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Echo Width of Foam Supports Used in Scattering
Measurements

JYRGEN APPEL-HANSEN, MEMBER, IEEE, AND V. V. SOLODUKHOV

Abstract—Theoretically and experimentally determined echo widths
of dielectric cylindexs having circular, triangular, and quadratic cross
sections have been compared. The cylinders were made of foam mater-
ial having a relative dielectric constant of about 1.035. The purpose of
the investigation was to find a cross section with a small echo width,
The result can be used in selecting a proper support for test objects in
backscattering measurement studies.

I. INTRODUCTION

N SCATTERING and antenna measurements it is desirable

to have supports with minimum influence on the test object
{11, [2]; ie., scattering from the support is at a minimum.
The most widely used supports are foamed plastic pedestals. In
order to reduce scattering the supports are often shaped as a
truncated cone having a circular cross section [3]. Due to its
rotational symmetry this type of cross section provides a sup-
port which can be used in many types of measurement pro-
grams. The purpose of this work is to investigate whether
other types of cross sections may be better suited for specific
scattering studies. The present paper will concentrate on inves-
tigating supports for backscattering studies where it is wanted
to measure scatiering at one aspect angle of the test object at
a time. For such measurements a promising cross section
seems to be one having a wedge that can be positioned to
point in the direction of the scattering measurement setup. To
minimize interaction between the support and test object, this
may be positioned on top of the support close to the tip of the
wedge. Since a practical wedge cannot be extended infinitely
in the direction away from the tip, the wedge has to be termi-
nated with a back wall. In case a flat wall is chosen perpendic-
ular to the setup, an isosceles triangular cross section is created.
However, as will be demonstrated, this type of back wall gives
rise to a larger reflection than can be expected from a back
wall which is also formed like a wedge. From the above con-
siderations it was decided to compare right cylinders having
circular, triangular, and square cross sections. Since a wedge
with an angle of 90° is most easily manufactured, the simple
cross sections having the same maximum diameter d as shown
in Fig. 1(a) were investigated. The reader may imagine other
cross sections and other directions of incidence which would
be worthwhile to investigate. In order to facilitate such studies
and describe the computations given in this paper, the theory
for determining the echo width of cylinders of arbitrary cross
sections as shown in Fig, 1(b) is outlined in Section II. In
Section III the experimental procedure is described. Theoret-
ical and experimental results are presented in Section IV where
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Fig. 1. Cross section of cylinder. (a) Investigated cross sections.
(b) Coordinate systems relative to an arbitrary cross section.

conclusions are drawn concerning the best suited support for
specific purposes.

In actual measurements supports are not of infinite length
but usually extend from the middle of the test range down to
the ground level where they may be mounted on an azimuth
positioner. However, although our theoretical model is rather
different from actual supports, the conclusions of this work
are expected to be pertinent to scattering work and have in
fact proved to be valuable in our latest measurement programs.

II. THEORY

Electromagnetic scattering by a homogeneous dielectric
cylinder of arbitrary cross section can be investigated by
solving integral equations. Two approaches exist. The equa-
tions can be written in terms of polarization currents [4],
[5] or surface currents [6]~[8]. In the first approach two-
dimensional integral equations over the cross section of the
cylinder have to be solved. This approach requires the inver-
sion of a large full matrix which is numerically impractical for
cylinders of a large cross-sectional area. In the present investi-
gation, where the maximum dimension of the cylinder is a few
wavelengths, the second approach, which uses one-dimensional
integral equations containing integrals over the contour of the
cross section, is applied.

Let the axis of an infinitely long cylinder be placed parallel
to the z-axis of a rectangular xyz-coordinate system. The cylin-
der may have an arbitrary cross section in the xy-plane as
shown in Fig. 1(b). The only restriction is that an orthogonal
cylindrical uvz-coordinate system with a surface u = ug =

0018-926X/79/0300-0191800.75 © 1979 IEEE

Authorized licensed use limited to: Danmarks Tekniske Informationscenter. Downloaded on October 9, 2009 at 09:15 from IEEE Xplore. Restrictions apply.



