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A Study of the Scanning Properties
of Some Simple Reflectors

1. INTRODUCTION

In this report we present some preliminary results on our attempts to develop
a reflector antenna with limited scanning capabilities. The goal is to develop a
reflector surface which is such that the position of the main beam of the radiation
pattern can be changed simply by switching (electronically) the location of the feed
which is excited. For example, exciting feed No. 1 in Figure 1 would place the

main beam at ¢ = ¢, exciting horn 2 would place the main beam at ¢ = 0os and so

1
on. We will show here that it is relatively easy to develop singly curved surfaces
which can be scanned over + 10 beamwidths simply by switching the location of the
feed horn which is excited.

The analysis will be performed by first considering the properties of the re-
flecting surface as a receiving antenna. That is, we will illuminate the reflector

by a plane wave incident at o = ¢, and then study (using the physical optics approxi-

1
mation) the location and structure of the focal spot. This tells us where to place

the feed, and gives us an idea of the amount of beam distortion we may expect. Once
the appropriate feed location is known we then study the Fraunhofer zone field

patterns produced by a feed at this point.

(Received for publication 12 February 1979)
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] Figure 1. Example of Limited - Scan Reflector

2. RECEIVING AND TRANSMITTING PATTERNS OF A REFLECTING
SURFACE

Consider the single-curved reflecting surfuce in Figure 2, which is illuminated
by & plane wave with magnetic field given by H1 = (X cos 0 + 2 sin 0) expl-ikz cos o +
Ik x sin 0). Then the magnetic field at the point (x, z) due to the diffraction of the

incident magnetic field is given by the physical optics approximation as

TS (n

exp (-ikp)
i 5 ’ o Ve

where k= 27/X, X = signal wavelength, p - [(x-.\)" + l.f'-/\'J » A is the pro-
Jection of the reflector surface onto the x axis, z = f(x) is the equation satisfied by
the reflecting surface and %, 2 are unit vectors.

Equation (1) has been used to compute the magnetic field distribution as a func-
tion of angle of incidence for an offset parabolic cylinder, as shown in Figure 3.
Contour plots of the magnetic field amplitude are shown in Figures 4 to 6. Note
that when o = 0° there is a well-defined focal spot, but as the angle of incidence
is increased the spot becomes deformed and elongated. The bending of the contours
in Figure 6 follows the caustic surfaces. The same conclusion holds for the non=-
offset parabola; a well-defined spot is produced for 0 = 0°, but the spot becomes

highly distorted as 0 is increased,

The reflector is assumed to be of infinite extent in the v - direction.

1. Silver, S, (1965) Microwave Antenna Theory and Design, Dover, N. Y.
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We have also considered the inverse problem in which line sources are alter-

natelv nlaced at the center of the focal spots in Figures 4 to 6 and the corresponding

radiation pattern of the parabol eviinder then caleulated, Results for the case
when the line source feed 18 1sotropic are shown in Figures 7 to 9,  As expected,
the pattern is symmetric when the matn beam 15 centered at o 07, but 1s hghly j
assvmmetrie (coma) when the feed is placed such that the main beam 18 centered |

ato = 107, Therefore, the parabolic cylinder, or offset par abolic eviinder has

poor scanning properties and is not the most useful surface for a lunttedssoar

M ?
REFLECTOR SURFACE \

p=f(n)

- ‘
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REFLECTOR SURFACE
1o Foxdar \
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Figure 3. Parabolic Cvlinder, The ratio of the
facal length, F, to diameter, D, is F'D 1/2
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Figure 4, Contour Plot of
the Received Nagnetic Field
Amplitude for the Reflector
Shown in Figure 3, for
F=15Aand ¢ = 0°. H, is
the magnetic field amplitude
at the center of the spot

Figure 5. Contour Plot of
the Received NMagnetic Field
Amplitude for the Reflector
Shown in Figure 3, for
F=18Aand¢d= 5
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Figure 6. Contour Plot of
the Received Magnetic Field
Amplitude for the Reflector
Shown in Figure 3, for

