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ABSTRACT

This Final Report describes the progress made in analysis, develcpment
and evaluation of a subreflector array illumination control technique. The subreflector
array technique is used in conjuncticn with a parabolic reflector and feed horn to reduce
antenna noise temperature while providing increased antenna efficiency. This report
includes the results of a model test program which indicates a2 model efficiency of 68
percent and a noise temperature of 27 degrees kelvin over a 5 percent X-Band frequency
range. Discussior also includes a focal fed lens array design and application to
conical scanning and monopulse systems.
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EVALUATIOR

Ar inverse taper producing subreflector array technique used to
replace the hyperbolic subreflector in & Cassegrein antenns systex was
furtber investigated and developed during this continuatiorp effo:t %o
achieve improved antenna =fficiency, noise temperature and rgdietion
chsracteristics. The subreflector array used in the Cas3egrair config-
uration is designed to transforzm a tapered feed pattern function into a
neerly uniform main parabolic reflector sperture illumination function.

The initial Z-band breadboard model antenna constructed voder 8
orior study program provided satisfactory radiation pstter:. characteris-
tics in only one of iwo principal plaaes. Larze pattevn perturosiion
errors exhibited in the orthcgonai plsne of the antenns resulted in de-
gradetion of the overall model geain and noise temperature parformance
levels., Thais was attributed to higk surface coupling between adjacent
celis in that plane of the subreflector array structure. The mcdel con-
sisted of 2 10 ft. mair parabolic refiector with a =xiticellular, polar-
ization independent, subreflector array structure fed by a dusl mode
conical feed horn. The detailed results of the study program and design
para=sters are discussed in RADC-TR-65-165, Final Report, entitled, "Low
Hoise2 Antenna Technicues”, dated July 65.

In the follow-un effort, & linearly polarized subreflector array vas
fabricated to replscs the subreflector used in the existing feasibility
antenns =ndel. Corrective design technigues incorpcrated into the array
structure included reduced elezent spacing and refinement of th® shoriing
surface geometry. Model measurezénts zoducted with the use of either 2
pencil beam= or =onopuise feed demcnstral-d satisfactory antenns perform-
snce over & 5% frequency band. Antemna pattern data in terms of bezs-
width, sice lobe level and null locations indicates that (1lumination
transfor=ation is being achieved in both principal planes of the Subre-
flector array. The 68% antenns efficiency obtained répresents a2 35% im-
prove=ent over that provided by the initial.y comstructed model. A sig-
nificant improvement was achieved in antenas noise temperature pérform- i
snce. HModel antenna noise temperatures obtained uxing the peacil beam %I
and moncpulse feeds vers 27°K eand 329K, respectively. Thé antenna noise
tezperature provided by the initielly constructed model was TO°K.

Hiniz=u= perforzance reguirements were zet with the exception of
bandwidth which is 5% rather thut the specified 10% at X-band. In £3df-
ticn, H-plane bea=widths are slightly btroader than specified. Resuylts of
the effort provided design information and performance limitstionis oo a
subrflector array technique which can be used with a main parabolic re-
flsctor in a Cassegrain geomstry to enhance tracking antenna performance.

wlle et

Project Engineer




SECTICN 1

INTRODUCTION

This final technical report describes the results obtained in the
development and demonstration model test of an inverse taper illumination
technique which is applicable to parabolic reflector antenna systems. This
technique (1, 2, 3, 4, 5) consists of replacing the Cassegrainian hyperbolic sub-
reflector with a subreflector array structure to provide additional aperture
illumination control. The focal fed parabolic reflector version ccnsists of
introducing an illumination control lens array between the feed and reflector.
These techniques can be used to provide a better compromise for iow antenna
noise temperature and high antenna efficiency. (See section 8 for all references.)

