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ABSTRACT. The cu rre nt distribution on the surface of an offset parabolic refle ctor 
antenna is analized fo r muhimode pyramidal horn feeds. The diagonal horn feed, 
which gives good symmetric current distributi on on the reflector surface, yields high 
leve ls of depolarized fields. These are in the o rde r of -16 dB. and form four 
qu adrants on the surface, ahernating between posi tive and negative polarity. 
around the reflector center. Adequate compe nsa tion o f this depolarization is not 
easy. For exam ple, the use of large percentage mi x from thc TM2l mode (for 
vertical po larization), could only reduce these depolarizati on current levels to -26 
dB. The depolarized currents are minimized, however, by selection of the mixture 
ratio of specific modes in regular pyramidal horns. Depo lariza tion levels below -40 
dB (from the main pola rization level) are achieved for vertical polariza tion (which is 
parallel to the offse t axis of symmetry) , using the funda men ta l TEIO mode, with 
small perce ntage mix of the TEll mode. For horizont al po larizatio n . the small 
percentage mix needed is from the TE20 mode . In this situation the depolarization 
leve l is red uced to only -34 dB . (noting that the depolarization level of the 
funda me ntal mode , alo ne , is -26 dB) . 

Introduction 

The polarity of the currents induced by irradiation from the feed pattern on the 
reflector surface determines the polarization of its used antenna radiation for 
different telecommunication functions. This correspondance , between the cur­
rents on the surface of the reflector and the radiated fields, is well known from the 
far field direct relation, between the radiated fields and the magnetic vector 
potential, given by 

aA
E at 

413 



414 	 Mostafa S . Nifi 

· . I A- dsf!-l K -j~Rh hwere t e magnetic vector potentia = s 4nR e , 

f.l. is the permeability of the medium , K is the surface current vector , S is the 
current carrying surface, f3 is the phase coefficient of propagation (2n/A), A is the 
wave length, t is the time and R is the far field distance. The surface currents Rare 
derivable from the tangential magnetic fields of the feed, at the reflector surface, 
using the well known relation 

K 	 = 2 an x H , 

where an is the unit vector normal to the reflector surface and H is the magnetic 
field incident from the feed irradiation at the surface of the reflector. This relation 
IS used by Silver (1949) , Afifi (1984) and others. 

The directions of the magnetic fields, at the reflector surface, directly impact 
the polarity of the surface currents (as can be seen from the above relations) . A 
few techniques can be used to control the orientation of the magnetic field vectors , 
and consequently impact the polarity of radiation. These techniques are not 
detailed in the open literature , and can be summarized as follows: 

1. 	 Adjustment of the mixture ratio between the magnetic and electric vector 
potentials of the feed excitation . This is mainly applicable to deep 
reflectors, where the size of the feed is small . The simplest example for this 
technique is the use of a Huygen source (of equal electric and magnetic 
moments) to feed symmetric parabolic reflectors. In this situation the 
depolarized currents completely disappear, as specifically illustrated by 
Silver (1949). Unfortionately blockage effects of the feed and its 
supporting structure destroy this advantage and makes it necessary to use 
offset reflector configurations, necessitating uptilt of the feed, to efficient­
ly illuminate the reflector. This, however, distroys the advantage of the 
Huygen source effect. The separate handling of this situation is the subject 
of another publication . 

2 . 	Lower tilting of the feed, and special arrangements for its aperture, in 
order to compensate for the uptilt. This is also possible when deep 
reflectors (using small focal length to diameter ratio) are used. The feed 
design in this situation is more complex, not yet implemented, and 
deserves a separate study. 

3. 	Multimoding of the feed excitation (as handled in this paper) , in order to 
radiate compensating magnetic field levels , for elimination of the 
depolarized currents. This technique is adequate for deep and sha.llow 
reflectors. Shallow reflectors are predominantly used; especially as 
multibeam antennas , described by Afifi (1984), Chen (1980), AI-Nasser 
(1987) , Clarricoats (1987) and Welti (1982). 
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Reflector Configuration 