F = 15X and ¢ = 10°

Figure 7. Radiation Pattern
of the Parabolic Cylinder in
Figure 3 for an [sotropic l.ine
Source at x/F =0, z/F =0
With F = 15X




Figure 8. Radiation Pattern
of the Parabolic Cylinder in
Figure 3 for an Isotropic l.ine
Source at x/F = -0, 03833,

z/F = 0.1117, With F = 15X
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x Figure 9. Radiation Pattern
z of the Parabolic Cylinder in
. Figure 3 for an Isotropic Line
S Source at x/F = -0, 0633,
< z/F = 0,2267, With F = 15X
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The difficulty with the parabola is that it s perfectly focused for ¢ -~ 0, but
becomes rapidly defocused when one scans to other values of ¢, On the other hand
a circular cylinder has the disadvantage of being poorly focused for ¢ = 0° but this
system does not deteriorate rapidly as one scans to other values of ¢, It would be
desirable to find a surface which is not 1s well focused as the parabolic cylinder
nor as poorly focused as the circular cylinder, but which has better scanning
properties than the parabolic cylinder. One surface which has this property is a
modification of a scan corrected .\'\n'!'.'lvvg' S developed for another purpose, ‘The

surface we have studied satisfies the equation

)
DTt TR SRR ot 2)
LA ¥ hay 5 ¢ Rl )Y ie

where r and # are shown in Figure 10. We first studied the properties of this sur-
face when used as a receiving antenna, ‘The results for the case when the surface
is symmetric about the z-axis (with "u » =457 and ‘)l = 457) are shown 1in Kigures
11 to 13. Note that there is a well-focused spot for the angle of incidence, ¢, equal
to 0° but that the spot becomes defocused as O s increased, The radiation pattern
produced when an isotropic line source, placed at the center of the focal spot in
Figure 11, illuminates the reflector is shown in Figure 14, Note that the sidelobe

levels are about 3 dB lower than those for the corresponding civeular cylinder, 4

REFLECTOR
SURFACE
SATISFIES s . < " =
EQ(2) Iigure 10, Geometry for Study of
the Surface Defined by g, (2)
—
z

T /ohell AL (1973) Performance of a Reflector=Array Limited Scan Technique,
Digest of [EF 1 Anfennas & Propavation Svinposium, Noulder, O, pp S TR-700,
3. NeGahan, R, (private communication),

4, Holt, ., and Bouche, . (1964) A (iregorvian corvector for sprerical reflectors,
IEEE Trans, on Ant, & Prop. AP-12:44-47,
WMAAMWANWWY
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Figure 11, Contour Plot of the
Received Magnetic Field Amplitude
When the Reflector Defined by
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Figure 12, Contour Plot of the
Received Magnetic Field Amplitude
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Next let us consider the receiving properties of an asymmetric surface

[satisfying Fq. (2)] with edges at the angles '3“ e -80.5" and ')‘ 0 . Inthis case,

as is evident from Figures 15 to 17, the spot is well focused when the angle, 0, of
incidence of the plane wave is equal to 127 but poorly focused when ¢ - 0, The
corresponding radiation pattern when an isotropic field is placed at the center of the
focal spot in Figure 17 is shown in Figure 18, Observe the excellent pattern, There-
fore, different portions of the surface in F'q. (2) focus differently, with the portion
near # = 0° producing a well-hehaved radiation pattern centered at 8 = 0 and the
portion near & -45  producing a well-behaved radiation pattern centered at

o - 12°. Consequently, we shall study the capabilities of this surface for limited
scanning. In particular, we shall consider the situation shown in Figure 18. The
reflector surface occupies the entire angular region from 8 = -n [2,t0 8 = /2, and
lirective line sources are placed along the arc which defines the locus of the well -
focused spots (as determined from Figures 11 to 13, Figure 15 to 17, and similar
results, when portions of the reflector are used as a receiving antenna), Fach line
source is centered on a different point of the refiector and illuminates a different
(although overlapping) portion of the reflector, as shown in Figure 20, For example,
from Figure 17 it is clear that if we want to produce a beam centered at ¢ = 12

