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A MUTUAL VISIBILITY COMPUTER PROGRAM FOR
COMMUNICATION SATELLITES

INTRODUCTION

As more and more ground stations are constructed around \the world to
operate with communication satellites, the problems of scheduling the experi-
ments become more complex. Many factors, e.g., is the attitude of the satel-
lite correct, must be considered simultaneously in order for decisions to be made.
Although many pieces of data were on hand during tests with Telstar I and Relay
1, the information was presented Tandomly in three or more books, and much
human effort was needed to extract and analyze the pertinent data. The obvious
solution was to compute only the necessary data and to present them as con-
cisely as possible. This report will describe such a program which has been
developed by members of the Theory and|Analysis Office.

PROGRAM CRITERIA
The following criteria were used to design the program:

(a) Data should be printed only for passes during which the spacecraft was
visible o a "control" station. Because the Relay spacecraft can be operated by
only two or three stations, it must be visible to one of those stations when experi-
ments are made.

(b) Data should be presented in two books, one g‘raphs of mutual visibility
and the other the actual numerical data.

MUTUAL VISIBILITY

Bar graphs appeared to be the most legible form for presentation of time
intervals of mutual visibility. In addition, indications of elevation angles from
0° to 5°, from 5° to 10°, and from 10° to 90°; of ranges higher or lower than a
prescribed input value; of spacecraft look angle; and of orbit number were
necessary.



NUMERICAL DATA

This volume consists of all the numerical data used to produce the mutual
visibility graphs. These data are spacecraft longitude, latitude, height and sun-
light indicator; and for each station the spacecraft look angle (the angle between
the spin axis and the slant range), azimuth, elevation, and slant range. The last
set of data in this book is a complete time history of entry into and exit from the
earth's shadow.

THEORY

The program can be described simply as an orbit generator with associated
subroutines necessary to perform needed calculations. Experience at Goddard
has indicated that the theory developed by Brouwer (1959) is adaptable for the
purposes of this program. The American Institute of Physics has granted per-
mission to the authors to reproduce certain pages of Brouwer (1959) herein.
Appendix I consists of pages 393 to 396. To aid the reader the pertinent equations
have been rewritten and the equivalent Fortran I variable names for some of
the terms have béen superimposed on the equations. These equations are re-
produced in Appendix II,

A brief explanation of how the orbit generator has been programmed will
help the reader,

Secular terms. These equations were rewritten as:

v _ pu 2
FA _'{’/0+Slt+sl'2t

"
g'=g; +5,t
h'=hy +5,t

where S Sz, S, are constant for any given set of ag, eg, Ig, and earth constants
and Sy .2 is the anomalistic acceleration computed by the GSFC differential cor-
rection programs. If S1, , is unavailable, the added term can be dropped by
inputting it as zero.



Long Period terms. These equations were rewritten as:
4" =4" +L;sin 2¢g" + L, cos g" +L; cos 3g"
g' =g" +L, sin 2¢" + L, cos g" + L; cos 3¢"
h' =h" +L, sin 2g" +L; cos g" +Lj cos 3g”
§.e=Lgcos 2¢" +L;; sin g"‘+L12 sin 3g"
8 I =L, 8e

13 71

where L, 1 <i <13 are constant for any given set of ao, eg, Iy, and earth
constants.

EARTH'S GRAVITATIONAL POTENTIAL
The force function used is that of Brouwer, page 393, where k2 kys ky» kg

represent the zonal harmonics. However, Viiti's notation of J should be adopted
Either set of harmonics can be used by means of the fpllowmg equations:

1 2
Ky =45 1, B2

k, =-J,R3
3 4
Ky =-g T, R,
_ 5
kg = - J5 R,

The program has been designed either to use constants stored in memory or to
read new constants along with other input data.



COMPUTER PROGRAM

The computer program, written in Fortran II for the IBM 7094, was designed
typically is a main program with subroutines called when needed. The orbit
generator has been designed to compute in one subroutine all quantities which
are functions of mean elements and earth constants. Another subroutine com-
putes only those quantities which are either explicit or implicit functions of
time. Terms that occur at least twice in the equations are as51gned a variable
name and actually are computed only once.

Main Program. The requirement that data be printed only for passes when
the spacecraft is'visible at a control station implies, unfortunately, that data
must be computed and stored before a decision can be made to discard the data.
The authors recognize that ""shortcuts™ were available to avoid computing data
which were to be thrown away. However, the requirement for an accurate eclipse
history did not allow such methods to be used.

Main Program One. This program fulfills the requirements described pre-
viously herein. IHs characteristics are (a) an IBM 7094 with a 65K memory is
required and (b) the complete sunlight history is computed. Computer running
time could be reduced if (a) and (b) can be eliminated.

Main Program Two. This program is similar to Main Program One except
that the control station requirements, the complete sunlight history, and the
numerical data on bar graphs were deleted. A computer with at least a 20K
memory (dependent on memory needed for library subroutines) is required.

Subroutines. The subroutines for each of the main programs are identical.

Operation Instructions. Instructions for operating the two programs are
given in Appendix II.

Input deck instructions. Instructions for punching the input deck for each
program are given in Appendix III.

Flow Charts. The flow chart for Main Program Two is contained in Appendix
Iv.

Source Decké. Source decks for Main Program ‘One, Main Program Two,
and Subroutines are reproduced in Appendices V, VI, and VII respectively.

Sample Problems. Inputs to and outputs of each program are given in
Appendix VIII. The outputs have been abbreviated.



Results

Main Program One has been used extensively and successfully for planning
experiments with Relay I and II and Echo I and II. Main program Two, which is
less sophisticated and is easy to change, has been used for a variety of special

* studies, e.g., travel time of light from station to spacecraft back to station; angles
between slant ranges from a single station to two different spacecraft, etc.
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APPENDIX I
Reproduction of Pages 393 to 396 of Bronwer (1959)

Formulas for Computation. For convenience of computation the perturbations
in the Keplerian elements a, e, I are given instead of those inL, G, H.

The adopted force function is

k
U=£ BE2
r

———(x—3sm B)+ (1—105m26+—sm“ﬂ)

4+ == (— gsinB+-‘Z‘sin“ﬁ) +“1“( sin 8 ——-sm3ﬂ+—sm5ﬂ)

7‘5
in which k, is a small quantity, and ko Ay o2 A, are agsumed to be of order
k2.

2

The secular motions have been computed to 0(k2) the coefficients of
periodic terms to 0(k,).

Basic constants:

a" = semi-major axis constant

e” = eccentricity constant

1" = inclination constant

n,= pt/? 2"~ = 17.04337 (a"/R)"*/2 rev./day

R= equatorial radius



Abbreviations:
n=(1—¢"2} @=cosI”

ko ky 1 EER As.0

=— m— = f=
Y2 Pz 4 an Y= e Pz

v =yt =y oy =yt v =™

It is customary to use for the second harmonic the coefficient J; Jeifreys
(1954) used for the fourth harmonic the coefficient D. The relations between J,
D and Vps Vg BTE

Strictly speaking, e” + 3,e, 8’ =cos(I" + §]I), 7= [I- (" + 8,e)2]11/2
should be used in the computation of the periodic terms, but since the short-
period terms are obtained to O(k,), it is of no consequence if contributions of
0O(k,) are omitted in expressions that have 7, as a factor. Similarly, £, g
nught be used in computing f', r’; but since 4, ¥’ are available, their use does
not complicate the calculation.

The formulas are applicable for any eccentricity e < I and any inclination
with the exception of inclinations near the critical inclination, for which 1 - 5
cos? I appears as a small divisor.

) The appearance of e” as a divisor in the short-period termé in e is apparent
only. The expressions that are multiplied by e"~1 contain e’ as a factor, either
implicitly or explicitly.

In the short-period terms in £ and g a divisor e” occurs also, but for the
calculation of the position only ¢ + 4 + equation of the center is needed. In
g +4the divisor e” is not present.



Singularities in some of the elements also occur for very small inclinations;
again, no singularity is present in the coordinates. In such cases it may be
found convenient to modify the\ formulas and obtain expressions for the perturba-
tions in coordinates. ’

Secular terms:

4" ="mean" mean anomaly
= not {I + gn’n(— 1+ 36%) +;_2‘Yz'2"7[" 15 + 169 + 2574° + (30 — 967 — gox?)6?

I
+ (105 + 1447 + 257961 + ;g vine(3 — 308° + 35671 + 1"

"

g" = mean argument of perigee
= ne {%72’(— 1+ 56%) + ;‘—272’2[— 35 -+ 24n + 257° + (90 — 1927 — 12697)6%

+ (385 + 3607 + 4579)6] + ;‘% vi'[21 — 9% + (— 270 + 12647)6%+ (385 — 18%’)6‘]} + g

h” = mean longitude: of ascending node

= md {~ 30 + %w"E(— 5 + 127 + 918 + (= 35 — 367 — 579)6]

+ -j-y.' (5 — 310(3 = 789} + hd”



Long-period terms:

be = { wole"Px — TE6 — 400(x — 56971] - “%‘78'%’[1 — 3¢ — 88z — 56’)“‘]} cos 2g”
+ { ; :2 At sin I + & v sm I (4 + 3¢ — o8 — 2408z — ng)—x]} sin g”

;854 ::&1 &M sin IV [1 — 56° — 1604(x — 56917 sin 3g”

ena‘e )
7 tan I

- £
V=14 {%hﬂf‘[r — 116% — gof(1 — 5697 — ;";%vﬁ[r — 36 — 801 — 5&2)"1]} sin 2g”

el
* {- i f' 7 = 541—' T Gin1” (4 + 0e™)[x — ot — 2485 — 5@2)—‘]} cos g

+ a%jl“‘e" sin I [1 — 50° — 16641 — 56 cos 3¢”

=g+ {“ ;Xg [+ (2 4+ &) ~ 112 + 3670 — 40(2 + 5¢")8(x — 569~

— 400e"6°(1 — 56%7] +~—~ L [2 e — 3(2 + 368 — 8(2 + 568 (1 — 56°)"
o Rnata6ly — =g =21l e et 1:/i(sin["' _ 26 ) 5_15_
80¢"265(x — 56%) ]} sin 2g”" -+ J\ 1\ o T Ea +

;L Fir Py
. [(ﬂz it ) (4 +3¢") + " sin I (26 + 93"2)] [L— ot — 2464 — 5671

€ sin 7
- %%Leue? sin I (4 + 3¢"[3 + 168(x — 56 + 306°(1 — a@")_’j} cos g
_ 35 " o €T e
+ { T157 72 [e sin I" (3 + 2¢™) Pl [1 — 56 — 166(x — 56%71]

* %%e”w sin I [5 + 320%(x — 69" + 8od*(x — 532)"’3} cos 3¢”
) 2



B o=h + {—— %72'6"70[:11 + 806%(1 — 562 + 2006*(1 — 56%)~%]

+ EFB""0[3 + 166%(1 — 5601 4+ 408*(1 — 569~} sin 2g”

1ys €8 5 v &8
{Z'Y"I sin I 64 ‘Y: sin I (4 + 3¢")[1 — 96 — 2464(1 ~ 56%7]

15 ’YE

Fge b efsin I” (4 + 3¢")[3 + 160°(1 ~ =14 o8t (1 — 369~ ]] cos g”

A2 'ﬁ (:'—'”Ja— 2 4+ 2y —1
* { 1152 v sin [” [1—s0 166°(1 — 56917

- —_?L__?-hl"”d sin I [5 4 320°(1 — 56%)" + 808'(x — 56°)~*]} cos 3¢"
76 v .

Short-period terms included :
1y 3
(1=(l”{1+’72[(-[+30'))({;} )+?,(I—0)— cos (2¢" + zf’)]}
J o'’ '’
Yt e+ |7 [(— ¢+ 30 <—~ —) 30— e (457 =) eos G + 2f’)]

— 71 = )[3e" cos (24" + ) + ¢’ cos (2¢' -+ 3f’)]}
I =1I" 461 + 3v./0(1 — 63 cos (2g' + 2f') + 3¢" cos (2g" + F') + ¢ cos (2g' + 3]

N
I

3

/=l’—_%7‘-’l{ ("I+39)("T,‘Tr+ +I)sinf’
a i , , ,[l"" . o’ 1 , , l
+ 30— —"7,71_“ +I sin (2¢' + f) + r’f-n.+r’+:,“\m(2g+3f) i
= o _"7_2__ ; 0; (ff s .ll~"_ o,
E= & T 2= 1430 rw b r)sinf

+3(1 — ) [(— ";,_-:71"' - ";, + l)sm G+ 1+ ( no + + )sm (2¢" + sj’)j”
+ v {6(= 1 4+ 50 =1 e sin [
+ (3 — 5038 (28" + 2) + 3¢ sin 2¢/ + f) 4+ 7 sin 2¢" + 3]}

B — 3y 8L6(f — I+ ¢ sin f') — 3sin (2" + 2/
— 3¢ sin (2¢" + ) — ¢ sin (2¢" + 3]

h

J', 7" are to be computed from .
B — ¢ sin =1
1+ '\} . o L
tan 3f = (-l———,; tan 3£ .l fl=( —"Hsin £
=
or

@’ 1+e'cos [

,
r
p ——— e L €08 [ =cos E —.¢"

7 1 —

r
A= ¢ cos E/

10



For the calculation of the coordinates at any time the complete values
of e and 4 should be used for the solution of Kepler's equation,

E—~esinE =]

and subsequently r and f, which may then be used in the formulas:

x = r[cos (g + f)cos b — sin (g + f) sin kcos I
y =r[cos(g+ f)sink + sin (g + ) caskcos ]

z=rsin(g+ fsin]

A convenient alternative form is:

x = A (cos E — ¢) + Besin E
y=.l,(cosE ~r¢)+ B,sin £

A, (cos £E — ) + B,sin E

N
1

o = a[cosgeosh — singsin hcos I]

B, = —a(t — ) [singeosh
+ cos g sin frcos 1]
Ay = a[singcoshcos I + cosgsinh]
By = a(t — e [cos g r(;s h -ms 1_—- sin g sin k]

Ads=asingsinl
B, =a(1 —elcosgsin I

11



Noted added in proof. The lack of uniformity in notation of the coefficients
of the second and fourth harmonics of the earth's potential in papers dealing
with the motion of artificial satellites calls for a comment on this subject.

The table below contains a listing of some of the designations used and their
relations to the coefficients B, in the expression of the force function of a body
with rotational symmetry,

_n % B,P, (sin B)
F= r[x +,,>:—3——r’ ],

in which B, are Legendre polynomials and 1 =GM. The expression is an adapta-
tion of the Laplacian expression given by Tisserand.

In addition to the equivalents of B, and B, the table gives those of the ratio
B, /Bg , which is unity for the special case treated by Vinti (1959), in which the
terms with small divisors near the critical inclination vanish. No effort has
been made to make the tabulation complete.

Laplace B: B Bi/B2 ‘Tisserand, Méc. CH 11,
N - 320, 1890
H. Struve - -f;—k %l ‘gl/k2 Suppl. I, Obs Pulkovo 1888
W. de Sitter - z-lk-' ;‘ KR %K/F B.A. N.2,97, 1924
k ] 5
D. Brouwer — 2k. gk; §k;/k} .1 J. 51, 223, 1946
H. Jeffreys - 2 s B 3N, 14, 433, 1954
3 35 35
8 18
Y. Kozai = — /42
ol ; B 3V
P. Herget and P. Musen — 2k, 8k 2kykst . .1 J. 63, 430, 1958
J. O’Keefe et al. R P o dee/n wdeofda st .1 J. 64, 235, 1959
B. Garfinkel - 2k K ile’/lz2 “I'his issuc
J. Vinti — JaR? — JJR JS T2 J aof Res Nal. Bureau

of Standards 62B, 105, 1959

In the table R represents' the earth's equatorial radius. Ignoring the presence
of R? and differences in sign, essentially three different coefficients for the second

12



harmonic have been used in recent papers. For the coefficients of the fourth
harmonic six different choices are listed. Inow regret that I introduced k,,
k, in my paper in 1946. The principal reason was that they give'a particularly
simple form for the expression of the potential in the equatorial plane. If I
could have foreseen the increase in interest in the subject and the confusion to

which I was contributing, I would have chosen the coefficients Bp or the alterna-
tive form

re ‘:[1 -x J,,(%)"P, Gsin ﬁ)],
p=2

which was used by Vinti (1959). I intend to revert to this form and recommend
this to other authors.

13



APPENDIX II
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Short Period Term for a

From Brouwer, SPT is

"3 ‘ 13
1+, [(— 1436%) <a_'3 - 77'3> +3(1 - 62)1'_3 cos (2g' + 2f')}
T r

*

Rewrite

. ) 23 s 2”3 " , ,
+%, | (-1+369 —= =77 +—3(1 - &) cos (2¢' + 21"

r rl3 \ I
C(1) D(6) X(11) B(8) X(11) D(19) X(21)
N — J g _— 4

X(22) X(23)

SPT = 1. 4 C(1)* (X(22) + X(11) = X(23))

Short Period Term for e~

8 — ! T k -~ J . ;‘5 N
G(12) C(1) X(22) iX(11) B(9) X(23)

2 u3 _ ! a"3 -4
% Y [(_ 1+36%) (i; - 3>+‘<—,3 -7 > 3(1 - 6%) cos (2g' + 2f')J ~ 7 (1- 6% [3e“cos (28" + f') +e" cos (2g’ + 3f’)]}
r' T )

J

v

D(23) X248

SPT, = G(12) * (C(1) * (X(22) +X(23:) * (X(11) - B(9))) ~ D(23) * X(24)

Short Period Term for Inclination

-;-'y; 6(1 - 6512 [3 cos (2¢' + 2f’? +e" {3cos (2g' + ') + cos (2g' +3£')}]
\

U ) N "
~ v '

J
-~

D(22) X(21) X(24)

SPT, =D(22) * (3. * X(21) +X(24))§

17



Short Period Term for !

i}

77‘2 13 "

— v’ { (-1 +39)( 7 +-—~+H sin f7 4+ 3(1 —82)[(—%_—-77 —a, + x)sm (2g’ +f’)+( —F + + )sin (22’+3f')]}

4¢
———— | 1\ — Y — “‘W—-‘ —
B(2)*G(13) D(20) X(25) I X(12) D19 X(25) X(19 ‘X(25) X(20)
“ ! iy 4 )
X(26)

SPT, = B(2)*X(26)

Short Period Term for g

» . ,
+[;;/7‘Yz {2(—1+39)( = + +I)smf
l
e .
+3(x —02)[(_77 - - +I)sm (zg +f’)+( o + + )sm (2g'+3f’):”
\

J

1y (6(— 1+ ) (f — F + & sin ) + (3 — 5693 sin. (2¢ ﬁ- 2f’) + 3¢" sin (2¢’ + f) + ¢ sin (2¢" + 31}
c(9) D(7) X(27)/6 D(21) X7 X(19) X(20)

— k] J

>
X(28)

SPT = X(26) + C(9 * (D(7) *X(27) + D(gl) *X(28))

19



1%

Bhort Period Terms for h

v O006(f" — I + ¢ sin f') — 3sin (2 + 24")

. - ] . ~ 3¢’ sin (2f,—+ Iy — €' sin (2g" + 3f)]) 27
C(10) X2 X(28)

SPT = C(10) * (X(27) - X(28))

Secular terms:
1" = “mean’ mean anomaly

=mn 11+ %w’n(— 1+ 36%) + i 5 vt~ 15 + 169 + 257° + (30 — 969 — o)

+ (Ios + 144n + 251904 + 12 6 vi'ne'"[3 — 300" -+ 359‘J}t+ W’
J

~—
S(1)
‘g" = mean a;gumentAo; ;;f;rigee
= o {%'m’(— 1+ 50%) + 33’;72"[— 35 + 247 + 259° + (90 — 1921 — 12677)8°

+ (385 + 3607 + 459%)0°] + 15—6 vil21 — gv* + (= 270 + 126v°)6°+ (385 —~ !89n’)9‘]}t+ 8"
~ -

S(2)

\

k" = mean longitude of ascending node

0 {— 3720 + %72”E(— 5 + 129 + 9478 + (— 35 — 367 — 5u%)6%]

+ 2 i (s = 3nnts — 76 {1+ b

4 J

S(3)

Long-period terms:

EL(10)
It A -
8e = {% Yo' "Pl1 — X160 — 4oft(x — 56%)1] — —;—,e Pl — 30 — 81 — 502)"]} cos 2"
+ {i%# sin I (4 + 3¢/")[1 — of* — 246*(1 — 502)“1]} sin g’
. : ~ J
EL(11)
;:4 zﬁ, et sin I [1 — 562 — 1664(1 — 56%)~1] sin 3g”
\ ~ J
EL(12)
e" 3 e
811 R — :EL<13) # Sle

7% tan I"



Long Period Terms

=4 [é:r::!j‘[l — 118 — yof'(1 — 50%-'] — %%u‘[! - 864(1 — 50')“’]] sin 2g"" + [— %;E::—.mu " — %:—:::;sin I (4 + 0e")[1 — gb? — 248(F — —']] cos g’ +E"7n’a” sin 1" [1 — 56% — 168'(1 — 560" ] cos 32"
A11(6) C(S)T B(3) D(10) X(3) o F(5) X(4) X(5)
B(3)
o\ —~ J LS > _) " v J
A1(8) D(11) EL(2) EL(3)
B(3) * D(11)
" aa—
EL(1)
1" =1" 4 EL(1) * X(3) + EL(2) * X(4) +EL(3) * X(5)
T e i e I oy . _iF_eﬂgu___l___:____l
=g +I[——6'n’[+ (2 + ") — 11(2 + 36 — 40(2 + s)oN(x — 56! | . + 7::—’(‘: _T?,) ;:3 i |
P | 2ol | I)‘sm e I |
I — go0e8(x — 56041 + = —‘, [2 + " — 3(z + 36" — 8(z + 5¢)0'(x — rlJ +1x [( - .r") (& + 3¢") + ¢ sin I (26 + 9e"’)] [x— o — z-w'(r -‘ﬂ
| e e v e S S we ———
| — Boege(x — 59’)"]}|s¢n 2" l - ﬁz—s"ﬂm " (4 + 3¢"[3 + 1661 — 589 + go8i(x — swllmusz
S PR o Lo i R e, WS T
EL(4) X(3) EL(5) X(4)
T el 1
g’ =g +EL(4) * X(3) + EL(5) * X(4) + EL(6) * X(5) ﬂ{*ﬁ?[" ML RO R I
| + %’“ e sin I [5 + 320(1 — 50%)~* + 808 (1 — 56%)~*] hms 3"
A1(S) A1L(5) — ... ', gy TSN .
EL(6) X(5)
Y & W 8"
# = i = Dot + 80— 591+ 2000 — 5992] i ST f;., (4 + 3¢x — o — 24 — 5] - L e — 97
+%"—'d'=a[:, + 166%(1 — 5601 + 406°(1 — m—’}} sinzg’ 4+ ;f w -8 sin I (3 + 33"1)[3 + 166*(1 — 56971 + jo8'(1 — m-«]] cos g’ %7—‘::’"05111 I [5 + 326°(1 — 56%)~* + Bog*(x — 55')4]] cos 3¢"
" . ’ T A\ i v T "\ g "
EL(7) X(3) EL(8) X EL(9) X(%)

h' =h" + EL(7) * X(3) + EL(8) * X(4) + EL(9) * X(5)

23



APPENDIX Tl (PART A)

PROGRAM OPERATING INSTRUCTIONS
FOR MAIN PROGRAM ONE
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GPFPATING INSTRUCTIONS
FaR
MUSTAP PROGRAW
SPFRATING NATES FOR WUSTAP PRAGRAM,
PURPASFrm

THE MUSTAP PROGRAM 1S ONE DESIGNED TO COMPUTE MUTUAL VISIBILITY
» LOCAL STATION PREDICTIANS, SPACECRAFT LOEK ANGLFSs AND WORLD MAPS OF
CAMMUNICATION SATFLLITESe

1NPUT-=

INPUT TO THE PROGRAM CONSISTS OF CONTROL GPTIONSs TEST CRITERIA,
EP@CH, GRBITAL ELEMENTS OR POSITION AND VEL@CITY VECTORSs START AND STOP
TIMES WITH PREDICTION INTERVALs ATTITUDE DATAs AND STATION C3QRDINATES.

ME THEN =

THE PATH'OF THE SATELLITE 15 COMPUTED BY AN INTERNAL QRBIT
GENERATORe THE POSITION OF THE SPACECRAFT WITH RESPECT TO EACH STATIGN
1S COMPUTED AND TESTED AGAINST THE SPECIFIED CRITERIAs QUTPUT STATEMENTS
ARE ARRANGED T® PRESENT THE DATA IN THE MOST USEFUL MANNER T® THE PROJECTe

QUTPUT--

QUTPUT DATA ARE WRITTEN ON TW® MAGNETIC TAPES-~{1) MUTUAL VISIBILITY

(2) WORLD MAP,PREDICTIONSsAND TIME THE SATELLITF 1S IN SHADOW. THE MUTUAL
VISIBILITY DATA ARE PRESENTED [N GRAPHICAL FORM. THE OTHER DATA ARF S/C
LATITUDEs LONGITUDEs HEIGHTs AZIMUTH, ELEVATIONs RANGE, AND SPACECRAFT
LE@K ANGLE{THE ANGLE BETWEEN THE S/C SPIN AXIS AND THE LINE TO THE STATION) .

FOR CHECKGBUT PURPOSES A SENSE SWITCH CAN BE DOWN AND THE INPUT WILL BEF
WRITTFN GN-LINF.
[}

PROGRAY INPUT DATA INSTRUCTEIGNS,
INPUT DATA-=
ALL XNPUT DATA ARE ON CARDS(READ ON-LINE}.

CARD 1-- IDENTIFICATIGN CARD {FORMAT 206A6))-—ANY DESCRIPTIVE DATA
NOTE wem
THIS IDENTIFICATION IS QUTPUT ON 2 LINES --
LINE 1 -CONTFNTS OF COLUMNS 1-36
LINE 2 ~CONTFNTS OF COLUMNS 37-72

CARD 2~-CONTROL CARD (FORMAT 8I13:F10.1)

CELUMN
“1-3 TYPE OF INPUT +01 = OSCULATING ORBITAL ELEMENTS
+03 = INERTIAL R AND V VECTORSs CANGNICAL UNITS
- K = BROUWER MEAN FLEMENTS
4=6 WORLD MAP +01 = COMPUTE WORLD MAP AND PRFDICTIONS
+00 = D@ NOT COMPUTE WORLD MAP AND PREDICTIONS
Al

o
?

D@ NOT CEMPUTF WORLD MAP AND PREDICTIONS
7-9 LOAK ANGLF +01 ALWAYS
10-12 EARTH CONST, =03 = USE INTFRNATIONAL CGNSTANTS WITH
HARMONICS FQUAL TO ZER®Ds
USE GBDDARD EARTH CONSTANTS WITH
HARMBNICS EQUAL TO ZER®e
USE SIRY PACKAGE CONSTANTS
USE GODDARD EARTH CONSTANTS

+01 = READ A NFW SFT OF EARTH CGNSTANTS

[INPUT GN CARDS 4-5)

13~15 TRUNCATION -01 = USE INTERNAL VALUE

+00 = USF INTFRNAL VALUF

\
o
~

u

~01

+01 READ NEW TRUNCATI®GN FACTOR -- CARD 3
{USED AS CRITERIA TO SOLVE KFPLFR'S £Q.)
16-18 BBRWR _ -01 = USE INTFRNAL VALUES
TRUNCATION +00 USE INTERNAL VALUES
+01 READ NEW TRUNCATION FACTORS'FOR

SUBRAUTINE BBRWR —~ CARD 6
19-21 BLANK —- USED INTERNALLY
22-24 POSITIVE N —— N CONTROL STATIGNS (THEY ARE THE FIRST N
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25-34

CARD 3 —-=

CALUMN
1-8

CARD 4 -~

CALUMN
1-12
13=-24
25-36
37-48

CARD 5 ——

CRL LN
1-12
13-24

CARD & -~

CRALUMN
1-12
13-24
25-36
27-48
49-60
61-72

CARD 7 —-
CALUMN
1

26
£8-9
10-11
12-13
15-16
17-18
20-24
63-67

CARD 8 —-

STATIONS,)
N MUST BE LFSS THAN OR EAUAL T® THE NUMBER GF STATIONS GIVEN
AN CARD 11, -
MAXIMUM RANGE FOR STATIONS IN NAUTICAL MILES. A T IS PRINTED
ON THE MUTUAL VISIBILITY QUTPUTsWHFN THE RANGE IS LARGER
THAN THIS VALUF.

NEW TRUNCATION FACTOR ( ©MIT THIS CARD UNLESS COLUMNS 13-15
OF CARD 2 AR = 401 ) {FORMAT FB842)

NFYW TRUNCAT lf‘N FACTAR

EARTH CONSTANTS (@MIT UNLESS CALUMNS 10-12 OF

CARD 2 = +01 ) [(FARMAT R12.6+4E1245)

NFW GV OF THF FARTH (KM, CUBFD/ SFC@NDS SQUARFD)
J? .

J3 ) HARMONICS OF THE GRAVITATIONAL POTENTIAL OF
J4 ) THF FAPTH

J5 )

EARTH CONSTANTS CONTINUED ( ®MIT UNLESS COLUMNS 10-12
AF CARD 2 = +01 ) {FGRMAT 2F12.4)

INVFRSE OF FLATTENTNG
EQUATARIAL RADIUS AF THF EARTH [N KM

NEW TRUNCATION FACTERS FOR SUBROUTINE BBRWR { GMIT UNLESS
COLUMNS 16-18 OF CARD 2 ARE = +01 ) [FORMAT 6F12.8}
TRUNCATI®N FACTORS USED IN r@MPUTlNG BROUWER MEAN
ELEMENTS FROM OSCULATING ELFHFNTS

SEMI-MAJGR AXIS - KM
ECCFNTPICITY
FACTOR FOR INCLINATION = DEGRFES

ReAe ASCe NODF — DEGRFES
ARGe AF PFRIGFF — NFGREES
HMFAN ANGVALY - PEGREES

FP@CH CARD (TIMF AT WHICH PARAMETERS APPLY)
FORUAT 1X5A53X23125X02125XsF4e2539X215)

RLANK

SATELLITE IDFNTIFICATION NUMBFR

YFAR (ABBRFVIATF)

MANTH

PAY

HEUR )

MINUTE ) UNIVERSAL TI¥E

SFCANDS

ORBIT NUHEFR AT THF START TIMF GIVFN @GN CARD 10

PARAMETER CARD (THFSE DATA MUST BE CHISEN IN ACCORDANCE
WITH THE INSTRUCTION ON CARD 2s COLUMNS 1-3)

(FORMAT 6F12.8) FXXXXXXXX+XX

-~-DE& NOT LEAVE THE SIGN @F THE EXPGNENT BLANK-—

VECTERS (+03) REQUIRF THE FOLLOUING

oL
1-12 X vuL
13-26 Y vuL
25-36 Z vuL
37-48 X-DOT VUL/VUT
49-60  Y-NAT viLsvnt
61-72 2-DOT vuL/vuT
FLFMENTS (+01 AND +04) REQUIRE THE FOLLOWING
caL
1-12 SEMI-MAJAR AXIS vuL -
13-24 E£CCENTRICITY
25-36 INCLINATI®N RADIANS
37-48 MFAN ANCMALY RADIANS
49-60 ARGUMFNT @F PFRIGFF RADIANS
61-72 ReAs OF ASCEADING NODF RADIARS

@NF VUL = 6378,388 KILOMETFRS

ONF VI
RECTA
EQUAT!
IN EQl
HANDF|
CARD 9 ——
oL
1-2¢4
25
26-37

CARD 10 -~
{

L
2-3

UL/VUT = 6£378,388 KM/ B064832 SEC

NGULAR CGERDINATES ARE DFFINED T@ BE IN AN INERTIAL,
@RIAL» GEGCENTRIC SYSTEM. X GOES THROUGH ARIESs Y IS
UATORIAL PLANEs Z 1S ALONG PELAR AXIS T® FORM A RIGHT
D SYSTEMe

DRAG CARD {FORMAT 4A6,1XsE12.8)

SIWE AS EPACH CARD
NK

BL.
ACCELERATIGN OF MEAN ANGMALY(N2 DRAG TERM AT GSFC) IN
UNITS OF RADIANS / VUT SQUARFD. +XXXXXXXX+XX

PREDICTION AND MUTUAL VISIBILITY REQUEST CARD
FORMAT 201X12)51Xs1452139FTe301391Xs1251X91452130
F7+3sF1143 )

FBRMAT
M@NTH 12
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5-6 hAY ) 12

8-11 YEAR (DO NOT ABRFVIATF} } START 14
13-14 HOUR b TIMF 12
16-17 MINUTF ) UNIVFRPSAL TIMF } 12
19-24 SECOND ) ) F6a3
26-27 MANTH ) 12
29-30 DAY ) 12
*2-35 YEAR [Dm NOT ARBRFVIATF) ) FND T4
37-38 HOUR b ) TINF 12
40-=41 MINUTE JUNIVERSAL TIME 1 12
43-48 SECOND ) bl F6e3
49-59 PREDICTION INTERVALs SECAND Fl1.3

CARD 11-~STATIGN C@NTRbL CARD (FEGRMAT 313,F1040551Xs12)
CAL o .
1-3 NO. OF STATION CA@RDINATE CARDS T9 BE LOADFD

NeBes THE MAXIMUM NUMBFR @F STATIONS THAT CAN
BF CONSIDFRFD TS NINFTFFN (19},
4-6 = ALANK OR +00
7-9 = +XX LOWEST ELEVATION ANGLE FGR wHICH THE STATIGONS
CAN @BSFRVE THF SPACFCRAFT.
10-19= BLANK (READ BUT NOT USFD)
20-70= BLANK (N@T READ)
71-72= BLANK FOR NORMAL RUNS. @UTPUT FEGR A PASS .
IS GIVEN WHEN THERE 15 MUTUAL VISIBILITY BETWEEN AT LEAST

GIVFS QUTPUT ANYTIMF THF SPACECRAFT 15 VISIBLF T ANY
BF THF STATIANS.

[WHEN CGLUMNS 1-3 OF THIS CARD ARE LESS THAN OR FQUAL
TO® ZERGsA NEW JOB IS STARTED BY READING CARD 1)

CARD 12--ATTITUDE DATA CARD (FORMAT 4F641916}

CPLe

1-12 RFAD BUT NeT USFD

13-18 RIGHT ASCENSIGN OF S/C SPIN AXISs DFGREES

19~24 DECLINATION @F S/C SPIN AXIS»> PFGREES

25-30 400 USE THE INPUT VALUES OF RT, ASCENSIEN AND DECLINATI®N
TO PFFINF SPIN AXIS DIRFCTIAN

+XX {POSITIVF)} ASSUMF SPIN AXIS IS ALENG THF INITIAL

INERTIAL VELOCITY VECTOR

NeBe» RIGHT ASCENSIGON AND DECLINATION ARE AT THE EPWCH GIVEN BN CARD 3.
THFSF ANGLES ARF ASSUMFD CONSTANT.
CARD 13 =~ STATION CORORDINATE CARD (S)
oL

FARMAT
2-7 NAME - AS
9-12 LEGNGITUDE s DFGREES (+FAST) 14
14~15 LONGITUDFy MINUTES 12
17-22 LONGITUDEs SFCONNS F6e3
24-26 LATITUDFs DEGRFFS (+N@RTH} 13
28~29 LATITUDF s MINUTFS 12
31-36 LATITUDEs SFCONDS F6a3
37-47 ALTITUDEs MFTFRS Fll.2

NeBa» THERE MUST BE AS MANY STATIGN COORDINATE CARDS AS INDICATED
RY CARD 11, .

THE STATION C@ORDINATE CARDS ARE FELLOWED BY ANOTHER STATIGN
C@NTROL CARD OR BY A BLANKe IF THE NUMBER [N COLUMNS 1-3 @F

THIS CARD IS NEGATIVF @R ZFR@» A NEW JOB 1S STARTFD RAY

REARING CARD 1. IF THE NUMBER IN CALUMNS 1-3 @F THIS CARD

1S POSITIVEs  NEW ATTITUDE DATA AND COGRDINATE CARDS ARF

READ. MUTUAL VISIBILITY AND PREDICTIONS ARE THEN COMPUTED

F@R THE NEW STATIONS AND ATTITUDE FPR TIMES GIVEN ON CARD 10a

JOBS MAY BE STACKED BY PLACING A BLANK CARD AFTER THE
LAST STATION COORDINATE CARDs CARD 1 OF THE NEW JOB THEN
FOLLEWS THIS BLANK CARD.

PLACE 3 BLANK CARDS AFTER THE LAST STATION C@ERDINATE
CARD IN THE LAST INPUT DECK OF THE J@B. THIS WILL RESULT
IN THE CORRECT FINAL HALT —-- HPR 77777,

PUT SENSE SWITCH 3 D@WN T® TERMINATE RUN BEFORF THE END
TIMF 1S REACHED,

EARTH CONSTANTS STGRED IN THE PRIGRAM
RD

VALUF INTFRNAT EONAL GENDAI
GM +3,986268730E+05 +3.986032 5 +3498
J2 0.0 +1.0823E-03 +1.08219E-03
J3 0.0 =243F-06 -2.285E-06
Ja .0 ~1.8F-C6 ~2123F-06
J5 N0 a.0 —2.32F-07
3 297.0 298,13 * 297.0
A 6378,388 63784165 6378,388
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RUANING INSTRUCTIONS,

MAUNT PRAGRAM SYSTFM TAPF @GN Al
VAUNT BLANK TAPFS @N A3,A5,A8

N® KFYS GR SFNSF SWITCHFS.

PUT INPUT CARDS IN READER AND RFADY READFR.

CLFAR AND LOAD TAPF.

FINAL STOP 1S HPR 77777

HALTS --
HPR NQ010
HPR 54321
HPR 54333
HPR 66666
HPR 77774
HPR 77775

HPR 77777

MACHINF IS NAT [N 65K

MORE THAN 19 CENTROL STATIGNS ARE SEING USED. THE
PROGRAM CAN NOT RUN.

THE NUYBER @F CONTROL STATI@NS IS LARGER THAN THE NUMBER
PF STATIANS, N

MORE THAN 19 STATIONS ARF BEING USED. THE PROGRAM

CAN NAT RUN.

SENSE SWITCH 2 S DEWN FAR TIMING PURPOSES —- END OF
PREDICTIONS. HIT START TG CENTINUE.

SENSE SWITCH 2 IS DOYN FOR TIYING PURPESES -~ BEGINNING
OF PREDICTI@NS. HIT START T@ CONTINUE.

FINAL [FND AF JaB)

PRINT QUTPUT TAPF A3
{1INARR@W PAPER WHFM THERE ARF 15 @R LESS STATI@NS
(2)WINDE PAPER WHEN THERF ARF 16 T® 19 STATIONS
PRINT QUTPUT TAPF A8 @N NARROW PAPFR.



APPENDIX OI (PART B)

PROGRAM OPERATING INSTRUCTIONS
FOR MAIN PROGRAM TWO
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QPERATING INSTRUCTIONS
FOR
MUSTAP PROGRAH
OPERATING NGTES FOR MUSTAP PROGRA%.
PURPESF -~

THE MUSTAP PREGRAM IS GNE DESIGNED TO COMPUTE MUTUAL VISIBILTY»
LOCAL STATION PREDICTIGNSs SPACECRAFT LOGK ANGLES, AND WORLO MAPS OF
COMMUNICATI®ON SATFLLITES.

INPUT-=

INPUT TO THE PROGRAM CONSISTS ©F CONTROL @PTIONSs TEST CRITERIAs
EP®CHs ORBITAL ELEMENTS OR POSITION AND VELOCITY VECTORS» START AND ST@P
TIMES WITH PREDICTION INTERVALs ATTITUDE DATAs AND STATION COORDINATES.

METHED-—

THE PATH OF THE SATELLITE IS COMPUTED BY AN INTERNAL ©RBIT
GENERATOR. THE POSITION OF THE SPACECRAFT WITH RESPECT TO EACH STATION
1S CEMPUTED AND TESTED AGAINST THE SPECIFIED CRITERIA. @UTPUT STATEMENTS
ARE ARRANGED T® PRESENT THE DATA IN THE M8ST USEFUL MANNER T3 THE PROJECT.

0

QUTPUT~—

QUTPUT DATA ARE WRITTEN @N TW® MAGNETIC TAPFS-—(1) MUTUAL VISIBILITY
AND WORLD MAP (2} PREDICTIENS. FOR CHECK@UT PURPGSES A SENSE SWITCH CAN BE
DOWN AND ALL DATA WILL BE WRITTEN ON-LINE. THE MUTUAL VISIBILITY DATA ARE
PRESENTED IN GRAPHICAL FORM. THE OTHER DATA ARE $/C LATITUDE, LONGITUDEs
AND HEIGHT FOR EACH TIME STFP» AZIMUTH, ELEVATIONs RANGEs AND SPACECRAFT
LOOK ANGLE(THE ANGLE'BETWEEN THE $/C SPIN AXIS AND THE LINE TO THE STATION)
FOR FACH STATI@Ns
0

PROGRAM INPUT DATA INSTRUCTIGNS.

