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Milo and Soybeans
The second report, RSL TR 177-59, presents results for milo and soybeans of
an experiment conducted by KU during 1974 to predict the applicability of radar
to classification, maturity, and condition measurements of corn, wheat, alfalfa,

milo, and soybeans; and the masking effects of these crops upon radar soil
moisture response. A wide range of MAS 8-18 GHz instrument parameters were
used during the experiment, which was conducted during the May through mid-
September time period over typical fields in the Lawrence, Kansas, area.

The data indicated that maturity and condition measurements are not feasible for
milo and soybeans due to the effects of soil moisture beneath the vegetation
canopy which strongly influence the backscattered signal at low incidence

angles and the small (1 toc 3 dB) variations in backscattered signal at the higher
angles as the crop matured. However, crop classification studies using the

MAS field data for the five crops investigated produced classification accuracies
of well above 957, depending upon the instrument parameters used and observation
intervals., The data is also valuable in indicating the masking effects of

these crops for radar soil moisture measurements.
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ABSTRACT

The radar backscatter from fields of milo and soybeans was measured with
a ground based radar as a function of frequency (8-18 GHz), polarization (HH .
and VV) and angle of incidence (0°-70°) during the summer of 1974. Support=
ing ground truth was gathered contemporaneously with the backscetter data.
At nadir ¢° of milo correlated highly, r =0.96, with soil moisture in the milo.
field at 8.6 GHz but decreased to a value of r = 0.78 at a frequency of 17.0 GHz.
Correlation studies of the variations of o with soil moisture in the soybean fields
were not possible due to a lack of a meaningful soil moisture dynamic range. At
the larger angles of incidence, however, o of soybeans did appear to be dependent
on precipitation. It is suggested this phenomenon was caused by the rain altering
plant geometry. In general ¢° of both milo and soybeans had a relatively small
dynamic range at the higher angles of incidence and showed no significant dependence

on the measured crop parameters,



1.0 INTRODUCTION

During the summer months of 1974 an experiment was performed to determine
the relationships between the radar scattering coefficient, 0°, of five crop types and
the physical characteristics of these crops. The crops studied were corn, aifalfa,
wheat, milo and soybeans. The intent was to test the feasibility of menitoring the
growth of these crops with radar. By functionally relating o° to certain crop develop=
ment descriptors it was determined that it is possible to monitor the growth of wheat [1],
alfalfa [2], and corn [3]. However, an analysis of the data collected from fields of
milo and soybeans indicates that effective radar monitoring of these crops may not be
possible. For the sake of completeness however, the results of the experiment pertain=

ing to the milo and soybean fields will be summarized in this report.

2.0 GROUND TRUTH DATA AND ACQUISITION PROCEDURE

The ground truth data acquisition procedure has been discussed by Cihlar [4]

and will not be reiterated in this report. The ground data collected were:
(@) Soil moisture on a volumetric basis,mé : (g/cms). (Six samples were collected
at the field points described by Cihlar. Due to skin depth considerations [5] only
the moisture in the top 2 cm was used in the data analysis).
(b) Plant moisture on a gravimetric basis , m, @/g i.e. mass of water per mass
of wet plant matter).

(c) Plant canopy height, h (m).

(d) Precipitation as measured at the Lawrence, Kansas weather observation station.
(Note that the data were collected near Eudora, Kansas, approximately 12 km
East of Lawrence).

Figures 1 and 2 present the variations of these field variables as a function of time as
collected from the soybean and milo fields respectively. Each figure clearly depicts

the variations in plant height. For soybeans the net change in plant height was 1.04



meters while for milo a 0.87 meter net height change was recorded. It should be

noted that while the soil moisture, m, in the milo field showed large fluctuations

as a function of time, the soil moisture in the soybean field remained extremely low

until August 2 at which point the soybean cancpy wes 0.84 meters tall, This point is
important in that the lack of o wide range of soil moisture data severely restricted an
analysis of the effects of moisture in the soil underlying the soybeans on o°. Appendicies

A and B contain the measured ground truth data for soybeans and milo, respectively,
in a tabular form.

3.0 RADAR DATA ACQUISITION PROCEDURE

Scattering data were acquired with the University of Kansas Remote Sensing
Laboratory Microwave Active Spectrometer, 8-18 GHz (MAS 8-18). A detailed descrip=
tion of its operational characteristics has been reported [6] and these characteristics will
not be presented herein although a summary of the MAS 8-18 characteristics is available
in Table I. To reduce the effects of fading on the precision of the scattering data both
frequency and spatial averaging techniques were employed [7]1. Ninety percent
confidence interval estimates for 0° vary between (+ 1.8 dB, =2.0 dB) at nadir and
(+0.403 dB, -0.403 dB) at an angle of incidence (measured from nadir) of .

4.0 TEMPORAL VARIATIONS OF o°

This section presents typical temporal data records of o° for both crop types
under discussion. Data are plotted for various frequency=polarization—angle of
incidence combinations. Appendicies C and D present, in a tabular fashion, all of

the scattering data from the soybean and milo fields respectively.

4.1 Temporal Variations of 0° of Soybeans : y

Figures 3a=b present Oﬁo and ovp as measured at nadir at 8.6 and 17.0 GHz.
At 8.6 GHz, c-l'_l—o and o'\'/'p (Figure 3a) shows a 9.4 dB and 12.7 dB dynamic range
respectively. Neither oﬁo nor cvo, however, significantly correlate with any of the
measured ground truth data. This is true not only at 8,6 GHz but also at 13.0 and
17.0 GHz (e.g., Figure 3b). It is expected if the moisture in the underlying soil had

shown more extreme variations while the soybean canopy was relatively short, o°

would show a significant correlation wzirh soil moisture.



Figures 4a-b present the data record of ono and 0"\70 as measured at an
angle of incidence of 30°. At 8.6 GHz (Figure 4a) both oﬁo and U'Vo show a
definite trend to increase with time. In fact a simple linear regression of o on
time results in an estimated correlation of = 0.819 and ry = 0.879 for the
horizontally and vertically polarized data, Furthermore by regressing o° on plant
height (in meters), estimated correlation coefficients of of = 0.814 and ry = 0.870
were obtained. However, the slopes of the regression lines (in dB/meter) were only
2.2 dB/meter (2.8 dB/meter) for the horizontal (vertical) data. Thus, while at 8.6
GHz, 30°, 5° shows a dependence on plant height, the sensitivity of o° to plant
height variations is quite small. As frequency is increased (Figure 4b),the linear trend
in  0° which was apparent at 8.6 GHz has disappeared. The reduction in this trend
is attributed to rainfall. Consider the 17.0 GHz data collected at an angle of incidence
of 30°. On August 6 and August 22 a dip is discernible in the trend of o, By refer-
ring to Figure 1 it is seen that on both dates a significant emount of rain fell. This
rain was recorded in the early morning hours and did not result in a‘wet crop when data
were collected with the radar. It is felt however that the effect of these rains was to
alter the plant canopy geometry in such a manner so as to reduce the value of g
This phenomenon has also been noted for o of corn fields [8]. For the case of corn
this trend for 0° to decrease following a rain wos more marked es both frequency and
the angle of incidence increased. Again this is the case for soybeans os can be seen
in Figures 5 and 6.

Figures 5 and & present 0° as a function of time as measured at angles of
incidence of 50° and 70° respectively. Note that not only do oﬁ-o and cvo show
a marked dip on August 6 and 22 but also on August 2. From Figure 1.it is seen that
while no rain was recorded in Lawrence on or shortly before August 2, the measured
soil moisture showed that indeed it had rained at the observation site shortly before
the August 2 data were collected. Furthermore it should be noted that the effect of

the rain increases with both frequency and the angle of incidence.

4.2 Temporal Variations of 0° of Milo

Figures 7 through 10 present the temporal variations of Oﬁo and ovo

of milo at four angles of incidence at 8.6 and 17.0 GHz. If we compare the soil
moisture history as shown in Figure 2 to the o history as measured at 8.6 GHz at

nadir (Figure 7a) it is apparent that soil moisture had a significant influence on °
as measured at nadir.




The estimated Imeur correlation coefficient between a—o (oy ) and soil moisture
is 0.920 (0.956). If however we increase frequency $h3.0 GHz the dependence

of oﬁ'o and ov on soil moisture appears to have lessened. This is reflected in

the values of the estimated correlation coefficients of the horizontally and verticaily
polarized data which are 0.710 and 0.762 respectively. Finclly at 17.0 GHz
(Figure 7b) the correlation coefficients are 0.626 and 0.784. It is felt that the trend
for the dependence of 0° (as measured at nadir) on soil moisture to decrease with
increasing frequency is the result of increasing attenuation, which increases with
frequency, caused by the milo canopy.

