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ANALYSIS TECHNIQUES FOR THE QUAD APERTURE REFLECTOR

Introduction

The reflector geometry investigated in the computer ana]ySis portion of
this study was the same as that used in the meaéurement segment, namely, two
quadfants of the quad aperture placed-side by side. The reflector geometry

used in the computer study, and the analysis technique employed, are described

below.

Reflector Geometry.

Each quadrant of the reflector is fashioned from a paraboloid with a
focal point length of 137.7 inches and a rqdius of 105.32 inches. It should
be noted that each quqdrant is more than one-quarter of the parent paraboloid.
Figures 16Athrough 18 show the physica1 dimensions-of a single reflector
segment. The'conplete, two-reflector system, is shown in Figuré 19, along
with the orientation of the g1oba] reflector coordinate system to be used in
the computer model. | |

Analytical Method

The technique used to'analyze the two quadrant reflector system was the
physical'optics Surface Current Integration, or SCI method. In fhis method,
the reflector surface is divided intb small patches, and the CUrrentfinduced
on each patch by the feed is determined. The secondary far-field pattern at .
each. 8, ¢ point desired is the sum of the c&ntribdtion from each patch. -
The fequired inpﬁts to the code implementing this algorithm, are the physical
diménsions of the reflector, the location and drientation of the feed, and
thevco-polarized feed pattern; (in general the entire feed pattern can be
included). i

.The'technique used to analyze this problem is similar to the surface

current projection scheme described in reference 1. ODue to the complex
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aperthre shape, the Jacobi-Bessel expansion, which can improve the running

time, was not implemented. The basic geometry of the formulation is shown in

Figure 20 where the projection plane chosen is the focal plane of the quad

segment.

The ‘initial. step is to divide the projection of the reflector

aperture in the X' - Y' plane into a number of patches. The following

operations are then performed for each patch.

1.

2.

The center point of each patch on the projected aperture, (p', ¢'),

is mapped onto the actual reflector surfaces as point (r', o', ¢').

A transformation determined by the relative orientation of the feed

and reflector coordinate systems is used to transform (r', 8', ¢') to

a point, (rg, és, o), in the feed coordinate system.
The magnetic field radiated by the feed at this point is found.
The inverse of the transformation in 2) is used to change the

magnetic field value to the reflector coordinate system.

'The surface current density is now found at point (r', o', ¢') by

J (r', ', ¢') = 2/ xH (r', o', ¢') ! (i)

A]ternate1y, a projected surface current density can be found at

point (p*, ¢') by

-

2 > > : .
J (o', ¢') =2N xH (r', 8", ¢") . (2)
where

A ﬁ

n=m - (3)
> aN' . ez . . S

A O | ()
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and

’ xl2+Yl2 '
' = —— - f (f = focal distance) (5)

These steps are repeated for each patch on the projected aperture.

"Now, the vector pdtentia] at the far-field point,

> .
A (r, 6, ¢) can be found by

I L .

_or

> ' : » >
A(r, 8, ¢) = Jd(r, 8"y ") r— ds’ (6)
reflector Gnfr-r]

This can be approximated in the far field by .

> ‘ > Jk? .. 3'."."

T (6, ¢) = - Jd(r', 8', ¢')e ds' (7)

) reflector’

. s

T % ' 1 Jkr * ar—'* t

T (0, ¢) = ] J(p's 0" e p' dp' do' (8).
projected )
aperture

From this, the far fields can be calculated.

> >

H(r, 6, 6) =9 xT (68, ¢) (9)

E (rs 0, ¢) = ——V xH (I", 0, ¢) (10)

Juwp



Note that the use of 3 or § both result in a surface current
integration. A more detailed explanation of this method can be found
in [11.

Finally, using the above E;field, the co-polarized and cross-
polarized components of the radiated pattern can be determined.

Ludwig's [2] third definition was used in our particular case.

COMPARISON OF MEASURED AND CALCULATED FEED PATTERNS

The feeds used in the RF Verification 5m Model were two pyramidal horns
which were designed to have 6 dB and 14 dB edge taper levels on the main '
quadrant of the dual quad reflector. These two horns are referred to as the
6 dB and 14 dB horns, respectively.

