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NOTICES

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever, and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corporation,
or conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto.
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I. Radiation Pattern of Antennas Mounted on a Perfectly Conducting
Convex Body

There is a great deal of interest in calculating the patterns
of antennas radiating in the presence of complex structures such as
an aircraft, ship, etc. One of the approaches that has found great
success for analyzing these types of problems is the Geometrical Theory
of Diffraction (GTD). Probably the biggest advantage of this method
over others is that many electrically large structures can be modeled
using flat plates, and some kind of convex body such as a cylinder,
sphere, spheroid, etc., for which diffraction coefficients are known.

The radiating system shown in Figure 1 is a good starting point
in solving more complicated structures, because it illustrates most
of the individual field components making up the total high-frequency
radiated field. As depicted in Figure 1, let"us consider an antenna
mounted on a perfectly conducting convex surface in the presence of
an n-sided, (n=4 in Figure 1) finite perfectly conducting plate.

In order to avoid some geometric complications, let us assume that

the plate is not attached to the convex surface. The total field at
the point (p), which has to be at least a wavelength away from any
diffraction point is,equal to the superposition of the following field
components as shown in Figure 2.

(1) direct field from the source

(2) reflected fields from the finite metal plate.

(3) curved surface diffracted fields from the convex
surface

(4) diffracted fields from the edges of the plate.

(5) vertex diffraction from each of the plate corners.

Let us consider two types of antennas: slots and monopoles.
The length (L) of the monopole can not exceed a quarter of a wavelength,
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Figure 1. Curved surface mounted antenna radiating in the presence
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and for the slot antenna it is assumed that a cosine field distribu~
tion exists 2long the magnetic dipole axis, and a uniform distribution
across the dipole axis. These restrictions are necessary because of
the nature of the approximations made in obtaining the high-frequency
fields. References [1]and [2] describe these approximations in detail.

The first step in the solution of each term of the total GTD field
is to determine the ray path using the laws of reflection and/or dif-
fraction. Assuming the ray path is determined, one must then examine
the total ray path to see whether or not it intersects an obstacle.

If the ray path is not interrupted, the field value is computed and
superimposed with other terms. On the other hand, if the path is
interrupted, the field is not computed.

A. Source Field

The direct and curved surface diffracted fields are computed using
the results given in [3]. Both fields will be referred to as the source
fields in the rest of this report. Obviously, when the field point
is in the 1it region, the 1it region solution is used; whereas, the
shadow region solution is used if the field point is in the shadow
region.

8. Reflectedﬁfie]d

In order to determine the path of the reflected field from the
plate, the receiver image position is found as illustrated in Figure
3. The source solution is then used to compute the ES field at the
image position. The second step is to ascertain if the ray path from
the effective source to the image position intersects the plate. If
it does intersect, the reflected field £ at (xr, Yps zr) is computed
as follows
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Figure 3. Geometry used to determine reflected field from
metal plate.
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where ES = Ei X + E; y+ E: z is the source field incident on the
image receiver position.

If the ray path is not interrupted by the plate, the reflected
field is not computed. The T-matrix in equation (1) represents the
reflected field polarization transformation matrix. It is derived
in detail in [21 It turns out that the T-matrix elements are indepen-
dent of the receiver location. Thus, in order to improve the efficiency
of the numerical solution, the T-matrix is stored in memory.

C. Edge-Diffracted Field

The diffracted fields from the edges of the plate are obtained
using the diffraction coefficients presented in [4]. Assuming that
one has determined the ray paths for these fields, the diffracted fields
are given by

d - 1 \ . ] 1. -jks

? (S) =F (QE) U(¢’¢ 930) m;LST e ’ (2)
where

= Dol _ _at 3 ..._M“ Vopl

D (¢,¢':8) = -By B D (0:0"58:) - ¢'6D, (4,0"380) (3)
where DS is the scalar diffraction coefficient for the acoustically
soft (Dirichlet) boundary condition at the surface of the plate, and
Dh is the scalar diffraction coefficient for the acoustically hard
(Neumann) boundary condition. Expressions for Ds and Dh are given
in [4]. 'fi(QE), the source field incident on the edges of the plate
can be determined from the expressions for the source field.
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The edge diffraction coefficients were obtained for infinite
straight edges, and since the plate is finite, there will be a discon-
tinuity in the edge diffracted fields due to the corners of the plate.
To compensate for this discontinuity, a diffraction coefficient asso-
ciated with the corners of the plate is needed. Expressions for the
corner diffracted fields associated with one corner on one edge are
given in [5]. It is enough to mention that this coefficient in its
present form predicts accurately the corner effect of various plate
structures.

