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INTRODUCTION 

This Phase I Final Report discusses the efforts carried out to de­
termine the feasibility of a dual feedhorn configuration to be employed with the 
doubly-curved ASR- 5 antenna reflector. The feedhorn geometry is modified 
to provide a tilted up, receive only, second elevation plane pattern in addi­
tion to the normal elevation plane pattern of the original design. 

The intent of this terminal radar antenna modification program is to 
produce separate antenna two-way coverage patterns for the close-in and 

,!	 long-range capabilities of the radar system. It is intended that the close-
in coverage will be obtained by transmission on the normal (low) beam and 
reception on the second (high) beam. The long-range coverage will be ob­
tained by both transmission and reception on the normal beam. It is ex­
pected that the antenna will be tilted down one or more degrees from the typi­
cal unmodified ASR- 5 design elevation angle. 

For the purposes of the Phase I effort it was most important that the 
angular separation of the normal and second elevation plane patterns be al­
tered to satisfy three different conditions. The three separation conditions 
are specifically defined by considering the elevation angle of the lower (under­
side) half-power point of the normal beam elevation plane pattern and then 
causing the second beam elevation plane patterns at this angle to have one­
way power strengths of 12, 16, and 20 dB down, respectively, from the nor­
mal beam pattern. 

Previous work by Raytheon( 1) showed that beam separations such as 
these were readily obtained (for a linearly polarized mode of opera­
tion in an ARSR-2 scale model antenna geometry) by combining at RF a 
small portion of the normal beam signal with a strong second beam signal 
to obtain the second (tilted-up) pattern. This same (RF-combining) approach 
is basic to the Phase I effort discussed herein. It will be shown below that 
this approach has successfully produced second beam patterns at the three 
specified separation conditions for both linear and circular polarization 
modes of operation. Full frequency bandwidth performance has also been 
shown to be practical. 

Other antenna pattern parameters considered in the effort are; 
(1) the second pattern gain objective is to be within 1 dB of the normal 
pattern gain, (2) azimuth plane sidelobes and beamwidths for the second 
pattern should be similar to those of the unmodified ASR-5 antenna, and 
(3) minimum degradation of the normal pattern for both linear and circu­
lar polarization should occur as a result of the modification. Although the 
gain objective could not be met with the ASR- 5 .antenna reflector, the re­
maining pattern parameters for the normal and second beams have proven 
to be satisfactory. 
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Ei\{G1;'~ EERING ANALYS ES 

Antenna Geometry. - The central section curve coordinates for the ASR - 5 
antenna systeln were obtained from the drawings of the antenna of the similar 
AN /FPN-47 radar. From these coordinates, listed hl Table I, position of the 
design focal point for the ASR- 5 reflector can be determined to be located as 
shown in Fig\lr e 1. 

Furthermore, outgoing reflected ray planes at each central section 
point as determined by projectmg outboard section points onto the central sec­
tion plane (3 ) are in agreement with nunbar' s technique. It was somewhat 

..	 surprising, however, to observe that the reflected rays associated with the 
lower one-fifth of the reflector pas s through the focal point region as shown 
in Figure 2. Thls situalior. is often avoided in order to minimize any aperture 
blockage problems due tv the ieedhorn and its support platform. 

Hopefully, when a second feed is positioned below the original feedhorn 
to generate a tilted up beam, somewhat less of the lower portion of the re­
flector will contribute toward aperture blockage for the second bean~ pattern 
since the outgoing rays at each central section point will be reflected at 
slightly higher elevation angles. Ii: can be anticipated that considerable azi­
muth plane defocussing may be observed, however, for second source points 
that are located as much as six inches from the design focal point. 

Computations. - Elevation Plane Patterns. - Approximating expressions 
for the secondary (tar-field) elevation plane power pattern of a multiple point­
source fed, shaped-beam, reflector antenna were devised and programmed to 
compute the power pattern in terms of the real and imaginary parts of the 
voltage pattern. 

p \4» -= [R (qy}jZ + [1(41)]2 

When the real and imaginary components are examined in detail for cases in­
volving single sources and for cases involving multiple sources, considerable 
insight is provided into the possible pal::tern rippling (or even total cancellation) 
that could result from RF-combining of the shaped patterns as sodated with 
each individual source. 

The real, Rt<\>), and imaginary, 1(<1», parts of computed secondary ele­
vation plane patterns for a source lo·;;ated at the (normal) aesign foca.l point 
(72,0) and for a second (independent) source located slightly below (71. 490, 
-4. 855) the focal point are listed in Table II. These source points subtend 
a physical angle of four degret;;s fran ... the. reflector's mid-puint. 

FigUl'c '1 is a v'(,ltagc p10~ in the complex RI-plane for the computed 
nornlal feed pattern. Distributed aloni5 the Cc,'tV0 a.re vames of the elevation 
angle, <p. The maxinmrr. vector length occur s for ,.£1 ele vat~on angle of ap­
proximately 4. 50 and represents the peak of the computed pOW<c:il' pattern. 
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TABLE II. Computed Secondary Patterns 

..
 

Normal Feed Second Feed 
ep Real Imaginary Real Imaginary 

-4.0 -0.0404 +0. 1923 :"0. 3025 0.2206 
-3. 5 -0.2146 O. 4115 -0.2515 O. 1824 
-3.0 -0.3920 0.3533 -0.0499 +0.0576 
-3. 5 -0.3870 +0.0015 +0.2331 -0.0518 
-2.6 -0.0626 -0.4576 O. 4523 -0.0667 
-2. 5 +0. 5440 -0.7037 0.4617 +0.0071 
-1. 0 1. 1748 -0.4508 0.2108 0.0766 
-0. 5 1. 4324 +0.3712 -0.1989 +0.0262 
0.0 +0.9629 1. 5233 -0. 5428 -0. 1885 
O. 5 -0.3448 2. 5157 -0. 5862 -0.4788 
1.0 -2.2530 2. 8037 -0.2272 -0. 6441 
1.5 -4.2265 2.0310 +0.4132 -0.4763 
2.0 -5. 6294 +0.2023 1. 0124 +0. 1018 
2. 5 -5.9796 -2.3003 1. 1846 0.9465 
3.0 - 5. 1401 -4. 8651 +0. 6742 1. 7098 
3. 5 -3.3612 -6. 8902 -0.4919 1. 9706 
4.0 -1.1589 -8. 0028 -1. 9744 1. 4242 
4.5 +0.9053 -8. 1631 -3.2359 +0.0372 
5.0 2.4343 -7.6196 -3.7517 -1. 9093 
5.5 3. 3062 -6.7572 -3.2205 -3.9148 
6.0 3.6477 - 5. 9219 -1. 6801 -5.4485 
6.5 3.7071 -5.3054 +0. 5189 .- 6. 1464 
7.0 3.7036 -4. 9274 2. 8605 - 5. 9286 
7. 5 3.7287 -4.7011 4. 8595 -4. 9925 
8.0 3. 7380 -4. 5274 6.2187 -3.6966 
8.5 3.6182 -4.3622 6.8883 -2.4011 
9.0 3.2801 -4.2251 7.0187 -1. 3401 
9. 5 2. 7201 -4.1615 6. 8497 -0. 5762 