192

constant coinciding with the surface of the cylinder can be
introduced. The cylinder is dielectric having a relative perme-
ability equal to one and a relative dielectric constant which
is denoted €.

By using standard procedures the system of integral equa-
tions given in [6] is reduced to a system of linear equations in
terms of the electric and magnetic surface currents at discrete
sampling points of the contour. In the case of £-polarization
the scattered field £,5¢ at large distances (r > 1) can be written

as
21 ,
B0 )= }" e g(9), 1)
mr

where

1 . .
g(¢)=z f [nK, cos (8 — @) —J,]el(x cos ¢+y sin @) gy
: v

(2)

and the direction to the field point is characterized by the
angle ¢ as shown in Fig. 1(b). (x, ¥) are the coordinates of the
point of integration (g, v) and @ is the angle between the x-
axis and the outgoing normal to the cylinder at (ug, v). 77 is the
freespace admittance, Ky is the v-component of the magnetic
current, and J, is the z-component of the eleciric current. To
be consistent with [6], the time factor is e/“!, and all linear
guantities are multiplied by the free-space wavenumber kg.
Further details may be found in [9].
The echo width w,.(¢) of the cylinder is defined as

2

E.5°(r, ) @)

inc
E,

wo(¢) = lim 27r

r—co

where £,10¢ is the electric-field intensity of the incident wave.
Introducing k¢ in (1) and (2) we obtain

4
we(9) = — 1 g(¢) 12 4)
ko

In the following sections it is often convenient to consider the
behavior of weky.

Although the developed computer program is able to calcu-
late the scattered field from cylinders of arbitrary shapes for
both E- and H-polarizations, the present investigation is limited
to’ compare backscattered fields (& = ¢) for E-polarization in
the practical cases of cylinders having simple circular, triangu-
lar, and square cross sections having the same maximum
dimension d as shown in Fig. 1(a). Furthermore, in the case of
the triangular and square cylinders the incident wave is propa-
gating along a line symmetry as indicated in Fig. 1(a);i.e., the
“wedge-on’ echo width of a rectangular wedge terminated in
two manners is computed., In Section IV measured results
confirm the validity of the theoretical approach.

III. EXPERIMENTAL SETUP AND PROCEDURES

The experiments were carried out in a radio anechoic cham-
ber. In previous measurement programs it was demonstrated
that results obtained in such a three-dimensional test range can
be compared with theoretical results calculated for the two-

IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. AP-27, NQ. 2, MARCH 1979

— T T T T

. Sockwat!
sxxn Experument - —~ COMribUNon
X2

% -5
e I —
F S

20 . L L . . L

26 28 30 32 34 35 38 40

Frequency IGH2]
Fig. 2. Echo width of triangular cylinder.
20 — T —r —— T T

| — Theoy
awxx Experiment

g 4
e
o
S0 ﬁ
-3 23 30 32 34 35 E) @
Frequency IGHzJ
Fig. 3. Echo width of square cylinder.

dimensional case [10], [11]. The condition for accurate
measurements is that the cylinder is sufficiently long so that
relatively narrow-beam antennas do not significantly illumi-
nate the ends of the cylinder. Then the scattering properties of
a finite cylinder may be simply related to those of an infinitely
long object. In the present experiments the cylinders were 3-m
long and the distance to the radar setup was 9.7 m. The largest
dimension of the cross section of the cylinders was 30 cm. The
radar was a nearly monostatic radar setup. Further informa-
tion on the experimental setup and procedures may be found
in{1] and [10].