In order to calculate the secondary far-field patterns of the reflector
with these horns as feeds, using the physical optics computer program
described previously, detailed measured pattérns of the horns are required as
inputs to the code. The basic horn patterns were measured in the E- and
H-planes and the 45 degree plane. In order to conserve computer time, the
basic reflector code is written so that it accepts only the principal plane
cuts of the feed patterns, with other feed points calculated by a simple
interpolation. While this inteﬁpolation method is certainly adequate down to
the 6 dB or the 14 dB edge field levels, there are questions related to its
validity when the E- and H-plane patterns of the feed are asymmetric.

'To study this problem, a synthesis of the horn pattern is needed in order
to produce the proper raster scan input into the reflector code. The model
chosen is the Huygen's source aperture synthesis, where the aperture field is
assuﬁed to be the TEy;; mode expanded from the rectangular waveguide, and

weighted with a quadratic phase error related to the horn flare angles,

12
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The detailed E-plane, H-plane, and~45° plane patterns calculated using
this aperture analysis are giyen in Figures 21 through 26 and are compared
with measured data. The exce]ient apreement of the analysis with experimental
results certa1n1y va11dates this approx1mate model for generating detailed
feed pattern data. Now let us compare the measured versus-interpolated 45°
plane data for both the 6 dB and 14 dB horns, given in Figures 27 and 28.
Notice that the patterns agree quite well for ang]es out to 25°, This means
that the approx1mat1on used in the interpolation is adequate for the pr1mary
quad aperture. It is clear that the patterns tend to dev1ate for angles |
greater than 25°, particularly for the 14 dB horn case. This error in the
input data will produce two effects: (1) the directivity of the feed horn will
be inaccurate, where the inaccuracy is estimated to be about 2.5 dB and_(2) the
scattering patterns of the other quad apertures will be in error. In order to'
place a bound on this error, several approx1mat1ons are used in the interpola-
tion of the measured E- and H-p]ane patterns used in the determ1nat1on of the
far-field secondary patterns which will be presented later.

As a final comment, it is noted that the 1nterpo]at1on error and its
s1gn1f1cance were not recognlzed until late in this program when resources
were insufficient to both correct the format of the input data, and to

generate the-]engthy raster scan data for the 6 d8- and 14 d8 horns.

COMPARISON OF MEASURED AND CALCULATED SECONDARY PATTERNS

To ver1fy the previously measured data, and to valldate the Harris
reflector code, far-field secondary patterns were calculated using the 6 dB
and 14 dB horns as the fed elements. Antenna patterns were computed for each
quadrant alone and for the composite ref]ector. The code corroborates the

shape of the main lobe and the presence and location of a large paras1t1c side

lobe due to the off~focus quadrant.

- 21




Figures 29, 30, and 31 show wide angle comparisons of the 6 dB horn feed
single and double quadrant configurations. A more detailed comparison is
shown in Figure 32. _

A similar comparison is now phesented for the 14 dB horn. Wide angle
views are shown in Figures 33, 34, and 35, and a detailed comparison in

Figure 36.

One will probably notice some discrepancy in peak gain and parasitic side

lobe level. This may be due to several things, including misalignment during
measurement and inadequate feed data input to the'code (resulting in 6n]y‘
approximate intermediate feed points via intefpolation).

In order to test this hypothesis, far-fieid patterns were calculated
using an H-plane symmetric (for both the 6.dB and 14 dB horns) teed pattern,
as mentioned in an earlier section. - The resuits'of thiéiexperiment are shown
below. Figureﬁ 37 and 38 show wide angle and detailed conparisone for the
6 dB feed, dual quadrant case, while the same is shown for the 14 dB feed in
Figures 39 and 40. There is some improvement in the agreement between
measured and calculated patterns using these feed patterns, especially in the
case of the 14 dB horn, which had more asymmetric Eé.and H-b]ane patterns tao
beéin with. . As suggested earlier, precision agreement may be possible when
detailed raster scan measurements are used as input data.

