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I. INTRODUCTION

The time delays attributed to light scattering within
clouds have been determined to range from a few microseconds to
several microseconds for cases where the initial signal is a
point source beneath a cloud and the observation is from a point
far enough above the cloud that a sizable portion of the scatter-
ing volume is within the receiver field-of-view, Ref. 1. However,
time delays observed with a collimated receiver due to a laser
pulse propagating within a cloud have been on the order of a few
nanoseconds even when both the laser beam and the receiver axis
were scanned off the source-receiver axis, Ref. 2. The purpose
of this study is to determine whether these two significantly
different time delays are inconsistant or whether the differences
in the sources, receivers and geometric models account for the

differences in the time delays.

The approach that has been taken to answer the above
question is to utilize the time dependent data computed for the
laser source to develop the time dependent transmission for a
point isotropic source then to integrate the transmission developed
for the isotropic source over the upper surface of a cloud to
predict the time dependent signal at a satellite receiver positioned
above the cloud. This time dependent receiver response would
then be compared with the time dependent receiver response computed
with the POLOE program for an isotropic source positioned beneath
a cloud. This comparison should indicate whether the time responses
computed for the laser pulse stretching and time delay study
(Ref. 2) are inconsistant with the time delays determined for a point

source beneath a cloud.




1I. DEVELOPMENT OF TIME DEPENDENT TRANSMISSION DATA

During a previous study of the time delay and smearing
of laser pulses propagating within a cloudy atmosphere calcula-
tions were made to determine the time dependent response of a
collimated receiver for a 532 nanometer wavelength pulsed laser
located 765 meters from the receiver where both the laser and the
receiver were engulfed within a cloud. These data were generated
in an attempt to model the atmospheric conditions and the experi-
mental setup'of Project CLIPS (Cloud-Induced Pulse Stretching)
conducted by Sandia Laboratories during tests conducted in the
Hawaiian Islands during the Fall of 1978. Fifty percent or more
of the calculations were made for atmospheric conditions that
produced a source-receiver optical separation distance of 14.7.
Calculations of the time dependant receiver responses were made
for both the laser source and the collimated receiver scanned
at various angles off the source-~receiver axis up to 10 degrees.
Time delays in the order of a few nanoseconds depending upon the
particular orientations of the source beam and collimated receiver
axis were in general in good agreement with the measured time
delays. Both the measured and calculated time delays appeared
to be predicted by the time delay of the single scattering
even when the single scattering was determine& to be only a small
portion of the time dependent response. The cumulative time
distributions shown in Figures 1 through 5 are examples of the
time distributions computed for some of the source and receiver
configurations. The vertical dashed line in each of these plots
indicate the center of a very short time interval during which
the single scattered radiation arrives at the receiver. When
both the source beam and the receiver are scanned off the source-
receiver axis only that radiation which is single scattered in
the volume formed by the intersection of the beam and the receiver
field of view is detected. Since the intersection volume is so
small, the single scattered response will arrive at the receiver
in a very short time period centered about the time represented

by the vertical dashed lines.
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Figures 1 through 5 show that thé accumulative time
response tends to rise sharply at approximately the time of the

single scattered response. However, it should be noted that even
in these examples approximately 50% or more of the responses are
recelved after the time of the single scattered response and is

spread over time periods of up to a microsecond or more.

Additional calculations were made for the source beam
and receiver axis scanned as far as 30 degrees from the source-
receiver axis. The cumulative time distributions for different
orientations of the receiver axis for the source beam scanned
at 15, 20 and 30 degrees off axis are shown in Figures 6, 7, and 8.
Note that for the source scanned 15 degrees off the source-receiver
axis the cumulative time distributions are very similiar for all
the receiver directions except for the receiver scanned 5 degrees
off axis. 1In that case the sharp rise in the distribution is near
the single scattering time of arrival which is 29.48 nanoseconds.
The expected retarded time of arrival of the single scattered

response can be computed with the formula
T =D (((sina + sipB)/sin(a+B))-1.0)/V

where D is the source-receiver separation distance, V is the velocity
of light, and o and B are the angles that the source beam and the
axis of the receiver field of view are scanned off the source-receiver

axis.

The cumulative time distributions for the source scanned 20
degrees off axis are quite dissimilar for the different receiver
orientations. Since the differences in the cumulative time responses
for the source beam rotated 15 and 30 degrees off the source-receiver
axis are much less than those for 20° it is anticipated that the
differences seem for the 20 degree source orientation is an anormaly
caused by insufficient sampling in the TPART-III Monte Carlo program
used for the calculation. The cumulative time distributions

for the source beam rotated 30 degrees from the source receiver
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for the 20 degree source orientation. If the whole group of curves
for the 30 degree source orientation are compared with the set for
the 15 degree source orientation, it is seen that in general the
times of arrival are shifted to later times as the source beam

is rotated farther from the source-receiver axis. It appears that
the retarded time of arrival of the observed light intensity from
the source rotated 30 degrees off axis is in the neighborhood of

1 microsecond.

Due to the cost of running the TPART-III program to generate
time dependant transmission data for a large enough set of receiver
directions and source directions to define the time distribution
of the intensity received from 4T space for an isotropic source,

a decision was made to supplement the TPART-III data with data
calculated with the THART-L program. The THART-L program is designed
to calculate the time dependent light intensity within each of a set
of solid angle intervals defined about a receiver position due to
point monodirectional source located at a given distance from the
receiver within an infinite media. The direction of the source

with respect to the source-receiver axis may be any angle from 0°

to 180°. Thus one run of the THART-L program provides time dependent
transmission data incident to the receiver from all directions rather

than from one small solid angle interval as does the TPART-III program.

Table I lists the THART-I, time and angular dependent results
computed for a monodirectional source rotated 30 degrees from the
gource-receiver axis and located 765 meters from the receiver where
both the source and receiver are assumed to be within an infinite
cloud medium. Each entry listed in Table I is the fraction of the
photons emitted which. arrives per square meter at the receiver
within the solid angle interval designated at the top of the column
and ia the time interval designated at the left of the column. The
numbers in the bottom row are the numbers of photons within the

solid angle intervals integrated over time.
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TABLE I. TIME AND ANGULAR DISTRIBUTION OF THE SCATTERED INTEgSITY
765 METERS FROM A MONODIRECTIONAL SOURCE SCANNED 30 OFF-

AXIS IN AN INFINITE CLOUD MEDIUM. OPTICAL SEPARATION
DISTANCE = 14.7
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TABLE I. (CONTINUED)
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TABLE I. (CONTINUED)

POLAR ANGLE 1.000E+01 1.000E+01 2.000E+01 2.000E+01 2.300E+91
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1+-350E4-02—1v800E+02 1w 1255401 2v250E+ 014+ 5005 +01—
TIME INTERVAL
ennssesen =1,000E-07 2,123E~10-1.488E-08 0o - 0. 1.504E-10
1000E-07 -1.500E-07 Se011E~10 9o718E-12 14727-11 2.868E-10 5.334E-11
—1+500E~07 =20 000E-07—7e528E~11—1+325E-091+638E-11 2.581E-11 4.781E-11
2.000E-07 =2.500E-07 6.A51E~11 1.576E~11 2.885E-10 6.335E-11 5.970E-11
2+ 500E-07—~3+ 000E~07 1+ 589 E~t1—Hv262E~ 111w FFE~11 o3 45E—11 5 ¢649E-10--—
3¢000E-07 -4,000E-07 Se649E~10 1.868E-10 1.894Z-11 1.011E~10 1.270£-09
——— —84000E~07-—~50000E~07-2¢130E=12 8+627E~111+875E-10 5¢189E~11-3+569E-11 - -
5¢C00E=-07 =6.000E-07 2.291E~11 BoS13E-13 3.4715-12 3.404E-12 3.9456-12
————6+000E~07 ~8+000E~07 1. 451E~111+534E~10 Fv825E-12 1+157E-11—2.4825-12 ——
8¢000E-07 ~1.000E-06 1.119E-11 8.9085-11 1.8156-12 1.455E-11 4.1545-12
1000 E~06—1+500E~06~5vI36E~10—3vO16E—12BvO ATt 2 Sv I AE—+—IvBA4E-1 0—
1.500E-06 =2,000E-06 8.284E~11 4.395E-12 6.0485-12 3.713E-12 9.798E-12
2+ 000E~06——2+500E~06 40926124+ 230E~133+3285-12 2 +274E-13-1¢281E-11 —
24500E-06 =-3.000E-06 1095S0E-12 2.182E-12 2.361E-14 2.190E-13 1.026E-12
3+-000E-06—4+000E~06—4+096E~111+354E-11242275-13 3+ F15E-12F «420E-12 ——
4.000E~06 ~5.000E-06 4.043E-13 1.296E-13 1.4952-13 9.941E-14 2.2955-12
————5¢-000E—86—6+000E—06—Fv 4 B6E—13—1w3IDIE—H v+ 05—t 5+ 76 HE— 1332503 E—+3——
6000E-06 -8.000E-06 2.598E-12 1,405E-12 84216E-12 2.184E-11 3.836E-12
———8,0006~06——1+000E-051.542E~11 71 736~13— 1+ 0NTE~136+95IE~12-3+825E-12——
1.000E-05 -1.500E-05 1.739E-28 2.301E-32 1.9845-34 5.034E-33 6.922E-36

