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INTRODUCTION

This report considers the performance of the 3-element array operated 

by the National Radio Astronomy Observatory at Green Bank, West Virginia. The 

array is used as a correlator array and its performance has been analyzed in 

the supersynthesis mode. The basic parameters of the array are summarized 

below.

The array consists of three 85-foot diameter, steerable antennas 

lcoated on a horizontal baseline of length 2700 meter and azimuth 6 3 °, at 

Green Bank, West Virginia, (latitude 3 8 °.5  N ) . The antennas employ a polar 

mount and are capable of tracking a source to *6 hours of the meridian. One 

of the antennas (designated 85-1) is fixed, while the other two, (designated 

85-2 and 85-3), can be moved and placed on any of seven possible observing 

stations along the baselines as shown in Figure 1. The array thus provides 

all the baselines from 100m to 900m at 100m intervals and from 900m to 2700ra 

at 300m intervals and, in addition, a baseline of 1900m. The operating fre

quency is 2695 MHz (with a corresponding wavelength of 11 cm. This enables 

the array to achieve a limiting resolution of about 9 seconds of arc. Each pair 

of antennas is connected to a correlation receiver.

The radiation pattern of the array has been computed for various 

source declinations using the IBM 360/50 computer. The computation of the 

radiation pattern is done in two steps. First the transfer function is 

computed. For this, the east-west and north-south components of the effective 

baseline, u and v, are computed at each minute of the tracking time for every 

available baseline. The u-v plane is then divided into a large number of cells 

by a rectangular grid. The elliptical tracks pass through some of these cells 

(the sampled cells) and do not pass through the others (unsampled cells or 

"h o les "). Holes represent the spatial frequencies which are not sampled by 

the array. In the second step, the radiation pattern is obtained by taking the 

Fourier Transform of the Transfer Function. Before taking the Fourier Transform,



a uniform weighting is given to each sampled cell, irrespective of the multi- 

pli city of sampling received by the cell due to the crisscrossing of the 

elliptical tracks. A gaussian taper, decreasing to -15 db at the edge of the 

transfer function is superposed on the whole transfer function to keep down 

the sidelobes.

The discrete sampling in the transfer function plane results in 

a radiation pattern that is periodic, i . e . ,  there are grating lobes of the 

same intensity as the main beam. The separation of the grating lobes from 

the main beam is defined as the field of view. It is inversely proportional 

to the sampling interval. The distant grating lobes are rendered harmless 

by the limited beamwidth of the individual antennas. But the nearer grating 

lobes are as strong as the main beam and, for extended sources, s-hould be 

kept off the source. Thus, the field of view should be at least as large as 

the extent of the largest source to be observed. In general, very large 

fields of view can only be achieved at the cost of higher and more numerous 

sidelobes within the field of view. Fortunately the choice of the field of 

view is made in the post-observation data reduction and thus it is possible 

to analyze a given set of data with several different beam patterns. In this 

report, fields of view of 5, 10 and 17 minutes of arc have been considered.

We consider the performance with the existing facilities and also investigate 

the improvements possible with additional antennas and/or observing stations.

Performance with Existing Stations

The existing 8 observing stations provide 16 distinct bacelines 

ranging from 100m to 2700m, each with an azimuth of 63 °. Unlike an East- 

West baseline, a skewed baseline produces a transfer function which is not 

symmetrical about the u-axis, although the source is tracked for equal time 

on either side of the meridian. Also, the limited time for which sources 

with negative declination are visible and the limited tracking range of the 

antennas causes the transfer function to be highly unsymmetrical and poorly 

sampled. These two factors cause the beam to be .elliptical with the major 

axis inclined to the East-West line. Also, high sidelobes appear both in 

isolated locations, and as spiral arms originating at the center of the 

beam. This is true for low declinations. For declinations above about 50°, 

the transfer function is more symmetrical and so is the beam. Figure 2 

compares the beams at 40° and 80° declinations with a field of view of
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10*. The percentage of holes as a function of source declination is 

shown in figure 3 for fields of view of 5 ' ,  10* and 17’ . Details of side- 

lobe levels are given in Tables I ,  I I ,  and I I I ,  and the maximum sidelobes 

are shown in Figure 4. Computer plots of the beam pattern for a field of 

view of 10' are given in the Appendix for declinations ranging from -10° 

to 90°. These plots serve as contour diagrams of the beam and can be used 

to determine the beamwidth (approximately) and the shape and orientation 

of the beam as explained in the Appendix. The beamwidths quoted in the 

tables are determined in this manner and are only approximate.

A comparison of Tables I ,  I I ,  and I I I  shows that the sidelobes 

for a 17 minutes field of view are not very different in magnitude from 

those for a 5 minutes field . In a wider field of view, sidelobes tend to.be 

more numerous. Figure 5 compares the beam plot for a declination of 40° for 

fields of view of 5' and 1 7 '.

As mentioned earlier, the existing observing stations provide 16 

distinct baselines, all similarly oriented. With the existing three antennas, 

nine configurations w ill be needed to get al1 the 16 baselines. This means 

that nine days of observation of the same source is needed to achieve the 

array performance described earlier.

Performance with Additional Facilities

It is interesting to consider the performance assuming the avail

ability of additional observing stations and/or antennas. First let us 

consider two additional stations located at distances of 100m and 200m south

west of 85-1 along the same baseline as the other observing stations. With the 

total of ten observing stations thus available, we would get 27 distinct base

lines— all the way from 100m to 2700m at 100m intervals, all similarly oriented. 

The transfer function corresponding to the 10 stations (and 27 distinct base

lines) is much better filled  than that with 8 stations. Figure 6 compares the 

percentage of holes for the two cases. Tables I ,  II*, and I I I  also include 

sidelobe information for the case of 10 stations. It is assumed throughout 

that the antennas occupying the two additional stations have the same tracking 

facilities as the above. The improvement in performance with 10 stations is 

quite marked.

It should be mentioned here that the limited tracking ability (±6 hours 

from the meridian) of the antennas is a severe limitation for the skewed base-
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lines. Had the antennas been capable of tracking the source from horizon- 

to-horizon for all declinations, the beam would be considerably improved.

The coordinates of the point sampled in the spatial frequency 

plane are given by

u = sin (H-h)

v - B^ cos 6 - B^ sin 6 cos (H-h)

Where B^ and B^ are the components of the baseline, respectively parallel 

to and perpendicular to the earth's rotation axis, H and 6 are the hour angle 

and declination of the source and h is the hour angle of the baseline pole.

For a horizontal east-west baseline B^ = 0 and h = 0 . This reduces the 

above equations to

u = B^ sin H

v = B^ sin 6 cos H

This clearly shows that any tracking beyond ±6 hours of the meridian w ill 

not lead to the sampling of new cells in the u-v plane. This is not so with 

a skewed baseline. With a skewed baseline, tracking beyond ±6 hours w ill 

improve, the sampling of the u-v plane.

