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“This book is based on the legendarily brilliant John Newman’s class notes. The text surveys 
important mathematical methods with sufficient detail for advanced engineering undergraduates 
or beginning graduate students. The concise, easy-to-follow set of examples undoubtedly make this 
book an excellent reference.”

Prof. Alan C. West
Columbia University in the City of New York, USA

“This book encompasses a broad range of analytical and semi-analytical approaches to solving 
problems in applied mathematics and is an excellent resource for engineering students and 
seasoned engineers alike. The concise chapters teach by example and provide problem statements in 
diverse subjects that encourage the readers to hone their skills and unearth hidden gems. Standard 
approaches (similarity solutions, separation of variables, Fourier and Laplace transforms) and 
a few exotic methods (Schwarz–Christoffel transformation, Duhamel superposition integral) are 
contextualized so that the readers learn not only how but, more importantly, when to apply them.”

 Dr. Jake Christensen
Robert Bosch LLC

Prof. Newman is considered one of the great chemical engineers of his time. His reputation derives 
from his mastery over all phases of the subject matter, his clarity of thought, and his ability to 
reduce complex problems to their essential core elements. He has been teaching undergraduate 
and graduate core subject courses at the University of California, Berkeley (UC Berkeley), USA, 
since joining the faculty in 1962. His method is to write out, in long form, everything he expects 
to convey to his class on a subject on any given day. He has maintained and updated his lecture 
notes from notepad to computer throughout his career. 

This book is an exact reproduction of Prof. Newman’s notes. It shows a clean and concise way 
to use different analytical techniques to solve equations of multiple forms that one is likely to 
encounter in most engineering fields, especially chemical engineering. It provides the framework 
for formulating and solving problems in mass transport, fluid dynamics, reaction kinetics, and 
thermodynamics through ordinary and partial differential equations. It includes topics such as 
Laplace transforms, Legendre’s equation, vector calculus, Fourier transforms, similarity transforms, 
coordinate transforms, conformal mapping, variational calculus, superposition integrals, and 
hyperbolic equations. The simplicity of the presentation instills confidence in the readers that 
they can solve any problem they come across, either analytically or computationally. 

John Newman is Charles W. Tobias Chair of Electrochemistry (emeritus), 
Department of Chemical Engineering, UC Berkeley. At the same time, he was 
also a senior scientist and principal investigator at the Energy Technologies Area 
(ETA), Lawrence Berkeley National Laboratory (LBNL), Berkeley, California, USA. His 
current research focuses on the analysis and design of electrochemical systems, 
with batteries, fuel cells, turbulence, and renewable energy receiving the most 
attention. 

Vincent Battaglia is a research scientist at LBNL, where he heads the Energy 
Storage Group of the ETA. He received his PhD in chemical engineering from 
UC Berkeley with an emphasis in electrochemical engineering. He specializes in 
battery design, fabrication, and testing, and his current interests are in the science 
of electrode formulation as it relates to manufacturing and performance.
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This book covers vector calculus and ordinary and partial differential  
equations, both with Laplace transforms. However, the treatment 
of ordinary differential equations is somewhat abstract because 
many ordinary differential equations of interest arise in the course 
of solving partial differential equations. Occasionally, a problem 
is reduced to an integral equation or the utility of numerical or 
perturbation methods is indicated. Singular perturbations have been 
detailed further in Volume 3, The Newman Lectures on Transport 
Phenomena, of this book series.
 The present book emphasizes that readers should be able to 
analyze the problems they encounter in chemical engineering 
courses. It exposes them to methods of mathematical thinking 
and presents selected examples that illustrate the techniques that 
are useful in a typical evening by the fire with a pen and a pad of 
paper. The book does not focus on the rigorous proof of theorems 
such as existence and uniqueness of solutions. However, it does give 
importance to formal manipulations because trivial errors consume 
a lot of time, which can otherwise be devoted to useful activities. 
It suggests the readers to follow these three important steps for 
problem solving:
 1. Formulate the problem in mathematical terms. This may be 

done with varying degrees of completeness or detail, but one 
should always make sure that the important features of the 
physical situation are adequately described. For problems of 
common types, this part may be easy, but some problems are 
new and require careful consideration.

 2. Work through to obtain a solution using the mathematical 
tools at your disposal. You may need to introduce additional 
approximations or assumptions in order to get an answer.

 3. Contemplate the physical meaning of the results. You should be 
able to explain qualitatively why the results behave as they do. 
Be on the lookout for physical absurdities or impossibilities. 
These may result from an incorrect formulation of the problem 
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with neglect of important factors or from approximations 
or even errors introduced during the solution. It should 
be possible to check, at least a posteriori, the validity of an 
approximation. On the other hand, one may want to live 
with the consequences of an approximation, recognizing the 
limitations of the solution in certain regions.