———1+500E~05-2+,000£E~-050~ G-~ S0 —O~
2.000€-05 ~2.500E-05 0. 0. 0. 0. 0.
——e2-5 500 £~ 053+ 0-00£~05-0~ 8- 22 —G— v
3+000E-05 ‘500005"05 Qe Oe e 0. O
4% ¢ §00E~05—-=5+ 000E~05 0+ 8- O —0-» —0e
500005-05 -GOOOOE‘OS 0. De 0. e 0.
~———6¢000€E~-05—~8.,000E~05-0+ O O O e e
8.000E-05 ~1.000E-04 0. {1 Y 0. Oe O
1.000E~04 ~1.500E-04 0. De 0. 0. Oe
1.5005‘0‘ ‘ZQOOOE"OQ O O [ I 0e 0.
———-2+000€£-04_~2,500E~040. O O G-
2500£~-04 ~3.,000E~04 0. De Ge O [ Y
————3e000E~04~4,000E~0A -0+ . 0 —0 Oe-—
4.000€~-04 ~-5.,000E~04 O. 0. 0. 0. 0.
G0 000 E~0A —~6+-000E~34—0~ o 3w 6 B
6.000E~04 -8.000E~04 0. De 0. 0a» 1
— —8+000E~04-~1.000E~03-0. 0+ —D+ O Do ———
TOTAL 20227E-0I 1.683E-08 5.984E~-10 6.,903E~-10 2.6192-09
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TABLE I. (CONTINUED)

POLAR ANGLE 2.000E+01 2,000E¢01 2.000E+01 3.000E+01 3.0005+01

3¢ 000E+01 3000E401-3.0005+401-4.5035+01-4.500E+01
AZIMUTHAL ANGLE 4.500€E+01 9.000E+01 1.350E¢02 0. 1.125E+931

—_— 9+ 0006001 1+350E+402-1.830E+0214125E+01-2,250E+31 ——
TIME INTERVAL
————tpstbtsss m]l o, (00E0T 205196t l—IvFNTE~L) 0~ o —-»
1.000E-07 ~1,500E~07 3.186E-11 1.206E-11 2.031Z~-11 0. 0.
- 1eS500E=07_=2,000E=07 9,749E=10 1..583E=11 3,680E=12 8,534E=~11-1.,2767=11 ——-
24000E~07 =2.500E~07 26574E~-10 4.102E-10 1,937E~11 5.193E~10 1.,567E~11
- -2e500E~07- ~34000E=07 9873E=101+358E=11 B81115=1214+410E~10-2,220€~11 — —
3.000E-0T7 ~4,000E~07 14253E-10 1.905E-1) 1.477=-09 2.3153E-10 5.511E-10
80 000E=07 -=5,000E07- 105182101 e311lEnll 256358 n]1—8+7355m]) -1 oA09E~03———.
S5¢000E=07 «6.000E~07 44409E~-11 3.721E-10 4.494E-12 9.08%E~11 1.,222E-10
e-60000E-07 =8,000E~-07 1823E=10 1.093E=11 2.3095=12 9.733E=12 5.,475E-11 -
8,000E-07 -1,000E~06 2.960E~-08 7.445E~-12 2,5702-12 7.905E-12 1,904z-11
———14000E=06_=1.500E-05_1+081E=10 2.7S5E=03 $.828E-12 6.920E~11-1,6325-10 ——
1e500E-06 -2.000E-06 4¢369E-11 14241E-10 1.1735-11 7.341E~-13 1.,1052~11
———e20 000E =06 _=2,500E=05 2,775E=11 3.021f=ll 2,031Eall 3.210E«12 3,637E~11——
24500E-06 -3,000Z-06 2.109E-12 3.061E-09 1.737Z-11 1.,3)3E~12 4.,013Z~12
..... 3e000E=06_ =4,000E=-06_-12745=10 2,4075=11 4,3375=11 5,9165=12_2,327E~12 .. -
4.C00E~-06 -5.000E~-06 64905E£-12 1323E-11 2.431E-11 4.,139E~-13 &4,521Z-~1%
— --5e000E-06 =5,000=06_-9+4427 =13 3,522E=12 ]1,723%=11 4,828E~12_1,551E~12
6.000E-06 -8,000E-06 3¢1215-12 J3.45TE-11 7.734E-11 3.9325-10 1.110Z~11

86 000E=0E _=1,000E=05 S5e768E=11 3.502E=12-8.022E=13-1-1345=11 2,666E~10
1.,000E-05 ~1,500E-05 34884E~23 1,259E-34 8,4355=35 7.673E-31 7.6005~33

e 1 ,S500F-0S «2,0002=05 0. e 0. e e
20 000E-C5 ~2.500E~-05 0. e De (1 ]S 0.

— e 2e500E=05_~3,000E£=0S 0. 0. Oe Qe Qe-——n o ——
300005'05 ~4,000E-05 O, Je O» 0. 0.
4.000E=05_~5,000E=05_0. Je —0. Qe 0.
5.000E-05 ~6.,000=-05 0« 0. 0. {1 Y 0.

— 6.000E£=-05_~8.000Z=03_0a Oe 0. [ Qe
80000E'05 -100008-0’ OQ i S 0. 4 S 0.

—e—1e000E=04 ~1.,500E-04 0. I P De 1 Y o .
1.500£~-04 ~2.000E~-04 O. 0. 1Y Q. Oe

————2e 000E =04 _=2,500E~08 0. ) DY D 1 0.
2.5°°E-0‘ ‘3.0°°E'0‘ 0. 0. 0. 0. 0.

—- ——--3000E=04_~4,0002-04 0. L Y 1 DY L1 Y Be
4.000E-04 ~-5.000E-04 0. Oe Ce Ce. O.

—— 54000E=04_=6,009E=-04 0. 0e Do De De —— oo
6. 000E-04% '8.0005'04 Ce Je Oe 0. Q.
-84000E=04 -1.000E~-03 0. h g g 0.

TOTAL 34293E-08 74489E-09 1.791Z-09 1.770E-03 2.694E-09
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TABLE I. (CONTINUED)

POLAR ANGLE 3¢000E+01 3.000E¢01 3.000E+01 3.030E+01 4.,500E+01
8.500E201-8.S500E401 4.5002+01 - 4.530E431 30005401
AZIMUTHAL ANGLE 24250E+01 4.500€+¢01 9.000E+01 1.353E+02 0.

4+3500E+01 9.000E+01 1.353E£¢02 1.800E8+02-1.125E¢01- ..

