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Abstract. Anaiyses are presented for the current distribution and its effects on the radiated fields from
any portion of the parabolic reflector, using & generalized feed source. The feed is formed of co-polarized
ciectric and magnetic sources, with a given directivily towards the reflector surface. The mixture ratio
between the electric and magnetic sourees is examined with a view 1o minimize the cross-polarized radia-
tion. This ratio is dependent on the reflector configuration. While it is well known that cross-polarized cur-
Tents vanish when the electric and magnetic moments of the feed are equal in symmetric reflectors, no
comprehensive analyses are available for offset configurations. Therefore, in this work generalized rigor-
OuE analyses are given to specially accommodate offsel reflectors, which are widely used in modern tele-
communication systems.

Cross-polarized cusrents of uffset reflectors could only be minimized. Feed pointing would be lower
than the reflector center (mid way between this center and the vertex). Also, the feed source should be
predominantly electric for vertical polarization and predominantly magnetic for horizontal polarization.
Illustrations based on computer simulation are presented 1o give quantitative perspective for these results.

1. Introduction

Definitions of the cross-polarized radiation of generalized electric and magnetic
source radiators are given in the reference [1]. This was followed by derivation of
general expressions for the currents induced on the surface of an axially symmetric
parabolic reflector, center fed by arbitrary combination of radiating sources [2]. In
the cptimum situation, when the electric and magnetic sources are of equal momenis
(the situation known in the literature by “Huygens source™ [3]}, the radiation of the
cross-polarized fields from the reflector are generated only by its surface curvature,
which was proved to be of second order of importance [2,4]. The blockage caused by
the feed and its supporting structure, however, destroys this advantage, yielding high
radiation levels of scattered main and cross-pelarized lobes. For this reason modern
systems employ offset parabolic reflectors in order to avoid these blockage effects.
Therefore, this paper handles the cross-polarized currents and fields of the reflector
in a general form, with emphasis on the offset parabola.
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Definitions are first established for the used electromagnetics, with electric and
magnetic feed sources. Then the frequency reuse capability of offset reflectors,
employing dual orthogonally polarized signals, is discussed using a general deriva-
tion for the induced currents on the reflector surface from an appropriate feed com-
posed of specific mixture of electric and magnetic source radiators. Specific offset
parabolic reflector designs [3,5] are used here as design tests for the derived results.

2. Hertz Electric and Magnetic Vector Potentials

The uncurl of Maxwell’s equation, of the form

= 3B 3V xtA
¥ B = = == = ————
v i at at
yields the radiated electric field due to electric sources, as function of the magnetic
vector potential A and the electric scalar potential V, which is given by:

= 3A
E, = —-VV 1
e ™~ 3y &)
In general the Hertz electric vector potential [ can only be used to derive this electric
field vector, instead of using both the magnetic vector potential A and the electric
scalar potential V, of equation (1). The magnetic vector potential A and the scaler
potential V are related to the Hertz electric vector potential IT through the relations
i6]
- all =
A=psa—l— and V = — V.1 {2)
where u and £ are respectively the permeability and the permitivity of the medium.
Using well known vector analysis manipulations with A and V yields
E, = vxVvxIl
Also, similar uncurling of the other Maxwell’s equation yields the radiated
magnetic field vector H, (gencrated from the electric cutrent sources) and given by:
_ 3 —
H, = £5 v x IL
It is also possible to show that the Hertz magnetic vector potential T1* exists, with
similar relations for the electric vector and the magnetic scalar potentials given by
- am
A* =
ne 3

and V, = —V.00* &)
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These are used in a similar procedure as the previous section yielding
H, = VxVxII’

and

m

3 _
e nZyxir
haV

2.1. Combined Fields of Both Potentials
The total electric and total magnetic fields due to both Hertz electric and magne-
tic potentials, and as also derived by Stratton [6], are then given by
E,=V><Vxﬁ-pZTVxﬁ* (@)
and

ﬂszVxﬁ‘-t-ag—thﬁ (%)

hese relations are exact in representing the radiated electric and magnetic fields from
knowledge of hoth Hertz (electric and magnetic) sources of radiation, without using
the four (scalar electric, scalar magnetic, electric vector and magnetic vector) poten-
tials. In the far ficld, however, the effects of the scalar potentials diminish, reducing
the latter four potentials to only two, and yielding

— S8A —
Ec=7? and Hm=_

3 A+
at

(6)

