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1.0  INTRODUCTION

This project is the initial stage of a study to determine improved values
and definitions to be used for thermal environmental design parameters for
a spacecraft in near-earth orbit. The current criteria is inadequate due
to incorrectly assumed confidence limits, the lack of interrelation between
albedo and earth thermal radiation, and no altitude dependence. It is
planned at a future time to develop the improved criteria through a care-

ful statistical study of known data.

As a starting point, this project was established to convert existing
gsatellite data from éelected orbits for which both instantaneous values
of the earth thermal and albedo radiation could be obtained, into data
which could be easily handled for the planned computer oriented statistic

studies.

The Medium Resolution Infrared Radiometer (MRIR) carried onboard the NIMBUS II1
spacecraft seemed particularly suited to this study since it contained both

a 5-30 mieron channel to provide a measurement of the earth thermal radiation
and a .2-4 micron channel to provide the radiance of the solar reflected
radiation (albedo). However, because the lifetime of this instrument was

so short it was necessary to use as much of its limited information as poss-
ible, to develop a method of utilizing the data from the later NIMBUS III
MRIR. The NIMBUS III MRIR sensor had five channels for observing earth

radiation,



They were as follows:
6.4 —* 6.8 M

10 —>» 11 M

Longwave
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20 =323
0.2 —= 4,0 !vl Albedo

It can be seen, unfortunately, that no single channel covers the entire

longwave spectrum as did the Nimbus II MRIR sensor.

Having conducted a thorough literature search in this field, it was found
that the NASA Techmical Note #D-7249 "The Radiation Balance of the Earth-
Atmosphere System from Nimbus 3 Radiation MEasureﬁents" by Raschke,

Vonder Haar, Pasternak, and Bandeen was most applicable to this project.
Goddard Space Flight Center supplied a listing of the program used by
Raschke, Vonder Haar et al. to generate their data and the techni@ues con-
tained within this program were used as a basis for developing the programs

used in this project.

A basic concept of the GSFC study was to develop an algorithm whose co-
efficients could be used to derive a total earth thermal radiation based
on a mathematical relationship obtained from studying 160 different
atmospheric models. This replaces the need to develop a single algorithm
by performing a strictly mathematical correlation of the various spectral
bands to the broad band channel of the NIMBUS II data, To produce an out-
put compatible with other studies performed in this field, this same

technique was used for this project.



The end product produced by this project is 100 albedo and 100 earth
thermal radiation grid maps on 7 track digital magnetic tape. A grid
map is a matrix of elements where location in the matrix is related

to an earth latitude and longitude, Each wvalue in the matrix is the
average of the data over the matrix element area. The size of the
matrix element area varies depending on the latitude being observed.
The area is 1° latitude by 1° longitude at latitudes less than 600;

19 latitude by 2° longitude at latitudes between 60° to 80°, and one
area for each polar region at latitudes of 80° and over. Each map con-

tains the values obtained during a 24 hour period over the entire earth.

No extrapolation was performed on the &ata, since ‘this will allow greater
flexibility for later simulation and Time Average Effective Value (TAEV)
computations. The confidence interval widths provided with the statis-
tics for each matrix element area of the earth's surface (data bin) can
also be used at some future time for dynamic smoothing of the bin data.
It is thought that such autoregressive techniques are superior to any
interpolation/extrapolation schemes which could permanently alter the

values contained in the constructed data base.

2.0 BERIEF SURVEY OF RESULTS

A brief sample of the output statistics is plotted in the following graphs
(Figures 2,0-1 and 2,0-2) to illustrate the type of data generated by the

program, The information plotted is the bin averages.
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A check on the validity of the data produced by the program was made

by comparing the data with contour plots of albedo and longwave radia-

tion contained in Appendix D of NASA Technical Note NASA TN D-7249.

The values from the contour plots used for the comparison are approxi-

mate estimates, however, they do provide indication that the computed

values are comparable .