Figures 8 through 10 present the temporal variations of © © at the higher angles
of incidence and at the higher frequencies. The lack of any meaningful dynamic range
at these angles and frequencies is one indication that it is quite difficult to develop
any significant functional relationship between 0 and any of the crop development
descriptors. Efforts were made, however, to develop such relationships with little
success being achieved.

5.0 ANGULAR VARIATIONS OF ¢° OF SOYBEANS AND MILO

This section will briefly present the angular response characteristics of
soybeans and milo as measured during 1974. The response as measured on three dates

will be presented for each crop type along with a short comparison of these data with
data collected in 1973 [8].

5.1 ﬁﬂgulqr Variation of o° of Soybeans

Figures 11 and 12 present the angular variations of Oﬁo and Ovo of soybeans at
8.6 and 17.0 GHz. From these figures it is again apparent that o® shows little response
to temporal changes at the higher angles of incidence. It is interesting to note ,lmowever,
that ¢ as measured in the 60°=70° range is rather low. In Figure 11a for example
o;° between =16 and =19 dB at 8.6 GHz at 70°. It is also notable that at 8.6 GHz,
O_H'O as measured at nadir on July 24 is about 8 dB higher than the remaining two
values of GI-T°' Since the soil moisture was quite low on July 24 as compared with
that as measured on either June 27 or on August 22 it seems that the variations in o°
at nadir are significantly influenced by factors other than soil moisture. These factors

are probably the macro= and micro=geometry of the plant canopy.



The same effect at nadir is also evident at higher frequencies (Figures 12a

and 12b) although the curves of o versus the angle of incidence assume rather
different characteristics from those ot 8.6 GHz. This is certainly expected, however,
since the canopy geometry, which is described in terms of the signal wavelength,

will vary with signal frequency.

Figures 13 and 14 compare data collected in 1973 [8] and 1974. These two
sets were chosen to provide a mid-range value of canopy height and because of the
very similar characteristics of the two crops. The agreement between the 1973 and
1974 data is good, particularly at angles of incidence in the 10° through 60° range
although OVO at 17.0 GHz shows disparity in the 30° through 60° range.

5.2 Angular Variations of ° of Milo

Figures 15 and 16 present the measured angular variations of oﬁo and 0'\70
of milo as measured in 1974, Data are depicted as measured on three different
dates during the growing season. In contrast to the angular response of o of
soybeans, the o2 versus angle curves show a trend toward convexity, particulkarly
at the higher angles of incidence and at the higher frequencies. In fact it is interest=
ing to note that the trends of 0° at 17.0 GHz are nearly Lambertian in nature.
Figures 17 and 18 compare data collected in 1973 [8] and 1974 from two
milo fields. While the absolute agreement of these data is not quite as good as that of
soybeans, the trends in the response of o° are certainly comparable in the 10°

through 70° range of incidence angles.

6.0 CONCLUDING REMARKS

1. Because of a lack of wide range of soil moisture data when the soybean
canopy was immature it was not possible to determine the ability of the MAS 8-18
to penetrate a soybean canopy. It was determined, however, that it is possible to

penetrate a milo canopy with X=band signals and to make certain inferences as to the
amount of moisture in the underlying soil.
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Figure 1. Data record of plant moisture, soil moisture, and plont height as collected from the soybean field.
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Figure 14. Angular response of o7 (14a) and oy° (14b) as measured in 1973 and 1974 at 17.0 GHz. These
data were chosen for comparison based on field condition similarities.
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Figure 15. Anguler response of off° (15a) and oy” (15b) of milo as measured at 8.6 GHz. Three
curves are presented representing different crop conditions which are noted in the figure.




Soil Crop Percent
Moisture Height Plant
(g/cm3)  (m) Moisture Date
- 0.04 0.30 0.8 712714 ——=n

0. 26 0.92 0.81 8§74 —=——-o
- 0.15 .17 0.71 917714 ——>
= Crop Type: Milo

Frequency (GHz): 17.0

$ Polarization: HH

20 ! 1 1 1 1 © U5
RGN WX 4 a0 600
Angle of Incidence (Degrees)

(16a)

Figure 16. Angular response of cﬁo (16a) and

Soil Crop Percent
Moisture Height Plant
(g/cm®)  (m) Moisture Date
8r 0.04 0.30 0.8 712/74 ——a
0. 26 0.92 0.81 8§74 ==-=-2
4+ 0.15 .17 071 91774 =——>
ok Crop Type: Milo
Frequency (GHz): 17.0
S -4 __Eolarization: vV
- W g
5 s}
1l N
12 \
-16_
-20 1 1 1 1 1 1 J
Bl 220 30 0 a0 10
Angle of Incidence (Degrees)
(16b)

° (16b) of milo as measured at 17.0 GHz. Three

curves ore presented representing different crop conditions which are noted in the figure.



Soil Crop Percent

Moisture Height Plant
(g/cm®)  (m) Moisture Date
8- 0.08 0.85 0.83 &6/ —=
0.11 0.92 0.80 819/74 =——-o
4
ok Crop Type: Milo
Frequency (GHz): 8.6
& -4 Polarization: HH
=
R o
B -8
-12 o
o~
161 S
-20 i 1 1 ] 1 ] |
0710 20 30 40 5 60 M

Angle of Incidence (Degrees)
(17a)

Soil Crop Percent

Moisture Height Plant

(g/cm?®)  (m) Moisture Date

- 0.08 0.8 0.8 &1 —a
0.11 0.92 0.80 8/19/74 ==—-e

" Crop Type: Milo

Frequency (GHz). 8.6
Polarization; VV

-20 1 1 | I 1 1 M
0108 30 -8 N W0
Angle of Incidence (Degrees)

(17b)
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These data were chosen for comparison based on fleld condition similarities.
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APPENDIX A: Ground Truth Summary for 1974 Soybeans
Scattering Experiment.



I-v

SOYBEANS GROUND TRUTH 1974

Soil Moisture (g/cm®) % Plant Plant
Date N M F Moisture Height (m)
June 27 a1 1 .09 84 16
July 3 08 .07 .09 82 21
July 9 g1 a3 .10 82 31
July 15 .07 .06 .05 82 44
July 19 .06 .07 .06 82 56
July 24 .06 .06 .06 81 66
July 26 .05 .07 07 82 66
August 2 .09 .14 14 81 84
August 6 .33 39 .33 81 86
August 9 o22 .29 28 81 105
August 20 31 .30 .29 79 120
August 22 .34 3 34 80 120

N = near range sample M = medium range sample

F = far range sample




APPENDIX B: Ground Truth Summary for 1974 Milo Scattering Experiment.



MILO GROUND TRUTH 1974

Soil Moisture g/cma) % Plant Plant
Date N M Moisture Height (m)
July 12 .04 .04 .06 86 30
July 18 .02 .02 .03 86 46
July 25 .03 .03 .03 84 71
August 1 .03 .03 .03 82 77
August 7 a7 .26 .26 81 92
August 19 .13 A1 12 80 92
August 21 07 .09 07 78 92
August 29 .30 32 .31 78 112
September 17 .15 .15 17 71 117

N = near range sample

M = medium range sample

F = far range sample



APPENDIX C: Soybeans Scattering Coefficients, 1974,




Averaged Sigmao Soybeans, June 27, 1974

ANTENNA ANGLE O

FREQ

FOL FF
FOL VV

8.E 9.4 10.2

—L.S '6.“ '&!2
'2.“ '3-9 ‘2.5

ANTENNA ANCLE 10

FREQG

FOL HKH
FOL vv

8.€ .4 10.2

=G0 =949 . =8,9
-8.3 =8.5 "7.5

ANTENNA ANGLE 20

FREG

FOL kb
FOL VvV

B.6E 9.4 10.

n

=10.€ -Q,.,8 -9,¢

D eltic =995 W AT o f

ANTENNA ANCGLE 30

FREG

FOL HF
FOL Vv

8.6 4 10.¢

‘11.8 '1009 '10.5 e

=9.7 =9.4 =8.6

ANTENNA ANCLE &0

FREQ

POL HH
FOL Vv

8.E 9«4 10,

ny

'13-3 ‘13.7 -11.4 =

‘1007 =10.4 -9.?

