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Abstract: Electromagnetic boundary value problems are commonly encountered in various application fields of
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electromagnetic field theory, such as antenna design, waveguide analysis, radiation computation, and so on. In response
to these problems, researchers have proposed a variety of effective numerical and analytical methods. This paper
provides a review of seven classical methods for solving electromagnetic boundary value problems.
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Electromagnetic field boundary value problems refer to determining the
electromagnetic field quantities and potential functions within a given region, given the
boundary conditions of that region. These problems can be reduced to solving the
Poisson or Laplace equations under specific boundary conditions. This paper, by
comparing the applicability and computational performance of different methods, aims
to provide a systematic reference for solving electromagnetic boundary value
problems, helping researchers choose the appropriate numerical methods for different
applications. [1-2]

The analysis of electromagnetic field boundary value problems reveals three primary
types based on boundary conditions [1-3]:
1. Dirichlet Problem: Specifies potential function values on the boundary.

2. Neumann Problem: Specifies values of Z—‘r‘: on the boundary, with surface charge

density known.

3. Mixed Type Problem: Combines aspects of both Dirichlet and Neumann
problems by specifying potential values on some boundaries and gradient values
on others.

Solutions can be categorized into two main approaches:

1. Analytical Methods:

o Mirror Method: Utilizes induced charges on conductors to simplify
calculations, applicable in special boundary conditions.

o Separation of Variables: A mathematical approach for solving partial
differential equations, effective under specific conditions.

o Complex Function Method: Employs properties of analytical functions
to transform complex boundaries into simpler ones, aiding in two-
dimensional field solutions.

o Green's Function Method: Facilitates analytical
superimposing effects from point sources.

2. Numerical Methods:

o Finite Difference Method (FDM): Transforms continuous problems into
discrete systems, enabling the approximation of solutions at various points.
It has evolved for transient problems and now addresses vector fields.

o Finite Element Method (FEM): Utilizes variational principles and mesh
interpolation for solving complex geometries, producing sparse matrices
to enhance computational efficiency.

o Method of Moments (MoM): Converts integral equations into matrix
equations using basis functions, maintaining stability and avoiding
"pseudo solution" issues.

Recent developments in these methods emphasize the need for improved
computational accuracy and efficiency, particularly for complex media and structures. The
finite difference method is notable for its simplicity and adaptability to parallel computing,
while the finite element method excels in handling various geometries but requires known
functionals. The method of moments remains effective for scattering problems, though it
faces challenges with increasing computational demands for larger targets.

solutions by

The solution methods for electromagnetic boundary value problems are crucial in both
theory and applications. This review covers seven key methods, each with specific
advantages: the mirror and separated variable methods excel in simple cases, while the
complex function and Green's function methods are effective for complex scenarios. The
finite difference and finite element methods adapt well to intricate geometries and
conditions, and the method of moments is valuable for large-scale analyses. Future research
should focus on hybrid methods that integrate the strengths of these approaches to enhance
accuracy and efficiency in addressing complex practical applications.
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