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Foreword by the Editor

This issue's column continues the theme of the columns of

October, 2004 [1] and June, 2006 [2], providing implementations

for various canonical problems of electromagnetic scattering the-

ory. The present contribution, again using MA TLAB, extends the

previously implemented analytical solutions to further include a

number of asymptotic solutions. Additionally, solutions of some

other " non-canonical" objects are also addressed. Once again, this

is likely to prove most useful to code developers and those who

validate codes, and we thank the authors for this follow-up paper.
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Abstract

Various numerical techniques have been developed for modeling electromagnetic-field propagation in conducting and dielec-

tric media. The validity of these techniques is usually verified by comparison to the exact or asymptotic solutions of canonical

or non-canonical problems of well-known solutions. This paper presents a software package designed as an educational and
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validation tool for the purpose of visualizing the physical phenomena of electromagnetic scattering from some canonical andnon-canonical objects. The package is constructed to provide solutions for dielectric and conductive materials whereverappropriate, and it calculates and displays the near and far fields due to an excitation from a line source or a plane wave.
Keywords: Graphical user interfaces; electromagnetic scattering; radar cross sections; software verification and validation;boundary value problems

1. Introduction

Tn electromagnetic education, the fundamentals of electromag-
J.netic scattering theory are usually taught through solutions of

scattering from some canonical objects due to excitations by inci-
dent plane, cylindrical, or spherical waves. In general, these solu-
tions are available in closed mathematical forms, which in many
cases are hard to visualize, and it can be difficult to extract from
these solutions the physical characteristics of the scattering proc-
ess. Therefore, it is important to have such canonical solutions
programmed and arranged in an easy-to-use tool for the purpose of
visualizing the physical phenomena of scattering from these
objects. Thus, the availability of such programs that solve these
types of canonical problems on the widely available personal com-
puters and workstations provides students with a better under-
standing of electromagnetic scattering theories. Furthermore, such
tools can be used as benchmarks for a wide range of researchers
who are developing numerical electromagnetic techniques, and
these researchers would be able to have immediate access to solu-
tions to a variety of test cases to verify their techniques. With these
needs in mind, a graphical user interface (GUI) has been developed
to calculate and display the scattering from two- and three-dimen-
sional canonical objects, based on exact boundary-value solutions.
In addition to canonical objects, this user interface also includes
some simple non-canonical objects where the presented scattering
parameters are based on approximations and asymptotic solutions.
Many configurations are considered in this software package: a
thin strip, circular cylinder, capped wedge, truncated cone,. line
source above a ground plane, sphere, triangular and circular flat
plates, and ellipsoid. The package is constructed to provide solu-
tions for both dielectric and conductive materials, wherever appro-
priate. It calculates the far- and near-field components due to an
excitation from a line source or a plane wave [1-4]. In the two-
dimensional problems, the TE and TM cases are treated separately.

Electromagnetic-analysis software packages are judged not
only by their computational efficiency and adaptability, but also by
their ease of use and the friendless of their user interfaces. A
graphical user interface was developed for each object considered
here, in order to provide the object's parameters and the excitation
type and parameters, and to display the computed near- and/or far-
field results, and any other appropriate output parameters. Since the
computations are fast, the user interface is organized such that the
user can interactively observe the effect of changing any of the
physical or electrical parameters on the resulting far-field patterns
and parameters in near real time.

2. Software Description

A graphical user interface was developed using MATLAB® in
order to provide a user-friendly environmnent for the calculation and
visualization of scattered-field results from canonical objects. Each
object was programmed in a separate module, and the package can
easily be extended to include new objects, as shown in Figure 1.
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Near-field calculations take some time, but far-field calculations
are fast enough to get results almost instantaneously. The scattering
geometries included in the package will be described in the fol-
lowing paragraphs.