we should excite a source at x 'r” -0, 154, 7 ‘rn 0.2 which illuminates (between
its 3 dB points) roughly the angular region from # -80.5” to A = 0°, and has low
sidelobes outside this range of angles. Similarly, in order to produce a beam cens
tered on ¢ 07 we would excite a source at x = 0, 7 r“ 0. 277 which illuminates
roughly the angular region from @ = =457 to 4 457, with low sidelobes outside

this region.

Figure 15, Contour Plot of the
Received Magnetic Field Amplitude
When the Reflector Defined by

I’q. (2) is [Hlluminated by a Plane
Wave Incident at ¢ - 07, Also,

6 = ~80.5, 06.=0°and r = 18X
O 1 8]
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i \ Figure 20, Area Nluminated, Between
"‘ 3 dB Points, by the Nth Line Source,
! SOURCE | his source produces a radiation
.0 pattern with main beam at o 0\
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Some results for the scanning properties of the surface in Figure 19 arve shown
in Figures 21 to 26, The beam position 18 sw itehed by switching the excitation from
one line source to another. Each line source tlluminates a sector of roughly 60
(from 3 dB to 3 dB point) and this gives an effective /D ratio of 0.6 where F is
the effective focal length and D s the diameter of the tllaminated section. The
sidelobe level of the tluminating radiation s roughly - 13 4B, Prom igures 21
to 25 we see that this svstem has reasonably good scanming characteristics for all

angles from -14,56° < ¢ « 14, 5" (about ¢+ 10 beamwidths); the pattern begins to

exhibit coma for @ = & 14.5%,  The only undesirable features of the patteras ave the
shoulders on the main beam in Figure 21, and the far-out sidelobes in Figures 21

to 25, Thede latter sidelobes can be eliminated by using a feed pattern with lower
sidelobes. Therefore, if we use an itllumination which has approximately the same
beamwidth as before, but with - 26 4B sidelobes instead of <13 dB swdelobes we
obtain the reflector radiation patterns shown in Figures 26 to 0. We note that the
far-out sidelobes have disappeared, but that the shoulders i the pattern i bag

are 26 remain, Unfortunately, these shoulders cannot be chiminated without further
reducing the antenna efficiency, because they are produced by stationary points
(specular points at ¢ ¢ 40, 5% in the phase function of the wtegrand of the v whiation
pattern integral,  Consequently, unless the ilumination produced by the feed homn
has a noteh at @ ¢ 40, 5%, we cannot eliminate the shoulders in Figures 21 and 26,
However, this is not 4 serous limitation, especially i view of the tact that we have

been able to scan over ¢ 10 beamwidths simply by switching the source excited,
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3. DISCUSSION

Although the reflector discussed has some very attractive features, it also has
some serious drawbacks. Primary among these is the fact that the system inherent-
ly has a low efficiency because only a portion of the aperture is used in forming any
given beam. Calculations of efficiency have given numbers between 25 and 44
percent, depending on the illumination. This latter number corresponds to an
illumination function which is constant from -40° < § < 40° and drops rapidly to
zero for 19 | > 40°. Realistic aperture illumination functions, however, give
efficiencies of 25 to 30 percent.

Another disadvantage of the singly curved reflector considered is that there is

considerable blockage of the reflector by the line-source feeds. This can be

eliminated by using doubly curved surfaces (so that the feed is a single horn rather
than a line source) or by going to offset singly-curved surfaces. In the next phase
of this study we will consider the scanning patterns of doubly curved reflectors
which have a central profile given by Eq. (2). We will also consider the scanning
patterns of appropriate single curved reflectors in which the line source feeds are

offset so that there is no blockage of the reflector.
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