General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



. X-551-71-245
PREPRINT

hr S oot £ R TN = v I é
i i - 05633
iR p i A

A COMPARISON OF AN ANALYTICAL
AND NUMERICAL SOLUTION OF THE
RELATIVE MOTION OF TWO CLOSE

SATELLITES OF AN OBLATE PLANET

"RICHARD W. BARBIERI
JOEL J. MASHBAUM

| JUNE 1971

~——— GODDARD SPACE FLIGHT CENTER
‘ - GREENBELT, MARY[AND L

N71:83133

§ (ACCESS!ON?M ) (THRU)
=

o

g (PAGES) ] Gv)ue;
Tk -l 4€ 33 =5

E (NASA CR OR TMX OR AD NUMBER) (CATEGORY)




X-551-71-245

A COMPARISON OF AN ANALYTICAL AND NUMERICAL
SOLUTION OF THE RELATIVE MOTION
OF TWO CLOSE SATELLITES OF
AN OBLATE PLANET

Richard W, Barbieri
Joel J. Mashbaum \

¥ WAPPLI R R
ﬁ_;‘?\%‘ _}:“":3-,.,:_.;5!-’!3 F?. ‘:s; o B

. e .
U SH

June 1971

; Goddard Space Flight Center
* Greenbelt, Maryland




TABLE OF CONTENTS

Page

1
ABSTRACTDUIOUI‘!OOBUD!GODEBGOOGOOGOQOGOGOOGOODGCDOD. v

GLOSSARYOFSYMBOISG.DOUOGOQGOOBQOQODGQOOUOGOOGDoﬂo Vii

e T

INTRODUCTIONDIDOGG069!!080OEOQDBGOOECOGOQBOGBOOOOO 1 %

THE EQUATIONS OF RELATIVE MOTION . . « o v oo vevecncocacse 2
THERESULTSOOOD°°°°°OGQUOGO.°°°¢"D°°ﬂ°ﬁﬂ°...ﬂ°ﬂ°b 11
COMMENTS, CONCLUSIONS AND SUMMARY o« oo vovevevenseess 12

ACKNOWLEDGMENTGQO0.0GQO!‘BB&DOGUQGO.B‘OEOOOBGOOBO 15

S O R e

REFERENCES: c s ss6 v 0cevecsesasoscsscsosssscasonsssscsccsa 13
APPENDIX I. o occosvooocscossososnocsososaoessassaassnsacsa 27
APPENDIX Il c csooacesvsocossoonocacasnsocesscsoosoooessascce 8D
APPENDIX Ile ¢ c s oo assoscosossocscocsossccossasosasooe 45

APPENDmWI.'HOGDHOBQOIOGGGDODQDBIO.IO!BOHOUD.QOO. 53

APPENDIXV.QOO‘OOOGO.BDOE..B&'GD...'.OIO0.0D..I.O 69

iii




' Ay
A
3
".' N
pey
b
b

‘.§‘

o

¥

i
%

¥

.

A COMPARISON OF AN ANALYTICAL AND NUMERICAL
SOQLUTION OF THE RELATIVE MOTION
OF TWO CLOSE SATELLITES OF
AN OBLATE PLANET

Richard W, Barbieri
Joel J. Mashbaum

ABSTRACT

This report presents the results of a study undertaken to compare an ana-

lytical theory of relative motion, developed by R. Barbieri (Ref. 1), with a numer-

ical integration of the equations of planar relative motion.

The equations of relative motion were derived from a Lagrangian formula-
tion and is presented in detail in [1]. The numerical integration has been carried
out with a program that integrates a system of ordinary differential equations
which may or may not be coupled. On the other hand, the analytical solution has
been constructed successively in terms of powers of the eccentricity of the ref-
erence satellite and powers of a small parameter. Since for the application to
problems of orbiting long baseline interferometry the ecceniricity is small

(£.01), the expansion of the solution in powers of eccentricity is carried to the
first power only,

The results indicate., as expected, good agreement, using small initial ve-
locities, over several days for a range of eccentricities. For example, at a
semi-major axis of 17,000 km, and eccentricity of .01 and initial velocity com~
ponents of .01 km/sec the analytical development yields a baseline distance which
differs from the distance as calculated numericaliy by nc more than 5% over the
first 3 1/2 days. On the other hand when the semi-major is inereased to 20,000

~ km, the eccentricity decreased to .0001 the baseline distance as calculated by

both programs differ by no more than 5% over the first 6 days. Compariscns
are presented to show the effect of including the oblateness of the central body.
Results are documented to indicate the dependence of the motion of one satellite
about the other upon a variety of initial conditions.
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GLOSSARY OF SYMBOILS

radius vector of the M satellite with respect to the centor of
mass of the central body

radius vector of the O satellite with respect to the center of
mass of the central body;

position vector of M with respect to O'; has components
{x, ¥, 2}

the semi-major axis of the orbit of Of

the eccentricity of the orbit of OF

the inclination of the orbit of O°

the longitude of the ascending node of the orbit of Q!