This parabolic reflector analysis assumed to have the main axis along the 
positive z-axis, with the vertex on the negative z-axis , at a distance equal to the 
focal length F from the origin (where the focal point exists , which is the location of 
the feed phase center). The reflector aperture , which is the wavefront of the 
reflected wave , is then parallel to the X-V plane. It is assumed also that the 
reflector aperture is circular with a diameter D. Such a configuration is depicted in 
Fig . 1. The feed aperture is at the origin and pointing off the negative Z-axis, at an 
angle a . A point Q on the parabolic reflector surface has a radius vector p from the 
origin, with the unit vector an normal to the surface . As the radius vector p makes 
an angle 0' with the negative Z-axis , the unit vector an makes an angle (0'/2) with 
the radius vector , and the same angle (0'/2) with the horizontal axis. Also the 
radius vector p has a projection on the X - Y plane, making an angle '\!' with the 
X-axis. These definitions lead to a unit vector normal to the paraboloid surface 
represented by 

an = -sin (0'/2) cos '\!' ax - sin(0'/2) sin,\!' ay + cos(0'/2) az 
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Fig. 1. Offset Reflecto r and Feed Configuration. 

The current distribution on the reflector surface is then derived from the normal 
vector cross product with the magnetic field vector of the feed irradiation . This 
cross product is given by : 
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K 2(an x H) = f(e' ,1jJ') {-ax[Hz sin(e'/2) sin1jJ' + Hy cos(e'12)] 

+ ay [Hx cos(e'/2) + Hz sin(e'/2) cos1jJ'] 

+ az [Hx sin(e'/2) sin1jJ' - Hy sin(e'/2) COS1jJ'] 
p 

where H is the radiated magnetic field vector from the feed, having the 
components Hx, Hy & Hz , and fee' ,1jJ') is the radiation pattern of the feed, in the 
direction of the reflector . 

Feed Radiation Modes 

The phase center of the feed is located at the origin of the coordinate system, 
shown in Fig. 1, and directed to the side of the negative Z-axis, with its main axis 
tilted upwards at an angle a. The transformation matrix between the spherical 
coordinates of the feed pattern (p, e,1jJ), around its main axis, and the X', Y'. Z') 
coordinates is given by: 

0.0 cose cos1jJ -sin1jJ 

0.0 cose sin1jJ cos1jJ 

0.0 sin e 0.0 

And the transformation matrix between (X', Y', Z') and the main coordinates (X. 
Y, Z) is given by: 

cosO' 0.0 -sinO' 

0.0 1 0.0 

sinO' 0.0 cosO' 

The general form of the feed pattern with multimode operation is taken from 
Silver (1949), with minor correction of errors, generalization of polarization and 
gain, and use of the feed radiated magnetic fields (instead of the electric fields) 
yielding the following forms for the transverse electric and the transverse magnetic 
modes, (with summations restrictly applied to each mode, but extendable , in the 
computer program used, to combine both): 

For the transverse electric modes 
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In.n K\j> sin(A+M) sin(B+~) e- j {3p+u 
- Fg sinO L Pc'v 

!3e2 (A-M) (B-N) P 

m.n sin(A+M) sin(B+N)
He = Fg sinO sin1/Jp cOS1/Jp L Pre 

(A-M) (B-N) p 

And for transverse magnetic modes 

m.n e- j8p+ usin(A + M) sin(B+ N)
Fg sinO L !3 

!3e2 (A-M) (B-N) p 

where A = (rra/A) sinO.cos1/Jp' B (rrb/A) sinO.sin1/Jp, 

M (mrr/2) , N = (nrr/2), 


Fg is the normalized gain factor = [(rr3b)/(8A2)] V 1O.2ab, 


a the width of the feed opening, b = its height, 


1/Jp (1/J - 1/Jpl), 1/Jpl is the polarization angle, 


Pr'll' 1 + !3r cosO + r (1 - !3r cosO), 


Pre cosO + !3r + r (cosO - !3,), 


Pfm 1 + (cosO/!3r) + r[1 - (cosO/!3,)], 


!3, !3/(2rr/A) = V 1 - (mAl2a)2 - (nAl2b?, 


r the reflection coefficient at the feed guide, 


!3 (2rr/Ag), !3e2 = (mrr/a)2 + (nrr/b)2, 


and u = (m + n + 1) rr/2, with m & n defining the mode number. 

(Note that these forms assume long feed horns , so that the aperture phase error 
effects are neglected). 

These equations and their matrix transformations, as above , are program­
med , in combination with the current distribution forms of the previous section, 
using a fast computer, with the flexibility to utilize different combinations of 
transverse electric and transverse magnetic modes, as needed. Individual used 
modes are also handled separately, as feed patterns, to identify their own 
performance. The utilization of these forms to minimize the depolarized 
performance of offset reflector antennas is developed in the following sections. 