INPUT DATA-—
ALL INPUT DATA ARF ON CARDS(RFAD GON-LINE}s
" CARD 1--IDENTIFICATION CARD (FORMAT 12A6}--ANY DESCRIPTIVE DATA
Z CARD 2--CENTROL CARD (FORMAT 713)

COLUMN
1-3 TYPE OF INPUT 401 = OSCULATING ®RBITAL ELEMENTS
+02 INERTIAL R AND V VECTGRS, KGS SYSTEM

+03 INERTIAL R AND V VECT@RSs CANCNICAL UNITS
+04 BROUWER MEAN ELEMENTS
4-6 WARLD MAP +01 CE@MPUTE WORLD MAP
+00 DO NOT COMPUTF MAP
=01 Ne NOT COMPUTE MAP

CAMPUTE MUTUAL VISIBILITY

DO NOT COMPUTE MUTUAL VISIBILITY
DO NOT COMPUTE MUTUAL VISIBILITY
10-12 EARTH CONST. -03 = USE INTERNATIONAL CONSTANTS WITH
HARMONICS EQUAL T® ZEROe

USE GODDARD EARTH CO@NSTANTS WITH

7-9 LOOK ANGLE +01
+

-02 =
HARMONICS EQUAL TO ZER®.
=01 = USE SIRY PACKAGE CONSTANTS
+00 = USE GODDARD EARTH CONSTANTS
+0) = READ A NEW SET OF EARTH CONSTANTS

{INPUT BN CARDS 4-5)

13-15 TRUNCATIGON =01 USE INTFRNAL VALUE

+00 = USE INTFRNAL VALUE
+01 = READ NEW TRUNCATIGN FACTOR —- CARD 3
{USEP AS CRITERIA T® S®LVE KEPLER'S EQe)
16~18 BBRWR -31 = USE INTFRNAL VALUES
TRUNCATIGN +00 = USE INTERNAL VALUES
+01 =

READ NEW TRUNCATION FACTORS FOR
SUBR®UTINE BBRWR —-- CARD &

CARD 3 == NEW TRUNCATION FACTOR ( OMIT THIS CARD UNLESS COLUMNS 13-15
@F CARD 2 ARF = +01 ) {FORMAT E8.2)
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COLUMY

1-8 NFW TRUNCATION FACTAR

CARD 4 -— EARTH CONSTANTS (GMIT UNLESS COLUMNS 10-12 OF
CARD 2 = +01 ) {FORMAT E12.6+4E12,5)

CALUMN

1-12 NEW GM OF THE EARTH (KM. CUBED/ SECONDS SQUARED)
}

13-24 J2

25-36 J3 )
37-48 J4 )
49-60 J5 )

HARMONICS OF THE GRAVITATIONAL POTENTIAL OF

THE EARTH

CARD 5 —-— EARTH CONSTANTS CONTINUED { @MIT UNLESS COLUMNS 10-12

©F CARD 2 = +01 ) {FORMAT 2F12.4)

CALUMN

1-12 INVERSE OF FLATTENING
13-24 EQUATORIAL RADIUS @F THE EARTH IN KM

CARD 6 == NEW TRUNCATION FACTERS FOR SUBROUTINE BBRWR { @MIT UNLESS
COGLUMNS 16~18 OF CARD 2 ARE
TRUNCATION FACTORS USED IN COMPUTING BROUWER MEAN
ELEMENTS FROM OSCULATING ELEMENTS --—

+01

{FORMAT 6F1248)

COLUMN
1-12 { SFMI-MAJAR AXIS - KM

13-24 { ECCENTRICITY
25-36 FACTOR FBR { INCLINATI®ON - DEGREES
37-48 { ReAs ASCe NODE - PDEGREES
49~-60 { ARGe GF PFRIGFF — DFGRFES
61-72 1 MEAN ANGMALY - DEGREES

CARD 7 —— EPGCH CARD (TIME AT WHICH PARAMETERS APPLY)
CBLa FORMAT
2-3 MBNTH 12
5-6 DAY 12
8~11 YEAR-(DO® NE)T ABBRFVIATE) 14
13-14 HOUR i2
16-17 MINUTE ) UNIVFRSAL TIMF 12
19-24 SFCOND } F5.3

CARD 8 ~- PARAMETER CARD (THESE DATA MUST BE CHOSEN IN ACCORDANCE
WITH THE INSTRUCTION ON CARD 2» COLUMNS 1-3) (FORMAT 6F12.,6)
ELEMENTS {+01 OR +04) REQUIRE THE FOLLOWING

coL

1-12 SEMI-MAJGR AXISsKILOMETFRS
13-24 ECCENTRICITY

?5=-36 INCLINATIGN } THESE

37-48 RsA«OF ASCENDING NODE ) VALUES

49-60 ARGUMENT &F PERIGFF ) ARE IN
DFGREFS

61-72 MEAN ANGMALY
VECTORS (+02 @R +03)

ceL

1-12 X KILGMETERS
13-24 Y KILGMETERS
25-36 2 KILOMETERS
37-48 X-DOT KM/SEC
49-60 Y-NOT KM/SEC
61-72 Z~nOT KM/SEC
ONE VUL = 6378,388 KILOMETERS

GNE VUL/VUT =

)
REQUIRE THE FOLLOWING
+02

63784388 KM/ 8064832 SEC

+03
vuL
vuL
vuL

VUL/vut
VUL/vUT
VUL/VUT

RECTANGULAR CO®ROINATES ARE DEFINED T@® BE IN AN INERTIAL,

EQUATORIAL» GEQCENTRIC SYSTEM.

X GOES THROUGH ARIESs Y IS

IN FQUATORIAL PLANEs Z IS ALONG POLAR AXIS T® FORM A RIGHT
HANDFD SYSTEMe

CARD 9 =-— WORLD MAP REQUFST CARD.

THIS CARU IS NEEUVED @NLY WHEN THE NUMBER IN COLUMNS 4-6

@F CARD 2 IS GREATER THAN ZER®.

{ FORMAT 2{1X12)31XsT452135F74351351X21291X9145213

FT743+F1143 )

ceL

2=3 M@NTH

5-6 DAY

8-11 YEAR {D® NG@T ABREVIATE)
13-14 HOUR ]

16-17 MINUTE ) UNIVFRSAL TIYF
19-24 SECOND 1

26-27 MGJNTH

29-30

32-35 YEAR (DB NOT ABBREVIATE}
37-38 HBUR
40-41 MINUTE )LNIVERSI\L TIvME
43-48 SECOND

49-59 PREDICT[@N INTERVALs SECOND

START

TIYF

END
TIME

FORMAT
1

N.Bas IF THE NUMBER IN COLUMNS 7-9 @F CARD 2 IS ZER@ 3R
A NEW JGB IS STARTED BY PEADING CARD 1.

NFGATIVE,

NeBes IF CONTROL ON CARD 2 REQUESTS BOTH MAFP AND PREDICTIONS»
TW& REQUFST CARDS ARF NECFSSARY.

CARD 10 -- PREDICTI®ON AND MUTUAL VISIBILITY REQUEST CARD
THIS CARD 1S NEEDED ONLY WHEN THE NUMBER IN COLUMNS 7-9
@F CARD 2 1S GREATER THAN ZER3.
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0.

o0

VALUF
GM

{SAME FORMAT AS CARD 9%

CARD 11 -— STATIGN CENTRSL CARD (FORMAT 313,F10.0)

Cole
1-3 NOs GF STATION COORDINATE CARDS T@ BE LOADED

NeBas THE MAXIMUM NUMBER OF STATIONS THAT CAN
BE CONSIDERED IS TWELVE (12)
4-6 = +01 COMPUTE PREDICTIONS. OQUTPUT WILL BE &N TAPE Abe
+00 NPO NOT BUTPUT PREDICTIONS (@N TAPE A6)
7-9 = MINIMUM ELEVATI®N ANGLE (DEGREES)s NO GUTPUT 1S
GIVEN IF ELEVATION 1S LESS THAN THIS VALUE.
10-20 = MAXIMUM RANGE (KILOMETERS). N@ QUTPUT 15 GIVEN WHEN
THE RANGE IS LARGER THAN THIS VALUE.

(WHEN COLUMNS 1-3 OF THIS CARD ARE LESS THAN ®R EQUAL
T@ ZERG+A NEW JOB IS STARTED BY READING CARD 1.)

CARD 12 -- ATTITUDE DATA CARD (FORMAT 4F6el}
COLe
1-6 MAXIMUM SPACECRAFT L@@K ANGLEs DEGREES
7-12 MINIMUM SPACECRAFT LOGK ANGLEs DEGREES
13~18 RIGHT ASCENSIGN OF S/C SPIN AXISs DEGREES
19-24 DECLINATIGN Q@F 5/C SPIN AXISs DEGREES

NG© MUTUAL VISIBILITY GUTPUT IS GIVEN WHEN THE SPACECRAFT
LOGK ANGLE 1S QUTSIDE THE LIMITS @F THE MAXIMUM AND MINIMUM
VALUFS ON THIS CARD.

NeBes MAXIMUM AND MINIMUM LOBK ANGLES» RIGHT ASCENSIGN» AND
DECLINATIGN ARE CANSTANTS.

CARD 13 ~=- STATION CGORDINATE CARD (S}
ceL

FORMAT
2-7 RAME Ab
9-12  LONGITUDE» DEGREES (+EAST} 14
14-15  LONGITUDEs MINUTES ~ 12
17-22  LENGITUDF» SECONDS F6e3
24-26  LATITUDEs DFGREES (+NORTH) 13
28-20  LATITUDEs MINUTES 12
31-36  LATITUDE» SECONDS F643
37-47.  ALTITUDE, METERS Fll.2

NeBes THERE MUST BE AS MANY STATION COGRDINATE CARDS AS INDICATED

BY CARD 11l.

THE STATION COGRDINATE CARDS ARE FOLLOWED BY ANOTHER STATIGN
CONTROL CARD @R BY A BLANK. IF THE NUMBER IN COLUMNS 1-3 OF
THIS CARD IS5 NEGATIVE OR ZER®» A NEW JOB IS STARTED BY
RFADING CARD 1. IF THE NUMBER IN COLUMNS 1-3 OF THIS CARD

15 POSITIVE» NEW ATTITUDE DATA AND CQORDINATE CARDS ARF
RFADs MUTUAL VISIBILITY AND PREDICTI®NS ARE THEN CGMPUTED
FOR THE NEW STATIONS AND ATTITUDE FOR TIMES GIVEN ON CARD 10.

JOBS MAY BE STACKED BY PLACING A BLANK CARD AFTER THE
LAST STATION COORDINATE CARDe CARD 1 OF THE NEW J@B THEN
FOLLOWS THIS BLANK CARDs

PLACE 3 BLANK CARDS AFTER THE LAST STATIGN COORDINATE

CARD IN THE LAST INPUT DECK OF THF JGB. THIS WILL RESULT
IN THE CORRECT FINAL HALT -- HPR 77777.

EARTH CONSTANTS STORED IN THE PRAGRAM

INTFRNAT [ONAL GBDDARD SIRY
+34986268730E+05 +34986032000E+05 +3.986268800E405
0.0 +1.,0823E-03 +1408219E-03
0.0 —243E-06 —242856-06
0.0 —148E-06 ~24123E-06
040 0.0 ~2432E-07
297.0 29843 29740
63784388 63784165 6378,388

RUNNING INSTRUCTIGNS.

RUN UNDER MONITOR SYSTEM

MOUNT BLANK TAPES ®N A3 AND AG6UIF CONTREL ©N CARD & CALLS FOR A6)

NO KFYS PR SFNSE SWITCHFSe

PUT INPUT CARDS IN READER AND READY READER.

FINAL STOP S —= HPR 77777

PRINT QUTPUT TAPES A3 AND A6 ®N NARROW PAPER WITH PR@GRAM CONTRGL

SAMPLE PROGRAM INPUT DECK FOLLOASe THE DECK WILL COMPUTE THE
MUTUAL VISIBILITY OF 12 STATIONS FOR ABOUT ONE DAY. SOME OF THE
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STATIONS WILL BE DUPLICATED.

A WARLD MAP ARE RFQUESTED.

RELAY TFST 12 STATI®ONS
+14491401-01

N1/14/71964 21 BT
+0423653052 +46.497757

+11143,084
0171571964 20 N0 00,000 01/16/1964 20 00 004000 +120.
01/15/1964 10 00 00,000 01/16/1964 10 00 004000 +120.

+12#01400
9040 0.0
COMNUT =
COMAND -068
CEMHIL -05
COMGFR  +10
CEMTEL +13
CRMRIE  —43
CEBMNUT  -75
CPMAND -068
COMHIL ~05
COMNUT =75
COMAND -068
CAMHIL -05

178,

00
40
10
oa
36
22
09
40
10
on
40
10

34000
00,000
2940
00.000

54000

7.000

0.000
00,900
29,0

0,030
00,000
29.0

254

+40
44
+50
+51
+41
-22
+40
44
+50
+40
+44
+50

w0
54
02
00
58
57
00
54
02
0o
54
02

NOTE THAT B@TH MUTUAL VISIBILITY AND

0.00u
00.000
5840
004000
414000

9.000

0.000

+220,62688
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APPENDIX IV

FLOW CHART FOR MAIN PROGRAM TWO
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START
PROGRAM

DEFINE
CONSTANTS

READ 6002

READ 6003,

INPUT, MAP, LA, NCST,
NERR, NDA, IRC

1>
ZoneuT DY 2
0
300 IF
- NERR +
0
4 READ 6040,
ERR
IF
- NCST £
9 READ 6004
N P EARTH
s SES CONSTANTS
SR
5 b
IF 2
7 JCENCsT+1-0>{ 6
DEFINE
1F DEFINE eP ()
- NCST+2 + EARTH L=1,5
0 CONSTANTS .
g
DEFINE WOT 3, 6001
EARTH n WOT 3, 6002
CONSTANTS WOT 3, 6005, EARTH
9 - CONSTANTS
GSFC WOT 3, 6044, GP (L)
DEFINE
EARTH
CONSTANTS

INTERNATIONAL

PRINT SAME
DATA AS(2

|D 6050
DAD {N)

COMPUTE
DA (1)
DA (2)
DO 916
N=3,6
916
COMPUTE
DA (N)
IF
S ore Do
0 -
READ 6006,
EPOCH, Al (N},
917 N=1,6

IRC = 50

WOT 3, 6010, EPOCH

WOT 3, 6008, INPUT

F
16 D ss6 U
PRINT 6010,
EPOCH
PRINT 6003, 7
INPUT



)

CONTINUE

CONVERT
EPOCH OF
ELEMENTS

( GO TO (18,20,22,930), INPUT ’

WOT 3,6012
WOT 3,6013, Al (N}

PRINT 6012 '

PRINT, 6013 Al (N)

WOT 3, 6042
WOT 3, 6043, Al (N)

PRINT 6042
PRINT 6043, Al {(N)

WOT 3, 6009
WOT 3, 6011, Al (N}

PRINT 6009 '

PRINT 6011, Al {N)

WOT 3, 6013
Al (N)

PRINT 6051 '

PRINT 6013, Al (N)

CALL PARA .
CALL ELRVZ
CALL BBRWR

COMPUTE
VARIABLES

DO NOT
COMPUTE
MAP

WOT 3, 6014




PRINT 6014

PRINT 6001
PRINT 6002

PRINT 6019
. PRINT 6010, EPOCH

CONTINUE

COMPUTE
R, V1

@

COMPUTE
VECTORS,
R2, V2, A0

WOT 3, 6045
WOT 3, 6046

WOT 3, 6047
WOT 3, 6049

COMPUTE
PREDIX

COMPUTE
B1 TO 86

WOT 3, 6048
WOT 3, 6022

WOT 3, 6001
WOT 3, 6002
WOT 3, 6019

WOT 3, 6010, EPOCH



PRINT 6045
PRINT 6044
PRINT 6047
PRINT 6048
PRINT 6022

CONTINUE

DO NOT
COMPUTE
MAP

WOT 3, 6037
WOT 3,

PRINT 6037
PRINT 6023

6023

102

INITIALIZE
TIME AND
LINE COUNT

LINES =
PRINT 6025 LINES + 1
IF
< LINES - 50 3
PAUSE o
77777

()

WOT 3, 6037
WOT 3, 6023

LINES =1

41

PRINT 6037

PRINT 6023

COMPUTE
TIMES

CALL JULCAL
CALL RHMSZ

CALL BRWR 2

COMPUTE
CST, SST,
RG (1)

COMPUTE
A

@

1061

COMPUTE
GCLON




READ 9505
CRITERIA

NO, OF
STATIONS

COMPUTE
YEAR

WOT 3, 6024
DATA

READ 9506
ATTITUDE
DATA

COMPUTE
XMIN

PRINT 6024
DATA

COMPUTE
DATA

COMPUTE
a AND &

WOT 3, 9504

42



PRINT
9504

202

DO 205
N=1, NLA

READ 6027
STATION
COORDINATE

WOT 3, 6028
STATION
COORDINATE

PRINT 6028
STATION
COORDINATES

CONTINUE
COMPUTE STATION
DATA

©)
COMPUTE
SU (N, )

(=)

CONTINUE

WOT 3, 9507
CRITERIA

WOT 3, 6038
WOT 3, 9502

WOT 6, 6038

WOT 6, 9502

@ WOT 6, 7500
PRINTS

PRINT 9502

CONTINUE

WOT 3, 9503

PRINT 9503 ' ‘




~

LINES =
LINES +1

9600
@ 218

LINES
=1

WOT 3, 6038
WOT 3, 9503

LINEé&=1

WOT 6, 6038
WOT 6, 7500

COMPUTE
TIMES

CALL JULCAL

CALL RHMSZ

COMPUTE
YEAR

CALL
BRWR2

COMPUTE
DATA

1

KK =0
DO242 N =
1, NLA

DO232
M=1,3

232

COMPUTE
RGU (M)

COMPUTE




CALL RIBZ @
CALL'VRDZ

KK=KK+1
_ ESTABLISH
ARRAY
COMPUTE
RANGE, AZIMUTH,
ELEVATION

/ CONTINUE

C

DATA (N} IF /
= APRINT TESTA (N)
-RDMIN /
- e
242

DATA (N)
= APRINT

LC2=0
LINES =
LINES +1

IF
TESTA (N)
DMAX

LINES =
LINES +1

o

DATA (N)
= APRINT
DATA (N)
= BPRINT DATA (N)
s.L.1 = APRINT
I
- ofccr +
0
242 241

45



LINE 6=
LINE 6 +KK +1

wKz2=1

CONTINUE




APPENDIX V

“E DECK FOR MAIN PROGRAM ONE
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AANANANNNANAAANANAANANAAATINANAAAANAANINANAAANANIAINANANANNANTIAAANANANNNNANAAANNNNN % X% ¥ K X

OATF S/6765
G N RFPASS
PAUSF

CARDS CALUMN
LIST8

LABFL
YUSTAP PROGRAM VERSION 2 THEORY AND ANALYSIS OFFICE - GSFC

GENFRALIZFD WORLD MAP AND LOCAL STATI®N PREDICTIONS PROGRAM, -

1A+ CONVERTS OSCULATING ®RBITAL ELEMENTS T@ INERTIAL POSITION
AND VELOCITY RECTANGULAR CEORDINATES.

1B. CONVERTS INERTIAL POSITIOR AND VELGCITY RECTANGULAR
CGORDPINATES T® OSCULATING @RBITAL ELEMENTS.

?e COMPYTFS WORLD MAP AN PFOUFST,.

3+ COMPUTES LOCAL STATIGN PREDICTIGNS (LBEK ANGLES) GN REQUEST.

ALL INTERNAL CALCULATIONS ARE PERFORMED USING THE KILGMETER AS
THE UNIT OF LENGTH ANU THE SECOND AS THE UNIT @F TIME. IF ANY
©F THE @PTI@NAL INPUT PARAMETERS ARE DEFINED IN @THER UNITS,
THEY ARE CGNVERTED TO THESE UNITS AS SGON AS THEY ARE READ IN
AND ARE SUBSFQUENTLY USED IN THE CALCULATIGNS IN KILGMETERS
ANN SFCONDS,

THE @RBIT REQUIRED FOR THE WORLD MAP AND LOCAL STATIS®N PREDICTIGNS
IS GENFRATED BY SUBRGUTINFS BRWR1 AND BRWR2 {DIRK BROUWER -
SGLUTISN OF THE PROBLEM OF ARTIFICIAL SATELLITE THE@RY W]THOUT
ARAGY

REQUIRFN SUBROUTINES AND FUNCTIONS

FLRVZ
FQN
GASTZ
GRLATZ
HUSR7

XKFP
XKFPZ

Z END OF NAME @F FUNCTI®ON OR SUBRGUTINE INDICATES THAT 1INPUT,
BUTPUTs AND INTERNAL ARITHMETIC ARE PERFORMED IN DOUBLE PRECISI®ON.

DFFINITION €F SYMBOLS

ERR = TRUNCATION FACTOR (IN RADIANS) USED IN SOLUTION Of

XFPLFRS FQUATIAN

GM = PRODUCT OF G (=GAUSSTIAN CONSTANT SQUARED) AND Ms THE MASS OF
THE EARTHs IN UNITS OF KM. CUBED/SEC SQUARFO

FJ.

2 )
3 ) HARMONICS OF EARTHS GRAVITATIONAL POTENTIAL
4 ) (PIMFNSIGNLFSS)

FL=INVFRSF ©F FLATTENING
RE= EQUATORIAL RADIUS OF EARTH IN KMe

SENSE SWITCH 6 IS USED IN THE MAIN PROGRAM T@ PRGVIDE AN GPTIGN TO
GET THF INPUT PRINTED AN LINE.

ALL FORMATS USEN IN PROGRAM FOLLOW IMMEDIATELY.

6NN2 FARMAT(12A6)

6003 FORMAT (8139F1041)

6004 FORMAT (E124644E1245/2F1244)

6005 FORMAT [/ 1X1PE14.8»9X23H FFET PER NAUTICAL MILE//

1 1XOPF843+9X33H EQUATGRIAL RADIUS OF EARTH N KM /2XF5,1,11X22H IN
2VERSE ©F FLATTENING/1Xs1PE144853X31H GM (KM, CUBED/SECENDS SQUARED

4
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3) /7/718X44H HARMONICS OF EARTHS GRAVITATIONAL POTENTIAL /1XE13.6s
4 4X3H J2/1XsF134654X3H J3/1XsE134644X3H 24 /1%+E134654X3H J5 )
6006 FORMAT (XeA5sX9312sX9212sXsF4e2539Xs15/6E12.8)
6008 FORMAT (/1XI3914X20H INPUT OPTIOGN NUMBER/18X24H INPUT PARAMETERS A
RF.

1 17
6009 FORMAT (82HO X Y z X DOT

naT z pay )

6010 FORMAT { SHOFPECH  S(12,X)sF643)

6011 FORMAT (X,1P6E1447)

6012 FORMAT(21HO ®SCULATING ELEMFNTS )

6U14 FORMAT (/18X,25H N® WORLD MAP CALCULATION )

6016 FORMAT {/45H WORLD MAP CALCULATIONS — START AND END TIMES//)

6017 FORMAT (/18Xy26H NG LOGK ANGLE CALCULATION )

6018 FORMAT (/46H LOOK ANGLE CALCULATIONS - START AND END TIMES//}

6020 FORMAT [/ 1X»sF13.554Xs16H X1 — KILOMETERS/IXsF134554X>3H X2/1Xs
1 F13.594X93H X3//5XsF1248522H VX1~ KILOMETFRS/SEC./5XsF12.8

SH  VX2/5XsF12.8s5H VX3

6021 FeRMAT (7 2XsF114425X3>27H SEMI-MAJGR AXIS-KILOMETERS/6X»F1148s
1 14H ECCENTRICITY/3XsF12.6+3Xs12H INCLINATION,3Xs9H ~DEGREES/3Xy
2 F12.653Xs24H RaAe ASCe NODE —DEGREES/3XsF12461+3X»24H ARG, OF PERI
3GEE-DEGREES/3XsF12+693Xs24H MEAN ANOMALY -DEGREES )

6023 FORMAT (5H DATE»6X14HUNIVERSAL TIME»16X20HGEGDETIC COORDINATES/

1 9K MO/DY/YR»3X4HH Ms3X4HSECe»9X39HLATITUDE-DMS LONGITUDE-DMS H
2FIGHT-KM, 7/}

6024 FORMAT (1X1251H/51251H/51292X213+F743+8X2135F642+2X145135F642
1 F11.3 )

6025 FORMAT {11H PUSH START ///1/)

6026 FORMAT (1H1//15X33H LOCAL STATION PREDICTIONS FOR —- //8H STATIGN,
1 5X10H LENGITUDE»6X9H LATITUDE4X16H HEIGHT (METERS) //)

6027 FORMAT (1X92A3+159135F743+145139F743sF11,2)

6028 'FORMAT (1Xs2A355X149135F 743,159 134F743+4XF10.2)

6037 FORMAT (1HI/45X1CH WORLO MAP //)

6038 FORMAT (27HILOCAL STATION PREDICTIONS

6039 FORMAT (13H JOB FEINISHFD ////7)

6040 FORMAT (FR.2)

6041 FORMAT (28HIFXECUTE MAIN PROGRAM=WMAPLA/1H1

6050 FARMAT(6F1248)

6051 FnR“AY A82HC A

AVFGA THETA

6052 FARMAT (X,212+Xs19(XsA3,A2))

9501 FERVAT{IHO,8H #x¥xxx//)

@532 FARMAT (1HGs17HWUTUAL VISIBILITY//)

9503 FORMAT(SHODATE»SX15H UNIVFRSAL TIME/23H MO/DY/YR H M SFC.s
1 5%,6(4XA61)

9504 FORMAT(1H]//15X33H LGCAL STATION PREDICTIENS FAR -— //8H STATION,
15X10H LONGITUDE +6X9H LATITUDE4X16H HEIGHT (MFTERS}//)

9505 FARMAT (313,F10.0451X+12)

9506 FERMAT (4F6e1+16)

9597 FORMAT(/////6X2TH NO STATION PRINT OUT IF =-//
11Xs25H  FLFVATION 1S LESS TMANs14X,13,8H DEGRFFS//
27X58H 5 1S PRINTED IF THE ELEVATIGN IS GREATER THAN GR EQUAL TOI5,
324H AND LESS THAN 5 DEGREES/7X89H 9 IS PRINTED IF THE ELEVATIGN T
4S GRFATER THAN OR EQUAL T® 5 AND LESS THAN 10 DEGREES/7X72H A
51$ PRINTED IF THE ELEVATION IS GREATER THAN GR EQUAL TO 10 DEGRE
sESI/7X40HA T IS PRINTED OF RANGE 1S.GREATER THAN E16+8 »14HNAUTIC
TAL MILFS/

3013 FeRMAT(aax,zmsvm AXIS COORDINATES ARE/37X»F6.1,24H UEGREES RIGHT
1 AScFNSmN/ 37XsF6s1520H DEGREFS DECLINATION )

4 NCST=+00s RETAIN STANDARD GEUDARD EARTH CONSTANTS AND PROCEED

7500 FQRMAT(SHODATEy7X3HUTZyl5X5HRANGEy3X2HAZ-BXZHEL,ZXSHRADARI
1 9H MO/DY/YRs16H H M STATION»6X4H{K™)»12H (DEG) (DEG)

12H ANGLF [PFG) )

7501 FORMAT(XI252(1H/12151Xs2113152Xs2A3»3XF82111XF5.15XFhels2XF5.1/
118X52A353XFBa15XF5e1sXFbel52XF541/18Xs2A353XF8e19XF5e19XFhals2X
2F541/18X»2A3,3XFBeLsXF501XF4e192XF541/18X»2A3,3XFBa1sXF501sXFbel
3 »2XF5,1/18X32A333XF8.1sXF5. 19 XFbels2XF5,1/18X22A353XF8.1,XF541
4 9XF4ely2XF541/18X22A3,3XFBe1aXF5419XF4s192XF5,1/18X9243,3XF841
53XF5el sXFaels2XF541/18Xs2A3+3XFBe15XF501 5 XF4al»2XF5.1/18X,243,53%
6 F84lsXF5.19XFhals2XF5.1/
718Xs2A393XFBe1sXF5419XFh,192XF5,1)

330 FERMAT (23H MUTUAL VISIBILITY OF A6,29H FOR THE FOLLOWING STATION

15 ¥
331 FERMAT { 6H HHMM 19(3X5A31)

ALL DIMFNSION STATEMENTS FOLLOW IMVFDIATFLY.

o9310n

DIMFNSTION RXI3)sVXI3)sAl619sAT1(6)9RGI3)5>VGI3)sRLATI19)5RLON(19)
DIMENSION RGU(315Z(3)5COBRDI3),U(3)>5U(19,53

DIMENSION ELFN{1915AZIDI19)3sRGEI19)»TFSTA{19)>STATI(19)55TAT(19)
PIMENSION RGF1(19}sELEN1(19)+AZIN1(19)sTESTALI19}5STAT3(19)
DIMENSION GP(5)sDA(6)sDADI6)A110(6) XX {12} 5ABI6)sRXBI3)

n DIMENSIGN VXF(3)sRTX(3)

DIMENSION STAT4019)sDATA{19}15VXBI3)sXXX110)1+55(31)

DINENSION DUMI(1003sCALI(15)+XRGI191sXAZ{19)2XEL{19)sXRI19)
DIMFNSION XFSTA(19)5XZ{191s5A119)5INI29)1Z119)

DIMFNSIAN SHFD{12}sXHFAD(12}

DIMFNSIGN PRF(1431>WPUV{44),MVPT{8}

COMMAN DUMI3A110+GP 9 FRRBsXX sABIRXB+VXB1XXX 5SS

A

PRINT 6041

nn

NDEFINF TRUNCATI®N FACTAR {RADIANS)

4
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4 TFST FOR 65K SFTTING.
5941 CALL CHB5K (NW)
TFINY)5038,504255038
N3 PRINT 5941
WRITF AITPUT TAPF 345040
5040 FORMAT (19HO NOTE T@ OPFRATGR / 72H PuT -mcume IN 65K » RFWIND AL
1L TAPFS , AND START J83 FROM BEGINNING .
PEWIND |
PAUSE Annle
6™ TA 5038
5042 lF(iFNSF LIGHT 23 1»1
1 OF-8

<
< DEFINE TRUNCATI®N FACTERS FOR SUBROUTINE BBRWR ( USED T® CONVERT
C @SCULATING FLFMENTS TG BREUWFR MFAN ELFVYFNTS)
r
s
Lez=n
I%FD = 0
2 APRINT=6n 60 60 60 60 60
a RPRINT 60 21 697 69 61 67
B DPRINT = 60 05 60 &0 60 60
s FPRINT = 60 11 67 60 65 60
B T4 77 77 77 17 77

6ngn,
n

T

1z = 0

DR 4007 1 = 1412
R40N? SHEN(TY = 606762612360

4 ASSUMF VFHICLF STARTS GFF IN SHADGW
™A = A
IFSY = 0
1Feua n
IFSP = ©
IFSH =0
IFsM = 0 .
c
< NFFINE GEDPARD FARTH CANSTANTS
I3
3 GM=3.9R6N32F45
n
n
n
n .
n FL=29R.3
n RF=6378,16%
C
< CARD 1 - READ IN 1.De CARD - ANY INFORMATIGN IN COLSs 2 - 72
¢
RFAD 60025 {XHFAD{I1s1 = 1512}
<
c CARD 2 — READ IN CONTRAL CARD
<
< COLSs 1-3 TYPE ©F INPUT (+03 = INFRTIAL POSITION AND VELOCITY
C IN VANGUARD UNITS
c +01 = GSCULATING ELEMENTS-CU AND RAD
c 404 = BROUWER YFAN FLFMENTS
C COMPUTE WORLD MAP AND PREDICTIONS - YES OR NO
< { YES IF MAP=+XX, NO If MAP=+00 OR -XX )
[ +XX ALWAYS
< CHANGE FARTH CONSTANTS
C CHANGE _TRUNCATI®ON FACTOR
[ ARRWR TRUNCATIAN CANTROL
< BLANK = USFP INTERNALLY
[ CG:LS- ?2 zl. NUMRER OF CONTROL STATIANS
13 MAXTMUM RANGF TFST VALUF NAUTICAL MILES
RFAD 6003,lNPUTyMAPyLA’NCSY,NERR,NDAyIRC-IZCT-RGMA
¢ .
< 12CT IS THF NUMBER OF CONTROL STATIENS.
c TEST - HAVE ALL CASES BEEN RUN - YES ©R N@
¢

IFL12CT = 19) 5034+5034+3010
3019 PRINT 5033,12CT
WRITF QUTPUT TAPE 3,5033,12CT
5033 FORMAT(15HOYOU ARE USING 16,60H CONTROL STATIONS. THE PROGRAM CAN
1GNLY HANDLF 19 STATIANS. )
68 PAUSF 55371

66 TH 68
5034 IF(INPUT)300,+300+2
C IF INPUT=400 OR —-XX» ALL CASES HAVE BFEN RUN, GO T@ 300 (END

50



A Xalal

29232999A0N AAA ANA ANANAN

2323332000 2332700

A0 An

AN

NAn

ann

~

£

w

o

2087
388
5025

ang0

13
914
15

TEST - CHANGE TRUNCATIGN FACTOR - YES OR Ne

1F (NFRR) &1443 :

CARD 2A— (@PTIGNAL) READ IN NEW VALUE OF TRUNCATION FACTOR IF
NERR=+XXe IF NERR=#00 OR ~XX» PROCEED TO NEXT
APTION TFST.

RFAD 60404ERR

TEST - CHANGF FARTH CONSTANTS - YES @R NO

IF (NCST) 5511,10

TO NEXT STEP.

IF (NCST+1) 72697

USF SIRY PACKAGE CONSTANTS IF NCST =

GM=3,88626B88F+05

FL=297 .0
RF=637R.388

Ga Te 11

IF {NCST4+2) 9:8,11

USE GONDARD EARTH CONSTANTS WITH HARMONICS =0 IF NCST = -2

0
Ge Ta 11
USE INTERNATIONAL CONSTANTS WITH HARM@NICS = 0 IF NCST = -3

GM=3,9R626873F+5

CARDS 2B AND 2C- (OPTI@NAL) READ IN NEW SET @F FARTH CONSTANTS
N IF NCST=+XXs

READ 6004 9GMsFIZ9FI3sFJ4sFISsFLIRF
CEGNVFRT FARTH CONSTANTS

AP (1)=GM

JREEJ2ARFXX2
GP(3)=~FJ3*RF*%3

GP (4)==43T5%FJ4XREXRL
GPUS)=—FJS%PF%x5

PRINT ALL QUANTITIES @N QUTPUT TAPF A3,

WRITF QUTPUT TAPF 3,3089

WRITF GUTPUT TAPE 1TAPF4,3189

WRITF CUTPUT TAPE 323087, (XHFADIII.1 = 1,12)

WRITF @EUTPUT TAPF ITAPF453087s (XHFADIT)s 1 = 1412}
WRITF @4TPUT TAPE 3,308%

WRITF GUTPUT TAPE 255025+ {XHFAN{I)sF = 1912}

FORMAT (//74/1774711171 2021X6A671)

FARMAT (1HC)

EQRMAT (/2717171117210 1177711771 2056X+6867))

WRITF €UTPUT TAPE 3,3089

ERPMAT (1H1)

WRITF AUTPUT TAPF 3,3088

WRITE ™ITPUT TAPE I[TAPF4,3%80

WRITE GUTPUT TAPE ITAPF4,3788 _
WRITE GUTPUT TAPE 3+6C05sXNMFTyREsFLyGMsFI2sFI35FI4»FIS
WRITE GUTPUT TAPE ITAPF4:6035»XNMFT-»RFsFLsGMsFJU25FJ3sFI4FJ5
1F {SFNSF SWITCH 6) 13,912

PRINT SAME INFORMATION 9N LINE IF SENSE SAITCH & IS DEWN.

PRINT 6002

PRINT 6005 s XNMFTsREsFLyGMsFUIZsFIBsFI4sFIS
TF {ADAY 916,015,914

RFAD 6750, (DPADIN) s N=1,6)
NAC11=PADLTY

NAL2Y=RAN[2)

R 916 N=3,6



916

917

AnnNn

918

AnA

Ann

16
17

nnn

5028

ABAOA AANADIANAN

Aaanan

22

Ann

23

nAan

930

931

Aan

C
n2902

E

EEE

NAINI=NAR{N}*0.917453292

IF (IRC) 9175917,918

TRC=50

CARD 4 ~ READ IN PARAMETERS

TAKES STANDARD EPGCH AND ELEMENT CARDS

ALL PARAMFTERS USE STANDARD FORMAT (6E1248)

READ 60069 IDSAT +NYE »NME s NDE yNHE yNMNE s TSEsNORBITs (AILN) s N = 156)
NYF = ]1901 + NYE

PRINT FPOCH AND INPUT @PTION ON QUTPUT TAPF A3

WRITF QUTPUT TAPE 36010 sNYFoNME»NDE s NHF sNMNE , TSP
WRITE OUTPUT TAPE ITAPE436010sNYEsNMEsNDE sNHE s NMNETSE
IF (SFNSF SWITCH 6) 16,17

PRINT SAME INFGRMATION @N-LINE IF SENSE SWITCH 6 1S DOWN

PRINT 6010 sNYE sNME sNDEsNHE s NMNE s TSE

CONT INUF

READ THE FP@CH AND DRAG TERM, THE UNITS ©F THE DRAG TERM ARF
RANTANS PFR CUT#**,

CHANGE DRAG TO RADIANS PER SECOND*#2 BY OIVIDING BY 8064832%22,
READ 5028, IDGlsING2+IDG3 s DG4 INGS59 IDGEIEN2

FORMAT (7X93125X92123X972+4X>E1248)

CONVERT EPOCH UNIVERSAL TIME IN HOURS, MINUTESs AND SECONDS
TO FPECH UNIVFRSAL TIMF IN RADIANS.®

TIMFO=HMSRZ [NHF s NMNE»TSE) .

CONVERT EPOGCH CALENDAR DATE TO FPOCH JULIAN DATE AT O HOURS
UNIVFRSAL TIMF,

PJO=RJUL [NME sNDF s NYE}

CONVERT EPBCH UNIVERSAL TIME IN HOURSs MINUTESs AND SECONDS
T@® SFCONRS.

THE=NHF %3600

TMNF =NUNF %60

TSFP=THF+TMNF+TSE

GO TE (1851522993015 INPUT

WRITF OUTPUT TAPF 3,6012

INPUT GPTION 1 — OSCUCATING ELEMENTS IN VANGUARD UNITS AND RADIANS
WRITF GUTPUT TAPE ITAPF4,6012

WRITE CUTPUT TAPE 3,6051

WRITE QUTPUT TAPE ITAPE4»5051

WRITE GUTPUT TAPE 3560115 (AT(ND N
WRITF QUTPUT TAPF ITAPF4>6011s(AT(NIsN
IFISENSF SWITCH 61953002

PRINT 6012

PRINT 6051

PRINT 60115 (ATINIsN=1,6}

6a TP 3002

1,6}
1+61

"o

PRINT INPUT PARAMETERS @N QUTPUT TAPE A3 — INPUT GPTION 3
INERTIAL POSITION AND VEL@CITY RECTANGULAR CGORDINATES -
IN VANGHARD UNITSe

WRITF GUTPUT TAPE 346009

URITE QUTPUT TAPE ITAPF4,6009

WRITF QUTPUT TAPE 3+6011s(AT{N}sN=1,6)

WRITE @UTPUT TAPE ITAPE4s6011s{AT(NISN = 156}
1F (SFNSF SUITCH 6) 23,28

PRINT SAME INFORWATIPN ON-LINE IF SENSE SWITCH 6 IS DoWN

SRINT 6nna
PRINT 6011+(ATIN)N=156)
G TO 28

PRINT INPUT PARAMETERS ~ INPUT OPTION 4 — BROUWER MEAN ELEMENTS

WRITF QUTPUT TAPE 3,6051

WRITE SUTPUT TAPE [TAPF4,6051

WRPITF QUTPUT TAPE 356011+{AT{NI»N = 16}
WRITE OUTPUT TAPE ITAPF4»6011s(AI{NI» N = 1:6)
IF (SFNSF SWITCH 6) 9323002

PRINT SAME INFORMATIAN GON-LINE IF SENSE SWITCH 6 IS DOWN

PRINT 6051

PRINT 60115{AT{N)sN = 146}
CANVFRT T@ KM AND DFGRFFS

AT(1) = AT(1) * 63784388

A1(3) = AT(3) * 57,2957795130823
AAMA = AT{4})

AT[4) = AT(6) %¥57,2957795130823
AT(5) = AT(5) * 57,2957795130823
AT{6) = AAMA  x 57,295779%1308232

52
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5027

29
30

31

32
33

3

x

%0

42

47

CONVERT INPUT PARAMETERS TO @SCULATING ELEMENTS

CALL PARALINPUT»ATsASGM)

FE)RMAT [13HODRAG EFFECTS »6XsTHT (P3Q)s8XsTHN (2,015 9XsTHN (3,Q)
1 14X321{X531215203X+E15.81})

WRITE QUTPUT TAPE ITAPE4550272»1DG1y 1062510639 0G4s IDG5 IVGESIEN2
WRITF QUTPUT TAPE 355027+IDG1yING2s IDG3» IDG4 s IDG5 IDGESENZ
FN2 = FN2 / 806.B32%%2

CALL FLRVZIRXsVXsAsPFRsFNsGMsFRR)

CALL BBRWR{DA,A, IRCHNN)

VXF{1)=VXil}

PFR=6.28318537718/EN
PFRM=PFR/60.0
PFRH=PFR/3600.0
FNI=FN%*206264,806247096
NNANE=NN*4£950355. 3499303
NPFRI=PP*4950355,3499303

TFST — IS WORLD “AP NFSIPFD

IF (MAP) 30,20+33

WRITE QUTPUT TAPE 3,6014
IF (SFNSF SWITCH 6) 31,36
PRINT 6014

GO TO 36

CONTINUF

CONTINUF

CARD 10 - STATIGN PREDICTI®ONS AND WORLD MAP ARF REQUIRED. RFAD
IN CALENDAR DATE AND UNIVERSAL TIME AT WHICH THE START
OF THE CALCULATION 1S DESIRED, CALENDAR DATE AND
URIVERSAL TIME AT WHICH THE TERMINATI®N OF THE
CALCULATION 15 DESIRED» AND THE DESIRED TIME INCREMFNT
OF THE CALCULATION IN SECONDS.

