has become an indispensable tool in modern
science and engineering, enabling researchers and practitioners to tackle complex phenomena that are
otherwise analytically intractable. Partial differential equations describe a vast range of physical
processes, including heat conduction, fluid flow, electromagnetic fields, and quantum mechanics.
However, due to their complexity, closed-form solutions are often unavailable, making numerical

methods essential for practical analysis and simulation.

Understanding the numerical solution of partial differential equations requires a thorough exploration of

the various computational approaches, the mathematical foundations underpinning these techniques,



and the challenges inherent in discretizing and solving PDEs. This article delves into these aspects,
providing a professional review of the state-of-the-art methods, their applications, and the critical

considerations influencing their adoption.

Fundamentals of Numerical Solutions for PDEs

At its core, the numerical solution of partial differential equations involves approximating the continuous
problem defined over a spatial and temporal domain with a discrete counterpart that computers can
solve. This process typically entails discretizing the domain into a mesh or grid and approximating

derivatives with finite differences, finite volumes, or finite elements.

PDEs can be broadly classified into three types based on their characteristics: elliptic, parabolic, and
hyperbolic. Each type presents unique challenges for numerical treatment. Elliptic PDEs, such as

Laplace’s equation, often arise in steady-state problems, whereas parabolic equations, like the heat
equation, describe diffusion processes with a time component. Hyperbolic PDEs, exemplified by the

wave equation, model dynamic systems with propagation phenomena.
The choice of numerical method depends heavily on the PDE type, boundary conditions, and desired

accuracy. Stability, consistency, and convergence are fundamental criteria that any numerical scheme

must satisfy to ensure reliable solutions.

Common Numerical Methods for PDEs

* Finite Difference Method (FDM): One of the earliest and simplest approaches, FDM replaces
derivatives with difference quotients on a structured grid. It is intuitive and straightforward to

implement but can struggle with complex geometries.

¢ Finite Element Method (FEM): FEM subdivides the domain into smaller elements and uses test



functions to approximate the solution. Its flexibility in handling irregular domains and adaptive

meshing makes it highly popular in engineering applications.

¢ Finite Volume Method (FVM): FVM focuses on conservation laws by integrating PDEs over
control volumes, ensuring local conservation properties. This method is prevalent in

computational fluid dynamics.

e Spectral Methods: These leverage global basis functions, such as Fourier or Chebyshev
polynomials, to achieve high accuracy for smooth problems but are less effective for problems

with discontinuities.

Each method brings distinct advantages and limitations, and hybrid approaches often emerge to

leverage the strengths of multiple techniques.

Challenges in Numerical Solutions of PDEs

Numerical solutions of partial differential equations must contend with several inherent difficulties.
These challenges often dictate the feasibility and precision of simulations and can impact

computational cost significantly.

Discretization Errors and Stability

Discretization introduces errors that can accumulate and lead to inaccurate results. For instance,
truncation errors arise when derivatives are replaced with approximate formulas. The stability of a
numerical scheme ensures that errors do not grow uncontrollably during the iterative solution process.
The Courant-Friedrichs-Lewy (CFL) condition is a well-known stability criterion, particularly relevant in

explicit time-stepping schemes for hyperbolic PDEs.



Handling Complex Geometries and Boundary Conditions

Real-world problems rarely conform to simple geometries. Numerical methods like FEM and
unstructured meshing techniques address this by allowing flexible discretization of irregular domains.
Accurately imposing boundary conditions, such as Dirichlet, Neumann, or Robin types, requires careful

formulation to maintain stability and convergence.

Computational Efficiency and Scalability

High-resolution simulations, especially in three dimensions or over long time intervals, demand
considerable computational resources. Parallel computing and advanced solvers (e.g., multigrid
methods, Krylov subspace methods) are crucial for scaling numerical solutions to large-scale
problems. The trade-off between accuracy and computational expense often guides the selection of

discretization parameters.

Applications Driving Advances in Numerical PDE Solutions

The numerical solution of partial differential equations is foundational to numerous scientific and

industrial fields. Its versatility has sparked continuous methodological developments.