Usable Feed Modes 

The well known mode of rectangular feed guides , either for propagation 
along the waveguide or for radiation from its aperture, is the TElO mode . This 



a 

~ 
Electric 
Field 

41 8 	 Mosta fa S. Afifi 

mode is illustrated in Fig. 2a . When this mode is combined with its identical 
orthogonal mode TElO, in the same opening , the diagonal horn is formed, which 
is well known, with its symmetric pattern performance . Such a configuration is 
illustrated in Fig. 2b , with 45 degrees tilt , in order to yield the same main polarity 
of radiation as the feed of Fig. 2a. 
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Fig. 2a. 	The Fundamental Fig. 2b. The Diagonal Horn 
TElO Mode. TEIO + TEO I Modes. 

These fundamental modes yield purity of polarization for the TEla mode 
alone, which is evident from the straight field lines of Fig. 2a. The radiation 
pattern of this mode , in the 45 degree plane, which is the plane of maximum 
depolarization, is shown in Fig. 3a . The combined (TElO + TEal) mode, 
however , of the diagonal horn of Fig . 2b, has quite curved lines , and yields high 
depolarization levels in the 45 degree planes , as illustrated in Fig . 3b . It can be 
recognized that the gain of both horns and the shape of the main polarization 
patterns are almost identical (in the 45 degree planes), but the depolarization 
levels of the diagonal horn (Fig. 3b) are almost 21 dB higher than those of the 
fundamental horn mode (of Fig. 3a) . Note that the E- and H-plane patterns of 
the square horn differ widely from the symmetric patterns of the diagonal horn . 
This fact is well known , can be extracted from the fields of Figs . 2a & 2b, and is 
demonstrated by Nagi (1987). The high depolarization levels from the dual mode 
of the diagonal horn feed, by itself, are almost the major depolarization factors 
from the combined feed-offset reflector. As later shown, the depolarization lobes 
from the reflector system are of the same relative level , as those of the diagonal 
horn by itself (16 dB below the main beam level). The depolarization levels of the 
fundamental mode alone (Fig. 3a) is 37.5 dB below the main polarization (whereas 
the combined feed-offset reflector level is approximately -25 dB , as shown in the 
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next paragraph), meaning that this latter level is mainly due to the reflector 
configuration. 

Square TE 10 45 Deg Horn Pattern 
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Fig. 3a. The 45° plane pattern of the pyramidal horn TE 10 mode 
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Diagonal horn pattern 
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Fig. 3b. The 45° plane patte rn o f the diagonal horn TEIO + TEOI modes 
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Other usable feed modes are described in the following section, along with 
the reflector depolarization effects . 

Reflector Interaction Effects 

The offset reflector configuration used has a focal length to diameter ratio 
(FlO) of unity, which is the configuration of Nagi, Afifi & Samarkandi (1987) for 
the small earth station of the Electrical Engineering Department , of King Saud 
University. To clear the feed aperture from reflected waves (off the reflector 
surface) the lowest edge of the reflector is lifted 45 cms above the vertex . Using a 
diameter of 3 meters, the feed axis is needed to be tilted upwards , from the 
negative Z-axis, by 36 degrees, in order to point to the center of the reflector 
aperture . A 17 cm feed size was found to yield reasonable edge taper of 
illumination. The computed currents on the reflector surface, at 4 GHz, with main 
vertical polarization, are shown in Fig. 4a. In Fig. 4b, the depolarization pattern is 
shown. (In these figures three dimensional plots are used to clearly identify the 
performance) . It can be recognized in Fig. 4a that along the axis of symmetry the 
edge current taper is stronger than the edge taper across the aperture. The vertical 
polarization is along the axis of symmetry, where the horn pattern is more 
directive, giving edge currents at -40 dB . The currents at the extreme edges 
across the aperture (in the H-plane) are only -10.5 dB, indicating asymmetry of 
illumination. The peak level of depolarization of Fig. 4b is 25 dB below the main 
polarization peak, at the center of the reflector. It is interesting to note that the 

Fig. 4a. The Main Ve rtica lly POla rized Currents for the Pyramida l Ho rn Feed, with TElO Mode. 
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integrated power of the depolarized currents (of Fig. 4b) is also 25 dB below the 
integrated power of the main polarized currents (of Fig . 4a). Also it is interesting 
to note that the shape of the depolarized pattern has equal right and left peaks 
with opposite polarity, characterizing the offset reflector depolarization with dual 
peaks. 