The sidelobe levels for the case of 10 stations and fully tracking 

antennas and a 10* field of view are given in Table IV. A comparison of 

Table IV with Table II  shows the marked improvement. An interesting feature 

can be seen by a comparison of these two tables. Introduction of additional 

antennas and/or an increase in the observing time can only result iu a re

duction of the percentage of unsampled cells and an over all improvement in 

the beam. This is borne out by the two tables. However, because of the Fourier 

Transform relationship between the transfer function and the beam pattern, 

additional sampling in the transfer function plane w ill not guarantee an im

provement in the beam at every point in the field of view. Thus, though the 

mean sidelobe level decreases, the peak sidelobes may actually increase at 

some points. This is brought out very clearly in Figure 7 where the maximum 

sidelobe level is plotted as a function of declination for the three cases 

considered in Tables II  and IV. (It may be mentioned here that in considering 

the maximum sidelobe, the central portion of the field containing the main 

beam is neglected. This means neglecting Zone 1 for a 10* field and Zones 

1 and 2 for a 5 ' field ). The beam pattern at 40° declination is-shown in 

Figure 8.
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We next consider the saving in observation time that can be achieved 

by additional antennas. As already mentioned, nine configurations are needed 

to achieve the 16 baselines available with the present set up using 85-1, 2 , 

and 3. The 42-foot mobile antenna is already being used in conjunction with 

the array. It has a limited tracking range of 4 .5  hours maximum (somewhat 

smaller range at low declinations). I f  this antenna is correlated with all 

the other antennas then in three configurations we get 18 distinct baselines 

covering the range from 100m to 1200m at 100m intervals and from 1200m to 

2700m at 300m intervals. This enables a saving by a factor of 3 in time. 

However, the limited tracking range of the 42-foot telescope leaves a lot of 

unsampled spatial frequencies.

Computations have also been done using five antennas. The fifth 

antenna is taken as another mobile 42-foot antenna capable of tracking within 

*4 hours of the meridian and correlated with all the other antennas. The 

configurations and the available baselines are shown in Table V. It is seen 

that two configurations with 5 antennas give all the baselines now available.

The percentage of holes and the maximum sidelobes are plotted in Figures 9. and 

10 as a function of declination for the cases discussed above. The field of 

view has been taken as 5*. The details of the sidelobes are given in Table VI.

CONCLUSIONS

The analysis presented in this report shows that the three element 

array at Green Bank can be effectively used for synthesis of sources north of 

40° declination. A nearly circular beam with a half power beamwidth of about 

10" can be produced by using all the available baselines (this involves nine 

configurations), utilizing maximum passible tracking in each configuration. The 

synthesized beam has no sidelobes greater than -9 db. The sidelobe level can 

be improved somewhat by employing a smaller field of view. An improvement of 

about two dbs w ill  result in going from a 17' field of view to one of 5 ' .  At 

lower declinations the beam becomes more elliptical and the sidelobe level also 

rises. For a source at the equator, the beam is elliptical, about 10" x 25" 

and sidelobes as high as -5 db appear within a field of view of 5 ’ .

It is found that the spatial frequency sampling can be considerably 

improved if  two additional stations are provided. These stations, located at 

100m and 200m from 85-1, reduce the mean sidelobe level by about 4 db.
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Tne time required for the synthesis of a source can be considerably 

shortened by employing additional antennas and correlators. For example, the 

use of the mobile 42' telescope with the three others can produce, in three 

configurations, a beam which is almost as good as that produced by the three 

antennas alone in nine configurations. With two additional antennas the 

same beam characteristics can be achieved in two configurations.

The resolution of the array can be improved by increasing the maximum 

baseline. Thus an antenna located 2700m north-east of 85-1 at the same azimuth 

of 63° w ill improve the resolution by almost a factor of two. Although detailed 

analysis of.such configurations has not been carried out, a few cases considered 

show that this improvement in resolution is achieved without a marked increase 

in the sidelobe levels.

A few configurations were studied using antennas placed off the 63° 

azimuth baseline in an effort to improve the beam at low declinations. However, 

no substantial improvement was achieved and the results are not included in 

this report.
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TABLE I

COMPARISON OF PERFORMANCE WITH 8 AND 10 STATIONS: 5 ' FIELD OF VIEW

ZONES: (1) 5 .8 "  - 10 .5 ” (2) 10 .5 " - 19 .8 " (3) 19 .8 " - 38 .4 " (4) 3 8 .4 " - 75 .7 " (5) 7 5 .7 " - 150 .0 "

— ....—
Model Decli Tracking Holes HaIf-Power 

Be arowidth 

(Seconds)

Relative

Gain

Maximum Sidelobe Level j RMS Sidelobe Level

! 1
nation Time

(Hours)

(%)
Zone lj Zone 2

!
Zone 3 (

! I 
Zone 4 Zone 5 Zone 1 Zone 2 t Zone 3 Zone 4 Zone 5

NO810S12 8 -10° 10.04 89.38 10 x 50 , 47 -0.4 - 1 .1 - 4 .3
i

- 7 .7 -10.6 - 4 .4  j - 7.2 -10.9 -15.9 -18.3
N1010S12 10 -10° 10.04 85.95 8 x 50 54 -0.4 - 1.2 - 4.6 - 9 .5 -11,6 - 5 .0  ] - 8 .0 -11.4 -16.8 -19.9

NOSOON12 8 0° 11.15 88.28 10 x 25 57 -1.3 - 3 .8 - 5 .1 - 9 .4 - 6 .4 - 4 .5  | - 7.8 -13.1 -17.4 -19.5
N1000N12 10 0° 11.15 85.28 8 x 27 72 -1.4 - 3 .8 - 5 .5 - 9 .1 -12.7 - •4 .7  { - 8.0 |-13.7 -18.6 -21.7

N0810N12 8 10° 12.0 82.90 10 x 18 72 -2.1 - 5 j 5 - 6 .7 - 9 .0 - 5 .7 - 5 .8  ! - 9.5 -13.3 -18.0 -19.2
N10 ION 12 10 10° 12.0 75.08 8 x 18 95 . -2.1 - 4 .3 - 9 .3 -12.0 -14.2 - 5 .9  ; - 9 .8 -15.2 -20.2 -23.3

N0820N12 8 20° 12.0 78.37 10 x 16 80 -2.5 - 6 .1 - 7.4 - 9 .4 - 8 .3 - 6 .3 - 9.7 -13.8 -17.7 -19.2
N1020N12 '10 20° 12.0 63.89 8 x 16 109 -2.7 - 5 . 7 -10.0 -12.3 -15.5 - 6.7 -11.2 -16.1 -21.1 -24.2

N0830N12 8 30° 12.0 72.27 10 x 15 94 -2.5 - 5 .2 - 9 .2 -10.6 - 9 .4 - 6 .7 -10.4 -15.3 -18.4 -20.1

N1030N12 10 • • 30° 12.0 51.55 9 x 14 - 123 -3.4 - 8.6 -11.1 -•14.6 -16.7 - 7.9 -13.2 -17.3 -21.9 -24.9

N0840N12 8 40° 12.0 67.79 10 x 13 89 -2.8 - 6 .0 - 9 .6 -12.1 -11.6 - 6.9 -11.8 -16.4 -18.1 -19.6
N1040N12

• 10 40° 12.0 - 41.35 9 x 13 126 -3.9 - 9 .8 -11.6 -14.0 -16.7 - 9 .3 -15.1 -18.5 -22.1 -24.1

N0850N12 8 50° 12.0 64. 46 11 x 13 84 -3.1 - 7.0  . 

r l l .4

-10.1 -11.4 -11.5 - 6 . 8 -12.8 -17.5 -17.7 -19.7
N105ON12 10 50° 12.0 32.97 9 x 11 120 -4.3 -13.2 -14.7 -16.8 -10.3 -17.2 -21.0 -22.1 -23.8

N0860N12 8 60° 12.0 62.32 11 x 12 94 -3.3 - 8 .0 -11.7 -12.1 -12.0 - 6.7 -13.1 -17.5 -17.8 -19.9
X1060N12 10 60° 12.0 26.73 9 x 11 127 -4.7 -13.3 -15.6 -16.1 -16.8 -10.9 -19.2 -22.6 -23.0 -24.1

N0870N12 8 70° 12.0 60.31 10 x 11 91 -3.6 - 8.6 -11.7 -11.6 -11.9 - 6.7 -13.0 -17.6 -17.5 -20.2
N10 70N12 10 70° 12.0 21.20 9 x 11 121 -5.1 -16.0 -17.4 -1714 -17.5 -11.3 -21.3 -24.2 -24.0 -24.5

N0880N12 8 80° 12.0 59.55 11 x 11 99 -3.7 - 8.7 -11.7 -11.5 -12.5 - 6.6 -13.0 -17.6 -17.4 -20.4
N10 SON12 10 80° 12.0 18.96 10 x 11 130 -5.4 -16.5- -17.4 -17.5 -17.8, -11.5 -22.5 -25.1 -23.7 -25.0

N0890N12 8 90° 12.0 59.60 11 x 11 100 -3.8 r 8 .7 -12.4 -12.4 -12.4 - 6 .6 -13.0 -17.2 -17.2 -20.7 •
JN1090N12

I
!
i
i
s
i

I
i

i

10

'
•

.

