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The Radiation Pattern of a Parabolic-Reflector
Antenna in the Lateral and Backward Directions*

(Received September 28, 1963)

Yujiro OHBA™

Summary

Radiation pattern of a parakolic antenna is calculated by means of geometrical
method for diffraction. The far field in the lateral and rear directions is
described in terms of the diffracted waves Ly the edges of the reflector in the
first approximation. In the front direction the reflected wave is taken into
account in addition to the diffracted waves, however, the former wave should
be considéred in rather different manner from the ustal ray concept, because
the field intensity is not uniform cover the aperture plane of the reflector and
therefore the ray may be spread from the limited region in the front.
The parabolic reflector is regarded as the limit of many narrow ritbon plates.
The field produced by this spread of the ray, which is calculated bty the above
consideration, becomes to small magnitude in the lateral or backward direc-
tions, therefore the field is expressed only by the diffracted waves by the edges.
The computed results are compared with the experimental results obtained
from a paraboloid reflector. A good agreement is oktained, particularly a valley
be tween a main beam and a first sidelobe is fairly filled up.

I. Introduction

Far field patterns of a parabolic antenna have been calculated by the aperture
distribution method, and in order to obtain a maximum gain and low sde-lcbe
levels, an optimum aperture field distribution has been studied.” When the aperture
distribution method, however, is applied to calculation ¢f a field intensity in the
lateral or rear direction of an antenna, it would not yield gced agreements with.
experimental results.

Recently a new geometrical methcd for diffraction has been develcpped by J. B.
Keller® and authors.®# Results computed by this methcd shew gocd agreements
with results obtained by an exact solution or experiments in cases of a ribbon
plate, a circular plate®® and a corner reflectcr antenna.® Similarly, far field pat-
terns of a parabolic antenna can be calculated by the geometrical methcd and the
far field, except the front direction of the antenna, is given in terms of diffracted

* Paper submitted to URSI Meeting in Tokyo, Sept 16, 1963.
** K B BAAF School of Engineering, Keio University, Koganei, Tokyo, Japan.
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waves by edges of the parabolic reflector and a direct wave. In the front direction,
reflected waves by the reflector are also considered.

II. Geometry of a parabolic antenna

Consider a cylindrical parabolic reflector AB infinitely long along the z-axis,
which is perpendicular to the paper. The focal length and the width of the ref-
lector are f and d respectively. A dipole source F, whose axis is parallel to the
z-axis, is located at a point 2z’ on the focus line of the parabolic reflector as shown
in Fig. 1. Two straight edges of the reflector are labelled as A and B. and quan-
tities concerning to these edges are respectively specified by subscripts A and B.

P(z)

Fig.1. Geometry of a parabplic antenna.

The waves reflected by the cylindrical surface behaves as if they come from
sources distributed on the directrix LM of the parabola. Therefore images of the
dipole may be considered on this line.

At an arbitrary point P (z), the Hertzian vector of the direct wave from the
dipole is described by

__e—ikRr
IF = RF ’ (1)

(2)
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where k=2z/2 (A=wave length), a time dependence exp (jwt) 1s omitted and Ry
is a distance between F and P.

Using the geometrical method for diffraction, the whole space is divided into
regions I, II, -+ VIII (Fig. 1). An angle 0 is measured from the front direction
of the antenna.

III. Far field in the lateral and backward directions

By the geometrical method for diffraction, the field in the region II is given by
the superposition of a direct wave and diffracted waves by edges A and B. There-
fore the total Hertzian vector /I, is

I,=Ir—Irs—Ipp—Ira+Ius, 2)
where Ir is given by (1) and

e—ikRra
RFA

Rra?=(rd +ra)*+(z—2')2,

f(TFA)’

IFA=

F(T) =4 ™ [{1=C(T) =S (D}+5 {S(T)—C(D}],

=1 pre [1_gprwre [ L ]

Lo [1-207 \/nT’ T«1 3)
=gy L e, T>1, (4)

Tra=«2kr, sin%f—q ,

ra4, 74’ and ¢,/ are shown in Fig. 1. Functions S(T) and C(T) are Fresnel inte-
grals. Ipp, I.4 and Iup are expressed by the same form as Irs. The Hertzian
vectors in other regions are respectively given as follows : in the region III.

I, =Ir—Ira—1Ira, (5)
in the region IV,

I, =Irs—1Ira4, (6>
in the region V,

I, =Irs+Irp—Ira—1Lus. ¢

The formulas for regions VI, VII and VIII are omitted. In (2), (5), (6) and (7),
multiply diffracted waves and waves, which are reflected by the parabolic surface
after diffraction by an edge, are omitted for a first approximation.

Using (4), because Tr4, Ty, Tra and Trp are larger than unity in a lateral

(3)
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direction on the H-plane, (2) is rewritten for the z-component of electric field

nd
sin ( sin 6)
E, kze kR P [1_e-jk(r/+l cos 0)+j-1z/4 \/1+COS o
Re ”d T2 sin

N sin (”d sin 0) sin g' sin i —jcos (nd sin 0) cos g, cos %}] ’ ®

7 (cos @'+cos )

where ' =r, =rs, ¢' =d =¢5 and the length [ is shown in Fig. 1. The first term
in the curly bracket of (8) coincides with the expression obtained by the aperture

1+4cos 8
2

is a contribution of diffracted waves which are produced when the direct waves
from the dipole hit two edges respectively. Although (8) is the expression in case
of Tra>1 and Tus> 1, it may be extended to the case of T,y K1 and Tus< 1,
i.e. to the expression in the direction of 8=0. Using (5), (6) and (7), the electric
field in other directions is calculated respectively.