Computational Fluid Dynamics (CFD)

CFD relies heavily on numerical PDE solvers to model fluid flow, heat transfer, and chemical reactions.
The Navier-Stokes equations, a set of nonlinear PDEs, exemplify the complexity requiring robust
numerical algorithms. Turbulence modeling, multiphase flows, and compressible flow simulations push
the limits of existing methods, fostering ongoing research into adaptive meshing and high-fidelity

discretization.



Structural Mechanics and Material Science

FEM-based numerical solutions are extensively used to predict stress, strain, and deformation in
materials under various loads. Coupled PDEs representing thermo-mechanical or electro-mechanical
interactions necessitate multiphysics solvers capable of handling diverse boundary conditions and

nonlinearities.

Environmental Modeling and Geophysics

Numerical PDE solutions enable simulation of groundwater flow, pollutant transport, and seismic wave
propagation. The heterogeneous and anisotropic nature of geological media complicates discretization,

requiring tailored numerical schemes and parameter estimation techniques.

Emerging Trends and Future Directions

Recent advances in computational hardware and algorithms have opened new avenues in the

numerical solution of partial differential equations.

Machine Learning-Augmented PDE Solvers

Integrating machine learning techniques with traditional numerical methods shows promise in
accelerating simulations and improving solution accuracy. For example, neural networks can learn

surrogate models or optimize mesh refinement strategies dynamically.



High-Order and Adaptive Methods

High-order discretization schemes aim to achieve greater accuracy with fewer computational elements,
reducing runtime. Adaptive mesh refinement (AMR) dynamically adjusts grid resolution based on

solution features, balancing accuracy and efficiency.

Exascale Computing and Parallelism

The advent of exascale computing platforms necessitates the development of scalable PDE solvers
that can exploit massive parallelism. Efforts focus on minimizing communication overhead and

enhancing algorithmic robustness for petascale and beyond.

In summary, the numerical solution of partial differential equations remains a vibrant and evolving
discipline critical to scientific discovery and engineering innovation. Continuous improvements in
algorithms, computational resources, and interdisciplinary approaches are expanding the horizons of

what can be simulated and understood through these mathematical models.

Numerical Solution Of Partial Differential Equation

numerical solution of partial differential equation: Numerical Methods for Partial
Differential Equations G. Evans, J. Blackledge, P. Yardley, 2012-12-06 The subject of partial
differential equations holds an exciting and special position in mathematics. Partial differential
equations were not consciously created as a subject but emerged in the 18th century as ordinary
differential equations failed to describe the physical principles being studied. The subject was
originally developed by the major names of mathematics, in particular, Leonard Euler and
Joseph-Louis Lagrange who studied waves on strings; Daniel Bernoulli and Euler who considered
potential theory, with later developments by Adrien-Marie Legendre and Pierre-Simon Laplace; and
Joseph Fourier's famous work on series expansions for the heat equation. Many of the greatest
advances in modern science have been based on discovering the underlying partial differential
equation for the process in question. James Clerk Maxwell, for example, put electricity and
magnetism into a unified theory by establishing Maxwell's equations for electromagnetic theory,
which gave solutions for prob lems in radio wave propagation, the diffraction of light and X-ray
developments. Schrodinger's equation for quantum mechanical processes at the atomic level leads to
experimentally verifiable results which have changed the face of atomic physics and chemistry in the


https://stg.hffa.com/archive-th-093/numerical-solution-of-partial-differential-equation.pdf

20th century. In fluid mechanics, the Navier Stokes' equations form a basis for huge
number-crunching activities associated with such widely disparate topics as weather forecasting and
the design of supersonic aircraft. Inevitably the study of partial differential equations is a large
undertaking, and falls into several areas of mathematics.

numerical solution of partial differential equation: Numerical Solution of Partial
Differential Equations Gordon D. Smith, 1985 Substantially revised, this authoritative study covers
the standard finite difference methods of parabolic, hyperbolic, and elliptic equations, and includes
the concomitant theoretical work on consistency, stability, and convergence. The new edition
includes revised and greatly expanded sections on stability based on the Lax-Richtmeyer definition,
the application of Pade approximants to systems of ordinary differential equations for parabolic and
hyperbolic equations, and a considerably improved presentation of iterative methods. A fast-paced
introduction to numerical methods, this will be a useful volume for students of mathematics and
engineering, and for postgraduates and professionals who need a clear, concise grounding in this
discipline.

