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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.
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II. 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 determined to be only a small

portion of the time dependent response. The cumulative time

distributions shown in Figures I 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 I through 5 show that the 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 50Z or more of the responses are

received 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. In 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 (((sinc + sir B)/sin(c+O))-1.0)/V

where D is the source-receiver separation distance, V is the velocity

of light, and a and 8 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 200 it is anticipated that the

differences seem for the 20 degree source orientation is an anormaly

caused by insufficient sampling in Che 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 47r 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 0O

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-L time and angular dependent results

computed for a monodirectional source rotated 30 degrees from the

source-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 ongle interval designated at the top of the column

and in 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 ANID ANGULAR DISTRIBUTION OF THE SCATTERED INTENSITY
765 METERS FROM A MONODIRECTIONAL SOURCE SCANINED 30 0 OFF-
AXIS IN AN INFINITE CLOUD MEDIUM. OPTICAL SEPARATION
DISTANCE - 14.7

POLAR ANGLE 0. as 0. D. go
____-- 44Z*--.0G-'4- 1OO.14.#EG--1 30-.1--1-w000E+01

AZIMUTHAL ANGLE Go lel25E+01 2e250E#01 4o530:Ei01 9.OOOE+01

TIME INTERVAL
********~I9OG05-..., E2-11 2-:1856-11 1-961 lei E-- -240--3. 96E-11~

loOOOE-07 -1*500E-07 4.632E-12 2s012E-12 3*705E-11 2*3a8E-10 29937E-10
I 0,Z-28E"T-2 0 --- 3: 00!3E-1-2 2, &E-m1"-2.-74-5,E- --11 --2 9 5 42;- -10
2*OOOE-07 -2o500E-07 1*302E-11 3.18OE-10 2*354E-10 7.041E-11 1*612E-11
2~ - -2.50C-4-07--.3 0 00 E-0-7-1-.4n 2- _ -- ii 5-120-U--ATE-l6 232E
3*OOOE-O1 -4*OOOE-07 6*75SE-13 29026E-14 7.4M8E-12 lo81IE-10 9.599E-11

-- -.IGG--07---.5.0O~-? 309C91716E-14 4-625iE-W1-2;gZ7E-11 L-50i~1E-0-
5*OOOE-07 -6.OCC-07 1*018E-14 2*487&E-15 9944TE-11 4982SE-14 6*137Z-12

- *6.0GE-07--S~&O00E-0-7-1 -51-'4E-1 2-4. 1 C- -3 291746E-11 9 r-~91E-11 511E-1 I
8*OOOE-07 -1*OOOE-06 1&098E-13 1*432E-14 3oI42---14 2*654E-12 2,928E-12

1*5OOE-06 -2*0OOE-06 3*40SE-13 2*230E-13 2*263E-13 1*3iOE-12 1*077E-12
-.--.2-.0,C--0~--..5OO-0 fi..ga8E15 ne.SG-'10 1..00SE-12 3-Z71E-13 3..537F.1-3-

2*500E-06 -3eOOOE-06 2*63SE-15 2o563E-15 1*861E-14 7*208E'-14 1*598E-13
--.-3.000EG6-A.00-0E~--0.6---5:192E1 Cc~4- 1* 4 3EmL- $0-1--071

4*OOOE-06 -5.OOOE-06 1*667E--14 8.322E-15 1*326E-13 1*311E-11 993t32E-12

6o080E-06 -8.OO0OE-06 2o467E-14 1.930E-14 2*O37E-13 1*713E-12 1.186E-12

1.OOOE-05 -le500E-05 Do 7,176E-48 Do 3e047E-39 4*098E-3S
-1-5a0F0L502.0-QE--05 0. G- Go 0- ,.
2*OOOE-05 -29500E-05 0. 0. Do 0. 0

-. ,-.2.*500r'05 --3,-000-050 as. a: -. Doa
3*OOOE-05 -4oOOOE-05 0. Do 0. 0. o

A 00F 05--5wQ-50- a a G-
S.OOOE-05 -6*OOOE-05 0. 0. as 0* o.
6,.0-FOflE8O5-.-00-GZF-05 00 *4:)2 ---- Do Doa
8&OOOE-05 -loOOOE-04 0. 0. 0. a. 0.
I o1g0.0E--0&---1.5-00E-04 0m, 30 -0o- --

19500E-04 -2*OOOE-04 0. 0. o. o 0.
F* 0 4) - anD--

2*500E-04 -3eOOOE-04 0. 0. 0. 0. 0s

4s,000E-04 -5.oOOE-04 0. D. 0. as a.

6*OOOE-04 -8*000E-04 0. 0. 0. 0. 0

TOTAL 1*524E-10 3e604E-10 9*233rý-10 9.36SE-10 1*037E-09
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TABLE 1. (CONTEINUED)

POLAR ANGLE 0. le000E#01 1,00GE.o01 1*OOOE+01 1*3O0-E+01
_________ 2..0E*042 l30nE&Ol 2'000EQO-1n 2 - i " F.4"4.4G4E*4Z-----.

AZIMUTHAL ANGLE 13550E*02 3. 1*125E.01 2*250E+O1 4*500E+0l
1.aOO~ka~i-t25~. , 250 0FO* .aZ~1-.aE01 --