TIME INTERVAL

— kkntttah =1 ,000E=07 0, | - ——1elB9E=09 0o - .o .-
1 000E-07 -1,500E-07 0. 2247E-10 3.245£-11 Coe o I

1e500E-07 =24000E-07 9¢511E-12 1.855€-11 4.787E-10 2.492Z-10 0.
2.009E=07 -24500E-07 1.273E~10 1.%93E-09 4.,%04Z-10 6.063E-10 1.513Z-33
———2+500E~0T—=3+000E~07-1+448E~10-4+F64E~-109+108E-10-4+T77E~12 1.2352~-10 -
34 000E-07 =4.080E-07 34964E~-10 9.862E-19 9506E~-10 1.423E-17 1.332E~-10
#4200 0E~0T—=52000E~0T 1o F10E~13—1+345E~10—1+354E~-10—J 731 E-10-9,206E~11 -
5000E-07 -6.000Z~-07 6.709E-11 1.171€-09 3,385E~11 1.550£~-11 3.972z-23
———69-808E-0F—8+00 0 £~ 0T v 8SFIE~1—Gv P61 353524510 —250205-10-65902E~11——
8¢000E~07 ~1.000E-06 9a834E~-12 1.102E-10 4+235E-11 4.128E-11 2.,227E-11
- ——1 e 000E~06—=1+500E~06—9+854E~10—1+984E-10 10775 ~10-3¢849E-10-14092Z~11 -
1.500E-06 -2.000E-06 4503E-11 2.473E-09 1.1315-10 7.459€-11 2.570Z-12
———-29000E =06 -=2e500E~06-5+438E~12FA4F4E~116552E-12-9+935C-11-64452E-12 -
2e500€-06 =3000E-06 5¢214E~12 2.49925~-11 2.3792-10 1.217E-11 1.883E-12
—e=3+-000E~06—4 +8 00 E~06F+ 534 E-12 w4351+ 135111678 E-L L6 T7FE~L2—
4.000E~-06 ~5.0005~06 34334E-12 2.095E-10 3.525Z-11 1.013E-10 1.808E-12
————5¢000E~C6-—=6¢000E=06 -1¢655E=12 1 eA1AE~121+303E~-10-2.027E-10-9+290E-13 -
6 000E-06 ~8+000E~05 64272E~13 T4720E~12 6.003E-10 S5.993E~-12 3,5165-12
——8+000E~06—~1+000E~051+133E~121-+857E~108+547 11 4+477E-10-3218E~-13
16000E-05 =1e500E-05 4¢122E~-31 24652E=30 3e377Z-31 7.998Z-31 4.646E-29

-t 500 E~05—2+008£E~050~ e 8 & O
2.0005‘05 '2.5°0E-05 0. 0. De 0. !I.

—_— ——-2"050 05"05—-3' 00'02‘.0 S—O‘V 9 L R L 8o ——— ———
3. 000E-05 ~4.000E-033 0. 1 Y . Ce. Oe ’
———#%4080E~05-—~5.008E~05-0+ = &+ 8- D4 o

5. 0005‘05 ‘EQOOOE‘OS 0. e 0. 0. (1 I8
——eee-r0 §0 B E~05 =8¢ 000E~05-0~ B O 9w 8-
800005"05 -1.000E~04 G, Oe 8. Oe 0.
-1+ 000E~04- ~1500E~04 0o — 0+ O+ v —Q g = Do -
1.500E-04 -2,000E-04 0. D J. O 0.
- ——2e000E~04 -~2+500E~04-0» 8- s 3 O S| JPA
2.500E~C4 -3.000E~-04 O. Oe 0. G 0.
———e3e 000E~0A -=4 o 000E~04-0 0-- 8- 8- 0.
4,.,000E-04 ~5,0005~-04 0. G 0. 0. 0.
e S+ 000E~-04_-~5e 000E~-04 -0« D e 0o g P o
SQOOOE"UQ -8 0005-04 Oe Je 0. Ne 0.
——8+000E-04 ~1,000E~03 0o 0.  Q0¢ Do -— Do -
TOTAL 2¢731E-09 B8+641E-09 6.161-09 2.983:-09 4.181;-08

2 X 2222222222222 RRRRR SRR sl Rl R R YRR RS E R RS REERAS N XS




POLAR

ANGLE

AZIMUTHAL ANGLZ

TIME INTERVAL
kaskerrrr -1 ,0002-07 0 -

1.003£-37
- 1533E-07
2.003z-C7

- 2503€-07-

3.003-~07

-44000E~07-

5.00CE~CT
5.0332-~07
8.G00E~C7
- 1e080CZ~0s
1 05005‘05
2,033 ~0¢
2.500Z-08
3.030E-25
4,009z~C8
35.0002Z~06
50028 ~06
8.C00Z-(5
1.00C0Z-0¢S
1.500E-0S5
2.000E-03
2.3052~05
3.000E-05
4.,000E8-0%
S5« 000E-C5
. 5.00852-03
8.000Z-05
1.000E-C%
1.500E-04
2.000E£-04
2.500E-04
3. 000E-CH
4.0005-04
-5+000E-04
6.000E-04
8.000E-04%

e Je Se

-1.308z-37 0. Je Se e
-2+000Z-07 Q- — -~ —Jo- — --36229%-13 le.l43z2-1)
~2,5092=37 5.3932~11 3. 263725-13 4.T72Z-11
~3e003Z-37 348375 212-19333512--3»- ~—3e2i3I=13-
-4,003%-37 1.088Z~-11 2,373Z«11 1455)2-33 3,575=-1i1
«3e030E-07 3e3305=11- 1e333I=13 Le374E~1J leI132-13
=5e003Z=037 Je17IZ-11 T7.1332Z-13 4.559Z-11 1.3332-1)
=840035=37 846332~11-362332-10 8+2352-1J3 3.3142-11
=1000Z-05 34341Z-11 7.9333Z-11 34131Z-13 3.132Z-11
=1e50305-36-200125~11—-1+0265=33-3e7305=13—-1w133Z-13
«26000Z-05 24212Z~11 1el44E=~10 7,333Z-11 5+434Z-11
~2e3002-035 %43472~11-162222=11 3.1322~-11 1.337=Z-11
=3¢090Z-05 3433512-12 14002Z=1) 4e273Z-11 2.3322-11
“3,0005-06 343353012 343345-10 23732-33 3e1532-11
=35,0002-05 9.1832-13 1.4012Z-13 4,4532-12 5.373=z-11
~5e0032-05 34525 -11-367730=11-842732~12-24333E~-12
=3+000=~35 147302-11 2.2%2%=17 3.%14Z-11 3.354Z-11
=1e0032-33 3.133E-11 36235&~10 245232-11 8.3%3Z-11
=1.5008-05 3.,313Z-3% 1.66G32-31 1.2322-25 7,0352-30
-2¢000EZ~C3 Jo - Do~ Je - Je
-2+503z~05 9. Je Je e
-300005“05 Qe Je e Je
‘4.0005-03 0. Je Ts Oe
-5.0002-~-05 3. S 2 I Ceo
-54000E~035 0. Je Je Se
'800005’05 D - - - Je-cnn Le Je
‘10000E°04 Je Je Ce Q.
=1e500E~3% 00 - ~——Je Qeo— ) g e e
-2.0002~34 0. O 0. 0.
‘2.500i'04 0. - - s --:0~-.. -—«--—«v~--0. - ~3.
-300005'04 0. Qe s I e
-4,000=-04 0» . .. - BNEE: IO, | IS ¢ I
‘5.0005'04 0. Oe 0. 0.
'6.000:‘04 00~"~wm_—«&o- —————— Do - - @ — —
-8.0002-0% 0. Je e e
=1.000E-33 0o ~De. ... L B Jo

TOTAL 5.0577-10 347025-09 7.633E-33 2,525%-03

TABLE I.

