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[57] ABSTRACT 

A multimode horn arrangement with circular polariza 
tion grid inserted into the horn aperture. For mul 
timode operation of a monopulse system the phasing 
section length is chosen to compensate for polarizer 
phase errors. 
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PHASE CORRECTION APPARATUS FOR 
CIRCULAR POLARIZATION OPERATION 

MONOPULSE ANTENNA HORN 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is ?led under the provisions of 35 
U.S.C. l 19 with claim for the bene?t of the ?ling of an 
application covering the same invention ?led July 28, 
1970 Ser. No. 70 27747, in France. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to improvements to cir 

cular polarization antennas, particularly in relation to 
horn and polarizer combinations. 

2. Description of The Prior Art 
In the radar art, it is known that use of circularly 

polarized transmitted waves are advantageous in dis 
criminating against hydrometeroic echo signals. Such 
circular polarization waves are, for example, obtained 
with a parallel metal plate device, called a polarizer, 
which is located in front of the horn opening from 
which linearly polarized waves are radiated. The 
polarizer is normally located with its plane parallel to 
the horn opening plane and oriented in such a manner 
that its plates are positioned at an angle of 45° (in a 
plane parallel to the plane of the aperture) with respect 
to the orthogonal polarization coordinates (i.e., 
horizontal and vertical). The radiated field component 
which is perpendicular to the plates is not affected by 
the polarizer, however, the component which is parallel 
to the said plates has its phase advanced by 90° and, 
consequently, the wave outgoing from the polarizer is 
circularly polarized. 

Since re?ection coefficients of a raindrop tend to be 
equal for the two circular polarization wave com 
ponents, the waves re?ected by raindrops are circularly 
polarized. When this re?ected wave passes through the 
polarizer, the component which is parallel to the plates 
has its phase again advanced by 90° with the result that, 
after having been combined with the other component, 
the resulting linearly polarized waves are orthogonally 
oriented with respect to the initial transmitted waves 
before passage through the polarizer. Since the horn 
constitutes a ?lter for waves polarized perpendicular to 
the polarization for which it was designed, the waves 
re?ected by raindrops result in little or no received 
energy propogation in the horn. Accordingly, rain 
echoes or the echoes produced by other hydrometeoric 
phenomena are discriminated against. 
Other re?ecting objects, including some which it is 

desired to observe, may present coefficients of re?ec 
tion equal for the two components of the radiated 
wave, and therefore will be similarly suppressed. Ac 
cordingly, circular polarization is normally not used on 
a full time basis, but only during rain storms, etc. 
Therefore, the polarizer is normally mounted on a 
mechanical device which makes it possible to selective 
ly emplace and remove it from the front of the horn 
opening at the radar operator's option. 
When the antenna comprises a horn and re?ector 

combination, there are several possible locations for 
the polarizer. For example, it may be located on the 
re?ector and operated in re?ection, or it may be at the 
re?ector output behind the horn. As mentioned 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
hereabove, it may also be located between the horn and 
the re?ector. The ?rst two of the foregoing con?gura 
tions have major drawbacks due to size and weight con 
siderations and to difficulties in emplacing and remov 
ing the polarizer selectively. 

In the third of the foregoing forms, it is possible to 
locate the polarizer at a distance of several wavelengths 
or more from the horn opening. At such a distance, the 
wave plane may be considered as spherical and this 
leads to use of a spherically shaped polarizer. The 
mechanical structure of such a polarizer is difficult to 
realize, moreover, such a polarizer acts as a mask 
which attenuates or partially blocks waves re?ected by 
the re?ector. 

If, in the third con?guration, the polarizer is located 
at a distance from the horn opening less than a few 
wavelengths, the indicated problems with that arrange 
ment are not encountered, however, the successful 
construction of the polarizer is difficult because of the 
short distance from the horn. In the said near area, 
called the Fresnel zone, the amplitude and phase of the 
radiated ?eld vary according to l/r'I (r being the 
distance to the horn opening phase center and n a 2) 
so that the wave plane is not precise and, consequently, 
the polarizer is dif?cult to build. Germane background 
in respect to the invention is contained in U.S. Pat No. 
3,5l0,875 and [1.8. Pat. application Ser. No. 129,229 
?led Mar. 29, 197 l. 
The manner in which the present invention over 

comes these difficulties will be understood as this 
description proceeds. 

