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ABSTRACT

The results of an extensive series of measurements of the degree of
linear polarization of light bidirectionally reflected by samples of desert
sand, white sand and soil under various conditions of illumination are presented
in graphical form. Measurements have been made in three spectral intervals
(bandwidth ~ 150 A) centered on AA3970, 4865, 5890A and 'white light' with
a simple 'rotating-analyzer' type reflectometer. Simple Fourier series
representations have been established for the azimuthal dependence of the
degree of linear polarization of the reflected light for ‘white light' measure-
ments. The results of the corresponding error analysis are shown 2 an error

curve.
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INTRODUCTION

The study of the reflection properties of natural formations con-
stitutes an important part of the extensive experimental research program
which is being pursued in the Atmospheric Optics and Radiation Laboratory
of the Department of Meteorology, University of California, Los Angeles.
The rasults of preliminary studies have been reported upon by Chen et ‘all and
Chen and Rooz. These studies revealed that g detailed examination of the
azimuthal dependence of the polarization of light diffusely reflected by
natural formations would be an important prerequisite even for a semi-
empirical understanding of scattering of light by optically rough surfaces.
The need for and relevance of such studies have also been keenly felt in
investigations directed towards the interpretation of radiation measurements

from meteorological satellites.

EXPERIMENTAL STUDIES

The experimental geometry is shown in Figure 1a. The reflecting
surface of the sample defines the equatorial plane. 9, is the angle of
illumination; @ is the nadir angle of observation. The principal plane of
the source S is defined by the direction of illumination and the normal to

the equatorial plane. It is the reference plane for the detesnination of




0

the azimuth é of the plane of observation defined by the direction of
observation and the normal to the equatorial plane.

in the present measurements, the angle of illumination 8, has been
set equal to 0°00*, 53°00' and 78°30' successively. The azimuth angle
has been varied in steps of 30°00' over the enfire circle. In any plane of
observation defined by a particulor value of é ; the reflected radiation
has been examined over the region 0°00" < 6 < 80°00" by varying 8 in steps
of 10°00' . An additional set of measurements has been obtained corresponding
to 9 = 75°00" .

Details of the 'rotating-analyzer®' type reflectometer and the data
acquisition system are shown in Figures 1b,c and d. Detailed descriptions
have been given elsewhere by Chen et al (Op. Cit.). Samples of white
sand (gypsum derived translucent grains of dimensions of the order of 0.5 mm),
desert sond (silica derived translucent grains of dimensions of the order of
0.5 mm) and soil {opaque particulates of dimensions of the order of 1 mm)
have been studied when illuminated either with natural {unpclarized) light
or with plane polarized light with the plane of polarization either porailel
or perpendicular to the principal plane of the source. The choice of these
samples in the first instance was governed by the fact that they have been
frequently examined both in H.e laboratory and on the field by investigators

elsewhefea".




The degree of linear polarization of the reflected light hes been
megsured in three norrow (bandwidth ~ 150 A) speciral intervols centered on
AA3970, 4865 and SBP0A. In oddition, "white light” mecsuremeni have
also been mode with the interferznce filter removed froem the optico! fcin mn

the reflectometer.

REPRESENTATION OF THE DATA

The analog data on sirip-char’s has been employed o compute the
v -V,
degree of polorization, P, ﬁ&ﬁemoié}eiagdc?{%)=iﬁv—w

MaX VMIN
MVM’N»“mer@edivdyézsimﬁﬂmhﬂ woloes
of the photovoltoge over haif o revolution of the cnolyzing Glon-Thompson
prism. Comesponding 1o a given siate of polorization of the ilkusination,
angle of illumination and noadir angle of Shsexvation, meawxemenss have been
made over the azimuth circle by vorying € in steps of 30°00°. The
instrument configuration was such that, in cerkoia planes of cbservation ,
Wm%opwﬁw&w!mé&aﬁ&o.w&tsdsmédm
be obkained as the shadow of the instrument wos cast on the surface of the
sample. The probable volues of the polorization have been determined by
craphical intespolation In those cases.

The meosured ariesuthal dependence o1 the polarization of the

reflectzd light is shown in Figures 2 10 252. In those coses when She
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illumination is plane polarized, the orientation of the plane of polarization
is indicated by a properiy oriznted arrow; thus a vertical arrow indicates
that the illuminaﬁonlwas polarized parallel to the principal plane of the
source and a horizontal arrow indicates that the illumination was polarized
normal to the principal plane of the source.

It is apparent from the data shown in Figures 2 through 262 that the
degree of polarization of the reflected light exhibits noticeable azimuthal
dependence except when the samples are illuminated with natural
(unpolarized) light along the nadir direction or when g = 0°00'. This
anisotropy is uniformly noticed in all spectral intervals, 1t is for this reason
ard for the scke of brevity that only the Fourier su. < representations of the
azimuthal dependence of the polarization of reflected *white light' are
given in the diagrams. The conventional harmonic analysis and synthesis
schedules developed by Pollaks"huve been used in determing the Fourler
coefficients. The results of the checks made at three arbitrarily chosen values

of @ in the case of each of the Fourier series are shawn in the relative

orror curve of Figure 263.
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CONCLUSION

The -:iginal objective was to atiempt a simple empirical repre-
sentation for the degree of polarization of the reflected light taking into
account the 8, 8, and t} dependencies simultaneoutly. It has not been
possible to attain this obiective since the Fourier coefficients vary rather
irregularly with g and eo for given conditions of illumination. The
information presented herein can however be used to estimate the degree of
polarization of the reflected light at any desired value of the azimuth
under given conditions of illuminatian and observation. Such computaticns
are considered useful in aerial photographic reconnaissance studies and in

the interpretation of radiation measurements performed from meteorological

satellites.
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Ple) = 2.27 + 1.62 cosep ~0.06 cos 2¢ ~ 0.12 cos 30 + 0.26 cos 4¢ -0.25 cos 50
= 0.03 cos b + 0.00 sine ~0.07 sin2¢ +0.08 sin 3¢ ~0.19 sinde + 0.18 sin 5¢
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Plp)=2.78 +2.81 cosew -0.02 cos 20 -0.33 cos 30 + 0.09 cos 40 + 0.12 cos 50
~0.10 cos6¢ - 0.06 sineo + 0.01 sin2¢ -0.03 5sin300-0.16 sind4 -0.23 sin 50
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P{o)=3.28 +3.46 coso * 0.39 cos 2 -0.37 cos 3 + 0.02 cos 4¢ +0.05 cos 50
-0.08 cos 6p -0.35 sing ~0.28 sin2¢ + 0.02 sin3¢-0.02 sin4p -0.09 sin50
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Pép) =3.82 + 4.22 coseo +0.32 cos 20 -~ 0.07 cos 30+ 0.12 cos 400 + 0.00 cos S
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Plp) =7.66 + 2.80 cosp ~ 0.01 cos 2 - 0.23 cos 3¢ + 0.14 cos4¢ - 0.06 cos So
= 0.2 cosb6¢p - 0.01 sinp + 0.04 sin2¢ - 0.02 sin3¢p - 0.04 sin4¢p - 0.01 sin 50




A

- e et - v o

330°00

300°00

¢ = 270°00 W{(‘ W’IJ

~~§s=*/{/f
120°00'

210°00 150°00'
¢=180°00'

240°00

O e—st0(%)
POLARIZATION SCALE

ll!m

©® OWHITE LIGHT 00039708 A &4 48658
S -SHADOW

ILLUMINATION: NATURAL LIGHT

SAMPLE: DESERT SAND
g 7830

g: 30°
FIG. 24. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

cos 2¢0 +0.27 cos 3¢ +0.03 cosdp ~ .13 cos S
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FIG 28. POLAR DIAGRAM SHOWINT AZIMUTHAL VARIATION
OF THE PCLARIZATION OF RCTLECTED LIGHT

Plp) = 6.51 +3.24 rocep - 2.45 cos 2¢p - 0.02 cos 3 + 0.32 cos 4 - 0.17 cos 50
+0.35 cosb¢ - 0.03 sine - 0.66 sin2¢ - 0.07 sin3¢ - 0.06 sindp - 0.03 sin 5p
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FIG 29. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) = 6.02 +3.31 coso ~ 2.37 cos 2 - 0.62 cos 3ip ~ 0.10 cos 4 +0.09 cos S50
+0.18 cos6¢ - 0.07 sinp - 0.12 sin2¢ - 0.03 sin3¢ - 0.12 sindp - 0.07 sin50
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FIG 30. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZLTION OF REFLECTED LIGHT

Pl) =6.11 +2.35 cos = 2.76 cos2¢0 - 0.15 cos 3 - 0.11 cos 40 - 0.22 cos 5S¢
+0.72 cos b6 - 0.08 sinp - 0.13 sin2¢0 - 0.15 5in 3¢ - 0.13 sind¢p - 0.08 sin 5S¢
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FIG 31. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATICN
B OF THE POLARIZATION OF REFLECTED LIGHT

Plp) = 22.52 - 0.06 cosp - 0.25 cos 2¢p - 0.22 cos 3 + 0.43 cos 40 ~ 0.03 cos 5¢
+0.20 cosbp + 0.33 sinp + 0.00 sin2¢ + 0.08 5in3¢p - 0.32 sin4¢ —0.05 sin 5¢
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LiGHT =
8: 20° g o

FIG 32. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATICN CF REFLECTED LiGHT

Pl =19.80 - 0.18 cosep + 0.67 cos 29 + 0.17 co< 39 + 0.30 cos 45 - 0.04 cos 5S¢
- 0.07 cosb6p + 0.08 sinp + 0.15s5in20 + 0.005in3p - 0.12sin4p -~ .13 5in5en
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FiG 33. POLAR DiAGRAM SHGWRG A70JTHAL VARIATION
OF REFLECTTID 1:6HY