WRITF GUTPUT TAPF 3,6018
WRITE GUTPUT TAPE I1TAPF4+6018

PRINT SAME INFORMATION GON-LINE IF SENSE SWITCH 6 IS DOWN

1F {SFNSF SWITCH 6) 41542
PPINT 6018
CALL TIMC4{DJOsTSEP9XLASyXLAF#DTLA)

PRINT SAME INFORMATIAN @N~LINE IF SENSE SWITCH 6 IS DewN
CANTINUF

CONVERT OSCULATING GRBITAL ELEMENTS 7O INERTIAL POSITION AND
VELOCITY CRORDINATES IN KM AND KM/SEC

CALL FLRVZ(RXsVXsA+PER+ENsGMsERR)
R1=SERTFIRX (1) %%¥2+RX{2)*%24RX (31 %¥%2}
VI=SORTFIVX{1)*¥*2+VXI2)*¥2+VX (3)*%2}

CONVFRT T® VANGUARD UNITS @F LENGTH AND VELOCITY

XO1=RX(1)/6378+388
XN2=RX{21/6378.38C
X®3=RX(31/6378,38¢
VRI=VX(1}/7.9054722668
VR2=VX(2)/7.9054722668
VA3=YX(3)/7.9054722668
P2=SORTF(XO1%¥24XO2¥X 24 XC3*%2
V2=SQRTF (VA #X2+V22%%24VA3X%2)

CONVFRT ANGLFS (RADIANS) T® ANGLFS {DEGREES)

A@l=ALL)

402=A12)
A@3=A13)%5742957795130922
AQ4=AL4)I%57,2957795130823
APS=A[51%67,2957795130823
A6=A(6)%57,2957795130923
R1=A110{1}

RP=A110{2)
R3=A119(3)%¥57,2957795
B4=A11014)#57,2957795
B5=A113{5)¥57,295779%
R6=A11016)%57,2957795

BEGIN LOCAL STATION PREDICTIONS CALCULATIEN
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200 1F(IREN)3001+3000,3001
00 READ 9505sNLAs 1CCLsMINVXHAXWMUTE
IRFD = §
IFINLA = 19} 73:73,70
PRINT 71sNLA
WRITF GUTPUT TAPE 3s71sNLA
FORMAT( 16HO YOU ARE USING I9»
1 47H STATIONS, PROGRAM CAN ONLY HANDLE 19 STATIONS.
T2 PAUSF 66666
6 Te 72
< WIDE PAPER FORM IF MORF THAN 15 STATIONS ARE USED
73 IFINLA = 15) 6060461
60 NLSPP = 40

7

°

7

i

61 NLSPP = Sﬂ
62 IF (NLAY 1sls2
c MAKE ISVEL P@SIT]VE IF SPIN AXIS IS ALONG INERTIAL VELOCITY VECTE@R
2001 READ 9506sRDMAX>RDMINsRASDEC ISVEL -
€ STERF BLANKS
IFINLA = [2CT) 5035+5037,5037
50635 PRINT 5036
WRITF GUTPUT TAPE 3,5036
5036 FORMAT (T2HOTHE NUMBER OF CONTROL STATIONS 1S LARGER THAN THE NUMBE
1FR AF STATIONS.
PAUSF 54333
GA TE 67
5037 IFINLA - 18) 501455004,5006
5004 NFL = (NLA¥2) + 7
Pe 5005 1 = NFLs44
5005 WPUVII} = APRINT
5006 CENTINUF
XMIN=MTNV
XMAX = RGMA * XNMFT * 0.30480061F-03
an3 I1F{1SVFL)905+904>905
NA0s  RAR=RA¥,0174532925
n DECR=NFC*,0174532925
n VXF(1) = COSFIDFCR) * COSF(RAR)
n
n

6

3

VXF{2) = r@SFIPECR) * SINF(RAR)
VXF{3) = SINF{DFCR)
G TG 5026
D905 CALL VRDZ(1sVXF»sDECRaRAR»XXX)
QA= RAR*57,2957795
DFC=NFCR*5742957795
5026 WRITE QUTPUT TAPE 359504
IF (SFNSF SWITCH &) 201,202
201 PRINT ‘75014
202 DO -205 N;
READ 6027v$TAT(N)ISTATI(N)yLGNDyLG‘IM,XLGNS,LATD;LAT“:

XLATS yHGT
$01 WRITE QUTPUT TAPE 3+60285STAT (N} sSTATI(N) sLOND sLONMsXLONS,LATDs
TLATMsXLATS +HGT
IF (SFNSF SWITCH 6) 20352031
203 PRINT 6028;STAT(N),LCND:LONM;XLONSyLATDtLATMpXLATSyHGT
2031 CONTINUF
COORN (11 =DMSRZ (LATDsLATM»XLATSY
CEARD{2)=DMSRZ{LBND»LONHM s XLENS)
COPRNI3)=HGT/1000+0
RLAT(N}=CEOPRNI1)
RLAN(N)=CABRN{2}
CALL VFUZ (COBRDSREsFL>U}
NA 204 J=143
204 SUtNseJI=U{Y) T
205 CANTINUF

EEEEET)

N=1
1F{12CT) 3095,3095+3094
3N94 NS 12CT
3095 WRITE GUTPUT TAPE 323093, (STAT{J]sSTAT1IJIsJ = 1ed}
WRITE GUTPUT TAPE ITAPE4»3093s (STAT(JI,STATL(J}, b = 14i)
3093 FORMAT(//15X21H CONTREL STATISNS ARE /+4{20X2A3/1)
WRITE GUTPUT TAPE 359507sMINVsMINVsRGYA
WRITF GUTPUT TAPE 33013,RAsDEC
WRITF GUTPUT TAPF ITAPF43091
3091 FGRMAT(S4HO S IS PRINTED WHEN THE SATELLITE IS IN THE SUNLIGHT
WRITF GUTPUT TAPE 3,30
3092 FORMATIB0HO THE 3 3017 NUMBERS UNDER THE STATION NAMES ARE THE S
1PACFCRAFT L@OX ANGLESe )

A
< INITIALIZE LINE COUNT AND DELTA T (DIFFERENCE BETWEEN

C LBCAL STATION PREDICTIONS STARTING TIME AND EPOCH OF INPUT
< PARAMETERS IN SECONDS)

C

3001 1

n DTIP’FS XLAS~DTLA

<

<

2170 IF (SFNSF SWITCH 2) 2171.217
2171 PRINT 6025

217 LINFS=LINFS+)

an

SKIP A PAGE AND PRINT HEADING IF 50 LINES OF CALCULATION
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8 HAVF BFFN PRINTED
-
9611 JJ = 1

NPOFD = 1

LINIT = O

LINI2 =

1ALAX = 0

IMES = 32767
9600 CONTINUF
N7016 NTIMES = DTIMFS + DTLA
IMEO+DT IMES*0.727220521664304E~4
=INTF(TIMF/6.283185307179586)
nJ=NI0+NNJO
TIMF=ALLOTZ (TIME)

COMPUTE GRFENWICH APPARENT SIDEREAL TIMF AT TO + DELTA T

UT = TIMF % 2,81971863421
FOR = FAN{NJ»UT sXDXsXDXsFCQM)
ST = GASTZINJHUTSEQR)

CALL JULCALIDNJsNM,ND»NY)

EEER YY)

CONVERT UNIVERSAL TIME IN RADIANS T@ HOURSs MINUTESs AND SEC®NDS

90NN

CALL RHYSZ(TIMFsETs1HyIM»TS)
NYM19=NY~1Q00

-

CALL RRWRZ? (DTIMESEN2)
SST=SINF(°T)

CST=COSF(ST)

RE{1 XR{1)*¥CST+RXBI2)1%SST
RGI2 XB{2 I ¥CST-RXR{1)#SST
RG(31=RXB(3}

CALL VRNZ(1sRGsGCLAT»GCLONsR}

COMPUTE GFODFTIC LATITUDE OF SUBSATELLITE POINT

GDLAT = GPLATZ(GCLATsRSRESFLIALTT)

COMPUTE HEIGHT OF SATELLITE ABOVE COMPUTATIANAL ELLIPS@ID ALGNG
NGRVAL FROM SATELLITF TO FLLIPSOIN

CSNVERT LATITUDE AND LONGITUDE IN RADIANS T© DEGREES» MINUTES,
AND SFCONDS

2NN NANANNITANND

TGCLON=GCLEN-3,141592653589793
1F (TARCLON) 106251062,1061
N1061 GCLON=TGCLEN-3.141592653589793
1062 CONTENUF
TFST FOR VFHICLE IN SUNLEIGHT
AN § WILL BF PRINTED IF TN SUNLEGHT
TF{SFNSF LIGHT 2) 3000,3011
4011 CALL SUNINJ,TIMFsSLC)
SLC = SLC = 0,99241E~04

an

CFCO = COSFIFCOM)
SFCO = SINFIFCOM)

S5LC = SINFISLC) .
< COMPUT COMPONENTS OF SUN
= COSFISLCY

SSLC * CFCQ

L * SFCQ

RXBI11%%2 + RXB(2)%%¥2 + RXBU3)*%2
RINT = SNRTF(RINTQ})
TF{RINT1301553015,3016

IFR = O

3015
PRINT 30245IFRs1

3024 FORMATI(2156)
6@ TO 3007

3016 CPSI = {XSU*RXB{1) + YSU*RXB(2) + ZSU*RXB(3131 / RINT

3017 IF(CPSI113005,3006>3006

3005 NFMX = RINTQ — RE*¥2
DFMX = SORTF{NF4X)
1F(PEMX130185301853019

aniB 1FR = 1
PRINT 302451FR,!1
GO T@ 3007

4019 TNN = RF / DFMX
CALL ARKTANIRE sNDEMX9XNU» 1}
SPSI = 1,-CPSI**2
TFISPS1)30205302153021

3020 IFR = 2
PRINT 302491FRs1
G® T@ 3007

3021 SPS1 = SQRTF(SPSI}
CPST =-CPST
CALL ARKTAN{SPSI+CPST+PSVA,1)
X90RG = 1,5707963
GULX = X90NG - PSVA
TFNN = GULX + XNU ~ X90PG
IF(TFNN) 30065300653007

A3006 SUNN = 62 60 60 60 &0 60

5
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16PR = 2
[ VFHICLF IN SUN
NUMSUN = NUMSUN + 1
60 TG 3008
23007 SUNN = 60 60 60 60 60 60
GAR =
< VFHICLE IN SHANGW
2008 CANTINUF
IE(IVA} 3026302543026
2075 VA = 2 N
NTFSH = DTIMFS
6O T@ 3030
3026 IF(IGDR - 16PM)3027,30303028
3027 IESY = NYM19
IFSMA = M
1FSD
1FSH
IFSM = v
NTFSH = DTIVFS
69 TO 3030
n3028 PFRCNT = 100,-( (DTIMFS ~ n1=sm 7 (36. * PFRH))
PRAT = (DTIMFS — DTESH) 7
WRITE EUTPUT TAPE 5'3-129,!ESV-IESV'K%IESDyIFSH,lESM;NYM19.N\.,ND.
11H» IMyDRAT s PFRCNT
3029 FORMAT (5Xs3129X9212513X3312+X92125XsF7a1s11XsF742)
3031 FORMAT(1HI»20Xs21H SUNLIGHT HISTORY OF AS//5X63HSATELLITE WILL BE
1IN SUNLIGHT AT ALL TIMFS EXCEPT WHEN IT WILL /5%,
240HFNTFR SHAD®W AT AND  LFAVE SHADGW AT //5Xs
STIHYYMMDD HHNM YYMMOD HHMM DURATION (MIN) PERCENT IN
4 SUNLIGHT )
3030 [GDM = TGNR
[

IFIXS7001307C+306953077
3069 XGLAST = GALT
GA TO 3074
2070 TF(GPLATI3C734307153071
3071 IF(XGLAST)307253073,3073
3072 NGRRIT = NGRPIT + 1
3073 XGLAST = GOLAT
3074 XSTO0 = XSTOC + 1.
1F(JJ - 1)307853077+3078
3077 [RGAPR = NERATT
3078 CONTINUF
- TF{XSTQD ~ 307.)3064+30633063
3063 XST00 = 1,
PRINT 5050 sNY¥19 sNMsNDs THy T4
5050 FORMAT(3X»31252X5212)
3064 KK = 0
NG 3081 1 = 1419
0R1 XFSTA{I) = APRINT
ne 247 N=13NLA
ne 232 M=1,3
D 232 RGUIMISRGIM)-SUIN,1)
n CALL R13ZIRTX»0s—8T»20U}
n AUMX=nOTZ LRTX sVXF}
TESTA{N) =DUMX¥57.295780
R13A1=1.57079632679-RLAT (N}
R134251.57079632679+RLON(N)
CALL R13Z(ZsR13A1sR13A25RGU)
CaLL VRDZ(2+Z,FLEVAT»AZTHUTyRANG)
FLFDIN}=57,2957B¥ELEVAT
AZIN{N)=57,29578*AZ IMUT
RGF (N) =PANG
NATA(N) = ®PRINT
IF(FLFNINI 123353199318
318 TFIFLFDIN) - 5.0) 319,321,320
219 PATALN) = DPRINT
6o TA 238
320 TF(FLFNIN) = 10.13215238+238
321 DATA{N) = FPRINT
238 TF(RGFIN) = X'iAX1239,239,902
233 DATAIN) = APRINT
Ga TO 242
A 9D2 PATAIN) = DATAINY + {— XRXX)
279 IDATAX = APRINT
3004 SFNSF LIGHT 1
4000 FORMAT (515,F1648)
4001 FARMAT (4F1648,215)
322 TF(NPRED) 24133105241
310 PO 3019 I11 = 1,12CT
IDAT = DATALIID)
. IFUIPAT ~ IDATAX1311535095311
3009 CONT INUF
6O 16 241
311 NPRFD = 1
241 KK = KK + 1
IF(TALAX = 1} 306153061,3062
2061 TALAX = KK
3762 CONTINUF
XRGIXF) = QAFIN)
XAZ {KK) = AZID(N)
XFLIKK) = FLEDIN)

EXEE]
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XRUKK) = TFSTA(Y)
STAT3(KK) = STAT(N)
STAT4IKK) = STATI(N)
INIRK) = N
1ZIXK) = TESTA(N)

242 CANTINUF
C  CONVERT S/C ANGLF TG BCDH

rr(KK)anon,smn.aosz

ANRY NG AINAZ | = 1,

caLL Trscevnznnxzun
2083 CONTINGF

nA 3085 1 = 1,KK

INVA = IN(D)

3085 XFSTACINVA) = X7(1)
N3090 GCLN = GCLEN * 57.29577951
n GNLT = GNLAT * 57.29577951

IF {SFNSF LIGHT 1) 243,246

243 1F (LC2-1) 24552445245

244 LC2 = 0

245 JJ = 90 + 1

1780 = 10
c SFT P WPLIV APRAY
PUV(] )
UPLV(2)
WPUV(3)
WPUVI4)
WPUV(5)
YPUV(6)
nO 5003
NXD = (1%2)
WPUV{NXP) = XFSTA(I)
NXD = YD o+ ]
5an03 WPIIVINXD) = NATA(T)

©  STERT wPuV
IPAS = 12000 ~ LIN11 % 44
IFLIPRS — 44)501945021,5021

5019 NTIMFS = DTIMFS - DTLA
SFNSE LIGHT 2
6M TA 2460

5021 CALL STASHUWPUVs44s IP3S)

IF(MAP)3Nn79,3n79,3080
O OSFT UP FAR 65 K

208D PRFI1) = KK
PRF{2) = <TAT3(1})
PRFI3) = STAT4{1)
PRF(4) = XPGI1}
PRF{5) = Xaz(1)
PRF(6) = XFLU1)
PRF(T) = XR(1}
PPF(8) = GDLT
PRF(9) = ACLK
PRF(10) = ALTT
PRF{11) = SUNN
LINI2Z = LIN12 + 1
Nxp = 11
IF(KK — 1)5002,5307,5000

5000 PR 5001 K = 2,KI
NXD = {X*73- 2
PRF{NXD) = STAT3(K)
NXM = NXD 4 ]
PRF{NXD) = S£TAT4{K)
NXD = NXD 4 )
PRFEINXD) = XRGIK)
NXD = NXD + 1
PRE(NXD} = XAZ(K)
NXD = NyD 4 ]
PRF{NXP} = XFL{X)
NXD = NXD o+ 1
PRF(NXP) = XR{K)
NXD = NXD + 1

5011 PRF(NXD) = SUNN

500327 IF{IM®S = 12090 ~ NXD) 51020,55622,5022

N5320 DTIMFS = DTIMFS - PTLA
LLI11 = LL1l -1
SFNSF LIGHT 4
GA TO 2460

£ STORF PRF
5022 CALL ‘STASHIPRF sNXDs I¥FS)
IMNS = TVOS ~ NXD

3051
2070

X IX + 1 -
FARMAT (13X52A33F9.192F6a1sFTe1+5A6)
LINT) = LINIT + 1

GA T& 247

TFINLA — 1130595306063
IF(MUTF)313,5031,313

IF{IALAX — 1)305993059,3060
IF(NPRED) 313,3059+313

Jex o= Jg -1

LPAS =

WRITE GUYPUT TAPE 3s3076,13G3RB
FEPMAT {1H1,s27X»13H GRBIT NUMBFR 16)
WRITF GUTPUT TAPE 3,330, INSAT
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LLIL = 2
LASARR = ]RGERB
¢ RFTURN WPUV
NP 3054 K = 1sLINI1
LOK = 12000 - (K-1) * &4
CALL RACK{WPUV,445sLOK)
DE 5007 1 = 1,5
5007 MVPTI{1} = WPUV(1)
TFILLIL — 2} 503256455032
64 IFINPAGR)6555029565
65 NPAG3 = 0
LLIT = LLIT + 1
MVPTL7) = WPUV(E)
WRITF OUTPUT TAPE 3s665MVPT(7)
66 FERMAT (2RX»>13H GRRIT NUMBER 16 )
5029 WRITE GUTPUT TAPE 3+5030sMVPI{2)sMVPI{3)sMVPI(1)
5030 FORMAT [28X+18H DATE(MW/DD/YY) = 201241H/)512)
WRITF GUTPUT TAPF 323315 (STATLIT}»I = 1sNLA}
5032 MVPI{7) = WPLVI6)
IFILASERA —~ MVPI(T1) 50164501755017
5016 LASARR VYPILTY
WRITF @UTPUT TAPE '3,50185LASORR
VRITF AUTPUT TAPF ITAPF4+50185LASORR
5018 FORMAT (1H0»27X13H GRBIT NUMBFR 1)
WRITF OUTPUT TAPE 340065APRINT

LLI1 = LL1L + 3
LL12 = LL12 + 2
5017 NFND = (NLA¥2) + 6
WRITE GQUTPUT TAPE 36052 (IIVPI{I)sI= 43515 (WPUVIIIsI = T4NEND}

IF{MAP) 5014450144102
102 LINFG = 1
TE(X=1) 5n09,500855009
5008 TMAS = 32767
WRITF GUTPUT TAPE ITAPF4 53076+ BGIRE
WRITF PUTPUT TAPF TTAPF4,332,IDSAT
LL12 = 3
5909 CALL RACK(PRF,11,1%08)
¢ RFTURN PRF
IMPS = I¥AS - 11
MVPI(6) = PRF(1)
WRITE GUTPUT TAPE ITAPE434006+APRINT
4006 FORMAT {114X5A6) .
WRITF GUTPUT TAPE ITAPF43323s (MVPI{K)sK = 15515 (PRE(K}I,K = 2,11)
LL12 = LL12 + 2
ITILLI2 - 40) 5024502645023
5023 WRITF GUTPUT TAPE ITAPF4,3076sMVPI(T)
WRITF SUTPUT TAPE ITAPF4,4005
LLi2 = 3
5024 IFI*WP1(6} = 11 5014450145010
5710 IPPP = WPT{6)
DB 3056 T = 241PPP
CALL RACKIPRF 75 HES)
IN9S = [MOS - 7
WRITF GUTPUT TAPE 1TAPF4530515(PRFIK1s K = 156}
LINI2 = LINIZ + 1
L1z = L1122 + 1
TFILLL? = 40)3C5613056+4004
4004 WRITF @UTPUT TAPE I1TAPF4,3076>%VPT{7)
URITF AUTPUT TAPE ITAPF454005
4005 FORMAT { 20X5HRANGEs4Xs4HAZI.»2XsSHFLEV»2X98HS/C LEOK,2X 5 4HLAT
1 92X s SHLONG s » 2X6HHF 1GHT N

/
218H YYHMOR HHMM STATas3Xs4HIKH4) 54X 35H =
3--——=—=33Xs4H(KM) }
Li2 = 2
2056 CANTINUF
5074 LL11 = LLI1 + 1
. IFILLI] - NLSPP) 3054530544003
4093 WRITF SUTPUT TAPF 3,3089
LLil = 2
NPAGF = 10
anG4 CONTINUF
WRITF BUTPUT TAPF 359501
WRITF QUTPUT TAPF ITAPF4,9501
ez = 9

PUT SENSF SWITCH 3 DOWN TG TERMINATF RUN BEFERE THE END TIMF.

Ann

TF{SFNSF SWITCH 31501253059

3059 CANTINUF

323 FORMAT(X93129X92129X22A35F9u112F6e1sFT7e13F10413FT7e19F%elsXyA3)

332 FORMAT (55H LECAL STATIGN PREDICTIGNS AND SATELLITE WARLD MAP FOR
1A5/20X SHRANGE s 4X »4HAZ I « 92X » SHELEV ¢ 4 2X28HS/C LOOK, 2X 9 4HLAT 092Xy
2SHLANG 4 $2X6HHF FGHT /

3184 YYNMOD HHMM STAT.s3Xs&HIKM) 24Xy REE!
G 23X 5 4H(KS)
317 IF(DTINFS = XLAF19601+248,248
247 CANTINUE
IF(NTIVFS ~ XLAF) 9600,5015,5C15
5015 TF{LINIL - 2 ) 248424852460
248 IF [SFNSF SWITCH 2) 249,7010
249 PRINT 6025
PAUSF 77774
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nan

mia
%011

5012

3033
2432

3034
1836

an3s

390

IF{LPASY S012.3011,5012
n

1LPAS = 1
a8 16 2460
g g

MxX =

KRITE @UTPUY TAPE ITAPF4,30315I1PSAT

WRITE GUTPUT TAPE 553032,.0X

eNR FILF %

REWIND 5

RFAD INPUT TAPF 533032:JMXs(SALDIHT = 1212}
FERMAT (T1+311{A61+4%)

TRF{JHX - 93303453035.3

WRITE AUTPUT TAPE ITAPFQ,BOBSHSAII)-I = 1,123
FRRUAT {1X311126)5A3Y

s TS 3000
FNN LECAL STATIBN PRFDICTI@NS CALCULATION
PRINT 603%
FND FILF 3
PAUSE FITTT

e T4 10
FND
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SRR

AANNAAAAOBAAAANAAAAAAANNNANAANAAANANAANANNAAAAANNANANND AAANNNAANNONANNOHN

DATE 10/19/64
GDR
PAUSF

XEQ

CARDS COLUMN
LIST8

LABEL

FORMAP

WMAPLA

GENERALIZED WERLD MAP AND LOCAL STATION PREDICTIONS PROGRAM

1As CONVERTS OSCULATING GRBITAL ELEMENTS TO INERTIAL P@SITION
AND VELOCITY RECTANGULAR COORDINATES.
1B. CONVERTS INERTIAL POSITION AND VELGCITY RECTANGULAR
COORDINATES T® OSCULATING GRBITAL ELEMENTS.
2. CGMPUTES WORLD MAP N REQUEST
3, COMPUTES LOCAL STATION PREDICTIGNS (LOGOK ANGLES) ON REQUEST.
PROCESSES 1s 2v 33 OR 4 STATIONS SIMULTANEQUSLY ON REQUEST.

ALL INTERNAL CALCULATIGNS ARE PERFORMED USING THE KILOMETER AS
THE UNIT @F LENGTH AND THE SECOND AS THE UNIT OF TIME. IF ANY
@F THE GPTIGNAL INPUT PARAMETERS ARE DEFINED IN OTHER UNITS,
THEY ARE CONVERTED T® THESE UNITS AS SGGN AS THEY ARE READ IN
AND ARE SUBSEQUENTLY USED IN THE CALCULATIGNS IN KILOMETERS
AND SECONDSe

REQUIRED SUBRQUTINES AND FUNCTI®NS
ALLOT
ALLOTZ
ATANQ
ATANZ
BBRWR

XXEP
XKEPZ

Z END OF NAME OF FUNCTION OR SUBRGUTINE INDICATES THAT INPUT,
@UTPUT, AND INTERNAL ARITHMETIC ARE PERFORMED IN DOUBLE PRECISION.

DEFINITION OF SYMBOLS

ERR = TRUNCATION FACT@R {IN PADIANS) USED IN SOLUTION @F

XKEPLERS EQUATI®N

GM = PRODUCT OF G (=GAUSSIAN CONSTANT SQUARED) AND Ms THE MASS OF
THE EARTHs IN UNITS OF KM. CUBED/SEC SQUARED

FJ2=J2 )

FJ3=J3 ) HARMGONICS OF EARTHS GRAVITATIGNAL POTENTIAL

FJ4=Ja ) (DIMENSIONLESS)

FJ5=J5 )

F NVERSE OF FLATTENING

RE= EQUATORIAL RADIUS OF EARTH IN KMe

SENSE SWITCH 6 1S USED IN THE MAIN PROGRAM T® PROVIDE AN OPTIGNAL
OUTPUT ON LINE. IF SENSE SWITCH 6 1S DOWN, THE SAME-INFORMATION
WHICH 1S PRINTED @N TAPE A3 1S ALSO PRINTED ON LINE. IF SENSE
SWITCH 6 IS UP, GQUTPUT 1S PRINTED ON A3 ONLY.

ALL FORMATS USED IN PREGRAM FOLLOW IMMEDIATELY.

6001 FORMAT {36HLSANDTRACKS ORBITAL COMPUTING SYSTEM //)
72H

6002 FORMAT {
1

6003 FORMAT (713)
6004 FORMAT (E124654E1245/2F1244)
6005 FORMAT (/ IX1PES84+1s9X39H TOLERANCE REQUIRED FOR KEPZ SUBROUTINE//

1 1XOPF8.3,9X33H EQUATORIAL RADIUS OF EARTH IN KM /2XF5.1,11X22H IN
2VERSE OF FLATTENING/1X»1PE1448,3X31H GM {KM. CUBED/SECONDS SQUARED
3} 2718X44H HARMONICS OF EARTHS GRAVITATIONAL POTENTIAL /1XE1346s
4 4X3H J2/1XsE13.694X3H J3/1XsE134694X3H J4 /1X9EL3.694X3H J5 )

6006 FORMAT {2{1XI2)91XI45213:F7.3/6F1246)
6008 FORMAT [/1X13,14X20H INPUT GPTION NUMBER/18X24H INPUT PARAMETERS A
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ARE=~=_ 7/} .
6009 FORMAT (46H GE@CENTRIC EQUATORIAL RECTANGULAR COORDINATES/70H REQU
LIRED UNITS - CRAZY MIXED UP VANGUARD UNITS OF LENGTH AND VELOCITY)
6010 FORMAT (/ 1XI1251H/1251H/14,7X25H EPOCH.DATE OF PARAMETERS/2(1XI2)»
1 F7.3,5X29H EPOCH TIME OF PARAMETERS-UTZ )
6011 FORMAT (/6XsF1249» 20H X1 = VANGUARD UNITS/6XsF1249s 3H X
l 6X3F12499 3H X3//6X3sF12.9s 20H VX1- VANGUARD UNlTS/éX,FlZ.gy
4H VX2/6X3F1249s 4H VX3
6012 FORMAT (30H G@RBITAL ELEMENTS — @SCULATING/69H PEGUIRED UNITS - ALL
1 ANGLES IN DEGREES»SEMI-MAJGR AXIS IN KILOMETERS
6013 FORMAT {/ 2XsF11,4»5Xs27H SEMI-MAJOR AX1S~ KlL@METERS/éX»Fll-S-
1 14H ECCENTRICITY/3XsF124653X512H INCLINATION,3X»9H ~DEGREES/3Xs
2 F124653X924H ReAe ASC, NODE —DEGREES/3X3F12.613X»24H ARG. OF PERI
3GEE~DEGREES/3X»F124693X524H MEAN ANGMALY —DEGREES }
6014 FORMAT (/18Xs25H NO WORLD MAP CALCULATIGN
6016 FORMAT (/45H WORLD MAP CALCULATIONS — START AND END TIMES//)
6017 FORMAT (/18X»26H NO LOOK ANGLE CALCULATIGN 1
6018 FORMAT (/46H LO®K ANGLE CALCULATIONS ~ START AND END TIMES//)
6019 FORMAT (/ 32H QUANTITIES COMPUTED FROM INPUT
6020 FORMAT (/ 1XsF13.5:4Xs16H X1 — KILOMETERS/1X+F1345+4X33H X2/1Xs
1 F13.554Xs3H X3/7/5X1F12489224 VX~ KILOMETERS/SEC./5XsF1248s
5 VX2/5XsF1248554 VX3 )
6021 F@RMAT {7 2X9F114415X927H SEMI-MAJOR AXIS—-KILOMETERS/6XsF1148s
1 14H ECCENTRICITY/3XsF124693X»)22H INCLINATIONs3Xs9H —DEGREES/3X»
2 F12+693X524H ReAs ASCe NGDE -DEGREES/3XsF12.6s3X»24H ARGe OF PERI
3GEE-DEGREES/3XsF124693X924H MEAN ANGMALY ~DEGREES }
6022 FGRMAT (/ 4XsF11le623Xs7H PERIOD»8Xs7H —HOURS/2XF1144320Xs9H ~MINUT
1ES/4X»F114693X912H MEAN MOTIGN»3Xs14H ~DEGREES/HOUR//4XsF11e693Xs
2 15H MOTIGN OF NGODE+8X»14H - DEGREES/DAY/4X»F11.6+3Xs18H MOTION OF
3 PERIGFEs5X>14H — DEGREES/DAY )
6023 FORMAT {5H DATE»6X14HUNIVERSAL TIMEs16X20HGEGDETIC COORDINATES/
1 9H MO/DY/YRs3X4HH Ms3X4HSECe»IX3FHLATITUDE-DMS LONGITUDE-DMS H
2FIGHT=-KM, //}
6024 FORMAT (1XI2s1H/»1291H/51252X213+F74398X2I3sF642+2X14513,F6.25
1 Flle3 )
6025 FORMAT {11H PUSH START ////7)
6026 FORMAT (1H1//15X33H LG&CAL STATION PREDICTIONS FOR —- //8H STATION,
1 5X10H LONGITUDE+6X9H LATITUDEs4X16H HEIGHT (METERS) //)
6027 FORMAT (1X2A3:159135F743s145135F743sF11e2 )
6028 FORMAT (1X’2A3’5Xl4s13,F7.3»I5y13)F7~3;4XF10.2 H
6037 FORMAT (1H1/45X10H WORLD MAP //
6038 FORMAT (27HILOCAL STATIGN PREDICTI@NS 1
6039 FORMAT (13H JOB FINISHED /////)
6040 FORMAT (E8.2}
6041 FORMAT (28H1EXFCUTE MAIN PROGRAM-WMAPLA/1H1
6042 FORMAT {43H GEOCENTRIC EQUATORIAL INERTIAL COGRDINATES/
1 50H REQUIRED UNITS - KIL@METERS AND KILOMETERS/SECOND}
6043 FORMAT (1XsF134594X517TH X ~ KILOMETERS/1XsF1345+4Xs
171 = KIL GMETERSIIX)FIS 594X517H X3 ~ KILOMETERS//5XsF12.8s
2 erl!H VX1 -~ KM/SEC/5X»F1248+1X»13R VX2 — KM/SEC/5X»F124851Xs
13H VX3 - KM/SEC)
6044 FORMAT {/18X+50H BROUWER HARMONICS COMPUTED FROY J2sJ3,J4s AND J5
1 /1X91PE1448+3X224H K2 {KILGMETERS SQUARED)/1X+E1448+3Xs
2 22H K3 (KILBMETERS CUBED)/1X»E14.8s3Xy
3 29H K& (KILEMETERS FOURTH POWER)/lX:ElA-BvBX’
4 28H K5 (KILEMETERS FIFTH POWER
6045 FGRMAT (/4Xs63H POSITION AND VEL@CITY VECTORS - GEQCENTRIC EQUATOR
1TAL TNERTIAL)
6046 FORMAT {/1X9S13.554Xs17H X1 — KILOMETERS,;3XsF12.,891X»
1 21H XI - VANGUARD UNITS/1XsF134554Xs17H X2 -~ KILOMETERS»3X,
2 F1248+1Xs21H X2 = VANGUARD UNITS/1XsF134544Xs
3 17H X3 -~ KILOMETERS»3XsF12.851Xs21H X3 ~— VANGUARD UNITS)
6047 FORMAT (/5XsF12.831Xs13H VX1 — KM/SECsTXsF124851X»
1 21H VX1 - VANGUARD UNITS/5XsF12.851Xs13H VX2 - KM/SEC»TXsF12.8y
2 1X»21H VX2 = VANGUARD UNITS/5X9F12.841Xs13H VX3 ~ KM/SECs7Xs
3 F124891X921H VX3 - VANGUARD UNITS//1XsF134544Xs
4 17H R - KILOMETERS3s3X»F12.851X»21H R — VANGUARD UNITS/5Xs
5 FlZ.BleylSH \4 — KM/SEC97XsF124851X»
v - VANGUARD UNITS)
6048 FGRMAT (/26X+17H ORBITAL ELEMENTS//20H OSCULATING ELEMENTS)2X,
22H BROUWER MEAN ELEMENTS//1XsF1244311XsF124437Xs
29H SEMI-NAJBR AXIS - KlL@METERS/éXyFll 8912X1F114893Xy
13H ECCENTRICITY/4XsF11e6912XsF114635X
26H INCLINATIGN - DEGREES/beFII.bylZX;Fll.615Xp
26H ReAs ASC. NODE ~ DEGREES/4XsF1l146112XsF1le635Xs
26H ARGe OF PERIGEE — DEGREES/4XsF11e6912XsF11s655Xy
H MEAN ANGMALY =~ DEGREES)
6049 FQRMAT (/45H TRUNCATION FACTORS USED IN COMPUTING BROUWER /
1 39H MEAN ELEMENTS FROM ©SCULATING ELEMENTS//1X»1PE8e1s9Xs
2 29H SEMI-MAJOR AXIS - KILOMETERS/1XsE841»9Xy13H ECCENTRICITY/1X»
3 EB841,9X,26H INCLINATIGN ~ DEGREES/1XsEB8e1s9X+
4 26H ReAs ASCs NODE - DEGREES/1X>E8.159X»
5 26H ARGs OF PERIGEE - NDEGREFS/1XsE8+1s9Xs
6 26H MEAN ANGMALY — DEGREES )
6050 FORMATI(6F12.8)
6051 FORMAT {22H BROUWER MEAN ELEMENTS/69H REQUIRED UNITS - ALL ANGLES
1IN DEGREES+SEMI-MAJOR AXIS IN KILOMETERS )
6052 FORMAT {1XI252{1H/12)51Xs2{13)sF74355Xs22(2XA3))
9501 FORMAT(1HO98H *¥¥xx
9502 FORMAT (1HO»17HMUTUAL VISIBILITY//)
9503 FORMAT (SHODATE»5X15H UNIVERSAL TIME/23H MO/DY/YR H M SECes
1 5X»1212XA3))

NOW PN
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9504 FORMATUIN1Z/1SX33H LOCAL STATION PREDICTIONS FOR -- s/8H STATION,
15X10H LONGITUDE »6X9H LATITUDE4X16H HEIGHT (HETERSI//)

9505 FORMAT (313,F10.3)

9506 FORMAT (476411

9507 FORMATU//77/TX26HNO STATION PRINT OUT IF ==7/
11X>25H1, ELEVATION 15 LESS THAN»>14Xs13s BH DEGREES/
21X325H2« RANGE 15 GREATER THAN »7X»F9s0,12H KILOMETERS/
31X»30H3. RADAR ANGLE IS GREATER THAN»6X»F641:8H DEGREES/
419X 12HOR LESS THAM»6X+F6148H DEGREESZ//
54X>25HSPIN AXIS COORDINATES ARE»8XsFé.1+24H DEGREES RIGHT ASCENSIO
6N/37X»F6.1520H DEGREES DECLINATION )

7500 FORMAT {SHODATE, 7X3HUTZ 5 15XSHRANGE s 3X2HAZ » 3X2HEL » SXBHRADAR/
l 9H H@/ﬁY!VR;lSH . H B STATIGN,SX4HIKM1»12H {DEG) IDEG}

ANGLF {DFGY e

7501 F@RMAT(XIZ:ZUH/!Z)leyZ(13),ZXyZAB|3XFB.I»IXF5¢1;XFk-l;ZXFﬁ.L/
118X22A2+3XFBe1aXF501sXFéelv2XF541/18X92A393XFB41sXF5415XFhals2X
2F5.1/18X;2A3,3XF8-1-XF5.1yXF’nly2XF5o1118X72A3s3XFB-lyXFS.lnglul
3 12XF541/18Xs2A3»3XFBe1sXF5e1sXFéa1s2XF5.1/18Xs2A323XF814XF541
4 $XFhely2XF521718Xs2A323XF8elsXF5019KFhe122XF5 .1/ 18X22A343XF W1,
59XF5.!'XF"-I92XF5»}/18X;2A3¢’XFS.I,Xanl;XFA.192X95-1/13X92A3’3X
6 FBal+XF5.19XF4a342XFS.
715Xv?A313XF3.1¢XF5-1nXﬂul,ZXFS.l)

ALL DIMENSION STATEMENTS FOLLOW IMMEDIATELY.

DIMENSIOR RXISSyVX(B}9A(5)’A!{6]sRGlB))\’G{BhRLA?(thRL@N(l?)
DIMENSION RGU{31»2(3)2C36RDI3),U3),8U112+3}

DIMENSIEN ELED(IZ)rAZlD(lZ)vRGE(lZ)rTESTA(12):5TATX(12HSTAT2!12)
DIMENS1ON RGE1(12)»ELED11121sAZED1112)»TESTALI1Z)»STATS(12)
DIMENSJON GP(5)+DAL6)sDADIBI»ALI0(6) +XX(12)»AB16) »RXB(3])
DIMERSION VXEL13)4RTX{3)

DIMENSIGR ST,&TQ(IZ)»!)kTA(lZ}:VXBtB} »XXXE103+5513)

DIMENSIGN DUM1L{100}

COMMEN UMY 'Al10)GP,ERRB.XX.AByRXB;VXB,XXX-SS

CE-To NV

©

PRINT 6041
DEFINE TRUNCATION FACTER {RADIANS)

=3 0E-T
0.0

DEFIRE TRUNCATION FACTORS FOR SUBROUTINE BBRWR [ USED T CONVERT
SSCULATING ELEMENTS TG BROUWER MEAN ELEMENTS)

ABAND BANNA 0
-
-
o
7
|
@

OARI1)1=5,0F-4
DAD{2}=540F-6
DAD(31=5,0!
DADL4)=540E~6
DAD{S3155,0F -6
BADISY=5,0E-6&

LC2=0
APRINT=60 60 60 60 60
BPRINT = 60 60 54 &0 60 60

DEFINE GODDARD EARTH CONSTANTS

GM=3+986032F+5
FJ2=1,0823E-3
FJ3==23E-6
Fhbz1+8E-6
FuU5=0,0

F .

RE=63784165

CARD 1 - READ IN I+De CARD =~ ANY INFORMATION IN COLS. 2 - 72
RFAD &002

CARD 2 ~ READ IN CONTROL CARD

GSCULATING GRBITAL ELEMENTS
INERTIAL POSITION AND VELCC]TY
IN KILOMETERS ANR K

+03 = .INERTIAL PSSITION AM) \'EL@CITY
TR VANGUARD UNITS ¥
+(4 = BRAUWER HEAN ELEMENTS ¥

COLSs 1~ 3 TYPE OF INPUT (401
+02

COLS. 4= 6 COMPUTE WORLD MAP — YES OR NO® ( YES IF MAP=4XX, NO IF
MAP=4+00 OR ~XX}

COLSe 7- O COMPUTE LBOX ANGLES - YES OR NO [YES IF LA=#XX, K@ IF
LA=+00 8R ~XX3

COLSe 10-12 CHANGE EARTH CENSTANTS

CBLSa 13-16 CHANGE TRUNCATION FACTOR

READ 60035 INPUTMAP sLASNCST »NERRyNDA » IRC

TEST - HAVE ALL CASES BEEN RUN — YES OR NG

AAA ANAAAAAAAANMNAAANNAA ONADSOVVBITINANTL O

IF [INPUT) 300,300,2
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1F INPUT=+00 OR ~XXs ALL CASES HAVF BEEN RUN. GO T© 300 (END
FILEs REWIND AND UNLOAD A3)a IF INPUT =+XX, PROCEED TO NEXT CASEs

TEST ~ CHANGE TRUNCATIGN FACTOR - YES OR N®

IF (NERR) &434,3

CARD 2A~ (GPTIONAL) READ IN NEW VALUE OF TRUNCATION FACTG@R IF
NERR=#XXs IF NERR=+00 ®R -XXs PROCEED T@ NEXT
OPTION TEST.

READ 50405ERR

TEST ~ CHANGE EARTH CONSTANTS - YES GR NO

IF (NCST) 5,11,10

IF NCST=+00, RETAIN STANDARD GODDARD EARTH CONSTANTS AND PROCEED
T® NEXT STEP.