IV. RESULTS

In Figs. 2 and 3 the echo widths (multiplied by the free-
space propagation constant) of the triangular and square cylin-
ders, respectively, are shown. The theoretical curves were
obtained from the theory given above. The experimental
results were obtained by using the circular cylinder as a refer-
ence object. Before comparing the results it is convenient to
note that w, of the circular cylinder versus frequency varies
approximately like a standing-wave curve with a standing-wave
ratio equal to infinity. This is because the backscattering of a
circular cylinder is due mainly to the interference of reflec-
tions of approximately the same magnitude from the front
and rear surfaces. Thus as frequency varies, the two reflections
add in and out of phase. The frequency spacing Af between
successive minima is determined approximately by

[4
2dvfe

where ¢ is the velocity of light in free space and d is the
diameter [3]. In the actual measurements it was observed
that w, of the circular cylinder tended to zero at two fre-
quencies within the investigated interval from 2.6 to 3.9
GHz. By inserting the spacing between the two frequencies
into (5) the dielectric constant ¢ of the material was found
approximately to be 1.035.

(%)
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As it appears from Fig. 2, wokg as a function of f for the
triangular cylinder is nearly constant. In fact, computations
show that w,kq increases about 2 dB as the frequency is
increased. The degree of constancy of weykq is because the
back wall gives the major contribution which is proportional
to the square of the coefficient of reflection R, and the edges
give a minor contribution [12]-[14]. The contribution from
the back wall can be calculated by using a physical-optics
approximation. Considering the back wall to be an infinitely
long strip with a surface current distribution, (2) and (3) give
small values for g anda =0

(2kga)? r? sin? (kqa sin ¢)
ko (koll sin ¢)2

we(d) = (6)

where 22 = d is the width of the back wall. This equation is
equivalent to analogous results found in standard textbooks
[15]. As shown in Fig. 2, the back-wall contribution based
on (6) shows agreement within 0.5 dB for the actual cylinder.

For the square cylinder, the behavior of wyk( is shown in
Fig. 3. For the direction considered geometrical optics show
that out of the four walls only the two back walls contribute.
In fact, these make the configuration of a corner reflector.
Thus the contribution from the walls is proportional to R%.
The fields diffracted by the edges are of the same order. There-
fore, the interference between these two components results in
the irregular variations in Fig. 3. It should be mentioned that
by choosing a quadrangle having angles different from 90°, it
is expected that the echo width may be further reduced owing
to the lack of the corner reflector effect just mentioned.

Noting that the maximum value of w.kqy of the circular
cylinder is calculated to be —19.6 dB, it is seen that the maxi-
mum value of wgkq for the square cylinder is 9.2 dB lower
than that obtained for the circular cylinder. Furthermore, the
maximum value of the triangular cylinder is 6.3 dB larger than
that of the circular cylinder. Thus in general the square cylin-
der is the best suited for backscattering measurements. Only in
narrow frequency bands around the minima in the standing
wave pattern of w,kq forthe circular cylinder may this be the
best support.

These conclusions are based on the agreement between
computed and measured values which is often better than
1 dB. One of the major sources of error is that the measure-
ments were carried out with a nearly monostatic radar having
an inherent bistatic angle of about 2.2°. Another source of
error was that the value of € was not known beforehand and
was determined as described above. The major discrepencies
are observed around the frequencies 3.1 and 3.6 GHz. This is
due to the use of the circular cylinder as a reference object
having low values of w,kqg around these frequencies. Further
details may be found in [9].

V. CONCLUSIONS

The backscattering echo widths of circular, triangular, and
square cylinders have been compared. It is concluded that in
general the square is the best suited for backscattering meas-
urements at fixed aspect angles. This is due to the observation
that the square cross section has an echo width which in aver-
age is more than 10 dB below that of the circular cross section.
Only for narrow frequency band uses can the diameter of the
circular cross section be chosen to have a lower echo width.

193

During the investigation it was observed that the triangular
cylinder, due to its back wall, has a relatively high echo width
which increases slowly with frequency. Furthermore, the echo
width of the triangular cylinder may be calculated accurately
by taking only the back wall into account. Therefore, the
triangular cylinder might easily be used as a reference. Com-
parison between the echo width of circular and triangular
cylinders might be used to find the dielectric constant of the
material. Further investigation of the accuracy of such a
procedure would be worthwhile to initiate.
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