The information is summarized in the following two tables:

Albedo (Percent), Nimbus III Orbits 315-317

Data Obtained
! : Computed From ‘
? Lat. Long. Range Range NASA TN D-7249
L —45 90-130 .19-.32 .30-.33
; -40 90-130 .17-.32 .33-.36
g -30 90~130 .18-.37 .33-.36
? -20/~18 83~118 37-.42 .39~.42
-10 100-128 LA40-044 .39-.42
0 102-150 . 23-.43 .33-.36
] 10 106-142 14—, 40 .36-.39
Table 2-1
Qutgoing Longwave, Nimbus IIJ, Orbits 315-317
Data Obtained
: Computed From
Lat. Long. Range Range % NASA TD D-7249
-58 80-126 44-59 50
-4 4 28-134 33-60 40
=20 96-134 5-36 20
i 104-142 9-19 20
{_ 10 106-142 6-68 20-30
Iable 2-2




3.0 DATA PROCESSING PROGRAM

The program developed for this project, computes estimates
longwave radiation by extracting the MRIR data from NIMBUS

Radiation Tapes,

This data is stored by "swaths", each representing a sweep
ing scanner. The location of the satellite, time and scan
with the data are sufficient to enable the location of the

area observed by the sensors to be determined.

of albedo and

Meteorological

of the rotat-
angle associated

earth reference

Following the processing of the data the summary statistics of the radia-

tion estimates are accumulated onto the digital magnetic output tape.

These statistics are detailed in Section 5.2 .

A major functional flow of the program is presented in Sectionm 3.1

followed by a detailed description of the steps involved in generating the

estimates.
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3.1.1 Calculation of the Totai Outgoing Longwave Radiation

The two primary processing steps performed by the program in computing,the

total outgoing longwave radiation are as follows:

Step (a) Estimate the total Longwave Radiation for the entire bandwidth
-from a NIMBUS II derived correlation formula,

The measured data consists of the filtered radiance observed concurrently
by the four channels of the MRIR instrument. Assume that the wvalues

from each channel are Nj, Ny, N3 and N; respectively.

-2

Ny = ole 0 NG #3s No $ QNG+ o Ny 0 N+ 0, M

where

o, = -.35651 x10-2
Ry = 37442 X102
®, = -30818 X1073
o, = -.92471 X10-3
Kg = 013466

oy = .20913 x10-2
®e = L3051 X102

Step (b) Compute the OQutgoing Flux Density M.

This is obtained by applying a correction which is dependent on satellite

location (reference Appendix A for a definition of terms).

12



The outgoing flux is based on the following estimator:

LR
TOL2L) < 2T [ ngoat) comd swe dp = Np(®=a L4714
e @
. o M ()
where Lj_ = 2T f £i®rpsn sind ab F(p)= e
© - N, (90}
where Ngae (0) \ é 5 Ba 93
— " = By + B3
Mg 50(B:0) £z F

This polynomial model is derived from NIMBUS II data and represents the
drop in emitted radiation as § increases. This radiation model is

referred to as "limb-darkening".

Tt should be noted that the final outgoing longwave flux represents an

astimate of the total radiation.

The normal radiation ( Ng_3p (@ =0)) 1is also derived from NIMBUS II

measurements.

Computationally the program uses the following:

For%ﬂ|< 60° and;

# <10°, N = 3.05 N,
10%6( 200, N = 3,054 Nt/.985
200<6<300, ﬁ = 3,054 Nt/.975
Foric?> 60° and;
8< 300, W=3.17 N
6>30%, N = 3.17 N/ 995

13



3.1.2 calculation of the Incoming/Outgoing Solar Radiation (Albedo)

For shortwave or albedo radiation the program computes the average of

the outgoing flux densities from the observed data.

S
The measured data (N ) consists of the data from the 0.2-4.0/4 band
*
converted to units of watts/(mZSCer.). The primary processing steps

performed by the program in computing the albedo radiation are as follows:

Step (a) Compute the Bidirectional Reflectance.