10.0 +2.0234 -4. 1901 6. 5941 -0.0425 
12.0 -0.2758 -4.0743 5. 8318 +1.0965 
14.0 -2. 5148 -2.4024 4.8489 -0. 5590 
16.0 -3.3139 +0.2014 3.4997 -2.2799 
18.0 -1.2005 2.9222 +0.9035 -3.7080 
20.0 +1. 7481 +1. 9003 -2.0721 -2. 8348 
22.0 +2. 5204 -0.9101 -3.2780 +0.4690 
24.0 -0.9583 -2. 7065 -0.8469 2.7135 
26.0 -2.3535 +1.2134 +2.4010 +1. 8442 
28.0 +1. 4979 +1. 8046 +1. 8932 -2.5955 
30.0 +0.9190 -1. 7904 -2. 6052 -1. 3294 
32.0 -1. 4938 +0. 1444 -0. 5807 +2.4785 
34.0 +0.6458 +0.7418 +2.0517 -0.4157 
36.0 +0. 1926 -0.6329 -1.0096 -1. 0621 
38.0 -0. 5091 +0.2894 -0.2469 +0.9228 
40.0 +0.4403 -0.0709 +0.6815 -0.2617 



The angular orientation of the vector represents the far-field phase of the pat­
tern (here approximately 1"1 = 280 ° +360q at the pattern peak) relative to the 
positive real axis. Note that the far-field phase reverses direction near the pow~r 

pattern's upper 3 dB point for the phase reference origin taken as in Figure 1. 

Figure 4 is the similar voltage plot for the second (independent) feed 
pattern. The peak of this computed power pattern is found at an elevation 
angle of slightly less than 8. 5° indicating that a beam deviation factor of 
nearly unity(4) probably exists for the ASR- 5 reflector. For this pattern 
the far-field phase (here approximately <r = 300° + 360q at the pattern peak) 
also reverses direction near the upper 3 dB point. 

Figure 5 shows a voltage pattern when two sources are utilized; that 
is, RF-combining of the patterns of two point source feeds is invoked. The 
solid curve (the voltage pattern) has characteristics similar to the preced­
ing figure for the second (independent) source. Examine the two vectors 
which contribute to the combined pattern vector ~) at the 6 ° elevation angle. 
One vector (designated by 

Jl-K 2 S. d)
o 1n 

is the slightly attenuated 6 ° - ­vector (Sind) of Figure 4 and_the other vector 
(designated by KoN) is the greatly attenuated 6 ° - vector (N) of Figure 3. 
A circle of radius KoN and centered at the end point of the vector 

Jl-K 2 ;. d 
o 1n 

is shown with four relative phase values indicated. The 0 0 -value has been 
taken consistent with the far-field phase value 1"1 of Figure 3 as the elevation 
angle is varied in the power pattern computation. It will be shown later that 
such circles represent the possible changes in the secondary pattern that will 
occur as the phasor, f3, of the RF-combining network is varied. It will also 
be shown that the radial dimensions (i. e., K o ) of such circles nearly repre­
sent the pos sible changes in the secondary pattern when the amplitude control 
phasor, 0, of the RF-combining network is varied. 

It can be seen in Figure 5 that, for those elevation angles where the 
circles are tangent to the computed pattern curve (e. g., 7.5 0 and 20 ° in 
elevation), large excursions in the '{3-phase value (on either side of 0°) will 
produce a nearly constant magnitude resultant vector. Such points will ap­
pear as "stationary" points in the far-field power pattern associated with 
the RF-combining network phasor. For those elevation angles where the 
circles straddle the computed pattern curve (e. g., 6° in elevation), large 
excursions in the a-phase value (causing K o to shrink through zero into nega­• 
tive values) will also produce a nearly constant'magnitude resultant vector 
Such points will appear as "stationary" points in the far-field power pattern 
associated with the RF-combining network amplitude control phasor. 

The same type of effects obviously would appear if the amount of signal 
attenuations were reversed. ' Figure 6 is a measured elevation plane pattern 
wherein the {3-phase value is being varied and the a-phase value has been 
selected such that the normal feed pattern is only slightly attenuated through 

9 



IMAGINARY
 

2~7]O~°J-~W-A~=----~----k~==~~~--1-----:-""":""-F---~r""'" REAL 

•
 

Figure 5. Computed RF- Combined Second Feed Pattern 

11 



the RF-combining network and the second (independent) feed pattern is 
greatly attenuated. Stationary points appear at 1°, 3.5°, 8°, 17°, and 26° 
in elevation. Examination at the lower (underside) 3 dB points of these 
measured pattern shapes emphasizes the insignificant one-way power· 
strength	 variation that occurs for such a-phase settings. That is, it is 
evident that a-phase values which cause the second (independent) feed pattern 
to predominate are neces sary to obtain the desired combined patterns. 

ICR Values. - The computational procedure ordinarily utilized for cal­
culating integrated cancellation ratios (5) (ICRs) implies the use of the same 

..	 circularly polarized antenna for both transmission and reception. For a dual 
antenna system the ICR value calculation for a composite beam (N/S, i. e. , 
transmission on the normal beam with reception on the second beam) is given 
by the equation 

where 
1	 1 
2	 2E = P	 E = P 

a 1 max c 2 max 
1	 1 
2	 2E = 1P . Ed = 2 P .b mln	 mln 

= polarization tilt angle of beam 1 

7 = polarization tilt angle of beam 2
2
 

and
 

~ = elevation plane angle above horizon 

Beam 11 is typically the normal feed pattern and beam 2 the second feed pattern 
for the composite case. It can be shown that, when the same pattern is used 
for transmission and reception (i. e., E =E , E = Ed' and 7 72), this equa­

1
= 

btion reduces to the calculation given in tlle feference. 