A summary of peak gain and paras1t1c side lobe 1eve1 is given 1n Tab]e I.

In conclusion, it appears that the Harr1s computer code pred1cts measured
data quite well, especially for those feeds w1th symmetric E- and H-plane
patterns. S1nce the more elaborate feeds to be 1nvest1gated later do have

‘symmetric patterns, this analysis should be more than adequate for design

purposes.

22
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Table I. Comparison of Measured and Calculated Results

Parasitic
Peak Gain Side Lobe Level
(dB) (Relative dB)
Measured 50.75 -15.90
6 dB Horn Calculated (E-H Asymmetric) 50.18 -14.15
Calculated (E-H Symmetric) 50.76 -15.53
: Measured ““50.39. -19.10
14 dB Horn Calculated (E-H Asymmetric) 49,29 -13.97
Calculated (E-H Symmetric) 50.49 i -17.68

1951A/LSST-002
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COMPARISON OF QUADRANT AND CIRCULAR APERTURES

In order to assess the effects of the nonstandard, quadrant reflectors,
a comparison was made between the far-field patterns of circular aperture,
offset paraboloids and quadrant reflectors. The 6 dB and 14 dB horns were
again used as the feeds.

A front view of the physical geometry of the circular aperture is shown
in Figure 41. The size of the reflectors was limited to that which would fit
into the same space as the two quadranf reflectors. This resulted in a
reflector radius of 42.75 inches and an axia]Jpoiht-to-ref1ectorAcenter offset
of 52.66 inches. The focal distance remained at 137.7 inches, and hence, the
parent paraboloid of both the circular and duadrant reflectors is the same.
The criterion of fitting the reflector into equa]nspace did resuit in a
significantfreductioﬁ in,surface area. o

The computer far-field patterns for the 6 dB and 14 dB horns are given in
Figure 42 and Figure 43 where both the circular and quad aperture reflector
geometries were used. From the$e_resu1ts=there are several observations that
can be made: (1) the circular apertures produce a smaller gain due to the
smél]er scattering surface area, buf the peaks and nu11§ of this pattern are
well defined, indicating little phase error. In the region of the parasitic
Tobe, the nulls tend to fill in due to the off-focus excitation of the
parasitic reflector; (2) the ratio of the parasitic lobe to the main lobe is
approximately the same, regardless of reflector shape; and (3) the pie shaped
quad sectors produce a general increase in close-in and far-out side lobe
levels that indicates scattered fields that are defocused. Since the phase
center of the feed horn is exactly the same for both cases, this increase in
side lobe level musf be due to currents on the,pie shaped reflectors that are

outside of the normal conical feed pattern projections on a offset parabola.
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DISCUSSION OF MEASURED RASTER SCAN CONTOUR PLOTS

In ofder to analyze the detailed three-dimensional scatter pattern
characteristics of the quad aperture reflector fed by the 6 dB8 and 14dB
pyramidal horns, contour plots were made using the digitized raster scan
data. These measured contour plots are given in Figures 44 through 53. It is
noted that due to the possible +0.05 degree angular position measurement
error, these plots may occasionally exhibit a small discontinuity. No attempt
was made to smooth the data prior to applying the contour algorithm. Also
note that the center of the main beam was always pointed to 0,0, regardless of
the feed scan angle.

The measurements for the single quad aperfure where the 6 dB feed is
scanned 0.0 and 4.5 inches (=3 BW) in the aperture plane are given in Fig-
ures 44 and 45. The basic change in the pattern is at the -20 d8 contouf
level which spreads in angular width in the plane of scan. This is a typical
behavior of scanned feed reflectors. The measurements of the 6 dB horn
11luminating the two quad apertures with orthogonal linear polarizations are
given in Figures 46 and 47, It should be noted that the parasitic lobe is
primarily confined to the azimuth plane and has a quasi-elliptical shape which
is narrower than the contour at the corresponding power level. This behavior
is quite general, regardless of edge taper, as demonstrated latef. The change
in polarization relative to the sector edge does not seem to affect the
overall amplitude and shape of the reflector scattered'field, and indicates a
lack of sensitivity to that parameter. |

The contoured measurements of the 14 dB horn feeding the single quad
aperture at 0, 4.5, and 6.5 inches scan are given in Figures 48 through 50.