TIME INTERVAL

1*OOOE-07 -le500E-07 5*087E-12 6*739E-1I 4.2901E-11 1*60SE-10 S910E-I11
~~~~~~ 719E-1 1 7.911 I1E1I-A&-3--

2*OOOE-07 -2.5007E-07 2.97SE-10 5*812E-1I 5*163E-10 8914YE-11 I018SE-10

30OOOE-07 -4.O08E-0? 3.820E-12 1*690E-11 8.446E-1O 5*133E-11 1*822E-10
SGo 00-0 Z -5, OOOF-01 6-.5 5-11 1 4'-2-.-1E1-2.~E1 3-2E1
SoOOOE-07 -6.OCOOE-07 6o155E-13 2,OO1E-11 3oS8OEr-12 1*559E-12 lo099E-12
698OOE-m07 -8*OOOE-07 8*153E-13 lo132E-1l 8.439E'13 3*430E-li1.1 s78!'l
8.OOOE-07 -loOOOE-06 4*35OE-14 9o082E-14 1*279E-09 1*9~31E-12 2*861E-11

l.500E-m06 -2oOOOE-06 1*882E-10 4*249E-13 2*673E-13 5*252E-12 5*974E-12
-2-. O#~~~O6-.~~2 .540 a-#- .0EW-2*-.1& wE' -6-o-9 ~ -6E e2-.9 5E -12-

2*500E-06 -3wOOOE-06 1.448E-lit l.638E-13 I.2707E-13 30931E-10 9*089E-I0

4*OOOE-06 -5.OOOE-06 6*739E-12 2*120E-13 4*553E-14 2*363E-14 2o058-11-I
----5. OOOE-.06 -6.-000E06---w2&?E -1.4.---k!5r---2--6E1 -3Sb581E-12 -

6*OOOE-O6 -8*OOOE-06 4o015E-14 1*260E-13 9*411E-13 3o265E-11 le7T5E-11

1*0OOE-05 -1.500E-05 3*311E-35 59458E-39 0. 1.263E-35 1.730E-36
--1-.-SOE-05----2.rDD-0E 05 0w a. Do000

2eOOOE-05 -2*500E-05 0. go 0. 0. 00

3*0O0E-05 -4*OOOE-05 0. 0Do.0 0.
4-Woo0E-05.S40-0E-0-5--0 so Be ~ O------
5oOOOE-05 -6*OOOE-05 D. 0. a* 0. 0.

-- w000E-0S58.40&00 5 0. 13 a. 0 a.
8e000E-05 -1*OOOE-04 0. a 0.0. a. 0:

-- --1O08E--G4--"S.0-0E-O40" &-a go 0. -*-oiý---------
1*500E-04 -2o000E-04 D. 0. 0. 0. Do

*-.O0C0-04---2*500E--04-O-.0 0. 0-. ----- o.---------
2o5O13E-04 -3o.OOOE-04 0. Do 0. go a

-I.0## --04--4.4OBE 0il 0- 3. 0. 0a. a
4*000C-04 -5*OOOE-04 0. 0. 0. Do 0.

-- S0 .------ G.-6*--0----0---0. -- --0.o
6oOOOE-0# -SoOOOE-01# 0. Do 0. 0. 3.

---- 8w-000E--04--1.000OE-O3--O- 0. 0. --0-----------0o-O. o
TOTAL 2*289E-09 4*970E-lO 2.917E-09 1&082E-09 1.760E-08



TABLE I. (COuTiuux)

POLAR ANGLE 1.OO0E+01 1*OOOE+01 2*OGOE*01 2*OOOE+01 2.300E+01

AZIMUTHAL ANGLE 9.0OOO+01 1*350E.02 0. 1.i25E+Ol 2o250E+01
1-3506902 l-800E462 1.12S~se! evea.0 .~00-i----

TIME INTERVAL
.******** -1,OOOE-07 2,12-3E-1-0--1.488E-08 Go.-- 0. 1*504E-10
1*OOOE-07 -1*500E-07 5*0llE-lO 9*71SE-12 1.727E-11- 2ea68E-10 5*334E-11

2.OOOE-07 -2*500E-@7 6o451E-11 1*576E-11 2*885E-1O 6o335E-11 5o970E-11

3*OOOE-O7 -4o000E-07 5e649E-1O 1*86SE-10 1.894E-11 loOlIE-10 1*270E-09

5eCOOE-07 -6.OOOE-07 2o291E.-Il 8*513E-13 3*471E-12 3*404E-12 3e945E-12
9OOE-0:1-8---.4OE-07 1-.45!E-11 &-534E-10 7.92SE-12 1-1.57V-1-1-2*482E-12

1lfl2OE-0L 1-5006-9 6-936E 10 3S..ai 12 8-944E 1:2 5.114E 11: 3..GI4f-tiO--
1*500E-06 -2*OOOE-06 8*284E-11 4o395E-12 6904SE-12 3@713E-12 9o798E-12

2*500E-06 -3*OOOE-06 19950E-12 2ol82E-12 2e3S1E-14 2*190E-13 1*026E-12

4*OOOE-OE -5.OOOE-06 4e049E-13 I.296E-13 1*495E---13 9e941E-14 20295E-12
-&cOrOcE0 6.989E 06 9.406E is !-Fse3c li 1.088E ti 5.76tE i5 9*583E i5

6*GOOE-06 -8*OOOE-06 2o598E-12 1*405E-12 S.216E-12 2.184E-11 3*836E-12
-4.-#GOE-0 --1-.OOOE-05 1-.5426-11 7-1?3E-13 1-041E 13 6. 5E 12 3-.8-5--

1.00CC-OS -le500E-05 1.139E-28 2.301E-32 1*984E-34 5*034E-33 6o922E-36
1: -500E-0-5---2.#-E8-5 0.. 0.. 0. a. -0v
2o8OOE-05 -2o500E-05 0. 0. 0. 0. 0.

-2-SOOE-06 3-.OOOE-05 Ow 0. 0. 0. 0.
39000E-05 -4oOOOE-05 0. 0. 0. 0. 0.

--4.S0CE-9-5-5-94S0-05 0-. 0. 0. W0. 0.
5eOOOE-O5 -6.00CC-OS 0. 0. 0. 0. 0.

BoOOOE-05 -1.COOOE-04 0. 00 00 0. 0.
1*OGOE-04 -1*500E-04 0. 0. 0o 0. 0.
1*5OOE-04 -2.0O0E-4Oo 0. 0.*0 0. 0.
-2O0-o.4C--&--a2-50oE- n4 n- a- Do 0.* 0.
2*500E-04 -.3oO00E-04 0. 00 0. 0. 0
_ _.0g0-0E- 4* -4.40C---C"0. 0.. 0o 00
4*OOOE-04 -5*OOOE-04 0. 0. 0. 0. 0.
----4-O#&4--6.00- 01 w- ON. a. ..
6*OOOE-O4 -8oOOOE-04 0o 0. 0. .0

TOTAL 2o227E-09 1.683E-08 5*984E-10 6*903E-10 2*619E--09
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TABLE I. (CONTIINUE)

POLAR ANGLE 2.oOOE.O1 2*OOOE+Ol 2.OQOE.Ol 3.OOOE+O1 3*OOOE.O#l
____________-~~~~ nC ----- Q3._'E40 30OE4O01-3Q4-#-4.GE#-.OE
AZIMUTHAL ANGLE 4,500E+01 9o000E4Ol l.350E+02 as 1*125E.31

TIME INTERVAL

1*OOOE-O7 -le500E-07 3*186E-1I 1.206E-11 2*051:U-11 as a.

2*OOOE-07 -2o500E-07 2*574E-10 4&102E-10 1.937&E-11 6*193E-10 1.567E-11

3eOOOE-07 -11*OOOE-07 1*253E-10 1*905E-13 1*4777E-09 2*315E-1O 5*511EE-1O