At the conclusion of the second quarterly program phase (5) a linearly
polarized subreflector array structure had been fabricated and was ready for
test. Also, a polarization independent subrefiector array structure had been
designed and calculations had been made to evaluate its performance., An X-band
model antenna had been selected to demonstrate performance. Pencil beam feed
tests had been completed and a monopulse feed had been designed in preparation
for subreflector array model performance evaluation. Also during the second
quarterly period, normal incidence surface impedance studies were conducted
and model tests, using a simple hyperbolic subreflector, were started.

Progress during this final report period has included the following:
1. Hyperbolic subreflector tests

2. Surface impedance studies and tests for other than a normal oriented
reflected wave

3. Linearly polarized subreflector array tests using various shorting
surface geometries and various surface matching configurations

4. Tests using both 2 pencil beam and 4 moncpulse feed

5. Polarization independent subreflector array tests

6. Model antenna gain and noise temperature evaluation

7. Lens-array design studies for a facal fed parabolic reflector
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) Linearly polarized subreflector array tests with the pencil beam feed
have demonstrated a model efficiency of 68 percent aver a 5-percent frequency

band, This represents z significant improvement as compared to a model
éfficiency of 51 percent using a simple hyperbolic subreflector. Tests with the
monopuise feed bave 2180 demonstrated an efficiency of 68 percent. Moedel
antenna noise temperature using the pencil beam and monopulse feeds are 279K
and 329K, respectively.

The goals established for the test model using the pencil beam and
monopulse feeds are as follows:

. Parameter

Noise temperature
Efficiency

Bandwidth

Half power beamwidth
10-dB beamwidth
20-dB beaniwidth
First-two sidelobes

Other -gidelobes
- within 150

'»Remaxmng sidelobes
- t0-+1800

Polarization

Pencil Beam
Minimum

509k

68%

5% at X band
46 dB

Less than1.3
Less than 0.75°
Less than 1.3°
Less than 1,70
Less than-15dB

Less than-25dB

Léss than-40dB
Linear

Pencil Beam
Objective

35°k

74%

+10% at X band
46 dB

Less than 1.3
Less than 0.70°
Less than 1.2C
Less than 1.7°
Less than-15dB

Less than-25dB
Less than-40dB

Linear and
circular

Monopulse
Objective
50°K
60%
+5% at X band
46 dB
Less than 1.5
Less than 0.8°
Less than 1.4°
Less than 1.9°
Less than-15dB

Less than-25dB

Less than -40dB

Linegr

o ‘With rslatively few exceptions the minimum requirements and the
objectives have been achieved. The major exception is that the subreflector
array bandwidth is found to be 5 percent rather than 15 percent. Also, but of
lesser zmportance, the beamwidth is somewhat broader than anticipated. The
followmg is a tabulation of the model results achieved:

)
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Parameter

Noise temperature
Efficiency

Bandwidth

Gain

VSWR

Half power beamwidth
10-dB beamwidth

20-dB beamwidth

First two sidelobes

Other sidelobes within +15°
Remaining sidelobes to +180°
Polarization

Pencil Beam
Performance

279K

68%

5% at X band
46.5 dB

Less than 1.3
Less than 0, 82°
Less than 1. 4°
Less than 1. 8°
Less than ~15 dB
Less than -26 dB
Less than -4C dB
Linear

Monopulse
Performance

32°k

68%

5% =t X band
46.1 dB

Less than 1.3
Less than 0, 85°
Less than 1. 4°
Less than 1,9°
Less than -15 dB
Less than -19 dB
Less than ~40 dB
Linear

A review of the measured performance indicates that significant gain-
noise temperature performance improvements have been achieved over a 5-per-
cent frequency band as compared to a conventional Cassegrain sabreflector

configuration,

Although the results achieved are encouraging, additional work can be
done to improve further the subreflector array performance. Results indicate
generally 10 percent broader H-plane beamwidths and lower near-in sidelobes,

as compared to the E-plane performance.