ANTENNA ANGLE 50

FREGC

FOL HH
FOL Vv

8e6 9.4 10.2

11.0

-T-h
-E.b

11.0

-6,9
=65

11.C

10.6
-8.6

11.0

11.4
-%,9

11.0

-1“.2 -ikls =13+ =12.7

ANTENNA ANGLE 60

FREQ

FOL HE
FOL Vv

'16.5 -1509 '1“0

8.€ 9.4 10,

ny

[ ==Y e ]

=13.8 =-13.4 -13.

ANTENNA ANGLE 70

FREG

FOL HH
FOL VvV

846 9.4 10.2

=11.9 =12.3 =11.4 =-11.4

11.0

14,4

'12.8

11.0

=18¢5 =178 =-16+S =1€.0
=1Be€ =1tE.3 =15.3 =14,2

ORIGINAL PAGE IS
" - OF POOR QUALITY

11,8

”8-7
-7.2

11.8

‘7.2
=6.€

11.8

-g,0
'?o5

11.8

'100&
=-8.6

11.8

-12.°0
=-10.1

11.8

=14.(
-12.2

11.8

-15.5
-13.9

13.0

'2-2
=1.6

13.0

=549
'6-0

13.0C

=-Te9
-7.7

13.0

‘10.“
-8.4

12.0

=-10.6
-8.2

13.0

-11.8
-9.3

13.0

=13.3
=10.7

13.0

=15.2
'12.9

13.8

-3.1
=15

13.8

'6.5
=Le5

13.8

-10.9
'6-2

13.8

-1002
'701

13.8

'1107
'702

13.8

-11.9
-93.3

13.8

'13.6
-11.4

13.8

=-15.7
-13.0

14,.E

2.0

=2
°
o

1L4.E

-5.2
-3 .8

14,.€

8.1
=6 eb

16.6

-9-?
-7 1

1L €

-10.7
-9,2

ik .6

=11 .4
-9,7

14.€

-13;&
-10,7

4.6

-1“09
-12.8

15.4

=40
.3 .2

15.4

‘5'5
=68

15.4

8.1
‘?.?

15.4

-10.0
'802

15.4

-11.0
-8.8

15.4

-12.9
‘11.3

154

-14.4
‘13-“

16.2

'Q93
=4,.8

16.2

-5.2
-5.9

16.2

‘708
'8.0

16,2

'1006
'907

16,2

-12.1
-10.1

16.2

-13.7
’11.1

16.2

-1&.2
-12.8

16.2

'16.8
-1&-5

170

-He5
‘5.0

17.0

=9,6
'302

17.0

-11.3
'10.5

17.0

-13.3
-10l2

17.0

'1“03
‘110“

17.0

-1509
‘13.1



ANTENNA ANCLE 0

FREGQC 8.8 ERL
FOL Hk =Leo7 =640
FOL VU -bel '6.7

= ANTENNA ANGLE 11

FREG 8e.€ Sl
FOL Bl =20.0 11,8
FOL VvV 7.2 .

ANTENNA ANGLE 20

FREG 84€ 9.4
POL HH =T«6 =9,6
FOL Vv “Te3 =9ed

ANTENNA ANGLE 30

FREG 8.E 9.4
POL HE =10.4 -11.5
FOL Vv -100k '917

ANTENNA ANGLE 40

FREGQ 8.6 e ls
FOL HH =12k #1245
FOL Vv -16.€ =-10,.,5

ANTENNA ANGLE 50

FREQ 8.6 9.4
FOL HHK =12.9 =11.7
FOL Vv =111 =12.1

ANTENNA ANGLE 60

FREG 8.6 9.4
POL VV =j 2«5 =12.9

ANTENNA ANGLE 70

FREG Be.6 e b4
FOL HF -l?ou ‘16-6
FOL VvV -15.1 -14,5

Averaged Sigmao Soybeans, July 3, 1974

10.¢

'6.1
-Cely

10,2

-7l
-3.E

10.2

=845
-9,C

10.2

-Gk
=845

10.2¢

'11.0
-905

10.2

'13-1
-11.8

10.2

=-15.4
=13.€

11.8 13.0
=B.6 =5,6 =5,4
=79 -5.8 -2+9
110 118" 13.8
“Ce8 =6.0 =7.0
=449 '6.3 -605
1140 118 138
-8:.5 -6.8 =8.2
=79 =-5.6 =76
1140 11.8  13.86
-C.b '8.? -8.8
=849 —?.8 '6.6
11.0 11.8 13.0

-10-3 ‘100“ -8.8
=R,.6 =-9,.,0 -6+9
11.0 11,8  13.0

=11.2 =104 =103

-10,2 =9.6 =8.2
11.0 11.8 13.0

-12.6 =-12.2 '11.5

-11.8 -10.9 -9,7
11+0 %11.8 '13.0

'1“.9 '1“-0 '13.“
'13.1 ‘12-“ '11.8

=2

13.8

'700
-b.S

13.8

9.4
'?oﬂ

13.38

'9.1
-~6e2

13.8

-11.0
=84

13.8

-12.4
"10-2

13.8

-14.1
'11.7

14«6

‘5.3
'002

14.€

‘6.“
5.3

14.€

-6 o l4
645

14.6

'7.1
“5.6

14,6

~843
'6.2

1Lk.E

-1005
'302

14 .6

~11.4
=9.7

14,.E

«13.5
'11-0

15.4

'3.6
=19

15.4

‘6.6
=5.1

15.4

‘702
‘702

15.4

‘608
‘6-7

15.4

“6.8
=6.1

154

-10.3
-8.2

15.4

-11.0
'9’9

- 154

'13.0
‘1103

16,2

-5.8
=3.6

16.2

-843
-606

16.2

=-Q.1
=Bels

16.2

16.2

‘1200
'909

16.2

'13-0
'1101

16.2

=14.6
-13.1

17.0

-6el
‘3.0

17.0

-8.8
-5l

17.0

-10.0
'708

17.0

-10.4
-7.7

17.0

=11.4
-7.9

17.0

=-12.C
'901

17.0

-13.2
‘9.8

i7.0

'1“-6
'11.8



Averaged Sigmao Soybeans, July 9, 1974
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Averaged Sigmao Soybeans, July 19, 1974
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FOL PF -1201 -1105 -1007 ‘10-2 ‘9.3 -8.8
FOL vV 11,2 =11.0 =9.,5 =8.7 =T+s9 =645
ANTENNA ANCLE 60
FREG 8.6 9o 18.2 1110 "11.8 13,.C
FOL Hk 21349 =13.,9 =12.,7 =12.0 =-11.2 =10.7
FOL {A) =12.4 =12.2 -11.2 -10.8 -9,5 -6€
ANTENNA ANGLE 70
FREQG 8eBb Se& 10,2 11.0 11.6  13.0
FOL hF =16e3 =158 <1447 =14.0 =-13.3 -12.8
FOL VvV “14e6 ~1L,4 =13.€ =-12.3 =-11.7 -11.0
: c-5
¢ PAGE I8
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13.8

£ W

13.8

5.1
-302

13.8

'5-?
-“QD

13.8

“Be7
'501

13.8

8.2

13.8

-9.9
'6.5

13.8

'11.1
-7.0

13.8

“13.4
-11.0

14,6 15.4
b 5.9
5.1 42

14,6 15.4

=L .06 «=3.3

-2.? .2.9

14.6 15.4

-6e1 =449

-308 -“-5

1446 15.4

-7.2 '5.?

'“05 ‘5.3

14,6 15.4

=70 '?oﬂ

'koa '“05

14.6 15.4

“8.9 =7.9

5.5 <=B.4

146 15.4

-10.4 =9.9

5.7 “6.8

14.€ 15.4

=122 =12.3

1€.2

’5-0
=-3.5

16.2

-slg
-5.7

1€.2

-5+9
-6el

1.2

'8-3
-602

16,2

-9,2
'7.7

16.2

-11.2
=745

16.2

-13.0

17.0

=5.0%
=3eD "

17.0

=H.9%
-5.7'

17.0

-6.9%
'6.1'

17.0

~B8.3%
e

17.0

-9,2%
-TeT*

17.0

-11,.,2*%
-?QS.