5oOOOE-07 -6.oOOE*-O7 4.*409E-11 3*72LE-10 4*494E-12 9*089E-11 lo222E-10
_6~. 0EB,(7~&0l.2E1 1.093F-li I
8*OOOE-07 -1*OOOE-06 29960E-08 7*445E-12 2*570E-12 7*905E-12 19904E-11
I40.0 BE-mO6 m " 5 00 Ev-S --o41 F- 10 1*7955E-Oa -S2BE-L2-6.-9 2 E--11-4 -v_6327- 10
i.,500E-06 -2*OGOE-06 4*369E-11 1.241E-10 1*173E-11 7o341E-13 lol05r--ll

2o5OOE-06 -3*000-r-06 2*109-E-12 3.O6iE-09 1.731E-lJ. 1.835E-12 4*0137--12
-3 2.&Otc-ll 4.33 -11--E5-06--I 47-102 o427E-- 11
4*COOE-06 -59000E-06 6*905E-12 1*323E-11 2.431E-11 *.939E-13 49521-7-14

--- 5.OOPE-0O6 . .m&.00OE--.O6..9oJ427.-1-1 A-~E- --.L3~.A82E1- .- 1
6oOOOE-06 -8*000E-06 3*1210--12 3.457E-11 7.734E-11 .3*932E-10 lollOE-11
it *-GO.ZO E-0=-.l."8OE-35 5,2668E-I1 3.'09F-1? 3 0 91E -13 1 -'A4-11 42-e_666Em--O---
1*000E-05 -1.500E-05 3o844E-23 1.259iE-314 8.4#35E-35 1.613E-31 7,600E-33
I _0t~f50 n-2 s-a0 _0Efl5-0 - 3, as a-*- 34
2mOOOE-05 -2o500E-05 0. 3. 00 0. as

___2o500E_-O5_!--Z3. OOE-G.50 a-- n_ _ .- ._--
3,OOOE-05 -4.OOOE-05 as 30 0. 0. 0.
_44,400"m 5.---.0.00"m~ 5. as a'. 00 0
5oOOOE-05 -6.000-r-05 0. as 0. 0go0

-- 6.OOOE-05-ý8.-000Eý'ýG5-O. " - 0.-S.--0
8*OOOE-05 -1*OOOE-04 0. as as 0, 0.

1.U0E~041.50E~.A0.0. 0 --.-- .--
1*500E-04 -2oOOOE-04 0. go Do 0. 0.

- e_00OE_-04-=2*500E-O'0 I1e. 3-. Do 00a
2,500E-04 -3eOOOE-04 0. 0. 0. on 0.

__3 e0 0 E=0A4 .4e0 0 0E-OA..O s- - 0- _"- -a 1- -_- --
4*OOOE-04 -5*OOOE-04 0o 0. 0. 0. 0.
5m,0 0 0E = AO_6a.D00 Em0~-4-0- a¾ I-0 0.1
6*OOOE-04 -8.oOOE-04 0. a. 0. 0. 0.

_.8. 0G000-z4_.-I. OOE-m4 0 t a 0
TOTAL 3.293E-OS 7*489E-09 l.791Er-09 1.7?OE-09 29694E-09



17

TABLE I. (CONTINUED)

POLAR ANGLE 3.o00E+01 3.OOGE+O1 3.ooUE.01 3*030E+0I 4o500E+0l
4&50frQal lbescor IE0 4 0507'01 49iJ0E&O1

AZIMUTHAL ANGLE 2o250E.01 4*500E.01 9e000E4O1 le353E.02 0.

TIME INTERVAL
____ ~ ~ - - --- 0 1E---- Be----.- ~ --.. 0
190OOE-07 -1*500E-O7 0. 2e247E-10 3*245E-11 C. 00
lo500E-07 -29GOOE-07 9*511E-12 1*855E-11 4*787E-10 2o492;'-10 0.
2*OOOE-07 -2*50OE-07 lo273E-10 1*493E-09 4*t#04£--10 6*063E-1O 1.S13E-7)9

- 2-.50QE-0-7---3.-40--4D-7-1-.4486-4-4--4--964E 19 5-%w-G0E--10--4-v777E-12 -1*235E-10
3.OOOE-07 -4eOOOE-07 3o964rE-10 9*862E-13 9*506E-10 1*42'3E-13 l.332E-l0

-4 -0O.E--G-7 -- 5 OGOE- 0-7-4.1 9-18E4-0 1 a 45-~- -- 35E- -. 1EIJ-92 El
5*OOOE-07 -6*OOOE-07 6.709E-11 lol7IE-09 3,98SE-11 le550E-11 3e9727--08

-6 -G0~ O 7 o0ooo: GE07 l.059E &9 6.?67E 13 5.2i 10 9020E'-kO-Soa90-2E-1--1
BoOOOE-07 -loOOOE-06 9*834E-12 1*132E-10 4.*23SE-11 4e128E-11 2*227E-11

---- I * 00 0.E-06---1-e SOO-E-- 06 9.-&54E-14-I.98-iO-4.0fE-O3-89EI-i02-i -

1*500E-OE -2eOOOE-06 4*503E-11 29473E-09 1.131E-10 7o459E-11 2*5707E-12
----- 2-.00-QE-06---2.5G0E--06--5Sm-4JE 12 7 i94E -1-1-6-.-5-2E--12-9-.935E--11--6 *452E-1 2---

2o500E-06 -3oOOOE-06 5.214E-12 2o992E-11 2.379E-10 1.2175-11 1.883E-12
--4,-G08E--06--4.-GGE---G6 3.634E 162 1-4,35E 12 7.19SE. 11; !v6?OE ii16-E-I2--
4.0005-06 -5.0005-06 3,o334E-12 2.0955-10 3.6255-11- 1.013E-10 1.808E-12

-5.000E-C-6--6 OOOE-06 -19655E--i---4v414E-4-12--1-.-3O3E-1G--29027E10-9.290E-13-
6.0005-06 -89000E-06 6.*272E-13 7.72CE-12 6.003E-10 5.9095-12 3.516E-12

1.000E-05 -1*500E-05 4.122E-31 2*652E-30 3.3715-31 7.998E-31 4*64&E-29
---- O-W" -" 2.%0005 0-5 ow Be 0. 0. 0s

2.000E-05 -2.5005-05 0o 0. 0. 0. go

3oOOOE-05 -4.0005-05 0. 0. 0. 0. 0
---49 080E-G-5--5s 00O-E--05--O. 0. 0. - - 0~----
5.0005-05 -6.OOOE-05 0. 0. 0. Go 0.

-6. 00E-"-5-8w40Gr--0-~ 0o go . 8. 9
8.000E-05 -1.0OOE-04 0. 00 as 0. 0.

-- 1.0GE-#---4500E~~4-0-.-------4-.-------4 -- --0., ----.---- 0. 0
1*500E-04 -2.000E-04 0. 0.3 0 . 0. D

-2.w0O00.E--0-4--2.500E-04-4w Do . 0- -0.------
2.5005-04 -3.000E-04 0. 0. 0. 00 0.

-..----- ~~a- a-0 04 0a-..0Ea4-.6-p~

4.0005-04 -5oOOOE-04 0o 0. 0. 0. 0.
5 *00 0E -O 4 --6,w00 0Ev- 0 4--0 0.--.O. ---------- 0
6.0005-04 -8.0005-04 0. 0. 0. 0 0 .c

TOTAL 2.7315-09 8.6415-09 6.161:5-09 2.983E-09 401817"-08
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TABLE 1. (CONTINUED)

POLAR ANGLE 4,300-7+0 405137+01 4.500OE:,31 405'a3E+01 4.5303Z7+*

AZI*4UTHAL ANGL.7 1.3425E-31. 2v2503E'+31 4.3103E-31 3.0.3301 1.33>2

TIME INJTERVAL