2.1 Thin Strip

Scattering from a thin, perfectly conducting strip due to a
normally incident plane wave is calculated. The plane wave can be
TE or TM polarized. The monostatic RCS and bistatic RCS can be
calculated and displayed either in polar or Cartesian coordinates.
For this module, the input parameters that the user can tweak and
change are the strip's width, the operating frequency, and the inci-
dent angle of the plane-wave excitation. An asymptotic solution,
such as Physical Optics, is considered to provide a solution for this
problem. Equations (1) and (2) present the bistatic RCS for TM
and TE polarizations, respectively, while Equation (3) presents the
monostatic RCS for both polarizations, TM and TE; further
mathematical details are described in [1]. A snapshot of this mod-
ule's geometry, along with a sample RCS pattern, are shown in
Figure 2.
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Figure 1. A snapshot of the main module.
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Figure 2. A snapshot of the Thin Strip module.
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where I, is the line-source magnitude, 77 is the free-space intrinsic

impedance, 0S is the observation angle, p is the plane wave posi-

tion in the far-field region, and h is the distance from the line

source to the ground plane.

The scattered field can be displayed either in polar or Carte-

sian coordinates, where the user has the ability to specify and

change the values of the operating frequency, as well as the dis-

tance between the line-source position and the infinite ground

plane. A snapshot of this module's geometry with a sample far-

field pattern is shown in Figure 3.

2.3 Capped Wedge

Scattering from a wedge loaded with a cylindrical cap at its

sharp edge is calculated based on the exact, closed-form solution

given in [2]. The excitation can be due either to an incident plane

wave or a line source. The capped-wedge material can be either a

dielectric or a conductor, or it can be simply eliminated by either

reducing the cap radius to zero or by setting the relative dielectric

constant to that of the surrounding media. If the user chooses a

dielectric-capped wedge, the user then has to specify the values of

the relative permittivity and permeability of the capped wedge. The

capped-wedge module was generated to accept different angles

between the infinite sides of the wedge and the reference axis, thus

providing a more general configuration. In this case, the user has

the ability of choosing among equal angles, different angles, or

even having one of the wedge's sides coincide with the reference

axis. The near-field distribution can be displayed, and the far field

can be plotted. A snapshot of this module is shown in Figure 4.

The corresponding far-field and near-field results are shown
(2) in Figures 5 and 6, respectively, for a capped wedge excited by a

line source having the parameters shown in Figure 4 for the

capped-wedge module.

(3)

Y=/Jwcosgi (3),

where w is the strip',s width, 0. is the scattering angle, Oi is the

incident angle, 83 is the wave number, and A is the wavelength.

Es and H' are the scattered electric and magnetic field compo-

nents, respectively, while E' and H' are the corresponding inci-

dent fields.

2.2 Line Source Above a Ground Plane

The scattered field from a line source located above a ground

plane is calculated based on the asymptotic solution given in [1].

The final expression for the total electric field (Et) is shown in

Equation (4).
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Figure 4. A snapshot of the Capped Wedge module
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Figure 5. The far-field results for the input parameters shown
.n Figure 4.

Figure 7. A snapshot of the Circular Cylinder module.
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Figure 8. The far-field results for the input parameters shown
in Figure 7.
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2.4 Circular Cylinder

Scattering from a circular cylinder is calculated based on the
exact, closed-form solution given in [ 1, 2, 5]. The excitation can be
due either to an incident plane wave or a line source. The plane
wave can be TE or TM polarized. The cylinder material can be a
dielectric or a conductor. The near-field distribution can be dis-
played, and the far field can be plotted. Once the user selects the
near-field distribution for either excitation, he or she then has to
specify' how many points to draw around the cylinder in both the x
and y directions. A snapshot of this module is shown in Figure 7.

Far-field and near-field results are shown in Figures 8 and 9,
respectively, for a dielectric cylinder excited by a plane wave hav-
ing the parameters shown in Figure 7 for the circular-cylinder
module.

2.5 Sphere

Scattering from a sphere due to an incident plane wave is cal-
culated based on the exact, closed-form solution presented in [4].
The sphere's material can be a dielectric or a conductor. Co-polar-
ized and cross-polarized radar cross sections can be plotted and
saved to a file. A snapshot of the module is shown in Figure 10,
with the co-polarized scattering cross section of a dielectric sphere.

2.6 Truncated Cone

Scattering from a truncated cone (frustum) due to an incident
plane wave is calculated based on the approximation given in [3].
Equation (5) presents the backscattered RCS due to a linearly
polarized incident wave.

