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Handbook of Nonlinear Partial
Differential Equations

Andrei D. Polyanin and Valentin F. Zaitsev
Chapman and Hall/CRC,

Boca Raton, FL, 2004

814 pp., $99.95 hb

ISBN 1-58488-355-3

Reviewed by Andrew Resnick

This book initially appears to be quite for-

midable, for it contains almost 800 densely
packed pages of nonlinear partial differential
equations and their solutions. The stated goal
of this text is impressive: to present closed-
form solutions to more than 1,600 nonlinear
partial differential equations. The equations
chosen appear in mul-
tiple physical and bio-
logical sciences prob-
lems, including heat
and mass transfer,
hydrodynamics, con-
trol theory, and chemi-
cal engineering. The
authors are to be con-
gratulated for some-
how making this book
so approachable. From
the well-ordered table
of contents to the
clear index, this book
promises to be one that
will be used regularly,
rather than gather dust
on a shelf.

The first six chap-
ters are concerned with
parabolic, hyperbolic, and elliptic equations.
They cover the bulk of equations found in
the physical sciences. The next two chapters
address mixed derivatives and general cases
of second-order differential equations, while
the last three chapters are concerned with
third-, fourth-, and higher-order differential
equations. Some examples, chosen at ran-
dom, that illustrate the breadth of this book
are the following: the Schrédinger (quantum
mechanics) and Fitzhugh-Nagumo (signal
propagation in nerve cells) equations are par-
abolic equations, the telegraph equation
(transport in a conductive and diffusive
medium) is a hyperbolic equation, the
Monge-Ampére equation (gas dynamics and
meteorology) contains mixed derivatives, the
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hydrodynamic boundary-layer equations are
third-order, and the Navier-Stokes equations
are fourth-order in the stream function.

The 12 supplementary chapters contain a
wealth of information on methods of classifi-
cation, transformations, and constructing
closed-form solutions of differential equa-
tions. It is difficult to summarize the supple-
ments, but a few sections that are particular-
ly interesting to this reviewer are those on
similarity transforms, methods of functional
and generalized separation of variables, and
group analysis methods. I found these sup-
plements to be clearly written, with the goal
of providing a “recipe” that can be applied
toward a solution. Although the topics are
rather advanced, the notation is uniformly
clear and easy to follow.

The authors clearly state in the preface that
an overriding goal was
to make the book use-
ful to a wide audience
with different mathe-
matical backgrounds.
Thus,
schematic approaches
to specialized topics
rather than introducing
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detailed terminology.
Without a doubt, this
approach makes the
book useful to those of
us lacking advanced
mathematical abilities.
Books like this are pre-
sumably prone to
errors, either typo-
graphical or otherwise.
I checked approximate-
ly a dozen of the equa-
tions, chosen at random throughout the
book, and found no errors.

Handbook of Nonlinear Partial Differential
Equations is a total success from the stand-
point of offering a complete, easy-to-use
solution guide. The authors are to be con-
gratulated on what surely must have been a
monumental effort to bring this book to
fruition.

Andrew Resnick (andy.resnick@ case.edu)
is a postdoctoral fellow at the Case West-
ern Reserve School of Medicine, Depart-
ment of Physiology and Biophysics, in
Cleveland, Ohio. His current research
concerns how cells sense their fluid envi-
ronment using a primary cilium.
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Parallel Scientific Computing in
C++ and MPI: A Seamless
Approach to Parallel Algorithms
and Their Implementation
George Em Karniadakis and

Robert M. Kirby Il

Cambridge University Press,

New York, 2003

616 pp., $150.00 hb, $55.00 pb (both
include CD-ROM)

ISBN 0-521-81754-4 hb, ISBN 0-521-
52080-0 pb

Reviewed by Babak Makkinejad

New and challenging problems are being

encountered in the areas of data mining,
bioinformatics, and computational fluid
dynamics that require a very large computa-
tional capacity. The availability of commod-
ity hardware components such as mother-
boards and memory chips, together with
free software such as Linux, the GNU com-
pilers, and the Message-Passing Interface
(in which message-passing is used to con-
trol the flow of the computation), has put
massively parallel machines such as Beowulf
clusters within reach of medium-sized com-
panies and academic departments. As par-
allel computing continues to merge into the
mainstream of computing, it is becoming
important for students and professionals to
understand the application and analysis of
algorithmic paradigms to both the (tradi-
tional) sequential model of computing and
various parallel models.

Parallel Scientific Computing in C++ and
MPI, by George Em Karniadakis and Robert
M. Kirby 11, is a valiant effort to introduce
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parallel scientific computing to the student
in a unified manner. The textbook offers the
student with no previous background in
computing three books in one. There is a
textbook on the analysis of algorithms, a
textbook on parallel programming using MPI
1.x, and an elementary book on program-
ming using a subset of C+ + as a better “C”.