Table III shows the output format of the computer program devised to 
calculate ICR values for the measured circular polarization properties of 
the modified antenna. The first line of the output data indicates that pattern 
charts #49 and #50 from the measurement test procedure (being azimuth 
cuts at the +5° elevation angle with the reflector oriented in position V) con­
tain the input data. The case is further identified as the computation for the• 
frequency of 2. 8 GHz and the 20 dB beam separation condition. 

Five two-way ICR values are computed. The first two listed are for 
transmission and reception on the same pattern; first the normal (low) 
beam, and next the second (high) beam. The third value listed (25. 69 dB) is 
for the important composite (N IS) beam case of transmis sion on the normal 
beam and reception on the second beam where the orientation angles of both 
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polarization patterns significantly influence the ICR value. The last two 
values listed show how the worst case ellipse orientation and the best case 
ellipse orientation might influence the situation (if one could successfully 
control this parameter over the total beam pattern at all frequencies). 

The many ICR values computed during the Phase I effort are plotted in 
Figures 38 through 47 in the section entitled Test Data Evaluation. 

" 
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Figure 9 is a photograph of the dual-aperture feedhorn assembly for the 
3. 3" x 4. 7" rectangular aperture second feedhorn case. Both feedhorn aper­
tures are shown as coplanar here but other feed horn alignments were 
experimentally measured. Note further that a dummy normal feedhorn is being 
employed for the linearly polarized investigatLm of this particular set-up. 

Figure 10 contains a set of measured elevation plane patterns with and 
without RF-combining for the rectangular aperture second feedhorn. Observe 
that the pattern peak value of the second feed without RF-combining (labelled 
"Second independent beam") is approximately 3.2 dB below the pattern peak of 
the normal feed. Again, the 1 dB gain objective is not achieved, although the 
upper angle elevation coverage 1S quite smooth for all second feed patterns. 

Figure I}. is a photograph of foe final feedhorn assembly without a radome 
in place. The second feedhorn aperture here has comparable internal ribs and 
external corner tabs to those of the original ASR-5 feedhorn aperture. This 
total breadboard assembly is believed to be readily adaptable into a field 
modification kit which would require minimum downtime for installation. 

Radome. - The sphe rical- cap shape of the unmodified ASR - 5 radome is 
not compatible with the extended vertical aperture of a dual feedhorn config­
uration. Thus the original radome was removed and replaced with a fiberglass 
cylindrically shaped radome. The first such radome fabricated was made to the 
same O. 125" thickness of the original radome. Secondary pattern measure­
ments made with this n.dome in place indicated a severe squinting of the 
elevation pattern peak existed. Figure 12 is a measured comparison pattern 
and with this so-called thick radome in place. Several attempts to reduce the 
squint by varying the location of an internal flat sheet of fiberglass were un­
~3uccessful. A thinner skinned radome was therefore fabricated. 

The thin (0.032" in thickness) fiberglass radome shown in Figure 13 can 
be seen to be optically translucent. Figure 14 shows more clearly the cylind­
rical shape. TABLE IV lists ICR values for the normal beam patterns meas­
ured in the unmodified geometry and with the final modified dual-feedhorn 
geometry. No degradation in performance is found herein. 

Second Feedhorn Orthogonal Inputs. Because the feed support boom of 
the unmodified ASR-5 antenna leaves little space beneath the normal feedhorn 
and its polarizer switch and because it seemed very desirable not to cut away 
(nor even cut into) the mechanical structure of the boom, a very short dual mode 
coax-to-waveguide transition was deemed necessary as the second feedhorn 
aperture size became larger. Figure 9 shows clearly the limited space 
available without signihcant rework of the boom endplate and the normal feed­
horn's polarizer platform. 

It is believed that the short breadboard transition successfully designed 
and utilized herein rnight be improved slightly during the proposed Phase II 
effort. 
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Figure 14. Oblique View of Final Feedhorn Assembly 



Second Feedhorn Polarizer Switch. - Since the second feedhorn path is to 
be used only on reception, it is not necessary that a bulky waveguide polarizer 
switch (such as the normal feedhorn polarizer switch) be involved in the mod­
ified configuration. In fact~ it became evident as the Phase I effort progres s ed 
that it would be extremely desirable to continue employing throughout the entire 
set of experimental measurements the reasonably simple and easily adjustable 
breadboard polarizer switch assembly that was fabricated to evaluate the 
primary pattern characteristics of the initial second feedhorn de signs. 

Figure 15 is a schematic of the polarizer switch assembly. It will be seen 
below in the discussion of the RF-combining network that the sche~tics are 
nearly identical. The configurations are variable power dividers. For each 
frequency and for each beam separation condition settings of the coaxial line 
stretcher (phase) in the horizontal component arm and of the coaxial line 
stretcher (amplitude) were determined to produce the same sense circular 
polarization for both the second (independent) feedhorn and the normal feedhorn. 
Figure 16 is a photograph of the second polarizer switch assembly installed 
along one side of the feed support boom. Both line stretchers are dri ven by 
small motors located inside the weatherproofed package. Figure 17 is a 
photograph of the polarization switching circuit controls operated from the 
pattern recording station. 

The method adopted to ensure the correct sens es of circular polarization 
evolved as follows. Figure 18 shows a sequence of tuning adjustments for both 
the line stretchers (in phase and amplitude) that determine two axial ratio 
values of nearly unit (or an ellipticity of zero dB) when the antenna system on 
the pattern test ped estal is at the elevation pattern peak of the RF - combined 
beam. Figure 19 shows the elevation plane patterns for both these setting ad­
justments. One is obviously better than the other over the entire pattern 
shape and hence is accepted as the correct sense. 

Figure 20 shows azimuth cuts at this elevation angle for the same settings 
and again the better pattern agrees with the sense selected as the correct sense 
of circular polarization. 