The Bidirectional Reflectance is the ratio of the measured data emerging
from a surface element in the direction of the satellite to the total

radiation entering normal to the surface from space.

! r i
/J (S;QU
A

zenith

| angle of
satellite / measurement
location

azimuth angle
\ - of measurement

solar zenith

angle

earth reference
longitude

earth reference
latitude

time of
measurement

s ' ¢
N'=N(O, 0, 5 '_}I, L ) watts/mzster
measured data from the,2-4f4 band

= 860.58 watts/m?2 filtered extra terrestrial
radiance of sun (0.2 - 4.0L{)

- P
(%/W) d mean sun-to-earth distance
d d true sun-to-earth distance

7]
=]
|

L=
[]

%"Primes" denotes measured data.
14



Step (b) Compute the approximate directional reflectance,

The directional reflectance can be obtained by using the following

theoretical equation:

AL
r(83= [ 7 p(0.08) sip s dsdyp

&

However, instead of integration, each observed bidirectional reflect~
ance data point can be converted to a directional reflectance point
at a specific surface element by using empirical or measured data. The

goal being to remove directiomnal (934') dependence by use of the ratio
Y'( 'S:_- D}fﬁ .
TRy, )
which is available as published tabular data.

The data is stored by:

(1) Surface (cloud-land, ocean, etc.)
(2) X
(3 o
(4) ¢

Definition of item 1 is obtained from the range of fD/
e.g.

(1) Oceanﬂﬁg.-lﬂand Te 72737k

(Tp veing the concurrently observed blackbody temperature)
(2) sSnow [W{>@5°% and Tp’>.5
(3) cCloud/land (anything else)

4

Directional reflectance is computed by

RS O I I A ST N R
T Lr(“‘a:a) !L__ﬂ‘fc'a,a J 4
Table F- Toakle £ -2,

15



It can be seen that r is not a single value, but is a function of two
tables; one a function of the surviving independent variable &~ and the
4

other a function of the observed or concomitant angular values (E?t¢;3 ).

The tables are contained in Appendix F.

The estimates are derived utilizing the following

(Sol) cos & (L)
T r () cos £{8)

Incoming (t)
Qutgoing (t)

= golar constant
reciprocal of sun-earth distance squared in astroneomical units

"z
I—ﬂ
|

S T

These are integrated over the daylight period for day 't' to arrive at an

estimate of the daily averages (see Appendix E).

16



3.2 THE NIMBUS III DAYS PROCESSED

The following table contains the day numbers for the NIMBUS III data that
was processed. An attempt was made to utilize equal daily increments,
however this was tempered by determining which days had more representa-

tive data and the availability of data tapes,

! 1969 1970 |

;7 DAY NUMBER DAY NO.
107 163 222 21
109 164 223 23
110 166 224 25
112 168 . 226 28
114 170 228 . 29
116 172 230 32
118 174 232 ) 34
120 176 234

122 178 236

124 180 238

126 182 239 |

128 184 241 |

130 186 264
132 188 246

134 190 249

136 192 252

138 194 256

140 196 258

142 198 261

144 201 264

147 202 267

148 204 270

149 206 273

151 208 277

152 - 210 281

154 212 285

156 214 289

158 216 1 293

160 218 | 298

161 220 | 303

| j

Table 3-1 Day Numbers of Nimbus III Data Processed

17



4.0 INPUT DATA STRUCTURE

The input data form and content is described in detail in the "NIMBUS III
User's Guide" prepared by the NIMBUS Project, Goddard Space Flight Center,
National Aeronautics and Space Administration. Section 4 (PP 67-107)

deals with the MRIR data which is the principal source of data. The for-

mat of the NMRT-MRIR tape is described on PP 99-103 of that document.

5.0 QUTPUT DATA FORMATS

The program produces a digital magnetic tape output containing the daily
averages for each bin and selectable line printer output of either

summary or detail bin statistics,

The digital magnetic tape is the normal output of the program, the printer
output being used during the checkout of the program. However printouts

can be requested if desired,.