90° 12.0  •' 18.72
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*
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•
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TABLE II

ZONES: (1) 1 1 .7 " - 21 .0"

COMPARISON OF PERFORMANCE WITH 8

(2) 21 .0 " - 39 .6 " (3) 3 9 .6 " - 76 .8 "

AND 10 STATIONS: 10' FIELD OF VIEW 

(4) 76 .8 " - 151 .5 " (5) 15.1.5" - 300"

r ' n
Model

[ ___  .

“  ■ 1 Decl

nati

; T0810S12 8 -10

T1010S12 10 -10

j T0800N12 8 0

iT1000N12
j

10 0

j TO 810N12 8 10

|T1010N12 10 10

i T0820N12 8 20

|T1020N12 10 20

j TO8SON12 8 30

;T1030N12» 10 • 30

' T0840N12 8 40

i T1040N12 10 40

1T0850N12 8 50

jT1050N12 10 50

' T0860N12 8 60

jT1060N12 10 60

!T0870N12 8 70

|T1070N12 10 70

1T0880N12 8 80

■T1060N12 10 80

1T0890N12 8 90

;T1090N12 10 90

Tracking

Time
(hours)

10.04

10.04

11.15

11.15

12. 0
12. 0

12.0
12.0

12. 0
12.0

12.0

12.0

12.0

12.0

1 2. 0
12.0

1 2. 0
12.0

12.0

12.0

12.0
12 .0

.L,

Holes

(%)
Ha If-Power' 

Pe amwld th 

(Seconds)

92.94 9 x 50

89.10 8  x 50

93.48 11 x 25

86.96 8  x 27

89.51 9 x 18

80.70 8  x 18

87i 65 9 x 16

76.45 8  x 16

84.32 9 x 15

69 .83 9 x 14

82.66 10 x 13

64.25 9 x 13

81.29 11 x 13

60.83- 9 x 11

80.18 1 1  x 12

58. 74 9 x 11

79.23 1 0  x 11

57.02 9 x 11

79.18 1 1  x 11

56.53 1 0  x 11

79.07 1 1  x 11

56.00 1 0  x 10

Relative

Gain

Maximum Sidelobe Level

Zone 1 Zone 2
T

58 - 1 .1 - 3.5

85 - 1.2 - 4.0

63 - 4 .3 - 6 .8

85 - 3 .3 - 4 .8

78 - 4 .8 - 5 .6

99 - 4 .2 - 8.9

89 - 5 .3 - 6 .8

112 - 6 .7 - 9 .4

87 - 4 .7 - 8 .3

122 - 6 .6 - 8 .4

90 - 5 .4 - 9 .6

118 ' - 6 .9 -10.1

91 - 6 .9 -10.2

114 - 8 .6 -12.0

93 - 8 .3 -11.1

117 -11.0 -14.0

92 - 8.9 -11.6

117 -13.1 -15.5

92 - 9 .1 -11.9

117 -15.0 -17.3

95 - 9 .3 -11.4

118 -15.9 -16.7

Zone 3 Zone 4 Zone 5 Zone 1 Zone

RMS Sidelobe Level 

3^Zone A

-  6 .1

-  6 . 9

-  6 . 5

- 8 .3

-  7 . 0  

-11.2

-  8.2 

-  9 . 9

\ -  9 . 4  

j-13.0

j-10. 7  

j-13.9

1 - 1 1 . 7  

t - 1 3 . 1

1-11.9

J - 1 4 . 6

t il . 6 
1-16.8

[ l l .  7. 

j-18.1

f l 2 .1  

4-20..3

- 9. 

-11.

- 5. 

-12 .

- 5.

- 9,

- 7. 

-12 .

- 9. 

-16,

-11 .

-15.

-10.

-15.

-11 .

-15.

-11.

-16,

-1 2 ,

-16,

-13, 

-16,

- 8.9  

-10.3

- 3.8  

-14.7

- 5 .8

- 9.9

-  8.8

- 8.9

- 7 .3

- 7.1

- 9 .8  

-10.9

-10.5

- 11.2

,1 -10.3 

9 j -11.3

,3 | -10.6

.0 -11.5
i

,3 j-10.9 

,2 } -11. 7

.0 1-11.4 

.1 !-12-. 1

- 7.

- 7.

- 7.

- 7.

- 9. 

-1 0 .

- 9. 

- 11.
-10 ,

- 1 2 ,

-11

-12

-12

-14

-13

-16

-13

-18

-13

! -191

j "13
! -20

Zone 5
; i i

•1 -10.3 -15.1 -18.3 -20.2

.8 -10.5 -16.3 -20.4 -22.3

.7 -11.6 -14.8 i-18.9 -21.3

.8 -13.3 -17.6 1-22.7 -25.6

.2 -12.2 -16.8 ‘-18.8 -21.1

.0 -14.9 -19.4 1-21.9!
-23.1

.4 -13.5 -17.0 j-18.4 -19.6

.6 -15.8 -20.1 ►-22.0 -21.8

.1 -14.4 -17.4 -19.4 -19.8

.4 1-16.0 -20.8 -23.9 -22.5

.7 -14.9 -17.0 -19.1 !-19.6

.6 |-17.1 -20.9 -23.8 ;-22.5

.8 -15.1 -17.2 -18.8 i-19.6

.1 i-18.5 -22.4 -22.8 1-22.0

.2 1-16.1 r16.1 -19.5 ; -19.4

.3 H20 .3 |-23.6 .-23.6 i-21.7

.3 [-16.6 *-17.0 -19.8 ' -19.4

.0 -22.1 ■-24.4 -23.5 '-21.6

.2 pl6. 8 r 17.2 -19.7 1-19.4

.6 1-23.0
|

-24.8 -23.5 ■ —21.7

.3 1-16.7 j-16.9 -20.0 -19.3

.0 1-23.8 -26.6 -23.7 :-21.7



TABLE I I I

COMPARISON OF PERFORMANCE WITH 8 AND 10 STATIONS: 17' FIELD OF VIEW

ZONES: (1) 19 .9"- 35 .7 " (2) 35 .7 "- 67 .3 " (3) 67 .3"- 130 .6 ” (4) 1 3 0 .6"-257. 5M (5) 2 5 7 .5"-510.0 "

Model
! N

Decli

nation

Tracking

Time

(HojursX...