17.0

'13.0‘

w4 A bt 3 »11.6 =1 S0,



ANTENNA ANGLE 0

FREG 8.6 9.4
FOL HEk 3.8 2ok
FOL Vv Lol 3.6

ANTENNA ANGLE 18

FREQ B.E 9.4
FOL FE -705 '7-7
FOL vV =7e0 =7.3

ANTENNA ANCLE 20

FREG 8.6 ERY
FOL Hk =94 =-8.6
FOL vv =Tesl “ =843

ANTENNA ANGLE 39

FREQ 8.6 Seb
FOL kP =9,2 =9.9
FOL Vv -8.0 =-8.8

ANTENNA ANCGLE 40

FREQ 8.6 Gely
FOL HKFk =11.1 -10.9
FOL Vv -10.4 =9.4

ANTENNA ANGLE 50

FREG 8.6 ek
FOL HH ‘11.9 -10.9
FOL VvV =10.3 -11.1

ANTENNA ANGLE 60

FREQ 8.€ els
FOL kh 13«4 =12.,6
FOL Vv =12¢3 =123

ANTENNA ANGLE 70

FREQ 8.6 Sk
FOL HK =16.0 =15.8
FOL Vv =14.8 =14.9

Averaged Sigmao Soybeans, July 24, 1974

10.2

Ul
e o
~N o

10.¢

=54€
'S-E

10.2

-8 ,2
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10.2

-9,
-9

N

10.2

‘10.“
'10-1

10.2

-12.0
-11.2

10.2

=144 &
-13.6

11.0

Je?
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11.0
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11.0

-10-1
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11.0

=11.6
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“1400
-12.9

11.8

11.8

'“09
'“oi

11.8

-5a.1
=4 o6

11.8

=75
-6.3

i1.8

-7.9
'6-7

11.8

_g.?
'8.6

11.8

-11.1
'10-0

11.8

'13.&
-12.2

C-6

13.0

-509
~Lg.b

13.0

'700.

'5.8

13.0

-7.8
-6.6

13.0

=87
'7.3

13.0

'1“.3
=9,2

13.0

-11.9
=10.6

13,0

‘1“.1
‘12.9

13.8 14.06
betl 3.
5.1 4.9

13.8 14.E

-5.2 -La1

'2.9 =26

13.8 14.6

-Delt -6e3

-hel =-3.8

13.8 14.6

‘608 '7.0

-5.1 -5¢3

13.8 1446

'802 '802

=6e5 “6eb

13.8 14.6

-10-3 ‘9.8
=-8.0 77
13.8 14,6

-11.1 -11.0

=9,.,3 ‘8.?
13.8 14.E

-13.6 =-13,2

-11.56 =11 .4

15.4

O R
® o
N o

15.4

-3.1
2l

15.4

'5.6
'“.2

15.4

'6.“
5.4

15.4

'5.2
=7 o4

154

-12.3
-1009

16,2

(AN
e @
£ W0

16,2

-5-3
-5.1

16.2

-6¢3
'503

16.2

=-T7.8
'5.7

16.2

”9-6
-8.8

16.2

'11.“
-10.0

i6.2
&
‘1305

«12.0 =105

17.0

‘502
-302

17.0

-6.8
-boly

17.0

=75
'5.2

17.0

-84
-5.8

17.0

=3,5
'-7.2

17.0

'11.“

=843

17.0

-13.6




ANTENNA ANGLE O

Averaged Sigmao Soybeans, July 26, 1974

FREG 8.6 Fels 10.2 11.0 11.8

FOL kF Le? 2e2 2.0 1.0 2t

FOL Vv 5.8 5.0 L.8 1.6 2.9
ANTENNA ANGLE 10

FREG BeE 9.4 10.2 11.0 11.8

FOL FKF =Telh =649 =U,C =5,8 =5,2

FOL VV -5.? 6.6 Lol . =4 4B -406
ANTENNA ANCGLE 20

FREG 8.6 Gelii i The @ w180 11,8

FOL HF -8-2 -?.7 '6-0 -605 "5.0

FOL vV "7-6 -7l =68e5 =53 =45
ANTENNA ANGLE 390

FREQ 8.6 Oals'- 1842, 110 11.8

FOL FkF =9¢1 =9e2 =B8Be3 =7.7 =T,.8

FOL Vv "'8-2 '8.1 ~6eTl -603 "#09
ANTENNA ANGLE 40

FREG 8.6 9.4 10.2 11.0 1i.8

FOL HH =10.0 =-1C.6 -8.7 =£8.5 -7.8

FOL 'A" "eue -9,.1 "'?.E '705 '6.9
ANTENNA ANCLE 50

FREQ 8.6 Gsh 11,2 110 11.8

FOL Hi =11.¢ -11.7 =Qs & =-Co.lk "9.""‘

FOL Vv =949 =10e2 =B.6 <=8k =7.H
ANTENNA ANGLE 580

FREG 8.8 Q.4 10,2 11.0 11.8

FOL RF “13.1 -13.,2 -11.8 -10.9 =-10.%

FOL Vv =12.0 =-12.3 =11.0 =-9,.8 =9,5
ANTENNA ANGLE 70

FREQ 8.€ Delei 1029 1140 1148

FOL FF =1%e+2 =15¢1 =143 =13.1 =-13.0

FOL A"} =-13.9 =14,2 -13.0 =-12.0 -11.1

C=7

13.0

=-3.8
"“.5

13.0

-5 «9

'501

13.0

'7.U
‘501

13.0

‘7.7
ek

13.0

-G,.6
=75

13.0

=11.3
=9,5

13.0

13.8

& F
L ] -
N~

13.8

'208
=-3.0

13.8

=-5.2
-3.5

13,5

-6.8
-“¢3

13.8

'7.7
=5.0

13.8

‘1005
-8.2

13.8

‘13-1 '12!“
=115 =101

14.6

-5 05
'3.?

1L,6

-64+8
-h;3

14.6

'7."0
'5.“

14.6

'8-3
“Be7

14 .86

-10-&
=84

i4.86

'12.2
=9,.9

15.4

'3-9
=33

15.4

'“.8
=3.2

15.4

'508
=3.5

is5.4

'?'3
'“og

15.4

9,2
f?-q

15.4

-11.1
=9,6

i6.2

£ o

O W

16.2

-&.2

-L4a0

16.2

-5.?
=4e5

16.2

-60“
'500

16,2

'7-3
-5-6

16,2

-8.4
€7

16.2

-10.7
=8.5

1€.2

-12.1
-10 .3

17.0

Sel
beb

17 .0

=43
=29

17.0

-5.0
=34

17.0

-Gck
L2

17.0

‘7.0
-L4el

17.0

=78
fhoa

17.0

-10.3
-7e2

i7.0

-11.7
-9.0



ANTENNA ANGLE O

FREG L
FOL HH Dok - =Lub
FOL v\ 1.9 agss

ANTENNA ANCLE 10

FREG 8.6 Gely
FOL HK =5el =Heb
FOL Vv Lol ~=La7

ANTENNA ANGLE 210

FREQ B.€ 9.4
FOL HE =7.2 =7.5
FOL vV -6l =6.9

ANTENNA ANGLE 30

FREG 8.8 Gel4
FOL KK -Ba.b Be.8
FOL uv "?ni -7.6

_ ANTENNA ANGLE 40

FRECG 8.€ EP
FOL HK =97 =99
FOL VvV e =849

ANTENNA ANGLE 50

FREG 8.6 Jels
FOL HFk -11,2 -11.6
FOL Vv -9.6 =-10,5

ANTENNA ANCLE &0

FREQ 8.6 9.4
FOL HH =13.1 =13,3
FOL Vv =117 =12.:3

ANTENNA ANGLE 70

FREQG 8.6 9.4
FOL H+ =15.€ =15.4
FOL vv “13.9 =14.2

Averaged Sigmao Soybeans, August 2, 1974

10.

n

=08
0.

13.2

"1-005

=%3eE

10,2

“702
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8.4
'6.3
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'1&07
-13.1

11.8 12.0
0.7 ‘007
-0.4 =1s1
11580 3.0
-5.0 ‘5-?
""0-3 -QOS
11.8 13.6
-5.4 ‘609
-“05 -5.2
11.8 12.0
7«5 =8.3
“5.8 =6.2
11.8 " 13.10
-5.7 '806
‘702 "703
11.8 13.0
=9.6 =10,3
=87 -900
11.8 13,0
“11.S =12.2
-10.4 =-10.8
11.8 13.0
=13.9 =144
=12.3 -12{6

C-8

13.8

-500
'306

13.8

'7.9
L8

13.8

'8.7
-6.5
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-10.2
'8.1
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14,6
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-7 o

(=N}
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14.€

-13).6
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15.4
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-l o2
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=5.9
-l4.5