RF-Combining Network. - The theoretical operation of the RF-combining 
network is depicted in Figure 21 for the receive cas e. Signal energy from the 
normal feedhorn pattern, 

N. exp (j n / 180) ('ll +9 0) , 
• 

suitably attenuated by a factor K, and signal energy from the second feedhorn 
pattern, 

• 
S. exp (jn/180) (cr+90), 

pass through the network components and produce at the receive output port a 
combined voltage signal of 
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Figure 16. Photograph of Second Polarizer Switch as Installed 
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R = K N . ·exp (j1T1l!180)' [1+ exp(j1Ta!180)]
2


'S
-.JT' exp (j1TlT!180) . exp (jn13!180) . [1 - exp (j1Ta!180) ]. 

This voltage signal can also be expressed in its real and imaginary parts as 

R = KlN [cos (t'\) + cos(t'\+a)] + ~ [ sin (IT+~) sin (IT+~+a)] 
• 

+j KN S 
2 [sin (t'\) + sin (t'\+a)] -"2 [cos (IT+~) - cos (IT+~+a)] 

Hence, the power at the receive portwill be 

2 S2 
P = (K N) (I + cos a) - KNS sin a cos (IT + ~- t'\) + T (I-cos a).

2

The existence of stationary (i. e., constant power) points in the combined 
secondary antenna pattern as the second feed path phase, ~, is varied will 
occur whenever 

dP = + KNS sin a sin (cr + ~ - t'\) = O. 
d~ 

That is, values of 

~ = (t'\ - cr) ± 180m, m = 0, 1, 2, ..... 

produce the stationary points described in Figure 6 for 

a ". 180m, K f. 0, N ". 0 and S ". O. 

The existence of stationary points in the combined secondary antenna pattern
• as the network amplitude control phaser, a, is varied will occur whenever 

(KN)2 S2• dP 2 (-sin a) - KNS (cos a) cos (cr+~-t'\) +""2 (sin a) = O.= 
da 
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Figure 22. Photograph of RF-Combining Network Assembly 
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Figure 23. Sudbury Test Range (l500-foot) Looking Toward Receiving Site 
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Figure 25. Nobscot-Sudbury Test Range (SOOO-foot) Looking Toward Receiving Site 



• 

.. 

Figure 27. Antenna Oriented in Edge- Up Position on Test Pe.destal 



Figure 28. . g Horn Mounted on ReflectorMonitorln 



The test procedure contains two important appendices. The first describes 
the dual feedhorn installation and the beam separation calibration and monitoring 
instructions. The second appendix describes the circular polarization measure­
ment (employing a rotating linear ly polarized transmitting antenna) and data 
reduction instructions (including the two-way integrated cancellation ratio 
expre s sions ). 

Pattern Data. - When good circular polarization had been obtained with 
the 3.3" x 4.7" internal-finned aperture second feedhorn independently, the 
preliminary secondary patterns shown in Figure 30 through 38 were recorded 
for the three frequencies and the three beam separation conditions. The vernier 
readings for the Q,- and ~ - phasors associated with each of these linearly polar­
ized patterns can be seen on each chart. A similar set of patterns were meas­
ured to obtain the Q,- and ~ - phasor vernier readings for circular polarization. 
It happens that the amplitude control 0.- phasor settings were identical for linear 
and circular polarization. These settings were unchanged throughout the pattern 
measurement procedure. The ~ - phasor readings were, of course different 
by an amount determined to be primarily due to the electrical path lengths in 
the two polarizer switches being different by nature of their designs. During 
the pattern measurement procedure constant differences between the 13 - phasor 
settings and the corresponding vernier readings obtained by nulling out a test 
signal from the monitor horn through the RF - combiner we re maintained. 

Test Data Evaluation. - As mentioned above, a very large amount of test 
data has been recorded on the 5'86 -plus pattern charts. Many of the measure­
ments were obviously intended only as a check (l) that no unexpected phenomena 
occurred in implementing the RF-combining technique of varying the second 
beam pattern and (2) that only minimum degradation shall have occurred for the 
normal feed pattern characteristics. 

A small selection of the measured pattern charts is included in this 
section to show typical final results for the modified antenna system. The 
selection has arbitrarily been restricted to the 12 dB separation condition at 
2.8 GHz on; the assumption that this is the worst combining situation. Discussion 
of these cha.'rts herein follows the listed order of antenna parameters and/or 
characteristics given above. 

(1)	 Figure 39 verifies that the normal feed elevation plane pattern peak 
(by a -1 dB definition) shifts less than 0.040 across the frequency 
band. 

(2)	 Figure 40 verifies that backlobe radiation levels for both the 
normal and second feed elevation plane patterns are at least 
28 dB down. 

(3)	 Figure 41 shows the elevation plane pattern beamshapes for both 
the normal feed and the second feed (12 dB condition). Also shown 
on the chart are key points from the elevation plane radiation 
pattern specification for the unmodified antenna (FAA- R- 864c, 
February 9, 1968, Airport Surveillance Radar). Note the normal 
feed pattern continues to meet this shape. 
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Figure 37.	 Calibration Pattern for 
-12 dB Separation at 2.7 GHz 
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Figure 39. Normal Feed Elevation Plane 
Pattern Peak versus Frequency 
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Figure 41. Elevation Plane Patterns for 
Beamshape Evaluation 
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Figure 44. Normal Feed Azimuth Plane 
Pattern Peak versus Frequency 



• • 

r------r-I·! I :~.. j " I, i. ~ If r4 I' -1'11 :1'1 ~t+' ,o,~ ---~--:-T PATTlRNf-!lJ1
)1 " NQI$I~'DATEH." 

f-: -t--~I' 'tt--··r' --~.-- -t-I~Ij !":;;: "1' ,: --+--t-, " 
I': 

I ., :I!, ,; , ! 1'1' ,z_~-.~~::~~~cr~~~:"
I,' , " . " , ' I I

1-----1 .-'-, ---., " -- --;. .-. , -..... , , ' ' REMARKS 1f',e.. e. Z 8A 

- i ' t' I~'I I .. ' , - -- • ,I " - :, -., ,J.. I I, •. ,­
f-~+- '_ .. -. __ '__ . _, f I +- ~~. '~ i '! ' ,Ej"".",.MIAL._ 

1 t t • ;--1; "I I ~ '- ~/J -::::- ~,..., .... ,,;)I ,I ' , ' : ! I'D ­f---+-
,
I ----T--j· -~ a - .........._r--;. ~'I-- "f ,'~-z.. ~~,Z
 

: i I I ~ I ~ l' t , , J + ~ 1 " ~, , , .,4'<NI'-l;1-. ~, 
f--t-.--t-.-- 'I -T 'r'- ,10- -,. ,I, ,11 'I - ,'; 1Q-- -- ! l-:- ~ 
I I.L' !:: 'i".. ,;' . 

