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ABSTRACT

The corrugated hora represents a good feed in a reflector antenna
system. It is used in this report as a feed for an offset parabolic antenna,
The various radiation mech&nisme are discussed and means are suggested
for further reduction of undesired radiation.
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RADIATING MECHANISMS IN A REFLECTOR
ANTENNA SYSTEM

1, INTRODUCTION

The various radiating mechanisma of a reflector antenna system
have been described in a previous paper!1] as (a, aperture radiation,
{b) direct radiation. and (c) diffracted radiation, The desired main lobe
is that which results from aperture radiaticn, It was shown during
World War Il that the side lobes of the reflector Antenna system: could
be reduced to approximately 30 db below the main beam maxirnum by
control of the aperture radiation. These side lobes, the direct radiation,
and the diffracted radiation all represent radiation that contributes only
to interference. Further reduction of the side lobes associated with the
main beam (i.e., the aperture radiation) can be obtained only by 2 sub-
stantial increase in antenna size to obtain a required gain. However,
considerable reduction can be obtained in direct and diffracted radiation
by a relatively small increase in the reflector size, provided the feed
pattern has a large slope in the dirz. tion of the edge of the reflector and
that it has low back lobes. * Such a feed pattern has been obtained in
the form of the horn with corrugated walls in the E«plane,

The purpose of this report is to first demonstrate the manner in
which the entire pattern of a reflector antenna can be obtained from the
characteristics of the feed, and, second, to illustrate the manner in which
undesired radiation and consequently radio-frequency interference wouid
be reduced.

1i. THE OFFSET PARABOLA

In order to simplify the experimental gstudies, a small reflector
surface is treated, Use of conventional center-fed reflector systems
would, in this case, introduce significant aperture blocking. Consequently
an offset feed system is used. The antenna and its dimensions are shown
in Fig. 1. The feed antenna is the small corrugated horn described in a
previous report[Z] . Its pattern at 13,2 Gc is shown in Fig. 2. It has

*This particular boundary determined by the phase center of the feed and
the e’3zes of the reflector is known as the shadow boundary. From optics
it is known that the antenna pattern is approximately 6 db below the feed
pattern at this angle,
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Fig. 1. Horn reflector assembly.

nearly identical E~ and H~plane patterns, The reflector dimensions are
chosen so that the feed pattern is down 18 db at the reflector edge. These
pointe are shown on the pattern of Fig. 2. The slope of the pattern in the
vicinity of these points is large and the back lobes are low, thus the
conditions stated in the introduction are satisfied. The larger corrugated
horn treated in the previous report has a much sharper slope at the 18 db
points and far lower back lobes, It would thus be a much better feed to be
used with a larger reflector.

ill, THE COMPOSITE PATTERN OF THE OFFSET PARABOLA

The aperture radiation pattern of this configuration can be obtained
from the feed antenna pattern. First the aperture is obtained by means of
ray optics and the feed pattern. The amplitude of the feed pattern between
the -18 db points can be described as a function f(r,¢'),' where r =p/a and
is the normalized coordinate in the 6 = 90° plane, as illustrated in Fig. 3.
Because of spatial attenuation, the amplitude of the source field at an
arbitrary point on the reflector a distance £ from the feed is given by

(12) fo(r, ") = Fi1) {(r, &9,

where F (1) is the spatial attenuation factor[3]. For this configuratiou

F(t) = £I°_ where £, is the distance to the center of the reflector, as shown
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in Fig. 4. Substituting in Eq. (ia) yields
(10} f(r,¢" =ffz f(r.¢") .

The aperture radiation pattern is obtained from the diffraction integral[ 4]

(2) Up ﬁg}; e-jkR (S f,(r, ') eJUTcOt *9"raras’,
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where
a ig the radius of the aperture,
k =2n/\,
u = k2 sin 8, and
R I3 the distance to the far field,

The diffraction integral can be evaluated for any aperture distribution
with the aid of a modern digital computer. The validity of this method is
well knowr and consequently is not carried further,




The direct radiation is given by

(3) E=L f:4").
R

where

/- is the distance from the source to the center of the
reflector and

R is the distance from the source to the point of
observation,

The relation between the levels of the aperture radiation and the direct
feed radiation can be obtained by comparing Eqs. (2) and (3). This would,
of course, require that the integral be evaluated. The relative level of
the two patterns may also bec obtained by determining the directivity of the
main beam caused by aperture radiation and the directivity of the feed
antenna, This is easily done by means of the approximate formula for the
directivity of a pencil beam antenna,

(4) D = ;1. 253 ,
el
where
81 , ¢_§ are the principal-plane half-power beamwidths
2 in degrees.

Denoting the principal-plane half-power beamwidths of the feed by

GF% ,$r1  and of the parabola by Gpi . ’px , the directivity of the parabola
2 H 3
relative to the feed i3

D, .
(5) B_g = Sp1®p
F Slep}
From the measured patterns
= 22.5° 6.1 =4.8°
BF% 2.5 P’% 8
¢Fi = 20.4° $pL = 4.5 .
5




Substitution of these values in Eq. (5) yields

(6) _Dg = 21.3, or + 13,3 db,

Dg

The diffraction of fields at the edges of the reflector is illustrated
in Fig. 5(a). It is assumed that the reflector can be replaced by infinite
perfectly conducting half-planes, as shown in Fig. §(b'. Sommerfeld|5]
obtained the diffracted field in the form

‘ i R . 2
(7) vgir.e) = e-,m/&[z__} 2 o jkrcos e cos% S eIty ’
rna
+iakr
where

® = ¢ + ¢, (the (-) sign yeilds the incident fields; the (+)
sign yields the reflected fieldsj,

a=1+cosé,

k = -i—" ., and ¢, ¢  are the angles shown in Fig. 5(b).