This results in 3 somewhat reduced

efficiency, as compared to theoretical, and is the result of inherently poorer
H-plane element impedance match and element pattern characteristics. Results
indicate a significant improvement is possible by applying a shorting surface
adjustment to minimize the aperture phase error, but the amplitude error due to

element mismatch remains a degrading factor.

to be highly astigmatic without this control.

The subreflector array is found

Results with the polarization independent subreflector array indicate a
model efficiency of 43 percent. This poor performance is due to inadequate
element surface impedance description for this dielectrically loaded waveguide

configurgtion.

i Ry

pooss
I

b, bk $a) FTONPHP DAL EIERED 2104 9 51 34 4 RIS TEY I3 € 17 Ottt

R St Ao i GO v s

it

AT RN RAR G T

S SN T R

RERELT

il




SECTION 2

PROGRAM DESCRIPTION AND BACKGROUND

The purpose of this program is to develop, demonstrate, and evaluate
4f inverse faper transformation technique that will reduce reflector antenna
noise temperature while providing increased antenna efficisncy. The inverse
tiper technique consists of introducing a structure into the reflector optics,
fiector aperture iliumination function that is consistent with low noise tempera-
fiire and high aperture efficiency requirements. For a Cassegrain antenna, the
inverse taper transformation is affected by a subreflector array structure which

- replaces the hyperbolic subreflector. This provides control of both the para-
bolic reflector aperture phase and amplitude il'umination function. The com-
parable inverse taper structure for a focal fed parabolic reflector system
woild be a constrained lens located between the feed and reflector. Transfor-
mat{oncf the feed pattern by the inverse taper producing structure permits
@ﬁm;zat:on of the resulting amplitude illumination function. For a high
efficiency, low noise temperature design, the illumination function, as viewed .
from the paraboloid focus, will approach that of uniform illumination within the
included angle of the parabolic reflector, and will approach zero in the remain-
ing spillover region.

Within the stated low niise temperature - high efficiency objective,
principal areas cof investigation included:

# Modificution of the inverse faper transformation design equations to
include subreflector array surface interaction effects

¢ Adjustment of the subreflector array shorting surface {o achieve
optimum inverse taper transformation performance

& Study and iraplementation of modified subreflector array configura-
. tions to minimize surface interaction effects, including reduced
intercell spacing techniques

e Additional inverse taper transformation diffraction limitation
studies and efficiency-noise temnarature fradeoff evaluation and
test

s Evaluntion and test of the subreflector array as applied to pencil
beam, monopulse, and conical scanning feeds




The above prugram is a continuation of the effort reported ander
contract AF 30(602)-3382(1,2,3), The analytical investigation initially estab-
lished the design techniques for utilizing an auxiliary structure to preduce a
special inverse taper transformation of the feed pattern. This structure was
designed to modify a highly tapered feed pattern to provide a nearly uniform
main parabolic antenna aperture distribution. The general fcrmulation included
generation of the design equations, evaluation of parameter variations, and sub-
sequent optimization of various antenna configurations. This formulation in-
cluded diffraction pattern limitations and noise temperature evaluation so that
efficiency-noise temperature compromise design criteria could ve established.

As a check on the estabiished theory, an inverse taper transformation
X-band feasibility model antenna was assembled. This unit consisted of three
major components:

e A paraboloidal reflector which is 10 feet in diametc., focal length
to diameter ratio of 0.4, and surface tolerance of +1/32 inch

e A subreflector array, which is a multicellular struciure (259 cells),
approximately 15 .nches in diameter, and 10 inches deep to
accommodate the adjustable shorts used for the model

& A dual mode (TE;1© and TM11°) conical feed horn, s:lected and
designed for low spillover and axially symmetrical paltern per-
formanee characteristics