IF (NCST+1) 72657
USE SIRY PACKAGE CONSTANTS [F NCST = -1

+9862688E+05

G& Te 11
1F (NCST+2) 948,11

USE GODDARD EARTH CONSTANTS WITH HARMENICS =0 IF NCST = -2

FJ2=0.0

FJ4=0,0
FJ5=0,0
GO Te 11

USE INTERNATIONAL CONSTANTS WITH HARMONICS = 0 IF NCST = -3

GM=3,98626873E+5

RF=63784388
60 TO 11

CARDS 28 AND 2C— (OPTIGNAL) READ IN NEW SET OF EARTH CONSTANTS
IF NCST=s+XXe

READ 6004 3GMsFJU2+FI3sFJ4sFUSsFLIRE
CONVERT EARTH CONSTANTS

GP{1)=GM

5*FIJ2*RE*¥2
FJU3*RF*%3
«3T5*F J4*RE**4
FJ5*RE*%5

ALL QUANTITIES ©N GUTPUT TAPE A3,

WRITE QUTPUT TAPE 3,6091

WRITE GUTPUT TAPE 3,6002

WRITE CUTPUT TAPE 3s6005,ERR,REFLsGMsFJ2sFI34FJ4sFJS
WRITE GUTPUT TAPE 356044,GP(2)5GP(3)+GP(4),GP(5)

IF {SENSF SWITCH 61 13,913

PRINT SAMF INFORMATION ON LINE IF SENSE SWITCH 6 1S DOWN,

PRINT 6001

PRINT 6902

PRINT 6005 3ERRSREsFL»GMsFJU2+FJI3sFJ4sF U5
PRINT 60445,GP{2)sGP(3),GP{4)5GP(5)

IE {NPA) 915,915,914

READ 60505 (DADIN) s N=1,6)
DA{1)=DADI1)
DA(21=PAD(2}

NO 916 N=3,6
DAINI=DAD (N} *0.017453292
IF [IRC) 9175917,918
IRC=50 =

CARD 3 — READ IN EPOCH OF INPUT PARAMETERS-CALENDAR DATE (M@NTH,
DAYs AND YEAR) AND UNIVERSAL TIME (HOURS»> MINUTESs AND
SECGNDS TO 3 DECIMALS OF A SECOND).
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CARD 4 - READ IN PARAMETERS

READ 6006 sNME sNDE s NYE s NHE s NMNE» TSEs (AT CN) s N=1,6)
PRINT EPOCH AND INPUT OPTION ON OUTPUT TAPE A3

WRITE QUTPUT TAPE 3,6010sNMEsNDEsNYENHE sNMNE» TSE

WRITE GUTPUT TAPE 3960085 INPUT

IF (SENSE SWITCH 6) 16417

PRINT SAME INFGRMATION ON-LINE IF SENSE SWITCH 6 IS DOWN
PRINT 6010KMEsNDEsNYE 9 NHE s NMNE» TSE

PRINT 6008+ INPUT

CONTINUF

CONVERT EPOCH UNIVERSAL TIME IN HOURS, MINUTES: AND SECONDS
76 EPOCH UNIVERSAL TIME IN RADIANSe
TIMEG=HMSRZ (NHE s NMNE» TSE}

CONVERT EPOCH CALENDAR DATE T® EPOCH JULIAN DATE AT 0 HOURS
UNIVERSAL TIME.

DJO=DJUL (NMEsNDE>NYE)

CONVERT EPOBCH UNIVERSAL TIME IN HOURS, MINUTESs AND SECENDS
TO SECONDS.

THE=NHE*3600

N MNF %60
TSEP=THE+TMNE+TSE
GO TO {18,205225930) » INPUT

PRINT INPUT P'ARAMETERS ON OUTPUT TAPE A3 - INPUT OPTIGN 1
OSCULATING @RBITAL ELEMENTS -
1. SEMI-MAJBR AXIS IN KM 2+ ECCENTRICITY 3. INCLINATION 4o RIGHT

ASCENS1@N OF ASCENDING NGDE 5. ARGUMENT OF PERIGEE 6. MEAN ANGMALY

{ALL ANGLES T.Es 33435, AND 6 ARE IN DEGREES).

WRITE GUTPUT TAPE 356012
WRITE QUTPUT TAPE 3,6013s{AI{N)sN=156}
IF {SENSE SWITCH 6) 19,28

PRINT SAME INFORMATION GON-LINE IF SENSE SWITCH 6 IS DOWN

PRINT 6012
PRINT 60135 (AT{N}»N=1+6)
GO To 28

PRINT INPUT PARAMETERS ON OUTPUT TAPE A3 ~ INPUT OPTIGN 2
TNERTIAL P@SITION AND VELGCITY RECTANGULAR CGORDINATES —
IN KILGMETERS AND KILOMETERS PER SECOND.

WRITE QUTPUT TAPE 3,6042

WRITE OUTPUT TAPE 356043, (ATINIsN=1,6)

IF {SFNSE SWITCH 6) 21,28

PRINT SAME INFORMATION ON-LINE IF SENSE SWITCH & IS DOWN
PRINT 6042

PRINT 60435 (AI{NI»N=146)

GO T® 28

PRINT INPUT PARAMETERS OGN OUTPUT TAPE A3 - INPUT OPTION'3
INERTIAL POSITION AND VELGCITY RECTANGULAR COORDINATES -
IN VANGUARD UNITS»

WRITE GUTPUT TAPE 3,6009

WRITE GUTPUT TAPE 3+6011s(ATIN)sN=1,6)

IF {SENSE SWITCH 6) 23,28

PRINT SAME INFORMATION ON~LINE IF SENSE SWITCH 6 IS DOWN
PRINT 6009

PRINT 60115 (AT{N)sN=1+6)

Ge TO 28

PRINT INPUT PARAMETERS - INPUT OPTION 4 - BROUWER MEAN ELEMENTS
WRITE QUTPUT TAPE 3,6051

WRITE QUTPUT TAPE 336013, {AT{N)»N = 1,6}

IF [(SENSE SWITCH 6) 932,28

PRINT SAME INFGRMATION @N-LINE IF SENSE SWITCH 6 1S DOWN

PRINT 6051
PRINT 6013,(AI{N)s N = 1,6}

CONVERT INPUT PARAMETERS TO @SCULATING ELEMENTS
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CALL PARA[INPUTSAT»A»GM)

CALL ELRVZ{RX,VXy»AsPER,EN,GMsERR)
CALL BERWR{DAsAs IRCHNN)
VXE{L1)=VX (1)

VXE(2 X2}

VXE(3)=VX{3)

PERM=PER/6040
PERH=PER/3600,0
EN1=EN¥206264.806247096
DNODE=NN*4950355.3499303
DPERI=DP*4950355.3499303

TEST - IS WORLD MAP DESIRFD

IF (MAP) 30,30,33

WRITE OUTPUT TAPE 3,6014
IF [SENSE SWITCH &) 3136
PRINT 6014

GO Te 36

CARD 5A - WORLD MAP IS DESIRED. READ IN CALENDAR DATE {DAY,
MONTH» AND YEAR) AND UNIVERSAL TIME (HOURSs MINUTES,
AND SECONDS T@ 3 DECIMALS ©F A SECEND} AT WHICH THE
START OF CALCULATION IS DESIREDs CALENDAR DATE AND
UNIVERSAL TIME AT WHICH THE TERMINATIGN OF THE
CALCULATION IS DESIREDs AND THE DESIRED TIME INCREMENT
OF THE CALCULATION IN SECONDS 7€ 3 DECIMALS OF A SECGND.

WRITE G@UTPUT TAPE 246016
PRINT SAME INFORMATIGN ON-LINE IF SENSE SWITCH 6 1S DOWN

IF (SENSE SWITCH 6) 34,35
PRINT 6016
CALL TIMECIDJO»TSEPsWMAPS s WMAPF s WMAPDT )

TEST - ARE STATION PREDICTIONS (LOOK ANGLES) DESIRED

IF (LA) 37437,40

WRITE BUTPUT TAPE 3,6017
IF [SENSE SWITCH 6} 38,43
PRINT 6017

G2 TO 43

CARD 5B - STATION PREDICTIONS (LOEK ANGLES) ARE REQUIRED, READ
IN CALENDAR DATE AND UNIVERSAL TIME AT WHICH THE START
OF THE CALCULATI@N IS DESIRED» CALENDAR DATE AND
UNIVERSAL TIME AT WHICH THE TERMINATION OF THE
CALCULATIGN IS DESIRED, AND THE DESIRED TIME INCREMENT
OF THE CALCULATION IN SECONDSs

WRITE OUTPUT TAPE 3,6018
PRINT SAME INFORMATION ON-LINE IF SENSE SWITCH 6 IS DOWN

IF [SENSE SWITCH 6} 641542
PRINT 6018

CALL TIMEC(DJO»TSEP»XLAS»XLAF+DTLA)

WRITE BUTPUT TAPE 3,6001

WRITE QUTPUT TAPE 3,6002 -

WRITE OUTPUT TAPE 346019

WRITE GUTPUT TAPE 336010 »NME»NDE»NYE sNHE s NMNE TSE

PRINT SAME INFORMATIGN GN-LINE IF SENSE SWITCH 6 IS DOWN

IF {SFNSE SWITCH 6) 44445

PRINT 6001

PRINT 6002

PRINT 6019

PRINT 60105sNMEsNDEsNYESNHE s NMNE s TSE
CONTINUF

CONVERT OSCULATING ORBITAL ELEMENTS T@ INERTIAL POSITIGN AND
VELACITY COBRDINATES IN KM AND KM/SEC

CALL ELRVZ(RX»VXsA»PERsENsGMSERR)
RI=SQRTF(RX{1)**2+4RX{2)**¥2+RX (31 %2}
VI=SORTF(VX (1) *¥2+VX(2) ¥*¥2+VX{3) %%2)

CONVERT TO VANGUARD UNITS @F LENGTH AND VELOCITY

X®1=RX(1)/63784.388
X02=RX12)/63784388
X®3=RX(3)/6378.388
VO1=VX{11/7.9054722668
VO2=VX12}/7.9054722668
VO3=VX(3)/749054722668
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R2=SORTF (XQ1X%2+XO2¥*2+XQ3%¥2)
V2=SARTF (VOL1*%2+VO2X¥¥2+VE3#%X2 )

CONVERT ANGLES {RADIANS) T® ANGLES (DEGREES)

AB!
AB6=A16)%#57,2957795120823

WRITE QUTPUT TAPE 36045

WRITE OUTPUT TAPE 356046sRX(1)sXO1sRX(2)4X029RX(3)sX03

WRITE OUTPUT TAPE 356047 sVX{1)sVOLIVXI2),VOZ2VX{3)9VO3,R1,R24V19V2
WRITE GUTPUT TAPE 3,6049(DADII) » 1 = 1486

B1=A110(1)

R2=A110(2)

B3=A110(3)%57.2957795

B4=A110{4}%57,2957795

B5=A11005)%57,2957795

86=A11016)%57,2957795

WRITE QUTPUT TAPE 396048,A01,B1sAG2sB25A03,83,A04»B%4:A05,B5,A961B86
WRITE GUTPUT TAPE 3,6022,PERHsPERM;EN1sDNODE,DPERI

IF (SENSE SWITCH 6} 49,50

PRINT SAME INFORMATIGN ON-LINE IF SENSE SWITCH & 1S DOWN

PRINT 6045

PRINT 6046sRX(1)9X01sRX(2}sX02,RX(3)»X03

PRINT 6047sVXI1)sVOLIVXI2)sVO2sVX(3)5VO3sR1sR25V1»V2
PRINT 60485A011B1+AB2»sB25A03>B3,A04:841A05+85,A06186
PRINT 6022sPFRH,PERMIEN1 s DNODE»DPERT

CONT INUF

1F (MAP} 199,199,100

BEGIN WORLD MAP CALCULATIGN (N® CALCULATION IF MAP = 0}
SKIP A PAGE AND PRINT HEADING FOR WGRLD MAP CALCULATIONS

WRITE GUTPUT TAPE 36037

WRITE @UTPUT TAPE 36023 -
IF [SENSF SWITCH 6) 101,102
PRINT 6037

PRINT 6023

INITIALIZE LINE COUNT AND DELTA T (DIFFERENCE BETWEEN
WORLD MAP STARTING TIME AND EPOCH OF INPUT PARAMETERS IN SECONDS)

LINES=1
DTIMES=WMAPS-WMAPDT

IF (SENSF SWITCH 1) 1030,103
PRINT 6025

PAUSF 77777

LINES=LINFS+]

SKIP A PAGE AND PRINT HEADING IF 50 LINES ©F CALCULATION
HAVF BFEN PRINTED

1F (LINES~50) 10651065104

WRITE QUTPUT TAPE 36037

WRITE GUTPUT TAPE 3,6023

LINES=1

IF ISENSE SWITCH 6) 1055106
PRINT 6037

PRINT 6023

DTIMES=DT IMES+WMAPDT

TIME=T IMEO+DT IMES*0, 727220521 66430464
DDJO=!NTF(TIN_IE/6.253185307179586)
DJ=NJO+NDJIO

TIME=ALLOTZITIME)

COMPUTE GREENWICH APPARENT SIDEREAL TIME AT TO + DELTA T

EPHR = TIME * 3,81971863421
EOR=EQN(DJ»EPHR s XXsXX XX}
ST=GASTZIDJ»EPHREQR}

CALL JULCAL(DJsNMsND,>NY)

CONVERT UNIVERSAL TIME IN RADIANS T@ HOURSs MINUTESs AND SECONDS
CALL RHMSZI(TIMEsITsIHsIM»TS).

CALL BRWR2(DTIMES»ENZ}
SST=SINF(ST)

CST=COSFIST)
RGI{1)=RXBI1)¥CST+RXB(2I*#5SST
Gl2 XB(2)*CST-RXBUL1)*SST
RGI3)=RXBI{3)

CALL VRDZ(1sRGsGCLATGCLONR)

COMPUTE GEODETIC LATITUDE OF SUBSATELLITE POINT
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vo2000

204
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7004
2051

207
2052

COMPUTE HEIGHT OF SATELLITE ABOVE COMPUTATIONAL ELLIPSOID ALONG
NORMAL FROM SATELLITE 71O ELLIPS®ID

GDLAT = GDLATZ(GCLAT»RsREsFL4ALT} .
CONVERT LATITUDE AND LONGITUDE IN RADIANS T@ DEGREESs MINUTES,
AND SFC@NDS

TGCLON=GCLON-3,141592653589793
1€ (TGCLON) 1062106251061
GCLON=TGCLON~3,141592653589793
CONTINUE

CALL ROMSZ[GDLATsIIsIPD, IPM,TPS)
CALL RDMSZI(GCLONSII»ILDsELMaTLS}

QUTPUT PREPARATION

NYM19=NY-19

WRITE GUTPUT TAPE 356024 3NMsNDyNYMLY s IHs IMsTSs IPDs IPMsTPS, ILDs
1 ILMaTLS4ALT

IF {SFNSF SWITCH 6} 107,108

PRINT 6024;NM,ND)NYM19;lH’IM;TSyIPD’IPMiTPSylLDrlLM’TLS’ALT
IF {DTIMES-WMAPF} 1035109,109

1F (SENSE SWITCH 1) 1105199

PRINT 6025

PAUSE 77776

END WORLD MAP CALCULATION
IF (LA} 1515200

BEGIN LOCAL STATION PREDICTIONS CALCULATION
(NO® CALCULATION IF LA=0)

READ 9505 NLA ECCLsMINV s XMAX
IF {NLA} 1+1,2001
READ 9506 yRDMAXsRDMINSRASDEC
XMIN=MINY
TF{XMAX) 902,902,903
XMAX=1000000.0
IF(RA) 90499055904
RAR=RA%*,0174532925
DECR=DFC*,0174532925
VXE(1) = COSFIDECR) * COSF(RAR}
VXF{2) = COSFIDECR) * SINF{RAR})
VXF{3} = SINF(PECR}
CALL VRDZ{1sVXEsDECR,RAR,XXX)
RA= RAR¥57,2957795
DEC=NECR%#57,2957795
WRITE OUTPUT TAPE 39504
IF {SENSE SWITCH 6) 201,292
PRINT 9504
ic) 205 N=1sNLA =
60275STAT1(N} ;STATZ{N) sLOND>LONM » XLONS s LATD »
lLATMvXLATS
WRITE UUTPUT TAPE 3+60285STATLIN) sSTATZIN) s LOND s LONM »XLONS s LATD »
1LATMsXLATS sHGT
IF (SENSE SWITCH 6) 20352031
PRINT 6028sSTAT1(N)»STAT2(N)»LONDsLONM»XLONS s LATD s LATHM, XLATS »HGT
CONTINUE
COORDI1) = DMSRZILATDsLATM,XLATS)
COGORN{2) = DMSRZ(LONDsLONMsXLONS)
CGORD(3)=HGT/1009.0
RLAT(N)=COORD{1}
RLAN(N}=CPORD (2
CALL VFUZ{COGRDs+REsFLsU)
NB 204 J=1,3
SUINsJ =0
CONTINUF
WRITE GUTPUT TAPE 359507,MINVsXMAX+RDMAX»RDMINsRADEC

INITIALIZE LINE COUNT AND DELTA T (DIFFERENCE BETWEEN
LOCAL STATIGN PREDICTI®ONS STARTING TIME AND EPGCH OF INPUT
PARAMETFRS IN SECONDS)

LINFS=1
LINE6=1
DT IMES=XLAS~DTLA

SKIP A PAGE AND PRINT HEADING FOR L®CAL STATI®N PREDICTIGNS
PRINT QUT

WRITE QUTPUT TAPE 36038
WRITF QUTPUT TAPE 3,9502
IF{ICCl) 7004,700457005
WRITE QUTPUT TAPE 646038
WRITF QUTPUT TAPE 659502
WRITE QUTPUT TAPE 637500
IF{SENSE SWITCH 6) 2051,2052
PRINT 6038

PRINT 9502

CANT INUF
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208 WRITE @UTPUT TAPE 3;9503-(STAT2(I)1I = 1:NLA)
1F (SENSF SWITCH 6} 210:2
210 PRI 31!STAT2(I)H = 1sNLA)
2170 IF (SENSE SWITCH 2) 2171'2
2171 PRINT 6025
PAUSE 77775
217 LINESSLINFS+1

SKIP A PAGE AND PRINT HEADING IF 50 LINES OF CALCULATION
HAVE BFEN PRINTER

Annn

9600 IF (LINES-40) 231,231,218
218 LINFS=1
WRITE @UTPUT TAPE 3,6038
WRITE GUTPUT TAPE 3:95035(STAT2(I1)+I = 1sNLA}
IF (SENSE SWITCH 6} 220,231
PRINT 6038
PRINT 95035 (STAT2(I1,1 = 1,NLA}
231 IF {ICCL) 7016570167007
7007 IF {LINE6-40) 7016s7016,7015
7015 LINE6=1
WRITE QUTPUT TAPE 646038
WRITE QUTPUT TAPE 6+7500
D7016 DTIMES=DTIMFS+DTLA
TIME=TIMEQ+DTIMES*0,727220521664304E-4
DDJO INTFITIME/6.253185307179586)
DJ- X
TIME=, ALLGTZ(T]ME)

221

o

COMPUTE GREENWICH APPARENT SIDEREAL TIME AT TO + DELTA T

= TIME * 3,81971863421
=EQNIDJ1EPHR 9 XX 9 XX XX )
GAST7 (DJSEPHRs EOR)
CALL JULCALIDJsNMsNDsNY)

CONVERT UNIVERSAL TIME IN RADIANS T® HQURS, MINUTESs AND SECONDS

CALL RHMSZ{TIMEsIIsIH»IMaTS)
NYM19=NY-1900

A 9ANN DOTANND QO

CALL BRWRZ(DTIMESsEN2Z)
SST=SINF{ST}

OSF{ST}
RG(13=RXB(1}¥CST+RXB(2)*SST
RG(2)=RXB{21¥CST-RXBI1)%#5ST
RG{3)=RXB(3)

KK=0
DO 242 N=1,NLA
DO 232 M=1,3
PGU (M) =RG{M)~SUINsM}
CALL R13Z{RTXs0s=STsRGU}
DUMX=DOTZ{RTX»VXE)
TESTA(N)=DUMAX57,295780
R13A1=1.57079632679-RLAT (N}
R13A2=1. 57079632679*RLON(N)
CALL R13Z{ZsR13A1sR13A2sR
CALL vRDZ(z,z,FLEVAT,AzxMur,RANG)
ELED (N)=57.29578XELEVAT
AZID(N}=57.29578*AZ IMUT
RGE{N)=RANG
IF A\ELED(N)~XMIN) 233,234,234
8 233 DATA(N)=APRINT

60 19 242

234 IF (TESTA(N)~RDMIN) 235,236,236

B 235 DATAIN)=APRINT

GO TO 242

236 IF (TESTA(N)~RDMAX) 23852385237
B 237 DATA(N)=APRINT
60 TO 242 N

238 IF (RGEIN}-XMAX) 24052405239
239 DATAIN)=APRINT
GO TO 242
DATA(N}=BPRINT
SENSE LIGHT 1
IF (1CC1) 2625242>241

23!

owo
R

ovoo

w @
n
>
o

241 RK=KK+1
RGF1{KK)}=RGE{N)
FLEDLIKK)=ELFDIN}
AZIDYI{KK)=AZIDIN)
TESTAT{KK FSTAINY

B STAT3{KK) STATLIN)
8 STAT4UKK) = STAT2(N)
242 CONTINUF

IF (SENSE LIGHT 1) 243,2460
243 IF (LC2-1) 24552449245
264 WRITE BUTPUT TAPE 3,9501
LC2=0
LINES =LINES+1
245 WRITE GUTPUT TAPE 3,6052sNMsNDsNYM1951HeIM»TSs (DATAIN)s N=1,NLA)
LINES= LTNES+1
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IF {1CCLl} 24792479246
246 WRITE QUTPUT TAPE 6+7501sNM,NDsNYM19,THsIMy (STAT3 () #STAT4LI),
1RGFLIT)5AZIDI{I)»ELEDIL{T}+TESTAL(I)» 1 =1sKK}
LINE6=LINFE+KK+1
GO T& 247
2460 LC2=1
247 CONTINUE
IF [ DTIMFS-XLAF) 96005248248
248 IF (SENSF SWITCH 2} 249.7010
249 PRINT 6025
PAUSE 77774
7010 IF (ICCl) 200520057011
7011 FND FILF &
Ga 1O 200

C
< END LOCAL STATION PREDICTIONS CALCULATION
c <

300 PRINT 6039
FND FILE 3
PAUSE 77777
GO TO 1¢
END



APPENDIX VII

SOURCE DECKS OF SUBROUTINES
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#% START PROGRAY wee

DATE 2/25/765

FUNCTION ALLUT FORTRAN SQURCE PRDGRAM.
CARDS COLUAI

LIsTB

LABEL N

FUNCTION ALLOT(X}

VERSION OF 07/22/63
FORTRAN FUNCTIDN
FOR USE WITH FORTRAN 2 MONEITOR 3N IBY 7090, 7394

PURPDSE

ALLITQ0Q
ALLOTIDY
ALLITOD2

ALLDTOD3
ALLITDI%
ALLOTOD5
ALLITIO6
ALLOTO07
ALLOTII8
ALLOTID9

REDUCES AN ANGLE OF ANY MAGNITUDE AND SIGN 3Y 4JDULUS 2 PI ALLITI1)
AND ADDS 2 PI IF ANGLE IS VEGATIVE. THE RESULTINS ANSLE ISALLOTILL

PISITIVE BETWEEN 0 AND #2 PI MDIANS.
CALL[NG SEQUENCE

= ALLOT{X)
INPUT
= ANGLE IN RADIANS
BUTPUT
NAME = ANGLE IN RADIANS BETWEEN 0 AND + 2 PI ADIANS
REFERENCE
nrenen
METHDD
sevuae
RESTRICTIONS
e
CCURACY

enesn

REQUIREDN SUBPIOGRAMS - FORTRAN 2 MINITIR
NINE

REQUIRED SUBPROGRAMS - OTHER
NINE

STORAGE REQUIREMENTS
41

TIMING
ND ESTIMATE AVAILABLE

PROGRAM MUDIFICATIONS
VD MODIFICATIONS TO DATE

sassnssansannnnsuy

2 ALLOT=MJOF(X,6.2831853)
3 IF (ALLOT) 4.5,5

4 ALLOT=ALLOT+6.2831853
5 RETURN

FUNCTION ALLJTZ FJRTRA{ SIURTE PIUSRAM
CARDS COLUMMN

Lisre

LABEL

FUNCTIUN ALLITZ(X)

VERSIDN JF 7722763
FIRTRAY FUNCTION
FJ& USE AIT4 FIRTRAN 2 MONITIR IV I8M 739D, 7334

PURPOSE

REDJCES AN AVGLE OF ANY MAGNITJDE AWD SI3V 3Y MIDYLJS 2 PI

ALLITILI2
ALLJT313
ALLOTILS
ALLOTILS
ALLOTI1S
ALLITIL7
ALLOTIIB
ALLDTI19
ALLITI2)
ALLITI21
ALLITI22
ALLDTIR3
ALLOTIR4
ALLITI25
ALLITIZ6
ALLOTD27
ALLITI23
ALLITI29
ALLITI33
ALLITI3L
4LLDTI32
4371333
ALLITI34
ALLITI35
ALLITI38
ALLOTI37
ALLITI38
ALL3T339
ALLITI4D
ALLITI4)
ALLOTI%2
ALLIT3%3
ALLITI44
ALLIT245
ALLOTO%S
ALLITI5)
ALLIT)53
ALLITI5%
ALL3T)56
ALLIT)57

brssrnesnrenanenssonsnnierALLITI58

ALLITIS3
ALLITISD
ALLITIS)
ALLITIS2
ALLITIS3
ALLITISS
ALLITZDD
ALLITZIL
ALLITZI2

ALLITZ)3
ALLITZ)¢
ALLITZIS5
ALLDTZDS
ALLITEDT
ALLITZDE
ALLITLDY
ALLITZLY

AND ADDS 2 PI [F ANGLE IS NESATIVIL. THE RISJLTING ANSLI JSALLOTILL

PISITIVE BETAWEEN O AND ¢2 PI, RADIANS,

CALLING SEQUENCE
b NAME = ALLITZ(X)

TYPUT
= ANGLE IN ADIANS

X MUST BE AVAILABLE I[N JALLING PRI5AM IV JJJ3LE >
FIRM.

ouTPUT
NAME = ANGLE ¥ RADIANS BETWEEN D AND & 2 PI AD{ANS
NAME IS RETJIINED TO CALLING PIJ3RAM [V DIUBLE PRESISION
FORY.

REFERENCE
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aLLlrziez
ALLITZ13
ALLDTZ1G
ALLITZLS
ALLITZLIS
ALLITZLT
ALLITZ18
ALLITZL1Y
ALLITI23
ALLDTZ21
ALLITZ222
ALLITZ23
ALLJTZ24
aLLITZ2s
ALLITZ25
ALLITZ27
ALLITZ23
ALLITZ27
ALLITE3)
ALLITZ31



HETHI

:

)

RESTRICTIONS .
esnun

ACCURACY - ——— e —
INTERNAL ARITHMETIC IS PERFORMED IN DIUBLE PREZISION.

REQUIRED _SUBPROGRAMS = EORTRAN 2 MONITIR
DMOD, (DFAD)

OTHER .

REQUIRED_SUBPROGRAMS_
NINE

STORAGE REQUIREMENIS _ PR
6% WITHOUT REQUIRED SUBPROGRAUS

TIKING J— -
NO ESTIMATE AVAILABLE

PROGRAM MODIFICATIONS
ND MODIFICATIONS TQ DATI

ALLOTZ32
—ALLOTZ33
ALLITZ34
ALLITZ35
ALLDTZ36
ALLOTZ37
ALLDVZ38
ALLOTZ39
ALLITZ4D
ALLOTZG1
ALLITZ42
ALLOTZ43
ALL3TZ46
ALLOTZ45
ALLOTZGS
ALLITZ47
ALLOTZ4B
ALLITZ249
ALLIOTZ59
ALLOTZS51
ALLITZ52
ALLOTZ53
ALLITZST
ALLITZSD
ALLOTZS51
ALLITZ53
ALLITZS54

#sass START PROGRAM

UOOMOONR00MO0GH000000000000nRIN

2 ALLOTZ=MODF(X,6.283185307179586)

3 IF (ALLOTZ) 4,5,5
] 4 ALLOTZ=ALLOTZ+6.283185307173586

5 RETURN

END
- FUNCTION ATANQ FORTRAN SJURCE PROGRAY
. CARDS COLUMN
- LISTB
. LABEL
FUNCTION ATANQ(SC)

: VERSION DF D3/23/64
° FIRTRAN FUNCTION
< FIR USE AITH FORTRAN 2 MONITOX JV IBX 7090, 7094
< PURPDSE
z - COMPUTES THE ARCTANGENT JF AN AVGLE WITH PIPER ALLIC
4 OF QUADRANT TO THE ANGLE BETWEEN O AVMD + 2 PI RADIANS
< CALLING SEQUENCE
H NAME = ATANG (S,C)
5 INPUT
H S = paSINIAY
< 4 = D*C3ISLA)
< WHERE D IS AN ARBITRARY PISITIVE CINSTANT (NIR
Z 0 = +1.2}
5 uuTPUT
< NAME = ANGLE A IV RADIANS BETWEEN 2 AND + 2 PI 1AD[AYV
: REFERENCE
- REFER TJ YATHEMATICAL DESCRIPTIIN IN SJUBPRIZRAM AR[TE
< METHOD
bl USES FORTRAN MONITIR FUNCTION ATANF. TESTS THE SISNS
< SINE AND CISINE, THEN ADDS OR SUBTRAZTS APPRIPIATE
4 FRACTIONS OF 2 PI RADIANS TJ ASSIZN ANGLE T3 PROPER
< QUADRANT BETAEEN O AND + 2 PI RADIANS,
< RESTRICTIONS
et ATANQ(0/0) = D BY DEFINITION
: ACCURACY
B reres
3
< REQUIRED SUBPROGRAMS ~ FURTRAN 2 “ONITIR
< TAN
< REQUIRED SUBPROGRAMS — OTHEIR
: NONE
E STORAGE REQUIREMENTS
< 173 WITHOUT REQUIRFD SUBPR3IGRAMS
< TIKING
C NO CSTIMATE AVAILABLE
E PROGRAM MUDIFICATIONS
E'i"' START PROSRAM sanes

<

IF (C) 108,100,116

75

ALLITZSS
ALLITZSS
ALLITZS7
ALLOTZ58
ALLOTZS59
ALLOTZ7D
ALLITZTL
ATANQIDD
ATANQIDL
ATANIIDZ

ATANQII3
ATAN2ID4
ATAN2OIS
ATANDIIS
ATANDID7
4T4%2008
ATAN23I9

ATION ATANDILD
N ATANQIEL
ATANDILZ
ATANIIL3
ATANDILG
ATANDILS
ATANDILS
ATANDILT
ATANDILS

MALLY ATAN2ILD
ATANDI2D
ATANDI2)
ATAVDI22

s ATANDIZ3
ATANI26
ATANDI25

N ATANII2S
aravQi2?
ATANDI2E

I8 ATAN2I2
ATANDI3)
ATANQI3)
ATANQD32
ATANDI33
ATANDI34
ATANDI3S
ATANQI36
ATANQD37
ATANDI3S
ATANQI3Z
ATANQD4D
ATANDI4L
ATANQD42
ATAN2D43
ATANDI4G
ATANDD4S
ATANQD4H
ATANI47
ATANJI4S
ATANQI49
ATANQISD
ATANJI51
ATANIDSS
ATAN2IS8
ATANQI59
ATANQISG
eeresaalTaNl)os
ATAN2IS6
ATANQDS?



100 IF ($) 102,104,106 ATANQ0SS
_102_A =4.712 388 98 -ATANQO6D.
RETURN ATANQ070

1D4 ATANQ=0.0 ATANQOT1
N, -ATANQOT2.
ATANQO73
ATANQDIT4
108 IF, {S) 110,112:114 ATANQOTS
110 ADD=3.141 592 65 ATANQO76
i ATANIO?T

. ATANDDZB.
ATANQIT79
ATANQISO

LATANQIBL.
ATANDIB2
ATANQGIS3
ATANGI84G
ATANQIBS
ATANQOBS

122 ADD=0.0 M- ATANQOBT.
124 1F {ABSFIS}-ABSF(C}) 126,128,130 ATANQDBE
126 ATANQ=ATANF{S/C)+ADD ATANQDBY

RETURN . ATANIFD

128 ATANQ=0.785 398 163+A0D ATANQISL

RETURN ATANQJI92
130 ATANQ=1.570, 796 33-ATANF{C/S)+ADD ATANQIISZ
RETURN ATANQDY4
132 IF (ABSF(S)-ABSF(C)) 126,134,136 ATANQD9S
134 ATANQ=-0,785 398 163+ADD. N ATANZ)I96
RETURN ATANQIIT
136 ATANQ=~1.57079633~ATANF(C/S)}+ADD ATANDQII8
RETURN ATANQI99

END ATANQLOD

FUNCTION ATANZ FURTRAN SJURCE PROGAM ATANZIIO

CARDS COLUMN ATANZO)L

LISTB ATANZIDZ

LABEL

FUNCTIDN ATANZ{S:C) ATANZII3

ATANZ004

VERSION OF 07722763 ATANZDIS

FORTRAN FUNCT [ON ATANZOJ6

FOR USE WITH FORTRAN 2 MONITOR OV IBH 7090y 7094 ATANZIIT?

‘ ATANZDDB

PURPOSE ) ATANZID9

COMPUTES AN ANGLE FROM ITS SINE AND CISINE AND PLACES THE ATANIDLD

THE ANGLE IV A POSITIVE QUADRANT BETWEEN O AND + 2 PI ATANZILL

RADIANS. ATANZIIL2

ATANZOIL3
ATANZ2L4

CALLING SEQUENCE ATANIOLS

D NAME = ATANZ(S,C} ATANZS16
ATANZILIT

INPUT ATANZOL8
s = SINE OF ANGLE (+ OR -) ATANZIL19

€ = COSINE OF ANGLE (+ OR =) ATANZI2D
ATANZIZ1

INPUT ARGUMENTS MUST BE AVAILABLE IN CZALLING PROGRAM IN aTaNZI22
DJUBLE PRECISION FORM. ATANZI23
N ATANZD24

ouUTPUT N ATANZI25

NAME = ANGLE IN RADIANS BETHEEY O AND ¢ 2 PI ADIANS . ATANZI2S

ATANZD2T

AME IS RETURNED TO CALLING PROGRAM IN DOUBLE PREIISION ATANZIZSB

Mo *

N
FOR aranzaz9
aTANZ23)
REFERENCE ATaNZI31
rere - ATANZI3Z
ATaNz)33
METHUD ATANZ)34
USES FORTRAN MONITOR FUNCTION ATAN2F. IF AISUMENT ATANZD3S5
RETURNED BY ATAN2F IS -, 2 PI RADIANS ARE ADOED . ATANZI36
aTANZI3T
RESTRICTIONS ATANZD3B
serses ATANZI39
ATANZI4D
ACCURACY ATANZI4L
INTERNAL ARITHMETIC "1S PERFIRMED IN DOUBLE PRECISION. ATANZD%2
ATANZIG3
REQUIRED SUBPROGRAMS - FORTRAN 2 HONITOR ATANZD44
DATAN2, [DFAD) T ATANZDGS
ATANZID4S
REQUIRED SUAPROGRANS - OTHER ATANZDGT
NINE, ATANZD4S
ATANZISS
STORAGE IEQUIREMENTS ATANZISO
67 WITHOUT REQUIRED SUBPROGRAMS ATANZDS51
N i ATANZD52
TIHING aTanzd53
NO ESTIMATE AVAILABLE ATANZD54
ATANZDSS
ATANZDS9
. ATANZDS2
PROGRAM MODIFICATIONS ATANZI53
NO MODIFICATIONS TO DATE ATANZI55

76
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trres 0 o000
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ATANZOGS

we START PROGRAK ATANZOST.
ATANZDS8

2 ATANZ=ATAN2F(S,C) ATANZI69
3 1F (ATANZ) %5:5. . . ATANZDTO.
4 ATANZZATANZ¥6.283185307179586" ATANZOTL
5 RETURN ATANZDT2
. ATANZDT3
susRourxNE 8BRWR FORTRAN SOURGE PROGRAH BBRHI000
CARDS COLUBN BARHRIDL
BBRARDZ

LAB

SUBROUTINE BBRWR{DA;ATsJsK} .. BBRHRIII
BBRHROD4

VERSION OF 10/02/63 BBRHRIDG
FORTRAN SUBROUTINE BBRHRIIS

FOR USE WITH FORTRAN 2 HONITOR ON [8M 7090, 7094 BBRNRIDT
BBRWDIB

PURPOSE . . BBRHRIDI
. COMPUTES BROUWER MEAN DRBITAL ELEMENTS FROY DSCULATING 8BRHROLO
ORBITAL ELEMENTS BY MEANS OF AV ITERATIVE PRICESS. 8BRADILL
8BRHRI12

CALLING SEQUENCE 8BRWIL3
DIMENSION DA{6),AT(6) BBRHRIL4

CALL BBRWR{DA;AT3JsK} 8BRWIS5
BBRHRIL6

INPUT BBRWRILT
= MAXIHUM NUMBER OF ITERATIDNS ALLOWED BBRW18

DA{1}= TRUNCATION FACTOR FOR SEMI-HAJOR AXIS - KILJ¥ETERS BBRHIILY

PA[2)= TRUNCATION FACTOR FOR ECCENTRICITY - DIMENSIJVLESS BBRWRI20

DA(3)= TRUNCATION FACTOR FOR INCLINATION - RADIANS BBRWIJZL

DAl4)= TRUNCATION FACTOR FOR RYGHT ASCENSION JF ASCENDING BBRHID22

NODE - RADIANS B8AHI23

DA{5)= TRUNCATION FACTOR FOR ARSUMENT OF PERIGEE - RADIANS BBRAI24

DAlS)= TRUNCATION FACTOR FOR MEAN ANDYALY — RADIANS BBRHRI25

- 8BRHRI26

TRUE VALUES OF DSCULATING ORBITAL ELEMENTS 8BRAD27
BBRAI28

AT{1)= SEMI-MAJOR AXIS ~ KILOMETERS 8BRNI29

AT(2}= ECCENTRICITY ~ DIYENSIDVLESS  8BRWRI30)

AT(3}= INCLINATION - RADIARS 88342331

AT(4)= RIGHT ASCENSION OF ASCEVDING MODE — RADIANS BBRARI32

AT(5)= ARGUMENT OF PERIGEE - RADIANS 88343233

AT(6)}= MEAN ANDMALY - RADIANS BBRWII4
B8BRAI35

QuTPUT BBRW3D36
= NUMBER OF ITERATIONS REQUIRED FIR CONVERGEN BBRNIIIT

. BBRWI3S

OUTPUT VIA COMMON 8BRA339
8BRAD4D

BROUWER MEAN ELEMENTS 8BRHIG1
BBRA2I42

AL12(1)= SEHI-MAJOR AXIS ~ KILIMETERS 8RRA43
A11D(2)= ECCENTRICITY - DIMENSIONLESS  8BRHD4¢
ALID{3)= INCLINATION - RADIANS BRRHD4S
AL13{4)= RIGHT ASCENSIIN OF ASCENDING VODE - IADIANS BBRHIAS
AL1D{5)= ARGUMENT UF PERIGEE - RADIANS BBIAD4AT
AL19(5)= MEAN ANOHALY - RADIANS BBRHIGA
BBRH4

REFERENCE BBIHRI5)
RECFER TO MATHEMATICAL DESCRIPTION IN SUBPRISXAM WRITEUP  BBRARISL
BBIWI52

HETHOU ABRWI5I
FOR THE 1ST APPROXIMATION, THE MCAN CLEMCNTS A3E ASSUMED  BBRARD54

TJ BE EQUAL TO THE TAUE OSCULATING ELEMENTS. [V SJBSEQIENTBBRAISS
APPROXIMATIDNS, THE MEAN ELEMENTS ARE SEV CouAL TJ THE  8BRAISS

MEAN CLEMENTS UF THE PREVIDUS APPIOXIMATION PLUS THE 383WI57
ALGERRAIC DIFFERENCE BETWCEV THE VALUZS OF TH4E TUE 8BA2358
OSCULATING ELEMENTS YINUS THE VALUES 3F THE JSSULATING BBRAI5T
ELEMENTS COMPUTED BY SUBROUTINES BRWRL AND 83A32. 8331353
SJBROJTINES BRWRL AND BRWR2 COWPUTE USCULATING ELEMENTS  BBRAWIISL
ACCORGING TO DIRK BROUNER'S ARTIFITIAL SATZILLITE FHERY  BBA3IS2
WITHOUT DRAG. BBRA63

T41S METHOD SUSGESTED BY OR. HANS HERTZ, DATA SYSTEMS BBRARISE
OIVISION, GODDARD SPACE FLIGHT CENTER. BBRARISS
BBRAISS

RESTRICTIONS BBRAIST
FOR SHALL ECCENTRICITIES, THIS SUBROUTINE WILL NOT 8831158
CIWEKGE. ERROR WARNING IS PRINTED OV LINE AND DN TAPE  RBRAIs9

UNIT A3 BEFORC RETYRNING TO CALLING PRIGRAM [F COVVERGENZZ BBIARITO

IS NOT OATAINED AFTER J ITERATIONS. 8834371
BAINAIT2

ACCURACY 8BRWIT
SEVERAL TEST CASES WERE RUN WITH ECCENTRICITIES IV T4E 8BRARIT
NEIGHBORHUDD OF .1 AND CONVERGENCE WAS REACHID AFTER & IR  BBRWRDIS