Holes

(%)

Half-Power 

Be amwidth 

1 (Seconds)

Relative

Gain

Maximum SIdelobe L

I Zone 1 Zone 2 1
I

Zone 3 Zone A

S0810S12 8 -10° 10.04 95.21 9 x 50 63 -3.1 -5.2 -8.5 I -9.9
S1010S12 10 -10° 10.04 91.90 8 x 50 84 • -3.5 -4.9 -10.0 j -12.7

S0800N12 8 0° 11.15 96.08 11 x 25 66 -6.6 -7.2 -9.5 ! -2.8
S1000N12 10 0° 11.15 91.84 8 x 27 88 -4.5 -8.4 -12.3 |-10.3

S0810N12 8 10° 12.0 93.46 9 x 18 83 -4.9 -6.7 -9.6 | -6.4
SI 01 ONI 2 10 10° 12 .0 87.79 8 x 18 107 -7.2 -8.2 -11.6 I-12.0

S0820N12 8 20° ' 12 .0 92.59 9 x 16 92 -5.7 -7.2 -8.1 j-10.0
S1020N12 10 20° 12.0 85.63 8 x 16 117 -7.9 -8.4 -9.8 j-11.0

S0830N12 8 30° 12.0 90.87 9 x 15 91 -6.9 -8.5 -8.8 ; -9.7
S1030N12 10 • 30° 12.0 81.28 9 x 14 120 -6.7 -9.0 -14.1 |-10.4

S0840N12 8 40° 12.0 89.97 10 x 13 93 -9.7 -10.7

I
-11.2 | -9.7

S1040N12 10 40° 12.0 79.15 . 9 x 13 117 -9.1 -12.9 -16.5 j-10.3

S0850N12 8 50° 12.0 89.18 11 x 13 94 -10.1 -11.4 -10.5 ! -9.9
S1050N12 10 50° ' 12 .0 77.68 9 x 11 _ 120: -12.1 -12.7 -15.8 j-10.4

S0860N12 8 60° 12.0 88.72 11 x 12 95 -11.0 -12.8 -10.9 -9.7
S1060N12 10 60° 12 .0 76.65 9 x 11 121 -13.8 -14.6 -16.6 j-10.2

S0870N12 8 70° 12 .0 88.39 10 x 11 96 -11.8 -12.3 -11.2 | -9.6
S1070N12 10 70° 12.0 75.83 9 x 11 124 -15.7 -16.5 -16.3 'j-10.0

S0880N12 8 80° 12.0 88.06 11 x 11 98 -11.9 -11.9 -11.1 -9.8
S1080N12 10 80° 12.0 75.29 10 x 11 125 -18.1 -19.3 -18.3 -10.3

S0890N12 8 90° 12 .0 88.08 11 x 11 99 -12.2 -12.7 -12.4 -10.0
S1090N12

■

10 90° •

'

12.0 75.14 10 x 10 125 -18.7 -19.8 -21.0-

'

|
1

•
1
i

-10.4

RMS Sidelobe Level

4 Zone 5 Zone 1 Zone 2 Zone 3 Zone 4 (Z on e

-7.3 -9 -1 -13.4 -17.0 -19 .5 1-21.1
-10,3 -9.1 -14.7 -19.1 •-22 .8 j —24 .8

-2.7 -10.8 -13.7 -18.8 -20 .5 1-22.5
-3.6 -12.1 -16.6 -21.5 -24 .9 1-24.9

-6.3 -11.5 -15.4 -18.5 -20 .3 1-21.4
-6.2 -13.5 -17.4 -21.5 1-23 .6 '-23.8i

! -6.9 -12.5 -15.8 -17.7 i-19 .3 -20.8
| -6.8 -14.7 -18.0 -22.1 ! -22 .8 ;-22.9

| -8.5 -13.2 -15.9 -18.3 i-19 .2 1-20.7
j -9.0 -13.8 -18.5 -22.4 '-22 8 '-23.5

i -9.2 -14.2 -16.6 -18.5 '-18 6 -20.7
{—1 0 . 2 -15.7 -19.8 -23.6 -22.0 -23.0

-10.2 -14.8 -17.2- -18.6 -18 3 -21.0
-10.6 -17.8 -21.6 -24.7 .-21 2 -23.3

-9.9 -15.3 -17.6 -18.8 -17 9 -21.0
j-10.1 -19.7 -23.2 -25.4

•
-20 6 -23.4

1-9. 3 -15.9 -17.7 -19.2 -17 8 O 1 1 
X. • x

j -9.7 1-21.0 -24.2 -25.4 -20 4 -23.4

1—1 2 . 2

|

1-16.2 -17.5 -19.6 -17 7 ' -21.2
j—13.4 i_22 .7 -25.0 -26.0 -20. o

-23.5

j-13.0 '-16.8 -17.2 -19.7 -17. 6
j—1 3 . 5 ;_2A. 2 -25.8 -26.8 -20. 3 -23 .  8

_ L



TABLE IV

?ERFOKJ»UTCE WITH 10 STATIONS AND HORIZON-TO-HORIZON TRACKING 

.Fi £ LD OF VIEW 10 ’ ZONES; (1) 1 1 ,7 ”-21.0” (2) 21 . 0"-39 .6 "  ( 3) 3 9 .6 "- 76 .8 " (4 ) 76 . 8”-151.5 "  . (5) 151 ■ 5,,-300.0 "

Model

I
!

N , Decli- Tracking

Tine

(Hours)

Holes

(%)

Half-Power 

Be amwld th

| (Seconds)

Relative

Gain

Maximum Sldelobe Level j RMS Sidelobe Level ~ .....n

 ̂ u L,<t- UI1

: Zone 1 Zone 2
i

Zone 3; Zone 4
i

Zone 5j Zone 1 Zone 2, Zone 3;Zor.e 4 

-16.8 j-20.8

Zone 5 j

1 "

j Z1010SHH 10 -10° 10.92 87.03

i

9 x 38 92 -1.9 -5.6 -7.8 -11.4
1

-10.6

!

-8.4 j-11.3 -22.8 I

Z1000NHH .10 0° . 12.0 85.46 10 x 22 93 -3.3 -5.0 -8.3 -12.6 . -14.7 -8.2 j-13.5 -18.0 j-23.0 -26.0 i

Z1010NHH 10 10° 13.08 78.53 10 x 19 106 -4.3 -8.7 -11.5 -9.4 -10.2 -10.2 j-15.0 -19.8 j—22.1 -23.3

Z1020NHH 10 20° 14.24 72.32 10 x 15 116 --6.5 -9.9 -10.4 -13.2 -9.4 -12.3 1-16.3 -20.6 1-22.1 -22.0

Z1030NHH 10 . 30° 15.65 61.66 10 x 12 138 - -7.4 -10.0 -13.2 -17.1 -9.4 -14.0 j-18.3 -22.6 i—24 .9 -23.1

Z1040NHH 10 40° 17.58 52.40 10 x 11 143 -8.9 -9.7 -14.5 -17.3 -14.6 -15.9 j-20.4
!

-24.2 '-25.8 ‘—24.2

Z1050NHH 10 50° 21.52 40.25 10 x 10 151 -10.7 -14.4 -16.6 -17.5 j-14.2 -17.6 |-22.3
i

-25.8 1-24.9 -24.5

21060NHH 10 . 60° 24.0 34.59 10 x 10 164 -15.8 -16.0 -17.4- -9.9 -14.2 -20.8 j —23.4 -25.9 i—24 .8 -24.0

Z1070NHH 10 70° 24.0 32.25 . 10 x 10 165 -18.1 -18.3 -9.6 -11.0 -14.0 -22.7 [-24.7 -23.8 '-24.8 -23.8

Z1080NHH 10 80° • 24.0 32.34 10 x 10 168 -17.5 -8.7 -14.3 -17.1 -13.4 -21.5 *-21.1 -26.1 ‘-24.7
!

-23.6 i
Z1090NHH

■

;

. — ............

10

.

90° 24.0 55.00 10 x 10 165 -15.7 -16.9

.

1 .