40330Z+91
24323€+)1.
l1s1232+31

18

(CONTINUED)

44533Z+01 4.300Z+01 3.333E2+01
3e022Z¢01 34)305¢31 843332 +31
2e230Z+¢31 34323731 3.032Z+91

-20230E201--4e3335¢01-3+3335¢31

;-3311‘0:

44333Z¢71
5423)Z+21
143392732

1e333E+32

Je

e

S

2e4437=13

244227-12

4234711

4.223z-11

24373Z-11

1.5343=-12
~4.635€'G;

26332Z~-11

F3322-11

$e334T-13

5133%-11

4,3312-11

Jel30=~353

2e3227-117

2.3345-13

7.023£-31

Ue

De

Je

Je

Je

3.

e

Je

0.

3.

3.

.

a.

J.-

Je

0.

1.024=Z~-C18
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POLAR

AZIMUTHAL ANGLE

TABLE I.

ANGL E

19

(CONTINUED)

5¢300E+J1 5.00CZ+0°2

To3002#31. 7.5003£+901

O

TIME INTERVAL

. kXA RhhkEaS
1.8%0Z-37
- 13302-37
2.000Z-07
24500E-97
3.0800%~C7
4.000E-07
5.0308-C7
5.000Z-07
8.0005-C7
1.C33E-08
1.3002-C5
24033238
24500c-058
3.0905‘0‘
4.030E-05
S5.000E~Cs
5. 3002~C6
8.000E-C5
1.303Z-05
1.390E-05
2.000E-05
2.500E~05
3.0002-05
4. 000E-DS
5.000£-053
S$.000E-05
8.0005-05
1.0002-04
1.500E-04
2.000£-04
2+500c-04
3.000E-0%
QOOOOE‘OQ
. 34000E-04
6.000E-C4

.-.8+000E-04
TITAL

343302¢J31 2.2353Z+01 54133231
7e330Z+01 7e303Z¢01 7.503%+01

-1¢4030%-07-0.
=1.500Z-07 3.
~240055-07 J. -
-2.500E-37 9.

161232401 26250Z+31 44353332+01 J4330z+31
161252#31-2.2305¢01 445305931 34333Z¢01 14333532
Je 3 SN, DU, S
Je Je e Se
>-'——-—~-10-»~--—--~ - -JO»-f-» - = - ,_J._. J.
30 s O 302055‘11

-300005‘07 Qe [

——-2e303Z~11-5.3352-12 3.533%E-12

1.537Z-13

~40000Z-07 1.223E8-11 1.721£-11 1.544Z-12 1.,100Z=-03 1.1332-11
=340005-307_.7,3332=12 1.7345=11-143015~10.38132-11-7.4332~-11
-5+ 000E=-07 14294Z-10 1.204Z-11

~8e000E-07 4.1742-1) _54631Z~11.
=1.000=-0c S5.717Z-10
=1.3032-26 3.257z~-11 3.823zZ-12.

Sed463Z-12

-2.0002-03 27752-11 2.033=Z-11

~263003=05 345922=11 8483535117103 -11-30125E~11-1,5313~-193 ..
=3.0032-058 7.5032-12 7.173Z-13 1,

~440005=05 44.588%

340332-13 14127Z=-11 1,2237=-33

1e231E-12 14543Z-10 3.323Z-11
3373Z-11 7,730Z-11 4,323Z~-11
74857Z-13 2.015z-13 4,333Z-13
955345-11 5,.33%Z-11 143542-10

230Z-11 1.,473Z~-10 S5,571Z-11

£=12_245325-10 1.5312=11 5.4518=11 1.7452~13

=5+003E-35 248502-12 24783Z~12 3500Z-1) 1.1312~-1) 5.2382-12

~640005-05.2403E=212.1.9322-12..1,.333=

=11 2.4332-11 5.144z-11

~84000E-05 5.3375-11 1.2382-10 34345Z-11 1,.,8712Z-13 3.357zZ-11
~1+0005-35 1e595E8=11-24833E~11 762722712 -344375~11..2,3732~10
=145032Z-05 3833E-30 44847I-27 242732-33 13232=25 2.339I-23

-240305-05 06 ...

-2.500E-05 0.
=3.000E-035 0o .
-4,000E~05 0.
-3,000E~-05 0o

-5+ 000E-0335 Q.
-8.000=-95 Q.
-1.000=-04% 0.
-1.500E-04 0, ...
-2.000E-04 0.
-2.5002-34 0. -

-3.000€~-04 0,
‘4;000E-04 0.
~5.003z-04 0.
~54000E-04 0.
-8,00802-64 0,
-1.,000c-03 Q0o ...-

Qe . DBe ... -3l Je -
Je Je C. 0.
SRR, 1P QU PR fe - Se-
Je 0. J. T
‘1% 4.-4-———~-—-~--——-—-0 @ ——————meae ._J ® - - -
(3 De 0. 0.
AR « B 1 P - Qe - - De
0. C» 3. g.
__n._..__ﬂ.,__ _____ -3 & m m el 3 7'y J )
Je Ja e Se
e ) P N 3 IR )
J. Js Ce Je
e Be o De . De- . - D
Oe Je Je D
S PSR : P 0. 0.
Je 0. Ve J.
J e 0s - 00-— ——— go~

13837-03 8.5372~-10 240542-33 2.339I-093 2.9:3'-09
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TABLE I. (CONTINUED)
QQLAR ANJLi Se000E+IL To303Z+31 73332431 Te372Z¢01 T7.333I+11
7«500Z+01 264333%¢01 I4390Z+31 2,373cC+91 3.305Z+312
AZIMUTHAL ANGLZ 1.333c+02 3., 1.1232¢0Q01 2.233Z¢31 44302221
e : - 1a830Z+02-12123F 01 24230Z¢31 4435332+51 3,3C0Z+01
TIME INTERVAL
-meennrbne =1,0002-07 Qo - < e I e Je.
1.0002-07 -1,500Z-37 0. Jo Je Je Js
-1 ¢ 300237 -=2, 009E~-97-04 34 3 T Fé e~
24000E-07 =2,5C0%~07 Q. T 2. Bel73E=12 Do
250907 =3,0005=-37 0s - - SR I TRl O 3 3.
2003207 -440022-37 1. 135:‘13 7.0722-11 2. 3 F.331Z-12
440005 «C7 =54G03Z=37 1833211 34035E-1! 2,1232=-335 T.317Z=12 3,
5¢000Z=07 «84000==07 14113Z-11 1,227Z-11 3,0427-12 1.1335€-09 1.953Z-1!
- 5e000€=37 =3,0302-37 8,25835-1t—2+8603-13-34133e=-11-542352-11 9,3532-1¢
8+900E-07 =1,000T=035 7e3377=12 T.9358-12 1,233C~-11 : #32IZ-11 3.573=-11
1080505 =1e350J5=36 Je313Z=11 Z247342=11 44237 =i1 14773Z=11 5,353z-11
16500Z=05 =2,0072Z=76 3¢5093T-11 14131Z=10 1e3342-11 1,337Z-1% %,577Z-12
20005 =05 =2e5002-05 1e8377Z~21-Fe413Z=11 -3s3322~-11 1lel1332-12 2,548:-1)
243)0F8<08 =3.0092=35 2.951Z-10 12933I-12 1.,4722-12 2.0352=-12 1.,534Z-10
320032=05 =350007=96 941 37E~13—5e3542~12--53+3852-12-3.793~-11-3, !