These relations appear to be simple. They imply, however, difficulties in relating the
magnetic vector putential to electric sources and relating the eleciric vector potential
to magnetic sources. Also A and A* need to be pro;ected along E and H in the far

field, and followed by computations of H from H and E_ from Hm, with final fields
given by
E =E

T

+ E, and H =H, + H, @)

e m (4

This shows that the use of Hertz vector potentials is simple. It is as simpie as that n
is parallel to the source electric field and I1” is parallel to the source magnetic field.
Moreover, it is exact in the ncar and in the far ficlds. This fact is absent from the lit-
erature. The discussion of this section fills in this gap and clarifies the procedure used
in this paper.
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3. Reflector Configuration

The reflector configuration is chosen so that the focal point is at the origin of the
three dimensional coordinate system, with the main axis of the reflector along the Z-
axis. The reflector vertex (or the virtual vertex in case of full offset} ison the negative
Z-axis at  distance cqual to the focal length “F” from the origin. An illustration of
this configuration is shown in Fig. 1. In this figure 4_ is the unit vector normal to the
surface of the parabolic reflector, given by

Feed Aperiure

\ (5}
v
Vertex - F l
g+
¥
Fig. 1. The reflector Configuration
a, = — cos(P2)cospd, — cos (6/2)sin ¢ d, + sin(672) a,,

p 15 the distance from the foca) point to a point Q on the reflector surface and 4, is
the unit vector along p given by
4, = sinficospd, + sinfsinga, + cosBa,
For a given feed aperture, at the {ocal point, the svurce radiators are assumed
to be parallel arrays of electric fields and magnetic fields. Both sources are assumed
orthogonal, which is a requirement for purity of polarization. Also the feed radiating

aperture has tilt angle a from the vertical, so that its peak radiation is directed to the
central areas of the offset configurations.

The Hertz electric vector potential T is parallel to the clectric field polarization
vector, having a direction given by 4, with magnitude proportional to the orthogonal
magnetic field strength H (which is the effective electric current source). Using har-
monic time function given by exp (jot) the first part of equation (2) yields.



Cross-Polarized Cutrent Analysis and Control ... 151

= (H) cmifp _ [(0,9) c-ifp
= ]ms , 4xnP ds &, e P 8>

where $ is the surface area of the source aperture and H is tangential to this aperture,
a, is the amplitude of the source magnetic field, relative to Huygens source plane
wave radiator, wis the radial frequency, B is the phase constant and £ (0 ,) is a direc-
tivity function determined by this primary source radiation pattern.

Similarly, the orthogonal Hertz magnetic vector potential TT* is parallel to the
direction 4, has a magnitude proportional to the electric field strength E (which isthe
effective magnetic current source) and is derivable using the first part of equation
(3}, yielding

m
- 1 J- (E) e-jop f(8,p) ederd
= ds am >
Joviie Y, 4nP Ve P

where a_ is the amplitude of the source electric field relative to Huygens source of
plane waves. The directivity f (8,¢p) is assumed the same, for similar distribution of
electric and magnetic sources, which closely approximates practical situations. Sub-
stitution of these relations in equations (4) and (5), and using the far field relations

VxVxTl=— g4 x4 xT0
and
Vx Tl =~ jgip x T
yield the feed radiated fields at point Q, given by

E, = - BoZ{a, (8 X & X 4) + a (3 x 4.) } £(8,q) =

(8)

and

H o= —sofa, x 8, x 8, Xx 4) - a (8 X )}  f(0.q) = )
where Z is the free space intrinsic impedance (377 Ohms)
4. Surface Current Distribution

The feed radiated magnetic field H is usable to derive the current density distri-
bution on the reflector surface, using the well known physical optics relation [3,7]

= s, x ) (10)
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which proved to be adequate for computations of the reflector radiated fields [3,4,7]
with negligible errors. The radiated polarization is determined by the polarity of
these currents, i.e. if the polarization is vertical, the vertically projected currents
form the main sources of polarization. The horizontally projected currents form
mainly then the cross polarized radiation. This statement is derivable directly from
equations (6)and (7), where the polarities of E and H are mainly the polarities of the
electric and magnetic currents, which are the sources of the magnetic vector and the
clectric vector potentials, respectively.

In the following investigations different source requirements are obtained which
would minimize the cross polarized currents. The radiation conditions which deter-
mine the levels and width of the cross-polarized main lobes, relative to the main
beam level, are derived in simple terms in order to illustrate the resulting radiation
levels of the source currents.