-20.1

i

ii

-16.1

i

-11.8

i

-19.8 ;-23.8

|
‘
|

!
*;
«

| | 

i i 
»

 ̂
i 

v 
J

vOCN

-21.6 j
i
1
!
i
!

|

..... ..... .



Configurations with 4 antennas

TABLE V

Configuration Location of Antennas
BASELINES AVAILABLE

•m00 -1 85-2 85-3 421

1 0 1800 2700 !
i

1200 600, 900, 1200, 1500, 1800, 2700

2 0 2100 2400 j 1900 200, 300, 500, 1900, 2100, 2400

3 0 1200
I

1500 j 800 300, 400, 700, 800, 1200, 1500

4 0 1800 1900 j 800 100, 800, 1000, 1100, 1800, 1900 j

Configurations with 5 antennas

Configuration Location of Antennas
BASELINES AVAILABLE

85-1 85-2 85-3 42' Add. 42*

1 0 2400 2700 1900 1800 100, 300, 500, 600, 800, 900, 1800, 1900, 2400, 2700

2 0 1900 2100 1500 1200 200, 300, 400, 600, 700, 900, 1200, 1500, 1900, 2100

1 0 1800 2400 100 200 100, 200, 600, 1600, 1700, 1800, 2200, 2300, 2400

2 0 1200 2100 100 200 100, 200, 900, 1000, 1100, 1200, 1900, 2000, 2100

3 0 1500 2700 100 200 100, 200, 1200 , 1300, 1400, 1500, 2500, 2600, 2700

4 0 1500 ' 1900 2000 1200 100, 300, 400, 500, 700, 800, 1200, 1500, 1900, 2000

NOTE: All locations refer to distances southwest from 85-1 on the existing baseline.



PERFORMANCE OF THE ARRAY WITH 4 AND 5 ANTENNAS 

Field of View 5 f

ZONES: (1) 5 .8 ” - 10 .5 " (2) 1 0 .5 " - 19 .8 " (3) 19 .8 " - 3 8 .4 " (4) 38 .4 " - 75 .7 " (5) 7 5 .7 "  - 150.0"

Model

Number

Number

of

Antennas

No. of j Decli Tracking 

Time 

(Hours)j

Holes

(%)

Half-Power 

Beamwidth j 

(Seconds) j

Relative ■ Maximum Sidelobe Level RMS Si^cUbo Level

Configu

rations J

nation Gain

^one 1 Zone 2 Zone 3 2one 4 Zone 5 Zone 1 Zone 2 Z ,n , 3| Ztne 4

4M310S12 4
i

3 -10° 10.04 | 89.85 9 X 23 38 ’ -0.4 -1.1 j 4 .3 - 7 .1 - 9 .3 -4.3 - 7 .1 -10.6 -15.7

5>!210S 12 5 1 2 -10° 10.04 i 90.76 9 X 38 38 -0.4 -1.2 - 4 .1 - 5 .8 - 8 .7 -4.7 - 7.0 -11.2 -13.8

5M410S12 5 4 ' -10° 10.04 87.71 9 X 43 43 -0.4 -1.1 -i 4 .2 - 8 .4 -10.6 -4.7 - 7.5 -11.0 -16.3

4M300N12 A 3 0° 11.15 ; 89.76 9 X 23 46 -1.4 • -3.3 - 4 .8 - 8 .5 - 4.9 -4.9 - 8.0 -14.0 -16.8

5M200NL2 5 2 0° 11.15 ; 90 .28 9 X 25 45 -1.4 -3.1 - 5 .2 - 7 .1 - 5 .0 -5.0 - 8.2 -11.7 -15.8

5M400N12 5 4 0° 11.15 86.47 9 X 25 59 -1.2 -3.6 - 4.9 - 9 .7 - 9 .1 -4.7 - 7.9 -13.7 -17.6

4M310N12 4 3 10° 12.0 84.99 9 X 17 56 -2.5 -4.1 - 6.7 - 7 .8 - 3 .6 -6.1 -10.1 -14.4 -16.7

5M210N12 5 2 10° 12.0 85.76 9 X 19 55 -2.3 -3.9 - 4 .2 - 8 .2 - 6 .9 -5.9 - 9 .2 -12.4 -16.0

(5M410N12
j

5 4 10° 12.0 79.37 9 X 19 68 -2.2 -4.3 - 7.3 -10.9 - 5 .7 -5.9 - 9 .7 -14.4 -18.1

AM320N12 4 3 20° 12.0 80.90 9 X 16 1 58 -2.7 -5.8 - 6 .4 - 8 .3 - 6 .4 -6.7 -10.3 -13.5 -16.4

[5M220N12 5 2 20° 12.0 81.90 9 X 18 63 -2.3 -4.0 - 5 .8 - 8 .4 - 8 .1 -6.3 - 8.7 -13.3 -15.7

13M420N12 5 4 20° 12.0 71.18 8 X 18 83 -2.4 -5.7 - 8 .0 -10.7 - 7.5 -6.4 -11.1 -15.9 -18.8

4M330N12 4 3 30° 12.0 75.61 9 X 15 66 -2.6 -5.1 - 6 .8 -10.9 - 7 .3 -7.6 -10.0 -14.3 -17.4

5M230N12 5 2 • 30° 12.0 77.18 9 X 18 66 -2.3 ^ 4 .3 - 7.2 - 8.9 - 8.9 -7.0 - 8 .7 -14.3 -16.2

5M430N12 5 •4 30° 12.0 61.51 8 X 17 96 -2.5 -5.9 - 9 .9 -13.9 - 9 .0 -7.4 -11.9 -16.8 -20.2

A >13 4 ON 12 4 3 . 40° . 12.0 72.27 * 9 X 13 59 -2.9 -6.4 - 8.5 -10.9 - 9 .3 -8.4 -10.9 -14.5 -16.6

5M240N12 5 2 40° 12.0 73.84 9 X 14 64 -2.7 -5.3 - 6 .4 -10.0 -10.1 -7.5 - 9 .0 -14.4 -16.3

p>!440N12 5 4 40° 12.0 53,69 ’ 8 X 14 86 -2.9 -7.6 -12.0 -13.7 - 1 1 . 0 -8.5 -12.9 -18.3 -?0.3

6M350N12 A 3 50° 12.0 69.75 9 X 12 59 -3.5 -7.4 - 8.2 -10.2 - 9 .5 -S.9 -11.3 -14.6 -16. i

5M250N12 5 2 50° 12.0 71.27 9 X 13 64 -3.1 -5.1 - 7 .3 -10.4 -10.2 -7.4 - 9 .2 -14.6 -16.7

5M450N12 5 4 50° 12.0 48.26 8 X 13 85 -3.4 -9.4 -13.2 -13.1 -10.9 -9.2 -13.7 -19.6 -19.6

AM360N12 u 3 60° 12.0 68.51 9 X 11 ■ 62 -4.0 -7.9 - 8.5 - 9 .3 - 9 .2 -9.3 -11.4 -14.4 -16.1

JjM260N12 5 2 60° 12.0 69.60 ' 9 X 13 67 -3.2 -4.9 - 8.0 -10.0 -10.3 -7.2 - 9 .5 -15.1 -16.2

BM460N12 5 4 • 60° 12.0 44.55 8 X 12 88 -3.7 -9-. 8 -14.6 -12.8 -10.5 -9.5 -15.0 -19.7 -20.1

f*M370N12 4 3 70° 12.0 66.65 9 X 11 60 -4.2 -8.0 - 8.2 - 9 .2 - 9 .1 -9.3 -11.1 -14.5 -15.7