The tests conducted during the above referenced program demonstrated
that inverse taper pattern control is possible, and indicated that further develop-
ment of this technique could be expected to provide improved antenna efficiency-
noise temperature performance. The design equations, which were established
to produce inverse taper transformation, were found to be satisfactory for only
one of the two principal planes of the subreflector array. In this plane of the
array, mutual coupling or surface wave effects on the face of the structure were
found to be small, and iuverse taper transformation was achieved. This was
evidenced by a high degree of correlation between measured and calculated
beamwidth. sidelobe, and spillover performance characteristics. In the
orthogonal plane of the subreflector array, however, the design equations were
fourd fo be inadequate to account for the more severe surface wave effects.
Subsequent correction of the subreflecior array siorting surface improved the
patiern characteristics in the region of the main beam. Additional fine correc-
tion was suggested to reduce the near-in sidelobe power and spillover power.
The difference in surface interaction effects, for the subreflector array siruc-
ture, was attributed to the difference in effective element spacing in the two
planes.

Based on the results of the above program, further development of
inverse taper transformation for high efficiency-low noise temperature antenna
design was recommended and initiated. The present program is a direct resuit
of the recommended effort and is a continuation of the inverse taper fransforma-
tion investigations.
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‘ During the first quarterly period (4), a computer program was written
to simplify the design of a subreflector array. This computer program also

provides feed and array pattern performance, aperture illumination efficiency,

and back hemisphere spillover loss. This program was used to calculate the
performance of the polarization independent, unloaded, square cell array, for
which test results had been obtained on a previous phase. {(3) The calculations
indicated the need for reduced subreflector array element spacing to improve
its performance,

V Subsequent calculations were made using unloaded rectanguliar wave-
guide for use with a single linear polarization design. Substantial improvement
wase predicted and work was initiated on the design and fabrication of a linearly

polarized subreflector array model.

Subreflector array zoning techniques had been evaluated. These could
be used {o reduce the depth of the subreflector array and to increase the band-
width of the device. The design technigue was extended so that array zoning
antomatically can be generated and evaluated with a digital computer.

Studies were reporied (4) to extend the geometrical optics description
for location of the subreflector array shorting surface. These studies indicate

‘that adjustment of the shorting surfzce could be used to compensate for the

array eniry surface mismatch effects. The analytical description of the sub-
reflector array was extended to include surface mismatch, and tests were

.glanned for measurement of the necessary parameters.

B.nng the second guarterly period (5) progress was reported with

regard to linearly polarized and polarization independent subreflector array
_techniques, measurement of surface mismatch parameters for normal incidence,

zmd demonstration model subreflector array and feed design configurations.

Fabrication of the linearly polarized subreflector array was ccmpleted.
Thzs subreéflector array consists of 431 aluminum X-band waveguide cells
located on a triangular grid. The assembly has a nominal diameter of 15 inches.

Primary pencil beam feed horn pattern tests were completed. Pattern

_‘tests were conducted with the upper band and lower band horn phasing sections

to determine the 7ntimum shim lengths ss a function of frequency.

Tests were conducted on an available C-band reflector array model o
determine the normal incidence surface mismatch parameters. The resulis
then were extrapolated *~ X band. The computer program was then modified
to inciude the normal incidence mismatch parameters in the design of the sub-
reflector array shorting suriace. '

Polarization independent subreflector array model technigues, using
dielectricaily loaded square waveguide cells, were established. Patiern and
efficiency calculations were made to determine ceil spacing and loading for
this model.

J i:n i




A spun hyperbolic Cassegrain subreflector, to be used in cenjunction
with the breadboard paraboloidal reflector and feed. was designed and fabricated.
The purpose of this unit was to provide a reference with which to experimentally
determine the performance improvement that could be achieved with the sub-
reilector array.

P Tl s ek A8 s T

A monopulse feed was being assembled to demonstrate inverse taper 3
transformation with this feed type. The feed has since been completed znd zon- B
sists of two norns which are stacked in the E plane, and fed by a comparator
which consists of a folded E-plane hybrid tee. This provides a linearly polarized

single-piane monopulse feed with a sum channel and an E-plane difference
channel.
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SECTION 23

MODEL TEST PROGRAM

3-1 TEST EQUIPMENT AND PROCEDURES

"The model antenna consists of a 10-foot diameter aluminum parabolic
reflecting dish and supporting structures for feed horn and subreflector com-
binadons. The antenna mount is capable of suificient elevation motion to peak
on the transmitting dish, located 1200 feet away (far field), and allows for posi-
tioning the model antenna in any polarization plane.

