
Introduction

It is rare for real-life EM problems to fall neatly into a class that can be
solved by the analytical methods presented in the preceding lectures.
Classical approaches may fail if:

• the material is not linear and cannot be linearized without seriously 
affecting the result
• the solution region is complex  (i.e. the various boundaries do not 
coincide with any well described coordinate system).
• the boundary conditions are time-dependent
• the medium is inhomogeneous or anisotropic

Whenever a problem with such complexity arises, numerical solutions 
must be employed.

Fortunately there are a large number of very good commercial 
programs available for solving antenna problems.

Computational Electromagnetics in Antenna 
Analysis and Design
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Comparison of Methods
Domain Generality Accuracy Memory

N= number 
of elements

Antenna Types

MoM Frequency Homogeneous or
discretely 

homogeneous 
regions

Very accurate @(N2) All but harder for 
large reflector 

antennas

FDTD Time
(all 

frequencies
in one run)

Very general.
inhomogeneous, 

dispersive, 
anisotropic

Moderately 
accurate

@(N) All but harder for 
large reflector 

antennas

FEM Frequency Very general.
inhomogeneous, 

dispersive, 
anisotropic

Very accurate @(N log N) All but harder for 
large reflector 

antennas

High 
Frequency 
Methods

Frequency Only good for 
structures much 
larger than  the 

wavelength

Only accurate 
for large

structures

@(N) Only good for 
large antennas 

(mostly used for 
reflectors)



Goal of all of these methods
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Finite Difference Time Domain
FDTD



Reason for interest in FDTD

In the time domain, Maxwell’s equations give rise to PDEs
involving time and spatial derivatives.
Some good reasons for dealing with PDE’s are:

• Complex-value materials easily accommodated.
• Computer resources are adequate.
• PDE solutions are robust.
• Time domain PDE methods usually have no matrices.
• Geometries to be solved can be more varied. 



Some big advantages
• Broadband response with a single excitation.
• 3D models easily.
• Memory requirement scales linearly with problem size
• Frequency dependent materials accommodated.
• Most parameters can be generated e.g.

Scattered fields
antenna patters
RCS
S-parameters
etc…..



How does it work?
Based on the two Maxwell curl equations in derivative form. These
are linearized by central finite differencing. We only consider
nearest neighbor interactions because all the fields are advanced
temporally in discrete time steps over spatial cells.

embedding of an antenna
in a FDTD space lattice
(note that the whole volume
is meshed!)

ie we sample in space & time



Discretize Objects in Space using 
Cartesian Grid

2D Discretization
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Define Locations of Field Components:  
FDTD Cell called Yee Cell

• Finite-Difference
– Space is divided into small cells

One Cell: (dx)(dy)(dz)
– E and H components are distributed 

in space around the Yee cell (note: 
field components are not 
collocated)

FDTD: Yee, K. S.: Numerical solution of initial boundary value problems involving 
Maxwell's equations in isotropic media. IEEE Transactions on Antennas Propagation, Vol. 

AP-14, pp. 302-307, 1966. 
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QuickWave  (http://www.qwed.eu/)

 Commercial FDTD package with CAD interface
 Uses conformal FDTD mesh
 Many special features for antenna problems
 Written and supported by QWED, Poland
 Runs under 32/x64 bit Windows platforms and Linux



QuickWave  (http://www.qwed.eu/)

Examples:



QuickWave  (http://www.qwed.eu/)
Examples:



XFdtd (http://www.remcom.com /)

 Commercial FDTD package with CAD interface
 Probably the most popular FDTD package for antenna 
problems
 Many special features for antenna problems including full 
human body mesh
 Written and supported by Remcom, USA
 Runs under 32/x64 bit Windows, Mac OS X and Linux



XFdtd  (http://www.remcom.edu /)



Lumerical (http://www.lumerical.com /)

 Commercial FDTD package with CAD interface
 Popular FDTD package for the optics folks (i.e. integrated 
optics, light scattering, plasmonics)
 Large library of materials at optical wavelengths
 Has very nice scripting language for defining large complicated 
problems.
 Has nice built in optimization
 Runs under 32/x64 bit Windows, Mac OS X and Linux



Lumerical (http://www.lumerical.com /)



Finite Element Method



Finite Element Method



Variational Approach

In solving problems arising in physics and engineering it is often 
possible to replace the problem of integrating a differential 
equation by the equivalent problem of seeking a function that 
gives a minimum value of some integral.  Problems of this type 
are called variational problems.

The methods that allow us to reduce the problem of integrating a 
differential equation to the equivalent variational problem are 
usually called variational methods.  



Variational Approach

Name of equations PDE Variational principle

Homogeneous
wave equation with 

sources
Homogeneous
wave equation 
without sources

Diffusion equation

Poisson’s equation

Homogenous 
Laplace’s equation
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Finite Element Method

The finite element method (FEM) has its origin in the field of 
structural analysis.  However, since then the method has been 
employed in nearly all areas of computational physics and 
engineering.

The FEM method, while more difficult to program than either the 
finite difference (FD) or method of moments (MOM), is a more 
powerful and versatile numerical technique for handling 
problems involving complex geometries and inhomogeneous 
media.



Basic concept

Although the behaviour may be complex when viewed over a large
region, a simple approximation may suffice over a small subregion.
The region is divided up into finite elements.

(usually, triangles or squares,
but can be more complicated)

Regardless of the shape the field is 
approximated by a different 
expression over each element, 
maintaining continuity at adjoining
elements. 



Solution Strategy: Variational Approach

The equations to be solved are usually stated not in terms of 
field the variables but in terms of an integral-type functional 
such as energy.

The functional is chosen such that the field solution makes 
the functional stationary

The total functional is the sum of the integral over each element



Finite Element Method

The finite element method (FEM) involves basically four steps:

(1) Discretize the solution region into a finite number of 
subregions or elements

(2) Derive the governing equations for each element based on 
either a variational approach or Galerkin’s method

(3) Assemble all the elements together in the solution space.
(4) Solve the resulting system of equations



HFSS  (http://www.ansoft.com/)
 Commercial FEM package with CAD interface
 Uses adaptive meshing
 Probably the most popular commercial package for antenna 
applications.
 Written and supported by Ansoft, USA
 Runs under 32/x64 bit Windows platforms, Redhat Linux, 
Solaris (Sun workstations).
 Has integrated hybrid finite element / boundary integral 
methods (MoM)
 Kind of expensive!
 Optional optimization package (optimetrics)



HFSS  (http://www.ansoft.com/)



CST Microwave Studio  (http://www.cst.com/)
 Commercial FEM, MoM and TLM package with CAD interface
 Mature and easy to use interface
 Popular program for microwave circuit applications but also 
very useful for antennas.
 Written and supported by CST, International
 Runs under 32/x64 bit Windows platforms and Redhat Linux, 
 Kind of expensive!
 Has a specific antenna design option called Magus



CST Microwave Studio  (http://www.cst.com/)



Comsol Multiphysics(http://www.comsol.com/)

 Commercial FEM package with CAD interface
 Is best known for its ability to solve multiphysics problems
 Becoming a very popular program.
 Links nicely with Matlab
 Easy to learn interface
 Runs under 32/x64 bit Windows platforms
 Moderately prices



Comsol Multiphysics(http://www.comsol.com/)



http://www.clemson.edu/ces/cvel/modeling/EMAG/free-codes.html

References:
1.  Clemson site lists all the free EM modeling tools

http://www.clemson.edu/ces/cvel/modeling/EMAG/csoft.html

2.  Clemson site lists all the commerical EM modeling tools
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