The gain change as a function of scan is small (0.45 dB8 for 5 BW scan) which
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is expected of a long focal length reflector system.' The general broadening

of the pattern at the -20 dB level is evident. Figures 51 through 53 present

~ orthogonal polarization and scan feed data for dual quad reflectors with the

14 dB excitation. The parasitic scattering'lqbe is very narrow in this
instance, but appears.to have a similar amplitude and location relative to the
main lobe for the three cases considered. |

The sighificant conclusion that is drawn from inspecting these data is
that the major paras1t1c lobe, due to Tow-level feed radiation striking an
adjacent reflector, is confined to a fairly narrow sector region about 1ts
peak value. Precise experimental determination of the magnitude of this lobe
will require exceptional angular resolution for the ahtenna pedestal beyond
the normal capabi]ity.fn standard antenna ranges, particularly for large ,
reflectors. The result of this angular sensitivity is that precision

agreement with ca]cu]atfonslwi]1 be difficult.

USE OF CORRUGATED HORNS AS FEED ELEMENTS

Earlier results have shown that a more sophisticated feed is necessary to
improve the antenna performence, especially in the area of parasitic side lobe -
level. A feed which (1) has a symﬁetric pattern and (2) a high beam
efficiency,vin the area of fhe'main quadrant should be a step in the right
direction toward accomplishing these-goa]s.

Our methodology inAapprOaching this problem was to choose an element Qith
a symmetric paftern and determine what subset of designs for this feed e]ehent
gave satisfactory beam efficiency. | ‘

The first element type to be included in this feed study was the
corrugated cenical horn. The model for his horn is shown in Figufe 54,
Corrugated horns with A < ~ 0.4 (see Figure 54) are sometimes referred to as

narrowband horns"; their performance depends pr1mar11y on aperture size.
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Figure 54. Corrugated Conical Horn Model
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Those horns with A > ~ 0.75 can be called "wideband horns" or “"scalar
horns." Performance of these horns depends mainly on flare ang]e.’ In our
investigation, we did not restrict ourselves to corrUgdted-horns of any type,
although the majority of those horns chosen for final study clearly fall in
the narrowband region. From past experience, it,hés been found that a good
aperture field model is a cosine amplitude variation, and quadratic phase due
to horn length and flare. An aperture integratfoﬁ-;imiiar to that shown for‘
the pyramidal horn was used to calculate the patterﬁs.

As feed beam efficiency gdes dp kmeasured at thé edge of the reflector,
~21°), less energy should spill onto adjacent quédrahts, with an accompanying
drop in parasitic side lobe level. As a first step, beam'efficiency was coﬁ-
pdted and plotted as a function of aperture diameter, along lines of constant
horn length. This graph, given in Figure 55, shows that as djameter gets
larger (in wavelengths), beam effiéiency rises due to-n;rrowing of the main
beam. However, as the diameter continues to increase, beam'éfficiency fa]]é,
due to larger phase error_acroés the aperture. Thé point at which this drop
begins can be seen to be a function of horn 1engtH.-v

Some preliminary far-field calculations showed that higher and higher
beam efficiencies did not necessarily result in 1dwer4parasitic side lobe
level. A p]ausible explanation for this is that béyond some point, increasing
beam efficiency is largely due to the inc]uéion of side labe energy in the
angular region over which beam'efficienqy is calculated. This “oufaof-bhase“
energy seems to degrade peak gain-levels faster than the diminishing spillover
decreases the parasitic side lobe level;

This discovery led to a closer study of the béém'effitienqy question. It
was determined to restrict the investigatidn to those horn designs which had |
more than some minimum beam efficiehqy, but whibh illuminated the reflector

region with main beam energy only. In effect, this limits the possible
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candidates to those whose primary pattern has low side lobes and the first
null in the 18°-22° region,