£>>12 7 ON 12 5 2 70° 12.0 67.94 9 X 13 63 -3.2 -4.7 - 7.6 -10.3 -10.7 -6.8 - 9 .8 -15.2 -16.2

6M470N12 5 4 70° 12.0 41.35 3 X 12 85 -3.9 -10.1 -14.6 ■-11.8 -11.3 -9.7 -15.1 -20.0 -19.6

6X380X12 4 3 80° 12.0 66.08 10 X 11 61 -4.3 -8.2 - 8 .3 - 8 .8 - 9 .7 -9.1 - 1 1 . 0 -14.7 -15.6

vM280N12 5 2 80° 12.0 67.32 9 X 12 66 -3.2 -4.8 - 7.6 - 9 .9 -10.7 -6.8 j-10.1 -15.4 -16.0

£K480N12' 5 4 80° 12.0 40.35 8 X 12 90 -4.0 -10.0 -13.7 -10.5 -11.5 -9.7 -15.3 -19.8 -19.2

U  39 ON 12 * 3 90° 12.0 66.32 10 X 11 68 -4.4 -8.3 - 8 .3 .- 9 .7 - 9 .9 -9.2 - 1 1 . 0 -14.8 -15.5

j>M290N12 5 2 90° 12.0 67.60 9 X 11 70 -3.2 -4.8 - 7.7 - 9 .9 -10.4 -6.8 -10.2 -15.1 -16.0

5M490N12 5

L.

4 90° 12.0 40.59 9 X 11 97 -4.0 -9.6 -14.0

i

-11.7 -12.2 -9.7 -14.8 -19.9 -19.0

1

Zong 5

18 .3

-17.7

-18.5

-17.8

-17.6

-19.5

-18.1

-17,7

-19.3

-17.9 

-18.1 

-20.A

-18.4

-18.2

-20.9

-17.9

-18.4

-20.3

-18.1
- 15.
-?0 .
-18.1 

-18.5 

-10.1.

-18.6

-18.7

-20,4

1-18.7 

1-18.6 

'-20.8

j  -18.7 

1-18.7 

} -21.1

t'l 
cs
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Figure 1. Layout of the Array



Number of stations *  8, Field of view = 10T

Figure 2
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THC BEAN IS PLOTTED BELOW IN TERNS OP THE POWER LEVELS PON TH€ ENTIRE PIELO OP VIEW. AIL BLANK* INDICATE POWER LEVELS LESS 
THAN -200B. ALL INTEGERS INDICATE POWER LEVEL(OB BELOW THE NAIN BEAN PLUS OR MINUS 0 . SOB I.LETTER COOING IS  GIVEN BELOW 

COOE A B C O E P G H I J K .
POWERlDBl '-ld -1\ -12 -U -H -11 -U -IT -1#' -T*> -20

j ■nct crnrrrc t
I feg  h eeefg h ik

KHFEG IFFFFGH1K 
JJHGGHK 1GGGGHJ 

IH IIIHHI IGFGI 
HHJ JHGH IGFFH 
HJ JGFG KGFFGK 
K KGFGI HPFGI

-3TTmnrro-mTTmrnnmr
JJK HGFH 

JHHI KKKKK GLEFK 
IGFPGJ MFFGHJ JFEOFJ IK 
HFECGKJFEEFH IFEUFKKHJ 
IHGHJ IFFFGK K IGF£G IH|, KK

ttirf—rcrrr
tttt

JGFF I 
JGFF I 
JGFGI 
JGGGHJ

1UHJ 
Jl J

IHGGGGHJ

JJJ GFCI KJK
KJK KGFHK J I K

Hh i
KJlHGFFG HGFGI 

1GFFGJ HGGHJ 
HGFGJ K11 J 

K J lI IK IHHIK 
KIHHHIJ 
KIHHIIJK

JHHHUGH!JK JGPGJ
KIHHHMGGGIJKK K KHFFGK

KllHHHIKKllJ K HHI
JIHHIK . K •• KKK KJ— I . _ . ............ .

JJJ  J l JJ K J IK JHHHJ JlHGGH fGf JK J JJ
IGH lHIJJJIHHHIJJJIHGHIIHHJ JJIHHJ KJK JJIHHJ IC H /J  K IJ

K I HH KK KIIJK ‘KIHHIKKJJ ' J I ! UGH -----J IK KJK JHHI JKKJJK
JK K IJ  KlHHlK K JIJJ  K IJK K J IJ JJ J  JJK JHHI K HI K lIJ jK

KIK KKKJlGf FFFGGGFFFfFFFGFFrGHHIJ J "  .........
KJ KKKKJIHGGGHGGFFFEEEFFGGHIJK JJ

JHGGIK K JJJ IJ

k i / k KHHI 
J I IK  I HI 
KJJK J IJ

JJK KJJJIM K KIHHHGHIJJIIJHJ . . . . . . . .
IHHGGGHJKJJIMHI K IFF G It1J

_.IK
jg f f h I
K GF F H JkAjL 

Gl I IJ

J IJ  K I HHH I J IHGHJ
KKK JIFIGGHHGCGHJ J ll IH IK  HHI IJ 
I IIJJ1JJKKIMHI KKJlHlK 1iJKJJK

KJK JJJJJJK  
KJJ KJK
KJJK KJK
K JIJK  Kl K 

KJJJK I HI

|H| KKKJIIJK I
J IJ

JHGI
KIHHCGGHHHGHJ 

KHGFFFGGF FFHK j'I'lK 
K| IJK

KJJKK KJJ
JK J IK
IJ  K I IJ
IK JHIJIJ
J I HH IK

KJ1GFFG jFDODDEf FFFFf EEEFHK 
JJK JHHK GEDOEGK HGCGGI 

JHGHJ IFDODFI HFOCCCCCDCEFGGGUGI 
KHFFGJ IFOCOLI Gl OODCCCCDUOEEC FE E f. F I 
IGFFGI Hf I)COG FDO'JEEF FFFFFGGGGGGFEEFF

M h

JHI FOEGK
I I  Gt EGJ
J I HI f UK
Kl JFEG

KHH IGl I 
JGGKJHJ I 
I or i I k i 
JGF j I

h/

?JR

A i
KJIHJ KHI JH I

IGFFG IEOOF GOCCOFHJ 
K1HGG1 FOEIJFOCOEGJ JI 11JK 

KKJ11J GEF GOOOEFI
KKK GFF GOOtG JH. _ ______
KK I FEF GODEH HFrEEEFGGHIJJJKKKJI 

HEOfc GDOEH HFEFEFGHK 
IICOHIf EFH IFftFH l 
FDCF GFGK JGFFHK KK

KJJJ J1GFF.EEGK
JGFEEFH IGGHK 

HGFFH IFFGI HGIK Jl HFH 
IHI 1GHJ J l HFH

jfinf
KIHHI 

KM IK
Kl I J IHI

J IJ  JHHJ 
JIJKKJMHMK 

KJK K lI I IHGHIK 
KlHH JlHGGGHIK 
KIHHK JlHGGGIJK 

JH1K KlHUGHJKKKK 
KJ JIHHIJK 

JIHIJK
JJ K K lI I k KH 
KK JJ J l I J  IG 
J IHIK JJJ  IG

il mu
KKJ IEOCKJHK IGUG.........

K J IJ  GEEJ J IFEFFH J IJ  
KJ I J IFtKKl JF OOOf J - - ‘

i JHI H  HGKJGGH 
lHI JUG HUJJGFGJ HUH J KK JI IK
HGJ KHF F HF IKUFGI .............
HGJ JHIF GEH UFGH

HFIKGFGl JHIK IGGHIK HHJ

IGGHIHUHUKJ 
HUGH IHGGHJ

KJIHJ HJIEOEKJ 
K J| IHHKKI FOOG I

JHGFGGGGFfG
__________  Kl HHI
FtOMGHHJ J IJ  IGGGGHJ 
FEFFFFFGl HFLtttECGI

IGFH JJ

IHHHGGH IJJEOEl IGGGGF EFGHJKJHFEOfEEfcQCFHK 
IUFGGGGJKH HE EG ........