OF THE POLARIZATIGN

PP)=17.93-0.16cs0+ 1.32c8 20+ 0.02 =136 + 0. N x40 - 0.02 cos 50
+0.18 cosbp - 0.03 sing -~ 0.17 5sin 290 - 0.08 sin3¢ = 0.12sindg -0.20sin5¢
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SAMPLE: DESERT SAMND ILLUMINATION: POLARIZED LIGHT =
g a0° g o

FiG 34. PCLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pép) = 16.08 + 0.13 cosep + 3.12 cos 2¢p = 0.05 cos 3 + 0.10 cos 4¢p ~ 0.40 cos 500
+0.26 cosép +0.53 sinp + 0.07 sin2¢ - 0.43 sin3¢p + 0.09 sin4p + 0.68 sin 50




300°00

210°00' 150°00'
¢ = 180°00'

Ol%hs 3 20(%)
POLARIZATION SCALE

® @ O WHITE LIGHT 0 0 039708 4 & & 48558 x x x 58304
$ - SHADOW

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT =—e
8:50° g: o*

FIG 35. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pip) = 15.06 + 0.97 cosep + 3.53 cos 2¢p - 0.02 cos 3¢z + G, 97 cos 4o - 0.10 cos 50
= 0.10 cos6¢p ~ 0.03 singp ~ 0.725in2¢p + 0.00 sin3¢p - 9.43 sindop + 0.03 sinS¢




42

330°00

300°00' 60°00
¢ = 270°00 ¢ = 90°00'
240°00 126°00"
2i0°00' 150°00'

$ = 180°00"

Ol 320%%)
POLARIZATION SCALE

® @ @ WHITE LIGHT 0 0 039708 A& A & 486584 x x x 58904
S -SHASTH

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT =
8: 60° g o°

FIG 36. POLAR DIAGRAM SHOWING AZIMUTHAL VARIAT!ON
OF THE POLARIZATION OF RZFLECTED LIGHT

Pe) = 13.99 - 0.02 cosep + 4.59 cecZp + 0.02 cos3¢p + G.71 cosdp + 0.10 cos S
~0.83 cosb6¢ - 0.16 singp - C.82sin2¢p + 0.03 sin3¢p + 0. 34 sin4p + 0.10 sin 5S¢
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D ILLUMINATION: POLARIZED LIGHT =
g o

RAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION CF REFLECTED LIGHT

PE)=12.18-0.10cosep r 6.63 cos2¢ * C.05 cos 3p - 2.97 cos 4 - 0.10 cc: 59
-1.90 cosbp- 0.08sinp - 1.01 sinZp - 0.3 :1~ 3, - 0.78 sindop - 0.08 sin 5¢
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SAMPLE. DESERT SAND ILLUMINATICN: POLARIZED LIGHT =—
9 75¢ Q 0*

FIG 38. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pl) =12.87 + 1.57 cosp + 6.97 cos 20 + 0.97 cos3p+ 1.68 cos 4 + 0.16 cos S
~3.50 cosé + 0.22 sing - 0.32 sin 2 + 0.80 sin3¢p- 0.46 sindp + 0.42 sin 5S¢
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT =
8. 8o* q

FIG 39. POLAR DIAGRAM SHOWING £ZIMUTHAL VARIATION
OF THE POLARIZATION CF REFLECTED LIGHT

Pgp) = 13.68 + 0.88 cosp + 8.70 cos 20 + 0.18 cos 30+ 3.52 cos 4 - 1.06 cos 50
= 4.00 cosbp : 0.32sinp- 0.22sin2¢ + 1.08sin3¢p - 0.32 sin4¢ + 0.76 sin 5¢
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FIG 40. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE PBDLARIZATION OF REFiLtCicD LIGHT
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SAMPLE.DESERT SAND ILLUMINATION: POLARIZED LIGHT =
6 10° g 53
FIG 4! POLAR DIAGRAM SHOWING &Z"WUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 19.08 +1.20 coro +9.41 cos 20 - 0.01 cos30 +0.14 cos 4 -~ 0.04 cos 50
=-0.33cos80 - 0.07 sine - 0.07 sin25 +0.01 sin3p - 0.16 sindp - 0.12 sin 50
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FiG 42 POLAR DIAGRAM SHOWING AZiL .UT HAL VARIATION
OF THE ?}Qiﬁiizaﬂiﬁx‘é OF REFLECTED LIGHT

Po) =16.26 +1.69 coso +2.16 cos 20 -~ 0.10 cos 30 +0.21 cos4o - 0.19 cos 50
+0.13 cosb60 2 0.06 sino #0.07 sin 20 +0.03 5ir 3 #0.01 sindp +0.33s5in5p
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FIG 43. POLAR DIAGRAM SHOWING AZRAUTHAL VARIATION
OF THE POLARIZATION COF REFLECTED LIGHT

Plo) =17.38 +2.3F cosp +4.15 c0s 20 +0.33 cos 30 +0.01 cos4c - 0.03 cos S
+0.30 cosbg - 0.01 sinp +0.09 sin2¢ - 0.13 sin3p +0.09 sindo - 0.01 sin 5S¢
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Pho) = 16.44 +2.47 cosc +7.31 cos20 +0.66 cos 30 +0.16 coséc - 5.04 cos S0
-0.0! cosbp - 0-06sing - 0.045sin20 - 0.51 sin3¢ +0.46 sindpo - 0.06 sin5c
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT ~—
6: s0° g 53°

FIG 46. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZAT!ON OF REFLECTED LIGHT

Plp) = 14.33 +3.63 cos +11.97 cos 2¢ +3.83 cos 3 +1.01 cosdo - 0.75 cos5¢
+0.38 cosbep ~ 0.23 sinp - 0.72sin2¢ - 0.38Bsin 3¢ +0.12 sindp - 0.20 sinS¢




(o kg i e i s a1 € it Ui UM I HIA

330°C0

300°00

¢ = 270°00

240°00

N

210°00'

/ ‘,- 60°00

120°00"

150°00"
¢ = 180°00'

Ol _120(%)

POLARIZATION SCALE

® ® OWHITE LivHT 00039702 A A & 48658 % x x 58903

SAMPLE. DESERT SAND

g 70°

S-S-504

ILLUMINATION. POLARIZED LIGHT =
Q 53°

FIG 47. POLAR DIaGPAM SHOWING AZIMUTHAL VARIATION
OF THE PCOLARIZATION OF REFLECTED LIGHT
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Plp) = 14.40 +5.22 cose» +13.06 cos 2o +4.96 cos 3 +1.82 cos 4 - 1.49 cos 5¢

- 0.80 ccebp - 0.23 sinc - 0.485in2p - 0.16 5in 30 +0.27 sin4 +G.41 sin5¢p




B

330°00 30°00'

vl XN\
'4\‘1\> i

- 270°00 i \ ‘ = 90°00'
P mﬁ‘@:‘ T

240°00' 120°00"

210°00' 150°00'
¢ = 180°00"

O%)——20(%)
POLARIZATION SCALE

® @ OWHITE LIGHT 0 0039708 4 & 448658 x x x 58308
§-SnAD0Y

SAMPLE: DESERT SANG ILLUMINATION: PCLARIZED LIGHT —
8.5 g s3°

FIG 48. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) = 14.45 +5.94 cosp+12.66 cos 20 +5.06 cos3¢p +3.08 cos 40 +0.06 cos S
+0.03 cosé6o - 0.35sino - 1.125in2¢ - 0.53 5in3p - 0.53 sin4¢p - 0.08 sin S0
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FIG 49. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 14.64 +7.08 cose +13.09 cos 20 +5.12 cos 30 +3.16 cos 40 - 0.54 cos Sp
-0.38cosb- 0.44sin0 ~1.345in20 - 0.76 5sin30 - 0.62 sindp - 1.145in 50
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FIG 50. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
Gf THE POLARIZATION OF REFLECTED LIGHT




SR A I DL A A o MO it b M i A AR ML LSt 4l

330°00

300°00'
4 000 \‘\l
240°00 '
210°00'
¢=180°00"
oSl 200

POLARIZATION SCaLf

®®OWIIE LIGHT 00039708 A& A aasss] x x xssgnld

S-5~3530y

SawPLE. DESERT SAND

LLUMINATION: POLARIZED LIGHT =
g: 10°

g 830

FIG 5. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION CF REFLECTED LIGHT
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P) = 22.1 +2.63 coso +0.38 cos 20 - 0.15 cos 3 +0.17 cos 40 - 0.41 cos S0

+0.38 cos6¢ +0.23 sino - 0.35 sin 2 +0.467 sin 30 - C.55 sin 4w +0.31 sin So
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FIG 52. POLAR DIAGRAM SHOWING 2ZIMUTHAL VARIATION
OF THE POLARIZATION Or REFLECTED LIGHT

P@) = 22.92 +4.25 cosp +2.41 cos2¢p +0.08 cos 3o~ 0.05 cos 4p +0.02 cos 5o
-0.28 cos b6 -~ 0.03 sin +0.06 sin 200 - 0.07 sin 3 +0.10 sin 4 - 0.07 sin 50
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FIG 53. POLAR DiAGRAM SHOWING AZIMUTHAL VARIATIGN
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) = 21.44 +6.30 coso +6.01 cos20 - 0.08 cos 3 - 1.11 cos L0 +0.19 cos S0
+0.15 cosbp - 0.01 sinp + 0.G2 sin 20 - 0.13 sin 3 +0.03 sin 40 +0.902 sin S50
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FIG 54. POLAR DIAGRAM SHOWING AZIMUTHAL VARIAT'ON
OF THE POLARIZATION OF REFLECTED LIGHT

Pi) = 19.37 +7.58 coso +7.85 cos 20 +1.05 cos 30~ 0.09 cos 40 - 0.08 cos 5
+1.43 cos60 - 0.06 sine +0.01 sin20 - 0.12 sin 30 +0.01 sin 40 +0.06 sin 5¢
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FIG 55. POLAR DHAGRAM SHOWING AZIVITHAL “ARIATION
OF THE POLARIZATION OF REFIECTED UGHT