I
f' 

"~' ' •t I ) j !" 1 ~' 1 - I J! 

f----+---.,., -- --l----T -, ~-2. -"-----~~r'~ -- ,-I --- , r.-rr-',- ~'J~-r+2-+--'---l, ,,' --t­
1 . . I • ' l' ,.;...;- ~, r 1 hi. I ,J~. ~ 'I i ,._1. 

rtttl-----+--- --~.L_4 l-·~t!:'-' '0K"-'-ii -- '.....:- !~I,'I ,,' !: I .j;~ --'f 1 -f-._' 

, 'L' I ~ . . . •• I ~ I , /- 3. ~ tiJ f~,.., ,N. j i.J 'J; -. " l: I; i 
I _.., , , I • I t I '0 _. ~"-- J, -w'-O-~- -~--f" -- ._- , -~-----, :_--;­

C\ 
V1 I I 'I 1 ;S I·.'" ~ ., j: 'I t5 - ''I' I ~ i'"I.. f' 1 I- 1:-" . -- -- - ! i 1 ~-2(h- -, -r--"---:--, - -.... --z- ..;r .. --f- :-:-., -- ~.' : ~20. - I -t--+- f--­- ,t~-r'- -j--"f--'+-': r'-~-Z+'---l--++±+ I} L,_L,,» ' I Ri 1',l?""2 --;---r ­

I . ! j' : ~ . I ;.. ~ I 't ..' !. ' ; l'~': . t j,
~---',-- .. L __ ~.-t j-4+-·-r--·:---l------ 'T'- 1- -, -;'-', ' -:- ---+--r , 'j '- '--'7' -,--- • -l. --I-­
I ,I I .I I ',' : .:" , ' I ~iii' I 
~+--+- -- -!,. ~ I -+ ~+f"'-j-I"i,---:-- r"7't- /\;j lc-~- L, '~ . i, f' "'±-1 ,+-~ 
'. i I__._--i- .. -i r +~'---F--+---Ll'" f," rz- -$' /- -1t; ~//,jfv I-~ ., , ! i,' I ''6- '.'- '-1 ..I '. " ---!---.I-- -+ "-+-301--+--~ .-~. , I I 30 i 
1 I I' I' I ' ' I 

1 

I ' , II I 1I ,'I 

I ~-- -t- T- I '-r:-2-t--+~- I' i '/ I , t-, J ! :;, J . I- 2.­
----1_ L __ -L-I .~ ..•_-+-+ I • ~ ~_ I , I=F
R 

i .1,',I : I '±tE' ', " .I'I :: 1 ';~',.. r • l ;": 

J" 
II I" .d ! 

~~ ,-'--r-- r T--' r- '1 -,T ~~- ,,1--1 --,- t' -"'--' f'" !1",~ i, i 

1 

:;-,' --t,i"- -1-' -... ,,' ~ - 1 • ~----t;----+-~ ----..-... -_. _...._--.. 1';' 8"18' ,2.4' • 
, 1 ,1.. 1 • f t,.. . I ' 'f I I ".. ', ,.. ;-' I. 1 I " ..I J' I' ,I ' 

'OJ '. 144 ,.._.. _'7'_'---4 f ~ ~ __.---1 _. '*, ~ 108' , '44', I ,I 
A,NGLE -- I I 

Figure 46, Azimuth Plane Cuts at 
.2° in Elevati(m 



t. 

~i!r-t~;:-~:-t-:...--:-:-r--r+---­-f:.r::i=~-f:~-~-t-+-++-+-_-+--l---l-I ~M_Jf:::O 
TM~+-t-\-+4--+-H-l--+----0::j 

._­ -­

- -±=H­ .. - ­ -­ I­

::- ~~~--:.: -~""!:-: -~ ~ =f: ~~ _ -­ :~- ~-: 1-1-­ - ~ -±: ~+~ --­ -. ­ --­ -. ­ - ­

:­ =­

I· - -------,.- ..:­
;;~:~ ::­ ~-

._.~_ ... _-: 1=­ =-~.--1'- -:-­ ----­ -,­
... - .' ____l ,

_±::~ ~r- ::: - 1­ r . ~.--'~--' -:3 -
h .' " -~ =' ~:.;,~: i::l 

~.~~ ~='~±::.'::: I:i::_, =-'1'-- J 
r 
': _-:,~_ .:.:,' -.-_,: -­ -, . - - ­ _.:-t.~_I-::r-: _. _ _ :r :. --T- - . ­ -::, :~-:: =-~ ~ :F 

67
 



• • 

$ 

I I' 130 i' I' '''I ii, i; I ,I i 

II I .~'r-,' 

I' • 
~ 

; . ~ ... t 

" 

tr-.1·, 

, 
i I 

_4 I: I "I' ::' E~'" r+f'!Ja; ,.. 1 

±tJ= 
' --:­ 'lj -~-r= -1: I 1 I I ':,' t-+-~---:--~;J :-u __ 

f -­ hi -, l--F--+--l-­i 11 

_:.L 
I I I I' ",.r I L I' 

- -=~-r-=tJ.~- ~ :c-1tt=i-- ,--1-i-=1\~- ~-l------1'---~;~'-C,I~2~ __~__:T-= _ ;~, 1 -', --+ ""r ~ I : t; ~++- 1 t' I" 1"1 

-E'-rr-r-t-­ -~-,; ~~1-~!---+-­[--.1t,­ -+--t-/irV':"T-LL .", · 
__ -r-t~--t---- HI.-~L211-- I i r-­ - ~ --r-I 