4.1, Vertically Polarized Sonrces
Vertically polarized sources (as shown in Fig. 1) have the electric unit vector of
polarization given by

4, = cosad, + sinad

eV

and the magnetic unit vector of polarization given by
a|:|'|v = - ﬂy .

Substitution of these into equation (9), for the radiated magnetic field, yields
-~i8p
e

H,=- 20810,¢) { 4, H, + 4, H + 4 H, } 5 1

where

H, = —a_ sin?Asin¢@cos g — a,sin asin Bsin g,

Hy = a, (cos? 8 + sin? 0 cos? ¢) — a, (cos a cos B — sin a sin B cos @),
and

H, = —a_ sin B cos 8 sin ¢ + a, sin 0 5in ¢ cos a.

Substitution in equation (10) vields the current density distribution on the reflector sur-
face given by
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K, = —20p81(6,9) { — 4, [H, cos (68/2) sin ¢ + H, sin (6/2)]
+éy[Hxsin(912)+H‘ms(012)cosq>]
+§1[H,cos(9f2)sinq>—Hycos(BIZ)coqu]} e-:p

(12)

This current density is polarized predominantly along the x-direction. The z-directed
currents are mainly due to the reflector curvature and yield, for high gain antennas,
minor contribution to radiated fields around the main beam. The important component
which contributes to the cross-polarization is the y-component which needs to be
minimized, in order to reduce the cross-polarized radiation from the reflector. This y—
current component, as derived from equation (12), is given by

Kw=sinesinm{—ammsq:cos(91‘2) +ae[cns(BfZ)mqucosa-—sinasin(BII)]}.

This cross-polarized component vanishes when both of the following conditions are
satisfied:

1} a, = a, i.e. equal electric and magnetic moments, and
2} a =0, i.e. the feed is pointed to the vertex of the reflector, which is the situation
with symmetric center fed reflectors.

‘When the angle e is not zero, which is the situation with offset reflectors; especially
with practical situations when the vertex is below the reflector edge, the cross-polarized
current K, vanishes when both am and the cocfficient of a_are equal to zero. Note that
the coefficient of am is not zero for usable offset configurations,

The condition that the coefficient of a, be zero yields the relation

tan a = cot {0/2) cos .

From the configuration of Fig. 1 it is easy to see that this condition means lower
pointing by the feed, to locations below the center of the offset reflector, When consid-
ering the locations around this center, the feed pointing is exactly at half the angle to the
reflector center, i.e. a = 8”72, where 9'is the angle to the reflector center measured from
the negative z-axis, Note that when g is different from zero in the vicinity of the reflec-
tor center, cos @ is reduced from unity whereas cot (8/2) increases by almost the same
ratio keeping this condition satisfied across the reflector aperture in a plane parallel to
the x-y plane. This conclusion is verified, using computer simulation, in the following
section. The requirement that a,, be zero means a predominantly electric moment for
the source feed.
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5. Numerical Results

A computer program is written to perform the vector multiplications of equa-
tions (9) and (12), using the vector forms of the vertical polarization moments and
the horizontal polarization moments. First, the simulation is performed with equal
electric and magnetic moments, i.e. a_ = a,, = 1. The directivity function f(0,¢) is
assumed to yield reflector quadratic aperture distribution, with approximately 10 dB
taper to its edge, and the feed oriented to the reflector center, at a value for o = 36°.
The reflector diameter is 3 m and its F/D (focal length to diameter ratio) is equal to
unity. This reflector configuration is used for an earth station at the top of the electri-
cal Engineering Department of King Saud University. The reflector configuration is
illustrated in Fig. 2 and detailed clsewhere [5,8]. The main and cross-polarized com-
puted current distributions are shown in Figs. 3a and 3b. It can be recognized that the
depolarized currents of Fig. 3b are positive at the left side of the reflector and nega-
tive at its right side. The resulting secondary radiation pattern of the reflector is then
expected to have two depolarized lobes on both sides of the main boresight beam
direction. The relative level between the peak of the main polarized currents of Fig.
3a and the depolarized peak of Fig. 3b is 24 dB. Interesting is to note that the energy
content of the depolarized currents is -24.24 dB relative to the main polarized cur-
rents.