Az tan a r~-2
(7small end j- tn9ar

large end 8,sin9[a ( ± (5)

h

r
tan a

where r, and r2 are the small-end and large-end radii of the cone's
base, respectively. The parameter a is the half cone angle, 0 is
the aspect angle with respect to the frustum's surface, h is the dis-
tance between the top and bottom bases of the frustum, and z is a
function of r, where r represents either r, or r2, depending on
whether the RCS contribution is from the small or large end of the
cone. In this module, the user has the ability to tweak the values of
the operating frequency, the small-end radius, the large-end radius,
and the height of the frustum. A snapshot of the module is shown
in Figure 11, along with a sample RCS pattern.

2.7 Triangular Flat Plate

Scattering from a triangular flat plate due to an incident plane
wave is calculated based on the asymptotic solution given in [3]. In
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Figure 3. A snapshot of the Scattering from a Line Source
above a Ground Plane module.
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Figure 9. The near-field results for the input parameters shown
in Figure 7.
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Figure 6. The near-field results for the input parameters shown
in Figure 4. Figure 10. A snapshot of the Sphere module.
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Figure 11. A snapshot of the Truncated cone module.
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Figure 13. A snapshot of the Circular Flat Plate module.

this module, the user has the ability to change the values of the
operating frequency, the size of the base of the triangle, and the
height of the triangle, in addition to the roll angle, as shown in Fig-
ure 12. Backscattered RCS can then be calculated and displayed in
Cartesian coordinates, based on the following expressions:

2= P(coso)2o-o,

{O= (sin a)2 -[sin(P/2)]2}1
2 + a,

a~ 2-(,812)'

(6)

(7)

where

coI= 0.25 (sin 0) 2 [(2a/b) cos 0 sin fi - sin 0 sin 2a ] 2 . (8)

Here, a =/ca sin 0cos 0, ~8 = kb sin 0sin 0, and A = ab/2. A snap-
shot of the module is shown in Figure 12, along with a sample
RCS pattern.

2.8 Circular Flat Plate

Scattering from a circular flat plate due to an incident plane
wave is calculated based on an asymptotic solution given in [3].
The user has the ability to change the frequency and the radius of
the circular plate. The backscattered. RCS can then be calculated
and displayed in Cartesian coordinates, based on the following
expression:
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a. =,Tk2 r 4 2J, (2kr sin 0) 1 Cs0 92,L 2kr sin 0 (co
(9)

where k = 2;r/2, r is the radius of the circular plate, and J, (/?) is

the first-order spherical Bessel function. A snapshot of the module
is shown in Figure 13, along with a sample RCS pattern

2.9 Ellipsoid

Scattering from an ellipsoid due to an incident plane wave is
calculated based on an asymptotic solution given in [3]. The back-
scattered RCS can be calculated and displayed in Cartesian coordi-
nates, based on the following equation:

(T = i~~ra 2b 2 c2
10

(a 2 sin 2  S2 O+b 2 sn 2 0sin 
2  + 2 cos 2 0 (10

where a, b, and c are the three radii of the ellipsoid in the x, y, and
z directions. A snapshot of the module is shown in Figure 14, along
with a sample RCS pattern.
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2.10 General Comments and Availability
The parameter-entry boxes in most of the modules have slid-

ing bars, in order to provide a range for each parameter that is an
input to the program. Once the parameter is changed with the
slider, the corresponding calculations are performed and displayed
in the result window. The variation of results with respect to
parameters can therefore be viewed in a near-real-time manner.
Furthermore, any data displayed in the result window can be saved
to a MATLAB plotting file.

This package has been developed and tested using
MATLAB 7, Release 14, and a p-coded version of this package is
available for free download from the Applied Computational Elec-
tromagnetics Society (ACES) Web site:
(http:aces.ee.olemiss.edu).

3. Conclusions

A graphical user interface has been developed for scattering
from two- and three-dimensional objects. It has high computational
efficiency and adaptability, in addition to its ease of use. The user
interface provided is characterized by a fast computational time.
The user can thus interactively observe the effect of changing any
of the physical or electrical parameters on the resulting far-field
patterns and parameters in near real time.
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Figure 14. A snapshot of the Ellipsoid module.
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