JGGl 
IFf H

KJJ HFFH 
KIHIJJK IFG1 

IHIJJK KHI

KHTG F EG GFFGJ

IGIKEEI JIHHI 
JHKIEfH KI IK

JGEFGI IJ  
KGFFGI K K 

GFFGHK | 
HIEGHK 1

KIJ JIHFFFI J gGI 
IK JIHuGHJ luGJ 
i KI I I I IJ< JHI

IHHHHI 1H HF GJ JGGHJK 
JG J JF EG 

IGU GE t H 
K KKKIFtG El)F I 

KGEfcHKF EH 
KGEEIJGH I

J IK K i l l  JK 
I I K K IIJK

JGFGGHGFFOOOEFGHGFEFGk KHHI JH 
;j  jjjh e u c c c o f j  khffgk  kk jh  

. jGHJK heCCcdeh  if f g j  JJ  J, 
GIEEFFG HtCClit fhj hggh JHHIJK 

ig e e o o e f k ie d e f f f g i IHH ihk hghhi
IGt OOOUF KJGGGGGFG IEDUDU IH JGGGH 
JHl UUUDFJ J I I JFUC010HIFH GFFGJ 
JGEODEFHIHHJ IGFEJCBCFIEE g e e f i

... . . . . .jk  h e o c fg f ie ff g fe f h  To o fh c o g ieieg
GFH IK IGGHIHHK GGGHHUKOOCCCE fftRCKGIFHAE GEEGK 

KGG KK JHGHIIGGH EUCCBAABEHUrtB8ftH FBACHJFFH
JG J J JGUG I K JGGH J I GFFK I E UC A'79 A JGA /6CF OA ABC HGI 
II HI HFFGJ KIIJJGEOOG JFDA99 A0IA76S68CCBAB0J
i 1FH GFFH ‘ ---------- ------------ -----------------
I FtH GF GJ

KHUH IF £ HKGH K J1 I JK

rEH JHJ
F I JFFJ

GEOJEGJ* I CAAUEKBfi^bVimAttEJ 
HtECfFGJKEODF E9t» i22<*/AiUtCF 

JJ IFFFFFP 1 .............. ........................
.............

K IK

HFIKGH II 
- • JHI

KIIGHK IHHK

KJJ I I I III I HG 
KJJ X I 1 IMI I I

K JJJJIJ  J KG I JHHJ 
JK KJ J HGI HGH 
JJKKK KK GGK HGI 
IX JJ J JFGKKGGI KJ I I IJ  KH IFFJ  HGH 

KJ jIJK  HGKHFF| HGHK

HFFG I

JHI J l  IJ Kl J
IErt7<rl H 369BCEI HGGHHHJ JHI 

JHf JGGGGFGK K GUC‘*6 ii 1 i64C0G K KGFuGGGJ 1HJ 
IHJ JHHMGGH !ECrt965l lU lB E I  HH IEFFFFFI JJ 
JIK J IIJ IH J  FCBtfAK22369F FDOEKJGFEEEEH 
K JJ J jCBAat)96^Hi I hKEBAACF JGEDUtG Jl

KIK J JDHAH(.Cfl6*»6MIUA9/A0FJ GDDEGJJI1K JGFF H
IHJ IGH EBAA:)FCa/67AU0A99ACUEIKFFGlJHGGJKlGGUJ KGG I HF f JHC ABE HdOaB (JHF HAA ACCOF HGGIIHGHJ i

KGECG tBHF | GKCBJt ECCCUUL l)E HhGGG KHHlHGGI K 
GEE t IGDCHF i)Ul HF EFGF CE EF GF EDI H KJHGH H 
IEEEG ECIFCBC0EFG1 JHHIHFEOOtGJ I I  HG 
JGF F G HFIHOBBGUFJ I IJ JFDOOOFHJ

JHHJ I UK J J IJJJJK  
IGH HH II IH IIIU JK  
IHJ JHJ GH I HI I I IJJK  
I I  HGKIFH KJJJJ 

JFFJIFG
JHJ HtEJIGH 

KHGH MEEKIHJ

K J lI IK KIJ

K JJJ JJK JUFEFH 
K JJ HFFFI 

IHJ JGFGJ 
KHH| KHGHK 
JGGH HHJ 
JGFGJ IJIKK 5HFFFK K K

IGGGI 
I HHH J 
JJKK KJJJ

JK /^F 2 !K̂  
JHJ HF F HK 

KlHl HUGJ 
J IJ  I H I K

HFEFGJ KJJJJJK 
HFFFG1 J I IHIK 
IGFFFH JIHHJ

JK

r.u
« J

HGGGJ HI G0U0L1 GFGGGGGJKfUUUUEu 
IHHGH KHI HHT IGFf Ft l)E IKFI UOEf G . 
KJIHHJ HGGH JHFEOCCtH GFFEfFG

I FOE GEFIKKK

KGFFHK JFUCCCOEHJJJ
OCCCEH KJHGGJ JGFH HI IHHHHI

J IJ
IHK KJJI HI 

IGF I KJJIH1K JK KK 
HFFH JJK JJ

. ..  _ .... HGGGFGH
............ .............................. ...........GtFH HKJGGGGFGI
KHH J KHFEOtEEEOtfHJKJHGFfFCGGGI IEO EJJI HGGHHHI

JHJ 1HHK KGF E FGHGF tOODE FGHGGF GJ

J l  1GFFGJ KJ HGFG HFG FFHJ JGH
KIHGGI K IHJ I GFGKIFH FFHK JGH KJ 

K1 IJKKJHGH JGFGJJGH GGJ JHI I HK 
K1GGH HGGJKGH 11 IHJ HGHK 

KJ KJHGH IHH JGH JJ JHHJ HGH J
JJJ KlHl JJJ Hf H IJ  JHGI 1HI
JI IJ  JJ KKK HFH |J  KIGH

KJ IHH IJ  JK J I IFGJ 
KKKKJHGGH1K K1 hJ K Kl IFGi 

KJIGGGHIJ KHHIK K JHJKGGJ

JHHI II
Tgfg K
1GFFI *

IGEEFEEEFH IGFFFFEEF I GOOF IKKHHI IJK
M l JHGGGGI J IJ  JHHGFEptF JK EOE I JH JHlJK
HrGI IHHIK JHFOOEF ICEH GH JIJK
HFFGJ KHGFFGGGGFGHJ GEODEG HGI GGJ I IJ
JFEFHJ JGEEEEFfFFHJ JJK JFOOOFJ IKKFFI JIJK  
GFFGJ KHEEEFGGGHJ J U  HFFEFI J JEEG J IJK  
1FFHK IHHIJKK KK KHGGGI KHJKEOEI JKK 
HHI KK KHFFGJ KCFG FCOF

IHFEEFI HFEEIHOCEI J
JJK KHGFEEEFH HEOOG EOEH KJ

‘ I I  IJKKKJJJIHGGFEEEFFH HEOOG FEFI KK KK
. . . . . .  J I 11 11HHGGFFFE FF GH I GEOOG .FFG KKK
HFFGH JlHGGFFFCGI IFEObOG FEG JIIJK K
HFEEFGJ K J IH J  JGEOCOEJIEUF IGGHIK K
KGEEEFGIJJJJK JHFOCCOG FOOE1 GF EG I KK