For a paraboloid reflector, the field in the H-plane may be approximately ex-
presszd by the same form, because the contribution of the diffracted waves in the
H-plane is limited only to those by two parts whare the circular edge intersects
the H-plane, and these diffracted waves may be very similar to those by the edges
of the cylindrical reflector.

distribution method, except the power of the factor ( ) The second term

The direct wave from a dipole is usually suppressed in an antenna design.
Neglecting the direct wave in (8), radiation pattern in the H-plane is computed as
shown in Fig. 2, and this result is compared with experimental one.® The dimen-
sions of this antenna are given in the title of Fig. 2. Although the feed device of
the experiment is a double dipole, the agreement is very good. Particularly a
valley between the main bzam and the first side-lobe is fairly filled up because of
the contribution of diffracted waves from the dipole.

IV. Field in the front direction

An image of the dipole F with respect to the parabolic reflector can not be put
at infinity, bacause the intensity of reflected waves is not uniform over the aperture
of the reflactor. Therefore images are distributed on the directrix and reflected
waves may not propagate only in the front direction but spread over other direc-
tions. This fact carries a difficulty for a treatment of the usual geometrical
method.

A parabolic reflector AB is approximated by three ribbon plates AC, CD and DB
as shown in Fig. 3. Three images L, O and M of the dipole F with respect to
three ribbon plates are considered on the directrix of the parabola. Fixing our

(4)
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— experimental value

Power

—e— computed value

T T

Fig. 2. Comparison of computed

= and experimental values for the
‘ H-plane radiation pattern of a
paraboloid antenna. Diameter
S =20 of paraboloid 8", focal length
2!, Experimental values after

T T T T

reference 1.

Fig. 3. Approximation of a
parabolic reflector by three
ribbon plates. LC'=C'O
=0D'=D'M=4y, FP=Rp,
OP=Ro, 0Q=f, OC=r",
LA=r', AB=d.

(5)
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attention only on the waves from these images, the Hertzian vector in the direc-
tion 6 =0 is described by

I, =—{Uo+I+Tu—Toc—Iop—Irc—Imp—Ira—1uz), 9
where Iop, Iog, - are given in the previous sections. Assuming that 4y, shown
in Fig. 3, is small and then To¢, Top, -+ are small as compared with unity, (9)

is transformed as

—jkRo A 1
Hz=—eé e""/“\/‘- (Toc+Top+Trc+Tra+Tup+Tusp). (10)
] T
Because Toc=Top=Trc=Tup= fz —4y and Tr4=Txp=0, (10) is rewritten as
e—JkRo d
_— B
Hz Ra e’ ~/f]’ (11)
In the region III, the Hertzian vector is
Il,=—Toe—Iop+Ira—Irc+Iup—1Ius). (12)
Assuming that Toc, Top, +++* are small, (12) is calculated as
__eikRo _d [I4cos B
1= =52 gress J?IJ__. (13)
In the case of large Toc, Top, -+ (this corresponds to the lateral direction),
T sin ( zd sin 0)
I—— “JkRF 1+ cos ge’ 1/4[ L g 7hCrI+L cos 63 2 d
’ voalvr md sin 0
P

j ‘/ 1 ek +fcos & cog (kdy sin 6) 4 y]

7(1-— cos ) r (14)

An increase in the number of ribbon plates makes this ribbon plates construction

approach to the parabolic reflector. As a result the summation in (10) changes to
the integration, and the Hertzian vector in the front direction is obtained as

a/2
"JkRo ; dy
U (15)
z Jf _.!;2 "/1+y2
and 1n the lateral direction
. (md .
Hz=_e—ijF m e.’ 1/4[}\/ —jk(rl.H cos g)i_n(—TSLe)
R ? s ”;i sin ¢
a/2 —coss
— 7 p—jkf(1+cOs &) A g —ikz(1—cos ) . 0 d .
e m(1—cos 0) (1+x)37z C08 (ky sin 6) dy|, (16)

(6)
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where y?=4fx.

The first term in the bracket of (14) and (16) corresponds to the first term in
curly bracket of (8), and it is easily found that the second term of (16) means
the spread of the reflected waves caused by the parabolic reflector. If x is a small
length in comparison with f, the second term is integrated and this contribution
in (16) is the order of /7' of the first term. When (8) is extended to 6 ==0, the
first term in (8) becomes to the expression very close to (11), (13) and (15).
Therefore (8) is considered to show the field intensity in the H-plane of the regions
I and II as a first approximation.

V. Conclusion

The spread of the reflected waves by the parabolic reflector, which has not been
considered in the usual geometrical optics, is calculated. The radiation pattern in
the front and lateral direction of a parabolic antenna is obtained in terms of the
diffracted waves by two edges and the spread of the reflected waves. It is shown
that the far field can be approximately computed by the contribution of the former
waves.

When a dipole is put at a point different from the focus of a parabolic reflector,
the field can be also calculated in the similar way. In the usual parabolic antenna
design, there are many kind of feed devices, i.e. horn feed, double dipole feed, etc..
In these cases a primary field from a feed is analyzed into fields from few dipoles
which are distributed around the focus. Radiation field produced by the reflector
and each dipole are superposed and the real radiation patterns can be computed.

In the previous analysis the waves reflected by the reflector after diffraction by
an edge are omitted, however, the magnitude of these waves should be calculated
exactly.
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