The platform has 3 variable speed control and can rotate 360 degrees
in azimuth. A synchro in the platform drives a pen recorder which, for most of
the patterns illustrated in this report, prints out on the chart paper witha
5 degree per major division scale.

- Mode adapters on the feed horns used during tests provide the {ransi-
tzon to a coaxial transmission lire. The other end of the line connects to a

‘calibrated variable attenuator, crystal mixer, wide-range receiver, and the

pen recorder,

A continuous wave test signal at a fregquency between 8.2 to 10.0 GHz
is generated either by a remotely tuned backward wave osciliator, or by tuning
of an X~-band klystron at the transmitting site.

Gain measurements are referenced to a gain standard X-band horn. To
account for amplitade variations across the aperture of the model antenna, the
gain standard horn is moved in elevaticn across the aperture, and its average
signal level is selected for the standard reference level.

The VSWR of the model antenna is measured by means of a slotted line
and crystal detector mounted immediately behiind the feed horn.

Supports for the feedhorn and subreflector allow for small translations
and raotations to optimize antenna performance,

The conical feedhorn used during the test program has two sets of shims
o provide proper horn phasing at each test frequency. The monopulse type feed
is a pyramidal horn with an H-plane septum and a comparator consisting of a
folded E-plane hybrid tee. This permits an E—planfe difference channel, as well
as sum channels, in both planes. Figure 1 s_hmg; the monopulse feed assembly.
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Three types of subraflectors are used throughout the test program.
" The first is a spur aluminun hyperbola which permits a basis of comparison
for the other two subrefiector arrays. One array is linearly polarized and
consists of 431 aluminum X-band waveguide cells, located on a wiangular grid
and having adjustable shorts (see sections 3-2 and 3-3 of reference 3). The
cther subreflector array is polarization independent ard consists of approxi-
‘mately 425 square waveguide cells on a triangular grid, also with adjustable
" shorts {see section 3-7 of reference ).

The patterns illustrated and summarized generally represent the best
compromise between E- and H-plane patterns for the particular ieed-subreflec-
tor combination in test. This compromise positicn of the subroilector is
arrived at, first, by finding the optirnum E- and H-plane positions for the sub-
reilector; a different setling for each plane somelimes is necessary because of
astigmatic effects. The subrefiector is then set midway between these optimum
points and all patterns are taken for that parficuiar short-setfing at all fre-
guensdes. The maximum antenna gain has generally been found {o occur at
these compromise positions, thus wshiymg this procedure.

. 3-2 MODEL ANTENNA PERFORMANCE WITH SPUN
HYPERBOLIC SUBREFLECTOR

Figure 2 shows the entire model anienna with conical feed assembly
and the spun aluminum hyperboiic subreflecior. Alignment was carried out,
z’i.rst, by adjusting the element spacings io the calculated theoretical values.
Piatterns were then ta¥en in both E and E planes, and fine adjustments were
" made for best focus. Figures 3 and 4 illusirate the results at the best adjust-
 ment of elements, and shows the following performance characteristics:

Hailf Power i6dB 2048 First Two
ﬁeqnency Pattern Gain Beamwidth Beamwidth Beamwidih Sidelcbes
__{GHz) Plane  {dB) (degj (deg) (deg? {dB)

9.1 H 48.2 0.73 . 1.30 i.65 20
E - 0. 80 135 1.73 22

The efficiency of this configuration is 51. 3 percent, weli within the
expecied value range. A more optimum feed mx.miaaiion and less aperinre
bieckzge woald raise this figure, but the measuored vaiue is represeniative for
the systems being compared.
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" '3-3 SUBREFLECTOR ARRAY, FIRST SHORT SETTING

