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                                 ECE 6340 Summary of Numerical Methods in EM
ECE 6340 Finite Element Method

Types of Problems
a)  STATIC

· DC – Potential between two conductors, capacitance

· Steady-state sinusoidal – incident field or current is sinusoidal (sin(wt)), and solution of steady-state equation is sought (eg.  antenna radiation pattern, field or current distributions)

b)  DYNAMIC

· Transient – such as pulse traveling down a microstripline, synthetic aperture radar pulses, coupling of pulses to scatterers/absorbers

· Steady state – solutions over a broad frequency band may be obtained by taking Fourier Transform of wideband transient solution

Types of Solutions
a)  Analytical 

· Advantage – “exact” solution

· Disadvantage – can only be done for uniform, simple geometries

b)  Numerical Methods

· Advantage – can be done for complex, heterogeneous geometries

· Disadvantage – approximation (hopefully a good one) to the exact solution

Procedure:

· Divide model into discrete “cells” / “points” / “grids”

· Apply Maxwell’s equations to this discretized model

· Solve by matrix methods of iteration

Methods Covered in this Course
1.  Finite-Difference Frequency Domain (FD or FDFD)

· Maxwell’s equations (differential form) for steady state are converted to a very sparse matrix equation and solved, usually using an iterative matrix equation solution method

· Static / Differential Form / Matrix Equation

2.  Method of Moments (Galerkin Method, Method of Weighted Residuals)

· Maxwell’s equations (integral form) for steady state are converted to matrix equation and solved.  This matrix equation is not generally sparse.

· Ideal for non-absorbing targets (metal objects), wires, layered materials, small heterogeneities imbedded in large, predictably simple structures.

· Static / Integral Form / Matrix Equation

3.  Finite Element Method (FEM)

· Energy in system is minimized, and resulting sparse matrix equations are solved for steady state solutions.

· Ideal for geometries where curved edges matter.

· Static (or iteratively solved, dynamic) / Integral Form / Matrix Equation

4.  Finite Difference Time Domain (FDTD)

· Maxwell’s Equations (differential form) in the time domain are solved iteratively for transient solution.

· Steady State values are obtained from Fourier Transform of transient solution.

· Ideal for realistic time-domain simulation, highly heterogeneous models, particularly absorbers.   Method becomes more complicated for curved metal objects, and geometrical optics-sized scatterers.

· Dynamic / Differential Form / Iterative Solution

Other Topics

· Review of EM

· Review of Linear Algebra

· Methods of Solving Matrix Equations

· Numerical Integration

· Numerical Differentiation

· Time-to-Frequency Domain Conversion

Learning Objectives
· To become familiar with each method through understanding of the theory and programming it yourself

· Understand the basis for the advantages and disadvantages of each method

· Study the similarity of each method
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