1 9 0 9E-0 7 -1*500-2*.7 0, 31. 3. .4.

1 o.- 153JE-0O7 -2.000c'-07 0.*- ---- --- __jI-..-, - -- -...2129E - 13 1 14 3E -I1 3.
2.003E---7 -2*5037-37 6.393E-11 3. 2s372E-13 4*772E-1U C.
2 * 5 -- 07--3 ' 3*- -- --*- 4 .2 19-'-1 *46+-1%

3,00)JE-07 -4,00.7--07 1,058E-11 9*573-11-l lo'MS-2-9 3.7E1.242 2:.-1
.4.CO03E-07---5.*030E-!J7 3.4-0&-i-l4E--11 L*574E-IJ 1.314E-13 e 2-304-.u1
5*OOOE-C7 -6.OOCE-07 9.173z-11 791233E-13 4.S63E-11- 1..333E-13)422-

BeGOOE-07 -1.000Z>06 3*341E-*t1 7.33J-5011l 3 o19 1''- 13 3.132---l' .64El
Io 0G0Z:-G6 -1v 50 0E-36 --2. 01Ž-1 E-10-13 - 1~3-l3 -4 *63---

I.53OZ0 03 -2.0CO0-06 2s212>11 l.144E-l0 7.3897-11 6.434:--li 2vL32E-=U

2 0 0 2500z-O -. O OzEIfo-i40-': - Iq 1 1-*2 2-902E-1- L3*132Z-11 12.53 7 :-'-11 4.3 ;2-- 11
2,5007--06 - 3, 9 '--- 06 3 .363 1-:-1 1o00 12.3E- 13 4 -2.73:-E- 1 .1 2*3 2-- 11 4133>-11
3 o 03 E -0 6 -4*OOOE-'36 3 o '8 E - 12 3.334E0-13 .6E1 .7-1431.

So 001-E-06 -3.000E-05 1*130E-11 2 *242c-12l 3.4147-1I 0'93 5 4-:'14 2*322:-i1
So COO E-C 3 -1.003>,735 3.1305E-11 -3.236>-10 2*529E-11- 8,34OZ-11 2 .334c.- L3
1.O0CE-09- -1*500E-O5 3,313---34+ 1 a6 091E-3 1 1.2337-2-6 7 .03 SE-30 7.023E-31
1*50OE-05 -2*OOOE-C5 3o -* Go--.. 0 3. 0.
2*000E-095 -2e500-705 go 2. 3. 0.
29500r-05 -3e000-7-05 0. 3. 2. 3. 3.
3,000E-05 -4eOOOEE-03 0. 3. ~ .3
4oODOE-05 -5s.000>05 0.....o - - 3. - C.3
5.o 0OE-G5 -6.OOGE-05 0* 3. 0. ti 3.
6 .OOOE-05 -8.000Eý-05 0. -Z a.. *.. 3.
8.OOOE:-03 -1.O0OOE-04 0* G.o 0. 0.
19OOOE-C4 -lo50CE-34 0.- -- ~-4-9 0----.-3---3.
1*500E-04 -2*OOO-3:-4 0o 0. 0. 0. g.
2.'OOOE-04 -2o500-E-a4 0. -0 1 ;9.--------..*3

2.500E-04 -3.o 00E-04 o00 0. 0. 0. 3
3.OOOE-C4 -40000---04 0Go -- ~---- 0 30 1.
4 * 00Oc--0 4 -5.OOOE-04 0o 0. 0. 0. 0.

* 5OO-4-6*E000E-04 3. ---------- 1-- -- 01.
6*OOOE-04 -8.o00OE-04 0e 0. 0. 0. a*
8.OOGE-04 -l.OOO-E-03 0o - So- -- C* jo 3.

TOTAL 5.057E-10 3o702'--09 7,633-E-39 2*52S6>3-9 1*034:--C3
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TABLE I. (CONTINUED)

POLAR ANGLE 5.300E+31 5*00CE*01 5oj~0El r*3E.1j.3:
7. 0E31 -7.-500E+31 .3207.1.1753E1

AZPI1UTHAL ANGLEc- 0. 1.1252.12.52.1'.53.C .jal

T14IE lNTERVAL
*hh******* -IOOZ0 0007-O.---------
1,130:-'i07 -1.500:-al7 30. .3 .
1*5002E-07 -2.00aE-07 a..---o. *
2,0007--07 -2. 500E- 37 3.. 303 0. .021
2.500E-07 -3.00027-07 0. o - ---.2-*.30 1--1S 69 3,5E12 9.3 -4 E-1 1-: .S57:-1J
3.0002--07 -4.000E-07 1*229E-11 1*721E-11 1,644-7-12 '.100OE-09 .3-:

-.4,.000E-07 -5. 143--
5.000E-C7 -6,000E-07 1.294E-10 1.2047-11l 3.0387--10 1.127z-11l 12 25-3
6 a000 E-07 ý-S GOQE'07 4.?2-.3E 1*1231E- 10' 1.*5 432-710 5 .0-r :- ---11
3.0002-Cl -1&000!-rO0 5*717-T10 6*464E-12 5.o5 7 3 -'-11 7,730;--11 4.53-3:,I1
loCCOE-06 -153-63.2-577-11 S..8Ž9:-12- 7*r357:--1A3 4.,3-U 4.Th.32-1
1 . 50 0E- 0 -2 *0 00 E- 0 ' 2o7 7 3 11 2 . 0 09 ;-i 11.6s34E2-11 5.331;-11- 19964z-'- '.0

2. 03326--i6 -2.5' --~3i21-8.3~141~ -4113.012E-11-1.0641 - 1'3
2.500E-06 -3.00)E-06 7.505E-12 1.11327-13 1.2507-11l 1.4792--10 5.6717-11l

*.3s 300E-Oi -4*a0C06.O -4.SSSEz-12 -2o5a22-0-Ioa'5s1 - 1- S.'#51E-11 1.7462-13
49030E-06 -S.OOOE-36 2.350-E-12 2o7637--12 3.6002-r- 1.1312-1) So29827-12
5o.000E-C6 -6,e000E-0 6-2.403E!ý12 -1 932E-3..33-1 .491 5,6144E-111
6o.000E-06 -8.oOOE-06 5.339E-11 1.298-z-13 3.349c-11I 1.8712-10 3.9572-11-
a.OOOE-06 -1.0002-35 1.9~1.5~1--22--2-.a7 ---. 2.3732:-10
1.30002-05 -1.500E-05 3*94SE-30 4.8472'-27 2.27372-30 19923:"-25 2.339-7-23
1.500E-05 -24000E-05 0. J.0 -o. -3,
2.000E-05 -2.500E-05 0. 3. 3. C 0.
2.5002-05 -3.0002--05 0o. -- 3.-30 --3 G,..
3.000Z-CS -4.0002-05 0.e 0. 0. 3. 0.
4.0002-05 -5.0002-CS 0. *., ~** -
59000E-05 -69000E-05 0. 0. 0. 0. 0.

8.000E-05 -1.0002-04 0. 0. 0.30 0.
le1.000-04 -1o500E-04 0. -- Z a1 - Oo.0 3.
1.5002-04 -2.0002E-04 0. 0. 30 0. 0
2.0002-04 -2.5032-3-4 0. a----3.-3--- .~-..o
2.500E-04 -3.0002-04 0. 3. as co 13.
3*0002-041 -4.0002-04 0. 06 -00-----3
4.0002-04 -5.0032-04 0. 0. 0. 0. 0.
5 s *5000 E-04 -6*0002-04 0. -0 Do0.....0 0.
6e0002-04 -8*0002--04 0. i. 0. 0. 31
8.0002D-04 -1.0002-03 0.Do -.-- f- 0.----..0.----...

TOTAL 1.383E2-0938.597E-10 2.05472-33 2,3392-:-09 299537:-09