I 

1-/...U.cU. 
__ I I + i ,,' -,-----1----­ - 1­

__ _. i '; -j ~ T J t -+- i :.,- r-+­
I 
- ~--l'--~-- r'1;!_6_J - _! -­ f ' 1---'­

_-j _--+­ I \ I -,--- 1-+­- -L 

_ J I -r T H t '1 -j -...i- -+- -i-- -: I -
,.....-.--, - - I I I I I I ,~" J i : --i-'-t -3°1 --- -t--- ~----+ I 

I ' 1---: -t,­ -1 -l.--2t' I 1 I 

-t-+ : '-'.,! ~-L~-:~ =r:-+'i~-'~;-----+~ ----I,• • LT~ff [EE'-, i :; : '1­
2 

, .' 

r. ' 6 __ - ,: ' . I " ~ , . - -
, " ' . rI _-'I _ " ,I: ',' " '~1_4--r-',,!i1"iT~,'lfl~H':JJ-+J-U.:..-J
"'~'11' , I " . . - . ,. - ,. 'lH' 

I !. I I. I 1~ ~I" - .. :,' , -, -.s-,'~'HT.-i'L-~+;-1~~~ ... '•• Iii; . -,-1­ -+---+f::-, . ., f 

Figure 50. AzJrnuth Plane Cuts at 
lOin Elevation 



-­

:­ -~~ -'-r--1·H...-.;..!-'+I-~·~-­ ri-.: 
-r ..... 

r."-· 

i 
'" 

=:.:::­- -;" 

-+-. :. 

.....; .-" 

- t­
~":'l.." 
::Jq 

'::-= '~:,-" r ,. ".",'"':
-.::,= -;--r .:: i .',:,,= --::::...-=..-: 
t=j:::j:=i:::t.:~."-=l-=:;"'::' I--i-.j.'__+1-+----1--1--+--+--+----1-+-.-+-.-':_'.+"--'-'-..."-"':""'-1'~ 
t: f--+--:~ ~ ".' -::~.: Iii ",: 

f-f-'~~ ,I, 

1- : 
I :. . . 
l _ 

'. :::' 

. _W ,+i=P' 1-' ' ,--C.J '~'PR--- '"' - ,..i..:.<'l
r=-l .--:-:r:::: . .{"qpl. y~- .~o ,3~O 3"'l~'13~. . .. ",:r" 

1-1_ 

f­ -­ ,--t .­ I 

~s~~~? . 1 
=+­ - f':­ :; _.:"1' 

- 1-.1--+-1..:5" .~~ ,.::: .j.. 

-+-......JL-. 

f­ _~ ~~ =-t::: -::~ I _ j '! 
1­ - -+ ..' _._ .. I 

- - -~ ~: _.... .' T 

__-'-_J..--"-_.....L._~" 

71 



• ~ 

*11' I 

Ii J: 
I 

;U n,.;tv 'IF' f::J 'iF: II : Ff.1-'1 r I 1" rr TIT 'I i"M tr. tl'l l-ffui'"'; '.-, •. " ~ , 
III flttHW' 'c;m . ' . H r:1,t:i"'i': tt ;-,T;i rhlrl I ,til II ~Il UHllitt , itrrr:O~=~!l~A~ 
Ii, ,mtm'f<Trt;11.1+.-1kJi'M-W~t.i~1I11~ J."H:J:!1­ l[rUTI 1~11·.I1 ~. Jril 'iI nlLi:'N~RS.-:~.""~iH'\'!<. 'l.,i
i'!j, trl _ r' i 11[ f~. r j " • ''d f if...· IT [ 1,111 t l t- -rl Ii !' _ H ~ Ie I 1'1­ ~ "­ ~~ • ' . <i 

, Ir, "n . 1.L1lj f :r-.~Ulil JI....J ft·",lfi·!llt"j h:.w.rr.! W' Ii.> 1 l . I . 'L n REMA~~(Zfl:.~.~~, ~..,:
• _ ,] b fl' I i,ffimrrt' I', .,:~:tflR"j::r 'hi Pu;T ' 1111t I ',I '(I ,,~~~.~~l),o.:.. 

" lit, 'II \"', ilU '.!..L,.l;.ti~t,t lUI' ,I, 'ilci...ir.:.',~ ~!f·J.'t~il~ '1~'I'li,'.r: I ,_~r~.l/.c,~. -"~~"' 
'l;!!I;~ 1 Ii rfl ,:'Tf :;T, T,f .~i, ,.,' rJP'!~i'iijI Ij'fHlllt I I m'r r:Jt,. ' .......~,......c~:et'>.;, 

,I r~ll;t 1~4i;.ill' Ii} 'j' rr.i'lfi' 'f .,{ 'f' ~ I H~ LHfi 'f!' .r:;;.e-v~ x ~ '~' ,II I iJ 1m: Ii ilT'r i;.r,' :~l ,''''r ,\'1 '!'d '11lT "l~r .11. III H r; lrWTfi liiI'l'tri.H'" 

mUm:J.k II U-I Hj",;.~I~~f-f*4 rw.-l+,~ j.!t~~~W ~~~!fJ,H JHHI!·d-l-II·j.f+ Ii-HU j·L:!f.j~,t~· 'rl~ '. , 

'HI!' 
--1 
LV 

Figure 54. Second Feed Azimuth Plane 
Polarization Components 



•	 ..
 

" 

-J --~~~~ , u,t'tr,n'• I 
V1 _:"'1 ~-~:~- ~.:..... ' ,I :,11 

5r I 
r - -~- --~12o--

---~-- '~'f-'-I- - ", "1 •• • -'" ...--.-ff 
-~J .-t~:.L-- Iii;' [ ;.: l" '1L' 

., '.' I '. I';; .' I. 'J,. . .,~j' c _I--'"_.....;_.0: .! , I /" 

-~ ,1- -l~. -4.- - ­
I I +I:

._-+~,)0·- - .-;----+-_+_~ I I., '; I;" +1-­
[ I I
'_-J-' T'--r-r 

- . -. +4-T--·----+--+:-!"f 
u ' --~, ·f-·-~- ..~-..f~~~'1 ! .-+1r 

r 
,1 

Figure 56.	 Second Feed Elevation 
Plane C rOB B-Polarization 
Level 



• • 

dlilt " IlliTT rill lH:lt:U:ii 1111+P!t!lllLl~~' ~.JI; ,.lJL I~. 1+!LL: ;i·H..i I!'.:; 'I'.V ... , .. "PATTERNNO~ilz,<DATE;'/{'·11
 