Fig.4b. 	The Cross-Polarized Currents for the Pyramidal Horn, with Vertical Pol arization and TEIO 
Mode . 

When the polarization is rotated by 90 degrees the low edge illumination 
rotates to directions across the aperture, where the peak of depolarization exists 
and reduces the depolarization level to around -26 dB . This pattern is not shown 
here, however , as its remedy is discussed later. 

In order to reduce the depolarization levels discussed above another modes 
are required, with excitation fields that produce opposing depolarization currents 
on the reflector surface . The best mode is found to be the TE20 mode, which 
compensates for the depolarization of the horizontally polarized currents . The 
TEll mode compensates for the vertically polarized currents . Both of these modes 
are shown in Fig. 5. The former mode generates predominant vertically polarized 
waves, with opposite polarity at both sides of the reflector surface , which can be 
adjusted to cancel the reflector depolarization of the mainly horizontal wave. The 
latter mode (TEll) generates mainly horrizontally polarized currents , also with 
opposite polarity at both sides of the reflector , and could be adjusted to cancel the 
refl~ctor depolarization of the main vertical wave . It has been found that the TE20 
mode power needed is only 0.3125%; whereas the TEll mode power needed is 
0 .979%. The latter is almost three times as much as the former, due to the greater 
purity of cancelling polarization of the former. This can be deduced from the 
greater curvature of the TEll mode field lines . 

The compensated depolarized pattern with vertical polarization is shown in 
Fig . 6. The power content of this pattern is -40 dB. The main horizontally 
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Fig. 5. Horizontal and Vertical Polarity Compensating Modes. 

Fig. 6. 	The Minimized Cross-Polarized Currents, of -40 db, for a Square Horn, with Vertical 
Polarization . 

polarized pattern is shown in Fig. 7, and the compensated depolarization, using 
the TE20 mode, is shown in Fig. 8. The power content of this pattern is only -34 
dB. This content is higher than in the case with TEll mode due to the 
impossibility of cancelling the reflector depolarization in four quadrant locations , 
as is the case with TEll mode of Fig. 7 . 

The reflector currents generated by the diagonal horn mode are shown in Fig. 
9, for the main polarization currents; and in Fig. 10, for the depolarized currents. 
The symmetry of illumination for the main currents is recognizable in this situation 
(as can be seen in Fig . 9). The power content of the depolarization of Fig. 10 is 
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only -16 dB (from the total power content) , and correlates very well with the 
relative levels of the feed depolarized pattern of Fig. 3b . The mode which could 
reduce this level is the TM21 mode. The reduced level pattern is shown in Fig. 11 . 
The depolarization content of this pattern is -26 dB, using a TM21 mode power 
content of 80%. The excitation of this mode is needed to be diagonal across the 
horn, which would be practically difficult to realize. 

Fig. 7. 	The Main Horizontally Polarized Currents for a Pyramidal Horn , with TElO + TE20 
(Compensating) Modes. 

Fig. 8. The Minimized Cross-Polarized Currents, of - 34 dB, For a Square Horn, with Horizontal 
Polarization. 
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Fig. 9. The Main Polarized Currents for the Diagonal Horn, with the Fundamental Modes TE 10 + 
TEOl. 

Fig. 10. The Cross·Polarized Currents for the Diagonal Horn , with the Fundamental Modes and 
Vertical Polarization. 
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Fig. II. 	The Cross-Polarized Currents for the Diagonal Horn, with Addition of the compe nsating 
Mode TM21, Which is s hown above this figure , for vertical pol arization . 

Conclusions 

1. The TEll and the TE20 modes are the most succesful mix with the 
fundamental TElO mode for control of the depolarized currents of offset reflector 
antennas , using rectangular feed horns. 

2 . The excitation methods for these modes need some care; especially as the 
TEll mode controls the vertical polarization and the TE20 mode controls the 
horizontal polarization, with both polarizations in the same feed , in order to 
confirm the frequency reuse capability. 

3 . Diagonal feed horns yield symmetrical radiation, and consequently slightly 
higher efficiency , but their depolarization is excessive and difficult to control. 
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