PE) =17.82+7.93 cosp +12.82 =20 *1.93 cos 30~ 0.42 cos 42 <000 <o Sp
= 0.37 cos69 +0.11 s5ingy +0.20 si120 - 0.23 5in3¢ 0. 2D sindg - 0. Bsinsc
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FIG 56. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plpo) = 17.56 +8.48 cose +15.39 cos 20 +3.43 cos 3 +0.32 cos 4¢p +0.72 cos 500
+2.62 cos6¢ +0.12sinp +0.48 sin2¢0 +0.25 sin 3¢ +0.47 sin4p +0.12 sin 50
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FIG 57. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) = 19.95 +9.99 coseo +16.44 cos 2¢ +3.88 cos 3¢ +2.32 cos 4¢ +0.78 cos 5¢
+0.20 cos 6¢ +0.02 sinep +0.28 sin 2¢ +0.05 sin 3¢ +0.?% sin4¢ +0.02 sin 5¢
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT =
g: 75° Q 78°30'

FIG 58. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFL:CTED LIGHT

Pp) = 20.53 +11.46 cosep +15.88 cos 20 +5.35 cos 3¢ +2.26 cos 4o +1.61 cos Sup
+1.62 cosbp +0.09 sing +0.16 5sin2¢ +0.18 5:1. 3o +0.16 sin 4 +0.09 sin 5S¢
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g ac* g 78°30"

FiG 59. POLAR DIAGRAM SHCWING AZIMUTHAL VARIATION
OF THE POLARIZATION CF REFLECTED LIGHT

Plp) = 22.2 +13.20 cospp +17.58 cos 2¢p +4.58 cos 3 +3.42 cos 4 +1.86 cos5¢
+2.90 cosbp +0.16 sino +0.28 5sin2¢p +0.32sin 3¢ +0.27 sind¢p +0.16 5inbo
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POLARIZATION SCALE
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SAMPLE: DESERT SAND

ILLUMINATION: POLARIZED LIGHT |
g: 10°

g o

FIG 60. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pl) = 22.38 - 0.11 cosep +0.36 cos 20 - 0.08 cos 3¢ +0.42 cos 40 - 0.11 cos 5¢
+0.02 cos6¢p - 0.12 sinp +0.13 sin2¢ - 0.10 sin 3¢ -~ 0.07 sin4¢ - 0.08 sin 5¢




. o 2000
RN

N
N\
2 — , 200c

210°00 150°00'
¢ =180°00'

Ol +20{%)
POLARIZATION SCALE
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S-SHADOW

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT I
8: 20° g o

FIG 61. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 19.85 - 0.41 cosp - 0.18 cos 290+ 0.33 cos 3o+ 0.58 cos 4 -0.26 cos S50
+0.30 cos6p - 0.08 sing +0.10 sin 2¢ +0.00 sin 3p - 0.13 sin4p - 0.08 sin 5¢
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POLARIZATION SCALE

@ € OWHITE LIGHT 0 0039708 A& A 448658 x x x 58908
S -SHADOW

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED ucnr’
9: 30° g o

FIG 62. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLiIZATION OF REFLECTED LIGHT

Pep) = 17.69 - 0.06 cosp ~ 1.35 cos 2¢p +u.03 cos 3p +0.33 cos 4 - 0.02 cos S0
~0.05 cos6¢ - 0.07 sing - 0.09 sin2¢> - 0.02 sin3p ~ 0.17 sin4p - 0.04 sin S0
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POLARIZATION SCALE
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S -SHADOW
SAMPLE: DESERT SAND ILLUMINATION: POLARIZED usm!
g: a0° 8.0

FIG 63. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PE) =16.12~-0.20 cosp = 2.29 cos 200 +0.05 cos 3 +0.46 cos 4p + 0.00 cos 50
+0.13 cosbép - 0.11 sino +(.46sin2p - 0.05sin3p - 0.14 sind +0.06 sia 5S¢
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POLARIZATION SCALE
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED usurI
g: 50° 9_ o

FIG 64. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pg) = 14.83 - 0.19 coso - 3.56 cos 20 +0.05 cos 3o +1.04 cos 40 +0.04 cos S
+0.17 cos b +0.09 sinp +0.39 sin2¢ ~ 0.02 sin 3p - 0.22 sin4e - 0.06 sinSp
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POLARIZATION SCALE

® @ OWHITE LIGHT 00039708 & & 448652 =x x x 58908
S -SHADOW

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT 1
G- 60° Q Q°

FIG. 65. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

_P‘p) =13.88-0.18 cosp ~ 4.98 cos 2¢p - 0.02 cos 3o +1.72 cos 4 +0.05 ccs 5
+0.67 cosbp +0.03 sinp +0.75sin2¢ +0.02 sin 30 - 0.52 sin4¢ +0.14 sin 50
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POLARIZATION SCALE

©® eWHITE LIGHT 0 0 039708 & A A& 4865k x x x 58308
§ - SHADOW

|
2 SAMPLE: DESERT SAND ILLUMINATION: POLARIZED usnrt
8- 70* g o°

FIG 66. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pgp) = 12.97 +0.00 cosw = 5. 21 cos20 = 0.25 cos 30 +2.91 ccs 40+0.20 cosSo
+1.20 cosb6o - 0.30 sine +1.30sin20 ~ 0.155sin3p - 1.10 sin4p +0.35 sin 50
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PO =12.92-0.0l cosc - 7. 18 cos 20 - 0-05 cos 30 +3. WV cudp - 0. en 5S¢
+2.07 cosbp #0.11 sing +1.01 sin20 - 0. 15 s5in 35~ 5.92sindc = 1 . &0 sinSo
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POLARIZATION SCALE

® ® OWHITE LIGHT 0 0 039708 A A A 48654 x x x 58908
S - SHADOW

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT }
g: 8o° g: o

FIG 68. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P@) =12.9V - 0.19 cosep ~ 8.42 cos 2¢ +0.20 cos 3¢ +4.21 cos4p +0.04 cos 5¢
+3.13 cos b6 +0.36sinp +1.05 sin2¢ - 0.03 sin3p~ 1.28 sin4¢p - 0.06 sin 5S¢
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POLARIZATION SCALE
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT }
g o g; 53°

FIG 69. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT
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POLARIZATION SCALE

® & O WHITE LIGHT © 0 039705 A A A 43658 X X x 5890
§-5HIDCH

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT }
g 10° g 53°
FIG 70. POLAR DIAGRAM SHOWING A7'AUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED oGHT

Plp) = 7.52 ~ 2.92 cosep + 0.22 cos 20 - 0.17 cos 3 + 0.18 cosdo - 0.21 cos 50
- 0.05 cosbe - 0.16 sine - 0.10sin2¢p - 0.1Z sin 3¢ + 0.07 sin 4 ~ 0.16 5in 50
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POLARIZATION SCALE

®® OWHITE LIGHT 000139708 & & & 48658 = x x 58908
S - SHADOW

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT}
0: &5 g; 53°

FIG. 71. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pép) = 6.69 - 3.90 cosp + 1.18 cos 2¢p + 0.55 cos 3 + 0.29 cos4o - 0.30 cos 5o
+0.10 cosép - 0.22 sinp + 0.16 sin 2¢0 +0.05 sin 3¢ - 0.02 sin4¢p + 0.07 sin S
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- POLARIZATION SCALE
©® GWHITE LGHT 0003970k & 8848658 x x % 58904

SAMPLE: DESERT SAND
9: 30

§ - SHADOW

ILLUMINATION: POLARIZED LIGHT}

g 53

FIG 72. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pip}=7.59 - 6.34caso + 1.48 cos2p + 1.28 cos3p+ 0.83 cos4¢p - 0.10 cos 5o
~0.15 cosbp - 0.44 sing ~ 0.29 sin 2¢ + 0.13sin3p + 0.12 sindep - 0.03 sin50
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POLARIZATION SCALE
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SAMPLE: DESERT SZND 1L LUMINATION: POLARIZED usmt
g: 40° Q 53°

FIG 73. POLAR DIAGRAM SHOWING ZZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Péo) = 8.38 - 7.61 cosp + 1.90 cos 29 + 2.32 cos 3o+ 1.35 cos 4 + 0.39 cos So
- 0.25 cosbgp - 0.02 sing ~ 0.18 sin2¢p + 0.00 sin 3¢ + 0.03 sin4e -~ 0.23 sinS5¢
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S-SHADOW

SAMPLE: DEStRT SAND ILLUMINATION: POLARIZED usn‘r:
g: so* g s3°

FIG. 74. PCLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE PCLARIZATION OF REFLECTED LIGHT

P@) = 10.01 - 8.07 cosp + 1.50 cos 2p + 1.41 cos3p + 2.55 cos 4 + 1.52 cos 50
= 0.03 cosb60 + 0.04singp ~ 0.28 sin2¢p - 0.08 sin3p ~ 0.09 sin 4o + 0.00 sin 50
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SAMPLE. DESERT SAND ILLUMINATION: POLARIZED LIGHT }
8- e0° g s3°

“IG 75. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pe)=11.18 - 5.50 cosp + 0.17 cos 2 + 2.52 cos 3p + 1.90 cos 4o + 1.13 cos 5o
+1.92 cosb¢p - 0.12 sin@ + 0.00 sin2¢ - 0.33 sin3p - 0.16 sin 4o - 0.01 sinSp
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FOLARIZATION SCALE

® @ OWHITE LIGHT 0 00395708 & 4 448658 = x x5890%
S§-SHADOW.