SUMMARY OF THE INVENTION 

In view of the aforementioned prior art problems and 
disadvantages, it may be said to have been the general 
object of the present invention to provide a horn 
polarizer combination which exhibits little variation in 
the amplitude and phase of radiated energy between 
the conditions of “polarizer on" and “polarizer off." 
A circular polarized antenna arrangement according 

to the present invention comprises a horn followed by a 
polarizer located in the horn opening so that the front 
face of the said polarizer lies in the horn output (aper 
ture) plane. The horn with which the polarizer is as 
sociated in the present invention is a multimode horn, 
the phasing section length of which is selected so as to 
obtain a radiation pattern having a substantially sta 
tionary phase characteristic within a broad range of 
radiation angle values. 
When the antenna is used as a monopulse radar an 

tenna, the phasing section length is selected so as to ob 
tain a small amount of intentional phase shift between 
the Reference channel and the Difference channel over 
a broad range of radiation angle values. 

Other objects, features and advantages of the present 
invention will be evident from the following description 
of a speci?c embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a rectangular wave guide for ex 
planation purposes. 

FIG. 2 shows a cross-section of a multimode horn, 
for explanatory purposes. 

FIG. 3 shows electric field curves for two types of 
mode and their sum, for explanatory purposes. 
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FIG. 4 shows an antenna constituted with a mul 
timode horn and polarizer, according to the invention. 

FIG. 5 shows phase curves of the field radiated by the 
horn, with or without polarizer, as a function of radia 
tion angle. 

FIG. 6 shows the amplitude curves of the ?eld 
radiated by the horn, with or without polarizer, as a 
function of radiation angle. 

FIG. 7 shows curves of phase shift between the 
Reference and the Difference channel of a monopulse 
radar as related to radiation angle. 

FIG. 8 depicts amplitude ratio curves for Reference 
and Difference channels. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, a rectangular wave guide 2, 
having a width a and a height c is viewed from the open 
end 1. When a and c, with respect to the free space 
wavelength d, are such that d/2 <a <1! and c <d/2, the 
only mode which is signi?cantly propagated by the 
wave guide is a transverse electric ?eld mode, i.e., a 
mode having an electric ?eld vector perpendicular to 
the propagation direction Cz. In theplane of opening 1, 
the electric ?eld distribution has the shape of the curve 
3, representing the envelope of the electric ?eld vec 
tors 4. Such a mode is called mode 'I‘Em or H“), the in 
dicia l and 0 meaning that there is an electric ?eld 
maximum along the axis Ox and no electric ?eld max 
imum along the axis 0y. For the same free space 
wavelength d, if the dimension 0 of the wave guide 2 is 
increased, other modes appear which may be called 
mode TE," or Hm. More generally, if the wave guide 
sizes a and c are increased, other modes appear which 
may be transverse electric ?eld modes, TE," (l-l,,,,,), or 
may be transverse magnetic ?eld modes, TM,,. ,,- (Em, ,,. 
). It will be noted that in the case of the modes E,,,' 
indicia m’ and n’ are always different from zero. 
Based on FIG. I, it is possible to de?ne an electric 

plane E as the plane containing 0y and Oz, and a mag 
netic plane H as the plane containing 0:: and Oz, the 
latter perpendicular to the electric plane E. 

In order to provide a transition between the wave 
guide and the free space, the wave guide is enlarged, 
across one or both dimensions to form a sectoral or 

pyramidal horn, respectively. In principal, such an en 
largement is de?ned with respect to the electric plane E 
and the magnetic plane H and a horn is said to be en 
larged in the magnetic plane II when the side walls per 
pendicular to this plane have been ?ared. Thus, in the 
case of the FIG. 1, an enlargement in the magnetic 
plane H corresponds to flaring the wave guide side 
walls 5 and 6 outward. 

In modifying a horn radiation pattern, sometimes it is 
of interest to cause several modes to appear simultane~ 
ously in the horn opening, each of these modes having a 
determined amplitude. It is clear that, in a horn, the 
various modes are established successively as the open 
ing sizes increase, however relative amplitudes of each 
of these modes are not precisely determined. For ob 
tainin g modes with precise relative amplitudes, step-by 
step enlargements are used, then, when the desired 
modes are obtained, the transition between the last 
wave guide and the free space is made through a horn. 
In the antenna art, a so-called “multimode horn" 
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4 
means the assembly formed by the various wave guide 
step segments (sometimes referred to as a mode 
separator) having increasing cross-section, and by the 
horn. 

FIG. 2 shows a cross-section of a multimode horn, 
obtained from the wave guide of FIG. 1, the dimensions 
a and c of this guide being such that only the mode H“, 
or main mode is propagated. The larger dimension has 
been increased up to a value b such that the mode HM 
will appear, i.e., 3d/2 <b<2d. The ratio k of the mode 
H30 and H“, amplitudes depends on the values a and b, 
for a given frequency, that ratio being called the har 
monic rate. The wave guide 10, with the side dimension 
b, is then larger in the magnetic plane H to form a sec 
toral horn 11 of which the opening 12 has width A. 
Thus it will be seen that FIG. 2 shows a cross-section of 
a multimode horn in the magnetic plane. 
Throughout ll of the multimode horn, other modes 

than the modes H", and H30 are produced, but those 
other modes have low amplitudes and their effects on 
the electromagnetic ?eld distribution in the horn open 
ing, and consequently on the radiation patter, may be 
regarded as negligible. Thus the horn aperture electric 
?eld distribution may be practically obtained by adding 
electric fields of the modes H10 and Han, these electric 
fields being represented by their amplitudes and 
phases. 

