Preface to the Second Edition

The first edition of this book was published 7 years ago, and since then it has been
used for courses and self-study around the world. We have received many useful
comments on the presentation of the material and the contents of the book from
students, lecturers, researchers, and other readers. In addition, we have used the
book ourselves for various courses that we teach on computational electromagnetics
(CEM), where we received direct feedback from our students on the book as a source
of information and its pedagogical development of the topic. Given the collection
of all comments that we received in combination with our own experience, we have
complemented the second edition of the book with material that we believe will
help the reader to learn the subject matter. In particular, we have strengthened the
discussion concerning numerical techniques for the first-order system of Maxwell’s
equations and, as a consequence, their relation to the corresponding second-order
differential equations. For finite-difference schemes, this is manifested in terms of
the staggered grids that are used to represent the electric and magnetic fields, where
particular emphasis is placed on analysis with complex exponentials. In the context
of finite element methods (FEMs), the first-order system is treated by means of
expanding the electric field in terms of curl-conforming elements and the magnetic
field in terms of divergence-conforming elements. This representation associates the
electric field with edges (referred to by some authors as a primal grid), and, similarly,
the magnetic field is associated with faces (which may be thought of as a dual grid).
In particular, for brick-shaped elements it is rather apparent that the primal grid and
the dual grid together make up the staggered grids that are used for finite-difference
schemes. Furthermore, we have incorporated a new Appendix B that features
the lowest-order curl-conforming and divergence-conforming basis functions on
the most common finite element shapes: the triangle and the quadrilateral, the
tetrahedron, the prism, and the hexahedron. The automatic generation of symbolic
expressions and vector field visualizations for these basis functions is provided in
terms of a MATLAB implementation that can be downloaded from a URL provided
at the end of this preface. The presentation of the material is further improved by
cross references between the description of the finite difference schemes and the
FEMs. In addition, the presentation of both finite differences and finite elements
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references the material in the new Appendix B, which may be useful for obtaining
a unified perspective on CEM. In a similar fashion, the chapter on the method of
moments (MoM) exploits this new Appendix B.
Appendix B on the lowest-order curl-conforming and divergence-conforming
basis functions also contains basis functions for nodal elements (i.e., gradientconforming basis functions), a definition of reference elements, and suitable
quadrature rules. The concept of the reference element is useful for the implementation of the FEM (and MoM), where the reference element is related to the
physical element by means of a mapping. The mapping is expressed in terms of
the nodal basis functions, and the evaluation of discrete operators is formulated in
terms of numerical integration (or quadrature) on the reference element. This type of
approach is at the heart of most finite element programs and is particularly useful for
problems that involve inhomogeneous materials or nonlinear materials. The second
edition of the book contains a new Sect. 6.6 that describes in detail the concept of the
reference element and its relation to the physical element by means of a mapping,
where integration on the reference element is also featured. These concepts are
presented with the triangle as an example, and references to the new Appendix B
are used extensively to demonstrate how the techniques generalize to other element
shapes. In addition, the new Appendix B is very useful as a source of information
for computer implementations, where the reader can select and combine different
discretization techniques that are suitable for the specific situation at hand. We have
also added a new advanced real-world problem in Sect. 6.6.4 that demonstrates the
use of all these techniques, where we solve a 3D eigenvalue problem formulated in
terms of the FEM on tetrahedrons applied to the first-order system of Maxwell’s
equations with inhomogeneous and lossy media. The theoretical formulation is
described in detail, and the complete computer implementation is included in the
material that can be downloaded from the Internet, at the URL provided at the end
of this preface. Also, we present some results in terms of 3D visualizations for a circular cylindrical cavity of finite length and discuss their relation to the conventional
analysis. In addition, we solve a more challenging problem with inhomogeneous and
lossy media in a cavity. The reader can easily modify the computer implementation
to study, e.g., driven problems in the frequency domain or exploit the computer
implementation provided here as a platform for more advanced programs with other
features such as radiation boundary conditions, transient analysis, and nonlinear
media. The book also contains material on numerical methods that exploit higherorder approximations, and this is demonstrated in particular in Sect. 3.3, which
provides a method for deriving higher-order finite-difference approximations.
The second edition of this book also features a new Appendix A with five
computer projects: (1) convergence and extrapolation, (2) finite differences in the
frequency domain, (3) finite-difference time-domain scheme, (4) FEM, and (5)
MoM. This collection of projects covers the material presented in the book, and
the projects are designed to progress the knowledge and skills of the reader. They
are useful for learning and understanding the material in the book and could be
used as assignments in a course. Such assignments could be examined in several
different ways such as (1) oral examination in a computer-laboratory setting, (2)
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presentation in a classroom setting where students and teacher ask questions, or (3)
student-authored written reports. Experience shows that it is useful to let students
work in small groups. This approach gives the students the possibility to present,
challenge, and discuss different ideas on how to work on the assignments.
To our knowledge, the open literature is sparse on books that present contemporary CEM in an introductory manner that is appropriate for use at the undergraduate
level. This book is intended to provide such material and prepare the reader for the
more advanced literature on CEM. Apart from this text, the book by Davidson [22]
and the book by Sadiku [68] are some of the very few other examples with such
an aim. Additional books that present the main computational techniques in CEM
have been published in recent years. Those by Garg [29] and Jin [42] contain a fair
amount of classical analytical calculations for Maxwell’s equations apart from the
basic techniques in CEM. Warnick [88] and Sheng [72] have a stronger focus on
CEM; in addition, Warnick [88] also discusses numerical techniques in somewhat
more general settings.
The MATLAB implementations given in this book, together with the MATLAB
implementations that support the projects in Appendix A and some other useful
programs, are available for download at http://www.springer.com. We would appreciate it if errors found were brought to our attention. These will be posted on the
aforementioned Web site.

http://www.springer.com/978-1-4614-5350-5