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT }
8: 100 g s3°

FIG. 76. POLAK DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PE) = 14.34 - 2.67 cosp+ 0.03 cos 29 + 0.83 cos 3p + 2.30 cos 4o + 0.67 cos 5o
+2.07 cos6¢p - 0.14 sinp + 0.03 sin2¢ ~ 0.17 sin3¢p ~ 0.52 «in 4 - 0.58 sin 5¢p
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POLARIZATION SCALE

@@ OWHITE LIGHT 00039708 44448650 X %X 58904
$§-SHATOW

SAMPLE" DESERT SAND LLUMINATION: POLARIZED LIGHT}
8: 15° g 53°

FIG 77 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pgo) = 16.88 - 0.80 cozp - 0.15 cos 2¢0 +1.55 cos 3 + 2.30 cos 4o + 0.70 cos 59
+0.88 cosép - 0.34 sinp - 0.18 sin2¢p + 0.13 sin3¢p - 0.17 sin4p + 0.07 sin5¢
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®® OWHITE LIGHT 0 0039702 & & 848658 =x x x 55903
5-SHADOW

SAMPLE. DESERT SAND ILLUMINATION: POLARIZED LIGHT}
6: so° q s3

FIG 78. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pgp) = 18.04 + 2.48 cosep + 0.60 cos 20 + 1.03 cos 3¢9 + 1.48 cos 4o+ 0.49 cos 50
+1.65 cosb6¢ - 0.57 sinp = 0.46 sin2¢p + 0.25s5in3p - 0.16 sin4p + 0.06 sin 50
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FIG 75. POLAR DIAGRAM SHOWING AZIMUTHIG \ARATION
OF THE POLARIZATION OF mReErlE(TED LGHT
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POLARIZATION SCALE
® @ OWHITE LIGHT 0 0039708 & & A 48658 x x x 58904
S - SHADOW
SAMPLE. DESERT SAND ILLUMINATION: POLARIZED LIGHT}
g: 10° g 18°30'
FIG 80. POLAR DIAGRAM SHOWING AZIMUTHAL VAR!ATION
5 OF THE POLARIZATION OF REFLECTED LIGHT

Pp) = 9.61 = 0.18 cosp + 0.94 cos 2¢p - 0.1€ cos 3o~ 0.11 cos 4 + 0.06 cos S
- 0.08 cosb¢p - 0.12 singp - 0.02 sin2¢p - 0.25sin3¢p - 0.02 sind¢ - 0.12 sinS¢
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POLARIZATION SCALE

® @ OWHITE LIGKT 00039708 A& & 448658 x x x 58304
§-SHADOW

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT |
8: 20° g; 78°30'

FIG 8. PCLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REF ECTED LIGHT

Pgp) =8.70 - 0.47 c>.p + 3.29 cos 2¢p + 0.72 cos 3~ 0.12 cos 4¢p - 0.09 cos 5o
-0.03 cosb6¢p - 0.11 sing - 0.04 sin 2¢p - 0.22 sin3¢p - 0.06 sin4 - 0.11 sin5¢
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POLARIZATION SCALE

® @ @ WHITE LIGHT © 9 0O 39704
$ -SHADOW

SAMPLE: DESERT SAND

8: 30°

A AAa4ge5RA x x x5890%

ILLUMINATION: POLARIZED LIGHT }
§; 78°30°

FIG 82. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

Péo) =8.64 - 0.25 cosp + 5.66 cos 2p + 1.95 cos 3p+ 0.33 cos4¢p - 0.28 cos 5¢
- 0.38 cosb6p ~ 0.05 sinp + 0.06 sin2¢ - 0.105in3¢p + 0.06 sin 4 - 0.05 sin 5¢
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POLARIZATION SCALE

@ ® OWHITE LIGHT 0 0039708 & & & 486524 x x x 58908
$-SHADOW

SAMPLE: DESERT SAND {LLUMINATION: POLARIZED UGHT’
8: 40° g 78°30'

FIG 83. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P) = 11.57 - 0.32 cose + 5.15 cos 2¢p + 2.03 cos 3o + 0.86 cos 4 + 0.08 cos S
+0.00 cosbp + 0.03 sinp + 0.09 sin2¢ + 0.07 sin 3¢ + 0.09 sin 4¢p + 0.03 sin 50
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POLARIZATION SCALE

@@ OWHITE LIGHT 0 0039708 & & A 48654 X x x 58904
S'SHADON

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT }-
9: s0° g, 78°20’

FIG 84. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pgp) = 15.82+ 1.57 coso + 4.57 cos 20 + 1.77 cos30+ 1.33 cosdp+ 1.39 cos S
+0.57 cos6¢ + 0.08 sinp + 0.14 5sin2¢p + 0.16 sin3p + 0.14 sin 4o + 0.08 sin S0
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POLARIZATION SCALE
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S-SHINCN

SAMPLE. DESERT SAND ILLUMINATION: POLARIZED ucm}
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FIG 85. POLAR DIAGRAM SHOWING AZ:MUTHAL VARIATION
OF THE POLARIZATION QOF REFLECTED LIGHT

Pl) =20.97 + 4.51 cosp + 4.58 cos 20 + 1.37 cos 30 + 1.78 cos 49 + 2.00 cos S0
+1.33 cosdp +0.15sinep + 0.29 sin2¢ + 0.30 5sin3¢0 + 0.29 sindp + 0.15sin5¢0
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SAWPLE: DESERT SAND ILLUMINATION: POLARIZED ucmt
8: 10° 8: 78°30'

FIG 86. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 26.48 + 7.60 cosep + 5.42 cos 2 + 1.53 cos 3 + 2.62 cos 4o + 0.56 cos 5¢
+1.37 cosb6p + 0.18 singp + 0.18 sin2¢p + 0.37 sin3p+ 0.18 sindop - 1.77 sin S50
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POLARIZATION SCALE
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SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT }
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FIG 87. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION COF REFLECTED LIGHT

Pf) = 28.09 + 11.03 cose + 6.00 cos 2¢p +_2.52 cos3p +2.13 cos4o + 1.10 cos 509
+0.85 cosép - 0.08 sinpp + 0.00 5in2¢p + 0.0C sin 30 + 0.00 sin 4¢p + 0.00 sin 50
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POLARIZATION SCALE

© @ OWHITE LIGHT 0 0 039708 & & A 48655 x x x 58908

S - SHADOW

SAMPLE: DESERT SAND ILLUMINATION: POLARIZED LIGHT 3

g 78°30°

FIG 88. PCLAR DIAGRAM SHOWING LZIMUTHAL VARIATION

CF THE POLARIZATION OF REFLECTED LICHT

Pl) =29.45 + 12.66 cosp + 7.2 cos 2¢p + 3.37 cos 3o+ 2-80 cos 4o + 2.27 cos 5S¢
+1.70 cosbp + 0.20 sinp + 0.34 sin 2¢p + 0.40 sin3p+ C 34 sindp + 0.20 sin 50
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SAMPLE: WHITE SAND ILLUMINATION: NATURAL LIGHT

8 10° § o

FiG 82. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT
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FIG 90. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT
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FIG 91 POLAR DIAGRAM SHOWING AZMUTHAL VARIATIGN

OF THE POLARIZATION OF REFLECTZD UiGHT
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FIG 129 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 5.51 + 1.08 cosep + 0.70 cos2¢p + 0.02 cos 3+ 0.02 cos4¢ + 0.07 cos 5
- 0.05 cosé¢p ~ 0.08 singp = 0.03 sin 2¢p + 0.03 sin3¢ - 0.12 sin4¢p + 0.06 5inS¢p
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FIG 130 PCLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 5.50 + 1.57 cosp + 1.36 cos 2¢p + 0.08 cos 3p~ 0.03 cos4¢ + 0.10 cos S0
+0.03 cos6¢p - 0.14 singp- 0.04 sin2¢0 + 0.08 sin 3p + 0.01 sin4p - 0.08 sin S0
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FIG 131 POLAR DIAGRAM SHOW:NG AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pko) = 5.52 + 2.06 cose + 2.23 cos2¢p + 0.43 cos 3¢ + 0.05 cos 4 - 0.04 cos So
+ 0,08 cas6p - 0.22 sinp + 0.06 sin2¢ ~ 0.08 sin3¢p + 0.03 sin4¢ + 0.04 sin5¢
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FIG 132 POLAR DIAGRAI" SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pfp) = 5.56 + 2.7} cose # 3.19 cos 2 + 1.00 cos 3p+ 0.09 cos 4p - 0.04 cos 5S¢
+0.01 cosbégp - 0.27 sing ~ 0.07 sin2¢p + 0.08 sin3¢ + 0.07 sin 405 +0.10sin50
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FIG 133 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pép) = 5.70 + 3.66 cosp + 4.42 cos 2 + 1.82 cos 3o+ 0.48 cos 4o + 0.17 cos 5o
+0.10 cosée - 0.29 singp - 0.19sin2¢p - 0.08 sin3p - 0.10 sindp + 0.11 sin5¢
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FIG134 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pl) =6.19 +5.02 cosp + 5.74 cos 20 + 2.85 cos 3+ 1.66 cos 4 + 0.38 cos 59
+0.32 cos6¢ - 0.31 sing - 0.10sin2¢p - 0.07 sin3p+ 0.07 sin4¢ + 0.10 sin S50
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FiG 135 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATIOM OF REFLECTED LIGHT

P{p) = 6.48 + 5.50 cospp + 5.90 cos 2 + 2.88 cos 3 + 1.57 cos 4 + 0.17 cos S¢
+0.00 cosbg - 0.21 sing - 0.18 sin 2 + 0.08 sin 3 + 0.07 sin 40 + 0.14 sin5¢
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FiG 136 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATIONM
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Plo) =7.74 +7.60 cosp + 7.28 cos 2¢p + 4.47 cos 30 # 3.1 cosdp + 1.49 cos 5o
+1.45 cosb -0.305sinp + 0.185in2¢p - 0.32 5in 30 - 0.60 sindp - 0.16 3inSps
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FIG.1I38 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P{)=8.68 +1.50 cosp+ 0.27 cos 200 = 0.22 cos 3=~ 0.05 cos 4 - 0.08 cos 5o
-=0.02 cosbé6ip - 0.38sinp ~ 0.20 sin2¢p - 0.03 sin 3 + 0.00 sin4p + 0.00sin5¢
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FIG 139 POLAR DIAGRAM SHOWING AZIMUTHAL ¥ARIATION
OF THE POLARIZATION OF REFLECTED LiGHT