3,0032-058 ~3,0002~-35 1.2502=1) 7.3332-12 3.2337-12 4.%30=z-11

5.000E-CH
6+ 300£=-06

~5e000ZI-06 3¢32227-11--145128=12

1.7342-11

3.34872-12

=8+0002-06 44237Z-10 3333Z-09 4,1332-12 3,.,233Z~-11

84000Z=086 =120607=03 34118=~13—34013€=33-7,35337~-11 T,137Z~12 K.,3832~-11
1.0005=0S =1.S00E-035 442552-23 245732-235 963332-30 S0372-25 44125239
10550‘5"05 "’2.000'5‘05 Qo e dv Coe Rt PR

2.C00€-05 ‘20500':'05 Oe Je Qe Co T
- 205002‘05 '3. OOJE'OS Je —~ —-——-3~0 T—- '-;o 0 . Ja
3.0005’05 -400005’05 C. Je L. Je B
400005'05 «-5.000Z-05 0. =Yoo o— -0 - Je e
5000Z~05 -6.0002-95 0. Je s 9 Ce Joe
6.030€E-05 -8.0002-35-0. —3-e e X R Rt Ja
Be000E-05 -1,000==04% 0. Je J. Je e
1.900Z-04 ‘10500-':'04 Qe -Be- - Je - O, Joe
1.5002-04 -2,000z~-0% Do Je Je Je Oa
24000E-04 -24,5006-04.0¢ ------—- 3o - - Oe Je Je
2.300£-04 -3.000Z-0% Co 8. Je Je Js
3300Z~04 -4,0008-04¢ -0 ——-3Fe-— o ----——Fe - - --0e
4.0005-04 “5.0005'0‘ O Je 0. Je .
5.000E£~04 ~-5.000E-04 0. e 0. De 1
6'000E'04 '80003:‘04 Q. Je Coe Coe O
8.00%E-04 -1.003z-03 0. . - Ce - Ze e Je

TOTAL 2,%11E-93 T7.0742-035 2.%355-39 1,5552-9% 1.3332-09
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PILAR

AZIMUTHAL ANGLZ

ANGLE

TIME INTZRVAL

e XX EEEEE
1.002E-27
13032-07
2.0002-07
2+530£=-97
34003Z=57
4,000E-07
S5e00CZ~07
5 003E-07
84300E-37
1. 000Z-306

-1.0002~07
-1.5002~-27
-2.000Z-07
~2.500z-07

=3000€=937 -241872=13—8--
-4.0090Z-37 JF.254C~12
-3.000Z-07 1.59%c~12
~54300Z-37 1.4332-13
-84000Z~-07 3.184E-11-
-1.0032-96 5.,37%2&-11

TABLE I.
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(CONTINUED)

T+3J0C+01 7,500zZ+01

- 71305031 --3.300=¢01

F+033Z¢91 1.350£+02

Qe -
0.
Je -
0.

3.3332Z+31
1423CGZ+32 1.

-343572~12-0. -
5442E=13 2.337Z-11 3.,223Z-11 1.

$033JZ¢31

2)aI+)2

Je 1.1233Z+91
~103305002—1+3035+482--1 125543122253 2+91-

3' 9. Y

i RSUCIIEUSy n

2 D, Co
343237 =15 ~Fe-- - -

3.932:-11 3. e

Fed335-12

54230Z¢]1
12332422
2.25)3Z)1
453357+31

1I-11
Je
233Z-11

Ted73E-11 53353Z-12 5.834Z~11 3.344Z-13
TeT358-12 24914I-11 5.333&~11 2,393<-12
=1e¢500Z-06-8¢971=10—1+1135~03 1142513 -534435~11-33432-11

14309202 ~240002-00 3e1152-17 243132-09 B8e343E~11 2433)T~11 1,.143Z=13
2¢000Z-05 ~2e500E5-006 8+845385-10 14152511 344234E-11 54333Z-11 3.823z-12
245002-05 =3,000Z2-05 5343211 2.943E-1) 1.,145Z-11 1.1332~11 7,.,5312-12
3¢0002-05 ~44003Z-35 2885E~11 2.827E-11 2.3553-10 4,233Z~11 1.9752-23
4.9065-65 =5e¢003Z=05 1e730E-11 342732-15 4e738Z-11 54334I~123 1.303I-11
560302086 =5,0032-05 2,3142Z-11 1.329E£-03 443257-13 1.130I-12 3.323--11
540090Z-05 =3.0035-06 2,3705-11 2.,2%452-09 445217-12 $.2322~12 1.9332-10
B40C0Z~CS5 =1e000Z=05 3+o8445-11 58815=11 24933E~-11 7.2%3Z~12 1.553Z~-11
1003503 =14500Z-03 1.572E=23 2.4925-23 4.%4482-29 3,347Z-31 3.5332-39
-1e3035%-05 =2.,0002~03 084 oo Je —-— - 0o Se Je
20000‘:'05 ‘20500":‘05 0. Oe 0. Je Je
2¢503E-05 =3+000EZ-05 -0e— T Ow = J e e G
300005'05 "4.000&‘05 ] J. 2 Ce Je
. 4e4000E-0S -5.000£&-035 Q. SN, ¢ | U 1 D 0.
5. 000E-05 -5.000Z-35 2. T» 0. Je Je
8.003E-03 =8.0603I-05 4 3RO ¢ (P De Ce T
8.0035"05 -1.0032-04% 0. O 0. Ge e
-10803C-04 -145002-04-0s-- 0 Jo— o om s = Ggumm - - g
1.500z-94 -2.00GE-04 0. Je Je O Je
‘20000.‘:"04 '20500‘:-04 00 SRR ; J U | I e Je
2.500£-04 -3.0002-04 O. Je J. Oe J.
3.000£E-04 -4.0006-04 0o — R Qo - Ga - 3
4,0002-04 -5.000t-04 0. e Js 8. Je
S«000E-04 -6.0005E-04 Q.- 3. Ov— ! R et R IR
6.0005'04 -800005‘04 . 0- 00 O Ja
8.000E-04 ~-1.000E-03 0o . . Do o Do Do -Jde
TOTAL

24723E~03 I4556E5-09 1020Z-03 1.0722-09 2. 794--39
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5.330z=C7
50000z -07
3.0022-37
1.0302-386
1.300z-0¢
2+003E-£3
24500£=-2C¢
34300205
4,900-35
5.003z-C&
5+000E-35
8.,0035-03

=6e0082~00 83.9932-03 _3,.,123£=11
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TABLE I. (CONTINUED)

POLAR ANGLE Fe333Z¢31 3002401 3543005¢31 14233Z+¢32 1.230Z¢32
- 1le233Z¢02 12007432 142002+¢32_.1.3012+32 1.3302+02
AZIMUTHAL ANGLZ 4.5005¢31 3.,030Z+31 1.3592¢32 3. 1.123c+21
- A - 943238001 1433323213332 #32-14123E+31 2.2502«212
TIME INTZRVAL
*acawanrsr ~]1,0032-07 0. la de s N R
100005'07 ’1.5005'37 Qe e Je Oe T
13500Z-37 ~2.002E-07 Q0. - Je . Dae.. .. - Jde - De
20000":‘07 ‘2;500:‘07 0. Je Coe le Ce
2.500:‘07 ‘3‘00 3E 37 1&3 IjL_. ll— 3‘<738"—l' Jo O ——— 8. l).
3000E=C7 ~4,0008E-27 Je. T De Ze 2.011=Z~
4. 000E=-0T ~35.03CZ=37.2, 140058=13 1315811 S S e e

~5e000I-07 34324Z=11 3,397Z-11 1.331I-18 35 5.733Z-11
=8+009Z-07 143352=10 54083E=10 #4773 -11. 36312512 44%432-11
<1e40032-03 943212-19 1.9352-11 Te533Z-11 %.833Z-11 3.331<-11
~1e5302-95 2.025Z-03 3,408Z~13 14504Z-03 7.%332-11 3.,731z=-12
~20002-35 2.738Z-1) 1,1352-1) 2.332Z-10 2.43332-11 1.4532-11
~2+300Z-035 %.313%
=360035=05 20133T-11 3,.4742-11
~4,000Z-95 3.2342=-10 1.71%Z=-13.
~3.000=2-05 7.339Z-11 2.213%Z~-19

1e5392-10 le124Z-11 1.145%-11
24130210 1,1732-13 1.2332-12
24234210 J34732Z-12 3.7362-12
34231Z-11 1.493E-11 3.098:-11
~8¢000E-05 5433Z-10 19732=C3 Ge7I7Z~10 1e735Z-12 5,331Z~-1)
~1.0002-35 5,3322=13_7,3755=13 443452=13_2,3%2=11