5 ITERATIONS. 8BINITS
BBRHIITT

REQUIRED SJBPRUGRAMS - FORTRAV 2 MONITIR 8832378
(STH), (FIL) s (SPH) BBRAD73

8BRHISD

REQUIRED SUBPROGRAMS - OTHER 88343381
07/22/63  ALLDT BBRAR232
07722763 ALLOTZ BBRARII3Z



4 03703764 . ATANQ BBRWRIBS
[ 07/17/63 _BRHRL _BBRIHRIBS
3 01731764 BRWR2 BBRHROBG
[ 03/02/64 ELRY. BBRWADST
4 o e 09/12/63 XKEP_ -BBRHRIGS
3 BBRKRIY
¢ STORAGE REQUIREMENTS BBRWD30
£ .. . 146 HWITHOUY REQUIRED. SUBBROGRAMS._ BBRHRIIL
H N BBRHRII2
[ TIMING 8BRN)I3
RS —.-NO ESTIMATE AVAILASLE —BBRWRII4
c BBRHRIIS
C BBRWRD99
- [ -BERHR1J2
PROGRAH MODIFTCATION BBRARLD3
8BRHR16
ass START PROGRAM arsussEeRRIRREERRINERRSLS *#BBRNR137
4 BBRHR1IB
100 FORHAT [//24H wréses HARNING eewsess /T7H NO CONVERGENCE [N BBRWBBRHRLDY
. - LR SUBROUTINE. BROUWER _HEAN ELEMENTS ARE NOT ACCURATE.. Z////). BBRH3110
4 BBRAR111
DIHENSTON DUM1(100} BBIHL12
DIMENSTON DA(6);AT{6},ALINFAT - RUUVITAI. ACILYL . AATILY TRATIC BBRAR1L3
4 BBRWI114
COMMON DUM1,A110,0UHXy AC BBRW3LLS
c BBRAR116
K=0 BBRHR1L7
. DD 10 N=1,6 BBRWR118
10 ALLOIN) s AT(N) BBRHRL19
4 88343120
1 CALL BRHRL BBRWRI2]
3 CALL BRWR2(0.0;0.0)
H BBRW123
K=K¢l BBRAR126
IF {K=J) 4s4e3 BBRARIZS
3 WRITE OUTPUT TAPE 3,100 BBRWRI26
PRINT 100 BBRH3IZT
RETURN BBRW3L2B
€ BBRHRL2Y9
4 DD 5 N=1,6 BBRN130
DATIN) = ATIN} - AC(N) BBRWL31
5 TDAT(N) = ABSFIDATIN}) BBRAR132
4 BBRAR133
DO & N=1,6 BBRHRL34
IF {TOAT(N)-DAIN}} 6:6:8 8BRH3L35
6 CONTINUE BBRAA 3G
7 RETURN BBRH3137
c . BBRW2138
8 DD 9 N=1,6 BBRARL33
9 ALLOIN) = ALID(N} ¢ DAT(N) BBRA14D
AL10{3)=ALLOT (A113(3)) BBRHL41
AL10(4}=ALLOT(ALL0(4)) BBRH3L42
A110(5}=ALLOT[A110{5}} 8BRHLG3
ALL0{6)=ALLOT(AL11016)) 8BRH3L44
60 YO 1 BBRHLSGS
END 8BRNL4S
. SUBROUTINE BRWRL
. CARDS COLUMN SRAR1DIL
. LIST8 BRAR1I2Z
. LABCL
SUBROUTINE BRWR1 BRAR1II3
BRARLID4
VERSION OF 97/17/63 BRHR13I5
FORTRAN SUBROUTINE BRNI1DDS
FIR USE WITH FORTRAN 2 MONITOR 3V I84 7090, 7094 8201207
BRA1II8
PURPOSE 8RW1III
BRWRL AND BRWR2 CONVERT BROJWER MEAN JRBITAL ELEMENTS T0 824R11D
OSCULATING ORBITAL ELEMENTS AND TO PISITION AND VELICITY 83431211
COMPONENTS. SECULAR AND LONG PERIOD CIEFFICIENTS AND OTHER 82431312
INTERMEDIATE QUANTITIES WHICH ARE FUNCTIDNS JF THE MEAN BRWILILS
ELEMENTS AND THE EARTHS GRAVITATIOVAL HAZMDNIZS ONLY (I.Z., D3 NOTBRANRIILG
VARY WITH TIME AND ARE CONSTANT FIR ANY SIVEV SET OF MEAY BRARLILS
ELEMENTS) ARE COMPUTED IN BRWRL AND PLACED IV COMMIN. BRWI2 TAN BRARLJLS
THEN BE USED TO CALCULATE OSCULATING DRSITAL ELEMENTS FOR ANY BRARLILT
SPECIFIZD VALUE OF DT (TIME ELAPSED FRIM EPOCH OF MEAN 33431018

A OONOGOOAGONO0000000000000000000

ELEMENTS). CJYMOUN 1S USED TO TRANSFER INPUT TO SUBRJUTIVE BRW1 BRAILI
FROM CALLING PROGRAM, CONSTANTS AND INTERMEDIATE CALCULATIONS ©2043RAR1220
BRWR1 TO BRWR2, AND TO RETURN DUTPUT FRJ¥ BRWI2 TJ IALLING PRO3RAMSARLIZL

- BRARLIZ2
DUML IS A DUMMY VARIABLL INSERTED AS FIRST VARIABLE I[N COMMON [N BRAR1I23
BRHRL AND BRWR2 TO PERMIT SHIFTING OF VARIABLES IN UJMMOV ARZA [F BRARLIZ24
DESIRED. THE DIMENSION OF OQUML HMAY BE CHANGED BUT S+4JULD BE THE BRALI25

SAME IN SUBROUTINES BRWR1,BRWR2, AND THE ZALLING PRIGRAH. BRNRLIZS
BRAR1I27

CALLING SEQUENCE BRAR1I2S
CALL BRWRL 83431029
BRW31230

INPUT VIA COMMON B8RNR1J31
BROUWER MEAN ELEMENTS 4 BRWR1D32
AL1JE1l} = SEMI-MAJOR AXIS = KILIMETERS BWR1I33
A110(2} = ECCENTRICITY “ BRAR1JI34
Al13(3) = INCLINATION - RADIANS BRAR13I3S
A112{4) = RIGHT ASCENSION OF ASCENDING NODE - RADIANS BARL1I3E

78



4 Al10{5} = ARGUHENT OF PERIGEE. - RADIANS BRWR1D37
L. L_Al10(6) = MEAN ANOMALY - RADIANS BRHR1JIIG
4 BRHR1)39
c EARTHS GRAVITATIONAL CONSTANTS BRHR10%0
L. - s e e -+ -BRHR1DSL_
4 GP{1) = GM{PRODUCT OF G,THE GAUSSIAN CONSTANT SQUARED, AND BRWR1)42
c My THE HASS OF THE EARTH) - KM. CUBED/SEC. SQUARED BRWR1D43
[ GP{2) . = K2 ) . ZONAL HARMONIC . - KHM. SQUARED BRHR1J%44
< GP(3) = K3 ) COEFFICIENTS OF THE ~ KM, CUBED BR#AR1J%5
c GPl4} = K& ) EARTHS GRAVITATIONAL - KM. TH POWER BRWR1D46
c GPIS) .= K L. EIELD .. - OHER .BRAR1I47 .
c BRWR13%8
c ERR = TRUNCATION FACTOR REQUIRED IN BRHR1J%9
¢ FUNCTION XKB2 _ ... .. on .= JBDIANS ..BRHR125D .
c BRHR1251
c QUTPUT VIA COMMON BRHR1252
4 BRWR1D53
(4 REFERENCE BRWR1D54
o DIRK BROUWER - SDLUTID\I OF THE PRIBLEM OF ARTIFICIAL BRHR1355
c SATELLITE THEDRY WITHOUT DRAG - BRHR1J56
e THE ASTRONOMICAL JOURNAL, VOL. 64, NO. 9, BRHR1DIST
c NOVEMBER 1959, PAGES 378 - 397 BRWR1J58
£ BRWR1059
C METHOD BRWR1350
14 REFER YO MATHEMATICAL DESCRIPTIJN IN SUBPRIGRAM WRITEUP BRWR1J6L
c BRAR1IS2
c RESTRICTIONS BRWR1J63
4 REREE BRH1IS54
< BRWRLISS
C ACCURACY BRAR1JSE
c BRHR1JST
[+ REQUIRED SUBPROGRAMS - FORTRAN 2 MONITOR BRWR1D58
< SQRT,COS,SIN BRARLDIS9
4 BRWR1D70
c REQUIRED SUBPROGRAMS — OTHER BRWRLITL
< NONE . BRWR1372
< BRHR1D73
t STORAGE REQUIREMENTS BRARLITS
c 666 WITHOUT REQUIRED SUBPROGRAMS BRWRLIITS
< BRARLITE
4 TIMING BRWR1DTT
c ND ESTIMATE AVAILABLE BRARLITB
4 BRWRLDT3
- BRWR1D83
< BRWR1J86
c PROGRAM MODIFICATIONS BWR1J87
c ND MODIFICATIDNS TO UDATE BRHZ1J89
< BR®R1D30O
Coness START PIDGRAM + BRAR1I31
4 BRWR1J92
2 DIMENSION DUM1(102) BRHR1293
3 DIMENSTON AHO(5)-GP(5).All(6)'All&)vA(b).iX(B)'VX(B).EL(lB):Fl?).BRdeJ?’-
IB(‘J)'C(ID)10(23).6(13),)((28).5(3) BRARLIIS
L BRARLJIIG
4 COMMON DJMLyAl1J2GP2ERR;ALL; ALy AsRXsVXsENDSESAL,DLESDLI,ALLAUL, BRNR1J37
1 GlLsUSs4LsUHsSELsA24A34B,CeDs54XsF 3%421238
4 RRAR1II3
° COMPUTE INTLRMEDIATE QUANTITICS BRAR11DD
< BRWR1131
5 A2=A110(1)%e2 ARAR1LD2
6 A3=AllOt11=A2 BRARLLD3
Fl1) = ALID(2) BRARLLIG
7 F{2)=A11D(2)%A110(2) BRARLLDS
8 F(31=F(2}4F(2) BRARNLIS
9 F(4)=F{2)4F(3) BRAR11I7
10 F(5)=9.2F(2) BIAU1I8
11 Fl6)=4,+F{4) BXA21123
12 FiT)=2,+F{2} BRAR111D
13 B(li=1.-F{2) BRARLLLL
t4 B{2)=SQRTFI8{1)) BRA1LE2
31=8{11#8{2) BRWRLILL3
R(3)eBI3} BRWIL1EG
-*B(1) BIA21115
S5.eB{1) BRARL111S
26.#8(1) B8aWR1117
«/8(3} BR#31118
+/t{BLLIPBIL}} BA1119
0SF(AL110(3)) BRM1129
(11+0(1} BaW21121
{1)s0(1} BRAL122
131eD{3} BAL123
Pl2)/A2 BINLE24
«5#C(1)=8(9}) BRWRLL25
4166666TE-12C12)#C(2) BRWLZS
9375eGP{4)/(A2eA2#8(1)3B(4}) 83431127
83333333E-1+C{2) BWR1128
5666666T+014)/C12) BINRLL2ZI
25¢GP{3)/{GP{2)=AL10{1}e8(1)) BIW1132
45875#GP(5)/(GPL2) #A3»BI4}) BLdR1131
BRAR1132
BRARLL33
8341134
BARLL35
BRARLL36


http:C)IOC)I.ID
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39 D{B)=8,8D{4)1/D{7} .
40 _0{9) .lD(G)ID(Tl

. 41 D{10)=0{8)~
42 D(ll)=C(5)'_(i;:D(lD)-_‘L'_i-’DJ}H_C_LbJJ_HD
£3.D(12)2,16666667%C(B)¥{3,6D{10)=2,} ___

44 DI13)7.19444444#C{8)8(D(10)+D(10)=0(5))
45 DI14}=3.-16,#D[3)/D(TI¢DA9) . . . .
46 D115)=C{8)eD(14)

47 D(16}=E16)2DI15)
48 D{17} = 0.33333333'0[13J [ -
49 DI18}=, L} =

noo

aoo

noo

e

B R R R T e PR PR Y

50 0(191= 3,-0;5) — -
51 DI20}=D(6)+Di6]

37 D122)=C (10} #SQRTFID(51)
54 D(23)=4.4C(9)+D{5)

..25.E[B)=D(3)8(2,2F(4])
56 Ft 2.45,+F(2))#D(BI-D(9)#F(3)2D(3] .
57 G(1 mF(Aun(an .

..58_612)=6{1)36(1
59 5(3)=A110l21'0(1)
(41=6(3

60 6

61 G(S (3)16(1) - -
62 G(6 (4)/601}

63 G(7 (1)=6{1}

.64 GI8)}=G{1)/A11042])
65 G 110[2)«G[1)

66 G{101=G(3)+G([3)

67 G(11)=B{1)/A110(2)
68 G{l2)=.52G{11)

69 GI133=G{11)#C(9)

COMPUTE =MEAN® MEAN MOTION
70 END=SQRTFIGP{1}/A3}
COMPUTE COEFFICIENTS OF SECULAR TERMS

-BRHR1137

_BRHR1139
BRHR1140

BRWR11642
BRHR1143

LBRHR11 %4
_BRWRL145

BRHRL146

BRHR114B
BRHR1159

BRHRE151
BRWR1152

.BRHRA153
BRARLLS%

BRWR1155

BRHRI156_
BRHR1157

BRHR1158
BRHR1159
BRWR1150
BRAR1LSL
BRHR1152
BRHR1163
BRHR1154
BRUR1155,
BRAR1166
BRWR1157
BRHR)L168
BRHR1159
BRWR1170
BRHR1171
BRHWRL1T2
BRHRI173
BRMR1LT4

TL S{11=ENO#(1.+B(2)%(C12)#DL6)+C{3)#(16.#B(2)-15.+B(6)+(30.-96.#8(2)BRHILITS
1-90.%B(1))#D{3)+(105.+144.%B(2}+BI6)}#D{4) 1+C14)#F(2) w{3.-30.«D(3)BRURLLTS

2¢35.20(4)))) P - . .

72 S(2)=ENO®(C{2)sDITi+C(3)el2: B121-35.4B(6)+{90.~192.9B(2}-B(7})=
10(3)+1385.+360,#B(2)+45.4B(1))1#D{4))¢.33333333«C(4)w(21.-B(5)+
2(B17)-270.)9D{2)+{385.~189.%B(1))*D(4))}

73 S{3)=ENO»{4.¢0{1)e(CI3}2{B(5)~5.412.¢8(2)-D(3){35,¢36.98(2)¢5. ¢
1B80112)+.33333333eC{4)0{5.-3.0B{1))%(3.-7.#D(3})1-C{2)eD(2))

COMPUTE IOEFFICIENTS UF LONG PERIODD TEIMS

74 ELIL)=8{3)eD(11) N

75 EL(2)=B(2)*GIB)#(-C{T)-{4.+F(5))=D(12))

76 EL{3)=G{3)#B(3)*D(13)

TT EL{4)=.50C{6)#(F{T)-3,#FIBI+F{9})-44166666TE-14CI2}(FIT)-11.4
1F{8}45,

78 EL{S)=C{TI»{GI1}/FL1)-GLl6)}+D{12}n{{GIBI-CI6)IsFLI6)+3({9)n{25.,0¢
1F(5)))=GL4)«Gi1)eD{16)

79 ELI6)=G[I)#{D(18)2G(10)~D(17)#{3.0¢F([3)}-5(10)/6(2)}}

80 EL(7)=G(3}#A11012)e(CI5)#DI14)~-C{5)#(5.#D(14)=4.)}

Bl EL(B}=G([5)#(C(7)+F(6)#DL12)+G{2)}#D(16})

82 EL(91=G(5)'FIZ)¢(—DI17)-0115)06(2))

83 EL{1Q (LI=F{L)eD(1

84 EL{1l (7)0(’l7l0F(b)¢D(lZ))

85 EL(12 F{2)sG{7}eD(13)

86 ELI13 5131/76(7)

87 RETURN

SUBRUUTINE BRWR2 FORTRAN SQURCE PROGRAN
CARDS COLUMN
LISTS

LABEL
~SUBROUTINE BRWRZIDT,EN2)

VERSION JF 01/31/64
FORTRAN SUBROUTINE
FIR USE WITH FORTRAN 2 MONITOR DN IBM 7090, 7094
~
PURPOSE
CALLING SEQUENCE
CALL BRWR2(DT,EN2)
INPUT
- o7 = TIME ELAPSED FROM EPICH JF MEAN ELEMENTS - SECONDS
SEE SUBROUTINE HRARL FIR INPUT VIA TIMMIN
QUTPUT VIA COMMON
OSCULATING ORBITAL ELEMENTS AT TIME T = EPJCH TIME ¢ DT
Af{1) = SEMI-MAJOR AXIS - KILOMETERS
A(2) = ECCENTRICITY = DIMENSIINLESS
Al3) = INCLINATION - RAJIANS
Af4) = RIGHT ASCENSION OF ASCENDENG VODE - RADIANS
A{S) = ARGUMENT OF PERIGEE ~ RADIANS
Al6} = MEAN ANUMALY . - RADIANS

80

BRWRL177
BRARL178
BRWLLTY
BRW11BI
BIARLISL
BRARLLBZ
BRWR11833
BRWR1184%
BRARL1SS
BRWR1136
BRAR118T
BIWRIL9B
BINRLESY
BRARLIZD
BRHR11391
BRWR1132
BRARLIEI3
BRARL1I4
BRHRLLI5
BRWRLLIS
BRAR1137
BRARLLIB
BR4ARL193
BRAR12D)
82421221
8RHR1202
BRNR2000
BRARZ2II1
BRAR2DI2

BAN2324
B4R2205
BRWI22I6
BRARZIIT
BRAR22I8
BRAR2IIF
BRNR2J1D
BRWR2JI11
Bd2312
BINR2213
BdR2014
BIWR2J15
BRA2ILS
BRMR2217
BRHR2218
BIWR2ILY
BRAR2I2Y
BRARZI2L
8IN2J22
BRWR2J23
BRAR2J26
BW32225
BRAR2I2%
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4 . BRWR2027
L. SRAAL —BRNR2)28
[ RX(2) THE 3 RECTANGULAR COORDINATES OF POSITION BRNR2229
C RX(3) BRHR2030
¢ g BRHR2D31
4 yXil) BRHWR2D32
[ VX12) THE 3 RECTANGULAR COMPONENTS OF VELJCITY BRWR2J33
< vX{3) . . BRWR2D34
c BRWR2J35
[ REFERENCE BRWR2J36
c . BRWR2037.
c METHOD BRWR2238
4 BRWR2D39
c RESTRICTEIONS BRWR2D40
c BRWR2D41
4 ACCURACY BRWR2042
c . e BRWRZ2D43
C REQUIRED SUBPROGRAMS - FORTRAN 2 MONITOR BRWR2D44
L {DFMP) 4 {DFAD) ,SIN,LOS BRHR2045
€ - [ BRHR2342
c REQUIRED SUBPROGRAMS - OTHER BRHR2)47
C 0r/22/ ALLOTZ BRWR2248
C 07/22/63 ALLOT BRWR2J%43
4 03/0376% ATANQ BRHR2I50
4 03/02/64 ELRV BRWR2)I51
c 09/12/63 XKEP BRWR2D52
C BRHR2D53
< STDRAGE REQUIREMENTS BRHR2D54
4 543 WITHOUT REQUIRED SUBPRIGIAMS BRAR2J55
4 BRWR2J56
C TIMING BRHR2J57
< NO ESTIMATE AVAILABLE BRWR2D58
< BRAWR2I53
4 BRAR2D66
< PROGRAM MODIFICATIONS BIHR2I6T
< BRHR2J7TL
Cessse START PIOGRAM 3 AR2272
¢ BRWR2373
2 DIMENSION DUM1{100} BRWR2274

3 DIMENSION AL1O(6},GPI5},ALL{6),ALLI6),A161,RX(3},VX(3),ELIL3),F(9),BRARRITS

1 B(9),C{10),0(23),6{13),X128),5(3) BAA2276
BRHR2J77

% COMMON DUM1,A110+GP,ERRyALLyAlyAsRXyVXsENOSECAL,DLIE,DLI»ALLIVULy BRK2378

1 GlsUGsH1,UHsSyEL,A25A3,BsCsDyGeXsF BRH2077

< BRARZIZD
C COMPUTE SECULAR TERMS BRAR2IB1
4 BRWR2I82
All106 = AllO(6) BRHWR2083

41105 = Al10(5) BRAR2184

Al104 = Al1D{4) BRWR2135

st1) BRWR2D35

S(2} BRH2I8T7

3) BRAR2I3B

D = Al196 BRHR2239
2 = Al1Q5 BaWR2IIY
b = Aaild4 BRNRZIFL
D BRAR2232
] s2 BRIWR2DII3
o s3 BRWR2I3%

) 6 DAL106 + DS1#DT + EN2#DT##2

D 7 DAL1105+DS2¢DT BINR2II6
2 8 DAL1D4+053#DT BRA2213T
9 = ALLOTZ{ALl&) BRAWR2138

10 = ALLOTZ{ALl15) BHR2I3I

1l = ALLUTZILAll4} B4R212D

12 Al1(3}=A110(3) BRNR21I1

13 1ot2) BIAR21I2

14 A11(1)=4110(1) BAR21J3

C N 83d2134
< COMPUTE LONG PERIOD TERMS BWI21I5
< BRW3I21I6
15 X{1l)=Al1(5)+all(5) BRAR21IT

16 X(2}=X{1)+A11(5) BRAR21D8

17 X{3)=SINF(X{1)) BRAR2103

18 X{4)=COSFLALLl{5)} BRNR211D

19 X15)=COSF(x(21) BRAR2111

20 AL{6)=A11{6)+CLIEI*XI3}+EL{2)#X[4)+EL(3)#X(5} Bld2l12

21 AL(S)}=ALL(S)I+ELL4)eX(3)+EL(5)#X[4)+EL(6)eX{5) B42113

22 ALL4)=ALL{A)+ELLTI#X({3)+ELI{BIeXI4)+ELIF)X{5]) 33432114

23 DLE = EL{ID)*COSFIX{INI+EL{RR)SSINFIALL(5II+EL(L2)#SINFIXL2)) BRAR2L1S

26 DL1sCL{13)#D1lE BRAR2L16

25 AlL{3)=A11(3)+0D1¢ BINRZ117

26 AL{2)=A11(2)+01E BRA4R2118

28 ALI=ALLOT(AL{&)) BRARZ11I

29 G1 LLOT{AL{S5}) BRARZ2120

30 H1 =ALLOT{All&1} BRN32121

< BIAR2122
< CUMPUTE SHURT PERIOD TERMS BRAR2123
< BRAR2124
31 ECAL=XKEP{ALL,AL1D(2},X{6},X{T},+ERR) BRAR2LE2S

33 X{8)}=1.-A110(2}=X(7} BRAR2LZS

34 X{9}=1./X18) BAR2127T

35 X(10}=X{3)eX{9} BRWR2128

36 X(111=X(3)eX{1D) BRNR2129
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..BRWR213D
RHR

37 XU12)=X{6)sX{9)1eB12) ..
38 X(13)=X{9)w{X(T1~A110(2)}
BRHR2132
D . BRHR2133
— _-BRNR2134
BRHR2135
X{14) = ATANQ(DXIZ.DXl:) 8RHR2136
40 X{15)=61+61 —BRER2137_
41 X{16}=X(151+X(14] BRHR2136
42 X{17}=X{16]+X{14) 8RAR2139.
43 X(18)=X(17) (] _BRHR2140
.44 X{19)=SINFIX(16 BRHR2L61
45 X(20)=SINF{X{18 BRWR2142
-66 X(21)=COSEIX{ITY)____ ..BRHR2143
L 4T X(22)=D(61#(X{11}-B{8}) . BRHR2144
48 X{23)=D(19)sX(21} BRWR2145
49 X(2. 110!2!_'LZ-'COSFJLU._U*CUS_(_U_lLlA__ - — e -BRHR21S5
50 X{25)=X(9)+B(1)#X(10) BRHRZ14T
51 X{261=G[13)#(D{201#X {12} #{X(25)41.}+D{29) el {L.~X{25})uX {19+ BRWR2148
— (*(25)* 33333333)%X{20) 1)) PR BRHR2149
52 X(27)%6.#(X{14}-ALI+AL10[2)%X(12)) BRAR2150
53 X(28)=3.#(SINF(X{17))+A110(2)#X{19)}+A210(2]*X{20} BRAR2L51
4 e - . BBHR2152
T COMPUTE OSCULATING ELEMENTS BRHRZ153
c BRWRZ154
54 A{1)=A110{1)=(1. OC(ll'(X(ZZ)*X(llL‘&(ZZU.L BRARZL55
55 A{2) = AL10(2}+DLE+GI12)#(C(1)w(X(22)+X(23)o(X(11)-B(9)11-D(Z3)» BRWRZ156
1X(24))° BRWR2157
56 A(3)=A112(3140114D(22) (3. #X421)#X(24)) _ ._ _BRHR2158
57 UL= AL1-B(2)#X(26) BRHR2159
58 UG= GlelZS)fC(Q)'(D(7)CX(ZT)*D(Z!)DX(ZB)) BRWR2150
59 UH= H1-C{1D)*{X(27)-X(28} BRARZISL
60 A{6)=ALLOT(UL) BRWR2152
61 A(5)=ALLDTIUG} BRAR2163
62 AL&)=ALLDTLUH} BRYR2154
4 BRAR2155
c COMPUTE POSITION AND VELOCITY CIMPONENTS BRWRZ156
- BRHR2157
63 CALL ELRV {RX;VXsAsPsENsGPI1),ERR) BRAR2156
RETURN BRWR2159
END, . . BRWRZ17D
. FUNCTION 0JUL FORTRAN SOURCE PROGRAM DJUL 299
. CARDS COLUMN dJUL 201
* L1578 BJuL 222
. LABEL
FUNCTION DJUL [NH,NDyNY} DJUL 233
[ DJUL 0%
< VERSION OF 07/22/63 . DJUL 235
4 FORTRAN FUNCTION ‘DJJIL 336
4 FOR USE WITH FORTRAN 2 MONITOR OV IBM 7090, 7094 DJUL 307
4 - DJUL 28
< PURPUSE oJuL 229
t COMPUTES JULIAN DATE AT O HOURS UNIVERSAL TIME {03 04JL 31D
c O HUURS EPHEMERIS TIME). oJuL 211
T DJUL 12
< CALLING SEQUENCE DIUL 213
c NAME = DJUL{NM,ND,NY) DJJL 14
4 DJUL 15
H INPUT DJUL 316
4 NY = CALENDAR MONTH DJuL 017
c ND = CALENDAR DAY DJ4JL 218
< NY = CALENDAR YEAR BJUL 319
c DJuL 320
< wTPyUT DJUL 221
c AME = JULIAN DATE AT 0 HOURS UNIVERSAL TEuE DJJL 222
< DJuL 323
< REFERENCE DJUL 324
c REFER TO MATHEMATICAL DESCRIPTION IN SUBPRIGRAY WRITEUP DJJL 125
3 DJJL 226
c HETHOD J4uL 227
: THE VUMBER OF DAYS WHICH HAVE ELAPSED FROM 12 HOURS DJJL 228
< UVIVERSAL TIME JAN. O, 1800 ARC COUNTED AND ADDED TJ THE  DJJL 323
c JJLIAN DATE DF 12 HOJRS UNIVEISAL TIME OF JAN. 3, 1830. DJJL 33D
< 0JUL 31
4 RESTRICTIONS DJJL 332
4 DATE RESTRICTED TO LIE BETWEEV JANUARY 1, 1801 AND DECEYBEXDJUL I33
[ 31, 2000, DJJL 234
c SJuL 335
H ACCURACY 9JJL 235
4 EXACT BIVARY REPRESENTATION WITHIV DATE LIMITATIONS. o4JL 337
4 . DJJL 238
< REQUIRED SUBPROSRAHS ~ ‘FORTRAN 2 HONITOR 9JJL 339
< NONE DJJL 343
< DJuL 341
< REQUIRED SUBPROSRAMS - OTHER DJJL 242
c NDNE DJUL 43
4 - DJJL 44
4 STORAGE REQUIREMENTS DJUL 45
3 153 DJUL 45
: JJUL 247
< TIMING . DJJL J4B
c ND ESTIMATE AVAILABLE 2JJL 349
c DJUL 359
< DJUL 354
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¢ . . DJUL 57
.E_____PROGRAM_MODIFJICATIONS DJSUL_058
C ND MODIFICATIONS TO DATE . DJUL J50
¢ - . DJUL J51
_Cewsne START PROGRAM DJUL 52
c i N DIUL 63
2 DIMENSION RM[12} DJUL D64
G DJIUL D65
5 RM{1}=0.0 DJUL D66
6 RH{2}=31.0 DJUL J6T7
DL 288,
DJUL 369
DJUL 070
DJUL 971
DJuUL” 372
DJUL 273
DIUL. 374
DJUL 275
DJUL 276
DJUL 277
DJUL J7B
17 Y=NY-180D bJuL 279
YL=INTF({Y-1.0)/4,0} 0JuL 280
NTF“V+99 0)/100 01-1.0 DJUL 281
Y=Y-Y 0JUL 382
21 DJUL=RV‘365.D&VL¢366.0-_VC&2378495.5 0JUL 233
22 TO=ND DJUL 284
23 DD 24 N=1,NM DJUL 285
24 DJUL=DJIUL+RM(N} DJUL 136
25 IF (NM-2) 29,29,26 pJuL 2187
26 IF {Y-103.0) 27,29,27 DJuL 288
27 IF (XMODFINY,4)) 29428,29 DJUL 289
28 DJUL=DJUL+1.0 DJUL 332
29 DJUL=DJUL+TD bJuL 9391
RETURN DJUL D32
END DJUL 333
» FUNCTION DMSRZ FORTRAN SJURCE PROGRAM DMSR203J
- CARDS COLUMN DHSRZIIL
. LISTS DMSRZDI2
- LABEL
FUNCTIDN DMSRZ(1DyIM,AS) DMSRZDI3
c DMSRIII4
c VERSIDN OF 07/22/63 DMSRZ2025
4 FORTRAN FUNCTION DMSRZII6
4 FUR USE WITH FORTRAN 2 MONITOR ON IBM 7090, 7094 D4S2207
° D4SRZIIS
< PURPDSE DMSRZJI9
< CONVERTS DEGREES, MINUTES, AND SECONDS OF ANGLE O ARC TD DMSRZ31)
< RADEANS 1360 DEGREES = 2 PI RADIANS). DMSRZILL
C dHS2I12
< CALLING SEQUENCE DM532013
< NAME = DMSRZ(ID,IMsAS) DMS52014
£ DMSRZILS
4 INPUT DMSRIJ1S
< 10 = NUMBER OF DEGREES IV ANGLE OR ARC DHSRINT
< M = NUMBER OF MINUTES IV ANGLE 23 ARC ~ DM532318
c AS = NUMBER OF SECONDS IN ANGLE OR ARC DMSRZJLY
C DMSZI23
° SIGN OF THE INPUT ANGLE JR ARC NEED ONLY BE o4sRZ321
< ASSOCIATED WITH THE NUMBER OF DEGREES {10D}. DMSRZI22
< 04832323
< auTePuT DMSIZI2%
< NAME = ANGLE OR ARC IN RADIANS OMSR2I25
< DusaIZG
< NAME IS RETURNEO TO CALLING PRIGAM [V DOUBLES PRETISION DYSRZII27
< FORM. HusILI2e
< DusSLI29
c REFERENCE DM§22233)
c- e eese DHSZI31
c J4s’2332
< METHOD DMSZI33
< wranse DHSRZI34
c DMSRZIJ35
< RESTRICTIONS JMSRZII36
< sasenn DMS3Z2237
[4 DMS22)38
C ACCURACY DM$32339
4 WAEN NECESSARY, INTEINAL ARITHMETIC IS PERFDRMED 1N DIUBLE 94532240
< PRECISION SO THAT THE VALUE OF THE DUTPUT ARSUMENT [S D4SZI41
< AVAILABLE TO CALLING PROGRAM IN DIUBLE PREZISION. OMS2I%2
c . DMSRIJ43
< REQUIRED SUBPROGRAMS - FORTRAN 2 MON1TOR DMSLI4s
“ (DFMP), {DFAD} DYS3LD45
c DMS2J46
< REQUIRED SUBPROGRAMS - OTHER DMSRZ247
< NONE 2453389
< DMSRZD49
4 STORAGE REQUIREMENTS DMSRZD52
C 135 WITHOUT REQUIRED SUBPRIGRAMS DMSRZI51
Z DMSRZIS52
< TIMING DM5]Z353
c NJD ESTIMATE AVAILABLE DYS3ZI54
< DHSRZI55
4 DHSRZI33
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e - _DRSHZD6Z.
_L PRDGREN MODIFILATIONS DHSRIDE
[3 NO MODIFICATIONS T0. DALE _DHSRZOSS.
c . .. P T P T . DMSR20684
Ceesaw STARY PROSRAM ESRERVENTERRRFRR SRZIST
3 . DHSRZISE
2 Ap=ID PH5RZOS9
3 AMsIN — _DMSRZOTO.
4 AHESTGNEIAH, AD} — - . TDHSRZOTL.
5 ARS= SIGNF(AS,AD). o e - . . - DM5RZI72.
D . _6_DMSR 9, Ana 29 7216E=3 D!
1 + ARS*-&BABISQBX!D?%&DEJ - JDMSRIZTE
RETURN . DHSRZITS
_ DMSRZ076.
. FUNCTION DOTZ FORTRAN SOURCE PROGRAR
. CARDS COLUNR .
RPN 1. ¢ O ——
. LABEL
1 FUNCTION DOTZ(X,Y}
Tt e T e e
c VERSTON of “7722/63
c
< COMPUTES THE ANGLE SETHEEN VECIORS X AND Y. .
€
c INPUT, GUTPUT, AND INTERNAL ARIVHHETIC OPERATIDNS
g_ ARE ALL PEREORMED IN OOUBLE PRECISION.. .
C NPT
c VECTOR X INANY UNI¥Se . _ . _ . __
c VECTOR Y IN ANY UNITS, N3T NEGESSARILY THE SANE
€ UNITS AS VECTOR X.
¢
c ouTPUT
4 ODTZ = ANGLE N RADIANS BETHEEN X AND Y.
< DOTZ LIES BETHEEN.O AND. + PI RADIANS.
c
€ RUQUIRED SUBPROGRAMS
c
3 NONE
¢
D 2 OIMENSION X{3},Y{3}
5 3¢C= (x(1)-\’“)*X(Z)-lel-ﬂ-xnliﬂz))I((SORTF(X())--2&}(!2)-02')({3)"2)
1 3%{SQRTFIYE1)en2+Y{2) a424Y{3)en2]})
o A= 1.0 - Ceg
k] A = ABSF{A}
D 4 S = SQRTF(A}
D 5 DOTZ=ATANZFIS,C)
& RETURN
exd
. SUBROUTINE ELRV  FORTRAN SOURCE PROGRAM ELRV 000
. CARDS COLUMN ELRY 031
. LisTe ELay 332
. LABEL
SUBROUTINE ELRVIX+VXyAsPsENsGHsERR) £Lay 993
< ELRV 226
€ VERSION IF 03/02/6¢ ELAY 235
¢ FORTRAN SUBROUTIN ELRV 236
< FIR USE WETH ORTRAN 2 WONLTOR OV I8K 7090, 7096 ELAY 337
< ELRY 228
c PURPOSE ELRV 229
< CONVERTS OSCULATING URBITAL ELEMENTS INTO SEQCENTRIC ELV 319
z EQUATORIAL INERTIAL RECTANGULAR CDORDINATES OF POSITIaY  EL3V 311
T AND VELDCITY. £y 312
c EL3V 313
¢ CALLING SEQUENLE FLRV 14
< DIMENSION X131,VX{31sAl6} ELRY 215
z TALL ELRY (XsVXyAs Py EVGNLERRD €13V 315
c ELRV 17
£ eyt ELRYV )18
c al1] = SEHI-MAJOR AXIS EL]V 319
H 4{2) = ECCENTRICITY - DIYENSIOVLESS  EL3V 220
< A{3} = INCLINATION - RADIANS EL3V 321
< 46} = RIGHT ASCENSION OF ASCENDING NODE - RADIANS £LRY 22
T A{5} = ARGUMENT OF PERIGEE - RADIARS ELAV 323
€ a1&) = MEAN ANUMALY - RADIANS ELRV D28
c ELRY 325
< §4 = THE PRODUCT OF G, THE GAUSSIAM CONSTANT SQUARED,  EL8Y 225
k4 AND M, ITHE MASS OF THE EARTH ELRY 327
H ERR = TRUNCATIDNY FACTIR REQUIRED IV FUNCTIIN XKEP EL3V 229
H IV RADIANS £Lav 329
€ EL3Y 335
z ouTPUT ELRY 931
< X1 ELaV 132
c . X{2} THE 3 RECTANGULAR COORDIYATES IF POSITION ELRY 333
c X3} ELRY 333
z ELV 335
t VX(11 ELRV 336
€ ¥X{2) THE 3 RECTANGULAR COMPONERTS OF VELOLITY £L3V 337
< vx{31 ELRY 038
c ELay 239
< ELAV D43
T P = ANDHALISTIC PERIOD ELRY 341
< EN = HEAN ANGULAR MOTION £LRY J42
H ELRY 243

. 84
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UNETS OF INPUT ARGUMENTS A{I] AND GM ARE ARBITRARY ELRY 044

oo

o

“ren

.. BUT_HUST BE MUTUALLY CONSISTENT. - —EARY 383
ELRY 045

UNITS OF OUTPUT ARGUHEN}i Xy WXy Py AMD EN WILL DEPEND ELRV D47

. UPON UNITS EMPLOYEQ FOR AL1) AND GMa . ELRY 348

ELRV 369

REFERENLE . ELRY 2350
REFER TO MATHEMAT ICAL QESCRIPLON IN SUBPRIGRAH WRLTEUP ELRV I51

LRV 052

METHOD ELRY 053
REFER TQ MATHEMATICAL DESCRIPTION [N SUBPROGRAM WRIYEUP §LRY 354 |

ELRY 255

RESTRICTIONS ELRYV 256
ECCENFRIGITY. MYST BE LRSS THAM l.Q. _.EWRY D57

ELRV 258

ACCURACY ELRV 359
REFER D ACCURALY TESTS_IN. SUBPRUGRAN WRITEUR. gLRV, 269

LRV 261

REQUIRED SUBPROGRAMS ~ FORTRAN 2 MONITOR ELRV 252
SQRT,SIN.COS ELRY 263

- ELRV 54

REQUIKED SUBPROGRAMS ~ OTHER ELRV 265
03/12/63  XKEP ELRY 266

ELRY 257

STORAGE REQUIRERENTS ELRY 258
250 HITHOUT REQUIRED SUBPROGRAMS ELRY 259

ELRY 370

TIMING ELRV 371
NO ESTIMATE AVAILABLE ° LV 372

ELRY 376

ELRY 379

PROGRAM MODIFICATIONS LRV 28]
ELRY 285

ekser START PIOGRAM ssermax LRV 288
ELRY 287

DIKENSION X13).¥X(3)4At6) LRy D88
ELRV 389

3 E=XKEPLA(6),A(2),SE,CELERRY ELRY 290
4 XEvi.0~a{Z1+0E ELRV 331
5 X2=1.0/X1 ELRY 332
6 R=A(L1eX] ELRV 333
7 X3=SQRYF{l.0~A[2)ee2) ELRY 294
8 RTGHA=SORTF{GMRALLI}} ELRV 335
SA = SINFLA{S1] LY 236
S8 = SINFLA{3)) ELRV 337
SC = SINFLA{4)) ELRY )38
CA = COSF(AIS)) ELRY 399
£8 = COSF{A{3}} EL3¥ 13)
€C = COSF{Ala}} ELRY 121
ELRV 132

COMPUTE POSITION COUROINATES ELRV 123
ELRV 134

Q1 = AlLLI*{{E~ai2Y €13y 103
2 = A{11eX3eSE ELIV 138
Vo= Q)slA - Q2054 LY 127
W= Q2%EA + QleSA LRV 108
T = £Bed £LRV 133
%{1} = CIe¥ = STl £Lay 112
X{2} ¥ CCeZ + SCaV £L3Y 121
X3} = SBed ELaY 112
ELAV 113

COMPUTE VELOGITY COMPONENTS ELIV 116
LL3Y 113

4D = ~RIGHASSE/R €13V llo
= RTGMASXI*CE/R EL3V 117

= J01sl2 - QD2eSA IRV 112
D2eLy ¢ OD1#5A ELRV 119

= L8en LY 123
VXU1] = CCsv - SCel ELV 121
VXL2) = ICel + SCev CLRY 122
¥K{3} = SBew EL3v 123
ELRY 124

RIGM = SYRTFIGM) L3V 125
RTA = SURTFIA(L)) £L3V 126
B\ = RTGM/IRTASA(L]) £t3v 127
= 5.283 185 31/EN £L3¥ 128
RETURN £L3¥ 129
EN ELAY 13D
SJBRUUTINE ELRVZ FURTRAN SIURCE POGRAM ELRVIIID
CARDS COLUMN ELAVIL
L1513 ELRVII2

LaBEL

SUBRUUTINE CLRVZEX, VKA1 Py ENGMIERR]) £L.3V2223
ELRVIII4

vsasluu aF 23732764 £L3¥IIIS
RAN $IBROVTINE ELIVI3e

FJR use ALTH FORTRAN 2 MONITOX IV I1BM 7092, 7294 ELIVIIDT
ELRVZIIS

PURPDSE ELRVIDIY
CIWERTS OSCJLATING IRBITAL ELEMENTS INTO SEJLENTRID ELIYLLD
CAUATORIAL fJERTIAL RECTANGULAR TIDIDINATES IF PUSITIZNY  EL3VIINL

