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I have been consistently using the past editions of the
book “Applied Mathematics and Modeling for Chemical
Engineers”, authored by Richard G. Rice and Duong
D. Do, as a textbook for a core graduate course titled
“Mathematical Methods in Chemical Engineering” and
as a main reference book for a core undergraduate course
titled “Process Modeling and Numerical Simulation” at the
National University of Singapore (NUS) since 2001. I felt
that the coverage of topics, clarity of presentation and the
quality of the exercise problems at the end of each chapter
made it a very valuable resource for both teaching and
learning. Because twelve years have elapsed since the 2™
edition, T was hoping to see the 3% edition and here it is
with an expanded authorship (James E. Maneval is a new
contributing author), slightly expanded content, and a better
cover design.

The 3 edition maintains the two-part structure of the 2™
edition, accompanied by an appendices section. Part I of the
book contains eight chapters focusing on the fundamentals
that are very important for chemical engineers to know.
Usually, undergraduate students do a few mathematics
courses as part of their mandatory course requirements of
the School of Engineering at NUS but are often handled
by Mathematics Departments as a common course for
all engineering students. These courses typically cover
linear algebra, solution of ordinary differential equations,
introduction to series methods, complex variables, Laplace
transforms, probability distributions and hypothesis testing.
Chemical Engineering students learn the methods but
without chemical engineering context in such courses. To
make these courses more valuable to chemical engineering
students, the worked-out problems and the end of chapter
problems from chapters 1 through 5, 7 and 11 could be
very useful. Chemical Engineering faculty could work with
mathematics faculty offering the two foundation courses to
expose students to such problems during tutorial/recitation
sessions, and assignments (which can be designed differently
for students in different engineering disciplines).
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At any rate, Chapter 1 in the 2™ edition has been broken
down into two chapters in the 3" edition. Chapter 1 of the
31 edition covers the elements of mathematical modeling
and introduces model hierarchy — all the material as well
as the end of chapter problems are ported directly from
Chapter 1 of the 2" edition. Sections from Chapter 1 of the
2m edition focusing on matrix algebra and operations gets an
expanded coverage in Chapter 2 of the 3" edition. Apart from
introduction to matrices and simple mathematical operations
with matrices, there is added emphasis on computational
linear algebra (more matrix decomposition methods),
eigenvalue problem, and solution of linear systems including
a discussion on singular systems. Matrix decomposition
methods and treatment of non-square and singular systems
will be of immense use for chemical engineers who are
increasingly getting into machine learning and process data
analytics. New and interesting problems, some involving
chemical engineering systems, add value to this chapter.
Inclusion of a separate chapter on probability and statistical
modeling is also a welcome addition even though the material
covered in that chapter (Chapter 7) is very accessible in other
textbooks. I would have preferred a section on chi-squared
distribution to be included as well. Important mathematical
functions (e.g. Bessel, Gamma, Beta, Gauge) and equations
(e.g. Bernouli, Riccati, Bessel) are clearly and logically
introduced via several Part I chapters. Corresponding
solution methods along with illustrative examples will make
it easy for students to assimilate.

Part II of the book focuses on numerical approaches to
solving problems related to ordinary differential equation
systems and gets into some advanced topics involving partial
differential equations. Chapter 11 in Part II of the 3™ edition
introduces complex variables and Laplace transforms. The
ideas presented in this chapter are quite fundamental and are
used across multiple freshmen and sophomore year science
and engineering courses at NUS; furthermore, given that
Part II is focused primarily on numerical methods for ODEs
and PDEs, this chapter could have been better placed in
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Part I of the book. Solutions to Initial and Boundary value
problems are covered in detail in Chapters 9 and 10. The
treatment of collocation methods is particularly superb
and will be of immense use to research students working
in advanced numerical methods, dynamic optimization, etc.
Chapters 12 through 14 cover the solution of PDEs, first
through analytical approaches and then through numerical
methods.

To me, a strong aspect of this book has been the high
quality of illustrative examples and the exercise problems
at the end of each chapter. Reinforcement and additional
learning are surely fostered through these problems. The
authors categorize the end-of-chapter problems into four
levels each with increasing levels of challenge. Readers
might have liked to see the problems grouped by the levels
and systematically listed at the end of the chapters but,
unfortunately, they are presented randomly. The 3™ edition
had a total of 212 exercise problems compared to the 181
exercise problems in the 2" edition. The increase has
occurred mainly due to the introduction of two new chapters
in the 3% edition. In the other chapters, the old problems
have been retained. Of the 212 exercise problems, about
61% of the problems belong to levels 3 and 4 and 31% are
pitched at level 2. For some reason, problem 10.16 is not
assigned to any level (this was the case for problem 8.16
in the 2™ edition). Many problems are broken into multiple
sub-problems and this enables the reader to drill deep into
them in a systematic fashion. There are so many variants that
can be created out of the listed problems, and they can be
solved by a variety of methods as well. As a teacher, I have
found this book to be a great resource to set up assessments
— both formative and summative — for both analytical and
numerical oriented courses.
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There are useful appendix sections at the end of the book
that should help the readers to learn/refresh the essential
methods for solving a system of nonlinear equations
(Appendix A) and numerical integration (Appendix D). The
appendix on numerical integration is comprehensive as it
includes material from the basic trapezoidal rule to advanced
quadrature methods. Derivation of the Fourier-Mellin
transform is presented in Appendix B — serious students
of mathematical methods will find this material useful in
solving differential and integral equations that exhibit self-
similar behavior. Appendix C on Laplace Transforms is all-
inclusive and can assist the students in solving linear ODEs/
PDEs exploiting the algebraic manipulations possible in the
Laplace domain. The appendices section now includes a
section on Statistical Tables to supplement the new chapter
(Chapter 7) on Probability and Statistical Modeling. Of
the four basic statistical distributions, the standard normal,
t- and F- distribution tables are provided along with examples
that illustrate the basic ways of reading these tables. It would
have been good if chi-squared distribution table were also
included!

One of the things that I would have liked to see is the
inclusion of computer codes (at least for some of the in-
chapter problems) in the text or as online supplementary
material. This may help the students to get oriented for
solving the end-of-chapter problems using software such as
MATLAB?® or Python®.

In summary, there are some important additions made
in this 3" edition, and I strongly recommend that this
book be on the work desk of anyone who is interested in
mathematical modeling of chemical processes and in their
analytical/numerical solution.

We have not used generative artificial intelligence in this
book review beyond simple copyediting.(]
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