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TABLE 1. (CONTINUED)

POLAR ANG3LE 6*300OE+31 7.5030E4.' 7.503E..2I 7.511E#01 7s5.33E.)1
7*5O0-'Ol~I .33O 9.030E+0 *07*31 ?.3j)IE.M3.23.

AZIMUTHfAL ANGLE 1.350E+02 3. 1.l2E3 2.233JE*0L 45300E,31
-~~~~~~~~~~ -- a 0.E0 -115E0 0.5E.3 -.3Ea:iJC~E

TIME: INTERVAL

1*OOOE-07 -1.5GaE:-'37 0. ).3 . 3.

2*OOOE-07 -2o5C0:E-07 3. 6 1. .LS-27 3.
2.500--r-07 -3o000;-37 .- - 2 -Go '1 3. .3.

3.o03E-07 -4900.3:-37 1.165E-13 J. 07?9.3313. 12
4 . 0 ;_r-C. 75o33 1 o 833;-"-l 3*03,E-1:1 2.%129:E-05 70317:_-12 -3 .
5.O 00FJ-07 -6.O000;_-07 1.113E-ll1 t.227:E-1I.3 9 42 ----12 1 o132iE- 09 1 *0 S5,-7-1

*-69600E-07 -3.OOOE-0 7 8a; .43-- I -+ 11-9
8 . 0OE-a7 -1.a00 -0 S 7.39!ýr_12 7.9985i-12 1.9255E - i 3 *432E-11 3*573:--1:-
1,06GE-06 -1950JE-06 3-3 14;---11 2 .794;E-l1 4*2i7iE-il 1 .. 7 73'E I I ~.333.7_1

2.530E-06 -3.O03;-36J 2&351-7-10 t.2937E-12 'L.472E-7-2 2.0'3i-12 1 &6547-10
3.0 Oo.3 7-0.6 - 4, O0 0 -.3 6 9.15 57 53-4.E54_ 1-2--5.g2-1?-3 0 7 3 8E-I -5 .36 i=--10

.*0012E-06 -5.000Z--06 S~ El 7.9357--12 5.2937--12 4 .4 40 ;-*11 1. *317E-t3
5 900 OE -CS -6.OOO_:-06 3. )227--11--l *5-12E-12 I .734E-1-l 3.948E-12 .2-t
6*09OE-C6 -8.00OE-J6 4.237E-10 3*333E7-09 4o_!037_-12 3 .233r-1 9. 314E -11
89000;--06 -. G-0 3.1-2-3*015E-G9 -7,359E--Il 7.1.)7E-12 6 ..3 53 E-II
1.00OE-Gr5 -1.500E-03 4.26GE-29 2.679;--25 9.933E--30 5.057:--2i '12i) 6 0
-1*5007-35S -2*0OOO--05 .- 4e----- ---.---- 3-.

2. COOE -05 -2.503;--05 0. 3.0 0~ C. c2.

3.oGQE-O5 -49000-;-0:5 0.,3 0. 12. 3.a
* 4.0 CoO-05 -50000---05 0. .-3---Go -as3 -3

5.OOOE-05 -6*009E-05 0. 3 0. c..
-6*OOOE-05 -8*000=:-0i -0. as---- -*--.----,. a-*.3.~-

8.OOOE-05 -1.0007--04 0. 3. 3.0 .
I.000E-04 -19500-:-04 0.......0.- 0- 3, a
1 *500E-04 -2.OCOEr-0* '3. 0. 3. 3 *
2*OOCE-04 -2*500E-04 0.------+-*1. - - - -0. 3. 3
2.o 50E-04 -39000z--04 0. 0. 3. *0. as
3.COME-04 -4u 0~O----------0--.*--~ - 00 a
4*OOOE-O4 -5.oOOE-04 0. 0. 0. 0. 9.
5.000E-04 -6.OOOE-04 0. 2 0. 0. 0.
690E0 -8*0OO3E-04 0. . C. G2a 0.
8.COOE-04 -1.O007OE-03 0. 01 - C.0.~

TOTAL 2,411E-03 7*074E-09 2 : 4 S3 9 1 6 55E'-0 9 1*333E-09
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TABLE I. (CONTINUED)

PO3LAR~ ANGLE 7.i3QE+01 7 *5007E.PI 300337*01 ~3E3 .3E

AZIM4UTHAL ANGLE 9~3Et1 1.350:---0? 0. 1 1233 0 1 2.251-7+31

TIME rNTERVAL

1 01E-47-1.500t:--07 0o- - -*-. a-- 0. -

1*500E-07 -290001---07 Os a,----

2.OOOE-07 -2.5000E--07 10 -. .30

3 o00 1E-0 7 -4.000Z-37 9*254E-12 3,9312E-1.1 Jo 2. 5 03 31E-I
S. OOOE -07 -5.000-7'-07 1*.5O3E-12 33-7-20 3.333c--12 00
5.OOCE--07 -5*300=--07 1*433E--1.3 6.1442E-13 2*Si7:-11l 3s223E-li 1.23.37-ill
So 000E-07 -8.OOO:--37 3*184E--11 7.079%E-11 -21446E.'12 5 03E~ 53 4,4;-*-1 j
3* G0E-*37 -1*003xE-06 6.*379E-11 7.735-E-12 3.1'-1 .333E-11 2.399c-'-IJ

1*500E-C3! -2*Ci00,--06 3.11SE-13 2*314E7-09 83.3437-11 -ls 23.3 2- 11 l4.-
2.OOOE-r06 -2*500E-06 8 *4 13E- 10 -. 152Z-11 3.424-7-11 5 .3 i3,-:-11 3.o323:_- J
2e5O0E-0OS -3*000'--06 5,443T-11 2 .945;E-11 1 , 145E - 11 1 . 130 E- 11 31-1
3.OO00OE -C6 -,+ o0 03 Z- 3 2-9 45,E:- 11 2.827":'-il 2*36:SE--10 .2 3 3Z'- 11 l.373E-0,5
4.03G5:-C6 -5.003Z-360 i.73CE-l1 3 *27 3;-'10 4 %7 9 3r-l - .3111 1 .30 3:-,_1
5 o 00 3 6 -6.0035-OS0 2.3145:--Il 1&9324E-09 4*3255:-*13 1.13J:-,12 3.5398:-il
S .OOOE-01 -.3.0005:-O 6 2* 370E:-il 4.246----09 4*S21:U-12 i.232-:'12 1 .915 5-:'-t1

1.o0005:-'-0 -1*5002--05 1.572E-23 29492T-29 4,44~87-2'9 3 .94 7z--31 9-653c5:-33
ý1.5035:-OS -2.000:--05 3.---. 0. L. 3.
2.OOOE-05 -2.,5 00-:'-0 5 0. Go 0. 0. 3.
2*503E-05 -3.004E-05 -0.--- .----. 3.----
3o.O00E-05 -4.0002-33 0. Do 0. ~ . a.
4.003E-05 -5.000E-05 0. . -- 3-- 0. a* 0.
.oCOOE-05 -6,000-E-35 0 3. 0 .0 0 1. .

6.00E05:O -3.003r2-05 2.* - --------- 0. C. c.
89000E-05 -1.000E-04 0. as 0. 0. 0.
-*000OE:-04 -1.500%c-04- 0,~---o. C------------ ----- - - .
1*500E:-04 -2.0002-04 O. g. .. 0.0
.2.0002:-04 -2.5002-0-4 0.------- *- .0. 3. .
2.,5 00 E- 04 -3.000E-04 0. 0 0. 0. J

-3.0002-04 -4.0032-04 0.9 0,--0--- j---1 v .
4.000E-04 -50000E:-04 0. 3. as 0. 3.

50001%E-04 -6. 000E-04 D.---- l0------0---- -¾--
6.0002E-04 -8* O05:-0 4 0. 0.1 0. 0. 3.