3.1 DIGITAL MAGNETIC TAPE FORMAT

The output tape is a standard 7 track, 800 bpi digital magnetic tape.
Each tape may contain more than one data file with each file containing
the compiled statistics for one satellite day. The magnetic tape is in

Univac 1108 compatible pinary format (e.e., formatted 36 bits/word).

s - .
T E: E E{E
DATA FILE #1;0.DATA FILE #2|0 DATA FILE #N}0O{O
i Fl F F|F

Fig. 5.1~1 Output Tape Gross Format

18



_ .

TYPE 1}{TYPE 2[TYPE 2[ /7 [TYPE 2{TYPE 2 TYPE 3 E|
RECORD | RECORD ' RECORD | . RE CORD RECORD?RECORD} !
#1 #2 4t #251 #252 | Fl

Fig. 5.1-2 Data File Gross Format

As Figure 5.1-2 depicts there are three different types of data records
in each file. Every record is equal in size and consists of 1200 words

(36 bits per word).

Type 1

The first record of each file is type 1. Word 1 contains
the value of the satellite day processed and is the only

information contained in this record.

Type 2
Records 2 through 253 of each file are type 2. Each type 2
record contains the statistics for 200 bins, formatted as

6 words for each bin.

The format of each of the 6 word groups is as follows:

Wor Eit?ﬂs 35 i8i17 . : 0
no,
1 Incoming Mean Qutgoing Mean
2 Nighttime Mean Daytime Mean
Qutgeing Standard Nighttime Standard
3 Deviation . Deviation
4 Daytime Standard Outgoing 95%
Deviation ‘ Confidence
5 Nighttime 95% Daytime 95%
Confidence Confidence
6 Incoming/Outgoing - Nighttime Daytime
: Populatign Population - Population
2it| 55 _24]23 - 12{11 , 0
Table 5-1

Summary Statistics Format

NOTE: All the data values contained in words 1 through 5
are scaled by 218; and the value of incoming and
outgoing populations are assumed to be equal,

19



Type 3

The last or record 254 §f each file is a type 3 record
which contains statistics for the north and south polar
regions. The first 6 words of this record relate to the

arctic region; the second 6 words, to the antarctic. The

13th word contains information for both polar regions,

In each case words 1-5 are identical in form to words

1-5 of the type 2 record.

Words 6 and 12 of a type 3 record have the following configuration.

BIT POSITION
35 18|17 0

QUTGOING POPULATION NIGHTTIME POPULATION

Word 13 of the type 3 record has the following configuration:

BIT POSITION
r ;
35 18117 0!

NORTH POLE DAYTIME. f SOUTH POLE DAYTIME
POPULATION I POPULATION _i

Records 2-~253 of each file each contain the statistics foér 200 bins, for
a total of 50400 bins. Record 2 contains bins numbered 1-~200, .Record 3

contains those numbered 201-400, etc,

20



To relate bin number to the latitude, longitude of the bin, consider

that the earth is divided into 5 areas:

Arega 1 -

Area 2 -

Area 3 -

Area 4 -

Area 5 -

Anarctic - Latitude < -80°,

Latitude = -80° but ¢ -60°,

Total 1 bin

This region

is divided into 1° latitude by 2° longitude,

regions. Total 3600 bins.

Latitude = -60° but ¢ 460°,

divided into 1° latitude

Total 43200 bins.

Latitude >» +60° but < 80°,
divided into 1° latitude by 2° longitude regions.
Total 3600 bins.

Arctic - Latitude > 80°,

This region is

by 1° longitude regions.

This region is

Tetal 1 bin.

Records 2 through 19 contain the data gathered from Area 2,

 Records 20 through 235 contain the data gathered from Area 3.

Records 236 through 253 contain the data gathered from Area 4.

Record 254 contains the data gathered from Areas 1 and 5.