. P{p) = 8.60 + 3.04 cosep +1.01 cos2¢ - 0.27 cos 3 =~ 0.02 cos 4 = 0.02 cos S»
-0.27 cos 6¢ - 0.47 sinpp - 0.39sin2¢p - 0.07 sin3p + 0.10sin4p - 0.10 sin S0
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FIG.140 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) =8.64 + 4.40 cosp + 2.16 cos 2 + 0.40 cos 3¢ - 0.12 cos 40 - 0.16 cos 50
+ 0.18 cosb6¢p - 1.02 sinp - 0.225in2¢p - 0.125in3¢p - 0.18 sin4+ 0.05 sin 50
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FIG 141 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pgo) = 8.30 +6.21 cose +4.22 cos2¢ + 0.95 cos 3o~ 0.02 cos 4 - 0.11 cos S
+0.30 cosbep - 1.13sine - 0.65sin2¢p + 0.22 5sin30p - 0.19 sin4o - 0.15 5sinS0
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FIG.142 POLAR DIAGRAM SHOWING AZIMUTHAL VARIETION
OF THE POLARIZA.ION OF REFLECTED LIGHT

Pio) = 8.32 + 7.48 coso + 6.37 cos 20 + 2.08 cos 3o+ 0.75 cos 40 + 0.24 cos 50
+0.72 cos6¢ - 0.86 sinep -~ 0.84 sin200 - 0.27 5sin3p - 0.12sindop + +. 15 5in50
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FIG.143 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 8.59 + B.73 cosep + 8.62 cos2: + 3.82 cos 3+ 2.12 cos4p +1.05 cos S5
+1.30 cosé60 - 0.92 sine ~ 0.74 sin2¢ - 0.02 sinJo +0.10sindp + 0.15 sin5¢
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FIG144 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PE)=9.24 +10.76 coso + 11.24 cos20 + 5.62cos3p +4.18 cosdp + 1.82 cos S0
+1.62 cosbp - 1.15sino - 1.02 5sin2¢ - 0.27 sin3p - 0.13 sin4p - 0.04 sin50
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FIG. 145 POLAR DIAGRAM SHOWING AZiMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Péd =10.57 ¢ 12.2] cosp + 11.73 cos2¢p + 7.10 cos 3o+ 4.32 cos 40 + 2.94 cos 50
+1.38 cosb6o - 0.68 sinp - 0.66 5sin2¢ - 0.825in3¢pp ~ 0.46 sin4dx - 0.24 sin50
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FIG 146 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

Plo) =11.98 +15.08 cospp + 12.06 cos 2¢ + 8.08 cos 30 + 5.36 cos 40 + 4.08 cosSo
+ 3.40 cosb¢p - 0.05 sinp - 0.04 sin2¢p - 0.125in 300 - 0.85 sin 40 - 0.57 sin5e
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FIG 147 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
Of THE POLARIZATION OF REFLECTED LIGHT

Pg) = 5.00 + 0.99 cosp ~ 0.08 cos 20 - 0.10 cos 3o +0.10 cosdon +0.06 cos 5o
-0.13 cos60 + 0.12sinp + 0.03 sin 2 - 0.07 sin3¢ - 0.06 sindp -~ 0.14 sin50
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FIG.148 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Péo) = 4.76 +0.18 coso - 0-15 cos 20 - 0.07 cos 30 + 0.02 cos4o - 0.16 cos So
- 0.25 ccs6ep - 0.08 sine ~ 0.03 sin20 - 0.05sin30 - 6.03 sindp ~ 0.02sin5¢
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FIG 149 POLAR DIAGRAM SHONNG AZIVUTHAL \VARIATION
CF THE POLARIZATION CF REFLECTED UGHT

PE)=4.28-0.01 cos0- 0.V cn2c + 0.8 e300 - 0. 13 x40+ 0.2 an 50
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FIG. 150 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pp) = 3.96 - 0.00 cosep - 0,53 cos 2¢ - 0.07 cos 30 + 0.12 cos 4o - 0.08 cos S
+0.02 cos6¢ - 0.0? sinp + 0.09 sin2¢0 - 0.05sin30 + 0.00sin4p - 0.04 sinS0
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FIG 151 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 3.75 - 0.09 cose = 0.77 cos 2¢p + 0.05 cos 3¢ + 0.30 cos 46 - 0.09 cos So
+0.10 cos6¢ - 0.05sine - 0.17 sin20 - 0.225in30 + 0.00 sin 4 - 0.125in50
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SAMPLE: WHITE SAND ILLUMINATION: POLARIZED LIGHT |
Q. 60° Q 0
FIG. 152 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pg) = 3.63 +0.16 cospp ~ 1.10 cos 2¢p + 0.00 cos 3o + 0.47 cos4p - 0.21 cos S0
+0.20 cosé¢p - 0.09 sing + 0.23 5in2¢p - 0.20 5in3¢p + 0.00 sin 4o - 0.21 sinSe
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FIG 153 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pgo) =3.98 - 0.02 cos - 1.36 cos 20 + 0.00 cos 30 - 0.68 cos 4 - 0.02 cos S
+0.22 cosbp + 0.09 sinp + 0.36 sin2¢p + 6.05sin300 - 0.19sin400 + 0.11 sin5¢
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FIG.I54 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pfo) = 4.28 - 0.18 cosp - 1-47 cos 20 - 0.20 cos 3o + 0.97 cosdp + 0.13 cos So
+0.17 cos 60 ~ 0.06 sinp + 0.52 sin 20 - 0.07 sin3p - 0.38 sin4o + 0.14 5in50
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FIG 155 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P{o) = 4.90 - 0.3% coseo - 1.81 cos20 +0.12 ces 30 + 0.98 cos 4o - 0.08 cos 5o
+0.57 cosb6w + 0.07 sino + 0.30 sin 20 - 0.12sin30 - 0.16 sind + 0.01 sinS0
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FIGIS7T POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION GF REFLECTED LIGHT

Pl) = 2.7V - 0.49 cosey + 0.02 cos 20 + 0.12 cos 3p + 0.12 cos 40 + 0,02 cos S0
+0.02 cosbo - 0.12 sing + 0.12sin20 - 0.13 sin30 + 0.00 sin 4o - C.01 sinS0
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FIGI58 POLAR DIAGRAM SHOWING AZMAUTHAL VARIATION

UL -y IKivA T E

OF THE POLARIZATION OF REFLECTED LIGHT

Pép) = 2.81 - 0.89 cosp + 0.12 cos 2¢p + 0.03 cos 3o+ 0.04 cos 40 - 0.05 cos So
+0.05 cosb6¢ - 0.02 sing + 0.03 sin 2pp + 0.06 sin3p - 0.00 sin 40 + 0.01 sinSe
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Plo) = 3.02 - 1.64 coso + 0.45 cos 20 + 0.30 cos 3o +0.15 cos 409 - 0.08 cos 500
= 0.05 cos6¢0 + 0.00 sing -~ 0.12 sin 20 -0.155in3p - 0.12 sin4p + 0.00sin5¢
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FIG 162 POLAR DIAGRAM SHOWING AZ'WMJTHAL VARIATION
OF THE PCLARIZATION OF REFLECTED LIGHT

Péo) = 5.08 - 1.95 cosp - 0.74 cos 2¢p - 0.02 cos 3pp + 0.4% cos 4@ + 0.47 cos 50
+0.53 cosé6¢ + 0.38 sing + 0.30 sin 20 - 0.125in 3¢ + 0.90 sin 4 ~ 0.055in50
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FIG 163 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATICON
OF THE POLARIZATION OF REFLECTED LIGHT

Pép) = 6.65 - 0.78 cosp - 0.92 cos 2¢p ~ 0.28 cos 3 + 0.38 cos 4o + 0.26 cos 50
+0.40 cos6¢p + 0.68 siny + 0.42 sin 20 - 0.055in3¢p - 0.01 sinde + 0.125in50
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FIG 164 POLAR DIAGRAM SHOWING AZ'MMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LICHT
Péo) = 7.83 + G.55 cose - 0.85 cos 290 - 0.32 cos 3 + 0.17 cos 4 + 0.06 cos 5z
+0.50 cosb6¢ + 0.43 sinp + 0.64 sin 20 + 0.185in 30 + 0.03 sin4¢p + 0.06 sinbw
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FIG 165 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LiGHT

Pl) = 9.05 + 1.92 cosw - 0465 cos 2¢ - 0.68 cos 3o + 0.10 cos 4 + 0.16 cos S
+0.20 cosbep + 0.86 sing + 0.57 sin2¢ + 0.18 sin30 + 0.09 sin 40 + 0.02 sin S0
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FIG 167 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 1.42 = 0.47 cosoo + 0.05 cos 2 - 0.07 cos 3o+ 0.05 cos 4 ~ 0.07 cos 5
+0.15 cosbp ~ 0.14 sinp = 0.23 5in 200 - 0.05 5in 30 = 0.00 sin 4o + .04 sin 50
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OF THE POLARIZATION OF REFLECTED LIGHT

3 P) = 1.50 - 1.00 cose = 0.02 cos 2¢ + 0.00 cos 3 ~ 0.01 cos 4o - 0.10 cos 5o
n +0.05 cos6p + 0.19 sinp~ 0.16 sin 20 - 0.22 5sin 3¢ - 0.10 sin 4 - G.10 sin 59
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FIG 169 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Péo) = 2.26 ~ 1.28 cosp - 0.39 cos 20 + 0.00 cos 30+ 9.32 cos 4 + 0.18 cos 50

