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Abstract

Electromagnetics and Maxwell’s equations have been instrumental in the conception of many electrical
engineering technologies. It the beginning, it was telegraphy, and rotating machineries. Over the years,
electromagnetics has given rise to numerous technologies like wireless communications, antennas, radar, and
masers. On the optics side, simplified ray optics theory was used to design lenses and focusing systems.

As many optical systems can be described by ray optics approximations, the first area that requires the full
solution of Maxwell’s equations is in microwave engineering, antenna design, and remote and subsurface sensing.
Hence, there were pressing needs to design better antenna systems for communication, radar for target
identification, and radio waves for remote sensing. While closed form solutions offered some physics insight,
approximate solutions were invoked to further expand the insight of designers and engineers. When
approximation solutions were exhausted, numerical methods or computational electromagnetics (CEM) were
developed to further aid designers and engineers.

As demand for numerical methods looms, fast and efficient methods of solving Maxwell’s equations become a
popular topic of research. There are essentially two classes of solvers for Maxwell’s equations:
differential equation solvers and integral equation solvers. While differential equation solvers use more
unknowns than integral equation solvers, they are easy to implement and to maintain.

Integral equation solvers, on the other hand, use fewer unknowns, but are more difficult to implement. They
also yield dense matrix systems that are expensive to solve and store. However, the advent of fast solvers has
greatly expedited their solution efficiency. As of this point, dense matrix systems with over three billion
unknowns have been solved using fast solvers. Also, the path to large scale computing requires the use of
iterative solvers.

Over time, as the demand for CEM solvers grows, more complex structures with a disproportionate number of
unknowns need to be solved. They give rise to ill-conditioned matrix systems. Hence, preconditioners or
domain decomposition methods are designed to reduce the ill conditioning of matrix system. The
preconditioners will greatly expedite iterative solutions to these problems.

Maxwell’s equations are also intimately related to mathematical geometry and to quantum physics.
Differential geometry concepts can be invoked to help in the selection of basis and testing functions in finding
the matrix representations of Maxwell operators. Furthermore, even when quantum theory is invoked in the
quantization of electromagnetic fields, the fields are still governed by Maxwell’s equations. Therefore,
solutions of Maxwell’s equations are needed even in the quantum regime. Since photons play an important role
in the manipulation of quantum information, the solutions of Maxwell’s equations will be instrumental even in
quantum optics or quantum electromagnetics. They will play an important role in the area of quantum

computers and quantum information.
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