15.4

-5.8
“4Le9

15.4

'806
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154

“10.6
-8.9

15.4

e

g N

16,2

-1-6
=17

1€.2

‘5-5
=445

16.2

-6.1
-5.5

1€.2
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-6.2

16.2

-8l
e (D

16.2

'1003
-B-T

16.2

=-12.1
-10-‘0

16.2

'1“.5
-12.7

17.0

-1.3
-0.2

17.0

’uob
-2.3

17.0

=5.7
-3-1

17.0
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=-3.9

17.0

-7.6
-‘*.5

17.0

-11.3
-8.1

1730

'1305
=9,9



>

ANTENNA ANGLE @

FREG 8.6 9Yeb
FOL F+ 5 R
FOL VvV gl 143

ANTENNA ANGLE 173

FREC 846 ERL
FOL alad -6.6 -?DD
FOL Vv L7 -bels

ANTENNA ANGLE 20

FREG 8.6 94l
FOL FF -7.C =81
FOL WV RO R R

ANTENNA ANGLE 30

FREC 8.€E Sels
FOL HR “10e0 =13.C
FOL v\ -7.7 -8eb

ANTENNA ANGLE &40

FREQ B8 90k
FOL HH ~11.0 =11,0
FOL VWV =944 =9,2

ANTENNA ANGLE 50

FREQ 84€ CIA
FOL KK -12.8 =13,.6
FOL Vv -11.2 -11,2

ANTENNA ANGLE 60

FREQ Be6.  9ab
FOL F+  =15.Z =15.4
FOL Vv =13.1 -13.8

ANTENNA ANGLE 70

FREQ 8.€ el

FOL kK - @ -18.3
FOL - ¥N (- § *LRR

Averaged Sigmao Soybeans, August 6, 1974

10.2

-503
=-6e5

10.¢

‘10.0
'Bog

10.2

-12,.8
'10.5

10.2

‘1502
’12.&

10.2

‘17-8
'16-
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11.0

C.1
0.1

11.0

‘7 .5
'7.0

11.0

=8.6
-8.1

11.0

=104
=CQe2

11.0

-12.4
-1006

. 11,0

=14 .6
-12.7

11,0

‘1&00
‘1508

11,8

'0.&
0.5

11.8

-He2
'405

11.8

=72
-6. 6

11.8

‘910
"6.&

11.8

=9.4
-8.8

11.8

=312+3
-10.€

11.8

-iL.. 4
'12;3

11.8

=-16.9
=15.2

C=2

13.0

6.8
-6el

13,0

=79
=6ed

13.0

=9.€
"7.7

13.0

‘12.6
‘10-8

13.0

-15.2
=13.5

13.0

‘1&.1
‘1507

13.8

N =
e e
N =

13.8

-? 3
'“08

13.8

‘8.1
=542

13.8

=8.9
“6.3

13.8

"'10.3
’Tc?

13.8

-12.6
‘9-3

13.8

-15.2
=12sc

13.8

'17.9
'1“.7

14.6

nN
.
[£VRN ]

14.86

e
‘5.1

14.€

'6.7
=540

14.6

=849
-boly

1“.6

-10.8
'7.5

14.€

‘12.6

=-9.6 .

14,6

-14,¢
’1201

iL.86

=17 .4
-1407

15.4

o~

15.4

L.06
-‘0.0

15.4

-7-0
=5e2

15,4

'7-6
-6k

15,4

'9|2
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15.4

-11.6
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15.4

'13.9
«12+3

15.4

-1617
‘1“.7

16.2

=69
-6.0

16.2

-8.0
-6e1

16.2

'11.2
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16.2
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'1008

16,2

<1543
=13.3
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-16.0

17.0
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17.0

-15.6
'11.9

17.0

=-18.0
14,5



ANTENNA ANCLE 0

FREQ 8K 9

FOL HEk 2.0 =0,3
FOL VvV el i.0

. ANTENNA ANGLE 10

FREQ 8.6 9.l
FOL kF =7.0 =8,2
FOL VU "5.7 "6.1

ANTENNA ANGLE 20

FREQ Be€E 94l
FOL HH -7e4 =849
FOL Vv 6.0 =745

ANTENNA ANGLE 30

FREG B+E  9abs
FOL HH “9.0 -10.4
FOL WV =7.7 =8.5

ANTENNA ANCLE &0

FREQ 8.€ 9.4
FOL hk '11-0 '11.7
POL VV =-8.0 “10.1

ANTENNA ANCLE 50

FREC 8.6 ek
FOL HH '12.? *1“.0
FOL Vv =1lis € -1109

ANTENNA ANGLE 60

FREQ 8.8 Feb
FOL FkF -15.1 -15.5

FOL Vv =1242 =13.5

ANTENNA ANGLE 70

FREG 8e.€ Sebk
FOL HHE '1802 -1808
FOL VV '15.6 =164

Averaged Sigmao Soybeans, August 9, 1974

10,2
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=646 -T.G

=57 ‘Sog

11.8 13.°7

=9,0 =8.4

-6eC -6e2

118 130

'10-1 '10.5
-840 =842
11,8 ‘13:0
=123 =127
-10.5 =-11.0
11.8 13.0
'15-0 =15.5
-11.,9 -13.2
1.8 13.0
-1705 '17.9

=153 =156

c-10

13.8

-0.7
=0.2

13.8

5.9
=445

13.8

=B o7
—600

13.8

"10 .7
=6e5

13.8

=12.7
-3.9

13.8

-1503
-11-7

13.8

‘18.2
-14.3

iL,e

'0.9
=1.5

14.6

€ .8
'3.“

14.€

“Bels
-3.8

14.8

-Te7
‘5.5

i4,€

=-9,.6
=645

i4.06

-1205
'9.2

14.€

=315.2
‘11.2

14 .6

-17-2
-1‘4.“

15.4

-0.8
=-0.8

15.4

'6.“
-3als

15.4

=55

15.4

=79
542

15.4

'809
‘6.9

154

-11.7
=9,6

154

'1“02
'1019

15.4

=1€.6
-1“.5

16,2

=1,

N~

16.2

"7-6
-5e7

16.2

-3,0
-eos

18.2

‘10.6
‘805

16.2

'1303
-10.3

1642

'15-3
=-12.6

16.2

=18,0
-15.8

17.0

‘3.5
-0.7

17.0

-6.9
-3.3

i7.0

-7.7
L4

17.0

=-8.0
""0.2

17.0

‘10-0
-bels

17.0

-1207
-807

17.0

'15.1
'10.9

17.0

=16.5
=-13.9



ANTENNA ANCLE 0

FREQ 8.6 Q.4
FOL HP "1-6 '3.1
FOL Vv -0e2 A4

ANTENNA ANGLE 10

FREG 8.6 Se.b
FOL HKF =5e¢5 =Cels
FOL VV -‘0.5 -5.3

ANTENNA ANGLE 20

FREG 8.6 ek
FOL HFK “7e3 =749
FOL VV -508 -6.2

ANTENNA ANCLE 30

FREG 8.6 S.4
FOL H¥ =8.3 =8.8
FOL Vv -6 e?2 -5e9

ANTENNA ANGLE &0

FREG 8.6 9.4
FOL HF =9.8 =10.0
FOL VvV mleds = d

ANTENNA ANGLE 50

FREQ 8.8 Sl
FOL HE -11-2 -11-‘1
FOL VV -802 -9-0

ANTENNA ANGLE 60

FREG 8.€ ERL
FOL HH -12.4 =12.7
FOL WV =8+7 =9,.6

ANTENNA ANGLE 70

FREG 8.€ 9.4
FOL FKF =150 215.2

FOL VvV -10.7 =11.6

ORIGINAR. PAGE IS
OF POOR QUALITY

Averaged Sigmao Soybeans, August 20,1974
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=441
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11.0