1000E-03 <15002-0S 1535€-29 3.632I-31 2+377I=-23 1.2222-28 J.4392-33
1e500E-93 =2,0002-35 Qe .. — —  _da ... Be. ... .. %e.. .. ..0e ..
2.0002-05 -2.5082-93 0. 2. J. Je 0.
24500Z-05 -3.000E-05 06 ... Qe 04 . Je . . _De
3. 003E-0S5 ‘4.000E‘05 Je d. De de De
%.G00E-33 =5.000E-35 0... ie O Joimeicmin Yo -
50000“:‘05 -6¢OODE'05 0. Q. Ja Co Ja
. 540005-035 -8,000E~05 0» . Q& Davcee . 2D e -
800005'35 -1.000CZ-04% Q. De e Coe J.
- ~1.0005’04 "105005‘040. SO UGS  ¢ [OTNS | PO - - Je - - Je
1.5005’04 ‘200005'04 Qe l. Oa 2. J.
o =--2000E-L 4 ~24500E-04 00— 0 Je. v IS ) -
250315-04 -3.C00c-04 Q. Je 0. Q. Je
-~ 3+000E-04 -4.000=~09 Qe e __DBe. .. . .0, -Je
4.0005‘04 '50000‘:'04 0. 3. 0. Je i IS
. . 35e00J)E~04 -5,0005-04 .06 . . . Qe .. . De-.. ... . _0e Je
60002-04 -8,000E-04 9. 9 Ce Cos Je
8.,000Z-04 -1,000E-03 Do U g. Co Je
TOTAL

1.433E-93 5,4845-03 4.834Z-09 S5.252£-10 1.1882-393
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=313-3.3332=11 443312 -1J-1e244C=11-342332~12 ..
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TABLE I. (CONTINUED)

POLAR ANGLE 1.200E+02 1.200E+02 142005+02 14209E+02 1.5005+92
— 1+ 598E+92—1+590E+92 12 5895+ 32 155395+ 3218300502 ——
AZIMUTHAL ANGLE 24250E£+01 4.5005«¢01 J.,009E+01 1.353Z+02 0,
e e s s e~ B 300 E4 0T 000540110 3530E£432 1.8335+032 1.,1255+91 -
TIME INTERVAL

—e— emaneawes =] o000E=07 Bo - —De—— - Fo o - Fa - - -,
1.000E-07 -1,500z~-07 0. Je Je D J.
~——-312300E-07-2,000E-07-84 3 o N Ye ¥e -
20000807 ~2.500£~-07 0o» 0o Joe Je Je
— —-2e500E-07 =3.000E-07 0a-- 0+— Y P
3,000E-C7 ~-4,0005-37 3. 713’ -10 0. 3. 113--11 G Je
— -89 000E~07--3,0005-07-0+ . By e Ba o Je
5¢000€E-07 ~68.0002~07 1521E-10 8880E~11 1.872Z~-10 1, Je
w60 009E=0T—B 400050 T—24 611 E— 14853 PE~tt—{ 1152515 2433 55=10—Frg —

8.000E~07 ~1.000E-06 3+142E~12 3.315E~13 9.5712-10 1.234Z-10 7.105€~-12

= - -1e000E=06 =1e500E-06-64343E~11—-1603E~0" 6837210 -3,6322-10 5.855E-12
1e500E~06 ~2.000E-06 5e¢394E-10 1+590E-1u 1e0322-10 5.4225-11 2.416E-12

— - 20000E-06 =245002-06-1832E~10--1¢993E~3: -2e4585=33 143472-13 I.679£-11
2.500E-05 =340002-06 24365E-12 2.758Z~11 %4¢2032-11 64635212 3.250Z-12

e - 30 000E~06-=400002-06—2+283 51— 0125102432451 1w T3IE- 105623351 22—
4.000E-C6 =5.000Z-086 3271E-09 9.309E£-11 3.7135-13 4.770Z-10 8,432:-13

~~ 3e000E=38 ~64000F-05-1e38TE~1)-3356E~11-5.9132-11 3.7I31E-11 3.374c-11

5 000£-06 =8e¢000E-06 12155E-10 153502-10 24255E-10 2.533E-11 5.1252-11

~ - -8e000E=CH5 =1+000E-05-36725E-12-2e125€-11-2398E~10-4,990E=-10 9.335E-13 -
1.000E-05 ~145002-05 96275E2-32 5,130€~3D 3.4552-30 4.3315-26 0.

————— ——1+500€£~05 .-2,000E~-05-0+ O~ L e 3-» 3o
2. 000805 ~2.500E~03 0. Ge g. 8. 3.

e - 20500E=05-~3e000E~05 0o -- 0o S, R S
3,000E~-05 -4,000Z~-05 0. Je 0. Coe 0.

—— 84000E =05 =5.000E=05 Bo— — B0 ——r S T, S

5. 000E~-05 ~6.000E-05 0. Je 0. Je Os

-6+ 600E=05 =8.000E~05-0. 3 G 0o P D
BOOOOE-OS ‘100005‘0‘ O. 0. Je Qe J.
1.000E-04 -1.500=-04 0. - Qe 0. 0. Je
1.500E-04 -2.,000E£-34 0. i S Je Ce Oe

~ -~ 2e000E=04 -2.5006-04-6s - —3e — - 0. - 0. 3.
2.500E-04 -3.000E~04 O, J. 0. 0. Do

— 3¢ G00E~04-~4+000E~04—-0, O O Qe D -
4,000E-04 -5,000E~-0% O, Oe 0. 0. O

- - 54000E=04_=64000E~04 .00 —— - -Jg —--u-Bo - 8. . 8.
6.000£~04 -8.000z~04 0. 0. 0. Ce 3a

e8¢ D00E~04 —=1+C00E~03-0. 3+ Bomv - - Qa = - De -

TOTAL 4.998t~03 4.997£-09 5. 782'-09 2.117¢- 09 246135-10
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POLAR

AZIMUTHAL ANGLEZ

TIME INTERVAL

IR EXEEERZ X
1.000E-07
14530207
2.,000E-07
2308€E-07
3.0005-37
2.000E~-07
5.000E-07
5.000E-97
8+03032-07
1030E-322
1.500%-08
200035-65
24509E=C&
3.000E-03

3000205 =«3,000Z=-03 243552-11 533745-10 149352-10 345135~12 3,327Z-17
56303208 =50300Z-06 41 34E~12— 184381 A3 15=11-1e4375~12-2,3105-12
54000E-06 -3.009Z-93 44353E-12 2,2118-12 1.,550E2-12 3.953Z-12 2.,2502-11
34000E-08 =1,0002-95 44,3852-13 -745145~-12_1,9532-11 1,5355~-11 2.138Z-11
1.000E-CS ~1.5002-05 Qe ' Je 4e8852-32 241322~33 2,159E£-27
145002-C5 =240005-03 Qe - - — - Jocon nce8o o o= - - DBe - - -3,
2.0002-05 '205005‘05 00 Jae Je Go 0.
2590E-03 =-3.0005-05 0o - — e 2 L L e t
3.0005‘05 -4,000Z-Q93 0. Je Q. Je Je
-%4.000E-05 =-35,000&-33 0e ... - -De--- 0o - e Je
5.000€-CS -6,000Z-0S Q. Ge. Je Ce e
5¢000E~03 ~8,000Z-05 0¢ --- -—— Do~ Po- -- Je “Je
8.003£~-03 ~1.0C35-934 e T Qe Goe Je
1«003E€E~-6G4 ~-1.500Z-0%4-0+ Jw O- Drwos s o e g e e
1.5005-04 ‘200035’04 0. go 0. 00 Je
2+000E-04 -2.500Z-04% 0o - - Y I D — - Be-m - De
24500E-08% -3,000E~-04%4 0., 0 Je Lo Ce
3.000E-34 ~3,0308-04 0o - Je -—0. Qe i D
$.,000E-04 =-S.000z-04 J. s IS O Je O.
5.000E-34 ~6.0005Z-04-0. - I Y B e
GOOOOE‘QQ -8, OOQ;’G4 0. Je Jdoe Q. O
-8+000E~-04 ~-1.000Z-03 0, Ja. ROV + S PO

TOTAL 8¢7152-11 344532-10 1.1032-09 6.1358I-12 1.733£-233

TABLE I.