Figure 5 shows the subreflector array composed of rectangular
 aluminum X-band waveguide cells in place on the model antenna. Figure 6 is
‘a-view of the subreflector array showing the eniry surface contour. The first
short. setting in the subreflector array was based on 2 constant entry surface
susceptance as a function of scan angle, g = 0,384, and a normalized tangen-
tial impedance of the surface equal to unity, t1/ q = 1, All short settings are
derived-from the equation:

t (Ap/2
=g oot [y, (522 ﬁs\“’ ”] @
1 o

where d is the short depth from the entry surface, \g is the guide wavelength,
Rp1 is the normalized guide impedance (6.764), and 4¢ is the required phase
difference between input and output field vectors.

Figure 7 is the subreflector array geometry. Mechanical adjustment
for Bestfocused patterns in the H plane and E plane indicate a degree of
astigmatism. A best compromise spacing was obtained by placing the sub-
reflector array midway between the E- and H-plane focus positions. The
following results were obtained for the cptimum H, E, and compromise posi-
ticns for the first short setting:

First
Feedhorn to Half Power Sidelshes
Subreflector Array Fregquency  Pattern Beamwidth Gain withKs=spect
: Dlstance {in.) (GHz) Plane (deg) (dB) to Peak{dB)
19::85 '(opti;’mxm H) 9.1 H G.74 46.0 -20
7 19‘. 85 9.1 E 0.76 -- -15
19.1 (optimum E) 8.1 H 0.75 44.9 -12.5
19.1 3.1 E 0.72 -- -17

Results at the compromise position are shown below:

1k
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First

) _Power 10-dB Two Other
Frequency Pattern Gzin Beamwidth Beamwidth 20-dB Sidelobes Sidelobes
~ {GHz) Plane (dB) (deg) {deg) Beamwidth  (dB) (dB)
3.1 H 46.0 0.78 1.35 - 17 24
E -- 0.71 i.20 - 175 25
450 - 0.73 1.35 - 15 24
9.4 B 45.1 0.78 1.45 - 15 24
E - 0.71 1.20 -- 18 25
450 -- 0.74 1.3C - 14 22
9.7 H 46.1 0.77 1.50 - 7 21
E -- 1.26 2.75 -- 10 22

Figures 8 through 19 show the patierns obtained after the alignments.
They are representative of the performance achieved for various settings and
frequencies tested.

No significant gain improvement over a standard hyperbolic subrefiec-
tor can be detected at the desig: frequency of 9.1 GHz. However, it is reason-
able to assume that correction 6f the measured astigmatism would provide a
" ¢ain improvement.

To expedite the resetting of the shorts in over 400 waveguide cells, a
new tooi was developed, with a dial iadicator mounted on the shaft of the short
setting prohe. This tool, figure 20, allowed the short setting time to be cut
roughly in half,

3-4 SUBREFLECTOR ARRAY, SECOND SHORT SETTING

Tests were run using a second shorting surface based on a more exact
representation for the tangential surface impedance. The parameter Zﬁ/ My
in equation 1, is not held constant at unity but becomes a function of scan angie.

Zys  1-sin? 8 sin? o) +(p8;/p)? cos? oy 2)

n e ., -~ 7 <9
' (1-sin? g sin?q;) 1+ (p8;/p)?

where

al
o

3
£ey P

o)
™y

and 8 4, ¢ are the incidence angles. {See reference 2.)
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FIGURE 20. SHORT ADJUSTHENT TOOL




Again, a degree of astigmatism was noted. The following list tabulates
the measured parameters for the second short setting with optimum H- and
E-plane positions, and shows substantially the same performance as the first
short setting.