FIG. 3 shows the amplitude curves of the modes H“, 
(curve 15), H," (curve 16) and addition curve 17 for 
horn aperture 12, assuming that the said modes are in 
phase at the aperture mid point. The axis X'OX is 
scaled according to values of ratio between abscissa 
measured from opening center and half-width A/2 of 
the opening, this ratio being called the standard abscis 
sa X. 

In the multimode horn art, the said modes are usually 
phased at the center point N of the horn opening, such 
phasing being generally obtained by varying the length 
LI (phasing section 10). ' 

In the horn opening, transmission may be through of 
as coming from a point S (FIG. 4) and it is understood 
that, due to different transmission paths, waves arriving 
at different points of the aperture do not have the same 
phase. It may be demonstrated that, in the horn aper 
ture, the phase shifts of modes H10 and Hal, are respec 
tively expressed by BX” and CK’, B and C being the 
maximum phase shifts appearing at the horn outer 
perimeter. If a polarizer 19 is located in the opening of 
the born 18, each wave propagated on modes H", and 
H30 has an angle-of-incidence varying from 0 to r,,. In a 
polarizer, the intended 90° phase shift between the two 
electric ?eld components actually will be seen to vary 
with the angle of incidence so that an additional abera 
tional phase shift results producing a certain ellipticity 
rate. It may be demonstrated that the additional phase 
shift or phase error is de?ned by KX’, K being small 
compared with B and C and being either negative or 
positive depending on the polarizer type. Practically, it 
is negative (advance of phase) for a guided propagation 
polarizer (grating) made with conductor strips, and 
positive (delay of phase) for a dielectric polarizer. 

French Pat. No. 1,537,063 (corresponding U.S. Pat. 
Application Ser. No. 129,229 ?led Mar. 29, I97!) 
describes a horn antenna without polarizer wherein a 
plane wave was obtained over the aperture of the said 
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horn by varying the length L] (HO. 2) of the phasing 
section so that there exists a phase shift P0 at the point 
N between the modes H“, and H30. It is then shown by 
calculation and experiments that the phase P(r) of the 
?eld radiated by the horn varies but little within a 
broad range of values for the angle r. 
As the phase shift introduced by the polarizer varies 

according to a square law, it is possible to compensate 
the polarizer effect by modifying PO, by modifying the 
length Ll. In practice, in a multimode horn wherein 
modes l-l"J and H“, are propagated, PO is selected so 
that the phase of the overall field is the same at the 
point N as at the point M where the mode Hm am 
plitude is null (X= ll3). Accordingly, PO= (l + l/k), 
P(M) = (l + l/k) 8/9, i.e., P0 is proportional to B. 
Therefore, the value P of the modification applied to 
P0 is (with the polarizer in place) given by P/PO = K/B 
(Equation I). This last equation may be applied only if 
the polarizer is permanently in place. When it is in 
tended to use it selectively, the value p’ of the modifi 
cation must be half as much (a compromise valve). Ac 
cordingly, the phase of the ?eld radiated by the horn is 
little in?uenced by the presence or the absence of said 
polarizer, i.e., p'/P0= 1/2 K/B. (Equation II). 
By applying the modification p (or p’), the phase 

error produced by the polarizer is compensated, and, 
accordingly, phase error has the effect of only deter 
mining the ellipticity rate, the latter being kept low and 
relatively constant over a broad range of radiation an 
gles r. 

It “ill be noted that the ellipticity rate also depends 
on the difference of the amplitudes of the two electric 
?eld components, but that such an amplitude error has 
negligible effect compared to the effect of phase error. 

FIG. 5 shows the phase curves P(r) of the ?eld 
radiated by the horn along (curve 20) and by the horn 
with polarizer (curve 21) for K=~—-9°, k= 0.4, P0 + 10 
and p = 0°. The curves are closely related and their 
similarity it may be further improved in having for p the 

value given by the Equation 1 or II, depending on the 
situation. 

FIG. 6 shows the amplitude curves G(r) of the field 
radiated by the horn along (curve 22) and by the horn 
with polarizer (curve 23) under the same conditions as 
above. The deviation between the two curves is less 
than l db for attenuations on the order of 20 db. 
The present invention may also be used when the 

horn is associated with a re?ector in a combination 
constituting the antenna of a simultaneous overlapping 
beam radar, commonly known as monopulse radar. 