ANSGLE

“1.0007-07 0o - —- -
«1300Z-07 23Jos
'2.0005‘07 0- R
=2.500Z-037 Q.
=3+0302=37-0e - -
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(CONTINUED)

1500202 143908+402 1.3530Z+32

~1e800Z¢02--1.803E+32 -1,300Z¢32

1412352+21 2.253%+31 4300Z+121
- - 20 230 L4343+ F T+ 3505511 o 3335432 1.399Z32 - -

13332402
1+833zZ+32
F333E+11

~4.3030c-37 O

“5.000Z-07 0o - - - -

-6,000=Z-07 0.

-3000Z-07 0o -
-1.3C00E=356 Q.

«1,303%«35 1.3372-11
-2.000:-05
-2
-3.000Z~05 1l.545E~-11

2.381z-12

S00E-35 2+43105-12.

=3,000Z-05 14331Z-11-1+359E~-11-2.,2572~-11

- e - J e m e T
0. Je g.
R ' T Qe
Je Je Te
3‘ }‘ 5.
JO 00 Do
Qe ———- Do - 0,
2 2.,11%Z2-1J 2.
Jw- 403932-13 5.251Z-11
1-217--13 2e3382~-11 5.527z~11
205423-11 3,137Z-11 1.031£~12
24473E-11 3.2732-12 1.372E~11
7Te35115-11 3.2232-12 2.1322~11
1.783E~11 3.731Z-12 1.3535~12

-1.333Z~11

l.3302+92
1.3302+02
1.33502+32

Je
Se
Ja

!

_a.,
J»
Je
0.
2¢333z2-12
J.
Fed412--1)
143232~11
2e1232-11
24373E=-12
3.4572~12
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THART-L calculations were also made for a source rotated
60 and 90 degrees from the source-receiver axis in addition to
the computation for the source rotated 30 degrees from the source-
receiver axis. The time integrated results received within each
solid angle interval was divided by the size of the solid angle
and these results, the number of photons per square meter per
steradian entering the reciever within each of the solid angle
intervals for each photon emitted from the source, are listed
in Tables II, III, and IV. It is extremely difficult to determine
any trends in the angular distributions of the scattered intensities
due to the large fluctuations in the data, thus no attempt was
made to curve fit the data or extrapolate these data to other
source directions. Instead the method used to apply these results
to predict the time distribution of the signal observed by a
satellite due to a point source beneath a cloud used the actual
data from the THART-L program.

Prior to discussing that method, the TPART-III calculations
as discussed earlier are presented and compared with those from
THART-L. Table V shows the time integrated response computed with
the TPART-III program for the collimated receiver located at 765
meters from the laser source where both the source and receiver
are within a cloud. The TPART-III calculations modeled the telescope
receiver used for Project CLIPS which had an outside diameter
of 14 inches arn:d the central portion of the field of view blocked
by a 4.5 inch éizmeter secondary mirror. The calculations modeled
the telescope operated with a 1 degree field of view, thus the time
integrated receiver response is the number of photons crossing the
detection area of the telescope within a 1 degree field of view
for each photon emitted from the source. To convert these data
to photons per square meter per steradian the response was divided
by the area of the telescope detection area and the solid angle
of the 1 degree field of view. These data are shown in the right
hand column of Table V. Note the sharp peak when the source and
receiver point directly toward each other. As both the source and

receiver are moved off axis, the response drops 4 to 5 orders of




TABLE 1I.

Polar
Angle
(deg)
0-10
10-20
20-30
30-45
45-60
60-75
75-90
90-120
120-150
150-180
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ANGULAR DISTRIBUTION OF THE TIME INTEGRATED IRRADIANCE FOR A
MONODIRECTIONAL SOURCE ROTATED 30 DEGREES FROM THE SOURCE-
RECEIVER AXIS

0-11.25

5.109-8
5.611-8
4,137-8
5.672-8
1.028-6
2.920-8
1.392-7
1.039-8
7.322-9
9.933-9

11.25-
22.5

1.208-7
3.293-7
4.772-8
8.634-8
1.264-8
1.815-8
4.734-8
1.092-8
1.653-8
3.313-9

Azimuthal Angle (deg)

22,5~
45.0
1.548-7
6.107-7
9.058-8
4.376-8
4.552-8
2.169-8
1.628-8
1.423-8
3.477-8
1.607-8

45-90

7.851-8
4.967-7
5.692-7
6.923-8
4.693-8
1.219-8
9.263-9
3.692-8
1.738-8
1.048-8

90-135

8.691-8
6.285-8
1.294-7
4.936-8
1.553-8
1.564-8
1.338-8
1.142-8
2.011-8
5.852-9

135-180

1.918-7
4.683-7
3.096-8
2.983-9
6.172-8
1.273-8
4.701-8
1.231-8
7.364-9
1.696-8




TABLE III.

Polar
Angle
(deg)
0--10
10-20
20-30
30-45
45-60
60-75
75-90
90-120
120-150
150-180
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ANGULAR DISTRIBUTION OF THE TIME INTEGRATED IRRADIANCE FOR
A MONODIRECTIONAL SOURCE ROTATED 60 DEGREES FROM THE SOURCE~
RECEIVER AXIS

0-11.25

3.393-9
6.176-8
2.611-8
5.977-9
1.359-9
2.988-9
3.109-9
3.355-8
1.123-8
1.785-9

11.25-
22.5
7.382-9
2.735-8
2.716-8
8.630-8
1.117-7
3.202-8
2.597-9
7.733-9
1.240-7
3.167-9

Azimuthal Angle (deg)

22.5-
45.0
2.159-8
5.599-9
1.031-7
7.153-8
1.066-8
1.350-8
5.618-8
1.317-8
4.833-7
2.026-8

45-90

1.312-9
1.099-8
3.208-8
3/037-8
4.149-9
6.476-9
1.748-9
9.717-9
9.274-8
1.203-8

90-135

2.324-9
8.723-9
8.953-7
8.292-8
1.550-9
3.157-9
4,773-7
2.313-8
2.315-9
3.810-9

135-180

3.440-8
7.719-9
3.104-8
3.625-8
1.069-9
3.328-9
1.289-7
1.641-8
6.168-9
2.538-8




TABLE IV.

Polar
Angle
(deg)

0-10
10-20
20-30
30~45
45-60
60-75
75-90
90-120

120-150
150-180
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ANGULAR DISTRIBUTION OF THE TIME INTEGRATED IRRADIANCE
FOR A MONODIRECTIONAL SOURCE ROTATED 90 DEGREES FROM THE
SOURCE-RECEIVER AXIS

0-11.25

3.550-9
6.579-8
1.647-5
1.029-8
1.032-8
2.996-9
3.975-8
7.700-$
4.428-9

1.816-10

11 . 25-
22.5

2.862-7
4.641-9
5.008-9
1.439-8
4.038-9
3.341-9
3.268-9
2.571-9
1,269-9
4.151-10

Azimuthal Angle (deg)

22.5-
45.0

6.876-9
8.032-8
2.301-8
2.267-8
3.220-9
3.584-9
3.033-8
6.600-8
1.320-7
4.870-10

45-90

2.430-6
6.516-9
3.462-9
1.385-8
1.415-8
1.559-9
7.005-9
1.621-8
1.466-9
3.677-9

90-135

7.839-7
5.464-8
5.016-9
5.961-9
3.799-9
2.414-9
2.087-9
7.927-9
3.200-8
8.317-10

135-180

8.202-8
2.064-9
1.886-7
4.570-9
2.598-9
3.812-9
1.540-9
2.207-9
1.968-9
2.435-10
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TIME INTEGRATED RESPONSES CALCULATED WITH THE
TPART-III PROGRAM

TABLE V.