The region of investigaffon'was bounded by calculating primary patterns
for horns with A= 0.0. These designs give the best efficiency for a given
diameter although they are physically unreé]izab]e. The aperture diameters
“that are of intefest turn oﬁt to be from é.O inches (2.54 A) to 5.0 inches
(6.35 A). As apgrture phase error increases, beaﬁ efffciency'at & given
diameter should degradé. Figure 56 béars this out, which shows beam
efficiency plotted against aperture diameter, p]otted‘in fhis case along line °
of constant A. Of the designs avaiiab]e in this region, twenty wére chosen
for further study. : | | '

- These twenty corrugated horn pattefns were used as input to thé reflector
code in order to assess their effeét on parasitic sidé lobe level. The
results of the computer analysis are presented_in tabular form, Table II, and
graphical form, Figure 57, where re]ati&é pardsitic side lobe level is plotted
as a function of aberture diameter along lines of'constant phase error. - Some
typical primafy andAsecondany patterns afe'given'in Figures 58 thrbugh 61.

Two trendé are evident and should be noted. FirStiy, parasitic side lobe
1éve1 increases for a.given diameter as aperture phase error increases. This
should be expected, as phase error quickly degrades peak gain pérformance.A
Secondly, as aperture diameter increases, side lobe.level falls (for a
given A); This is probably due to increasing beam éffiéiency. However, the
curves appear to be 1eyeling-off for some of the smaller phase errors. This
seems to supbort our ear]fer findings that:at some poinf, increasing aperture
size no longer resu]ts'in lower parasitic side lobe level. At any raté, the

results indicate that few, if any, of these corrugated horn designs are

satisfactory.
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Table TI. Corrugated Horn Feeds - Comparative Test Results
Parasitic
Side Lobe Level
Phase Error Aperture Diameter Peak Gain (dB Relative)
(Wavelengths) - (Inches) (Wavelengths) (dB) to Peak)

0.0 2.5. 3.18 51.10 -19.72
0.0 3.0 3.81 50.73 -25.48
0.0 3.5 4.44 49,97 -28.35
0.0 4.0 5.08 48.96 -28.70
0.0 4.5 5.72 47.85 -28.87
0.1 2.5 3.18 -51.03 -17.70
0.1 3.0 3.81 50.68 -21.61
0.1 3.5 4.44 49,93 -24.52
N0.1 4.0 5.08 48.95 _f25.58
0.1 4.5 5.72 47.88 -26.73
0.2 3.0 3.81 50. 54 -18.28
0.2 3.5 4.44 49.86 -20.19
. 0.2 4.0 5.08 48,96 -21.67
0.2 4.5 5.72 48.00 -23.40
0.3 3.5 4,44 49.76 -17.09
0.3 4.0 5.08 49,00 -18.66
0.3 4.5 - 5.72 48,22 -20.51
© 0.4 1.0 5,08 49.04 -16.728
0.4 4.5 5.72 438.40 -18.06
0.5 4.5 5.72 48.48 -15.87
1951A/LSST-002 57
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Another performance criterion of concern is the level at which the beams
of adjacent feed elements cross in the fér field. Assuming that the feed
horns are placed as close to each other as possible, the beam crossover level
was determined for the corrugated horn designs under consideration; In Fig-
ure 62, the results of this investigation are shown for both a linear array of
hdhns and a étéggered array. The crossover level appears to be unacceptable
in all céses for the linear array, while acceptable in most cases for the
staggered array. A linear type array‘is required for communications/spot beam
appﬁications where coverage is required at all points of interest simulta-
.neously. The staggered array could be used in a radiometric app]icaﬁion where

“time-averaged" coverage is satisfactory.