Probably the most difficult part in computing the edge diffracted
field is to determine the ray path. As depicted in Figure 4, the
law of diffraction (s'* e = s * e) is used to find the point of dif-
fraction (xd, Ygo zd). For any particular source, plate edge, and
receiver location, the diffracted ray path is unique. The key in find-
ing this unique path is to determine the diffraction point along a
given edge of the plate., Efficient algorithms to calculate the dif-
fraction point have been developed at the ElectroScience Laboratory.
These algorithms can calculate the diffraction point for any edge,
including the junction edge (the edge formed by the junction of the
plate and convex surface). The junction edge need not be straight,
which complicates the solutions. For a complete description of the
algorithms refer to [2] or [6].

II. Results

The geometry used to test the validity of the analytical solutions
is illustrated in Figure 5, where two cartesian coordinate systems
are defined. One of them is the cartesian system (x',¥',2' ) which
defines the spheroid and plate geometries. This system is then rotated
into what is referred to as the (X.,¥»Z) system. Note that the new
coordinate system is found by first rotating about the 2' axis the
angle ¢c, and then about the y-axis the angle ec. The conical pattern
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Figure 4. Geometry depicting diffraction from straight edge of
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Figure 5.

Coordinate systems used to define the spheroid and plate
geometries and the pattern axis.
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is then taken in the (x, ¥, 2) system with 6 fixed and varying ¢ from
0° to 366°.

Calculated and measured roll-plane patterns (6c = 0?, o = 09,
8 = 90?) are shown in Figure 6 for a quarter inch monopole antenna
located at 8= 90° radiating without the presence of the plate. Both
results agree very well except in the region from ¢ = 144° to
$ = 2160, where the calculated results are a few decibels below the
measured pattern. This is due to the fact that only 2 surface rays
(rays 1 and 2) shown in Figure 7 are used. Because of the dimensions
of the spheroid, i.e., ¢ = 42 is only twice as long as a = 2x, the
contributions of rays 3 and 4 are important, and if included, the
calculated pattern would resemble more closely the measured results.
In all the results presented here, only 2 surface rays are used. Fig-
ures 8 and 9 illustrate two roll-plane patterns for a quarter inch
monopole radiating in the presence of a 10" x 10" metal plate. There
is a very good agreement between the calculated and measured patterns,
even though, in making the measurements it was very difficult to posi-
tion the plate at the desired focation due to the lack of a reference
coordinate system.

Figure 10 shows the geometry used to calculate the patterns de-
picted in Figures 11, 12, and 13. As indicated before, the total high
frequency field is equal to the superposition of individual terms.
Figure 11 illustrates the individual source, reflected, and diffracted
fields together with the total field for a roll-plane cut (ec = 0?,
¢ = 0%, 6 = 90%) Figure 12 shows the effect of adding the corner
diffracted term to the total solution, and it is clear that the discon-
tinuity around ¢ = 70° is removed when the corner diffracted term is
added. The conical patterns are for 9C = 0°, ¢c = 0% ©2:75.1% Fi-
nally, Figure 13 illustrates patterns for axial and circumferential
0.4" x 0.8" slots located at 8¢ = 90°.
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Figure 10. End view of the geometry used to calculate the conical
patterns depicted in Figures 11-13.
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Figure 11. Calculated radiation patterns (°c=0°. ¢c=0°, 0=90°) for a - L
: 0.25" monopole mounted at BS=90°. The metal plate is a
10" x 10" square.
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180°
Metal Plate fncluded
(with corner diffraction)

Figure 12. Calculated patterns (6c=0°. ¢c=0°, 8=75.10°) for a 0.25"
monopole located at es=90°. The metal plate is a 10"x10"
square.
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. Figure 13. Calculated roll-plane (ec=0°, ¢c=0°, e=90°) patterns for a
0.4"x0.8" slot located at es=90°. The metal plate is a
10"x10" square.
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A very important property of GTD was illustrated when the corner

diffracted term was added in Figure 12, If any term that is significant

in the total solution is not included, it shows up in the calculated
pattern in the form of a jump or a kink. Thus, one has an automatic
check on the results and can correct for errors by adding higher order
terms to the solution until a continuous pattern is obtained.

It is important to emphasize that all the results presented above

were obtained for a very stringent case due to the dimensions of the
spheroid, which is approaching a sphere. To actually model a missile,
or aircraft fuselage, the electric dimensions of the spheroid would
be much larger than the ones chosen here, i.e., 2* x 4x. Since GTD
is based on the assumption of the locality of the diffraction phenom-
enon, one should expect to obtain more accurate calculated patterns
when the spheroid is larger in terms of wavelength.
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