numerical solution of partial differential equation: Numerical Analysis of Partial
Differential Equations Using Maple and MATLAB Martin J. Gander, Felix Kwok, 2018-01-01 This
book provides an elementary yet comprehensive introduction to the numerical solution of partial
differential equations (PDEs). Used to model important phenomena, such as the heating of
apartments and the behavior of electromagnetic waves, these equations have applications in
engineering and the life sciences, and most can only be solved approximately using computers.
Numerical Analysis of Partial Differential Equations Using Maple and MATLAB provides detailed
descriptions of the four major classes of discretization methods for PDEs (finite difference method,
finite volume method, spectral method, and finite element method) and runnable MATLAB? code for
each of the discretization methods and exercises. It also gives self-contained convergence proofs for
each method using the tools and techniques required for the general convergence analysis but
adapted to the simplest setting to keep the presentation clear and complete. This book is intended
for advanced undergraduate and early graduate students in numerical analysis and scientific
computing and researchers in related fields. It is appropriate for a course on numerical methods for
partial differential equations.

numerical solution of partial differential equation: Numerical Solution of Partial
Differential Equations K. W. Morton, D. F. Mayers, 2005-04-11 This second edition of a highly
successful graduate text presents a complete introduction to partial differential equations and
numerical analysis. Revised to include new sections on finite volume methods, modified equation
analysis, and multigrid and conjugate gradient methods, the second edition brings the reader
up-to-date with the latest theoretical and industrial developments. First Edition Hb (1995):
0-521-41855-0 First Edition Pb (1995): 0-521-42922-6

numerical solution of partial differential equation: Numerical Methods for Partial
Differential Equations William F. Ames, 2014-05-10 Numerical Methods for Partial Differential
Equations, Second Edition deals with the use of numerical methods to solve partial differential
equations. In addition to numerical fluid mechanics, hopscotch and other explicit-implicit methods
are also considered, along with Monte Carlo techniques, lines, fast Fourier transform, and fractional
steps methods. Comprised of six chapters, this volume begins with an introduction to numerical
calculation, paying particular attention to the classification of equations and physical problems,
asymptotics, discrete methods, and dimensionless forms. Subsequent chapters focus on parabolic
and hyperbolic equations, elliptic equations, and special topics ranging from singularities and shocks
to Navier-Stokes equations and Monte Carlo methods. The final chapter discuss the general
concepts of weighted residuals, with emphasis on orthogonal collocation and the Bubnov-Galerkin
method. The latter procedure is used to introduce finite elements. This book should be a valuable
resource for students and practitioners in the fields of computer science and applied mathematics.

numerical solution of partial differential equation: Partial Differential Equations Mark
S. Gockenbach, 2005-01-01 Partial differential equations (PDEs) are essential for modeling many



physical phenomena. This undergraduate textbook introduces students to the topic with a unique
approach that emphasizes the modern finite element method alongside the classical method of
Fourier analysis.

numerical solution of partial differential equation: Numerical Solution of Partial
Differential Equations on Parallel Computers Are Magnus Bruaset, Aslak Tveito, 2006-03-05 Since
the dawn of computing, the quest for a better understanding of Nature has been a driving force for
technological development. Groundbreaking achievements by great scientists have paved the way
from the abacus to the supercomputing power of today. When trying to replicate Nature in the
computer’s silicon test tube, there is need for precise and computable process descriptions. The
scienti?c ?elds of Ma- ematics and Physics provide a powerful vehicle for such descriptions in terms
of Partial Differential Equations (PDEs). Formulated as such equations, physical laws can become
subject to computational and analytical studies. In the computational setting, the equations can be
discreti ed for ef?cient solution on a computer, leading to valuable tools for simulation of natural and
man-made processes. Numerical so- tion of PDE-based mathematical models has been an important
research topic over centuries, and will remain so for centuries to come. In the context of
computer-based simulations, the quality of the computed results is directly connected to the model’s
complexity and the number of data points used for the computations. Therefore, computational
scientists tend to ?1l even the largest and most powerful computers they can get access to, either by
increasing the si e of the data sets, or by introducing new model terms that make the simulations
more realistic, or a combination of both. Today, many important simulation problems can not be
solved by one single computer, but calls for parallel computing.