USg OF DUAL MODE HORNS AS FEED ELEMENTS

“Another common horn type which can be>désigned to have very symmetric
E- and H-ﬁ]ane patterns, is the dua]—mode horn. In this type of horn, TEyq
and TM;; modes are mixed to produce a symmetrical pattern. The amount of
TMy, mode present is varied so that the E-plane pattern (which is affected by
TMy1) is matched to the H-plane (which ™14 does not affect). This tech-‘
nique can be implemented in conical or pyramidal horns (although some other
modes are present in the pyramidal designs).r The horn§ ana]yzed in this study
were conical. |

The initial dual mode design was chosen-so that the first null of the

H-plane pattern fell in the edge region df3thé reflector. The mode mix was
then varied until the E-plane closely matched fhe H-p]ane over the reflector:
The diameter of this horn was 4.5\, or about 3.54 inches. Thé primary
antenna pattern for this design is shown in Figure 63. The far-field patfern

of the quadrant reflector system was computed using the 4.5\ dual mode horn
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as the feed. Figure 63 also shoWs the results of this analysis, which include
* the quite low parasitic side lobe level of around -33 dB.

A second dual mode design was taken under consideration. This horn was
1.5, or 1.18 inches, in diaheter. It was selected not for its performance as
a single horn feed, but for its potential use in a cluster feed design. A
seVen horn cluster composed of these horns would fit in approximately the same
space as the 4.5n horn. The principal planes of the primary pattern are
shown in Figure 64. As a matter of interest, 'a secondary singlet pattern was
conputed using th1s horn as a reflector feed. The parasitic Slde ]obe Tevel
for this horn, with its broad primary pattern, was very high, as expected
These results are also given in Figure 64.

Based on these results, and the fact that a typical seven horn cluster of
such horns w111 have grating lobes str1k1ng the paras1t1c reflectors, it has
not been established that clusters of 1.5\ elements are suitable for the —

quad aperture designs.

USE OF FEEDS WITH SYNTHESIZED APERTURE DISTRIBUTIONS

Apparent]y; the desired primary pattern for the quadrant reflector system
is a circu]ar]y symmetric, low side lobe pattern with its first null at around
21°. There exist several window functions whose Fourier:transforms meet the
symmetry and side lobe requirements. By synthesizing these windows as an
aperture distribution, and adjusting the size of the aperture in order to
p]ace the first null at the.edge of the primary illuminated reflector, a feed
battern which will yield very good far;field secondary patterns is possible to
attain. The problem of synthe51z1ng these aperture distributions is not
addressed here, but it could be accomplished by some version of a cluster

feed.
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Table III. Aperture

SCitAMBI
2
A+B 1.0 - n-1 P
N-1

BOHMAN

BLACKMAN

n-1 ' n-1
0.42+050C0S | r +0.08 2n
((35)) +oocos (2 (54

EXACT BLACKMAN

0.42669071 + 0.49656062 COS ( " ( “\‘I‘ ‘1

HAMMING

1 0.54 + 0.46 COS (rr (;" ))

RIESZ
2
10- (81
N-1

N = TOTAL NUMBER SAMPLE POINTS

0s<n<\N

1951A/LSST-002

[ro- (8] os [ (3]« Fm(r(az3))

Distributions

) ) +0.07684867 COS (z'n (

n-

1

7))

68




~ Table IV. Synthesized Aperture Distributions - Test Results

Parasitic
Side Lobe
Level
' Peak. Gain Secondary
v . Diameter Diameter Secondary |(dB Relative
Aperture Distribution (Wavelengths) (Inches) (dB) to Peak)

-~ "Sciambi - A = 0.0, P = 2.5 5.08 4 50.50 -28.46
A=0,1, P=2.,5 5.08 4 49,87 '-33.58

A=0.1, P=2.5 6.35 5 48.32 -40.35
A=0.1,P=2,5 7.62 6 46.80 -39.83
A=0.1,P =25 8.89 7 45.43 -37.92
A=0.1,P =2.5 10.16 8 44,24 -37.46
A=0.1,P =25 11.43 9 - 43,23 -38.06

A =0.1, P =2.5 12.70 10 42.26 -38.05

A=0.1, P =2.,5 5.08 4 49,12 -32.16

A=0.2, P=2.5 5.08 | 4 48.34 -30.25

Bohman _ 7.62 6 49.04 -40.58
. : 8.89 7 - 47.86 - -48.67
Blackman : 7.62 6 48.83 -42,03
8.89 7 47.63 -51.65

10.16 8 46.49 -58.92

Exact Blackman 8.89 7 - 47.52 -53.99
10.16 : 8 46.39 -63.52

Hamming | 6.35 5 48.37 -44.74
Riesz o 5.08 4 48.61 | -26.70
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A 1ist of the window functions used in this bhase of the investigation,
along with their governing equations, is givén in Table III.