AND VELJCITY. £LIVIDLIZ
£LAVIILS

CALLIMG SEQUENCE ELRVIILG

aoauanoauaa

85
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c. B, DIMENSION X{3)1:VALRLAISI___ " SLRVZIIS.
L. DB CALL ELRVZIX.VXsA.P,EN,GM.ERRE ARVINIS
T SLRVZOLT .
c iLgvzoia
C INPUT
T A(1) = SERI-MAJDA_AXIS_ D ELRVZ020
< A - DIMENSIONLESS  ELRVZI2).
O L& I .= RADL £
€ A{%) = RIGHT ASLENSTON_OF, Ascauum&.nunr:__ a.mms. - _ELRVZO23.
c A{5) = ARGUMENT,! nF PERIGEE. - - TRAD ELRVZI24..,
5. _. Alb) = MEAN ANOHA = umrms ELRVZO2S
T B _ELR¥ZI2E
c G E PRDDQCLDF.E: THE_GAUSSIAN CONSTANT SQUAREDs ~ ELRVZIZL .
S —— ELRVIJ28
T ERR IRUNC!\T[UN FAQTD& REQUIRED IN XXEPZ FUNSTION ELRYZO2Y |
€. IN RADIANS .- P S+ ELRYZI30
. .;_‘ e o, ELRVZIA3L
t UNITS OF INPUT ARGUMENTS_, A_(LLAND N ARE ARBITRARY ELRVZI32Z |
T BUT MUST BE MUTUALLY CONSISTENT. ELRVZI33
T, _ . JNPUT ARGUMENYS MUST BE AVATLABLE_IN_GALLING_ PROGRAM XN___ EL2vZ)35
< DOUBLE PRECISION, FORM., . . ELRYZIN3S5
c ELRYII36
£ oUTRYY - ELRVIRIT
4 Xild ELRYZR3S
C x{z21 THE 3 RECTANGULAR CODRDINAYES UF POSITION ELRVZO3Y
¢ b3 5 QPO e - 1.3 £ S 1. 1
C RVZ241
4 vx{L) ELRVZI42
t yx12) . _ELRVZD&3
4 vXi3) ELRVZIDGG
< ELRVZJ45
c P, = ANOMALISYIC PERIOD ELRVLD9S |
< N = HEAN ANGULAR MOTION ELRVIDSRT
< ELRVZI48
z URITS DF QUIPUT ARGUMENTS X; ¥X, 8 Avo £N HILL BEPEND ELAYZD42
< UPON THE UNITS ENPLOYED FOR All} A‘ﬁ LIVZISD
c OUTPUT ARGUHENTS ARE RETURNED TD CALLI‘(G PROGRAM IN DIUSBLE ELRVZISY
¢ FORM.. . ELRYZO52
° ELRVZI53
t REFERENCE ELRVZI54
c .. REEER TO _MATHEMAT 1GAL. DESCRIPEIUN IN SUBPRIGRAM WR{VEUR ELRVZI55
< ELRVZI56
< HETHOD ELRVZIIST
i REEER 7O MATHEMATICAL DESCRIBIION IN SUBPROGIAY WITEUP ELRVZISS
< ELR¥ZD59
4 RESIRICTIONS ELIVIISH
b ECCENTRICITY HUSYT 8E LESS THAV 1.0+ ELRVEISE
[ ELRVZIS2Z
11 ACCURACY ELRVZJ53
< REFER TO ACCURACY YESTS IN SUBPRUGHAY WRITEUP. EL3VZIISG
s INTERNAL ARITHMETIC IS PERFIORYED I[N DDUBLE PIECISIING ELRVZDS5S
t ELVZI56
c REOUIRED SURPROGRAMS ~ FORTRAN 2 MONITOI £LRV2IS7
b DFHF!,(DFAD),(DFDPNDEXP(Z.DSORY,DS{‘J.DCDS,(B‘SB’ ELRVIISE
z ELRVIDSS
4 REQUIRED SUBPROGRAMS - OTHER ELRVISTO
4 03712763 XREPZ ELRVIITL
- ELRVZIT2
< STORAGE REQUIREMENTS EL3VZI?3
c 843 WITHOUT REQUIRED SUBPROGRAMS ELRVZIIT4
c ELRVZIT5
z TIKING ELRVIITE
L NJ ESTIMATE AVAILAGLE ELRVIDITT
T EL3VIDTB
< ELAVING2
< ELRVZISS
: PROGRAM MODIFICATIONS ELAVIIBS
< ELRVIZIL
Cwwwse START PROGRAR [ 1 AVZIIZ
< ELIVEZIPI
D DIMENSION X{3),VXI31,A(6) ELRVZIIZ4
< ELRVZIIS
2 Al=ALL) ELRVIIIS
] AZ=Al2) ELRVZIIT
D A3=AL3) ELRVZIIS
o A4TAL4Y ELRVIDIY
o ASEA(S) ELRVILIY
2 As=ai6) ELRVEIDL
3 % E=XKEPZ{AbsAZ:SESCELERR} EL3viiiz
1] T Xi=1.0~A{2}2LE ELRVILIZ
] 8 X2=21.0/X1 ELAVZILI4
4 9 R=A{L)*X1 ELRVILIS
bl DUML=1,0=-A2ne2 ELRVI1DG
D 10 X3=5QRTFIDUML) ELRVZILIT?
D 11 RTGMA=SURTF{GMeAl) EL3VZI1dE
2 SA = SINF(AS) ELIVZILIY
D $B = SINF{A3]} £LRY¥ILLD
o SC = SINFlAG) ELRAVIILL
k<] CA = LOSF{AS} ELRVILLZ
o €8 = COSFia3} ELIVILLZ
B CL = COSF{ag} ELIVILLS
< ELRVZILLS
c COMPUTE POSITION COORDINATES ELRVZLl6
< ELRVILLT

86
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Q = Al1)s(CE-AL2)] £LRVZ118

ELRYILILY

ELRVZ120

ELRVZLZL

ELRVZ122

ELRVZ123

ELRVZL2S

ELRVZLER5

ELRVZ126

COMPUTE VELOCITY COMPONENTS ELRVZ12T7

Lo - _ELRVZ128

QD1 = -RTGMANSE/R ELaVZ129

QD2 = RTGMA*X3CE/R ELRVZ130

v = QD1sCA - QD2#SA . ELRVZ131

W = QDZ*CA + ELRVZ132

= CBaH ELAVZ133

VX{1) = CCaV - SC*Z._ ELRVZ134

VX(2) = CC¥L + SCoV ELRVZ135

vX{3) = SBeW ELRVI136

. ELRVZ137

RTGM=SQRTF{GM} ELRVZ138

RTA=SQRTF(AL) ELRVZL3Y

EN=RTGHM/(RTA®A(L)) - ELRVZ164D

P=6.283185307179586/EN ELRVZ141

RETURN ELRVZ162

ELRVZ143

FUNCTION EQN  FORTRAN SDURCE PROGRAH EQV 090

CARDS COLUMN EQV 021

LISTB EQN 032
LABEL

FUNCTION EAN(DJ,ET,DPS1,06/E) EQY 093

EQV 024

VERSIUN OF 02/27/6% EQV 035

FORTRAN FUNCTION ECY 226

FDR USE WITH FORTRAN 2 MONITOR DN [8M 7090, 7094 gV 297

EQN 328

PURPOSE . EOY 29

COMPUTES NUTATION [N LONGITUDE, NUTATION €V 319

I OBLIQUITY, TRUE OBLIQUITY OF DATE AND NUTATION EON D11

I RIGHT ASCENSION {EQUATION JF THE EQUINDXES). EQN )12

. EQN 13

CALLING SEQUENCE EQY Ol4

NAME = EQN{DJ,ET,DPSI,DE+E} EQV 215

EON )16

INPUT gy 017

04 = JULIAN DATE AT O HOURS EPHEMERIS TEME EQV 218

. ET = EPHEMERIS TIME IN HOURS . £QV 319

£QY 220

oUTPUT €9V 221

DPSI = NUTATION IN LONGITUDE - RADIANS EOv 222

DE = VUTATION IN OBLIQUITY - ADIANS EQN 223

€ TRUE OBLIQUITY OF DATE - ADIANS EQv 24

NAME = WUTATION N REGHT ASCENSIOV ~ 4DIANS Eav 225

{EQUATION OF THE EQUINOXES) £QV 325

EQV 227

REFERENCE €0y 28

THE FORMULATIDN BY EOGAR W. WOJLARD 4AY BE FJUND IV €0V 229

4 PUBLICATIONS = 0V 233

EQN 231

1. ASTROVDMICAL PAPERS PREPARED FIR THE USE OF THE EOV 232

AMERICAN EPHEMERIS AND VAUTICAL ALMAVAZ = VOLUME 15,EQv 033

PART 1, PAGE 153 [THEORY JF THE ROTATION OF THE £0v 234

EARTH AROUND ITS CENTER DF “ASS = BY FOBAR A €V 35

AOCLARD} EQV 236

2. IMPROVED LUNAR EPHEYERIS 1952-1959 - & JOINT €V 337

SJPPLEMENT TO THE AMERICAN EPHEMERIS aND THE gy 234

(BRITISH) NAUTICAL ALMANAC - PAGES IX AND X. BN 333

EON 24D

AND THE AMERICAN EPHEMERIS AND VAUTICAL ALMANAZ - EUN D41

PAGES 44 AND 45. EOV %2

EQN )43

4. ASTRUNGMICAL JOURVAL, 1953 FEBRUARY, VOL. 58, \O. 1:EQV )44

PAGES 1-3 (A REDEVELIPMENT JF THE THTIRY JF VJTATIONEQN 245

~ BY EDGAR W. WODLARD) EQY D45

EQN 347

METHUD EQV 248

EQY  2%9

RESTRICTIONS £OV 350

ALL PERIODIC TERMS IV WODLARD'S THEORY WITH SDEFFICIEVTS — EON )51

LESS THAY 0.001 SECONDS OF ARC HAVE BEEV NESLLCTED. ALL™ EOV 952

SECULAR PURTIONS OF THE COEFFIZIENTS MAVE 3ECY NESLECTED  £QV 233

WAENEVER THE SECULAR COEFFICIEVTS ARE LESS T-AY 0.031 EQV 254

SECONDS OF ARC. EQV 255

EQY 255

REQUIRED SUBPROGRAMS - FURTRAN 2 MONITIR €y 357

(DFAD}, (DFSH), (DFHP), (DFDP), DD, C0S, SIN EQY 258

EON 259

REQUIRED SJBPROGRAMS - OTHER EON 35D

NONE Fav 351

9y 82

TIMING EON 053

9.4 MILLISECONDS ON 7094 EQV 354

EQV 255

STORAGE REQUIREMENTS £Q¥ 355

87
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t 1096 WITHOUT REQUIRED.SUBPRDGRANS
N S 1329 WITH REQUIRED AMS.

PRD‘GR‘AH MODIFICATIONS i P

WNOTE = i e e e - e 284
2 7094 FAP VERSION OF EQN 15 AVAILABLE USING.THE_SAME EQM. 085
CALLING SEQUENCE AS THE FORTRAN VERSION. THE FAP, VEXSION EQV D36
- - .. _REQUIRES T25_STURAGE.LOCATLONS WITHQUT REQUERED & SEQN 287
AND 830 LDCATIONS WITH REQUIRED, SUBPROGRAMS. COMPUTING  €QN.. 088
TIME FOR THE FAP VERSION IS 6.6 MILLISECONDS 0N 7094. EQN 289
. Qy.. 230

wa® START .. *
. . DIMENSION SCF{34)eS5134),CCE01R0LCUM . . .. n ..};”

3
COMPUTE NUMBER OF JULIAN CENTURIES OF 36525.0 DAYS EXACTLY WHICH EQV 295
HAVE ELAPSED FROH 1900_JAN, 0.5 _DAYS EPHEMERIS_ TIMEs. ... . o ~ Eat..9%¢.
9

PRT1=DJ-2415020.0 EON 298
PRT2=ET/24.0 EQN 999
o T={PRT1+PRT2}/36525.0 goy 199
T2=TeT EQY 101
T3=TwT2 £QY_ 102
c EQV 103
[ COMPUTE FUNDAMENTAL ARGUMENTS EQN 134
c . EQY 135
c MEAN ANDMALY - MOON EQN 136
c EQV 137
X = 0.160 424 847 £-3 #72 +  0.251 133 E-6 .73 EQY 128
] EL = 5.168 000 345 745 + X + 832B.691 103 668 024 »+ T EQV 109
4 EQY 119
T MEAN ANOMALY - SUN EQN 111
c EQV 112
X = 0.261 799 4 £-5 »TZ +  0.581 78 E-7 °~ T3 EQN 113
D ELL = 6.256 583 580 497 - X + 628.301 945 T26 742 = T EQV 114
< EQV 115
C MEAN ARGJHENT OF LATITUDE - MION EQN 116
¢ EQN 117
X = 0.560 444 62 E-4 =72 + 0.581 8 E-8 . T3 EQN 118
] F = D.196 365 054 887 - X + B433.466 291 171 947 = T EQV  I19
c N EQN 120
< MEAN ELONGATION OF MODN FROY SUN . EQV 121
14 EQV 122
X = 0.250 648 67 E-4 »72 - 0.329 67 E-7 * T3 EQV 123
[} o = 6.121 523 942 807 — X + 7771.377 193 934 485 = T EQV 124
C EQV 125
bt LONGITUDE OF MEAN ASCENDING NODE - MOQN EQN 126
4 £Qv 127
X = 0.362 640 63 E-4 *T2 + 0.387 85 E-7 * T3 EQV 128
D 4] = 4.523 601 514 852 + X - 33,757 146 246 552 # T EQV 129
c EQV 139
4 REDUCE ALL ANGLES BY MODULUS 2 PI. EQVY 131
C EQv 132
o EL = MODF{EL ,6.283 185 307 179 586} EQV 133
2 EL1l = MODF{EL1,6.283 185 307 179 586) EQY 134
D F = MODF(F ,6.283 185 307 179 5856) EQV 135
D L] = MODE(D ,6.283 185 307 179 586} EQV 136
D 1] = MODF(O +6.283 185 307 179 586) EQV 137
< gav 138
< COMPUTE SINES AND CUSINES OF FUNDAMENTAL ARGUMENTS AvO EQN 139
4 AND COMBINATIONS OF THL FUNDAMENTAL ARGUMENTS. EQY 153
< EIN 141
S{1) = SINF(U} EQN 142
c{1) = CISFIU) EQN 143
St3) = 2.%#S(1)eC(1) EOQN 164
C13) = Cillwe2-S(1)es2 EQY 145
SF = SINF{F) £QV 146
CF = CISFLF) EQN 147
${251= 2.0=SFeCF EQV 148
C2F = CFe#2-5Fss2 EQY 143
sp = SINF(D) EQY 150
€0 = CISF(B) €0V 151
S{1l4)= 2.0#50#CD EQY 152
€20 = [Dse2-50402 EQV 133
S(4} = S(25)#Ct3)+C2F =5(3) EQN 154
Cl&) = C2F *C(3)-5(25}#S(3) EQY 155
AL = Sta)=L20 EQV 156
ALl = Cl4)eS(14]) EQN 157
AL2 = Sl4)#S114) EQV 158
AL3 = Cl4)sC2D EQV 159
S(2) = AL =-ALl EQN 153
Ct2) = AL3+#AL2 EQV 151
S{21)= AL +ALL EQN 152
Cllel= AL3-AL2 EQN 1863
St5} = SINF{ELL)} EQV 154
CLl = COSF{ELL) £QV 155
5(28)= 2.0e5{5)aCL] EQ¥ 155
C2LL = CLive2-5(5)ee2 EQv 157
S{6) = SINF(EL) EQ% 158
cL = CISFLEL) EQN 159
5(22)= 2.0#S(6)sCL £av 179
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caon

CL#22-5{6)ee2
${25)2CH1)+C2F __#G{L)
C2F *C[1)-5{25)#5{1)
s{2)eLL1

Ci2yes(5) __

S{2)e5{5])

R

S{ L
Cl4)e5(6)
Sta)ssie) .
Clae)eCL
GA +GAl
GA3-GA2

GAL
GA3+GA2
S(6}=C20-CL 5014}
CL  »C20+5{6)*S{14}
S{8)=L2D-CL61#S(14)
CL6)L20+5(8) *5(141)
St1l)sCL
Cl1)=S(6)
S(1)=S(6)
Clid«CL
DE +DE1
DE3-DE2
DE -DE1l
DE3+DE2
S{21)=CL —~C{16)*S{6}
CL16)CL +S{21)+5(6)
S(8) =C2L-Cl&6) »5{22)
Ci6) »C2L+5{A) =S(22)
S{22)sC2D-C2L #S(14)
Si8leCL

C(6)#SL6)

S(8}#5(6}

CléreCL

EP +EP1

EP3-FP2

EP -FPL
C(19}=EP3+EP2
S{23)= S(2)*CL +Cl2)e5{6)
Ci171= C(2)slL -S(2)s5{é6}
Sl24)= S{4}eC2L #+Cl4}eS122)
Ci18)= C{4}#l2L -S{4)#S{22)
S126)= ${25)14C2D -S{14)~C2F
S(29)= S[2) sC2LL1+C(2) *S(28)
E = S{11sCL1
ZE1 = Cl1l#s(5)
${30)= ZE+lEl
S$133)= ZE-2EL
AMU = S(1}eCT
AMUL = Cil)eSill)
S{31)= AMU-AHUL

S1321= AMU+AMUL
S{34)= S{22)»C2F-C2L*S(25)

DEFINE CJNSTANT COUEFFICIENTS DF SINE AND COSINE TERMS O% FIRST

PASS ONLY
IF (TEST) 241,2
TEST + 19
1.2729
+ 02,2088
- 2.2037
+  Dal261
+ 0.0675
- 0.0497
- 0.2342
- 2.0261
+ 0.0214%
- 0.3149
SCF{l2}= + 0.0124
SCFIL3)= + 0.0114
SCF(14)= + 0.0060
SCF{15)= + D0.0J58
SCF(16)= - 0.0057
SCF(17)= - 0.0052
SCE(18)= + 0.0045
SCF{19)= + 3.0045
SCF(20)= - 0.0244
SCFt21)= - 0.0232
SCEl22)= + 0.0028
SCFL23)= + 2.0026
SCF(26)= - D.0026
SCF(25)= + 2.0925
SCF{26)= - 0.0021
SCFI27)= +  5.0019
sCr(z2s)= + 0.001&
LF(29)= = 0.0015
SCF{30)= - 0.0015
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SCF{31)=

CCF{19)=_~ _0.001¢ . e ——
CONTINUE

DEFINE VARIABLE (OEEFICIENT.OF_SINE.TERM..

SCFL1} = - 17.2327 - 0.01737sT
CoMPUTE VUTATION IN LONGITUDE BY SUMNING PAGDUCTS OF STNE
COEFFICIENTS WITH THEIR RESPECTIVE SINE TERKS.

COMPUTE NUTATION IN OBLIQUITY BY SURMING PRODUCTS OF COSINE
COEFFICIENTS WITH THEIR RESPECTIVE CISINE TERMS.

119
DPST=DPSI+SCRIN)#S{N)
DE =DE OCCFlVIOC(V)
DD 4 N=22
pPSI= DFSI*SCF(V)-S(N)
CONVERT FROM SECONDS OF ARC TD RADIANS.

DPSI=DPS1+0.4B4B136BE-5
DE =DE #0.48481368E-5

COMPUTE TRUE OBLIQUITY OF DATE IN RADIANS.
E=0.40931976~0,22T111E-38T~0.286E-7#T2+0.88E-8+T3+DE

COMPUTE NUTATION IN RIGHT ASCENSION (EQUATION DF THE EQUINOXES}

IN RADIANS.

EQN DPS['CUSF(E)
RET!

NI

FUNCTION GASTZ FORTRAN SJURCE PROGRAM
CARDS COLUMN
LISTS

LABEL
FUNCTION GASTZ{0J+UTL+EQ)

VERSIUN UF 03/03/64
RTRAN FUNCTION
FDR USE WITH FORTRAN 2 MONITURX 9N 1BM 7090, 7094

PURPUSE
COMPUTES GREENWICH APPARENT SIDEREAL TIME.

CALLI“G SEQUENCE
NAME = GASTZ(DJ,UTL,EQ}

INPUT
JULLAN DATE AT 0 HOURS UNIVERSAL TIME
UNIVERSAL TIHE IN HOURS

urlL

UT1 MJST BE AVAILABLE IN CALLING PRI3AM IN DOUBLE

PRECISION FORH
NUTATION IN RIGHT ASCENSIOY (EQUATION JF THE
EQUINJXES) IN RADLANS

EQ

DUTPUT
NAME = GREENAICH APPARENT SIDEREAL TIME IN R&DIANS

EQY 316
£0v 317
EQy 318
EQV 3139
€9V 320
EQN 321
EQN 322
3ASTIDJD
GAST2Z5))
5ASTZ232

GASTZDI3
GASTZIDI4
S5AST2225
GASTZIIS
SAST22D7
GASTZO28
S5ASTZ223
3AST201)
3A5T2011
5aS8V2J12
GAST2I13
GASTZONG
3AST2315
545T1316
SASTIOLT
5asT2le
GASTZIL3
34572322
54572321
5A5T2)22
GASTZI23
5AST2324

NAME = GREENWICH MEAN STDEREALs TIME IF INPUT VALUE OF EJ=D 54512325
NAME LIES BETWEEN O AND ¢ 2 P1 RADIANS AND IS AVA[LABLE TO 34572325

CALLENG PROGRAM [N DOUSLE PRECISION FIRM.
124 HOURS = 2 PI RADIANS)

REFLRENCE

1. GRCEWWICH MEAN SIDEREAL TIME IS COYPUTED ACIORDING T3

THE FORHULA CONTAINED ON PAGES 474-476 OF THE 1963

3a8T2)27
3AST2328

G4STZI31
GASTZI32

EDITION OF THE AMERICAN EPHEMERIS AND NAUTIZAL ALMANAZ. JASTZJBB

2. INPUT ARGUMENT EQ MAY BE COMPUTED BY MEANS OF
) 20

3ASTZI3%
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..METHOD.

#wass START

FQRTRAN UR FAR_ EUMCUON N . j— 5ASTZI35
3. _JU! Al P! D . GASTZ)36
BY HEANS UF FDRJRAM_Q& P FUNCTIOV DJUL. . BASTZI37
_— GASTZI38
S —— BA§TZ239
GREENWICH MEAN SIDEREAL_TIME AY O HOURS UNIVERSAL TIME 1S 5ASTZ40
CONPUTED ACCORDING TO_THE FORMULA CONTAINED IN THE AHERICANSASTZ)éL
.JE_LS.__JMJ_L‘L\_ALLNL" R ANAC, GREENWICH APPARENT SIDEREALGASTZI42
TIME _I5_OBTAINED_8Y_ ADDING TO _YHES QUANTITY, THE NUTATION GASTZJ43
IN_RIGHT ASCENSION PLUS UTL TIMES THE RATIO OF THE SIDEREALGASTZIG4

DAY TO THE MEAN SOLAR DAY oo _ GASIZI4S
N GASTZ246
RESTRICTIDNS GASTZO4T
:_OF D) AND UT1 MAY BE U PUTs GASTZI48
NU RESTRICTIONS OTHER. THAN, THISE INHERENT IN THI GASTL343
FDRHULAT‘DNS OF THE GREENWIGH MEAN SIDEREAL TIME ANv SASTZO5D
o _...THE NUTATION [N RIGHT ASCENSION. GASTZI5)
N GASTZ52
ACCURACY - o GASTZI53
. —--_HHEN_NECESSAR) Y, INTERNAL AR{THMETIC {S PERFORMED_IN DOUBLE 5ASTZI54
PRECISION IN ORDER THAT THE VALUE DF THE ARGUYENT RETURNED GASTZ255
TO THE CALLING PROGRAM HAVE Av ACCURACY IN RADIANS SASTZI56
.. _EQUIVALENY 1O .00} HE. . GASTZ57
. GASTZ258
AN EPHEMERIS MAS BEEN GENERATED LISTING GREENWICH APPARENT GASTZI59
. SIDEREAL_TIME AT O HOURS UNIVERSAL TIME, DAILY FROM GASTZIST
01/01/1851 TG 12/31/2000. _DAILY CGMPARISONS WERE MADE WITHGASTZ)S
THE AMERICAN EPHEMERIS FOR THE INTERVAL 1959-1963. SASTII6:
FOR THE_TIMES COMPARED, COMPARISOY WITH_AMERTSAN EPHEMERLS 2451238
WAS EXAET TO AN ACCURACY DF .0D1 SECONDS. GASTZIS:
SASTZI5E
REQUIKED SYBPROGRAMS. - EORTRAN 2 MONI GASTZ266
(DFDP} ¢ (DFHP s {DFAD) 5 OHGD GASTZIST
) SASTZI58
REQUIRED SUBPROGRAMS - OTHER _ GASTZI$9
NDNE GASTZT70
SASTZITL
STORAGE REQUIREHENTS GASTZIT2
26 WITHOUT REQUIRED SUBPROGRAMS 54512373
GASTZI74
TIMING — GASTZI7S
ND ESTIMATE AVAILABLE SASTZ76
SASTZITT
5ASTZD81
54572334
PROGRAM MODIFICATIONS $ASTZD85
SASTZI9L
54572292
5ASTZ293
DT=DJ~2415920.0 SASTZIP®
1/36525.0 3ASTZI95
67558T86E-5+EQ 5ASTZI96
.739935893717+628.3319509909108T4C+0.26251617071+UT1 5457237
ODF{GASTZ,6.283185307179586) 5ASTZ38
545T2399
END . 545721933
FUNCTION GOLATZ  FORTRAN SOURCE PROGRAYM 3OLATZDY
CARDS COLUMN SDLATZIL
LIST8 3DLATZI2
LABEL
FUNCTION GDLATZ{AL1sRS,REsF15ALTZ} 5OLATZI3
SNLATZYG
VERSION OF 97/19/63 SDLATZIS
FORTRAN FUNCTION 3ILAT23S
FOR USE WITH FURTRAN 2 HONITOR ON 1BM 7090, 7094 SOLATZIT
~ SPLATZOS
PURPOSE 5DLATIIF
COMPUTES - SDLATZLD
1. GEUDETIC LATITUDE OF SUBSATELLITE PIINT FRIM 3OLATZIL
GEOCENTRIC DISTANCE AND GEJTENTRIZ LATITUDE 30LATZI2
(DECLINATION) OF SATELLITE. SOLATZL3
2. HEIGHT OF SATELLITE ABOVE COMPUTATIDIVAL SPHERJIO 3ILATILS4
ALONG THE NORMAL FROM SATELLITE TO SPHERODID. 5DLATILS
SDLATZIS
CALLING SCQUENCE SOLATZLT?
0 NAHE = GDLATZ(ALLsRS,REsF1,ALTZ) 5OLATZ1E
3ILATZLY
INPUT - SDLATZ2)
= GEOCENTRIC LATITUDE {DECLINATION} OF SATELLITS SDLATZ21
IN RACIANS ) 3OLATZ22
RS = GEOCENTRIC DISTANCE IN KILOMETERS 3DLATZZ3
RE = EQUATORIAL RADIUS OF COMPUTATIONAL SP4ERQID IN $ILATI2%
KILOMETERS . 50LATZ25
F1 = INVERSE OF FLATTENING JF COMPUTATIONAL SPHERJID 3OLATZ25
{DIKENSIONLESS) - E.G. IF FLATTENING = 1/298.3, SOLATZ2T
THEN 'F1 = 29843 GOLATZ28
SOLATZ2Y
INPUT ARGUMENTS MUST BE AVAILABLE IN SALLING PRUGRAM IV 5ILATZ3D
DOUBLE PRECISION FORM. 3DLATZ31
- SDLATZ32
QuTPUT SOLATZ33

NAKE = GEODETIC LATITUDE OF SUBSATELLITE PJINT - RADIANS SOLATZG
ALTZ = HEIGHT OF SATELLITE ABDVE COMPUTATIONAL SPHERDID 3DLATZ3S
ALONG NORMAL FROM SATELLITE TO SPHERDID - KILDMETERSSDLATZ36

!
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GDLATZH

Y QUTPUY &
T FoRE. cn;nrzse
BOLATZ4D
_REFERENCE GOLATZGL
.. *PTHE REDULTION FROW GEanENTRlc TD GEGDETIC CODRDINATES®® GDLATZ42
8Y JOHN HORRISON -AND. SAMUEL, PINES- 5DLATZ43
PR 1 E_ASTRDMLC_L_«!DU&N_L:JLQL: é.ﬁ:.,NO,_h_FELRUABLJEhh _.GDLATZA4
PAGES 15 AND 16 GOLATZ4S
L. SDLATZSS
HETHOD . GRLATZAY
AN APPRONIMATION BY HEANS OF LAGRANGE'S EXFANSTON EORAULA. Jggar263
. IR, LATZ4D
RESIRICTIONS . GDLAYZS0..
sennnn GOLATZS1
© GDLATZS2
ACCURACY SDLAYZS3
{NTERNAL ARITHHETEC IS “PERFORMED 1% DOUBLE PRECTSIEN. GDLATZSE
GDLATZSS
IﬁLAPBRDX(Hi\ImJi_GMS.AMm&ﬂCY OF 8 SISYIEICANY G_D\.A%lgb
URES GDLATZST
THE 8 FIGURE ACCURACY CLAIMED BY THE AUTHORS WAS VERIFIED GDLATZSE
8Y USING THE INVERSE PROBLEM {GEOOETIC.TO_GEICENTRIL, wDLA]lSQ
COORDINATESY, WHICH CAN BE SOLVED RIGOROUSLY, TO SUPPLY  GDLAT
THE INPUT FOR THIS FUNCTION. THE QUTPUT FROM THIS FuM'rxuMsoLArzsx
HAS. THEN. COMPARED_W1FH THE INITTAL DATA_FOR YARIQUS. . SDLAYLSZ
INITIAL CONDITIONS. GDLATZ53
- SDLATZSH
REQUIRED, SUBPROGRANS, = EDRIRAR 2 MONITOR e GOLAT2S5
(GFOP) 5 {DFHB); [DFADY s (DFSH) s DSIN, DLOS, DSART GDLAYLSS
SDLATZS7
REQUIRED SUBPROGRAMS - OTHER... GDLATZ58
NONE GDLATZS9
SDLATZTD
STORAGE REQUIREMENTS _ SOLATZTL
1110 HITHOUT REQUIRED SUBPIOGRANS FOLATZT2
GDLATZ73
TINING . SDLATZTS
ND ESTIMATE AVAILASLE GDLATZTS
GDLATZYE
P, SDLAFZSY
- GDLATZB3
PROGRAM HODIFICATIONS GOLATZ3%
NO MODIFICATIONS YO DATE SDLATZSS
GOLATLST7
GDLATZSS
GDLATZES
GDLATZHO
E4=EReE2 SDLATZIL
E6=E20ES GOLATZI2
EB=EfeEl 3DLATIIS
RERSFRE SDLATIDE
RIZRE/RS GDLATLIS
61210452 SDLATI96
6224,043.0%E2 GOLATZIT
53=35,09E2 3DLATZIB
G4=E24R1/32.0 GDLATZI®
G5=G4*EL 3DLAFLDY
662E2£64.0 GDLATISL
GTxEaxGh SRLATII2
58=E4*RL SOLATII3
A22G40 0 {512, I4E20{ 128, 0+E291 60.0+63)1) /32, 00300 (1.4E2-.375¥52%211)5DLATZIS
AG=EA¥R1®.0626¢ (R1# L (4. +E20 (1, +G1] 14582 (. 9375-R1))~550 (48,433} -1-13DLATLIS
AB=G5+1.393750{4,+5.9E2) +R1#(1.4583333333333330R1#52-3.4311) SDLATEIS
AB=GoGS (R1s (64, ~R1*1252.+320.#R1}}-5.) SDLATZIT
ALZEALISALL 50LATLI8
AL%=AL2#ALZ SBLATIIY
ALGEALZSALS SPLATIIZ
ALB=ALE+ALS SDLATIIL
AL=¢L1*AZ¢SIVF(AL2)0A4¢SlVF(QLG)OAé-SlvF(ALblfAS-SlV‘lALs) 3DLATLL2
A=AL~Al 5OLATZL3
CA=CUSF(AI SOLATZLS
REA=RS#CA SOLATZ1S
SAL=SINFLAL} SOLATZLE
SALZ=SAL#SAL GOLATILT
ESAL=£2%5AL2 5BLATZIE
X2#1.0-E5AL SDLATI
X=§QRTF{X2) SNLATZRY
ALTZ=RCA-X#RE GDLATZ21
GOLATZ=AL 50LATLZ2
RETURN SOLATZ23
. GDLATZ2%
FUNCTION HMSRZ  FORTRAN SOURCE PROGRAM AMSREIDF
CARDS COLUKN 44532321
L1578 4MSRLII2
LABEL
FUNCTION HMSRZ1TH, IH,TS) 44532333
4MSRZIDG
VERSION OF 07/22/63 44532225
FORTRAN FUNCTLO! 44532336
FIR USE WITH FaRrRau 2 MONITOR ON 1B% 7090, 7094 44S7327
4HSR2II8
PURPOSE “MSRZIII
CINVERTS HOURS, MINUTES, AND SECONDS OF TIYE TO RADIANS  44SRIND

2
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CALL!NG SEQUENCE ~
NAHE 3.,HNSBL(IH: l!n.‘l’

INPUI’ o ae o re e e s o
I# = NUMBER QF HQURS IN YIME,
B = JIN TIME
TS5 _= NUMBER QL.SEQQMIS_!_N_T.IHE . -

- . _THE_NUMBER_OF HOURS (I},

QUTPUT

HNSRZIJL1

HMSRZIL3

HMSRZI14

HHSRZILT
HMSRZI1E
HMSRZI19
HHSRZJ20

.D__H.L[LMS KZ 21

RZJ22
HHSR2323
HMSRIJ2&

E = TYME_ TN RADIANS __.. ... B

o NAME IS RETURNED TO GALLING. PROGRAH TN DOUBLE

. PRECISION FORM. _. . .

METHOD _ __ ~ ... ..
Eenws

RESTRICTIONS: | .

ACCURACY

PRECESION SD THAT THE VALUE OF THE QUTPUT ARSUMENT 1S

.+ AVAILABLE TO_CALLING PROGRAM [N DOUBLE, PRECISION.
REQUIRED SUBPROGRAMS - FORTRAN 2 MONITOR
{DFMP),{DFADY _ _ .

REQUIRED SUBPROGRAMS - OTHER
NONE

STORAGE REQUIREMENTS
135 WITHOUT REQUIRED SUBPROGRAMS .

TIMING
NO CSTIMATE AVAILABLE.

PROGRAM MODIFICATIONS
' NO HODIFICATIONS YO DATE

START PIOGRAM

HMSRZI25
HMSRZJ26
HMSRZI2T
HMSRZD28
HHMSRZD29

..HHMSRZO30

HMSRZD31
HMSRZIJ32
JHHSRI)33
HMSRID34
HMSRZ035
HHSRZI36
MMSRZI3T
HMSRZ038
SRZD33

e e e e HHS
WHEN A NECESSARVp INTERNAL ARITHNET!C 15" PERFORMED [N DOUBLE HNSRZ4D

HMSRZJ61
HMSRZJ42
HMSRZ243
HMSRZJ44
HMSRZJ45
HMSRZJ46
HMSRZD47
HMSRZJ48
HMSRZ)49
HMSRZI50
HMSRZI51
H4S3ZI52
4MSRZ353
HMSRZIDI54
HMSRZISS
HMSRIJI5Y
AMSR23562
HHSR2053
HYSZI55
HMSRIJIS6

2 TH=IH "~ -

3 TH=1X

4 TM=SIGNF{TMsTH)

5 TRS=SIGNF(TS,TH)

6 HMSRZ=TH#.2617993877991494 + TM#4,363323129985824E-3
1 +TRS5#7,272205216643040E-5
RETURN
END
SUBROUTINE JULCAL FURTRAN SOURCE PROGRAM
CARDS COLUMN
LIST8

LABEL -
SUBROUTINE JULCAL{DJsNH,NDsNY)

VERSXUN OF 07/22/63
FORTRAN SUBRUUTINE
. FOR USE WITH FORTRAN 2 MONITOR ON IBM 7090, 7094

COMPUTES CALENDAR DATE FROM JULIAN DATE AT 0 HJURS
UNIVERSAL TIME (OR O HOURS EPHEMERIS TIME).

PURPOSE

CALLING ssuuauce

L JULCAL{DJsNMiNDSNY)
INPUT X .
= JULIAN DATE AT 0 HOURS UNIVERSAL TIVE

auTPuT i

NM  x CALENDAR MONTH
ND = CALENDAR DAY
NY = CALENDAR YEAR

REFERENCE M

REFER TO MATHEMATICAL DESCRIPTION IN SUSPRIGRAM WRITEUP

METHOD

THE NUMBER DF DAYS FROM 12 HOJRS UNIVERSAL TIME JAN.

Qs

HMSRZI6T
4457258
» HMSZIST
HMSRZ272
HMSRZJTL
HMSRZ272
H4532273
HAMSZLIT4
-MSR2I75
HMSRZI7H
JULZALID
JULZALDL
JuLCaLdZ

JULTALD3
JILZALDG
JULZALDS
JULZALDS
JULCALI?
JULCALIB
JULZALDG
JuLZaLld
JULTALLL
JJULTALL2
JULSALL3
JULZALL4
JULCALLS
JULCALLG
JULZALLT
JULZALLS
JULTALLY
JJdLaLed
JULZAL2]1
JULZAL22
JULCAL23
JULCAL2¢G
JuLZAL25
JULZALZE

1800 IS CALCULATED. THE INTEGRAL NUMBER OF YEARS TN VA4IS JULZAL29

NUMBER 1S ADDED TU ‘1800 TO GIVE THE CURRENT CALENDAR YEAR

AND THE NUMBER OF DAYS CONTAIVED [N THE INTESRAL NUMBER
OF YEARS ELAPSED SINCE JAN. 0, 1820 IS SUBTRALTED FRIM THE JJLIAL3Z

23

JULCAL3D
JJLcaL3l

—_HMSRZILS
HMSRZD16
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. RESTRICTIONS SJULCA!
DATE RESTRICTED TO LIE BETHEEN JANUARY 1, 1801 AND DE»EMBERJUL ALQ&

URlGIMAL MUEBER OF. IIAYS_IRDH JAN- D:._IBOO._ .THE_ INTEGRAL..

THE “UNBER of DAYs LONTAINED
THS 1§ _ SUBTRACYED FROM THE

WHICH ARE DIVISIBLE BY 4
APPROPIATE_CONSIDERATXON HAS asgu_slyeu 10 THOSE.YEARS .
WHICH ARE DIVISIBLE BY 4. 100: AND 400,

31y

" "ACCURACTY

9
10

ansase

REQUIRED SUBPROGRAMS ~ FORTRAN 2 MONITOR
NONE

REQUIRED SUBPROGRAMS - OTHER

07/22/63 DJUL

" STORAGE REQUIREMENTS

TIMING
. NO ESTIMATE AVAILABLE

176 WITHOUT REQU[RED SUBPROGRANS

PROGRAM MODIFTCATIONS .

spwwe START PRUGRAM

1
8
1
0
1
0
1
1
0
3

NO HDDlFICATlDVS TG DATE

JUL:ALBB
CAL3G

JULCAL3S
JULCAL36
LAL3T

UL
dULCALBB

LBLCAL3Y
JULCALBD
JULCALSL
JULEALGZ
143 .

L%5
JDLBAL66
JULCAL&T
JULEAL4S
JULZALAY
JULCAL59
JULZAL51

. JuULCALSZ .

JuLsAL53
JULCALS5%

JULCALSS
JULCALS9
JULCALSD
JULZALSL
JULCALSS
JULCALSS
JULZALSY
JULCALTL
JULCALT2
JuLcar?i

2 DlHENS[DN HL12}
& NM=
8

M{12}=31

IF {DJ-

2415020.5) 21521422

NY=XINTF({DJ-2378495.5)/365.25)+1800
GL TD 23

NY:

XINTF{{DJ-2378495.541.0)/365.25)+1800

NDY=DJ-0JUL{1s0,NY}

ND=NDY

DO 33 N=1.,12

IF (N-2} 30,27,30

IF (NY-1900128,30,28

lF (XMODFI{NY+4)) 30429,30
N

NI M+l

IF {ND) 34,34,33
CONTINUE
ND=ND+M{N}

RETURN

END

SUBROUTINE PARA FURTRAN SJURCE PROGRAM
CARDS COLUMN

LISTB

LABEL
SUBROUTINE PARALINPUT,AlsA+GH)

VERSION DF 06/14763
I3

JRTRAN SUBROUTINE
FOR USE WITH FORTRAN 2 MONITOR ON IBM 7090, 7094

PURPUSE

JULZALTG
JULZALTS
JULZALTS
JULLIALTT
JuLzaLis
JULZALTS
JuLCALSD
JuLCAL3l
JuLzaLs2
JuLCALS3
JULCALSS
JULLALSS
JULZAL3G
JULZALBT
JuLZAaL88
JuLZaLsg
JULZALID
JULCALIL
JuLZaL32
JULZALI3
JULZALIG
JULZALIS
JJLZALIG
JULCALIT
JULZALIS
JJLZALIY
JJILZALSD
JULZALDL
JULZALI2
JULSALD3
JULZALDS

CINVERTS AN ARBITRARY SET JF 6 INDEPENDENT INPUT PA(AHEYL(SPA(A 13

INTO OSCULATING ORBITAL ELEMENTS.

CALLING SEQUENCE

INPUT

DIMENSION Al{6),A(6)
CALL PARA{INPUT,AI,A,GH)

INPUT, OUTPUT, AND INTERNAL ARITHMETIC OPERATIONS ARE ALL
PERFORMED [N DOUBLE PRECISION.