8.0002-04 -1.000E-03 0. _----0.--- .---- 0. 1 -3.

TOTAL 2.7202-09 9.556E-09 1.02072-09 1.072E-09 2.7947-309
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TABLE I. (CONTINUED)

POLAR ANGLE 9*300Z*.31 9.3GOE.OI i.0C0E'#Jl1 2337E.32 1.1-007-+0

AZ-IMUTHAL ANIGL.E 4*50)OE.21 9.O30:.31 19.3507-.32 0. 1 .12 5 E.2

TX!4. ME IN TERV AL
***** -i~aazE-0-oio----,.-- 3----

1 .000 E'-0 7 -1.500E-37 0.B0e
1*500]---i7 -2&.CO3E-1 0 a --0 -Is.
2 aO00OE -07 -2*500c-'-7 0. 3. a.2.
2.500:-ral -3.002E-37 1.S?&1~3~ J -- 0.3
3 .00OE-C 7 -4*OOOE--37 0.Oe . .1:1
(ta Oi2E-07 -5 a SC -:7-.. JO 7-J--. ~------- ---

z@.000E--O7 -8*000O.-07 L.a 08 .-- 3-3.Oal43 1 -4 .7 7 5 11 34 12,-:12 4*443E-:11

I.0GOE-06 -1*500E-06 2*.02-5E-7-3.4 .E3 .3E1371.
10500E--06 -2*00OZ.-33 20798-r13 10145E-13 2.5327--11 230.39r:-lI 1.4537--l
2sOBOE -C S -2*500-0.i 4 * A1173 .-- 1 --443~1 42 44E -1-9.C-3 337-2 - 12

3.3OCE-05 -4.0O0E-36S 3,234E-1A 17IE-3 2o120E-13 1.175Z-l1.25E1
4.*O000--' 0 -5-000E-06 7.9907E-ll 2.214--7-1 2*234-ii31 3*732E:-12 3.736Tl
5o003---C6 --6 * OE- Oo 3a 9 9,9 -- 0 ý-5. a13-4 E-1 -3*231E'-l 1 *4.3;E-LI 5.005E-t1
6*000E-06 -8.O000E-0'6 6.490-:l-0 l.973tE--C9 96747E-l-1 l1749T-12 GoO'31-1)
8. 003E-06 -1,,000-7-35 5. 3Ei.2*i.~-3Z 2~3.-.23~1
1 aOME -05 -1*50UT-05 l.S335E-29 3*632+:-31 2*377E-23tC-23 90459:--33
1.500E-05 -2agOOCE-35 0a, Is Go3 ~
2*0OGE-05 -2.500CE-15 0. 1. 0. is 0.
2.5002E-055 -3..000E-05 0. 00 _ i3 0 .a
3 aQOOE-05 -4.oOE-'35 is 0 3. Be.i 0.
fie0G0G-05 -5.000E.-G5 -. - * --- . -3
5 000'--C 5 -6*OOOE-05 0. 0 . 3. W, 0.

- -f 000OOE-0 5 -S.0002-05 0Gs - .___.__0. .--. 3
8oOOOE-05 -1.0002-04f G. 0. as C. a

--l.00GE-04 -1.5002-r-O .0. a*-..- --. 3.
l.500E-04 -2*0002-04 0. 3. 0. 0. I.

OBO0E -C4. -!-o.000E-04-0. ---. 3 C

29503E-04 -5.000E-04 0o. 30 3. 0 0 3.
3 - -003-0E04 -T6.00o2-0o.E.-- -------a----31 -0-o. - - -- o 3
6.0002-04 -5.000r--04 3. 3. as 0. 3.

8.0002--04 -1.0032-03 0. a, 0. 0.0.
TOTAL 1.1+53E-03 4 9434E-0 9 4,834E--39 5-252E-10 1.e138-7-3 9
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TABLE I. (CONTIN~UED)

POLAR ANGLE I.200E+02 1*200E.02 1*200E.02 1.200E+02 1*50)OE*02

AZIMUTHAL ANJGLE 2.250E4OI 49500E+01 39OO0E*01 1*350E.02 0.

TIME rNTERVAL

1*0O0E-O1 -1*500E-07 0. a. 0. 0. 1.
--- 4w5OOE--7---2.o08E-07--8*. 9. 3. Is 0 *-

2oOOOE-07 -2*500E-07 0. 0. 3. 2. 3.

39OOOE-C7 -4.000E-~37 3o713E-10 0. 3*1137-I1l G. 3.

5*0O0E-07 -6*OOOE-07 1*521E-10 89880E-11 I.872E-I0 is 3.
------ 6.OO0E-07--8.-0OOE-OT-2--6- 1E li 8.37FE i1 i 52E---2

8.COOE-07 -l.OOOE-06 8.142E-12 3*315E-10 9.S717-10 1*2347E-10 7.105E-1.1
---IeOOOE-06 -150-6-.33--I-.03-'6*9~37E-10 -3-9632-E-10 SOS60SE-12
1*500E-06 -2.oOOE-06 6*394E-10 I.590E-lu t.032E-10 5.422E-l1 2*416E-12

-- 2.oGOE-06 --2.50QE-06-1.'3J2E-IG----±99&E-Z - -2 o4 ig;7-0 4 10-347E-1l 9*679E-7-1
2*500E-06 -3*OOOE-706 2*366E-12 2o758-7-11. 4*2093E-11 c' v63 50-12 9*250E-12

,.O00DE-06 -5.OOOE--06 3*271E-t39 9*309E'-ll 3s719E-10 4,,770E-10 3*432E--13
*--5.OOOE-06 -. O-0-13E-3-3561-.I31 3,791E-11 39174E-11

6*0OOE-06 -8*OOOE-06 1&155E-10 1%550E-10 2o2S*SE-10 2*S)3E-11 5elOSE-11
---- 8*000E-06 -. 0-0-.2Ei2-I5-*-39-1-go:- 96955E-13

1*OOOE-05 -1*500E-05 9o27SE-32 5*190E-30 3s455---30 4,331EE-26 0.
*-.-1.00-0--2*000E-a5-4_. 0.. as. -------- o.
2*OOOE-05 -29500E-05 0. 0. 0. 0. 30

----2.50DE-05--3*OOOE-05 0* w -------3-- --_0---- --- "-0.- - - a3.
3.OOOE-05 -4oGOOE-05 0. 3. 01 3.0.

----4sOOOE -05 -5.*O000E- 05 - 0----0--- *.- --- 3. -0. 0
5.OOOE-05 -6.oOOE-05 0. 3 0. go all

-----i. CGGE-05- -8900CE-05-0-O 0. -8.-----.--------.-0.--a --
8.OOOE-05 -1*0OOOE-04 0o 0. 0. 0. 3.
I.000E-04 -1*5007E-04 0. 0. 00 0. 3.
1.59CE-04 -2*OOOE-04 0. 0. a. 0 0 .

- -- .0E-4-2.503E-04-0*. Do0a
2*500E-04 -3.O6OE-04 0. Go 0.,0 0.

---- 3s.G00E-04--4*00EO-0-O. -4. .---- 0.-- .-

4e000E-04 -5.oOOEr-04 0. 00 0. 0. 00
-5.OOO0E-04--6.00OE-04-0, ----- .--- as o. , as - 0

6*OOOE-O4 -8.000FE-04 0. 0. 0. 0. 0
----8.O0E--4--1-.00~-3---.---4-.-0.--- -0-. --- . -o

TOTAL 4o998E-09 4*997E'-09 5*782E--09 2*117E-09 29613;--10
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TABLE I. (CONTINUED)