-11.8
-847

11.0

=13.6
-10.9

11.8

-2.0

0.5
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13.0

-2 .6
“leb

13.G

"5.7
4ol

13.0
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-2 els

i4.6

-4 .g
-3 o1

14.6

=8.,2
-5.2

14.E

"'9c5
"602

14.6

-10 07
'707

14,6

=-12.9
-9,8

15.4

'402
=206

15.4

-4 ed
=29

1544

'5.7
=37

15.4

-7 .0
-Lael

15.4

15.4

‘10-0
-7 o4

15.4

‘12.3
=9,.7

1€.2

-5-9
"‘1.0

1€ .2

"5-8
=-3.9

16.2

'805
'6.5

16.2

-10.0
‘-7.“

16.2

'11.2
-8.6

16.2

"1302
'1009

17.0

'5.7
"209

17.0

-5.8
'3.2

17,0

-7.3
-3.9

17.0

=846
'5.2

i7.0

=-3,.,8
-6e2

17.0

'13.3
=95



|

ANTENNA ANGLE O

FREQ 8.6 Er
FOL hH =3¢3 =4L,3
FOL vv =1 =FaS

ANTENNA ANCGLE 10

FREG 8.€ el
FOL HF =5,.,¢& -6e0
FOL Vv -Le5 =54

ANTENNA ANGLE 20

FREG 8.6 9.l
FOL FF =70 =7.8
POL VV =€e3 -6k

ANTENNA ANGLE 30

FREG 8.E 9.4
FOL HH '805 -10.0
FOL VvV =71 -8,2

ANTENNA ANGLE 40

FREG 8.6 el
FOL FF -10.8 =11.5
FOL A =849 ‘902

ANTENNA ANCGLE 50

FREG 8.8 Seb
FOL HKFk -13.4 =12.9
FOL Vv -10.8 -11.1

ANTENNA ANCLE 610

FREG B.€ Sel
FOL HF =15.1 =15,.8
FOL Vv =11.,5 =12,9

=

ANTENNA ANGLE 70

FREG 8.6 el
FOL kb =173 =17.2
FOL vv -13.2 =-14.2

Averaged Sigmao Soybeans, August 22, 1974

10.2

‘3.0
i T

10.2

-10.€

-8.1

10.2

=12:2
-10.3

10.¢2

'1“.6
'12.3

10.2

'1?01
'13.8

11.0

=6.0
-4L4.9

11,0

=61
'5-5

11,0

'705
'6-8

11.0

-11.6
=10.3

11.0

‘1“00
-11.8

11.0

-1600
-13—.6

11.8

-3.2

11.8

'5.3
-3.8

11.8

=71
‘5-5

11.8

-8-6
‘6-5

11.8

-10.1
'7.1

11.8

-11-1
"9.“

11.8

-1305
-11.¢

11.8

‘16.2
‘13.9

C-12

13.0

=440
-2.8

13.0

'5.8
-Le7

13.0

=647
=5.1

-9,2
—6.3

13,0

'10-5
8.4

13.0

-11.9
-10.0

13.0

’13.8
=124

13.0

-15.4
-13-5

13.8

=3.3
=-2.0

13.8

4.7
-3.8

13.8

'6-3
'3.9

13.8

-805
-503

13.8

-9,8
-6-5

13.8

'11-8
-9,.,9

13.8

-1!#.1
'11-3

13.8

-1601
-1301

14, €

-3k
.107

14.€

'5.0
'3-&

14.€

‘6.1
'hou

14 .€

'8;7
‘5.2

14.6

-12.0
-9.&

14 .6

'13.5
-10.8

14.€

‘15.“
=12.6

154

-205
=1k

15.4

'2.9
-2.8

15.4

'6.7
-5|1

15.4

-?.5
“Bel

15.4

'1006
-8 4

15.4

-12.8
'1005

15.4

'1“07
=12.E

1.2

-‘4.1
=25

16.2

-5-3
‘QQB

1€.2

=E+5
-5els

1€.2

'501
-6.9

16,2

-12.2
=-9,7

1e.2

=14.1
'1109

1€.2

-15.5
“13-9

17.0

Lok
=242

17.0

=L oA
-4e3

17.0

-10.0
"T.l

17.0

'12.1
‘805

i7.0

=-13.8
-10.6

17.0

'15.3
=12+1



APPENDIX D: Milo Scattering Coefficients, 1974,



ANTENNA ANGLE O
FREO 816 9-4

POL HH -9:9 =9.,0
POL 'VV =7:i4 =8.5

ANTENNA ANGLE 10

FREQ 8,6 9.4
POL HWH ~10%9 *11.+3
PQL VV -8.5 ~8.6

ANTENNA ANGLE 20
FREQ 8:6 9.4

POL HH -12i9 =10.3
POL VvV 96 =9.1

ANTENNA ANGLE 30
FREQ 8i6 9.4

POL HH -310.7 =-11.8
POL VvV =9.4 =10.4

ANTENNA ANGLE 40
FREO 5?6 9.4

POL HH -413%1 -11.4
POL VV -11.,3 -10.3

ANTENNA ANGLE 50
FREQ 856 9.4

POL HH =332 =12.2
POL VvV w3443 »1%47

ANTENNA ANGLE 60
FREQ 806 £ 904

POL N - =3 452 #43.9
POL VV =12%2 ~12.9%

ANTENNA ANGLE 70
FREQ 8.6 9.4

POL HH 1619 =15.7
POL VYV -14,7 -14,3
3

Averaged Sigmao Milo, July 12, 1974

10.2

“6!1
-6 |'9

10.2

-8|4
-9'2

10.2

'8g9
-65.9

102

7914
'715

10,2

-11v3
-816

10.2

-10.4
'9!2

10.2

-1305
'1100

10.2

'1510
-13.4

11:0

-7v9
-8+5

11.0

'9'1
-5.1

11.0

=31 ¢1
-8.,7

1140

9.4
-9.0

1140

=11.0
-9+5

11.0

=12.0
-10/5

11.0

-14.3
=12+6

11.8

-9-8
“8:4

11,8

11,8

“1105
'9.‘

11.8

‘13.9 '1301 ”14.0 '12|9 r12|6 -1315

13.0

-4,7
'2!6

13.0

=73
=2+0

1340

=6.5
“6.0

13,0

-8.7
‘6:0

1340

-8.4
6.4

13.0

‘992
"04

13:0

-10.9
~8,4

13,0

13.8

"|1
-4,9

13.8

'5!8
-3.4

13.8

-7|4
'4-6

13.8

-8,4
~5,7

13.8

-9,4
-h,2

488

-9,

-7.4

13,8

11,2
'806

13.8

14,6 1504
4,1 =4,0
'4|2 '4|5
14,6 315.4
‘5'1 '5.7
-2.‘ 34.7
14,6 15,4
.7.‘ 94'5
5,2 +=3.4
14,6 15,4
~7,8 =7,5
642 =5.5
14,6 5.4
'9|° '8:1
-6,1 =6,4
14,6 15,4
-9'3 -808
*7|1 7.1
14'6 15]4
-10,6 =-10.,2
'7.9 "514
14,6 35,4

16,2

=743
=740

16,2

7803
“6,5

3642

r8,8
”712

16,2

'9u0
/.8

18,2

=11,0
v9.9

36,2

'lguﬂﬁ'lilz =11+2 =10:0._730.7 =31,6

D-1

1740

=7.:8
:5|9

17.0

9.2
=96

1740

-7'8
8§47

17,0

=11.5
“§.3

17.0

'1!11
=13:2


http:o,0oo.07

ANTENNA ANGLE 0
FREQ 8.6 9.4

POL HH r7:8 -9.1
POL VvV -6v6 -8.2

ANTENNA ANGLE 10
FREQ 8:6 9.4

POL HH r9:3 «9.3
oL VYV =81 -8.4

ANTENNA ANGLE 20
FREQ 8,6 994

POL HWH -9+8 =10.,0
POL VV 9.2 -9.6

ANTENNA ANGLE 30

FREQ 8:6 9.4
POL NH 9,7 =10.7
POL VV -8.3 =9.3

ANTENNA ANGLE 40

FREQ 846 9,4
POL [akal -1006 -1107
POL yv ‘964 -9,5

ANTENNA ANGLE 50
FREQ 8:6 9.4

POL HH -12:4 =-11,7
POL VvV -10.1 -10.8

ANTENNA ANGLE 60
FREQ 8.6 9.4

POL HH ‘12!5 -12.5
POL VYV =iisl 312

. ANTENNA ANGLE 70
FREQ 8:6 9.4

POL HH “14.9 '14!6
POL VvV -33,8 -13.5

Averaged Sigmao Milo, July 18, 1974

10.2

“705
“7-5

102.2

-8.0
-516

10.2

'gi3
'807

10.2

"816’
'706

1C.2

-9l9
-3.2

10.2

"11'4
'911

10,2

=138
'1002

10.2

-14-0
'12.7

11.0

-6+5
~7:¢7

11,0

-8+8
“7!7

1140

-10+1
-85

11.0

‘10(9
-10.1

11.0

_11;5
-10.3

110

-13¢2
=122

11,8

‘700
-4;7

11,8

"7'8
6,6

11,8

-8,1
’605

11.8

'903
‘7'3

11,8

-9.5
~7.8

11.8

‘1103
'9|3

11,8

‘13|2
'11.6

D-2

13.0

"05
'5|2

13,0

'7-7
-8:2

13,0

-9,1
7,6

13.0

“10!1
‘8i4

13,0

-40.8
‘8!9

135.0

'12!8
'10-9

13,8

-5.,0
-2.9

13,8

'7'1
'500

13,8

-7.8
“5.:3

13,8

13.8

-9,4
‘5!6

13,8

*10!5
-7.,9

13,8

‘1208
Q1001

14,6

-5.3
'3|7

14,6

14,56

-7'0
-4.8

14,6

'8'2

14,6

«9,5
”7l1

14,6

-11,9
'9.3

15,4

'3.9
4,1

19,4

5,6
'507

15,4

w47
=4,9

15.4

'6-6
'5|3

15.4
-9,3
'7|5
15,4

11,0
*9.4

18,2

'F’|3
73,1

38,2

'7l‘
76"