INPUT= CONTROL NUMBER TO INDISATE TYPE UF INPUT PARAMETERS
Al ARRAY: OF & INDEPENDENT INPUT PARAHMETERS
(L] = THE PRODUCT OF Gy THE GAUSSIAN CONSTANT SQUARED,

o4

PAQA 312
PARA )13
PARA D14
PARA 315
PAA 1S
PARA N T
Pala D18
ParR4 219
PAZ4 320
PARA 221

PARA D22
PARA D23
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< AND_My ] PARA D24
< PARA 325
[ QUTPUT . PARA 026
c OSCULATING ORBIYAL ELEMENTS . . . . PARA 327
c _gn,;Lza
[ AT1) = SENI=MAJOR AXIT ‘ ‘ A 229
t Al2) = ECCENTRICLTY . ~ DIMENSIONLESS pAu 230
o S —— = ON RADIANS . . PARA 931
B N A(4) = RIGRT ASCENSION_QF ASCENDING NODE - RADIANS PARA 032
[ AU5) = ARGUMENT OF PERIGEE ___ . < RADEANS PARA 333
. - A{6) = MEAN ANOMALY = RADIANS PARA D34
c N PARA 35
C. . REFERENCE PARA 336
c .PARA )37
c PARA 038
C METHOD PARA 339
< R T PARA 40
c PARA 341
C . RESTRICTIONS PARA 342
N RN ¥ * PARA )43
c - PARA %4
3 ACGURACY PARA 345
[ e . PARA D46
< PARA D67
z REQUIRED SUBPROGRAMS — FORTRAN 2 MONITOR PARA 048
e - . .. IDEMP) PARA 249
c PARA 350
< REQUIRED SUBPROGRAMS - OTHER PARA J51
H 01/22/63 . ALLOTZ _ PARA 352
c 07722763 ALLOT PARA 253
3 03703764 ATANQ PARA 254
g 07/22/63 ATANZ _ PARA 355
< 07/17/63 BRHRL PARA 356
4 QL/31/64 BRWR2 PARA J57
c 03/02/64 ELRV PARA 58
< 07/22/63 RVELL PARA D59
< 09712763 XKEP PARA 50
14 PARA D51
< STORAGE REQUIREMENTS PARA 352
< 277 WITHOUT REQUIRED SUBPROGRAMS PARA )53
o PARA 254
c TINING PARA 355
C NO ESTIMATE AVALILABLE PARA )55
c PARA 257
< ANALYSIS PAA D58
c PARA )71
< 2 PARA 274
< PROGRAN MODIFICATIONS PARA D75
< NO HODIFICATIONS TO DATE PARA 277
4 PARA 378
Cesses START PROGRAM PARA D79
< PAA 280
D DIMENSTON AI{6)+A(6)4RX{3),VX{3) PAA 131
OIMENSIOV DUM1(100},AL10(6} PARA 332
DIMCNSION XX{18),4B{6) PARA 83

< PARA 184
COMMUN DJML,AL1D:XX,AB PARA 385

C ° PARA 186
GO TO (1,2+3,4), INPUT PalA 137

: PARA )89
< INPUT OPTION 1. Al = OSCULATING IRBITAL ELEMENTS, ALL ANGLES IV PARR 339
< DEGREES PARA 33D
z PaRA )31
31 Af1)=AL(1} PARA 332
] Al2)=A1{2) PAIA 333
00 101 N=3,6 PARA 134

D 101 A(N)=AT{N]®0,0174532925199433 PARA I35
GO TD 9939 PARA 235

< 5 PaRa 337
< INPUT OPTION 2. AI = POSITION AND VEL3CITY VECTORS IV PARA )38
3 KILOMETERS AND KILJMETERS/SESIND PARA )33
z PARA 1))
2 00 201 N=1,3 PARA 121

1] RX{N}=AL{N) PARA 132
0 201 VX(H}=AL(N+3) PARA 123
2 CALL RVELZ{RXy¥XsAsPER,ENsGH) PARA 136
GO TO 9999 PARA 125

T PARA 1J6
c INPUT OPTION 2. Al = POSITION AND VELOCITY VECTORS IV PARA 17
< VANGUARD UNITS P44 108
4 PARA 133
3 DD 301 N=1,3 PARA 113

D RX(N)=AL{N)*56378.368 PAR4 111
D 301 VX(N)=AI(N+3)*7.905472668 PARA 112
b CALL RVELZ{RX;VX34,PFR,EN,GM} PAA 113
GO TD 9999 PARA 114

I PARA 115
< INPUT OPTION 4. Al = BROUWER MEAN ELEMENTS, &LL ANGLES IV DESRESSPARA LIS
[ N PARA 117
PARA 118

PARA 119

N=3,6 PARA 120

] BA-AI(NIDO 0174532925199433 PARA 121
401 ALLQ(N)=BA PARA 122
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CALL BRWRY
oiz0

PARA. 123

Dz 20,8, ...
D CALL BRRR2{DT+0.0)
DO 402 N=1,6 PARA 126
402 A{N}=ABIN) . - PARA 127,
9999 RETURN - PARA 128
END PARA 129
L4 SU.&&DQHHEJQESZ,_EDRTBMLSUUB;E PROGRAN _. RDHS2000
- CARDS COLUM ROHSZOOL
. LISTB . ROHSZIIZ
» LABEL . ...
SUBROUTTNE ROMSZ(AR: IR, 1Dy IM;AS) RONSZDD3
4 RDHSZD2%
G_.._V_EBSIDLLL.Q}LQE il ROMSZIIS,
FORTRAN suskuurme = RDMSZ096
c FOR USE KITH FORTRAN 2 HONITOR UY 18 7090, 709% RO4SZIOT
= e = ROMSINJS
3 FURPOSE RDNSZ0D9
c CONVERTS AN ANGLE DR ARC_IN RADIANS INTO THE INTEGRAL RDMSZO1D
g NUMBER OF BEVOLULLONS. NUMBER. D DEGREES, WUMBER QF RDUSZILL.
I3 HEINUTES, AND NUMBER OF SECONDS AND DECIMALS DF A SECOND  ROMSZI1IZ
¢ CINTAINED IN THE ANGLE DR ARC. ROMSZIT3
¢ O ROMSIILE
T CAu.mc- “SEQUENLE ROMSIILE
< CALL ROMSZUAR, IR, IDsIM,AS) DASZILH
- . RDHSZILY
c et RDMSZI18
T AR = ANGLE OR ARC IN RADIANS ROMSZI19
c o e o s e p e o ROMSZI20
c AR MUST BE AVAILABLE TN CALLING PROGRAM IN DIUBLE PRECISTONRINSZIZL
T FORH. RDYSZII22
< . s _ RDHSZIZ3
< ouTPUT 3DMSZI24
[ IR = INTEGRAL NUMBER OF REVDLUTIONS IN THE ANSLE DR ARL RDHSZ)25
[ [0 = NUMBER OF DEGREES. . _. .. RDYSZI26
c IM = NUMBER OF MINUTES ROMSZ327
4 AS = NUMBER OF SECONDS AVD DECTHALS OF 4" SECOND 2p4sZ328
c . . RDUSIIRY
c REFERENCE ADUSZIZ0
z prerr RDUSZIAL
z ADMSZI32
c METHUD 20M52I33
c P ROMSZI34
T RDHSZI35
z RESTRICTIONS RDUSZI3S
H PPy RDXSZIIT
¢ RDYSZI38
< ACCURACY RI¥52339
H CONVERSION IS ACCURATE T3 AT LEAST 001 SEZONDS OF ARC,  RDYSZD43
c RDUSZICL
< REQUIRED SUBPRUGRAMS ~ FORVRAY 2 HONITOR RI4S2362
z TOFDP) s DMOD, (DFRPJ, (BFSBI ROMSZI43
H ROHSII4%
T REQUIRED SUBPROGRAHS ~ OTHER RDMSZI45
< NINE RDHSZI45
H . RIMSZI4T
< STORAGE REQUIREMENTS 30452348
: 337 HITHOUT REQUIAED SUBPROGRAHS RDYSZIHS
< RIMSII5T
z TINING aDuSII5L
T NO ESTIMATE AVAILABLE 20452352
z 30452253
z ANALYSIS 3IMS2354
c ROUSZI5T
4 RDYSZ253
T PRUGRAN MODIFICATIONS I4STIBE
3 03/02/6% H0D. 1 BY 5. STATEN = CHAYZED 23R LIMIT OF  3D%SI353
< AS FROM 99,0005 T2 59,9995 23452354
c 20452355
Cosses START PROGRAM senenes IMSII56
< DUSZIST
T 5 {R=AR/6.283185307179586 39452358
5 & AR=MOOF{AR,6,2831853071795851 HOUSZI5Y
5 7 xo~4a-s1 2957795130823 AJMSZITI
8 Als 29452371
0 9 As n/sv 2957795130823 RJ4S2372
0 10 B=A 20452373
B 11 (nepedesr. 746770784338 30452374
8 12 Az=lH 204SZITS
13 IN=XABSFIIH} IUSIITS
U 1% CeAR/3437.746770784938 ROUSZITT
D 15 DrB~C A34ST3T8
2 16 AS*ABSF(De20526%,806247096) 20452377
0 17 IF( A$-53.9995) 20,1818 30457389
D 1B AS=ABSF(AS~63.) 20452281
19 IM=fHelL RI452282
20 IF (IH-631 23,21,21 30481333
21 IH=H-50 20451334
22 IN=IDeXSIGNF{1, 10} AD4SZ335
23 IF {XABSF(ID)=~360) 26424424 30452335
24 102 [D-XSIGNF {360y D) 29457137
25 IR=IR+XSIGNF(1y IR} ROUSZIBH
26 RETURN 10452289
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sesan START POGRAM =

END
—_ ..SUBROUTINE RHMSZ FORTRAN_SQURCE

CARDS COLUMN
LXSTB
ABEL
SUBRDUT[VE RAHSI(TR, IDy IH, TH, 151

VERSION OF_03/02/6%
FORTRAN SUBROUTINE
FDR USE WiTH FORTRAN

IONITOR ON IBK 7090, 7094

PURPOSE

CONVERTS TIME IN RADIANS (24_ HOURS =
ER. OF.

THE_INTEG!

RA
MINUTES; AND NUMBER OF SECDNDS AND DECIMALS DF A SECD\D'

CONTAINED IN THE TIME.

CALLlNG SEQUENCE
CALL RHMSZ{TR;10, IH;IMsTS}

neutT .
= TIME IN RADIANS
TIAE HUST BE AVAILABLE IN TALLING PROSRAH IN
DOUBLE PRECISION FORM.
ouTPuT
0 INTEGRAL NUMBEK UF UATS LuniaINED IN THE TINE
1 NUMBER OF HODURS..
™ NUMBER OF MINUTES
TS = NUMBER OF SECONDS AND DECIMALS OF A SECOND
REFERENCE
[
METHOD
[
RESTRICTIDNS
were
ACCURACY

CINVERSION IS ACCURATE TQ AT LEAST .001 SECONDS OF TIHE.

REQUIRED SUBPROGRAMS - FORTRAN 2 MONITOR
(DFDP) » DMOD, { DFHP ) + {DFSB}

REQUIRED SUBPROGRAMS - OTHER
NORE
STORAGE REQUIREMENTS
316 WITHOUT REQUIRED SUBPROGRAMS

TIRING .
ND ESTIMATE AVAILABLE

ANALYSIS

PROGRAM MODIFICATIONS
03/

2/64 40De 1 BY S. STATEN - CHANGED UPPER LIMIT OF
T

S FROK 59.0005 TD 59.9995

21 RADIANS) I‘TD

RDMSZII0
RAMS7200.
RHMSZ901
RAMSZO2

RHHSZ003"
RHHSZI34
RHHSZ095
RHMS20D6
RAMSZOJ7
RHYSZ028
RHMSZDJ9
RH4SZ31D}
BHMSZ211
RHAMSZI12
RHMSZI13
RHYSZI14
RHMSIJ15
RHMSZOL6
RHMSZIOLIT
RH¥SZ)18
RHM52I19
RAMSZI20
RdAMSZ321
RAMSZI22
RHYSZIZ23
RHMSZ224
RANSZI25
RHMSZI26
RHMSZI27
R4MSZ)28
RAMSZJI29
4M5223D
RHMSZI3 T
RHMSZJ32
RHHSZ)33
RHMSZI34
RHMSZI35
RHMSZI36
RHAMSZI3T
RwAMSZI38
RH44SZI39
IHKSZI4D
RYMSZIGL
RHMSZ242
R4MSZI43
RHUSZI44
R4MSZJ45
R44SZD45
RHUSZ)67
R44SZI49
R4MS2249
1452350
44SZISL
4452352
4452333
RHMSLI54
RAYSZI5T
RAMS215D
44S2Is1
TR49S2263
RAMSZIS%
R44S2355

ID=TR/6.283185307179586
TR=MUDF(TR;6.283185307179586)
TH=TR*3,81971863420548
TL=1H
1/3.81971863420548

~A

[K=B#229.183118952329
T2=18

IHsXABSF{IM)
€=T2/229.183118952329
0=6-C

TS=ABSF{D#13750.9870831397)
IF (7$-59.9995) 20,18,18
TS=ABSFIT5-62.)

IM=T1M+]1
IF {IM-63) 23,21,21
I M-60

IH=IH#XSIGNF( L, TH)
If (XABSF(IH}=264) 26424124
TH=[H-XSIGNF {24 IH}

1 D+XSIGNF(1,10)
RETURN

END

SUBROUTINE RVELZ FORTRAN S50URCE PROGRAK
CARDS COLUMN

LISTB

LABEL
SUBROUTINE RVELZ(X;VXsAyPeEN.GH)

97

ees

»344§7355
4452757
R4452258
4452359
YUS23ITI
RMS2ITL
RHYSZ2272
[MM52I73
344SZIT74
2442375
RAMS2I76
R4MSZITT
344S2I78
4452379
24452232
R445Z231
24452332
R4452383
34452334
R44$2385
4MSZI35
R44S2I37
k4457293
R4USZI89
2445290
JVELZIID
RVELZIIL
RYELLIIZ

RVELZDI3
RIVELZIIG
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4 VERSION DF 07/22/63.. ... RVELZDS

L. _EORTRAN SUBRQUTINE __ ______ .. RYELZDD6

T FOR USE WITH FORTRAN Z_MONITOR ON TBH 7090, 7094 RVELZDDT

¢ [P RVELZDD8,
£ e . —_RYELIOJS

T - CONVERTS GEDCENTRIC EQUATORIAL INERTIAL RECTANGULAR RVELZJ10

c. COORDINATES OF POSITION, AND. COMPONENTS OF VELDCITY INTO  RVELZILL

c .. OSCULATING ORBITAL FLEMENTSD . ... ... . RVELZILZ .

3 N e " RVELZIL3

[4 CALL]NG SEQUENCE R RVELZD14

. - DIMENSION X(3):VX{3).A(6) RVELZD15

[ n CALL RVELZ(X.VX.A.P.EN:GH) . RVELZIL6

¢ - - “ RVELZOLT
L. . N o J—— e

t INPUT o . RVELZIL9

- T x(1) . L RVELZ020

9 X{2) _. THE 3 RECTANGULAR CODRDINATES.OF ROSITION RYELZD21

[ X{3) RVELZ)22

¢ RVELZD23

c VKAL) o o e e . o oo RYELZI2

T vX{2) THE 3 RECTANGULAR COMPONENTS OF VELOCITY RVELZI2S

c vX(3) R]VELZI26

¢ . RVELZJ27

GM = THE PRODUCT GF Gy IAN CONSTANT SQUARED,  RVELZD28

AND My THE MASS m= THE EARTH RVELZI2Y

J o e A RVELZ230

UNITS OF INPUT ARGUMENTS X, VX, AND GM ARE ARBITRARY BUT RVELZI3L

. MUST 8E MUTUALLY CONSISTENT. RVELZ)32

INPUT ARGUMENTS MUST_BE AVAILABLE IN CALLING PROGRAM_IN  RVELZIZ3

DOUBLE PRECISION FORM. RVELZD34

RVELZI35

ouTPUT . . RVELZI36

AL1) = SEMI-HAJOR AXTS RVELZI3T

= ECCENTRICITY - DIMENSIONLESS  RVELZJ38

INCLINATION - RADEANS RVELZI39

RIGHT ASCENSIDN DF ASCENDING NDDE - RAJIANS RVELZIGD

ARGUMENT OF PERIGEE -= RADILANS _ RVELZJGY

MEAN ANOMALY - RADIANS RVELZD42

RVELZI%3

P = ANGMALISTEC PERIOD RVELZD4%

EN = MEAN ANGULAX MOTION RVELZISS

RVELZD46

UNITS OF OUTPUT ARGUMENTS Af1}, Py AND EN AILL DEPEND UPON RVELZJ47

THE UNITS _EMPLOYED EDR X, VXy AND GM. RVELZD48

ALL AVGLES ARE IN RADIANS. RVELZIGI

UUTPUT ARGUMENTS ARE RETURNED TO CALLING PRO3AM IN DOUBLE RVELIJIS5D

FORM. RVELZD51

RVELZD52

RVELZDIS3

REFERENCE RVELZI54

REFER TO MATHEMATICAL DESCRIPTION IN SUBPRIGRAM WRITEUP RVELZJSS

METHOD i
REFER TO MATHEMATICAL DESCRIPTION IN SUBPRIGIAM WRITEUP RVELZI58
RVELZI3I
RESTRICTIGNS RVELIDSD
ECCENTRICITY MUST BE LESS THAN 1.0. AVELZISL
RVELZIS52
ACCURACY RVELZQS?

REFER TD ACCURACY TESTS IN SUBPROGIAM mRITEUP.
INTERVAL ARITHMETIC §$ PERFORMED IN DJUBLE PRECISION.

REQUIRED SUBPROGRAMS - FURTRAN 2 HUNIVOR
DEXP (2, {DFAD) . DSQRT+ (DFHP), [DFSB), (DFOP)

RVELZJSQ
REQUIRED SUBPROGRAMS — OTHER RVELZI70
07/22/63 ALLDTZ
07/22/63 ATANZ
(V‘LZJ73
STORAGE RCQUIREMENTS JVELZIT4
1215 WITHOUT REQUIRED SUBP%JGRANS RVELZITS
RYELIITS
TIMING RVELZIT?
ND ESTIHATE AVAILABLE RVYELIDITE
RVELZIT9
WELLIB3
PROGRAM MODIFICATIONS RVELZISS
ND MODIFICATIONS TO DATE RVELZIES
RVELZISY
sswee START PROGRAM . #wewVELZIID
RVELZII
2 DIMENSTIOY X(3},VX{3):A06),Y13),VY(3) RVELZI92
RYELZI33
500 DO 502 N=1,3 RVELLIFG
501 Y{N)}=X(N} RVELZ1I5
502 VY[N)I=YX(N) RVELZDIS

R2=Y(L)es24Y(2)5e2¢Y {3} a2

COUVOTUUDE HEAAUONOOOOODOAONRNN0AN000a0000NAGROACOINN00ONROMNNNOGGO000

3 R=SQRTF(32)

4 V2=VY(l)@e2+VY(2)0a24VY(3) w02 El

S V1=SQRTF(V2) RVELZLID
6 RROUGT=Y(1)eVY{L)+Y{2)sVY{2)+Y(3}eVY (3] RVELZ121
7 H1=Y(2)avY(3)}=-Y(3)evY(2} AVELZL1I2
8 H2=Y[3)evY(1}-Y{1)evY(3)} RVELZLID3
9 H3=Y(1)sVY(2)=-Y(2)eVYiLl} RVELZLI4

98



D 10 C2=Hlew24H2we2 RVELZLIS
)] 11 C1=SQRTF(C2)
D 712 HaSQRTF(H3es2+C2) RVELZLO7
D 13 RC1=RaCl RVELZ108
~ D_ 14 RTGM=SQRIE(GM) _RVELZ129,
D18 A(l)xGH-RI(GH+GH—RnyZ) v RVELZLILD
D 16 RTA=SQRTF(A{L RVELZI1L
.D AT E pm/_(an;u-u ) nmmn o - = SRVELZ112
D xa ARZALL) /R RVELZ113
D 19 F2x1.0-R/A(1} N RVELZ1l%
D._ .. E2=Fleed4F2ss2 - - RVELZ11S.
0 21 A[2V=SQRTF(E2) _ - . RVELZ116
D 22 SI=Cl/H RVELZ117
.D_23 ¢ - - RYELZ118.
0 24 .. RVELZ119
D 25 CN=-H2/CL RVELZL20
D 26 SUsHeY(3)/RC e o e RVELZ]21
D 27 cu=(vtz;-u1~v(1)-uzn/kc1 RVELZ122
D 28 SE=F1/A(2) RVELZ123
D 29 CE=F2/A{2) —_ - . RVELZI2%
[ SF=AR®SE#SQRTF (150~ RVELZ125
D CF=AR*{CE-A{2)) - RVELZ126
D 30 A{3)=ATANZ(SI,CI) ... _ RVELZ127
D 31 Al4)=ATANZISN,CN) RVELZ128
D 32 U=ATANZ{SU,CU) RVELZ129
D F=ATANZ{SEsCF) RVELZ130
D 33 E=ATANZISE,CE) RVELZI31
[ A5=U-F. RVELZ132
0 AL5)=ALLOTZ(AS) .. RVELZ133
D 34 ~A(2)#SE RVELZ134
D 35 Al6)= ALLOTZ(A6) RVELZ135
D 36 TGH/ [RTA®A{1)] RVELZ136
D 37 P=6.283135307179586/EN RVELZ137
RETURN i RVELZ138
e e RYELZ139
. SUBROUTIVE R13Z 'FORTRAN SDURCE PROGRAM ]137 299
. CARDS COLUMN - R13Z 21
. LIST8 R13Z 332
. LABEL
SUBROUTINE R13Z{Y:8sArX) R13Z 223
4 - RI3Z 236
< VERSION OF 07/18/63 R13Z 235
< FORTRAN SUBROUTINE RI3Z 335
b FOR USE WITH FORTRAN 2 MONITOR DN IBM 7090, 7094 2132 237
[ R13Z 238
< PURPOSE RI3Z 209
c SILVES THE MATRIX EQUATJON - R13Z 213
T Y = RL(B) R3[A} X 313z N1
4 HHERE - R13Z 012
4 - R13Z 313
c COS A SINA O R13Z D14
< R3{A}= -SINA C3S A O ]13Z 315
c [] 0 1 R13Z 216
c R13Z N7
T RI3Z 218
z 5 1 0 o R13Z 219
C RI(B)= 0 €0S B SIN B R13Z 223
4 0 ~sINB COSSB R13Z 221
4 R13Z 222
4 2137 223
4 CALLIVG SEQUENCE R13Z 326
< DIMENSION Y(3)4X(3) - RI3Z 225
: ‘D CALL R13Z(Y,Bs8,X) RI3Z 228
< 3137 327
|4 INPUT R13Z 328
4 VECTOR X [N ANY UNITS ]13Z 329
H RITATION ANGLES A AND B IN RADIANS R137 333
< 132 331
< INPUT ARGUMENTS MUST BE AVAILABLE IN CALLING PROGRAM IN  R13Z 132
< DOUBLE PRECISION FORM. 132 233
S 2132 234
4 QTPUT 313z 235
< R13Z 236
< VECTOR Y LN SAME UNITS AS VLCTIR X R132 337
: OJTPUT. ARGUMENTS ARE RETURNED TO CALLING PRI3IAM IN JOUSLE RL3Z 338
4 FORH. R13Z 239
T R13Z 240
b4 REFERENCE 132 241
H REFER TO MATHEMATICAL DESCRIPTION IN SUBPRIGRAM WRITEUP  R13Z 42
4 132 243
< HETHOD 137 244
4 REFER TO MATHEMATICAL DESCRIPTION IN SUBPRIGRAM WRETEUP  R13Z D45
H 137 246
< RESTRICTIONS 2137 247
4 sasene ’13Z 48
c 2A3Z 249
z ACCURACY 137 259
< INTERNAL ARITHMETIC IS PERFDRMED IN DJUBLE PRECISION. R13Z 251
4 R13Z 252
< REQUIRED SUBPROGRAMS — FORTRAN 2 MONITOR R13Z 253
: DSIN,DCOS, {DFHP), {DFSB}, (DFAD). 23T Ive
c 2132 355
< REQUIRED SUBPROGRAMS - OTHER R13Z 256
4 NON R13Z 257

9



c e e R13Z 058
.G _ . STORAGE REQUIREMENTS. ____ ~ ;
3 248 WITHOUT REQUIRED, SUBPROGRAMS TR13Z 960
C - R13Z7 061
L. .TIMING __
[ *"ND ESTIMATE AVAILABLE__ . __ __ R13Z 263
c R13Z 364
B ANALYSIS R132 265
c ~ .. R13Z 058
c _R13Z 071
G __ . PROGRAM_MODIFICATIONS R13Z 972
H ND HODIFICATIONS TO_DATE - RL3Z T4
c R R R13Z 075
Casess START. PROGRAM R13Z D76,
c RI3Z 077
D 2 DEMENSION Y(3),X(3) R13Z 378
c I R132.379.
D 3 SA=SINF{A) R137 380
D & CASCOSF{A) R13Z 381
B .5 SB=SINE(B). ., _ .. R13Z_282
o "6 CB=COSF(B) R13Z 383
D 7 Z=X{2)+CA-X(1)#SA R13Z 284
D 8 Y(LI=X[1)*CA+X(2)85A. R13Z 285
D 9 Y[2)=CBeZ+X(3)#SB R13Z 286
D 10 Y(3)=x{3)+CB-SBeZ R13Z 187
.. RETURN R13Z 288
END . RI3Z 289
. SUBROUTTNE TIMEC FORTRAN SOUTCE PROGRAM TIHES
¥, . CARDS COLUMN e e
. LISTB
. LABEL
SUBROUT INE, TIHEC(DJO:TSEPLS;E;DT)
c USES TAPE
c
T . VERSION OF 7/22/63
b4
c READS A CARD FROM CARD READER CONTAINING CALENDAR DATE AND UT2 OF
< DESTRED START AND ENO TIHES FOR CALCULATION OF AN EPHEMERIS, AND
z THE TTME INCREMENT OF THE EPHEMERIS IV SECONDS. CSALZULATES TT4E
z INTERVAL IN SECONDS FROM SOME EPOCH (DJO,TSEP) TO T-4E START AND
c END TIMES. . ..
c WRITES CALENDAR DATE AND UT2 ON TAPE UNIT A3.
< INPUT FROK CALLING SEQUENCE
c JO = EPOCH JULIAN DATE AT ' HOURS yT2.
c T3tp < ERGEH UTE Tn-SECONDS
H :
H INPUT FROM CARD READER
c NMS,NDS,NYS = MGUTH, DAY, YEAR OF START DATE
4 NMF,NOF,NYF = HONTH, DAY, AND YEAR JF END DATE
< NHS,NMNS,TSS = HOUR, MINUTE, SECOND (UT2} JF START TIME
T NHFNMNF, TSF = HOUR, MINUYE: SECOND (UT2) JF END DATE
c OT = TIME INCREMENT OF EPHEMERIS IN SECONDS
c ouTPUT
c = TIME IN SECONDS FRDM EPOCH T START TIME
H £ = TIME IN SECONDS FROM EPOCH T END TIME
: DT = TIME INCREMENT OF EPHEMERIS IN SECONDS
< REQUIRED SUBPROGRAMS .
c
z BJUL: JULCAL 37/22/60 - FAP OOUBLE ENTRY PROGRAM
c
5315 FORMAT (201XI2) +1X,1472135F703,13,1X,12,1Xs14:213,F7.3,F11.3
6016 FORMAT [1X1241H/12,1H/14,7X11H START DATE/1XI2¢13:F7.3,5X
1 158 START TIME-UT2/1XF12.3,5X23H TIME INCREMENT-SZZINDS//1X12,
2, 1H/12, 14714, TX9 END DATE/1XI2,13,77.3,5X13K EnD T1ME-UT2 )
6015, 4HS 1 NDS s NYS, NHS ) N4NS 1 TSS  NHF 4 NDF ¢ NYF , VHF
1 NHNF.rss.or
HRITE OUTPUT TAPE 3,60165NMS,NDSsNY Sy NHS  NHNS, TSS9 DT, NHF, NOF 2 NYF,
1 NHF/NMF, TSF
1F (SENSE SWITCH 6) 1,2
1 PREJT 6016,NHS¢4DS s NYS NHS s NHNS » TSS DT, NUF ¢ NDF o NYF ) N-IF y NUNF, TSE
2 0J50=DJUL{NYS,NDS,NYS)
DJIFO=DJUL (NMF, NDF,NYF)
THSSNHS #3600
THN. Se6d
TS=THS+TUNS+TSS~TSEP
THF=NHF #3600
THNF=NH {F#60
TF=IHE S TUAF S TSF-TSEP
o S=DJS*86500,+TS
F=DJF#86400. +TF
RETURN
END
. SUBRUUTINE VFUZ  FORTRAN SIURCE PROGRAM VFUZ 290
. CARDS COLUMN VFUZ 901
. LISTS VFUZ 232
. LABCL
SUBROUTINE VFUZ{SCRE,F,U) vFUZ 233
H VFUZ 224
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v&xswu or az/zuea-.,- YEUZ D25

m uss unn FORTRAN 2 MONITOR DN 1BK 1090, 7094 VFUZ 007
R U U vEUZ 098
PURPOSE

" CONVE LNEUZ 009
CONVERTS GEODETIC LATITUDE, LONGITUDE, AND HEIGHT OF A VFUZ 910-

STA‘”DN ABD‘IRRCUHPU ATIONAL SPHEROJD {ALONG A NIRMAL TD VFOZ D11

+ morenmen JHE_SPHERQID). INYO GEOCENTRIC RECTANBULAR COORDINATES U YFUZ 312

PQSIT ON. _THE ORIGIN DE_YHE RECTANGULAR GDORDINATE SYS‘[EK VEYZ 313

{THE U SYSYEM} IS LOCATED AT THE GEOMETRICAL CENTER OF THE VFUZ 314

.. COMPUTATIONAL SPHERGID. THE U] RIS i§ g;xﬁ‘rsg IOWARDS zsvz ;15
THE INTERSECTION OF THE GREENMICH HERIDIAN AYD

EQUATORIAL PLANE. THE U3 AXIS IS PERPENDICHLAR YD THE VFUZ 317

o _EQUATORIAL_PLANE AND IS DIRECTED 'NORIH, THE U2 AXIS IS . VEWL 1%

LOCATED IN THE EQUATORIAL PLANE 90 DESREES EAST OF .JHE U1 VFUZ 319

AXIS. VEUZ 320

- S VEUZ 221

CALL[NG "SEQUENCE VEUL 22

DIMENSION SCU3)4U(3) iUz J23

D LCALL VEUZ{SC,RExFaUL. VEUL 924

- vEUZ 225

VFUZ 26

GEUE,EULJ.HIIQQE_KADL’« yruz 227

GEODET IL LONGITUDE ~ RABIX VERL 328

= HEIGHT ABOVE CGHPUTATIDNAL SPHERDIB ALONG & NORMAL YFUZ 329

TG THE, SRHERDID. VFUZ 233

¥FuZ 931

. RE EQUAYGR!M, RADIUS OF CONPUTATIONAL SPHERDID VFUL 332

F R ELATTENING JF COAPUTATIONAL SRHERDID VEUZ 2333

D NSXDNLESS) - Eo.Ge IF FLATTENINS = 1/298.3, VFUZ 334

THEN F = 298.3 vFUZ 235

R —— VFUZ 236

UNITS OF INPUT ARGUMENTS SC{3) AND RE ARE ARBITRARY BUT VEdE 237

MUST BE MUTUALLY CONSISTENT. VYFUZ 238

INPUT ARGUMENTS_MUST BE_AVAILABLE [N CALLING PROGRAM IV YEUL 339

OJUBLE PRECISION FORH. VEJL D42

VFUL 241

oUTPUT VEUZL 282

Uil YFUZ 343

gtal THE 3 RECYANGULAR CODRDINAYES OF POSITION YFUL 4%

U3} VEJL 345

N YRUZ 346

UNITS OF OUTPUT ARGUMENTS, U WILL DEPEND YPON THE UNITS YFUL D47

EMPLOYED FOR SLi3) AND RE. VFUZ )48

QUTPUT ARGUMENTS ARE RETURNED TD CALLING PRO34M IN DDUBLE VFJZ 349

FORM. VFUZ 350

. VEUZ 051

REFERENCE VEUZ 352

REFER TO MATHEMATICAL OESCRIPTAIN TN SUBPRIGRAM WRITEUP VEUZ 253

YFUZ 234

METHOD VEUL 355

REFER TO MATHEMATICAL DESCRIPTINN IN SJBPRIGIAH WRITEUP VFUZ 338

yFIZ 357

RESTRICTIONS vruz 358

Tsasus VEJIL 353

VFJZ 253

ACCURACY VFJL 251

INTERNAL ARITHMETIC IS PERFORMED 1M DJUBLE PRETISIIN. VUL 352

g VFJZ 263

REQUIRED SUBPROGRAKS ~ FORTRAN 2 MONITOR VFUZ J56

DSIN:DCOS, (DFOP), [DFSB)DEXP(2,D5URT {DFHB) .+ (DFAD) e WEYTL IS5

vFuzZ 266

REQUIRED SUBPROGRAMS - OTHER VE4L 387

NINE VFJL 258

VFUL 259

STORAGE REQUIREMENTS VEUZ 372

335 WITHOUY REQUIRED SUBPROGRANS ¥FUZ 37

vEyz 272

TINING vfuzZ 373

NB ESTIMATE AVAILABLE VEJZ 374

VFJL 375

VFJZ 279

VEUL 282

PROGRAM HODIFICATIONS VFUZ 233

ND MODIFICATIONS TO DATE YEJT )85

VEJL 386

wewas START PIOGRAM #ee vFUZ 287

VEJSL 188

2 DINENSIOV SCI31,U{3}) vEJT 283

VEIL 333

3 SAL=SINFISCI1}} YEUZ 391

4 CAL=COSFISCiLN? ¥Ful 332

5 €1={1.0-1,/Fjes2 viuz 333

6 EN=RE/SQRTFICALsw#2+L1e5aLea2) VEIL I9%

7 C2=(EN¢SC(3))eLAL VFUZ 395

8 UL1)=C2«Z0SF{SC(2)) VEJL D35

9 U(2}=C2=SINF(SCI2}] VEJIZ 137

10 U(3}=(ENeCL+SC(3))esAL VEJZ )38

RETURN VEUZ D99

VEUZ 199

SJBROUTINE VRDZ  RORYTRAN SOURCE PROGRAM vRDZ 332

CARDS COLUMN Y22 031

L1578 ¥RIZ 232

LABEL

0L


http:AX-3-.OS

SUBROUTINE VRDZ{NsZsE;AsR VRDZ 003

VERSION OF 07/16/63 VRDZ 025
FORTRAN SUBROUTINE VRDZ 06
e EOR_USE_WITH FORTRAN 2 HONTTOR ON 1BM 7090, 7094 _VADZ 297.

PURPOSE VRDZ 029
GONVERTS_RECTANGULAR POSITION_COORDINATES.OF A ROINT TO '[HEVRDZ e
SPHERICAL COORDINATES.DE -THE POINT. - VRDZ 311
VRDZ 012

VROZ_ 213,

CALLING SEQUENCE VROZ 314
DIMENSION 2{3) . VROZ 315

0 CALL _VRDZ(1:71E:A:R]: .. VRRZ 1O
D CALL VRDZ(24Z5EsAsR} | - VRDZ 217
VRDZ 218

PUT . — e - en e i . VRDZ 319
Z{1) VRDZ 220

) THE 3 RECTANGULAR CODRDINATES OF POSITION VRDZ 221

3 e e — — - - VRDZ J22

VRDZ J23

OPTIDN NUMBER TO DETERMINE TYPE OF SPHERICAL VRDZ 226
COORDINATE OESIRED. .___ ... - . VRDZ 325
VYRDZ 226

oUTPUT VYRDZ 227
MAGNITUDE ,OF POSITION_YECTOR VRDZ J28
ANGULAR DISTANCE IN RADIANS DF VECTOR FRIM 21-22 VRDZ 229
PLANE {E.G. ELEVATION, DECLINATION, LATITUDE) vaDZ J32
E IS RESTRICTED, tD LIE BETWEEN O AND + PI/2 RADIANS VRDZ 331
OR BETWEEN 0 AND - PI/2 RADIANS VROZ 232
VRDZ 133

ANGULAR DISTANCE . IN RADIANS OF PROJECTION OF VECTOR VRDZ 234
ONTO THE 21-Z2 PLANE, MEASURED POSITIVELY COUNTER- VRDZ 335
CLOCKWISE FROM THE Z1 AXIS (E.5. RIGHT ASCENSION, VRIZ J36
LONGITYDE MEASURED PQSITIVE EAST FRIY SREENWICH) VRDZ 337

L
c

paooo

|
l

z
"

m=
na

=z
W
-
>
"

ANGULAR DISTANCE IN RADIANS OF PROJECTION DF VECTOR VRDZ 339
ONTO THE Z1-Z2 PLANE, MEASURED POSITIVELY CLOCKWISE VRDZ 24D
FROM THE Z2 AXIS (E.G. AZIMUTH MEASURED POSITIVE VRDZ J%1
CLOCKWISE FROM NORTH) VRDZ 262

=z
W

N

>
"

A 1S RESTRICTED TO LIE BETWEEN O AND + 2 Pl IADIANS VRJZ 246

UJTPUT ARGUMENTS ARE RETURNED TJ CALLING PR33AM IN DDUBLE V\DZ 45
FORM. VRDZ &7

REFERENCE VRDZ 350
REFER TO MATHEMATICAL DESCRIPTION IN SUBPRIGRAM WRITEUP vDZ J51

METHOD VRDZ 53
REFER TD MATHEMATICAL DESCRIPTION IN SUBPRIGRAM wITEUP VRDZ 154

RESTRICTIONS VRIZ 356
nesuen

ACCURACY VvapZ 2359
INTERNAL ARITHMETIC IS PERFORMED IN DJUBLE PREZISIUN. VRIZ 353

REQUIRED SUBPROGRAMS ~ FORTRAN 2 MONITIR v3DZ 352
DSQRT:DEXP (2, {DFAD), (DFDP} 4 {DFYP) s DATANZ VDZ 353

REQUIRED SURPROGRAMS - QTHER VDZ 355
07/22/63 ATANZ VRDZ )56

STORAGE REQUIREMENTS VDI 258
298 WITHOUT REQUIRED SJBPROGRAYS VIZ )53

TEMING VROZ J71
NO ESTIMATE AVAILABLE V321 272

PROGRAM MODIFICATIONS v32Z J81
NO MOIDIFICATIUNS YO DATE vapz 133

wese START PRUGRAM asssanssssesyIIZ 1IBS
VvRDZ J36

DIMENSION Zi3) vR9Z )37
V3DZ 288

R=SQRTF{Z(1)#=2+47(2)es2¢2{3)ns2) vR3Z 2389
SE=Z{3)/R vR3Z 233
CE=SURTF(1.0-SEwe2) v3DZ 391
C=ReCE VvR0Z )32
GO TO (7,9}s N v32Z 233
CA=2{1)/C VDL 394
SA=Z(2)/8 VvRDZ 1335
GO 10 11 vDZ )96
SA=Z{1)/C VRIZ 237
10 CA=Z{2)/% VRDZ 398
11 E=ATAN2F{SE,CF} VRDZ 193
12 A=ATANZ(SA4CA) vROZ 123
RETURN va3Z 191
END vanz 122
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FUNCTION XKEP XKEP
.—CARDS COLUMN

. LisT8 -
. LABEL .. PR
. EUNCTION XKEP(AM,ECC,SE,CE,ERR]
El = AM ¢ [ECC » SINF(AM) %
o

EL)

El + ({AM - E1 + ECCsSE) /_(1.0 - ECC#CE))
G = ABSF{(El - E2) / El}
IFJ_H T_28).242.3

F{G - ERR } 54541
3 PR!NT 4
PRINT 63AMsE1,E2,6,N. .
"4 FORMAT (36HOND CONVERGENCE IN KEPLERS EQUATION
& FORMAT {4E16.8+15)
. SENSE LlGHT 2

ENI . .
FUNCTION XKEPZ XKEPZ
CARDS COLUMN
LIST8
‘LABEL
FUNCTION XKEPZ(AM,ECCsSE,CEsERR)

... El = AM + {ECCs SINF{AM)) .

PRy

]

=0
1 EZ El
N=n+1
SINF(EL)
"COSF(EL)
£l El & ({AM - ELl + ECC'SE) / t1.0_~ ECC+CEl}
G = ABSF((EI - E2) /7 E1

cooo ©
o
m
woon

L] 2 IF{G = ERR ) 54551
PRINT 64AMsE14E24GoN
4 FORMAT [36HOND CONVERGENCE IN KEPLERS EQUATIOV
6 FORMAT (4El6.8,15)
SENSE LISHT 2 -
o 5 XKEPZ = E1

RETURN
. SUBROUTINE BACK
. CARDS COLUMN
. LISTS
. FAP
COUNT 82
LBL BACK X
REM SUBROUTINE BACK .
REM PROSRAM IN CORE A, MIVES AN ARRAY FROM CORE 8 T
REM DESIGNATED LOCATIONS CORE A.
ENTRY  BACK
BACK EFT TEST FOR A DR B CORE
TRA ERROR ERROR - B B
SXA STOIR,1 sTOE HA.HxﬂE cavulrluvs
$X0 STOIR,2
sT1 STOIND
AXT 0.2 zeR0 1.R. 2
CAL= 3,4 FORTRAN ADDRESS BLOEK FROM CIIE B
ARS 18 SHIFT TO ADDIESS PORTION OF WOID
STA ARRAY STORED FOR REFCRENVCE
sus ADDR1 SETTING UP TRANSFER OF THREE wI3DS
STA ARRAY+1 AT A TIME
sus ADDRL x
STA ARRAY+2 X
CALs 2,4 ARRAY LENGTH
POX 0st PLACED IN I.3.
TXL SHLARY, 1,2 SMALL ARRAY, LENcru EQUAL TO 1 Ik 2
cAL Lis FORTRAN ADDRESS BLOCK IV SORE A
STA STORE STORED FJR REFERENCE
suB HILL BE STIRING THREE WIIDS AT & TIME
STA X
sus X
sTA X
RESET SEB x
ARRAY CLA . TRANSFER OF WIRDS
) X
LDL x
SEA x
STORE STO STORED
57Q x
STI X
TXI | e+142,3 MIVE DOWN THROUGH BLOTK
TIx RESETy1,3 REDUCE BLOCK DY 3
TXH ARRAY3, 1,2 IF 3 HORDS: SET 1.R. 1
TXH THOHOS, 1,1 TEST FOR REMAINING (1 or 2) WIRDS
XL RETURN: 1,0
ONEWD CALs 3,4 TRAMSFERR!MB TOVAL OF 1 WORD, 3R
ARS 18 . REMAINING WORD FROM A TD B CORE
STA ARRAYL REMAINING HIRD FROM A TO B CORE
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CAL
STA

ARRAYL CLA

RN A —
STOREL STO

RETURN LXA

PR S 3. ».__ETQLRxZ_

LDI

_SHLARY, I_L___.Q&Eh_x_h.
354

THOWDS CALe
ARS

SEB
ARRAY2 CLA
LoQ
SEA
STORE2 STO
R STQ
TRA
ARRAY3 AXT
ERROR HTDA
RCHA
TCOA
READ I0CD
WORDS BCI
ADDR1 OCT

STOIND BSS
STOIR BSS

Ls4 X
_STOREL X
X
2 X
X
e, 2 X
STDIR,1

G214
TRANSFERRING TOTAL OF 2 WORDS, OR
18 REHAINING 2 WORDS FRIH A TOD B COR
ARRAYZ X
ADDR1 X
ARRAY2+1 X
R L X
STORE2 X .
ADDR1 X
. STYOBE2¢l .,A))E_
w2 X
. %Es2 LK
X
T ees2 X
2 X
RETURN 3
0,1 3 WORDS, ZERD-I.R. 1
RESET _ WX .. B
3
READ
.
4y
HORDS 3119

1
9y1e# SUBRODUTINE BACK CANNOT BE EXECUTED FRIM B CORE e»
1

1
1

D
SUBROUTINE STASH
CARDS COLUMN

R
-
- m
@ =
b4
@

T
ONEWD CAL
57a
CAL»
ARS
STA
ARRAYL CLA
SEB
STOREL STO

RESET SEA
RETURN LX4&

80

STASH,X

SUBROUTINE STASH

PROGRAM_IN CORE A. MOVES AN ARRAY FROM CORE A TJ
DESIGNATED LOCATIONS CORE B.