Karniadakis is a professor of applied
mathematics at Brown University, working
on simulations of turbulence in complex
geometries. Kirby is an assistant professor
of computer science at the University of
Utah, specializing in large-scale scientific
computing. This textbook, largely based on
Karniadakis’s courses at Princeton Univer-
sity, Brown University, and MIT over the
past 15 years, is thus slanted toward com-
putational fluid dynamics. It is strong as a
traditional algorithms-based textbook for an
introductory course in numerical analysis at
the late-undergraduate or early-graduate
level. It examines such core topics as dense
and sparse matrix computations, linear sys-
tems, finite differences, and fast Fourier
transforms. The text assumes a solid techni-
cal background including calculus, linear
algebra, and differential equations.

The initial chapters explain how and why
parallel computing began, present an
overview of parallel architectures, and intro-
duce MPI 1.x. The authors follow this by
discussing the powerful divide-and-conquer
paradigm and develop the basics of each
topic, such as root finding and approxima-
tion with sequential and MPI-specific
implementation details and much useful
(but not optimal) C++ code. Chapters 3,
5, and 6 are the heart of the book, where
approximation of functions, explicit and
implicit discretization, and MPI are dis-
cussed in detail. The authors are very care-
ful in establishing the foundation of each
algorithm, and considerable care is taken in
explaining and estimating the accuracy of
each numerical technique, its stability, and
its convergence with benchmarks. Each
chapter also includes advice on common
programming pitfalls, “gotchas,” and exer-
cises. There are, in fact, 162 homework
problems throughout the book.
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The authors state the following: “Our
book treats numerics, parallelism, and pro-
gramming equally and simultaneously.”
They do not achieve their stated purpose of
treating these topics equally in their discus-
sions of C++ and MPI 1.x. Readers look-
ing for examples of how encapsulation,
inheritance, exception handling, templates,
and polymorphism can be used to control
the complexity of developing, debugging,
maintaining, and tuning parallel software
using MPI will not find it in this book. For a
more thorough discussion of MPI 1.x from
a software development point of view using
“C,” one might consult Parallel Program-
ming with MPI by Peter S. Pacheco (Morgan
Kaufmann Publishers, 1997). However, nei-
ther text treats MPI 2.0 features such as
multithreading or C+ + bindings for MPL

In spite of falling short of its ambitious
goals, this textbook is useful for those who
would like to know how to write parallel
programs using MPI or who wish to go
beyond such cookbook texts as Numerical
Recipes in C+ +: The Art of Scientific Com-
puting by William H. Press, et al. (Cam-
bridge University Press, 1988).

Babak Makkinejad (babak.makkine
jad@eds.com), a consultant with EDS,
received his Ph.D. in theoretical physics
from the University of Michigan in Ann
Arbor. He has worked in the areas of
computational physics, computer graph-
ics, image processing, and enterprise soft-
ware development.
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Electrodynamics of Magnetoactive Media.

L. D. Vagner, B. L. Lembrikov, E Wyder. Springer-
Verlag, Berlin, Heidelberg, New York, 2004.
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Explosion Protection. H. Groh. Elsevier,
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Verlag, Berlin, Heidelberg, New York, 2004.
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and Beyond. B. B. Mandelbrot. Springer-
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Hall Effect Devices. 2nd
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High-k Gate Dielectrics. M. Houssa, ed.
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High-Pressure Surface Science and Engi-
neering. Y. Gogotsi, V. Domnich, eds. Insti-
tute of Physics Publishing, Bristol and
Philadelphia, 2004. 639 pp. $175.00 hb
ISBN 0-7503-0881-8.

High Temperature Gas Dynamics: An
Introduction for Physicists and Engineers.
T K Bose. Springer-Verlag, Berlin, Heidel-
berg, New York, 2004. 359 pp. $89.95 hb
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Humic Substances: Nature’s Most Versatile
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Robotic Surveyors. P. Ulivi, with D. M. Har-
land. Springer-Verlag,

Newell. Westview Press, Boulder, CO, 2004.
440 pp. $40.00 pb ISBN 0-8133-4118-3.

Numerical Methods for Image Registration.
J. Modersitzki. Oxford University Press, New
York, 2004. 199 pp. $97.50 hb ISBN 0-19-
852841-8.

Optical Spectra and Chemical Bonding in
Inorganic Compounds. T. Schénherr, ed.
Springer-Verlag, Berlin, Heidelberg, New
York, 2004. 263 pp. $249.00 hb ISBN
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Organic Reaction Mechanisms: 40 Solved
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