For example, the statistics for the bins from Area 2 are formatted on

tape as shown in

Table 5-2
EECORD 6 WORD AGCUMITLATOR | LAT. OF LONG. OF
BLOCK [ 4 DATA DATA
2 1 1 -80° 0%<Long. = 2°
2 2 2 -8p° 2°=Long. = 4°
2 200 200 -79¢ 38%< Long. = 40°
3 1 201 2790 | 40°% Long. < 420
3 2 202 -79° 429< Long. = 449
3 200 400 -18° 78%=Llong. 80°
19 1 3401 -60° | 320%=Llong. = 322°
19 2 3402 -60° 322°<Long, = 324°
i9 200 2600 -61° |[3589<Long. ~ 360°
Table 5-2 Bin~Record Layout Example

21
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5.2 LINE PRINTER OQUTPUT

)

The following items are contained within the statistical printout from

the program. Figure 5.2-1 is a sample printout.

10.

11,

Daily average of incoming solar radiation (cal/(cmZ min))
Daily average of reflected solar radiation (cal/ cm2 min))
Nighttime outgoing longwave radiation (cal/ (cm? min))
Daytime outgoing longwave radiation (cal/(cm® min))
Population count for 1-4

Sample standard deviation for (2)

Sample standard deviation for (3)

Sample standard déviation for (&)

95% confidence band (% width) for mean of (2)

95% confidence band (% width) for mean of (3)

95% confidence band (% width) for mean of (4)

Some'defining formulas are:

10

Population count n

Mean i =EXJ./
n

Standard deviation § (Xj - X)

n-1

1007 confidence bands for theoretical bin mean (fj)

= _ s
% width = tv?

where "t" is a (1 - %F) percentile of the t distribution.

22
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"Detailed" Bin Statistics - Sample Printout



Appendix A

SATELLITE~EARTH-SUN GEOMETRY

\ / KQ&:&‘-@"IL—Q oY
i absevured’ ‘I"?“‘

[ "Ag Greenwich hour angle of sun (measured westward)

Sun
i 2 Declination of sun
Longitude of subsatellite point
Satellite
P Latitude of subsatellite point
} Longitude of observed (reference) area
Observed
area L_CP Latitude of observed (reference) area

R earth mean radius (6371lkm)

H satellite altitude (1120km)
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Appendix B

LOCAL SUN-EARTH GEOMETRY

26t

"shaded" region
represents the
element-sun

and
element-zenith
plane

0 - observed area element

longitude of observed area
latitude of observed area
azimuth angle of measurement
9 angle between two planes
zenith-satellite and zenith-sun
measured from the observed area.

zenith angle of measurement

O angle between local zenith and satellite
measured from the observed area.

solar zenith angle

9 angle between local zenith and sun measured
from the observed area.
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Thg actual observed data is N(@,(ﬂ;g), which is the radiance emerg-
ing from a surface element in the direction of a satellite located

at a polar angle § and azimuth ¢ with respect to the sun-vertical
plane (see figure). The sun is located at a polar angleg with respect

to the local vertical.

The total radiation emanating from the surface element can be expressed

as: W o= j[f\)dﬁdlal

From the diagram ¢ is measured from y.

To convert to the familiar polar coordinates

X = 8in? cos (T-%-(-UJ) } = -~ sing siny
y = sinf sin (I{;-—(—!p}) = sinf cos Y
. . X
drdy = -3 (-gds) 404y
X ax - -si ‘
3¢ X, N - 55 5| _ cos® siny sin @ cos{b: i cos B
B, 24 »y cos ® cosy -sing sing
J0 Fp ¢

Therefore, the total emerging radiation is

2 T
W= f f N (O,¢) sin@ cosd dB dy
a o

The bidirectional reflectance, a unitless quantity less than one, is
the ratio of N to the total energy entering normal to the surface from
space

N
~ ( @Jw:% ) = SOL fas‘g

26



The directional reflectance is obtained by integrating out the

directlonal dependence on spacecraft position
2N ‘Trfl

T (S) = ffp(@,m,;)sinsws&ded‘:ﬂ

so that only the sun polar angle remains.