TN~
L] . o * e .
- T N NN~

Photon
Mz-ster

Telescope
Response
3.1-08
9.0-09
6.1-11
4.5-11
4.9-11
2.8-11
8.5-11
6.2-11
8.1-11
2.3~11
2.8-11
2.0-11
8.2-12

O mNMMWN -~ O NN~

Receiver
Direction

" Source
Direction

O = NN~

10

5.2-12
4.9-12
8.4-12
1.6-11
7.3-12
4.74-12
5.68-12

15

7.27-12
2.93-12
1.93-12
3.00-12

10
15
20
30

10
15
20

20

1.19-11
4.25-12
3.00-12
2.80-12
5.07-12

30

2.10-12

10
15
20
30
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of magnitude and tends to flatten out. Note also that the time
integrated intensities for the source oriented 30 degrees off
axis are of the same order of magnitude as the time integrated
intensities computed with the THART-L program.
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III. MODELING POINT SOURCE BENEATH CLOUD WITH NARROW-BEAM
TRANSMISSION DATA

Although the statistical fluctuations in the intensities
computed as a function of time and direction with the TPART-III
and THART-L programs for the source scanned at the different
angles were extremely poor, these data have been used to predict
the time dependent intensity at a satellite receiver due to a
point source located at the center of a dome shaped cloud which

has a 765 meter geometric radius and an optical radius of 14.7.

First the number of photons, I(Aei,5¢j.Atk,6°2), calcu-
lated with the THART-L program for the polar angle interval
Aei, azimuthal angle interval A¢j, and time interval Atk were
divided by the solid angle interval A¢jAcosei, and the time
interval Atk, to obtain the number of photons per square meter
per steradian per second in the direction, (6,¢) for a source
emitted in the direction eol' These data were then weighted
Acos édl * A¢j

with a source solid angle interval and summed

over ¢ and 60 to give the intensity pe%“steradia%“in'the direction

polar 91,

) - I(Aei, A¢A’tk’¢o£) X A¢j % Acoseoz"'
k Ad)j*Acosei*Atk 27 2
Acos ol ¢j

for an isotropic source_located a distance of 765 meters from the

N(Aei, At

source. It was assumed that this intensity actually determined

for a receiver embedded within a cloud was the intensity per
steradian per second leaking from all points on the surface of a
dome shaped cloud. The intensity leaking from a point on the surface
of the cloud that would reach a synchronous satellite at a distance
of 35800 kilometers away would be N(Aei,Atk)/358002. For the
satellite stationed directly above this dome shaped cloud, and for

a unit area located at an angle 6i from the radial through the
receiver position the emission from the surface that would intersect

the satellite receiver would also be in a direction 6, from the‘

i
normal to the surface. Therefore multiplying N(Aei,Atk)/358002
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by 211‘7652-Ac059i and summing over all surface areas gives the time
dependent intensity in units of photons/kmz-sec at a satellite receiver.

The calculation as discussed above was performed using the THART-L
results for 30, 60 and 90 degree source directions to represent the
emission from an isotropic source in the source polar angle intervals
0-45, 45-75, and 75-180 degrees, respectively, The time distributions
of the scattered intensity computed using the THART-L results are
shown in Figure 9.

Although the THART-L calculations agreed reasonably well
with the TPART-III program for the 30 degree off axis source directionm,
it is anticipated that the assumption that the 30 degree source
direction was'representative of the sources directed more toward
the receiver may not have been too accurate. Thus it was decided
to add the TPART-III results for a source emitting radiation out
to 17.5 degrees integrating over that portion of the cloud surface
corresponding to the maximum receiver angles used in the TPART-III
calculations. Although the TPART-III calculations were all made
with the source and receiver scanned off axis in the same azimuthal
plane it was agsumed that the response at all azimuthal angles
would be the same as that in the source azimuthal plane. The
TPART-III results computed for the source pointed directly.toward
the receiver position were used to represent the emission from a
point source out to 2.5 degrees. The TPART-III results for a source
angle scanned 5 degrees off the source-receiver axis was used to
represent the emission from a point source between the polar angles
of 2.5 and 7.5 degrees and etc. Thus the TPART-III results for
each source direction, £, was multiplied by the source solid angle,
2mAcosb ol? and then the intensity within each receiver direction,

i, was multiplied by the area 765 *ZnAcosei, on the surface of the
dome shaped cloud from which the direction of emission toward the
satellite receiver is 91. These values were divided by the square of

the distance from the cloud top tv the satellite receiver position

to give the time dependent intensity at the satellite receiver,




photons kmfzsec-llsource photon
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Fig. 9. Time Distributions of the Irradiance for a Synchronous

Satellite Above a Dome Shaped Cloud.

Narrow Beam Source-Receiver Transmission Data

Calculated Using




34

R(At,) -; —Z- T(8,,,A8 i,Atk)*ZﬂAcoseoz*7652*21rAcosG 1/358002 ,
2

A3 Aeo

where T(eoz’Aei’Atk) is the TPART-III response normalized to give
the number of photons per second per square meter per steradian.
The time dependent satellite response computed using the TPART-III
results are shown in Figure 9, along with that computed using the
THART-L data. The response computed using the TPART-III data is
initially higher than the response computed using the THART-L data
but quickly decays because the TPART-III data did not include the
source emitted at large angles and the emission was not integrated
over the entire surface of the dome shaped cloud. The response
computed using the THART-L data is thought to be the more realistic
response for the later time since that response was computed using
narrow beam transmission data representing the emission in 4w
steradian about the source and the integration of the emission over

the surface of the dome shaped cloud was complete.

The two responses computed using the narrow beam data were
summed together and this sum is compared with a satellite receiver
response computed with the POLOE program, see Figure 10. The cloud
model used in the POLOE calculation was a 1530 meter thick cloud
layer adjacent to the ground surface with no atmosphere above or
below the cloud. The scattering and attenuating properties of the
cloud was the same as those used in defining the clouds for the
narrow-beam transmission calculations. A 532 nanometer wavelength
point isotropic source was located at mid altitude in the cloud
which is 765 meters below the upper surface and at an optical
depth of 14.7, the same as the source-receiver optical separation
distance in the narrow beam calculations. The time dependent

response was computed for a synchronous satellite located 35,800

kilometers above the cloud top.




35
[ ]
10-3- TTTTT 1T T Ty T T T
- ~—-~Narrow Beam Data n
I ——POLOE i
-4
§ 0t 3
&) -

o = 3
< o -
Y o .
o - 7
| -

% - |

- -5 !

', 1071 x 4
@ - ! -
) = | -

g : ]
-] N | .
w i -
e !

° = o
s !
<= - Lo
a 1078 ! :

: .
N .
B -
- -
10_7 A R l. Lt 114l i RO N WO 0 Y W 1 I A VO B W U 51§
1078 1077 1076 107° 1074
Retarded Time (sec)
Fig. 10. Comparisons of Time Dependent Synchronous Satellite Response
Computed Using Narrow Beam Source Receiver Data with the
Response Computed Using the POLOE Program

|




36

The responses computed using the narrow-beam data and with
the POLOE program are in extremely good agreement beyond a few
tenths of a microsecond, especially since the response for the narrow-
beam data is for a dome shaped cloud and the POLOE response is for
a cloud layer. The comparison still leaves some question about the
early time response. These differences cannot be attributed to the
differences in the cloud shape because the early time response has
been determined to come from the cloud surface just above the source
position. It is in this region that the cloud geometries are most
similiar. It is recalled that the peak during the early time of the
response calculated using the narrow beam data was due to the inclusion
of the TPART-III calculations. Since the decrease in the narrow-beam
transmission with increasing angle as the source was scanned off the
source-receiver axis was so rapid, the solid angle intervals selected
to be represented by each of the source directions would have an
affect on the magnitude of the combined results. In addition the
assumption that the same response would be observed from all azimuthal
directions as was observed from within the source azimuth plane
would also tend to cause the response to be higher during early
times. Under these circumstances it concluded that there is
really no significant inconsistanciesin the time distributions

computed for narrow-beam source receiver geometries and for satellite

observations of a point source beneath a cloud.
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