numerical solution of partial differential equation: Numerical Solution of Partial
Differential Equations in Science and Engineering Leon Lapidus, George F. Pinder, 1999-07-08 From
the reviews of Numerical Solution of Partial Differential Equations in Science and Engineering: The
book by Lapidus and Pinder is a very comprehensive, even exhaustive, survey of the subject . . . [It]
is unique in that it covers equally finite difference and finite element methods. Burrelle's The
authors have selected an elementary (but not simplistic) mode of presentation. Many different
computational schemes are described in great detail . . . Numerous practical examples and
applications are described from beginning to the end, often with calculated results given.
Mathematics of Computing This volume . . . devotes its considerable number of pages to lucid
developments of the methods [for solving partial differential equations] . . . the writing is very
polished and I found it a pleasure to read! Mathematics of Computation Of related interest . . .
NUMERICAL ANALYSIS FOR APPLIED SCIENCE Myron B. Allen and Eli L. Isaacson. A modern,
practical look at numerical analysis, this book guides readers through a broad selection of numerical
methods, implementation, and basic theoretical results, with an emphasis on methods used in
scientific computation involving differential equations. 1997 (0-471-55266-6) 512 pp. APPLIED
MATHEMATICS Second Edition, J. David Logan. Presenting an easily accessible treatment of
mathematical methods for scientists and engineers, this acclaimed work covers fluid mechanics and
calculus of variations as well as more modern methods-dimensional analysis and scaling, nonlinear
wave propagation, bifurcation, and singular perturbation. 1996 (0-471-16513-1) 496 pp.

numerical solution of partial differential equation: Numerical Solution of Partial
Differential Equations by the Finite Element Method Claes Johnson, 2009-01-15 This accessible
introduction offers the keys to an important technique in computational mathematics. It outlines
clear connections with applications and considers numerous examples from a variety of specialties.
1987 edition.

numerical solution of partial differential equation: Numerical Solution of Partial
Differential Equations K. W. Morton, 1994 Partial differential equations are the chief means of
providing mathematical models in science, engineering and other fields. Generally these models
must be solved numerically. This book provides a concise introduction to standard numerical
techniques, ones chosen on the basis of their general utility for practical problems. The authors
emphasise finite difference methods for simple examples of parabolic, hyperbolic and elliptic




equations; finite element, finite volume and spectral methods are discussed briefly to see how they
relate to the main theme. Stability is treated clearly and rigorously using maximum principles,
energy methods, and discrete Fourier analysis. Methods are described in detail for simple problems,
accompanied by typical graphical results. A key feature is the thorough analysis of the properties of
these methods. Plenty of examples and exercises of varying difficulty are supplied. The book is based
on the extensive teaching experience of the authors, who are also well-known for their work on
practical and theoretical aspects of numerical analysis. It will be an excellent choice for students and
teachers in mathematics, engineering and computer science departments seeking a concise
introduction to the subject.

numerical solution of partial differential equation: Numerical Solution of Elliptic and
Parabolic Partial Differential Equations with CD-ROM John Arthur Trangenstein, 2013-04-18 For
mathematicians and engineers interested in applying numerical methods to physical problems this
book is ideal. Numerical ideas are connected to accompanying software, which is also available
online. By seeing the complete description of the methods in both theory and implementation,
students will more easily gain the knowledge needed to write their own application programs or
develop new theory. The book contains careful development of the mathematical tools needed for
analysis of the numerical methods, including elliptic regularity theory and approximation theory.
Variational crimes, due to quadrature, coordinate mappings, domain approximation and boundary
conditions, are analyzed. The claims are stated with full statement of the assumptions and
conclusions, and use subscripted constants which can be traced back to the origination (particularly
in the electronic version, which can be found on the accompanying CD-ROM).