KIIK  HFEEEFGGGGGGFFFFFFEEOOOF GOCOEH IGrfGI

JHI 
JHGJ

J K j H r t r i a  I JHGGHI J KH 
J IFEFHIJ J 

HF F F HHIJ
hffghhhhj 

jh<;ghi hggh 
JKJIHGHIHGGI 

KK KlHHHHGUl 
J l IIHGGI

J J J J J I I  I I IJ

KIIK

KIHGGUHIJ HH1K IG1

JHGI H lFLEEFteEOJOCCCCOOOEG IEOCOFI iJGFFHK 
. JGF FH 1GGGGGFtEOCCCCCOFH IFUOUFI JHGHJ 
K HGH JK ICGGGH KGCL’OCG r ......

kU k IG
JH I JK JGG
IH IIK  HFF

KlHHI J HFF
JIHHJ Kl HGG

J IIK  Jl JHH
K IJ KJ KJK

I I
hf£
HK FKK I 
GF FJ IK 

K KGtEH JJ 
J JGEEG I I  

KGCOF IHJ 
GEOF JHJ 
HCOEJK1K 
I FOE H 

KK GEEG 
KJIJ IFEG 
K I HHJ HFH 

JHGH KHI 
JIHHJ I I  

K JJ1 IK IH

KHFEfEFI FFFFEOODOEJ GFF GlJK 
J l  HFLDOOCCCCODOOEGK HFFFHIJ JHIJ

JHI J
JJK KKJJK

KlHl KIHI 
KJJ

/h | KJK 
KHGH KIK 

JJIGfGK J 
J IIIG F F l  K 
J l I IGFFH 
KJKJHFFGK

Kl IK
I IK

Kl IHFEEEEFFGHJ JHGHIJK KHGHK KIHIK IHl KJJJK
JHHJ J IJK  IGHJ KI IJ K IIK  KJlJK

KHFFFGGFPFGHK KJ 4 J I J  KJK KJJK
JHGHHHGGGHH1K KJ JJ “

KM

KJI IJKKK IHI 
IHHIKKJ I I J J I I  I

JJK
KIHJ JKK . .. ____________
K lH lIIJ  JHGGGHHGGHIJKKK 

KK KJK KJJ IHHI 1 IH IJ
( IJ  JHHJK K
IHHIJJKJHGCGHHI IHHIJJK JJJK  
JHI1 IJJIHGHHHIK K tllJJ JK  KJJ 
J lJJJK  K1GGHJ
JJ KJIHGGFFEEEFrFGGHCGGHlJKKKK

KIGFGJ KJJ JIHHGFFFGFFFFFFFGGGFFFFGIJKKK

KJJJJJJ  
KJI IHHlK 

JlHHHlK 
Kl IIJK

JIJK  JHH 
K IJ KHFGK KJK 
KJK IGFG JJJ

JJ JK IC I

I HH J
J KJK K IJ  

HGI JHHIJJ KJK
. . . .  gem ! I k KGFFr/ JHGH I 
JHKKFDEF1 HFEEFJKGEEFH 
Kl JFOIjFJ J HGFFH JCFFGI 

KFFFG KKKKK IHHI 
HF GH

JJJJ IJK  KJIK ‘ J J I JK KIHHIK 
HGHI IJ  JJKKIHHIK K JIIK  KK 

JHHIJJ JHHIIHGHIJJJIHHHIJJJIHl

... i\
J IK KJ

1GFGH GFFGHIJK K
IHHHJ JHGGGGHI K

J IJ  J | 8 S J  IHJ j f K
JHGI IFFGJ IHl KHI 
IGFH IFFGJ KlHl 11K
GFGK.............................-

K II KHGMIHGFGH 
K it K KGFFEEFFH

II  I J l IHHI I IJ 
[HGGGGGHHHlJK

JJ IJ  JJJ  
K K I HH I 

J I  IKKIHHHII 
KKJ1GCGHHHHIK . 
KJlHGHHHHJ

KJK
J J I I J I I I I I I J
KJ1HHHGGGGGHIJ

I gFFH ig fck  
KGFPGK GFGJ 
• HFFGl HGHJ ..... 

----- I HH 11 { HI
IGGH 

. .EFHI 
. . . . .  _ EEH GEFI 
iGFEEOEG IGH ^

HHJ

HFFEEFFGK 'i\

Field of view 5 f

Number of Stations = 8, Declination 40°

Figure 5

MGOEL NUNtifcft S0B40NI7 DECLINATION 4.0.00 DEGREES TRACKING TINE 12.00 HOURS

THI BEAM I *  PLOT!LO BLLOW IN TERMS OF THE POWER LEVELS FOR THE ENTIRE PIELO OF VIEW. ALL BLANKS INOICATE POWER LEVELS LESS 
THAN -2G0B. ALL INTEGER S INDICATE POWER LEVELlDB BELOW THE NAIN BEAN PLUS OR NINUS O.SOB».IETTER COOING IS GIVEN BELOW
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Figure 8 Beam Pattern with 10 Stations. 

6 = 4 0 ° , Field of View 10 ’ , 

Tracking Horizon-to-Horizon
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APPENDIX

The beam ploLb are obtained by sampling the beam by a 128 x 128 

point grid. The power level at each point is computed in tibs to the nearest 

integer. Only sidelobe levels greater than -20dbs are printed out. The 

code used for power levels from -11 db to -20 db is shown on the plot; Each 

integer or letter represents the power level to within *0 .5  db. These 

diagrams can be used as coutour diagrams of the beam. Plots of the beam ob

tained on a Calcomp Plotter are also shown. These plots are particularly 

helpful at higher declinations where the sidelobes are low. Alongside 

these plots, there are computer printouts of the central part of the beam.

The beam shape and orientation as well as the beamwidth can be roughly judged 

from these by considering the 3 db points.
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Model Number T0810S12

Figure Al-(a)

MODEL NOMBEA T0810S12 . DECLINATION -10.00 DEGREES TRACKING TIME 10.04 HOURS

THE BEAM IS PLOT I£0 BILOW IN TIMMS OF THE POWER LEVELS FOR THE ENTIRE FIE IO  OF V IC*. AIL BLANKS INOICATI POWER LEVELS LESS 
THAN -200B, ALL INTEGERS INOlCAH POWER LEVEL I Oft BEL UW THE MAIN BEAM PLUS OR MINUS 0 . 90BI .LETTER COOING IS  GIVEN BELOW 
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Model Number T0810S12
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Transfer Function Power Levels

Model Number T0820N12 6 = 20°

Figure A4-(a)



Beam Pattern (10 ’ x 10’ )

Model Number T0820N12

Figure A4-(b)

Central Portion of Beam (33” x 33” )

6 =  2 0 °
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Transfer Function

Power Levels

Model Number TO830N12 6 = 30°

Figure A5-(a)
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Beam Pattern (1 0 1 x 10?)

Model Number T0830N12

Figure A5-(b)
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Central Portion of Beam (33" x 33")

6 = 30°
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Transfer Function

Model Number T0840N12

Figure A6-
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Power Levels

6 = 40°
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Model Number T0850N12

Figure A7-(;
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Beam Pattern (1 0 1 x 10 ’ )
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Central Portion of Beam (33M x 33” )

Model Number T0850N12 6 = 50°*

Figure A7-(b)
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Beam Pattern (10T x 10’ )

Model Number T0880N12

Figure A10-(b)
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Transfer Function Power Levels

Model Number T0890N12 6 = 90°

Figure All-(a)



Beam Pattern (1C1 x 10’ )

Model Number T0890N12 <5

Figure All-(b)

Central Portion of Beam (33M x 33")
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