It will be recalled that a monopulse radar makes it 
possible to make deviation measurements, for example, 
azimuthal deviation, between a main target and a 
secondary target constituted, for example, by a shell 
explosion or tracking missile. 

in a monopulse radar, the antenna is commonly con 
structed with a focusing system (lens or re?ector) 
located in front of a primary source consisting of a 
rectangular cross-section horn. in a standard 
monopulse antenna, the horn whose largest dimension 
referenced a is horizontal, includes a vertical media 
partition effectively breaking the aperture into two 
horns, and both the outputs are connected to a hybrid 
junction (magic T, for example) for providing signals 
respectively equal to the sum and to the difference of 
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6 
energies received at the two openings. The sum signal 
and the difference signal are applied to two reception 
channels which constitute the sum channel S and the 
difference channel D. The sum channel is also called 
Reference channel. 

It is also possible to use, as a primary source for a 
monopulse radar antenna system, a born without parti 
tion forming a multimode source as outlined in 
published technical papers, entitled “Optimum feeds 
for all three modes of a multimode antenna" published 
in the September 1961 issue of “IRE Transactions on 
Antennas and Propagation", Pages 444-453 and 
454-460. Such a multimode source utilizes the pro 
perty according to which several modes and their har 
monies may be propagated simultaneously in a wave 
guide up to a maximum order determined by the guide 
cut-off frequency. By combining several propagation 
modes in the same guide, it is possible to generate, at 
the horn opening, the illumination patterns required for 
the reference channel S and the difference channel D. 
information corresponding to each of the patterns cor 
responding to these channels is then separable on the 
basis of modes is a so-called mode separator, as is well 
known in this art. 

In monopulse radars, and particularly in those of the 
coherent Doppler type, one of the most important 
problems to be solved is to obtain a null or constant 
phase shift between the reference channel and the dif 
ference channel over the whole useful angular range of 
the radiation pattern. Moreover, it is to be understood 
that the angular extent of this useful range closely de 
pends on phase shift variations in the reference and dif 
ference channels in relation with the radiation angle. 
The presence of the polarizer in the horn aperture 

produces a phase error which is compensatable by 
varying the phasing section length according to the 
hereinabove Equations I or ll. Such a compensation 
must be made so that the phase difference variation 
curves in linear polarization and in circular polarization 
are parallel. 

FIG. 7 illustrates the variation curves for the phase 
difference PR - PD between the Reference channel and 
the Difference channel for the horn along (curve 24) 
and for the horn with polarizer (curve 25) in the case 
when the Reference channel includes the modes H“, 
and H30 and the Difference channel includes the mode 
H20 and in having K=—9°, k = 0.2, PO=+ l5° and p = 
0°. 
H6. 8 shows the amplitude quotient (ratio) curve 

for the signals of the reference and difference channels 
versus angle r, for the horn alone (curve 26) and for the 
horn with polarizer (curve 27) with other conditions as 
hereinbefore described. 
The invention is applicable to any antenna compris 

ing a horn and a polarizer combination. 
Various modi?cations within the spirit of the inven 

tion will suggest themselves to those skilled in the art. 
Accordingly, it is not intended that the scope of the in~ 
vention should be considered limited by the drawings 
and this description, these being typical and illustrative 
only. 
What is claimed is: 
1. An antenna system for radiating and receiving cir 

cularly polarized energy, comprising the combination 
of: 

a multimode horn having an aperture; 
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a polarizer inserted substantially within the plane of 
said aperture, said polarizer having the charac 
teristic of introducing a phase error between the 
electric ?eld components of mode energy at said 
aperture, said error varying as a quadratic function 
of the angle of radiation and reception with 
respect to the axis of said horn; 

means included between the ?ared section of said 
multimode horn including at least one phasing sec 
tion, the axial length of said phasing section being 
selected such that a phase variation in a compensa 
tory sense as compared to said polarizer phase 
error is introduced as a function of said angle of 
radiation and reception. 
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2. Apparatus according to claim 1 in which said horn 

propogates H10 and H,“ modes, and said phasing section 
length is selected so that the relative phase shift 
between energy components of said modes at the 
center of said aperture is equal to that at least at two 
predetermined points removed from said center but 
within said aperture. 

3. Apparatus according to claim 1 in which said horn 
propogates at least Hm and H” modes and said phasing 
section length is selected to cause the relative phase 
shift at the center of said aperture to be substantially 
the same as at points within said aperture where the H30 
mode energy is substantially zero. 

* i * i it 
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