I'll I '~Ir Ii ,Iill L II 11:11· Iln!it ,t! I I", I:.r:-li: "I; ':." : 'iT ".' : '1 1 1": ,I '.'.i l ' '1' z" 'j PROJECTASfl.,' '
 

I • '"TI Ii ' 'i i 'I " " r II I + 1\ +H-ilJ itt 1', I Pw" j' I: I , ++11 'I II ' +I"" i, , I : / .". I H·t - I. H 11.-t, -11'; 1+: ....,:1'1' ' I,;...", ',- -L1 1." ,::' ",.I - 1 1.:-"',; 1'"".• , ,";',' .•-" , , •••!.., 1_,,, ENGRS. .,..;,1,-,. tor 
11,1' 11 ," I 1 ,I',i "~Ii' ii" '1llril "" ,_ "I /:,'1:' I'" " ,I =?
 
i 1 . I H" r! ! I III,: I I ill ',1' I'.', "" "t -~I I I :, I , "	 REMARKS ff /1,.' -' A
:'; 1iI~

' Hl	 ii't+~· W- '''''''''', I'T "	 ~ '1-:-'-! ' . . T'"I • I
I I I "j ',i; I L : III I 1'1. i 'ii' ii' 1I , I ~ .'
 'y :':I'!~rt:1ltil~:r,-:'1 , I-~' ~ 

J! 1J I I ' , 

c .. , 

--t r -. I-!-t--- ., l_.J	 

ert-8

" 

~8-':', . I 
10 

.z:'t~i .1,;1 "H . ,< 
..

"_,I _II I I; 

!'-'-l; I :' .. , ,.
I 

I, : 1 , " ' 

I I -l 

I l~ : :
'I~'" IJ. I l" I 1··cf·I'~1i-II+I-1I1-I+1 ,I ,,1,· ­t '"HI+H+tt'!1 i!-Ilil ~, HJH-+tHWH-/itHtHI ,~- ,- -,-, ---~~~ ' 
'~-:-r-:".! ,I Iii t f:t. lI~LdWLlWl!LLlI jl ,fill,. iLi.L. '~~I:.. ~:

I '1.L:l 1, I ~n " I: r:r!! IITlllU" rl /1 '1. 1: '; 1 'T!,.l'., , , , • I
 

L" . 

TI+~..l..Y-'+i-ic-'+;-ri-'T+-"":";"-+-.......c..+-' , '
 

-<- I -, i
1':fTTl'mTffiI-l'~-T-'--"l'~'f-' ~-·i ' Ii, •. ! ,,:; --~ 
.-rr=-H1-:.l.J+I !- I r- I ~"H; t" ~ 'j -;-''T~t l~r';· i --t~'.!I i III, I 1.1 " "" ",I·
 

-.j 111'11;-nJr,r 
j ,f1' _J : j II. I' L f.i4 ",' . l: ,zFi~
 
II
 I,' 1IIf1l' ; ~'i i~"l,
 
'I ' 'I fill . !' ii' w 2.U'
l'. I I ·,1· 'It M J+ + {f' , l ~: ,.1·..1 -tiT I~. 1~1 U.
 

i
• ~'f /:'1 t" i ; ;11 I .ll·:,~ ~y~~t.
 
~L~ ~ J WI httf h' 1; Hl iLJ!"1 j' -...:-'
 

, " I-U>l ill' I ' , , ' '!1:I, .1 ,
 

, , 11! . ~lH}JH H'I l' i1' i 'ri ''''1 "ri"'! ' j " I!' " , <I"
, 1+ t"t' '1 \"'. ":-'t, '.1 i !-j 1"'j ,t--·' ._.... '. ,':' ......"... ~'1 - "	 , .. 1-' , 
! Ii I. I- rf.· 1 '., .f l .J I I~ II)'. ! I' IIII ' I:~	 I
 
~ IIII1 HiJ.I{lliJijlllIU!-It 'I~q' IHi' -1-" :' ,II "'i , ,I, ' ' !	 +----jIr Ii III	 d t t-!.i·liTj1' ,. " /1-: ". "-"!' ," !.~ .....-/-" ;' ','I '.: I
I . ,. t· l;,i t ,l I I I I II 'I,' , .' ,I ,',l. I r	 I
 

" 1 'litH' li'ft!h+ I r4+i tilt JiI' H~'!' , ': ;!I:	 'II' , ' " "II: ',\' , II''"	 ---j:'11' f- I ,'r-U' I,· . . . f-,_I_'-"--'4', I' .1.1,_,. ''''''r' --+-h-'- ,.j... .._- " , ,.'	 I
 
I , '. I I' ..,,1'11' I ,'Ii,,' I' , " ",; III' III "	 i
 
, I i tI II "Ill 1: 1 lIT,'! I 'f 'I : 1 , IH" ,;, , '" 1 I '1' , l....rbi.·, , 30
r t ,1'!-;	 'rj~!l T, ~,; l:f :-'11-1.1' :~I'l' 

3 

;1 "; : -,l- ,','- ',1.;-,.: Hi Ili-f:) qn 'to""~ " '., ' I I I
I
 
f l I 1I !. 'I f· I ~ t t 'I f ~ I' I j I I , . ~ ! ! I r' l 1I . II 11 . I r I I ' I I i J I
 

l_ll~t Ijll-~~~-il,~,,··~'-~fJ:JllHf-lHtIVl;H!lJJill! ... 'r~. ..!:.;!Il'·~ ,'l'_~ .IW,J, (~_,! t1~~_, ,. ; 2-- I--T:--"'1
r ,T ."l I	 If, ,iTf :1:1 ,~I 1 " ',! !!" ':, II In I I I, '1'1,: !-4----t--_ .. ! L- 1
 

U I I 'i I ' ..J'.' !,,·I l " "II III ' r, I" II ' ," , i " -I
'lli-It If+n HtJ.it Ht+ IH·f.t-jilt rl l+lJH:!I':T1'J1trltj 'i,ill' TFITlTT,h- fH+'I;I: , ' :; I-}- Jl -I--L : ill 