+0.48 cos 60+ 0.04 sing - 0.07 sin 20 + 0.08 sin 3¢ - 0.07 sin4¢ + 0.04 sin 54
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OF THE POLARIZATION OF REFLECTED LIGHT

Pl) = 6.32 +0.95 cosp - 0.51 cos 20 - 0.65 cos 30 - 0.09 cos 4o + 0.05 cos 50
+0.27 cosbp + 0.02 sinp + 0.04 sin 2¢p + 0.05 sin 3+ 0.04 sin4p+ 0.02 sin 50
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.& FIG 174 PQOLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE POLARIZATION OF REFLECTED LIGHT

P =15.4 +11.04 cosp + 4.77 cos Zo + 2.07 cos 3 + 1.10 cos 4+ 0.30 cos So
+0.27 cosbp + 0.13 sinp - 0.06 sin2¢p + 0.27sin3p - 0.06 sindp + 0. 13 sin_ 9
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FIG 175 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLAFRtZATION OF REFLECTED LIGHT
Peo) = 16.91 +14.40 cos + 7.53 cos 20 + 2.98 cos o+ 1.92 cos 40 + 1.82 cos Se
+1.28 cosbeop + 0.04 sinp + 0.06 sin 2¢p - 0.03 sin3¢ - 0.03 sin 40 + 0.07 sin5¢
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FIG.186 POLAR [IAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Po) =4.62 +1.32 cosp +0.56 cos 2¢ - 0.45 cos 3w + 0.52 cos 4o -~ 0.47 cos 50
+0.58 cosép + 0,16 sing - 0.01 sinZ¢p + 0.07 sin3¢ - 0,04 sin 40 + 0.01 sin5¢
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FIG.187 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Ple) = 4.69 +3.32 cosen - 0.19 ces 200 + 0.02 cos 3¢~ 0.09 cos 4o - 3.03 cos 59
~0.02 1056 + 0.05 sino = 0.01 5in20 - 0.03 5in 300 ~ 0.04 sin4¢p + 0.02 sin 50
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FIG. 188 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pép) = 5.04 + 4.65 cos - 0.44 cos 200 + 0.28 cos 30 + 0.01 cos4p - 0.02 cos So
+0.08 cos6p +0.17 sinp + 0.10 sin 2 + 0.07 sin 3 + 0.04 sin 40 + 0.08 sin 50
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Pfo) = 5.58 + 5.04 cosey = 0.33 cos 20 + 0.07 cos 3o + 0.25 cos 4o - 0.06 cos S50
+0.12 cos€p + 9.2 sinp - 0.06 sin2¢ - 0.43 4in 3 - 0.03 sind¢ + 0.01 sinSo0
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FIG.190 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) =6.23 + 4.99 cosp - 6.76 cos 20 - 0.04 cos3p + 0.14 cos 40 - 0.15 cos So
+0.17 cosb6o + 0.06 sing + 7.C4 sin2¢ - 0.02 sin3p ~ 0.04 sindp - 0.63sin 50
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FIG.191 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Péo) = 6.35 + 4.80 coso - 1.07 cos 20 - 0.23 cos 30 + 0.30 cos 40 +0.02 cos 50
+0.03 cosb6o + 0.03 sino + 0.14 sin2¢0 + 0.07 sin 30 - 0.20 sin4 + (.20 sin 50
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Pfo) = 6.38 + 3.85 cosp = 1.76 cos 29 + 0-10 cos 3o + 0.09 cos 40 - 0.05 cos 50
+0.37 cos b6 + 0.12 sinp + 0.16 5in20 + 0.17 5in 30 - 0.07 sin 4o - 0. 11 sin 50
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SAMPLE : SOIL ILLUMINATION: NATURAL LIGHT
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FIG.196 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION GF REFLECTED LIGHT

Plp) = 7.88 +1.34 cosp - 0.06 cos 2¢p + 0.02 cos 3 + 0.02 cos 4p - 0.16 cos 5S¢
+0.02 cos 60 - 0.03 sinp + 0.13 5sin 2¢ - 0.03 sin 3¢ + 0.01 sindep = 0.15 sin S
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SAMPLE: SOIL ILLUMINATION: NATURAL LIGHT
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FIG.197 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) = 7.69 + 2.04 cosep - 0.92 cos 2¢p + 0.05 cos 3¢ = 0.55 cos 4¢ - 0.50 cos 5S¢
- 0.08 cosbp +0.27 singp + 0.12 sin2¢ + 0.03 sin 3¢ - 0.06 sin4 - C.00 sin 5S¢
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SAMPLE: SOIL ILLUMINAT{ON: NATURAL LIGHT
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FIG.198 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pgp) = 6.96 + 3.24 cosep = 0.52 cos 2¢ +0.25 cos 3p - 0.18 cos4¢p - 0.08 cos 5o
- 0.22 cos6¢ - 0.30 singp ~ 0.09 sin2¢ ~ 0.13 sin 30 - 0.09 sin4¢p - 0.08 sin 59
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SAMPLE : SOIL ILLUMINATION: NATURAL LIGHT
9; 40°

§; 78°3'

FiG.199 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P{p) = 6.82 + 3.78 cosp - 1.38 cos 200 + 0.18 cos 3o *+ 0.05 cos 4¢ + 0.09 cos 5S¢
- 0.09 cos6¢p - 0.08 sing + 0.09 sin2¢p + 0.00 sin 3 -~ 0.09 sin4¢p ~ 0.02 sin 5¢
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SAMPLE: SOIL ILLUMINATION: NATURAL LIGHT
§: s0° g 78° 30°

FIG.200 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED L!GHT

Plo) = 6.32 + 3.57 cos = 2.28 cos 20 ¥ 0.18 cos 3p - 0.08 cosd¢p +0.T5 cos 5o
- 0.15 coséep - 0.22 sing - 0.05sin2¢ - 0.10sin3p - 0.08 sin4¢ - 0.08 sin S50




iy vt D S ey i e B i e i U

$-= 0°00'

330°00' 30°00'
300°00' \ 60°00
==\

)

RN

¢ = 270°00 —] hé m
\ ¥ V,Qj‘
AR YZ

$=90°00'
249°0C " 120°00"

210°00' 150°00"'
¢=180°00'

=0
L

7=
3

[

POLARIZATION SCALE

®® OWHITE LIGHT 0 0039708 & &4 448654 x x x 58904
S-SHADOW

SAMPLE: SOIL ILLUMINATION: NATURAL LIGHT
8:60° Q e 30°

FIG.20I POLAR DIAGRAM SHOWING AZMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) = 5.86 +3.07 cosp - 2.58 cos 20 - 0.12 cos 3 - 0.22 cos4¢p ~ 0.05 cos S
-0.15cos 60 +0.05 singp - 0.16 sin20 - 0.135sin 3¢ - 0.02 sin4¢p - 0.09 sin 50
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SAMPLE . SOIL ILLUMINATION: NATURAL LIGHT
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FIG.202 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATICN OF REFLECTED LIGHT

Plp) =5.71 +1.82 cosp - 3.20 cos 2¢0 - 0.25 cos 30 + 0.07 cos 40 - 0.32 cos S0
+0.60 cos 60 + 0.46 sing - 0.23 sin20 - 0.225in3p + 0.17 sindp - 0.12 sin 50
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POLARIZATION SCALE
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S - SHADOW

SAMPLE. SOit.
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FIG.203 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 5.12 + 1.82 cosep - 2.77 cos 20 - 0.92 cos 30+ 0.30 cos4 - 0.15 cos 50

-0.22 cos6a~0.29 sing - 0.09s5in2p + 0.17sin3¢p - 0.08 sin 4 + 0.06 sindgp
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SAMPLE: SOIL ILLUMINATION: NATURAL LIGHT
8:80° g 78°30'

FIG.204 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 5.38 + 0.62 coso - 3.32 cos 20 + 0.10 cos 3 = 0.02 cos 4¢ - 0.47 cos5p
+0.03 cosbép - 0.39 sing - 0.30 sin 2 - 0.13 5sin3p - 0.28 sindop - 0.39sin50
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SAMPLE SOIL ILLUMINATION. POLARIZED LIGHT =
8. 10° g o

FIG.205. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 26.36 - 0.40 coso - 0.02 cos 2¢5 + 0.00 cos 3 + 0.22 cos 4o - 0.10 cos 5o
+0.08 cosb6p - 0.17 sinp - 0.06 sin20 - 0.055in3p - 0.06 sind - 0.23 sin 50
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SAMPLE: SOIL ILLUMINATION. POLARIZED LiGHT=—
8. 200 Q 4 2d

FIG.206. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P() = 23.27 - 0.01 cc.0 - 0.63 cos 200 - 0.30 cos 3 + 0.53 cos 400 + 9.11 cos 50
- 0.27 cos6p - 0.04 siney - 0.32 5in 200 - 0.105in30 - 1.41 sindp - 0.16 sin5¢
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FiG.207 POLAR DIAGRAM SHONNG AZMUTHAL ARATIN
OF THE POLANIZATION OF REFLECTED LaGHT

PE)=20.72-0.14cos0c * 1.39¢cs 20 0. W 30 = 0.4l e 40 - 0.88 =5
-0.03 cosb + 0.10 sinc - 0.103in 20 - 0-135in3c - 8.18 sin 4o - B.C8B sin5c
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$ - SHADOW

SAMPLE : SOIL ILLUMINATION: POLARIZED LIGHY=—
g: 40° go

FiG.208. POLAR DIAGRAM SHOWING AZIMUTHAL.VARIATION
OF THE POLAR:ZATION OF REFLECTED LIGHT

P{p) = 18.61 - 0.45 cosop + 2.51 cos2¢ - 0.18 cos 3 + 0.54 cos 4o + 0.13 cos S
+0.08 cos6¢p + 0.01 sing = 0.22 sin 20 + 0.03 sin3¢ + 0.16 sin 40 - 0.08sin50
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT =
g: s50° qgo