numerical solution of partial differential equation: Methods for the numerical solution
of partial differential equations Dale U. von Rosenberg, 1977

numerical solution of partial differential equation: Partial Differential Equations with
Numerical Methods Stig Larsson, Vidar Thomee, 2008-11-19 The main theme is the integration of
the theory of linear PDE and the theory of finite difference and finite element methods. For each
type of PDE, elliptic, parabolic, and hyperbolic, the text contains one chapter on the mathematical
theory of the differential equation, followed by one chapter on finite difference methods and one on
finite element methods. The chapters on elliptic equations are preceded by a chapter on the
two-point boundary value problem for ordinary differential equations. Similarly, the chapters on
time-dependent problems are preceded by a chapter on the initial-value problem for ordinary
differential equations. There is also one chapter on the elliptic eigenvalue problem and
eigenfunction expansion. The presentation does not presume a deep knowledge of mathematical and
functional analysis. The required background on linear functional analysis and Sobolev spaces is
reviewed in an appendix. The book is suitable for advanced undergraduate and beginning graduate
students of applied mathematics and engineering.

numerical solution of partial differential equation: Numerical Solution of Partial
Differential Equations K. W. Morton, 1994

numerical solution of partial differential equation: Numerical Solutions of Partial
Differential Equations Silvia Bertoluzza, Silvia Falletta, Giovanni Russo, Chi-Wang Shu, 2008-12-10
This book presents some of the latest developments in numerical analysis and scientific computing.
Specifically, it covers central schemes, error estimates for discontinuous Galerkin methods, and the
use of wavelets in scientific computing.

numerical solution of partial differential equation: Numerical Solution of Partial
Differential Equations Keith W. Morton, 2008

numerical solution of partial differential equation: Numerical Partial Differential
Equations: Finite Difference Methods ].W. Thomas, 2013-12-01 This text will be divided into two
books which cover the topic of numerical partial differential equations. Of the many different
approaches to solving partial differential equations numerically, this book studies difference
methods. Written for the beginning graduate student, this text offers a means of coming out of a
course with a large number of methods which provide both theoretical knowledge and numerical




experience. The reader will learn that numerical experimentation is a part of the subject of
numerical solution of partial differential equations, and will be shown some uses and taught some
techniques of numerical experimentation.

numerical solution of partial differential equation: Partial Differential Equations J.
Necas, 2018-05-04 As a satellite conference of the 1998 International Mathematical Congress and
part of the celebration of the 650th anniversary of Charles University, the Partial Differential
Equations Theory and Numerical Solution conference was held in Prague in August, 1998. With its
rich scientific program, the conference provided an opportunity for almost 200 participants to
gather and discuss emerging directions and recent developments in partial differential equations
(PDESs). This volume comprises the Proceedings of that conference. In it, leading specialists in partial
differential equations, calculus of variations, and numerical analysis present up-to-date results,
applications, and advances in numerical methods in their fields. Conference organizers chose the
contributors to bring together the scientists best able to present a complex view of problems,
starting from the modeling, passing through the mathematical treatment, and ending with numerical
realization. The applications discussed include fluid dynamics, semiconductor technology, image
analysis, motion analysis, and optimal control. The importance and quantity of research carried out
around the world in this field makes it imperative for researchers, applied mathematicians,
physicists and engineers to keep up with the latest developments. With its panel of international
contributors and survey of the recent ramifications of theory, applications, and numerical methods,
Partial Differential Equations: Theory and Numerical Solution provides a convenient means to that
end.

numerical solution of partial differential equation: Numerical Solutions for Partial
Differential Equations Victor Grigor'e Ganzha, Evgenii Vasilev Vorozhtsov, 2017-11-22 Partial
differential equations (PDEs) play an important role in the natural sciences and technology, because
they describe the way systems (natural and other) behave. The inherent suitability of PDEs to
characterizing the nature, motion, and evolution of systems, has led to their wide-ranging use in
numerical models that are developed in order to analyze systems that are not otherwise easily
studied. Numerical Solutions for Partial Differential Equations contains all the details necessary for
the reader to understand the principles and applications of advanced numerical methods for solving
PDEs. In addition, it shows how the modern computer system algebra Mathematica® can be used
for the analytic investigation of such numerical properties as stability, approximation, and
dispersion.

numerical solution of partial differential equation: Numerical Solution of Partial
Differential Equations K. W. Morton, 1991
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