5.1. Horizontally Polarized Sources

Horizontally polarized sources, with reference to Fig. 1, have the electric unit vec-
tor of polarization given by

by =4,

Vertex

F=3m

Fig. 2, The reflector configuration used in computer siomiation
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and the magnpetic unit vector of polarization given bjf

b ,=cosad +sinaf,

Substitution of these in equation (9) for the radiated magnetic fields yields an equa-
tion for H, which is similar to equation (11). The magnetic field and current expres-
sions are not detailed here as the generated computer program calculates these
values for both the vertical and the horizontal polarizations, The computations for
the situation whena = a_, for horizontal polarization, with the feed oriented to the
center of the reflector, are shown in the three dimensional presentations of Figs. 4a
and 4b. The refative levels are exactly the same as those of Figs. 3a and 3b, i.e. the
relative cross-polarized peak relative to the main polarization peak is also —24 db,
The polarity of the cross-polarization currents, however, is reversed.

The condition for minimization of the cross-polarization currents, already
examined in the situation with vertical polarization, is also tested with horizontal
polarization. The same conclusions apply concerning the lower pointing of the feed
to directions half way between the reflecior center and its vertex. In this situation,
with horizontal polarization however, the magnetic moments a,, are needed 1o be
predominant, similar to a_ for vertical polarization. The computed cross-polarized
currents are shown in Fig. 5 for the horizontal polarization and in Fig. 6 for the verti-
cal polarization. The magnetic moments are ¢liminated in these figures, in order to
minimize the cross-polarization for vertical polarization. Note that in these patterns
the modulus is shown for better ¢larity of presentation. The values of the cross-
polarization components are alternatively positive and negative around the center of
the aperture (The feed is oriented half way between the reflector center and its ver-
tex). The peak of the nonminimized cross-polarization component of Fig. 5 is 24 dB
below the peak of the main polarization current. Note that this value is the same as
the value with equal clectric and magnetic moments when the feed is oriented
towards the reflector center (as shown in Fig. 3). This is assumed to improve when
the feed pointing is lowered, but the absence of magnetic moments in this case gave
the same level as that of Fig. 3. The minimized cross-polarization for vertical polari-
zation (using predominantly clectric moment) is shown in Fig. 6. The relative level
of the cross-polarization at the upper part of the reflector is —-33.2 dB, while at the
lower parts of the reflector these levels are at —36.5 dB.

‘When comparing the relative peak levels of the nonminimized currents of Fig.
35 with the energy content of these currents, as derived by integration, it is found that
the latter is —24.8 dB, which is very close to the -24 dB of the former relative peaks.
Also the power content of the minimized currents of Fig. 6 is —35.7 dB, compared
with the relative peak levels of —33.2 dB at the upper part of the reflector and -36.5
dB at the lower part of the reflector (see Fig. 6). Since the radiation pattern is a
replica of thesc current distributions, with factors determined by the aperture size
and illumination taper, these numbers can be used for qualitative comparisons of the
radiated main and cross-polarized fields, or at least for knowledge of the relative
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Fig. 4a. Three dimentional main polarization pattern.




158

Mostafa §. Afifi

a,=1,a, =0mmda=18(x=36%
Fig. 5. Non. minimized cross-polarization for horizontal potarization

g, ~1,a, =0anda=18(z =35

Fig. 6. Minimized cross-polarization for vertical polarization
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levels of radiation using different feed polarization moments. Feed designs which
perform the prescribed functions in this paper are the subject of a separate study.

The minimized cross-polarization with vertical polarization needs predomin-
antly magnetic sources. The current distributions in this situation are interchange-
able with those of Figs. 5 and 6, with the exception that the positive cross-polariza-
tion for the horizontal polarization is replaced by negative cross-polarization for the
vertical polarization.

6. Conclusions

Examination of our analyses indicates that minimization of the cross-polariza-
tion from offset parabolic reflectors is achievable by special feed designs having spe-
cific predominantly electric moments for vertically polarized signals (which is in this
case parallel to the axis of symmetry of the reflector) or predominantly magnetic
moments for horizontally polarized signals. The cross-polarization levels improve-
ments are better than 10 dB, which brings these levels to values between —30dB and
=40 dB. These levels are high snough to allow polarization frequency reuse
capabilities, doubiing the channel capacity of the system. It is also important 1o note
that improvements of the cross-polarization levels are achievable by feed pointing to
directions half way between the reflector eenter and its vertex.

These conclusions have shown some evidence in previous practical and simu-
lated radiation patterns performed by the author for similar antenna arrangements.,
The analysis of this paper form the analytical basis which are essential for feed
designs and the choice of feed excitation modes which may verify the minimization
requirements.
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