POLAR ANGLE 1.5007.3 +0 OO2 1*5003GE02 1*5307E02 I..530E+02
- - 4300 - .Os3.3-30I.-OO+432 1*330O-.O2

AZIMUTHAL ANGLE7 1.1257-+01 2.2532.'+1 4*5300E.)1 9.3332E31 I.330:E.3Ž

TIM4E INTERVAL
*******.** -1.030Z-07 0. a 4-- V--- G 3, 3
.ooDOE-07 -1*50027-07 3. 0. 2. 0. o .

le500E-07 -2.O000237 as - 1-m as as -3.3

2*GOOE0~7 -2.503E-07 G. Is* 3. i.s2

3oG00Z-07 - 4 *3 00E-3 -7 0. .3. 3. a.3
4.OQ0E-07 -5*0OOOE-07 0. 010 0`0------2 0. .3.
5*OOGE-07 -6.0032--07 D. o. 2.1i47-13J 3o 0.
j60O3E-07 -6*00027-07 0. - ~J.-- 4w~9O9E-13 iv2S1E-r1 29439--10
3*00J3E-G7 -1*300E-36 0. 1.2172:-13 293606--11 So5277-11l Is

lo500E-06 -2.000E-03' 2.3812-1-2 2o473E-l1 8.273---12 1.372E-11 1.323-117-l
2 *003 E-606 -2.5-002-36 2 o3 10-c- 1-2 7 e 11 -E-41 5.*2 23E7-1'.2 2.1327-11l 2@1.257--1
.2.503E-C=E -3.0002-06o 1&546E-11 1.763E-11 9,&7312-:-12 1..5S9E:-12 2.57iE--12
3o.000E-0,; -4.000-E-06 -.511 1.6E1-.S211.3-53-17-1 3*41677-12
4.000EE-06 -5*0007-0O 2.3532-11l 5.374E:-10 1.0957-13j 3.613;2-12 5.327-7-11

6.000E-06 -Se.0022-06 4.3632-2 .-12 121:3-3 .521 Ž.0-1
1.0002-05 -1502o-1170.12 1@8563-12212-3 22"169-11

1.50002-CS -2.0002-05 1. *6-.-----.-0. E----. 218-1
2.0002-05 -2.500E-05 0. 3o 4u4. 73 2o3-*3 2.19"*-1
2.500E-05 -3.000E-05 0.-O ---------- 4------ 0. " ---- - 0.-- -.3,-
3. OOOE-05 -4.50002-05 0. 3. 0. 3.9a
4.50002-05 -. e0 0 0 L- 05 -0, - --00-. 0 ,0 - ------.-- 01
5.000E-CS -6.0002-03 Do 0. 3. 00 3.a

6.02-3-8.0002c-05 13. o-- --- is------. --. 3
5* 0032-05 -16.,0 00 2-0 0. '5. Goac. I 3o
1.000E-04 -1.5000-04-05.-------40-o -*-- as 3-
81o50017-05 -2Go20 0.1 3. 3.32
2.0002-04 -2.o5 0 0- 0. 4.---0.-------0- - 0......0
2.5002r-04 -3.0002-04 0. 3. a 0. aC
2 .9000E-04 -2*.000-04 0.. -.--- 3----.-0.- . - 2
29500E2-04 -5.000E-04 0. 3o 0o co 0.

5.000E-04 -6.000:E-04-0------ 3.------* D

6.0002-04 -8.000E-04 0. 3. 3. as 0.
- -..8*OOE-04 -1.000-E-03 0. *-. ~------- u.3

TOTAL 8.7157-11l 3.45372-10 1.1032--09 6.1532--13 1.7332-39
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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 and the central portion of the field of view blocked

by a 4.5 inch dimeter 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
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TABLE II. ANGULAR DISTRIBUTION OF THE TIME INTEGRATED IRRADIANCE FOR A
MONODIRECTIONAL SOURCE ROTATED 30 DEGREES FROM THE SOURCE-
RECEIVER AXIS

Polar Azimuthal Angle (deg)
Angle 11.25- 22.5-
(deg) 0-11.25 22.5 45.0 45-90 90-135 135-180

0-10 5.109-8 1.208-7 1.548-7 7.851-8 8.691-8 1.918-7

10-20 5.611-8 3.293-7 6.107-7 4.967-7 6.285-8 4.683-7

20-30 4.137-8 4.772-8 9.058-8 5.692-7 1.294-7 3.096-8

30-45 3.672-8 8.634-8 4.376-8 6.923-8 4.936-8 2.983-9

45-60 1.028-6 1.244-8 4.552-8 4.693-8 1.553-8 6.172-8

60-75 2.920-8 1.815-8 2.169-8 1.219-8 1.564-8 1.273-8

75-90 1.392-7 4.734-8 1.628-8 9.263-9 1.338-8 4.701-8

90-120 1.039-8 1.092-8 1.423-8 3.692-8 1.142-8 1.231-8

120-150 7.322-9 1.653-8 3.477-8 1.738-8 2.011-8 7.364-9

150-180 9.933-9 3.313-9 1.607-8 1.048-8 5.852-9 1.696-8
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TABLE III. ANGULAR DISTRIBUTION OF THE TIME INTEGRATED IRRADIANCE FOR
A MONODIRECTIONAL SOURCE ROTATED 60 DEGREES FROM THE SOURCE-
RECEIVER AXIS

Polar Azimuthal Angle (deg)
Angle 11.25- 22.5-
(deg) 0-11.25 22.5 45.0 45-90 90-135 135-180

0-10 3.393-9 7.382-9 2.159-8 1. 312-9 2.324-9 3.440-8

10-20 6.176-8 2.735-8 5.599-9 1.099-8 8.723-9 7.719-9

20-30 2.611-8 2.716-8 1.031-7 3.208-8 8.953-7 3.104-8

30-45 5.977-9 8.630-8 7.153-8 3/037-8 8.292-8 3.625-8

45-60 1.359-9 1.117-7 1.066-8 4.149-9 1.550-9 1.069-9

60-75 2.988-9 3.202-8 1.350-8 6.476-9 3.157-9 3.328-9

75-90 3.109-9 2.597-9 5.618-8 1.748-9 4.773-7 1.289-7

90-120 3.355-8 7.733-9 1.317-8 9.717-9 2.313-8 1.641-8

120-150 1.123-8 1.240-7 4.833-7 9.274-8 2.315-9 6.168-9

150-180 1.785-9 3.167-9 2.026-8 1.203-8 3.810-9 2.538-8
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TABLE IV. ANGULAR DISTRIBUTION OF THE TIME INTEGRATED IRRADIANCE
FOR A MONODIRECTIONAL SOURCE ROTATED 90 DEGREES FROM THE
SOURCE-RECEIVER AXIS

Polar Azimuthal Angle (deg)
Angle 11.25- 22.5-