JI...q,1.L1i 11i;!!J!-U II i[Ji'.L I JlttHH1l!!1 II'll,' Ilfl ,I 1IIIt _:1'1.1 il LpllLc : ~.-,'6--: 'I ,-+-iI
Illl,.irllf I:nn~crl 1't. .I I Ii. II ,if,flTTTi !!:I'~fl!Jlll it. IIII~ ,'Til 1 II I', I : .;"-:'. ,:,... .J .: .i-~ I "
 
~Jl.q. -H"'~ UJ . .( 'i.t-IJI~'!1 d. .L~ i':!""t l 'II/ _ ~.;LLj, l' ,! I. II, . -r---:r---:-r~-:-:- ~ '. -e-lF- j 

.· _.*, . " ,;
I.J;, :±h)~lI.l~JT.: •. tl1 Io,U ~tHi.1 rLill ,J1,;J,Ll .~ ~ :Htff3&'., , .d1tti1n :1" '"' _, I" ,.3~; ", .• i, ,I". _ J ,n;UI'! _, , IJ'J.~ i '"*,, .•1, la. L.)r1~,,,.. l ,,,,L,J 
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The added pattern chart&. which ShOW the consistency of the second feed 
elevation plane pattern across the frequency band at 25 MHz intervals are 
included herein as Figures 59 and 60. The a. - and ~ - phasor vernier settings 

L	 for the RF-combiner were lineaTly interpolated for the 25 MHz frequency steps
'i	 between 2. 7 GHz and 2.8 GHz and between 2.8 GHz and 2.9 GHz. It was noted 

during this process that it was vital that the electrical path lengths froITl each 
feedhorn teo its respective RF-conlbiner mput port be an equal nUITlber of 

A.ntegral wavelengths. Betl.t"il1g in ITlmd that the normal feed pattern at fre­
quencies other than 2.8 GHz will fJ.uctuate by possibly several tenths of a dB 
about the 2.8 GHz pattern shown in both figures, it is 'Jbse:i.·ved that t:le seconrl 
feed patterns for a 12 dB separation condition undoubtedly reITlain withm +1 dB 
of ·tl1e 12 dB condition over the frequency band. 

Circular polarization perfo::::n.ance fol' this type of system is of such 
iITlportance that graphs are presented herein of the calculated data showing 
elevation and a21iITluth plane ICR values for the cOITlposite two -way beaITl (i. e. , 
transmission on the normal beam and reception on the second beam) for the 
nine sets of measur>ed patterns. Figure 61 is a plot of the elevation plane.lG.R 
values showing the cOITlposite beam ICR value in relation to the best and worst 
cases of orientation for the polarization ellipses of the norITlal beam and of the 
second beam. Figur-e.s&Z. through 70 are similar plots for the azimuth plane 
pattern cuts throughout the region of interest in elevatiop. 

A small selection of the measured patterns providing the input data for 
the ICR value COITlput'3.tions is included herein. Again the selection is limited 
to the 12 dB condition at 2. 8 GHz. Figures 71 and 72 are the elevation plane 
patterns for the normal feed and the second feed (12 dB condition), respectively, 
when the polarizer switches are set for circular polarization and the transrnitt ­
.ing antenna is operating with a linearly polarized rotating signal. 

Close examination of the recorded patterns reveals points where the 
recording pen was momentarily lifted from the chart paper when one of the 
transmitter antenna vertical polarization positions of the rotating cycle occurred. 
Four calibration points are also seen on thp- charts. These points were employed 
to properly orient each chart for digitizing (onto punched data cards for comp­
uter input wfth an Auto-trol Model 5800 digitizer) the maximum power envelope, 
the minimum power envelope, and the angular location of each vertical polar­
ization position. The polarization tilt ::I.ngl€, T , required in the cOITlposite beam 
ICR val:ue calculations was interpolated within the computer program f1"om the 
vertical polarization position in,put data. 

Figures 73 through 86 are azimu'~h pattern suts at various elevation angles 
betw'een _40 and +26 0 for both the D;:;rn:.al feed and the second feed (:i. 2 dB 
condition) under the rotating linear transrr!itting antenna setup • 
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at ZOo for ICR-Calculation 
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Figure 86. Second Feed Azimuth Cut 
at 26 0 for ICR-Calculation 
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CONC LUSIONS 

It is concluded that: 

1.	 The beam separation conditions of -12 dB, -16 dB, and -20 dB required 
in Paragraph 3.5 of FAA-ER -240-12 have been satisfied by an RF­
combining, receive-only, network associated with a dual-feedhorn 
as sembly for the ASR -5 antenna reflector. 

2.	 The side lobe levels, azimuth beamwidths, and elevation beamshape s 
of the second receive -only patterns are very similar to those charac­
teristics of the unmodified ASR-5 antenna with the exception of moderate 
high angle beam broadening and increased cross-polarization level. ~~ 

3.	 Minimal degradation of the normal ASR -5 antenna pattern for both 
linear and circular polarization has occurred as a result of adding 
a second feedhorn, polarizer switch and new radome to the antenna 
geometry. However, the cross-polarization level has increased. ':' 

4.	 The technique of employing an RF-combining network has proven that 
a single optimum position and tilt for the second feedhorn is permis­
sible for all of the specified beam separation conditions. 

5.	 Very goo.d integrated cancellation ratios for the composite patterns of 
transmis sion on the normal beam and reception on the second RF­
combined beam were obtained. The ICR of the composite, patterns is 
as good as or better than that of either of the independent patterns. 

6.	 The second feedhorn, its polarizer switch, and the RF-combining net­
work, all of which have been implemented in breadboard model form 
for the Phase I experimental measurements, have been shown to be 
electrically consistent in performance. 

7.	 It was demonstrated that calibration of phase and amplitude of the RF­
combining network is feasible as an: in-field adjustment. 

8. Phase deviations up to ± 15 0 which might re sult from changes in en­, 

vironmental conditions following calibration adjustment,do not signifi ­
cantly affect the beam separation, underside slope, or upper angle gain 
characteristics of the combined beam patterns. 

9.	 A retrofit program to provide in-field modifications incorporating the 
two - beam technique in ASR -5 radar systems is feasible. 

* Although the cross -polarization levels are higher in the modified antenna, 
the degradation is not regarded as important because good ICR values were 
obtained. See discussion on p. 60. 
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