Feed Horn to Half Power  FirstSidelcbes
Suabreflector Array Frequency Pattern Beamwidth  withRespectto -
Distance {in.) {GHz) Piane {deg)} Peak (dB)
20. 25 {optimum H) 9.1 H 0.70 -18 ’
8.1 E D. 80 -16
18. 25 {optmumn E) g,1 H 0.79 -in
) e 1 E 0,70 -15

Resulis at the compro-.-ise position are shown below for the second
skort selting with 19.75-inch spuacing from feed to subreflector array:

Hali Power 10-dB First Two Other
Freguency Pattern Gain Beamwidth Beamwidth Sidelobes Sidelobes

- {GHz) Plane (dB) {deg) {deg) {(aB?} (aB)
8.1 H 45.8 8.75 1.30 i4 24
) B - G.76 1.30 15 23
450 - 0.5 1,30 13 27
8.4 H 46.5 0.78 1.40 13 22

Figures 21 through 28 are the second short setting patterns. The
- resulls achieved are very siniilar to those for the first short setting.

3-5 SUBREFLECTOR ARRAY, THIRD SHORT SETTING

The series of experiments, undertaken on a C-band reflector array to
obtain a better formulation for thz surface susceptance variations with scan
‘angle, were incorporated into the third short setting. Figures 29 through 33
‘are the measured results showing sitanding wave ratio as a function of assumed
susceptance values. The estimated susceptance values, including the previously
-measured value for normal incidence and reflection, are listed below.

Bs (0, 0} = 0.384
B (41024, 0) = -0.025 (H plane)
Bg (61051',0) = -0.860 (B plan~)

Bg (41024',900) = 0. 182 (E plane)
Bg (61951, 900) = 0.160 {E plane) .
Bg (38034, 459) = 0. 133 (diagonal plane)

- :Figure 34 shows the apparatus used.
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These data can be approximated by the expression:

1.362 . . 3.871 . -
B, (2.¢) = 0.384-0.337 sin 8, sin® ¢, - 2.025 sin 9, cos? o (3)

This expression was uscd in equation 1 {o set the third shortiug surface for the
X-bard, linearly polarized, subreflector array. Since the astigmatism wa:
found to be negligibie with this third short setting, only paiterns taken at the
best gain position are sbown in figures 35 to 52. All shorts were also trans-
iated a fixed amount so that the center short was haif a guidi~ wavelength from
the entry surface. Following is 2 summary of the patiern results for the third
short setting with 19, 5-inch spacing from ieeqd to subreflector array:

Half Power 13-dB 20-dB First Two Cther
Frequency Pattern Gain Beamwidth Beamwidth Beamwidth Sidelobes Sidclobes
(GHz) Plane (4B) (deg) __(deg) _'(deg) (dB) {dB)
9.1 R 46.8  0.80 1.40 1.83 17.5 27
E  --  0.72 1.20 i.58 18 23
45° - 0.74 1.28 1.67 17 32
9.4 H 45.6  0.82 1.38 1.78 15 5
E  --  0.63 1.18 - 15.5 28
450 - 0.8 1.30 1.62 14 26
9.7 H 45.3 0.35 1.48 -- 15 20
E  --  0.68 1.15 1.53 15 27
- 48 - 0.70 1.26 1.48 16 30
i 10.0 H 471.2 .85 1. 46 1.95 15 23
I E --  0.69 1.20 - 14 25
45 = 0.7G 1.20 1.52 14 o7
8.2 H 45.2 0.79 1.37 1.68 18 21
:- E -  0.71 1.55 1.80 15 25
450 - o.81 1.36 1.80 18 22
8.6 5 - 0.72 1.31 1.72 18 23
E: E  --  0.76 1.25 1.62 16 25
459 = 0.73 1.28 1.65 17 20

X The ceater frequency gain cf 46. 8 dB corresponds to an efficiency of
= 39 percent. The gain has substantiailly improved over previous short settings.

- Having eliminated the problem of astigmatism with tk2 subreflector array, itis
assuné;%d that any remaining loss of gain was due to the broad H-plane beamwidth
{0. 80%).
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