(deg) 0-11.25 22.5 45.0 45-90 90-135 135-180

0-10 3.550-9 2.862-7 6.876-9 2.430-6 7.839-7 8.202-8

10-20 6.579-8 4.641-9 8.032-8 6.516-9 5.464-8 2.064-9

20-30 1.647-5 5.008-9 2.301-8 3.462-9 5.016-9 1.886-7

30-45 1.029-8 1.439-8 2.267-8 1.385-8 5.961-9 4.570-9

45-60 1.032-8 4.038-9 3.220-9 1.415-8 3.799-9 2.598-9

60-75 2.996-9 3.341-9 3.584-9 1.559-9 2.414-9 3.812-9

75-90 3.975-8 3.268-9 3.033-8 7.005-9 2.087-9 1.540-9

90-120 7.700-9 2.571-9 6.600-8 1.621-8 7.927-9 2.207-9

120-150 4.428-9 1.269-9 1.320-7 1.466-9 3.200-8 1.968-9

150-180 1.816-10 4.151-10 4.870-10 3.677-9 8.317-10 2.435-10
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TABLE V. TIME INTEGRATED RESPONSES CALCULATED WITH THE
TPART-III PROGRAM

Source Receiver Telescope Photon
Direction Direction Response M2-ster

0 0 3.1-08 1.46-3
1 9.0-09 4.22-4
2 6.1-11 2.86-6
3 4.5-11 2.11-6
5 4.9-11 2.30-6
10 2.8-11 1.31-6

5 0 8.5-11 3.99-6
1 6.2-11 2.91-6
2 8.1-11 3.80-6
3 2.3-11 1.08-6
5 2.8-11 1.31-6
10 2.0-11 9.39-7

10 0 8.2-12 3.85-7
1 5.2-12 2.44-7
2 4.9-12 2.30-7
3 8.4-12 3.94-7
5 1.6-11 7.51-7
10 7.3-12 3.43-7

15 5 4.74-12 3.43-7
10 5.68-12 2.66-7
15 7.27-12 3.41-7
20 2.93-12 1.38-7
30 1.93-12 9.06-8

20 10 3.00-12 1.41-7
15 1.19-11 5.59-7
20 4.25-12 2.00-7

30 5 3.00-12 1.78-7
10 2.80-12 1.31-7
15 5.07-12 2.38-7
20 2.10-12 9.86-8
30 1.20-12 5.63-8
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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(iA ,At ,eod' calcu-

lated with the THART-L program for the polar angle interval

AOi, azimuthal angle interval AýJ, and time interval Atk were

divided by the solid angle interval A0jAcosOi, and the time

interval Atk, to obtain the number of photons per square meter

per steradian per second in the direction, (8,0) for a source

emitted in the direction e o. These data were then weighted

with a source solid angle interval Acos o * _ and summed
2w 2w.over 0 and e to give the intensity per steradian in the direction

polar 81

N(Aei, Atk -tA c
N(A6i' Atk) ý i A*AcosOi*At * 27 2

Acos

for an isotropic source located a distance of 765 meters from the

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
2

of 35800 kilometers away would be N(Aei,Atk)/35800 . 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 e from the

normal to the surface. Therefore multiplying N(Aei,Atk)/35800 2
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by 2w-765 * Acosi and summing over all surface areas gives the time

dependent intensity in units of photons/km -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 direction,

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 assumed 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,

2'nAcose oV and then the intensity within each receiver direction,

i, was multiplied by the area 765 *2ffAcosei, on the surface of the

dome shaped cloud from which the direction of emission toward the

satellite receiver is e1' These values were divided by the square of

the distance from the cloud top LO the satellite receiver position

to give the time dependant intensity at the satellite receiver,
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Fig. 9. Time Distributions of the Irradiance for a Synchronous
Satellite Above a Dome Shaped Cloud. Calculated Using
Narrow Beam Source-Receiver Transmission Data
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R(Atk) . T(6oil ,Aei,Atk))*21rAco9eOt*765 2*2irAcose /358002

A3 Aeo

where T(6OoAei,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

inttially 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 4ff

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.
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Fig. 10. Comparisons of Time Dependent Synchronous Satellite Response
Computed Using Narrow Beam Source Receiver Data with the
Response Computed Using the POLOE Program
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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 inconsistancies in 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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