FIG.209. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P) =13.10 + 0.10 cos + 6.54 cos 2¢p + 0.05 cos 3¢ + 2.58 cos 4¢p + 0.05 cos 5S¢
= 1.63 cosbp - 0.23 sing - 1.17 5sin 200 - 0.08 sin 3¢ - 0.97 sin 400 + 0.20 sin 50
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SAMPLE. SOiL ILLUMINATION: POLARIZED LIGHT ==
8: 0° g o

FIG.210. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 13.48 - 0.07 cosep + 5.05 cos 20 - 0.13 cos 3p + 1.80 cos 40 - 0.04 cos So
~0.60 cosbp - 0.14 sinp - 0.58 sin 2 - 0.13 sin3p~ 0.38 sin 40 + J.05 sin S0
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POLARIZATION SCALE
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$ - SHADOW

SAMPLE. SOIL ILLUMINATION: POLARIZED LIGHT~—
6. 1° g0

FIG.2il. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pl) = 12.93 - 0.06 cosw + 6.69 cos 25 + 0.27 cos 3 + 2.54 cos 40 - 0.20 cos 5
~1.13 cosbp-0.11 sinp - 1.11 sin2¢0 - 0.43 5in300 - 0.59sind400 + 0.12 s5in 50
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SAMPLE: SOIL HLUMMNATION: POLARIZED LIGHT o=
g: 15° qo

FIG.212. POLAR DIAGI’AM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P{o) = 12.54 - 0.06 cosp + 7.47 cos 20 + 0.27 cos 3p + 3.28 cos 4p - 0.15 cos 50
~2.08 cosbe + 0.01 sing - 1.47 5sin2p - 0.04 sin30 - 0.98 sin4o + 0.04 5in50
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SAWPLE. SOIL ILLUMINATION: POLARIZED LIGHY =
§ 80 g 0°

FIG.213. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 12.71 - 0.20 coso + 7.90 cos 20 + 0.53 cos 30 + 3.60 cos 40 - 0.34 cos 50
- 2.22 cosb6 + 0.20 sing - 1.86 5in 20 - 0.05sin 3¢ - 0.65 sin4p - 0.37sin 500
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FIG.214 PCLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT
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FIG.215 PGLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PE)=20.5+1.16 coso + 0.51 co:20 ~ 0.05 cos 3o~ 0.01 cos4p + 0.04 cos 50
+0.03 c036¢ - 0.20 sinp + 0.01 sin20 - 0.03 sin30 ~ 0.04 sind0 - 0.18 sin50
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SAMPLE:SOIL HLLUMINATION: POLARIZED LIGHT v—e
g:20 g

FIG.2I6 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PE) = 19.58 + 2.08 cosp + 2.04 cos 2¢ + 0.38 cos 3p + 0.39 cos 49 + 0.32 cos 50
+J.17 cosb6p - 0.36 sing - 0.16 sin2¢ + 0.42 5in3p - 0.44 sin4o + 0.28 sin50
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT e—e
8: 30° g 53

FIG.217 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pép) =19.8 + 3.15 cosey + 3.52 cos 20 - 0.66 cos 3o+ 0.20 cos 40 + 0.06 cos So
= 0.33 coséo - 1.85sino - 1.335in 20 - 6.03 sin 30 + 0.49 sin4p - 0.03 sin 50
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SAMPLE: SOL ILLUMINATION: POLARIZED LIGHT=—
6: 40 g

FIG.218 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED L!GHT

Plo) = 18.21 + 2.49 cosp +6.83 cos 20 + 0.23 cos3 + 0.12 cos 40 - 0.08 cos 5o
+ ©.98 cos6¢ - 0.49 sing + 0.00 sin 20 - 0.05 sin3c - 0.26 sin4p - 0.35sin50
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FIG 213 POLAR DIAGRAV SHOWING AZMUTHAL \ARIATIN
O THE POLARIZATION OF REFLECTED LGHT

PE)=17.07 # 2.8 cose ~ 9. B ez 20 7 2. 15330 = 0. 48 o0+ V.88 cox 50
+0.43 cosb 2 0.8 sino - 0.8 stn20 - 0.8 530 + 5.1  sindp + 01353
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FI6.220 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pep) = 16.43 + 3.16 cosp + 11.80 cos 2¢ + 3.05 cos 3p + 0.32 cosdp - 0.51 cos 5o
+0.30 cosé¢ - 0.80 “ingp + 0.61 sing - 0.48 sin 3p + 0.23 sin4¢ + 0.21 sin S
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT @~
g: 100

G: 53

FIG.221 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REF'ECTED LIGHT

Pip) = 16.49 + 4.87 ca-p + 12.48 cos 20 + 3.62 cos 3¢ + 1.23 cos 40 -~ 0.59 cos So
= 0.02 cos6¢p - 0.18 singp - 0.40 sin 2¢0 - 0.60 sin 3¢ + 0.09 sin 400 + .33 sin S
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT=—s
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FIG.222 PCLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Po) = 16.94 + 6.09 cosi + 12.61 cos 2¢p +3.82 cos 3 + 1.61 cosdp - 0.61 cos 59
- 0.32 cos6¢ - 0.29 sinp ~ 0.27 sin 2¢p - 0.40 sin3¢p - 0.19 sin4¢ + 0.09 sinSp




229

330°00

300°00

¢ = 27C°00

\,¢=90°oo'

240°00‘ ‘ '20900'

210°00' 150°00'
¢=180°00'

Cl%)—s s 20(%)
POLARIZATION SCALE

© @ OWHITE LIGHT 00039708 & & 4486528 x x x 58908
$-SHADOW

SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT=—e-
g: so° g: 53

FIG.223 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) = 17.83 + 7.83 cosep + 12.93 cos 20 + 3.37 cos 3o+ 1.92 cos 41 - 0.15 cos So
-0.67 cosbw ~ 0.96 sinp - 0.20 sinZ¢ - 0.335in3p - 0.17 sindp + 0.08 sin50
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FIG 224 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION

OF THE PO

LARIZATION OF REFLECTED LIGHT
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FIG225 POLAR Did

GF THE POLARIZATION OF REFLECTED LiGHT

Péo) = 23.18 + 2.47 cosep + 0.53 cos 2¢0 + 3.05 cos 30-0.03 cos 4 - 0.27 cos 5
- 0.07 cosb6 -~ 0.73 sinp + 0.395in 200 + 0.055in 39 + 0.79 sin4p - 0.27 sin 50
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SAMPLE: SOIL ILLUMINATION: POLARIZED LIGHT =—e
g:20° g 78° 30"

FIG226 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PE) = 23.98 + 3.91 cosp + 1.05 cos 2 + 0.57 cos 3 + 0.35 cos 4o - 0.08 cos S50
+0.30 cos6¢ - 0.38 sinp - 0.15 5sin 2 - 0.50 sin3¢ + 0.49 sin4gp - 0.02 sin5Sp
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FIG.227 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pé) =22.88 + 5.75 cosep + 2.78 cos 20 + 0.02 coc 30 + 0.54 cos 40 + 0.34 cos 5
+0.40 cosbgp + 0.06 sing + 0.56 sin2¢ - 0.95sin3¢» - 0.79 sin 4 - 0.76 s5in 50
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SAMPLE: SOIL ILLUMINATION: POLARIZED LiGHT e—e
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FIG.228 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pe) = 21.31 +7.33 cosp +6.00 cos 2 + 0.40 cos 3o+ 0.22 cos 4 + 0.32 cos S¢
+1.25 cosbp - 0.46 sinp - 0.06 sin2¢ ~ 0.825in3pp - 0.09 sindp - 0.36 sin5¢
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SAMPLE: SOIL ILLUMINATION. POLARIZED LIGHT =
8: so 4 18°30’

F16.229 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plpo) = 20.44 + 8.89 coso + 10.59 cos 2¢0 + 0.20 cos 3 + 0.01 cos4p + 1.11 cos 50
+1.12 cusbp - 1.29sino + 0.10sin2¢p - 0.98 5sin3p - 0. 13 sindp + 0.31 sinSe
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FIG.230 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

P)=19.24 + 10.79 cosrp + 15.30 cos 20 + 0.70 cos 3p - 0.68 cos 4o + 1.15 cos 5o
+2.85 cosbo - 0.25singp ~ 0.29 sin 200 - 0.28 sin3p - 0.26 sin 4o - 0.63 sin S0
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OF THE POLARIZATION OF REFLECTED 1867
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PE)=21.28+12.48coso - 1788 css20+ 1. M s~ 2l es 40+ 8- T o850

1. 255580+ 0.10sine ~0.38sin2c ~ 5.22sn3p 2 §.FF smndo -~ 8.57 uinSe
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FIG.232 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Po) = 23.44 + 14.99 cosp + 18.82 cos 2 + 3.33 cos 3 + 3.53 cos 4o+ 0.93 cos Sp
+0.92 cosbp +' 96 sing = 0.03 sin 2¢p + 0.28 sin 3¢ + 0.06 sin 4¢ + 0.20 sin 50
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FI5.233 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) =26.24 +16.34 coso + 19.53 cos 200 + 3.47 cos 3ip + 2.27 cos 4 + 1.10 cos 5
+1.38 cosbp + 0.59sinp - 0.90sin2¢p - 0.755in3¢p - 0.02 sind¢p - 0.01 sin5¢
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FIG.234. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZAT!ON OF REFLECTED LIGHT