If the surface is considered to be completely diffusing f>(8ﬂ$,g):=f(§
- then:

el My

v (%) = f f /3(3)8\'-\8 cosp 48 dy :T{’jﬁ(g)
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Appendix C

MATHEMATICAL RELATIONSHIPS

C -1 Solar Zenith Angle ‘Q
(088 = X+ S = (058 08P 0S(A-Re) + 5/ S SIheD

E = acc 5 | o5 5 cosP s (r-ha) + SIS S0 |

where ) and <P are the latitude and longitude of a surface element, /¢
is the Greenwich hour angle and § 1is the declination of the
sun.

C - 2 Zenith Angle of Measurement §

/ laca ) \revtieq )

Sine,  Sin (T-8)

Fo= f+n

SIn(T-9) = s T 02(-8)
+cosTrsm{-P)
= s B

ang = {20 Y o

T$ 0250 do not. Pro(Rss

where < is the nadir angle, - the earth's mean radius, and h
the satellite height
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C - 3 Azimuth Angle of Measurement |

("é x X ) perpendicular to sun-zenith plane
(;:x Fg) perpendicular to zenith-satellite plane
osgp o (AP (357
% « T:'gj i—§ x|
simplifying the numerator -
(XXF ) . (SxX) = X.(F.x
- T [Fe T - (F 3R

X[ |Felcos08 — |Fr] cos" x|

ﬁi[ [cos@ (os & — &osP-_l

where [ is the angle between sun and satellite measured at (‘-’43,7\ ).

| XxFr | =Fr) sv®
]EX?] pad S'IV\S
Therefore
cosyp = (XxFr) - (TxX) _ ospcost-cosD
FEGAREEEY sn® sing
cospeost —cosl ]
= afcens _ S

L1D L ang s g

Defive k= r:h

De \_m\g?{u% of subsatellite pé{nf
Ps latitude of subsate hte Poimt
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Fe T

| Fel

cos M=

= 08 KePsc s De)-c c(‘/\-m@b 63 [k 505~ scp ]

[ 1 J
wheve 0 and 8

/

ave obbedvio t2d evpresions
wae Teasime” and TeimeUrespectisely

; - . 2 &
e LK CRe C(."*S“)Gf - (L epn Q'D] ‘*"[k tefy 5(7‘5‘7‘6) S S(-?‘h)é’)—.\i

+ [k‘sd%—S‘%ﬂj@a

) 2 i g - 5 2 2, : .
FR g (7\3-";1&;} +c'd () *}0\} ~ LRGP CC?):.-—}C-»} 2o )

——r

) Fr |

+ kZCZCQS %L()i"’)fa-) 1"(.‘_2:9 SZ()—?&-) -7 KC‘cPS [g=" S(?’S"\KG) S<z-?(;’,
> kas_adis %P Lo kePs s

= KoM 4 P ~zw s P DS e + 5 (3520 (3N ]
+ P, + S ek s s

= Ka‘«- | -2 KEQ@;C@CCRZW-)@ -2 +3e} t SP5SP ]
= ) “ZKY_CCPSCCP e Ch-Dre) +99s s:;P]

_ \/ il -z [cosds cosep oS (A-ns )+ 3ingg Siv\CP]

S
b g;»ﬁ;ﬁ |
03%61300%
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Appendix D

SUN ANGLE CORRECTION

The sun angle is corrected for refraction of solar radiation at various
angles, This correction reduces the mathematically computed solar

zenith angle., The table D-1 contains the corrections used by the pro-

gram:
E corrected = g uncorrected - ./;\
! Rang Correction%ag{
8835 <% . .35 i
87.5<% < 88,5 .3
865 << 87.5 .235
85;54 T < 8655 .20 :
83,5« %< 8575 .15
80.0 <% < 8375 .10
£ < 80%0 0

Table D-1 Sun Angle Corrections

31



Appendix E

NUMERICAL INTEGRATION TECHNIQUES

The daily or 24 average of incoming solar radiation over a specific

area (), 4) 1is

sunset
U (o) = g [ seostm)dth
Sunv) §e

where the quantities Qb.ﬁ_;g have been defined earlier.