The first distribution considered was the Sciambi window. It is a very
good approximation to the Taylor distribution (especially when A = 0.1). An
aperture diameter of 4 inches was chosen for initial study since it gave a
null near 21° for all values of A and P under consideration. As the best
performance, in terms of gain and parasitic side lobe level, was achieved by a
distribution with P = 2.5, A = 0.1; these values were chosen for more
extensive study. The results of this analysis are given in Table IV. These
fjndings established that the same criteria for good secondary far-field
performance held for syhthesized aperture distributions as well as for
standard horn'types.

Having.detérmined.this, only those aperture diameters giving a null in
the vicinity of 21° were considered when investigating the other windows. The
- results Qf these further studies are a]éo given in Table IV. Some repre- -
sentative primary‘and secondary patterns.are'shown in Figures 65 through 68.

Note that there are several designs which yield good results. However,
these are gained usfng ideal distributions with no aperture phase error.
Therefore, the use of winddw functions deserves further and more practical

studyQ

DISCUSSION OF FEED DESIGNS FOR QUAD APERTURE RELECTORS

The conﬁuted results presented in the aperture synthesis'section clearly
indicate that equivalent feed apertures of at least 4.5\ to 6A in diameter
are required to obtéin low side lobe performance from the'quad aperture con-

, figuration considered. There are several equivalent aperture distributions of
varying types which, if synthesized well, can produce a secondary pattern per-

formance of good quality for both radiometric and communications applications.
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From other work, Harris has found that in order to achieve a performaﬁce
similar to that required here, control of the cluster feed netwofk must be on
ghe order of +0.1 dB and +2° to maintain the cluster pattern performance
desired. Analyses and computer programs are available at Harris to synthesize
these aperture distributions including weight amplitude and phase determi-
nation. Sﬁch analyses are also very valuable in predicting the effects of
hardvare construction erfors and deviation from ideal performance by feed
networks and devices. ' |

The well established cluster feed analysis method and design techniques
héve to be mbdified for this application. Cluster elements must be used where
c]uster<é]ement spaqings will.not result in grating lobes that impinge upon

the parasitic reflectors in the design arrangement.

CONCLUSIONS

The most s{gnificgnp result of this study was the demonstration of the
existance of the parasiﬁic lobe in the quad aperture design, and the
quantification of the ahp]itude and location of these lobes through ana]ysésr
and measurements. | | |

The measuremenfs‘of the scaled dielectric cords revealed that little
energy is scatterd in the forward reg{on of the antenna pattern. Little
‘difference in far-field.ref1ector patterns were noted by overlaying measured
patterns, with and without dielectric cords, over a t6° by $45° sector. ‘For
many communications épp]icafipns, lobes outside of this sector, as seen from
stétionary earth orbit, are Eelatively unimportant. | |

The agreement between éna]ysis and measurement for the'single quad
aperture is quite good. The differences between theory and measurement for
the double quad aperthre are be]ieVed to be due to inadequate modeling of the

feed horns outside of the 25° conic sector where the horns were designed to
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have rotationally symmetric far;field pétterns. Where synthesized symmetric
feed patterns, SQch as thoée produced by cluster feeds are used, it is shown
that excellent parasitié and other wide angle side ]obe performance can be
“achieved with the quad aperture hoop column desigﬁ..»

Cluster designs can be deve1opéd Which match the désired synthesized
aperture distribﬁtions. Indeed, proven analytical methods are available at
~ Harris to rapidly converge on proper feed weighted networks. The use of this
design capability and the quad aperture codes allow the accurate study of
different system applications such as radidmetny and communications. Other
useful extensions of these verified analytical techniques include shape

distortion, pillow effects, and inclusion of scattering from the central mast.
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