Plo) = 26.45 + 0.02 cosp + 0.14 cos 20 ~ 0.07 cos 3 + 0.12 cos 4o - 5. 0 cos 50
- 0.03 cosbp + 0.14 sing + 0.33 sin2¢ + 0.07 sin3p - 0.04 sin4¢p - 0.07 sin 5
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FIG.235. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 23.18 + 0.05 coso - 0.76 cos 20 + 0.18 cos 3v + 0.59 cos 4o - 0.02 cos 5o
~0.13 cosbp - 0.14sinp + 0.13s5in2¢0 + 0.15sin 30+ 0.05sin4¢ - 0.02 sin 50
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FIG.236. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pgo} = 20.62 - 0.08 cosp - 1.53 cos 20 + 0.05 cos 3p + 0.31 cos 4o + 0.11 cos 50
+0.00 cesb6¢ - 0.10 sing + 0.39 sin2¢ ~ 0.05 sin 3¢ - 0.27 sin4¢ + 0,10 sin4p
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FIG.237. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLAR.ZATION OF REFLECTED LIGHT

Plo) = 18.48 - 0.15 coso - 2.57 cos 20 + (.18 cos 3o+ 0.37 cos 4 - 0.08 cos S

+0.33 cosd0 - 0.05 sinp + J.58 s5in 200

- 0.0Zsin3p +0.17sind4p+ 0.18 sin5¢
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FIG.238. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION CF REFLECTED LIGHT

PEp) = 15.65 + 0.60 cosep - 3.27 cos 2p = 1.42 cos 3 v 1.60 cos 4 + 0.66 cos So
-1.07 cos6p + 1.09 sing = 0.61 sin2¢ - 0.08 sin3¢p+ 0.89 sindp - 0.92 5in S0
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FIG.239. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pl =13.95 + 0.06 coso- 4.07 cos 29 ~ 0.13 cos 30 + 0.65 cos 4 - 0.08 cos 5o
+1.43 cosbp + 1.06 sinp + 0.66sin2¢p - 1.11 sin3¢p - 0.58 sin4¢p + 0.92 sin 50
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FIG.240. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pg) = 13.07 - 0.13 cosoo - 6.72 cos 2¢0 + 0.08 cos 30 + 2.6) cos 40 + 0.14 cos 5¢
+1.52 cosbdp ~ 0.08 sinp + 1.08 sin2¢ -~ 0.22 sin 30 - 0.56 sin4¢p + 0.01 sin5¢
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FiG.241. POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plp) = 13.22 + 0.71 coso - 6.9 cos 20 + 0.20 cos 3o + 2.69 cos 40 - 0.96 cos S50
+1.10 cosb0 - 0.63sino + 0.30sin2¢p - 1.10sin 3¢5 - 2.04 sind4o - 0.54 sin50
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FIG.242. POLAR DIAGRAM SHOWING LZRUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT
Plo) = 12.79 - 1.02 coso - 6.05 cos 20 + §.40 cos 30 + 3.38 cos 4 + 0.29 cos S50
+2.95 cosbp + 0.04sinp + 1.52:in20 ~ 0.98sin 300 + .03 sin4dp - 0.77 sin 50
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FIG.244 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Péo)=12.33 - 1.94 cos o + 0.05 cos 2¢p + 0.07 cos 3¢ - 0.08 cos 4¢ ~ 0.03 cos 5¢
+9.20 cosbp - 0.29 sinp - 0.06sin2¢ - 0.13 sin3¢p- 0.06 sin 4 + 0.06 sin 50
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FIG.245 POLAR DIAGRAM SHOWING AZIMUTHAL VAR:ATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo} = 12.02 - 3.99 cose + 0.97 cos 21 + 0.37 cos 3 + 0.15 cos 4o+ 0.08 cos 5S¢
+0.22 cosbip - 0.23 sing = 0.20 sin 20 - 0.125in 300 + 0.06 sin 4 - 0.08 sin S0




= el

252

$=0°00
330‘*00 30°00°
300°00' £0°00
¢ = 270"00 / w" \ ¢ goow‘
“\x\ ,v
y’ M
240°0¢ 120°00'
210°00' 150°00'
¢ =180°00'

0%l 200
POLARIZATION SCALE

® @ OWHITE LIGHT 0 0 039708 & & 4 4258  x x x 5890%
$-SHADOW

SAMPLE: SOIL ILLUMINATION: POLARIZED LiGHTI
8:30° 453

FIG.246 POLAR CIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Ploy=12.20 - 6.08 cosop + 2.09 cos 2¢0 + 1.25 cos 3¢ + 0.58 cos 4o - 0.36 cos 5o
- 0.23 cosbyp + 0.05sinp - 0.10sin2¢p + 0.02 sin 30 + 0. 01 sin 4 + 0.09 sin 50
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FIG 247 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo} =12.13-7.73 cosee + 2.16 cos 20 + 2.27 cos 30 = 1.64 cos 4o + 0.27 cos S0
-0.07 cotb0 - 0.25sin + 0.48 <00 7 - :.665in3n = 1.07 sindes + 0.24 sin50
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FIG.248 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION GF REFLECTED LIGHT

P =13.539-7.16 cos * 1.75 cos2e + 2.52 cos 30 + 1.73 cos 4 + 0.84 cos 5S¢

- 0.84 cosb6p + 0.99 sinp + 0.23 sin 20 + 0.63 sin30 ~ 0.60 sin 40 - 0.37 sin50
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FIG249 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 14.52 - 4.83 coso + 1.39 cos 20 + 2.20 cos 30 + 3.69 cos 40 + 0.86 cos S0
+0.42 cosbo + 3.78 sino + 0.45sin 20 - G.47 sin3 - 0.42 sin 4 - 0.20 sin 50
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FIG 250 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pfo) = 19.58 - 0.88 coso + 1.51 cos20 + 1.27 cos 30 + 2.06 cos 4 + 0.3 cosSc
+0.73 cosb60 *+ 0.01 sing -~ 0.03 sin20 - 0.30 sin3¢ + 0.29 sindp + 0.33 sinS0
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FIG.251 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pp)=21.21 + V.73 coso#1.15cos20 + 1.37 cos 30 + 2.07 cos 4o + 0.36 cos 5¢
-0.85cosb60 + 0.545in0 + 0.455in2¢ - 0.355in3cn - 0. 17 sin4p - 0.19sin 30
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FIG.252 POLAR DIAGRAM SHOWING AZMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Plo) = 22.82 + 4.49 coso 1.33cos2cc+ 1.47 cos 3o + 1.9 cosdo + 0.74 cos 5S¢
+1.28 cosho - 9.64 sing # 0.965in20 -~ 0.055in30 * 0.03 sind4p + 0.06 sin 50
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FIG 254 POLAR DIAGRAM SHOWDG AZIMUTHAL VARIATION
O THE POLARIZATION (F REFLECTED LiGHT

PE)=8.56-0.10cos0 7 0-34 c520 + 0. 03 cos 30~ 008 cos 80+ £.51 s 50
+0.02 cosbo - 1.24sins - 0.135in 20 = 0.025in3c - 0.08 sinde = 0.00sin 5S¢
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FIG.256 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATICN OF REFLECTED LIGHT

Pl) = 9.84 + 0.16 cosc + 3.89 cos 2¢p + 0.88 cos 3+ 0.81 cos4p + 0.01 cos 59
+0.18 cos€y - 0.22 singp ~ 0. 42 5in2¢ - 0.43 sin 3 - C.24 sindyp - 0.155in5¢0
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FIG.257 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pip)=12.38 + 1.13 casp + 5.29 cos 200 + 1.60 ces 30+ 1.08 cos 4 ~ 0.07 co: S
- 3.48B co36¢ + 0.84 5sinp - 0.22 sin 2¢p - 9.22 sin3¢ - 0.16 sin 49 - I.86 s5in S
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FiG.258 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pp) = 17.62 + 3.79 cosp + 4.36 cos 2¢ + 0.73 cos 3p+ 2.16 cos 4o + 0.73 cos 5o
- 0.30 cos6¢ + 0.34 sing - 0.65 sin 20 + 0.77 sin 3p + 0.59 sin 4 - 0.67 sinSp
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FIG.259 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

Pg) = 21.98 + 6.14 cosp + 6.46 cos 290 + 1.57 cos 39 + 2.22 cos 4 + 0.14 cos S0
+0.18 cosbp + 1.81 sing + 0.30 sin 20 + 0.05 sin3o~ 0.19 sindp - 0.71 sin Sp
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FIG.260 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION Of REFLECTED LIGHT

Plo) = 18.78 + 9.52 cosp +6.65 cos 2 + 1.35 cos 3+ 2.85 cos 4 + 0.18 cos 5on
+1.35 cos6¢ + 0.00 sing + 0.00 sin 2¢p + 0.00 sin 3 + 0.00 sin4¢p + 0.00 sin 50
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FIG.261 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PE) =19.70 + 9.97 cosp + 6.01 cos 20 + 3.15 cos 30 + 3.42 cos 4o + 3.93 cos 50
+3.83 cos6 + 0.10 sinp - 0.04 sin 20 - 0.08 sin3p - 0.10 sin 4 - C.08 sin50
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FIG262 POLAR DIAGRAM SHOWING AZIMUTHAL VARIATION
OF THE POLARIZATION OF REFLECTED LIGHT

PE) = 23.59 + 15.06 coso + 8.92 cos 20 ¥ 3.30 cos 3+ 2.48 cosdo + 2.14 cos S

+1.02 cosbp +0.20sino + 0.14 sin2¢ + 0.08sin30 *+ 0.08 sin 4o + 0.03 sin50
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.grophicgl form. Megswwrements have been mode in tiree speciroi intenvals

'] (bardwidth ~ 150 A) centered on A) 3570, 4865 cnd 3890A cnd “white light"
with o simple roXkting cnolyzer type reflectometer. Simple Fouwrier series

Ciecringhouse, Deporiment of Commerce, &or sgle o the genesl pedlic
— Air Force Cdridge-imch
TECH, OTHR Loboratories {CRO)
RS L. G. Honscom Field, 8edford, Maoss. 01730

lineor polarization of light bidirectionally reflected by somples of deser? sand,

representaticns have been estoblished for the czimuthal dependence of the degree
of linear polarization of the reflected light for “white light' mecsuresents. The
results of the corresponding ermror cnalysts cre shown in on error curve. -
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