The flux density of solar radiation leaving the earth-atmosphere system

over a specific area (h&® ) is

suns et
Ws(A2,4) = 75 | Sr(¥)rst(t?ydt?”
SunimsSe

where in both cases, t represents the day of the observatiom.

Looking first at the 24 hour average of the incoming solar radiation.

The theoretical expression is F&SCj“cp;t) 6S descyibed above

where S, = 1A% cal /{sz- )
L (37aY vedgraes) of squaved distance between sun-tarla

W oastravonwsa) OTW TS

The numerical approximation used in the program is

A (A
Hs(hat) = L Sekcos (2001 8O-2a /igo

4=
= expected incoming radiation.
where ()-}a)j is the angle between the reference area longitude and
the sun projection on the equator.

The quantity is incremented in 20 equal'angular increments from sunset

to sunrise.
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Similarly
A 0
We (2,a0t) = Zl S.L fust[na@d-] YA /30
4=

The quantity r(%) is an extrapolation (from NIMBUS II data) of the

observed quantity throughout "all" § angles.
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Appendiz F
TABLES USED IN CALCULATION OF OUTGOING SOLAR RADIATION

The two basic tables used in the albedo computations are presented with

three independent variable breakpoints., Table F-1 is used to determine

()
a value for the term t—v'f?”) { depending on the value of cos §.
el
(%= 1
Table F-2 is used to determine a value for the term ﬁ——{,-e——f—-*g- de-

pending on the values of cos (¥ , sin ¥ and cosg respectively.

| ((2) /i (G0)
: oSk
§ Ocean Land
1.00 1.0 1.0
0.954 1.0 1.0
0.901 ‘ 1.0 1.0
0.848 f 1.0 1.0
0.795 ! 1.0 1.05
0.742 1.03 1.1
0.689 ( 1.1 1.14
0.636 ] 1.2 1.18
0.583 1.3 1.22
~0.530 1.4 1.28
C0.477 1.6 1.32
; 0.424 ! 1.8 1.38
L 0.371 | 2.0 1.42
0.318 ; 2.2 1.48
0.265 i 2.5 1.52 ;
0.212 E 2.8 1.55 a
0.159 | 3.1 1.58 2
0.106 i 3.4 1.6 i
0.053 ' 3.7 1.6
0.0 ! 4.0 1.6
|
} J i

Table F-1

r(E )/r(I:‘: O) Tabulations

The indep(‘andent variable iscos gand it is divided into 20 intervals in
order of increasing g . Tables F-1 and F-2 are derived from data con-~

tained in the RADBAL" computer program developed for Raschk
Pasternak and Bandeen. P chke, Vonder Haar,
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Table F-2 entries are stored in the order (i, j, k) with the first index

moving most rapidly. The breakpoints for i, j, and k are as follows:

i i @ cos W
! — 1.0« cosy< -.86603
| 2 | -.86603 ¢ cosy< -.5
! 3 =.5 ¢ cosy< O.
D 4 0. < casg<  .5000
' 5 .5 < cosy<  .86603
L6 .86603 < cos?c 1,
j sin &
1 0. < sine <« 17365
2 17365 <« sing«  .34202
3 34202 < sing<  .5000
4 L5000 < singe<  ,64279
5 64279 « sing 1
k cos §
1 8195 < cos$ <1
2 .5000 < cosé& < .8195
3 L1736 & cos g < .5000
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owing example.

The table values are shown readin%lfrom left to right, and are to

be interpreted as shown in the fo

NOTE:
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