STASH
TEST FOR A 3% B CORE
ERROR ERRIR - B
STDIReL SlﬂRE:MA’HINE CONDITIONS
STOIRy2
STOIND
0+2 lERD I.Rs 2
L4 FORTRAN ADDRESS BLOCK FIM
ARRAY STORED FOR REFERENCE
ADDR1 SETTING UP TRANSFER OF THREE WIRDS
ARRAY+1 AT A TIME
ADDR1 X
ARRAY+2 X
2:4 ARRAY LENGTH
01 PLACED IN 1.R. 1
SMLARY, 142 SMALL ARRAY, LENGTH EQUAL TO 1 JR 2
3.4 FORTRAY ADDRESS BLOCK TJ
18 SHIFY TO ADDIESS POURTIOV JF WORD
STORE STORED FJIR REFEXENCE
ADDRL WILL BE STIRING THREE WIRDS AT A TIME
X
X

X
TRANSFER OF WIRDS
x

x
x
STORED
X
X
sels2,3 MOVE DOWN THROUGH BLOZK
X
ARRAYs143 REDUCE BLISK BY 3
ARRAY3, 1,2 IF 3 WORDSs SET I.R. 1
THOADS s 141 - TEST FOR REMAIVING {1 R 21 WORDS
RETURN» 140
1:4 TAANSFERRING TOTAL aF 1 ARy R
ARRAYL REMAINING WORD FRJW & TD B CORE
3,4 x
18 x .
STOREL x
w2 x
X
o2 x
X
STOIRsL RETURN T3 FORTRAY
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LX0 | STOIR:2..

P S
—
B RA 418 X .
SHMLARY TXL ONEHDs L4 ] .- JEST_EQR 1 OR 2 WORDS IN ARRAY
- TWOHOS LA —TRANSFERRING ¥ _WORDS. OR ..
STA ARRAYZ _ .. ..REMAINING 2 WORDS FROM A 7O B CORE
sus ADDRY P
e o STAL L _ARRAY2#1
.CLA¥ ETC
- ARS 18 -
PRS- {
SUB . __ADDR}
- STA STORE2#+1
--ARRAY2 CLA, .
[L.1] "2
— 2
.2 .
RESET X
_ARRAY3 A!(I_ —0.1 ~~3_HORDS, ZERD I.R. L ...
TRA ARRAY X
ERROR WT0A 3
-w - --.RCHA __ READ
TCOA .
TRA 4y
READ__}OCD .,  _WORDS.
HORDS BCY 9, 1%+ SUBROUTINE STASH CANNOT BE EXECUTED FROM B CORE e
ADDR1 OCT 1
STOIND BSS 1.
STOIR BSS 1
END
~* . SUBROUTINE TIMCA.
. CARDS COLUMN
. LisT8
®_  .LABEL

MONANNEAAPCNOAOOAROOEARONaNANNNO0

5015
6016

~-

SUBROUTINE TIRC4{DJG,TSEPrSsFeDT)
USES SUBROUTINE TIMEC AND GIVES OUTPUT DN
TAPES A3 AND A8,

VERSION OF 7/22/63

READS A CARD FROM CARD READER CONTAINING CALENDAR DATE AND UT2 OF
DESIRED START AND END TIMES FOR CALCULATION OF AN EPHEMERIS, AND
THE TIME INCREMENT DF THE EPHEMERLS IN SECOADS. CALCULATES TIME
INTERVAL IN SECONDS FROM SOME EPOCH {DJD,TSEP) TG TAE START AND
END TIKES
WRITES CALENDAR DATE AND UT2 ON TAPE UNIT A3.
INPUT FROY CALLING SEQUENCE
EPOCH JULLAN DATE AT 0 HIURS UT2.
rsEP = EPOCH UT2 IN SECONDS

INPUT FRODM CARD READER
NMSsNDSsNYS = MONTHs DAY, YEAR OF START DATE
NHF4NDF;NYF = MONTH, DAY, AND YEAR OJF END DATE

NHS)NMNS,TSS = HOUR: MINUTE, SECDND {UT2) JF START TIME
VHFsNMNF:TSF = HOURs MINUTE, SECOND (UT2) OF END DATE
OT = TIHE INCREMENT OF EPHEMERIS IN SECONDS

BUTPUT

= TIME IN SECONDS FROM EPOCH T3 START TIME
TIME IN SECONDS FROM EPOCH T2 END TIME
T = VIME [NCREMENT OF EPHEMERIS IN SECONDS

REQUIRED SUBPROGRAMS

s
F
D

DJUL, JULCAL 07/22/60 - FAP DOUBLE ENTRY PRUGRAM

FORHAY (201X12) +1Xs01422134F7e3:13¢1Xe1241X,144213,F743,F11.3 )
FORMAT (1XI241H/12,1H/14s7X11H START DATE/1XI2,13+F74345%,

1 I15H START VIME-UT2/1XF12.3:5%23H TIME INCREMENT-SZCONDS//1X12y
2 1H/l2:lHll4y7X9H END DATE/1X12+13,F7.3,5X134 EVD TIME-UT2 )]

60154 NHS, VDS NYS s NHS» NMNS o TS5 NMF » NDF o NYF 3 NHF o

1 NMNF.TSF

WREITE DUTPUT TAPE 3:6016sNMSsNDSsNYS,; NHS o NMNS, TSS DT o NHF ¢ NIF ¢ NYF
1 NMF:NMNF,TSF

WRITE OUTPUT TAPE B;6016¢NMSNDSsNYSy NHSsNHNS, TSSsDT,NHF 4 NDF 1 NYF,
1 NHF o NMNF, TSF -
PRINT 6016sN4SyNDSsNYSsNHS s NHNS s TSSy DT+ NUF o NDF s NYF o N-IF s 44NF, TSF
IF (SENSE SWITCH 6} 1.2

PRINT 60165 NHSyNDS+NYSyNHS s NHNS » TS5, DTy NMF; ND® 4 NYF; VHF , NMNF 4 TSF
DJSO=DJUL{NHS,NDS,NYS)

DJFO=DJUL [NMF 4 NDF 3 NYF)

THS=NHS #3600

THNS=NMNS«60

TS=THS+THNS¢TSS~TSEP

THF=NHF #3600

THNF=NMNFe60 .

TFsTHE+TUNF+TSF-TSEP

DIS=DJIS0-DIO

DJF=DJFO~DJO
JS86400.+4TS
F=DJFe86400.+TF
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http:TRHC4tDJAtTSEP.S.F.OT
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RETURN
END

. SUBROUTINE SUN
- CARDS COLUKN

LABEL
SUBROUTINE SUN{DJsET,CL}

L
c THEQRY AND ANALYSIS OFFICE - GSEI
c ONLY COMPUTES LUNGH‘UDE N RAD{ANS <EELIPTIC
e YERSJON OF 971576
c -
t WODLARD®S ABBREVIATED VERSION_OF NENWCOMB*S THEORY OF VHE SUN.
C.. e .
c INPUT -
4 o3 JULTAN DATE AT D HDURS EPHEMERIS TIME.
[ . EPHEMERIS_TIKE [N _RADIANS [26 HOURS = 2 PI_RADIANSL,
c EY 1S RESTRICTED TQ LIE BETWEEN O AND #2 Pl RADIANS.
c
14 OUTPUY o e e e ot e e o -
c GECMETRIC COORDINATES OF THE SUNs TRUE EQUINIX
4 AND ECLIPTIC OF DATE.
[ o o a v — e = v -
c CL = LONGETUDE IN RADIANS.
c
c REFERENCES -
4 ASTRONOMITAL PAPERS PREPARED FOR_THE USE JF THE AMERICAN
< . EPHEMERIS AND NAUTIC AL ALMANAC. VOLUME 15, PART 1 {THEORY
c OF THE ROTATION OF THE_EARTH ARDUND, JIS CENTER OF MASS -
4 BY EDGAR N. HUULARD ~ PAGES 53, 64 - 66 )
4 RESTRICTIUNS
c AQOLARD HAS USED NEWLOMB'S “THEORY OF ‘THE SUN, NEGLECTING
< ALL PERIODIC TERMS WITH COEFFICIENTS GREATER THAN .001
< . SECONDS OF ARC [N LONGITUDE AVD LATITUDEs; AND GREATER
4 THAN 7 UNITS IN THE 8TH DECIMAL 3F THE LOSARITHH
< OF THE RADIUS VECTOR. -
4 -
£ COMPUTE TIHE IN JULIAN CENTURIES ELAPSED SINZE 1900 JAN. 0.5 ET
4

DIMENSION S8{35),C(35),C8(23):E(23),59(28),HI28)+L9(41)25(45)
PRT1=0J-2415020.0
PRT2=ET/6.28318531

° T=(PRT1+4PRT2}/36525.0
T.
T3=T2+T
C COMPUTE FUNDAMENTAL ARGUMENTS
c
4 MEAN LONGITUDE - SUN
X = J.5284469 E-5 T2
o CL1 = 4.881627934112 + 625.331950990909¢7 + X
< MEAN ANUMALY - VENUS
¢
X 0.22646873 E-4 T2
0 81 3.710626228126 + 1021.328348655046%T + X
c MEAN ANDMALY - EARTH
<
X = 0.261799% E-5 #T2 + 0.58178 E-7 »T3
o G2 = 6.256583580497 + 628.301945726741+T - X
c
c MEAN ANOMALY - MARS
- X = 043156137 €-5 =72
] G3 = 5.,5768403770839 + 334.053549190822+T + X
c
4 HEAN ANDNALY - JUPITER
0 G4 = 3.932883060231 + 52.96536762026%T
c
I KEAN ANUMALY - SATURN
B 65 = 3.062637351924 ¢+ 21.320095075899+T
Z MEAN ANOMALY - MOON
- X = 0.162424846 £-3 72 + 0,251133 E-6 =T3
o SL = 5.15800034574% + 8328.5691103668024¢T + X
c
< MEAN ANOMALY - SUN
<
X = 0,2617994 E-5 #T2 + 0.58178 E-7 T3
bl SL1 = 6.256583590497 + 628,301945726T41=T - X
E MEAN ARGUMENT OF LATITUDE - MODN
i X = 0.56344461E-4eT2 + 0.5816E-8+T3
D £ = 0.1956365054887 + B433.466291171947+T - X
c
c MEAN ELONGATION OF HOON FROM SUN

X = 0.3296TE-7+T3 - 0.25064B6TE-4#T2
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ILe 37793934465 Tex

T0e D = 6.121523942807 +

S
4 LUN TTUNE QF NEAR ASCSNDING NODE - PDDN
[

e 0382640036417 + 0370883
] 4+523601514852 - 33.7571462465518T + X
L
-G-REDUCE ALL_ANGLES. BY MODULUS 2 P
¢ cee e T
b MODE_{c3
;3 HOOF {61 1+5.2831853071 795861,

0.

MODF (63 ,64283185307179586).
BDOE (G4 5

MODE {65 ,6,283185307179586)
MODF {SL ,b.zsaxasmnnsae)
00F {$L1:6.

ODF (D 36 zeswsaouwsss)
£ = MODF (F ;6.2831853071795861
W3 HODE.IW.. 26,283185307179586).

COMPUTE EXCEPTIONAL ARGUMENTS

o,

nnﬁ‘cow
i

uou saz =g.0esti-i5.6%63
2 =3.02G4~ B-D-Gth-UGSLl

- EAs 01
2 ciMpuTE SINES AHDIOR "Eosines OF "16 ARGUMENYS
1500 S3t1 =SIVFISLY
R csLy 5(ZOSF'lSLl)
SSL = SINFISL)
. €SL = COSFISL}
S61  =SINEIGL)
€61 =COSF{GL)
563 =SINF(G3)
£63  =(OSF{53}
SG4  =SINF(Ga),
C6e  =COSFIG4)
565 =SINF{G5}
CB5  =COSF(GS5)
3F =SINFL{F]
sp =5INFL{O)}
s =COSF{D)
SH =SINF{H}
o *COSF (W)
€28 =COSFUEAL)
549 =SINF(EAZ)
T4%  =COSFIEA2}
S§1  =SINF{EAB}
C5) =COSPF{EA3}
€62  =COSFIEA4T
S4b  =SINF{EAS)
$47  =SINF{EAS)
S44A = SSLeCD
5448 = C5LeSD
344 = $44445448
545 = $44A-S448
C4S5& = CStelD
£45% = S5LeSO
£45 C4BA+LL58
383 C45A~C458
T C45Ae (4, 02L08CD~3,0) +£458413,0-4,0550e5D)
< EV&LUAYE ALL UTHER SINES AND COSINES IV TEIXS OF ABOVE
L

=2,04C:
SOX =X OSSU
CO1 =X wCSL1~1.D |

§02  =IX +1.0)eS5L1
CO2  =IX «1.0)=CSL1
303 =2.0e5islH

S04 =SSL1sCG1-CSL1sSGL
€04  =(SL1«CO1¢S5L12SG)
$95 =504 *(CGl-C0% #SG1
C0S  =C06 «CGL+S04 *SG)
X ®Z.3CT5

S06 =X #504

€96 =X #C04~1.0

S07  =55L1eCO&+CSLLeS0S
€27 =CSL1eCO6-SSL1#S06
X 23906

538 =(X  +1.01eS04
~1.031%C0%

S99  =SSL1#COBCSLLeSOB
€29 =CSL1eCO8-SSL12568
SI0  =SSL1eCO9+LSLI*S09
€12 =CSL1eCO9~SSL1eSDG
X =2.2+C06

SI1 =X =506

*L06~1.0

S¥2 =5SL1eClI4CSL1e5EY
S13  =S01 =Cl1+C0L =5)1
€13 =COL +CLi-501 »31%

®




S14 =S11 =CD4+C1l 0504
Cl4__=Cll =CD4=5] 4
=501 #CL4+COL 0514
=002 #C14-502 #S14
4 _9C14=504 2514
L1#CG3-CSL1#SG3

g2l 220%CG3452025G3_

€22 18#C20~S18%520
$23 21#CG3-C21%563
€23 =C21eCG3+52}2563

3 t
§24 =SSL1eC23+CSL1s523
=CSL1=C23-SS5L1e523

C26 =CSL1#(25-SSL1e525
527 =515'CZ5+518'525
27

€29 #CG4+529 »564

*C29

529

*C29-1.

SL1-c32 55L1-532

*CG4~C31 #564

«CG4+531 #SG4

*CG4-C32 5G4

#CG4+532 564

«C324C29 »532

#C32-529 #3532

*CG4+535 =5G4

*C54-C36 #SG4

SL1sCG4-S5L1#5G4

SL1sC35-CSL1nSG5

SLLeCG5+55L14SG5

43 #C55+540 #SG5

.2 #C40

+C40-1.9

SL1sCD ~CSL1#SD

CsLisCD

SSL1¢SD

CT7A-CT78

CT74+C778
X =CSL1eC49
Y =SSL1#549
C48 =X +Y
€50 =X -Y

T COMPUTE LONGITJDE OF SUN (MEAN LONG. + TABLE 8) Y30ULD 2P

1890 CI1 J=SSL1#(+33502.E6-6)
C{2 1=S91 #(+
TI3 1=592 =(+
Cl4 )=549 #(+
Cl5 1=534 i
Cl6 1=595 =(+
€I7 1=507 (-
C(3 1=509 =(-
£(9 1=519 *(-
CL10)=S51 i+
CI11)=518 *(+
€{12)=52) #(+
CIL3}=519 w(+
Cl14)=521 =+
C(15)=524 »i=
€(16)=523 =(+
C(17)=525 (-
C(18)=5G6¢ o~

.-

.-

» (-

.t

.-

.-

SLle(~

C133)=5033 «(+
£134)=547 #(~
C(35}=545 ={-
1300 E(1 J=CO& #(+
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exan

1930

1940

1950
5000

wo

600
55
500

LEL8 1=C13 »(+

€12 1=C06 #{-
13 )=007 »(+
El(4 )=C08 »(-
E(5 )=C09 #(+
E(6 1=Cl) #(+
E(7 )=C1l1 »(~

E{9 1=C16 #f+
E(10)=C51 e+
ELL1)=Cq9 w4
Efl2l=£18 #{-
E(13)=C20 »(+
Ef14}=Cl3 #(~-
£{151=C21 =+
E{16}2C23 »{+
E117)=C28 #(+
€(18)=C3] »i~
E{19)=C23 »f

.t
*(-
.-
"

185 = cil}
DO 1930 _J=2,35
185 = TBS+Cid)
X8C = E(1)
DO 1940 J=2,23
TBC = TBC+E(J)
TABS = T8S +_T6C
CL_ =MODFITABB+CLY,
RETURN
ND
SUBROUTINE ARKTAN
CARDS COLUMN
LISTS
LABEL
SUBROUTENE ARKTAN{(YsX
IE {X) 64526
IF 1Y) 748,9
IF (N} 19,11,10

5
IF (N} 12,13,12
Z = 90,
0 TO 503
Z = 1.5707964
G0 Ta 500
IF (Y) 16415,1%
IF {X) 16,17,17
1F {N) 1B.19,18
Z = 18BO.
GO T@ 593
Z = 3,1415927
60 TU 590

7T =0,
60 TO 599

IF ACCUMJLATOR JVERFL
1F GJOFIENT JVERFLOW
IF RIVIOE CHLCK 32,32
A ABSF {Y)

L3 ARSF (X}

= A/D
IF OIVIDE CHLCK 33,34
7=

50 TU 530

1 = ATANF(2)

1F (Y} 20451,51

IF (X} 52,53,53

T = I-3.1415927

G0 T o0

z=-2

50 10 609

IF {X) 54,600,690
Z = 3.1415327-2

SU TO 602

IF (N) 5)0455:520
1 = (180./3,1415927)»
RETURN

END

SUBROUTINE TESTOV
CARDS COLUMN
LIST8

COUNT 23
LBL TESCOV. X
ENTRY Tcscov

TESCOV CLA= 1l:4
BCVDEC ARS: 18 "

, ANA, 1BADR
LoQ BLANKS

6.283185307179566)

1Z:N)

OW 30,30
31,31

Z

CONVERTS 3 DISIT INTEZER INTD BID FIR%
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vopP ACYDRT- 46

vop BCVDTv1- 9%
vDP BLVDT+”,,
voP BLVDT+3,46

. VDR . BLVDT+%ys6
RQL 18
STQe 254

el JRA L Bl s el oo
BCVDT DEC 5400001 -4036000,-26214400,-16777216f

EBADR  OCT 000000077771 R
_BLNKS BCI._ _..l:
END -
. SUSROUTINE CH65K TESTS FOR 65K,
. CARDS .COLUHN, M
. LIST8
. FAP 3
_ COUNF. 20 _ __. —————eee -
LBL CHE5K ¢ X " FORTRAN CALLIN

ENTRY  CH6SK ZTcatL cHesKIND
CH65K_ SEB_ . e
EFT

B __.MACHINE {s IN 32K =~ R

. 214 . . WACHINE 1S IN 65K —= N = @
832" OCT 000004000036 .

10



APPENDIX VIII (PART A)
SAMPLE INPUT

FOR MAIN PROGRAM ONE
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RELAY 2
+04+01+01-01
33333 64011
+17470063401
33333 640114 2157 00000 +00000000+00

01/15/1964 20 00 00,000 01/16/1964 20 00 00+000 +120.

+12+00+400

900
COMRUT
COMAND
COMHIL
CBMGER
CAMTEL
COMRI®
COMNUT
CBMAND
COMHIL
CEMNUT
CEOMAND
COMHIL

040
-75
~068

4

2157 00
+23653052

12 STATION TEST
+4 50004

178¢ 25
oo

0.000
00000
290
00,000

54000

74000

0.000
004000
2

+40
+44
+50
L +51
+41
=22
+40
+44
+50

00
54
02
00
58
57
00
54
02

00 +40 00

00,000 +44 54

2940

+50

02

04000

112

000 . 00000
+00+81153895400+62823296+01432527117+01+38506655+01

35040

TEST



APPENDIX VIII (PART B)

MAIN PROGRAM ONE OUTPUT
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BAR GRAPHS
TAPE A3

_RELAY 2 12 STATION TEST

‘RELAY 2_ 13 §riTioN vesT

FEET_PER NAUTICAL MI_E

EQUATORI AL RADIUS OF EARTH IN KM
INVERSE OF FLATTENING
+98626876E 05 N (KM, CUBED/SECONDS SGUAREDY

HARMONIZS OF EARTHS GRAVITATIONAL 2OTENTIAL

{.682190E-03 42
~-2.285000E-06 33
-2.123000E-06 . _J& .
=2432000 7

EPOCH 64 1 14 21 57

" THETA

QHEGA
5E-01 6428232962 00 3.2537117E 00 3.8505655E_00

A
1.7470063E 00_2,3653052E-01

53

DRAG EFFECTS ST (Pea) Ntz @) N (3.:0)
64 114 2157 0 _

LOOX ANGLE CALCULATIONS — START AND END TIMES

171571964 “ START DATE
20 0 0. START TIME-UT2

1204000 TIME INCREMENT-SECONOS .
1716719608
20 0 0.

LOCAL STATION PREDICTIONS FOR --

STATION LCNGITUDE LATITUDE _HEIGHT _(METERS)
COMNUT -75 0 0. 40 0 0. 0.
COMAND -68 40 0. 48 58 0o . .. ..38430
COMHIL -5 10 29.000 S0 2 58.000 350400
COMGER 10 -0 0. S1 0 0 50.00
COMTEL 13 36 5S.000 41 S8 41.000 2168450
COMRIO -43 22 7.000 -22 57 9.000 0.
SOoMNUT -75 0 0. 40 0 0. 0.
GOMAND -68 30 0. 44 58 0. 38.00
SOMHIL -5 10 29.000 S50 2 58.000 350.20
coMnuT -75 0 0. 40 0 0. 0.
COMAND -68 40 0. 44 S8 0. 38430
CoMHIL -5 10 29,000 SO 2 58.000 350430

CONTROL STATIONS ARE
COMNUT
COuAND
COUHIL
coMGER

NO STATION PRINT OUT IF —-—

ELEVATION 1S LESS THAN 0 DEGRES

S 1S PRINTED IF THEZ ELEVATION 1S GREATZR THAN OR EQUAL TO 0 AND LESS THAN 5 DEGREES
9 1S PRINTED {F THE ELEVATION IS GREATER THAN OR EQUAL TO 5 AND LESS THAV 10 DEGREES
A IS SRINTED IF THME ELEVATION IS GREATER THAV 0R EQUAL To 10 REES

A T IS PRINTED OF RANGE 1S GREATER THAN  0.50J00000E O4NAUTICA. MILES

25 ARE
RIGHT ASCENSION
LINATION

SPIN AXIS COORDINA
178.0 DIGR
2540

R

THE 3 DIGIT NUMBERS UNDIR THE, STATION NAKES Al SPACECRAFT LODKX ANGLES.

4



ORBIT NUMBER 0
MUTUAL VISIBILITY OF 33333 FOR YHE FOLLOWING STATIONS
DATE{MM/DD/YY] = 1415768

HHEN NUT  AND  HIL  GER  YEL RIG  NUT  AND  HIL  NUT  AND  MIL
20 & 088 A 0T2 & 088 A 072 & 0563 A 072 A
20 2 071 A 075 A OF1 A 075 a 071 A 078 A
20 &4 OFS A 079 A 078 A D79 A 075 A 079 A
20 6 078 A 083 A 079 A D83 & 078 A_083 A
20 8 083 A 087 A 083 A 087 A 83 A 087 A
2010 083 A 093 A 083 A 093 & 088 A 093 A
2012 09¢ A 099 2 094 A 059 & 094 & 093 A
201s 101 & 106 A 113 B 101 AI06 & IX4 5 301 A 106 A 138 5
2016 108 A 1314 A 119 & 108 A 114 A 119 5 108 A 114 A 119 5
2018 116 A 123 A 124 S 1316 A 123 A 124 S 116 & 123 A 124 5
2020 Y23 A 132 A 131 S 123 A 132 A 131 5 123 A 132 A 131 5
2022 128 A 139 A 137 5 128 A 139 A 137 5 128 A 139 A 137 S
2028 131 A 142 A 144 5 131 A 142 A 164 5 131 A 1424 133 S
2026 132 A 133 A 152 5 132 A143 4 152 5 132 A 143 A 152 5
2028 131 A 131 A 180 5 131 A 3181 A 180 5 131 A I A 150 S
2030 128 A 137 A 168 S 3128 A 137 A 158 5 128 A 137 A 168 5
2032 126 9133 9 177 S 087 5 126 9 133 9 177 5 126 9 133 9 177 5
2038 129 & 085 9 129 5 129 &
2036 088 9
2038 088 A
2040 087 A
2042 086 &
2084 083 A
2045 081 A
2088 078 A
2050 075 9
20s2 072 5§
2058 070 S
eres
TAPE A8
WORLD MAP
LOCAL STATION PREDICTIONS
SUN LIGHT HISTORY
RELAY 2 12 STATION TEST
5,079999%88 03 FIET PER NAUTICAL Hi.%
5378,388 EQUATORIAL RADIUS OF EARTH IN XM
7. INVERSE OF FLATTENING
3.98625876E 05 GM (KM, CUBED/SECONDS SQUARED)
HARMONIZS OF EARTHS GRAVITATIONAL 20
1.082195E-03 4z
-2.285000€-06 3
~2.123000E-06 45
-2.3200008-07 L)
EPOCH 64 1 1a 21 67 O,
A 1 L3 OHEGA THE
1.7470063E 00 2.311% & = 00 B.2527117E G0 3.8506655€ 00
DRAG EFFECTS T te.0) N (2,0 N £3.01
2 134 2157 © 0.

LOOK ANGLE CALCULATIONS = START AND END TIMES

171571958 START DATE
2 e STARY TIME-UTZ
1204000 TIME INIRERENT~SECONDS
171671966
20 0.

CONTROL STATIONS ARE
CORNUT
COMANG
COMHIL
COMGER

S TS PRINTED WHEN THE SATELLITE IS IN THE SJNLIGHT

s



ORELT NUMDER T

o ___ .
LOCAL STATION nml:l’[m{s AND SATELLITE I°HL3 LI rea 33333
AZls ELEV. _S5/C LODK LAT. LONGs _ nlwﬂ
(LT

YYMMOD HHMM STAT . (Illl

8% 115720 O COMNUT  B619:0 20341 29a8  68s5  #6.0 =116.7  4883.8 5
COMAND  BBS4s 6 289:3 20,2  T2.9
| _CoMNuT .0 29%.1_29.8 .

COHMAND  B864.6 289+3 2632 '_3;,_ =
0 29%s1 29.8
& 89,3 26,2

84 115 20 2 COMNUT 61682 295:8 309

. “r M6ed —112.1  80548.3 5
COMAND __6402+8 28848 30s1 ° 7
T
Lt

T COMRUT | S1EE.2 295.8 33.9
COMAND  ©402.8 208,686 30.1
COMNUT _ 6186.2 205.8 33.9 ﬂ.g

2 COMAND — BAD2s8 28846 3ID.1 760

&4 115 20 4 COMNUT

715: 0 20645 386 rs.z NBa8 =107.2  4522.5 5

COMAND 1.3 26T+5 34 b Fe 5
COMNUT ST18.0 29645 3848 ?ﬁ-!
COMAND 287.8

. 59
CONNUT ~ 571840 208+5 3846
COMARD  S98le3 ZB7.8 I4ud

64 115 20 & COMNUT  5270.4 297.3 43.9 4B -102.2 4338.7 5
COMAND  $484.4 288.0 39.3
COMNUT  52T0.4 297.3  43.9
CEMAND  5488:4 20640  39.3
€ OMNUT 52704 2973 439
COMAND 4 28640, 39.3

#a 115 20 B CONNUT 4839, 1 298.4 S0.0 L6:2 =97.0 417843 5
COMAKD  S5038.4 203.9 44.8
CoMnuT  4839.1 298.4 5D.0
COMAMD ~ 5038.4 283.9 448  88.0
COMNUT 483%9.1 298.4 S0.0 B34
COMAND  S038.4 283.7 44,8 B8.0

64 115 2010 COMNUT 4430.5 299.8 ST.0 8BB4 5.8 =917 3999.5 S
CoMAND  4611.7 280.5 Slei  93.3

SUNLIGHT HISTORY OF 33333

SATELLITE WILL BE IN SUNLLGHT AT ALL TIMES EXCEPT WHEN IT WiILL
ENTER SHADOW AT AND LEAVE SHADOW AT

FYHMDD HHMH YYMMOD HHMH  DURATION (MIN) PERCENT TN SUNLEIGHT

NO OUTFUT INDICATES THAT SPACECRAFT IS IN SUNLIGHT 100% OF TIME



APPENDIX Vill
PART C

OUTPUT OF MAIN PROGRAM TWO
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TAPE A3
WORLD MAP AND BAR GRAPHS

"SANDTRACKS. DRBITAL CCMPUTING SYSTEW.
T 2AY TEST 12 STATIOAS

SUBROUTINE

63784388 EQUATORIAL RADIUS OF EARTHIN. Kb
297.0 INVERSE QF FLATTENING  _
3.98626876E 05  GM (KM, CUBED/SECONDS SQUARED)

" 10.0E-09 TOLERANCE REQUIRED EDR

- FARMCNICS OF EARTHS-GRAYITATIONAL PCTENTIAL
1.082190€-03 J2

. —24285Q00€-06 J3
-2,122000E-06 J4 N
~2+32000CE-07 J5

BRCUHER FARMONICS COMPUTED .FROM J2,43:J45 AND JS
2.20138180E 04 K2 (KILOFETERS SQUARED)
5,92951238€ 05 K3 [KILCHETERS CUBED}
1.31772552E 09 K4 {KILOMETERS FOURTH POHER}
2.449%0354E 12 KS (KILOVETERS FIFTH POWER)

171471964 - EPGCH CATE OF PARAMETERS
21 57 -0. EPCCH TIME OF PARAMETERS-UT2

INPUT OPTION NUMBER
INPUT PARAMETERS ARE--~

BROUWER PEAN ELEMENTS
RECULREE UNITS - ALL ANGLES IN DEGREES, SEMI-MAJOR A XIS IM KIUOMETERS

11143,2840 SEVMI-MAJCR AXIS~KILOMETERS
0.23653051 ECCENTRICITY
46.497756 TNCL INAT ION ~DEGREES

2:0.626819 R.A. ASC. NODE -DEGREES
186.366648 ARC. CF PERIGEE-DEGREES
3£9.950966 MEAN ANONMALY -DEGREES

HCRLE PAF CALCULZTICNS - SIART AND END TIMES

171571964 START CAIE
20 . START TIME-LT2
120.000 TIME INCREMENT-SECONDS
171671964 ENC CATE
20 0 0. ENC TIME-UTZ

LCCK #NCLE CALCLLAT{CNS - START AND €ND TIMES

171571964 STBRT TATz
10 0. START TIFE-LT2
120.000 TIME INCkEMENT-SECONDS
171671964 END CATE
10 0 0. ENL TIME-UTZ


http:111431.84

SANDTRACKS OREITAL CCMPUTING SYSTEM

RELAY TEST 1z STATIONS

QUANTITIES CCMPLTED FROM INPLT

- 171441964
21 57 -0.

EPCCH DATE OF PARAMETERS _.
EPCCE TIFE OF PARAMETERS-UT2.

PCSITICN ANC VELCCITY VECTORS — GEQCENTRIC EQUATORIAL INFRTIAL

5986.52
5956.32
682,69

051
159
296

-4,0279288%
3.4060737¢
~5.4896403¢

85C7.65!

540

T.6132582¢

X1 -
x2 -
X3 -

VX1 -
VX2 -
vX1 -

R -
v -

TRURCATICN FACTCRS USEC
MEAN ELEMENTS FRC¥ OSCULATINC ELEMENTS

5.0E-04
5.0€E-06
5.0E-06
5.0E-06
5.0E-06
5.0E-06

OSCULZTIAG ELEMENTS

UNIVERS L TIME
v SEC.

11150.8829
0.23704214
46.509814
220.619141
186.266777
0.050050
3.251240
165.0744
110.7269¢9
-1.092296
1.085400
DATE
®OZOY/YR
1715764 20 ¢C
1715764 0 2
1715764 26 4
1/15764 20 ¢
1715764 20 E
1715764 20 ar
1715764 2¢ 12
1715764 20 14
1/15764 20 1¢
1/15/64 20 1€
1715764 20 2¢
1/15/64 2¢ 22
1715764 20 2¢
1/15/64 20 26
1715764 20 2¢
1715764 2C 3¢
1715764 20 3z
1715764 2C 34
1715/64 20 3¢
1715764 20 3¢
1715764 20 4C
1/15/64 N 4z
1715764 2C 44
1715 164 20 4¢
1715764 20 &€
1715164 20 5C
1715764 2C¢ 52
1715164 20 S4&
1715764 20 5¢
1715764 2C SE
1715764 21 ¢
1715764 21z
1715764 21 4
1715 164 21 ¢

STMI-I
ECCEN
INCLE
Refa
ARC.
MEAN

PERIUI

PEAN

KILOMETERS
KILOMETERS

KILOMETERS

K¥/SEC
K¥/SEC
KM/SEC

KILOMETERS
KM/SEC

IN: COMPUTING BROLWER

MAJCR AXIS -
TRICITY °
NATION -
ASC. NODE -
OF PERIGEE -
ANCKALY -

0.54013103
0. 54009985
~0.10703221

-0.50951149
+ €.43085013
-0.69441018

1433382532
0. 56303649

KILOMETERS

DEGREES
DEGREES
DEGREES
DEGREES

CRB{TAL ELEMENTS

BROUWER MEAN ELEMENTS

X1 - VANGUARD UNITS

VANGUARD UNITS

X2
X3 - VANGUARD UNITS

VXL - VANFUARD UNITS

vx2

VANRUARD UNITS

VX3 = VANGUARD UNITS

R
v

VANGUARD UNITS

= VANRUARD UNITS

11143.084C SEMI-MAJOR AXIS
$.23€53G51 ECCENTRICLTY
464451756 INCLINATION
220.626875 R.A. ASC. NODE
186.366640 ARG. OF PERIGEE
359.95€958 MEAN ANDMALY
C ~HOURS
=MEINLTES
MBTION ~DEGREES/HOLR
MOTIEN OF NODE - DEGREES/DAY
POTICN CF PERIGEE ~ DEGREES/DAY
WORLD FAF

c.CoC
€.C0C

58
23
35
32
11
33
35
17
4
42
24
a7
51
38

g
26
25
2z

&
43
16
12
39

GEODETIC COORDINATES
LONGITLDE-DMS

LATITUDE-DMS

3.44
44,16
36.75

5.89
43.C8
11.46
30.19
57. 62
12.74
15.1¢
23.77
14,74
39.51
43,12
43.10

9.20
43.CC
18,25

0.61

7.11

5.C5
3¢, 38
57.52
31l.38
28,68

5.€8
45.58
58,28
23.01

=116
-112

41
3

9.76
29.31
31.30
21.52

KILCHETERS

DEGREES
DEGREES
DEGREES
DEGREES

HEIGHT-KM.

4863.764
4694.303
4522.467
4348.900

3483.259
3317.437
3156.770

3239.665



SPIN 2XIS COCFCINATES ARE

LOCAL STATICN PFECICTICHS

PUTUAL VISIBILITY

DATE
»O/0Y/YR

1715764 1L
1/15/64 10 2
1/15/64 10 4
1715764 10 &
a
9

UNIVEFS2L TIME
H ¥ SEC.

c.ccC
T.eC0

1715764 1C
1715764 10 1

wenaen
1715764
1715764
1715764
1715764
1715764
1715 164
1/15/64
1715764
1/15/64
1715764
L715764
1715764
1715764
1715764
1/15/64
1715764
1715764
1715264
1715764
1715764
1715 764
1715464
1715764

P T

NUT  AND  HIL GER

seearvere e

1715764 21 8 0.000 , . -45 24.14.38___ 41 38 _9,9T._ 3402.803
1715764 21 1¢ 0.C0Q ~4€ 10, b,jl____él 36 18424, .3510.416
171564 21 12 0,000 3 3.29 18,830 3741.303
1715/64 21 14 0.000 5_2 1219y 3914,355
1715764 21 1€ 0.00C 6% &1.12:5% . .408BB,556
1715764 21 1€ 0.000 69.52753,88 " 4262,983
1715764 21 2C 0.00G 6,98 44364798
1715/64 21 2@ C.£0C 4609.247
1715766 21 24 0.C0C _ 4779.653
1/15/64 21 26 0.000 49474410
1715764 21 28 0.000 5111.977
1715764 21 3¢ 0,000 5272.871
1715464 21 3z 0.00C 5429.663
1/15/64 21 34 0.000 5581.974
1715/64 21 3¢ 0.000 -33 5729, 465
. LCCAL STAT ICN PREDICTIONS -
sTaTIeR LONCITUCE LATITUDE . __HEIGHT (METERS)
COERUT s e 40
COEANT -68 4G 44 54
COPHIL s 29 lcec se
CONGER 10 1
COPTEL i3 26 5 Lo 4l
GOMRIC -43 72 7.600 -22
COMNUT -5 ¢ C. 40
COMANE - ~68 40 G. 44 54
COMHIL -5 10 26,000 5C .
COMNUT -5 ¢ 0. ac . e 0.
COMANC -66 40 C. 44 54 0, ZI7 3s.00
COMHIL -5 1C 25.060 S0 2 58.0C0 350, 00
NO STATICM PRINT QUT I[F —-
1. ELEVATICN IS LESS THaN Q DEGREES
2. RAMGE IS CREZTER THAN 1(CCCCO. KILOMETERS
3. RADAR ANGLE IS CREATER THAN DEGREE S
OR LESS Tran €. DEGREES

178.C DEGREES RIGHT ASC®NSION
25.C DEGREES DECLINATION

NUT

.
.
.
.
.
.
.
-
.

TEL RIOD

Teeann

L R

“esers o raeea

e

AND HIL NUT
.

R R

AND HIL
.

Ceeean

-
.
.

.


http:1/15/.64
http:T-Oi5.f0
http:40.20.....0fO20.53
http:o5.0.3.t...t02.1O

1715764 12 38
1735464 12 48
1715768 12 42
/15764 12 44
1715764 12 46
1415264 12 4
1715764 12 50
1715764 12 52
17157864 12 5¢  £.600

a
o
s
S
s r e

LECAL STATICN PRECICTICNS

BATE
KOIDVIYR
1715764 12 5
/15764 12 5
1215784 13
1715764 13
1£15/64 13
1715464 13
1715784 13
1715764 13 10
1415464 13 1z
171526% 13 14
1715764 13 16
1715764 13 1
1715465 12 20
1715464 13 22
1715764 13 24
1715764 13 28
171576% 13 28
1715764 13 3¢
115/64 13 32
17154646 13 34
/15784 13 36
1/15/64 13 38

UNIVERSSL VIHE
K SEC.

0.0C0 -

X120
Xe]
e
oo
5a
EL)
tear e

rsunax
1715764 15 48
1/15/64 15 48
1715064 1550
1/15764% 15 52
1715764 15 84  €.0CC
1715464 15 56
17154864 15 58
1715764 16 0
1715764 16 2

1715764 16 & 2.0CQ
L/15764% 16 6

1715764 16 8
1715464 16 10 C.0C0
1154564 16 12
1/15/64 1a i«
17154764 16 1&
31715764 16 18

-
o
o
3

sevs e sA s e s e U R e

<G00

aEr e

NUT  AND

et an

ces s Rs e b L r RN

R
*
.-
.
HIL _GER
.
N - -
. .
N .
P
PO
. =
* .
P
E—
. -
. »
« »
P
. *
PR
R
. .
»
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N
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.
I

1
<

EEE R R

av

.
.
B
H
H
.

LYY 1

ER I N Y L

»
=

TR TR, -1

LR Iy

DR R

“anea

HIL W
.

RN R I RN

“rasus e

T

Tesansme

R R R I A N

sesstnaan

>
=
o

craetumes

CES A E RO Nt n e

H

>

=
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TAPE A6
LOCAL STATION PREDICTIONS

LOCAL §TATION PRECICTIONS
HUTUAL VISIBILITY

DATE urz RANGE AT _EL __
HMOQLDY/YR  H. M STATICN {KM) (,DEQ)._LD.EEJ_ANGLE 0EGH”
/15764 10 0 COMKJL 6356.7 1
COMCER 636845 2
. COMT EL £144,1 245.3.12;?_.._ 69.0
COMKIL 6356.7 14526 6226 8%,
COMFIL 6356.7 149:6 62,6 8%.3
1715764 10 2 COMHIL £214.4 138,5 626 .4
COMCER 614143 193,8 65,5,
- COHTEL 5931, 2 24643..77.3.
COMFIL 6214e4 138.5.62.6.. 07,9,
CONRIL €214,4 138.5 62.6. 8T.9
1/15/764 10 4 CCMCER 593145 182.7 68+4 . 82.6
COMTEL 513649 248.2 82,7, 5.9
1/15/64 10 6 CCMCER 57433 167.9 7043 8646
COMTEL 556541 26142 88.4 79.8
1/15/64 10 8 COMTEL £420.3 55.9 BS.4 84.0
1715764 10 10 COMTEL 5207.1 63.6 79.0 88.5

1715/64 11 52 CCHRIC 1035_3.6 244.9 0.4 55.9
1715764 11 54 COMRIC 10285.1 247.3 2.5 53.0
1715764 11 56 CCMRIC 10225.0 249.8 4.5 50.2
1715764 11 58 COMRIC 1C173.0 25243 6.4 47.4
1715764 12 0 COMRIC 10128.8 254.5 8.2 44,7
1715764 12 2 COMRIC 10092.0 257.5 9.9 42.0
1715764 12 4 COMRIO 10C62.2 260.2 11.5 39.5
1715764 12 & CCMRIC 10038.9 262.5 13.0 37.0
1715764 12 8 CCHNUI 11465.2 201.0 0.} T1.4

COMRID" 10022.8 265.7 14.3 346

CCMRNUT 11465.3 201.0 0.l Tl.4
CCHRUT 11465.2 201,0 Q.1 Tle4
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