36,2

87:1
8,2

38,2

»8,1
!712

18,2

»9,8
»8,8

16.2

-10(3
~8,2

3o,2

=12,4
"30.7

17,0

f5.3
7501

17,0

t7'4
m8.4

17.0

f’li
~8+2

17,0

it
-

1740

f&-l
=712

17,0

=%,8
m8.6

17,0

*1003
8,2

17,0

":.2.4
?15!7




ANTENNA ANGLE ©
FREQ 8,6 9.4

POL HH =8v6 =10.9
POL VvV -8y7 -8.8

ANTENNA ANGLE 10
FREQ 8,6 9.4

POL HH r%i7 =10.7
POL VvV -8¢7 =9.0

ANTENNA ANGLE 20
FREO 8#6 9!4

POL HWH -10i4 -10.4
POL VvV =031% <829

ANTENNA ANGLE 30
FREQ L6 04

POL HH  -11,7 =-12.0
POL A" ’10!0 -1008

ANTENNA ANGLE 40
FREQ 8,6 9.4

POL HH -11+9 =12.2
POL VV '1014 -1009

ANTENNA ANGLE 50
FREQ 8,6 9.4

POL HH -13:i3 -12.6
POL VvV =11.0 =12.0

ANTENNA ANGLE 60
FREQ 8.6 9.4

PQL HH -14,1 -14.}1
POL VV -13;0 -13.0

ANTENNA ANGLE 70
FREQ 8.6 9.4

POL VV =146 ~14.9

Averaged Sigmao Milo, July 25, 1974

10.2

'806
-6.3

10.2

'900
-7'6

10.2

'918
=7.9

10,2

i I G
710.1

10.2

713l3
'12!0

10.2

POL HH ~16,2 -16.2 "14|8
“14|1

11.0

'709
‘7(2

110

-8+5
w? .iz

11.0

=946
8.4

11,0

-10+4
~8.9

1140

"11;3
=33y

11.0

=1247
=11+3

11.0

‘14;3
-13/1

11.8

-7.2
-7.0

11.8

‘735
'6|1

11.8

-7,6
-6.4

11.8
‘9|2
-7.3
11,8

-9'3
-8.5

11,8

'110‘
'8.9

11.8

-12,0
-11.0

11,8

f13.5
-12.,4

13.0

'896
-7'2

13.0

9,2
=648

13,0

9.0
-7.4

13,0

“11.8
~8.5

13,0

=13,0
'1008

13.0

-13.,9
'12'7

13,8

'8:8
“6:5

13,8

-11l6
‘8-1

13,8

'12!8
=10.2

13.8

14,6

«7,0
~4.2

14,6
-7:3

_'5|8

14,6

14,6

'12.2
-9"

14,6

15.4

‘5&7
_'6|5

15.4

“?,3
=5,1

15,4

-97c1
=46

15,4

. =8,3

'603

- 15,4

=410.3
-6,9

15.4

=10,.6
-8,9

15.4

wl14,2 «313,7 =42,7
»11,8 -11,2 ~11,8

18,2

'71‘
4,8

16,2

47,5
—6;’

10,2

‘B(?
.ola

30,2
-~ .4
'715
16,2

'10[2
!533

38,2

'31.3
:0‘3

38,2

‘1219
30,4

16,2

'131.
';2:1

17,0

-8,0
75.0

17,0

10,2
=7.:0

17,0

=13,3
=8,3

17,0

'13|2
-%ﬂ.b




ANTENNA ANGLE O

FREQ 8.6 9.4
POL HH -9.8 =-8.,6
POL VYV -8,0 =-7.0

ANTENNA ANGLE 10
FREQ

8,6 9.4
POL HWH “9:9 =9.1
POL VYV -9:3 =9.1

ANTENNA ANGLE 20

FREQ 8«6 9.4
POL HH -937 =10.1
POL VV '7.7 '8-6

ANTENNA ANGLE 30

FREQ 8+6 9.4
POL HWH -10:7 -10.,8
POL VvV =B 7 w8

ANTENNA ANGLE 40

FREQ 8.6 9.4
POL WH  -10.1 -10.5
POL VV 8,9 =-9.2

ANTENNA ANGLE 50

FREG 8,6 9.4
POL HH -12:2 =-11.6
POL VvV -10:6 =10.9

ANTENNA ANGLE 60

FREQ 8:6 9.4
POL MH  -12,5 =12.4
POL VV -11.8 =12.0

© ANTENNA ANGLE 70

FREQ 8:4 9.4
POL HH -14,2 =14.3
POL VvV -13:4 =13.9

Averaged Sigmao  Milo, August 1, 1974

10.2

"'714
'7r3

10.2

"7:9
"3|6

10.2

"977
"3-2

10.2

-9'6
'8'1

10«2

-905
'5.2

10.2

-1116
'9v5

10.2

‘11(9
’1018

10.2

-13|8
-12,.8

110

"?7'3
"7-22

11+0

*805
-7+6

1140

'8:8
"'81-0

11.0

-a;a
-7,'3

11+0

'9!4
«7¢5

11.0

-10.5
=945

11.0

'11n4
-10.8

11,0

-1370
-12;4

11.8

11,8

-9.1
"'6'9

11.8

-805
'6-9

11.8

'11:1
'9'8

11.8

'1217
’1106

D-4

13,0

'8'9
‘6-5

13.0

~8,1
-65:4

13,0

'802
-8:3

13.0

13.0

=10.7
’916

13,0
'11!5

~10.5

13,0

’1313
‘1L07

13.8

-8.0
‘50‘

13,8

'7.6
=-5,3

13,8

13.8

"8.5
-6.,4

13,8

'10:1
'7|8

13.8

”11-5
'8.4

13,8

13,2
=10,5

14,6 15,4

«5,9
86|7

'8.3
‘5'7

14,96

-8,2
'6;0

15.4

'6:3
'5:3

14.6 15I4

’7|4
~5|8

-6:6
wd,1

15,4

q6|a
-5|1

14,6 45,4

"92
'4|6

14,6

-9,8
-7'2

9,2
=§,8

14,6 15,4

'10.8
98.3

=40.,1
'303

14,6 5,4

12,7 =~42,1
-10,0 =401

15,4

36,2

~7.,0
"iz

18.2

'5,4
w’.8

36,2

78,2
focﬂ

10,2

-8,5%
w7,0

16,2

=10,1
"agﬂ

18,2

!;1;0
9.6

38,2

-IJnU
»31,3

17,0

f?.a
f7n6

17,0

-8.,4
“§:8

7.0

~8,2
"8.4

17,0

8.5
212

17,0

=10.5
:?!4



ANTENNA ANGLE 0O
FREG 8\6 9!4

POL HH »3v4  -4.,3
POL VV =116 =2,5

ANTENNA ANGLE 10

FREQ 3.6 9.4
POL HH -851 =-8.5
POL VV ~5:8 =6.7

ANTENNA ANGLE 20
FREQ 8:6 9.4

POL HH ?708 -8.,2
POL vV '5.7 =76

ANTENNA ANGLE 30
FREQ 8.6 9.4

POL WH -9.,4 =9.,7
POL VvV =7%3 -8.9

ANTENNA ANGLE 40
FREO 536 9.4

POL HH -1042 =10.5
POL VYV 7839 -9.1

ANTENNA ANGLE 50
FREQ 856 9.4

POL WH <1150 ~-11.0
POL VvV -858 =10.2

ANTENNA ANGLE 60
FRE° 836 9"

POL M- -12;9 —12.7
POL VV  -10,5 ~11.5

ANTENNA ANGLE 70
FREQ 5&6 9.4

POL WH  ~15,0 =15.3
POL VWV  -43,8 =14,2

Averaged Sigmao

10,2

10.2

'6v2
-5!1

1042

~7+0
-5.:9

10,2

'609

10.2

-9,5
-3.8

10.2

'11r2
'9v6

10.2

'1212
'10!9

10.2

‘1415
=13«6

1140

-5.2
-3.’8

11.0

5.6
'4;3

11+0

-7:4
-.6.0

1170

11(“

'9;7
-7.3

11+0

'9&9
-9;0

1140

-11.8
-10/9

1140

’14:2
-13:7

11.8

-5.6
¢2.7

11,8

5,9
5,5

11.8

‘617
=53

11.8

‘9.5
'7!°

11.8

-9g7
-8.1

11,8

'13-1
'12l5

D-5

Milo, August 7, 1974 |

13.0

‘5:0
31

13.0

-6.0
=51

13.0

=7,0
-S54

13,0

-9'2
=7:5

13,0

’l0!7
'5.6

13.0
'1206

'10|3

13,0

13.8

-5|5
'305

13.8

'5.7
‘406

13.8

'6-6
=4.3

13.8.