The total diffracted field is the sum

U= VR(r,§+ ) +valtid-v) .

In asymtotic form the diffracted field expression for a thin edge is

* _l -3 E‘
(8) va(r, )y - [Z-Trkr] Z . J(kr+4)

2 cosi

If ¢ 180°, this yields a maximum component of diffracted radiation,
It would be desirable to force this maximum in the direction of the main
beam where its contribution would be nagligible.
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Let u;(8)and u, (8) denote the diffracted fields from edges (1) and
(2) respectively. Then

ﬁ

t 2

uy(9) = vplry, wy -we? + vglr, 4 + var)
(9) and

up {8) = ve(ry ., ¢ - digy) + vplr,, 4 + $o,) J .
The phase difference from edge (1) to edge (2} is obtained from Fig. 5(c) as
(10) kd = 2mxg cos (b - 1,) ,

where the distance xp from edge (1) to edge (2) is measured in wavelengths.

The total diffracted field is
(11) up(8) = u, (8) + I-“z (9} e~J2mxg cos (U, - a,)

The computed diffracted field pattern is shown in Fig. 6 and it should be
noted that the appropriate phase factors have been included.

The total pattern of the reflector antenna may be obtained approximately
by simply placing the component parts on a single pattern. No effort is made
to sum the phasor fields since it is the average vaiue that is of interest,

The results are compared with the experimental pattern in Fig. 7. It is

seen that reasonable agreement is obtained for the component parts of the
pattern with the exception of the region 160° < 8< 180°, in which the
experimental pattern is much lower than the computed pattern, This
deviaticn appears because the main source or throat of the ho.n is shielded
from the edge by the wall of the horn, as shown in Fig. 8. The pattern of
the horn in this region results from diffraction at the horn edges and multiple
reflections from the wall of the horn. The diffracted {ields {rom these
various sources are not in phase and consequently the total diffracted fields

are lowsr than the predicted values. This type of diffraction represents a
new phencmenon and requires further study.

It should aleo be noted that the actual pattern is 7 db below the
antenna feed pattern at an angle of 105°, Diffraction theory would predict
thic level to be 6 db below the feed pattern. This is another reascnably
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Fig. 5(b). Geometry of sdge diffraction.
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Fig. 5(c). Geometry of edge diffraciion,

accurate, simple method of predicting the level of this point on the pattern.
Figure 7 shows that angles g, ¢nd ¢g; can be selected zo that maximum
edge diffraction is in the direction of the main beam, i.a., $ X 90° for

8 = 0°. Thus this highest level diffracted energy doss not contribute to any
new side lcbes.
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Fig. 8, Direct feed radiation.

IV, FURTHER REDUCTION OF UNDESIRED RADIATION

The major component of undesired radiation is the lobe appearing
ai 8 = 95°, This lobe can be eliminated by extending the reflector by
9 so that it aubtenda an additional angle of 15°, This cculd also be done
by surrounding the reflector by a "tunnel" extending 6'" from the edge of
the reflector, as shown in Fig, 9. Both of these approaches require a
significant increase in the size of the antenna structure.

A redesign of the feed structure could possibly accomplish the
same goal without increasing the reflector size. The flare angle of the
feed antenna should be reduced to eliminate the direct illumination of
the edge of the refiector from the throat region of the feed antenna, It
is expscted that this would yield a radiation pattern in the vicinity of
€ = 95* which is similar to that obtained at about 165°,
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Fig. 9. "Tunnel" dish.

V. CONCLUSIONS

Techniques have been given for determining the total radiation
pattezn of a reflector antenna from the properties of the feed anteana. The
feed antenuna discussed in this reporxt has the desirable properties of rela-
tively low back lobes and a relatively large slope in the viciaity of the
shadow boundary. The average level of the back iohea is approximately
50 db. This is not an optimum, however, since the goal of this effort is to
determine analytically the magnitude of the undesired radiation. Lower
back lobes should be obtainable by further consideration of these techniques.

Several guidelines for the expacted levels of undesired radiation have
been given. First, the level of the direct radiation is related by the gain
of the reflector and of the feed antenna. Second, the diffracted radiation
on the shadow boundary is 6 db below the isvel of the fead antenna at this
angle. Third, the maximum diffractad radiaticn can be successfully

directed in the direction of the main beam by an appropriate choice of
reflector geometry.




Peters, L., Jr., and Rudduck, R, C., “RFI Reduction by Control of
Antenna Sidelobes, ' Report 1423-4, 1 Janvary, 1963, Antenna Laboratory,
The Ohio State University Research Foundation; prepared under Contract
AF 30(602)-2711, Rome Air Development Center, Air Force Systems
Command, U, S, Alr Force, Griffiss Air Force Base, New York,

(AD 405 824).

Lawrie, R.; Peters, l.., Jr.; and Davis, C., '"Modification of Hoxrn
Antennas for l.cw Sidelobe Levels, "' Report 1767«2, 22 February, 1965,
Antenns Laboratory, The Chio State University Research Foundation;
prepared under Contract AF 30 (602)-3269, Air Force Systems Command,
Research and Technology Division, Rome Air Development Center,
Griffiss Air Force Base, New York.

Kouyoumjian, R. G.; Peters, L., Jr.; and Thomas, D. T.,"A Modified
Geometrical Optics Method for Scattering by Dielectric Bodies, ' 1EEE
Transactions on Antennas and Propagation, Voi. AP-11, No. 6,
November, 1963,

Silver, S., Microwave Antenna Theory and Desig&. M.I.T, Radiation
Laboratories Series, Vol. 12, Boston Technical Lithographers, Inc,
1963, chapter 6.

Sommerfeld, A,, Optics, Academic Press, Inc., New York, 1954,
pp. 245-265.