13,8

13,8

-12,3
'9.1

13,8

14,6

-5,2
=24

14,6

'5.3
“3,7

14,6

.6|3
4,0

14,6

7,4
'5|t

14,6

-9|2
~7,8

14,6

~11,6
-8.4

14,6

15.4
'208
.1'5

154

."6
'3:2

15,4

-4,8
-3.&

15.4

6,4
=5,1

15,4

"|5
4,4

15:4

-8.0
«5,9

15.4

=10.5
'aul

15,4

16,2

'5(2
~4,8

36,2

7,0
!,(‘

18,2

-612
LERY ]

18,2

7,2
'6.’

3182

w97
w76

36.2

=32,1
"9(’

36,2

=14,3 =14,5 -13,5 ~=12,8 #14,6
“13:4 =12,0 -11,5 =11.2 =312.1

1740

'le
=3:5

17,40

6.6
ﬁ3.9

1740

=9.0
=96

17,40

‘12!6
:Q.é

17,0

-14,4
=11:0



ANTENNA ANGLE O

FREQ 8.6 9.4
POL HH '6!8 "7-3
POL VV "4!9 "5-7

ANTENNA ANGLE 10
FREQ Bib . 9.4

POL HH *7:3 =8.9
POL VV ®3:6 =8.0

ANTENNA ANGLE 20
FREQ 8,6 9.4

POL WH 1313 -8.6
PoL VvV v&357 =7.5

ANTENNA ANGLE 30
FREO 855 9.4

POL HH -10.5 =-10.4
POL VV ‘8;7 -9-9

ANTENNA ANGLE 40
FREQ 86 9.4

POL HH -£0+5 ~-10.9
POL VvV -$0%D ~9.6

ANTENNA ANGLE 50
FREQ 8,6 9.4

POL NH -11,6 =12.0
POL VvV =332 11,1

ANTENNA ANGLE 60
FREQ 8:6 9.4

POL HH  -14;2 ~14,6
POL VWV -12,4 =12.6

~ ANTENNA ANGLE 70
FREQ 836 9,4

POL WH  -16,0 =16.,5
POL Vv ~$454 =14.8

Averaged Sigmao Milo, August 19, 1974
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ANTENNA ANBLE 0

FREQ 88 9.4
PoL HH b0 =-7.4
POL VvV w517 =7,2

ANTENNA ANGLE 10

FREQ B8i6 9.4
POL WH =737 =8.3
POL VvV “5:2 «7.,7
ANTENNA ANGLE 20
FRE®Q 8:6 9.4
POL WH “756 =6.8
POL VvV -5+8 +~6.6
ANTENNA ANGLE 30
FREG aTé 9.4
POL WH 858 -9.4
POL VV =7:8 =7.9

ANTENNA ANGLE 40

FREQ 8v6 9:4
POL HWH '9‘9 ~10.0
POL VYV r8s1 -9.0
ANTENNA ANGLE 50
FREO 356 9.4
POL HWH ‘10!9 -10.9
POL VV r¥¢2 -9.4
ANTENNA ANGLE 60
FREO a'ﬁ 9.4
POL WH ~32+9 =12.9
POL vV '1059 =11.1

ANTENNA ANGLE 70

FREG 316 9-‘
POL MWH ~1457 =14.9
POL VvV -13:12 ~13.8

Averaged Sigmao Milo, August 21, 1974
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Averoged Sigmao Milo, August 29, 1974

ANTENNA ANGLE O

FREQ 8:6 9.4 10,2 11+0 11,8 13,0 13.8 14,6 15,4 16,2 17,0

POL WH 1v0 =0.2 2:0 279 3,7 3.0 2,6 2,2 2,4 wihé =0.6

POL VYV 233 4:5 0 el 4T3 4,2 ET 5,00 4,4 4,9 1,8 3,1
ANTENNA ANGLE 10

FREQ 846 9.4 1042 110 11.8 13,0 13,8 34,6 15.4 36.2 1740

BPOL WH 74,9 4.9 4,8 =2.3 «2,9 ~3,2 =1,3 «1,5 3,0 =%,7 =5,0
POL VV #3387 =4.3 =33 =279 3,5 =3,5 =1,5 1,6 w«i,1 =33 r81+5

ANTENNA ANGLE 20
FREQ 856 9,4 10,2 1170 11.8 13,0 13,8 14,6 15,4 38,2 17,0

POL WH r6y3 7.4 =6:2 46:2 wb6,1 =65 <=6,1 =5,9 =4,9 s38 ~0.,0
POL VV #5451 -6.8 ~5.,3 #»4,8 ~4,4 =4,8 =-2,5 <34 wi,8 ~4,2 ~=3,1

ANTENNA ANGLE 30
FREQ 856 9.4 10¢2 11+0 11.8 13,0 13,8 14,6 45,4 38,2 17.0

POL KWH *859 8.6 ~7:3 =648 =~7.0 =77 =7.1 7,3 4,7 nly4 =7,1
POL VV 617 =7.1 =65 #4709 <=5,F =5,7 <~4,4 =3,% =3,5 25,3 =4.4

ANTENNA ANGLE 40
FREO 876 9.4 1012 11:0 1loB 1300 13.5 1‘!6 1’:‘ ;°!2 1?!0

POL WH ~9y5 =9.1 =By5 =8+6 =8,7 =9,0 =8,1 =7,4 =7,2 -8,3 ~§,2
POL VV *7v5 =B8:2 <=6:2 »7:3 «6.8 <=6,2 <-4,8 4,7 4,6 =98 -4,8

ANTENNA ANGLE 50
FREQ 36 9«8 10¢2 2170 118 33:0 13,8 16,86 19,4 36,2 17,0

POL HH  -1031 =10.5 =10.0 =972 -10,5 =9.,8 ~-9,2 =8,9 7,4 =u9,6 =10,6
POL yv '914 '8-9 '7‘3 'ais '?o? '7|2 '5.5 'ﬁlt ".7 77lt :,!9

ANTENNA ANGLE 60
FREQ 8y6 9.4 10y2 1170 11.0 13,0 13,8 14,6 45,4 36,2 17,0

0L HH 13,2 =13.9 ~13,4 -4277 -12,8 =~412,8 ~12,2 -12,1 -11,3 «12,7 =1§,2
POL VW  -$1,8 =11.8 -11.0 ~-10.8 =9.8 ~10.3 =-8.,9 =8,6 <8,4 =»?,5 -@,9

= ANTENNA ANGLE 70
FREQ 8i6 9.4 10v2 11+0 11,8 13.0 13.8 14,6 15.4 16,2 17,0

POL WH  -3546 =16.1 ~15.,4 =15V5 =15,4 =13,7 »15,5 =15,0 ~14,2 =13,6 15,6
POL VYV ~1359 =14.7 r1347 ~1379 ~43,1 =13,5 =12,2 =12,7 11,7 «13,6 =12,1

D-8




KNTENNA ANGLE O

FREQ 8,6 9.4
POL MH -5¥8 -4.9
POL VV -2v9 ~4.3

ANTENNA ANGLE 10
FREQ 8y6 9.4

POL HH ~3¥A  =6.1
POL YV -33i8 =5.2

ANTENNA ANGLE 20

FREQ 856 9.4

Lo Tl
ANTENNA ANGLE 30

FREQ By6 9.4

POL HH 714 =8.,9
POL Vv 7.7 =8.4

ANTENNA ANGLE 40
FREQ 8i6 9.4

POL HH r9.8 '1105
POL VV =91 -10.,1

ANTENNA ANGLE 50
FREQ 856 9.4

POL HWH ~31:6 ~11.7
POL vV =21%1 =11.3

ANTGNNA ANGLE 60
FRE° aiﬁ 9.4

POL “H ‘14|2 ‘14.0
POL VvV -12v9 =13.,9

ENTENNA ANGLE 70
FREQ 86 9.4

POL MWH =156 =15,9
POL VYV ~$d4,;4 -15.3

Averaged Sigmao Milo, September 17, 1974
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