the argument of perigee of O'

the secular rate of change of the argument of perigee

the true anomaly of OF

the sum (w + V)

the angular vélocity of O'; has components {w w9 wz}

the velocity components of O in the rotating coordinate system

the components of force, in the rotating coordinate system, acting
on the M satellite,

the gravitational constant of the central body
the equatorial radius of the central body

the first non zero coefficient in the spherical harmonic expan-
sion of the gravity field of the central body

the potential energy of the M satsllite
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the analytical baseline length

the numerical baseline length




R BB G IR s e ORI R A AT e

A COMPARISON OF AN ANALYTICAL AND NUMERICAL
SOLUTION OF THE RELATIVE MOTION
OF TWO CLOSE SATELLITES OF
AN OBLATE PLANET

INTRODUCTION

In Reference [1] a solution of the equations of planar relative motion was
constructed taking into account the oblateness of the central body, Since the
publication of those results an effort has been made to determine how the ana-
Iytical solution compares to the numerical integration of the equations of planar
relative motion. This report represents a culmination of that effort,

A study of the relative motion of two close spacecraft orbiting an oblate
planet has some rather interesting applications, For example the concept of an
orbiting long baseline interferometer has some intriguing implications, Not
only is it possible to get data unperturbed by the troposphere or ionosphere
from various radio sources but it is conceivable that such a system, vielding
extremely accurate positions of radio sources, can be used fo provide an inde-
pendent estimation of the structure of the troposphere and ionosphere and con-
sequently an independent verification of refraction effects,

The analytical representation was constructed by expanding the equations
of motion into powers of eccentricity and a small parameter, ¢, which is related
to the second zonal harmonic coefficient J,. The equations of motion resulting
from this operation are then solved by successive approximations. The first
step in this successive approximation technique yields an almost periodic solu-
tion, independent of ¢ and eccentricity, whose frequency depends upon the modi-
fied mean motion. The second step introduces the dependence of the motion
upon the eccentricity of the reference satellite and also yields an almost peri-
odic solution with three frequencies appearing. The last step of the procedure
accounts for the oblaieness of the central body and yields a solution which de-
pends upon four frequencies, three of which are dependent upon the secular rate
of increase of the argument of perigee. Furthermore the last step of the pro~
cedure also introduces a purely secular term; mixed secular terms have been
eliminated by making the angular velocity of the reference satellite dependent

upon the small parameter.

The routine FNOL2 uses the fourth order Runge-Kutta and/or Adams-
Moulton methods of solution of ordinary differential equations which may or
may not be coupled.” As currently modified, the program uses a double precision
arithmetic throughout. Furthermore the truncation error can be held within




.o input bounds by giving the user an option of automatically varying the step size,
g More detailed information is available in [2],

4, A description of the subroutines used in the numerical and analytical pro-
grams is presented in Appendix II and Appendix III respectively. A listing of
% the subroutines is given in Appendix IV and Appendix V.

THE EQUATIONS OF RELATIVE MOTION

The equations of relative motion which are of main concern in this report
are derivable from the following system of coupled differential equations:

X +Xgr =2V w, ~Yyw, ~Vorw, +w, (2w, ~xw)

1
+1’ ?.y_.:Fx ()
m ox
'3}+'3}0,+2(:'{w2_éwx)+xcbz-2a')x+§<0:mz
i oU @
; . 2 2 ov
..zo,cux--3,/cu:w-y(,bz+E .g..i,..-l"y
'z'+'ioa+2)'1a;x+ya:x+)"0vwx—wn(zwx-x:;_z)
1 2u (3)
WoszoE

See rigure 1 for the geometry.

! y

; Figure "I . Geometry
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A solution to this system of equations presents a formidable task since they
are coupled. In Reference (1] the angular velocity component «, is neglected
thereby uncoupling the motion; this imposes a constraint on the rotation of the
orbital plane of O' about r,. In particular the motion governed by the differential
equation [ cos u + {1 siu u sin t is heing neglected. Making the substitutions

v=-% (4)
r
m
3 X + xor
F,=>u]J,R? (1 -3sin? t sin?u) (5)
! 2 xg;
¥ )
Fy =§“Jz RE $iN U COS U Sin~ | (6) ,
x4, ;
0
5(.00—){0: wi-f-_i;_: (Fx)at (T
Xot
i d 2
';;-'- I% (xo' w ) = (Fy)ﬂ's (8)
. reduces the equations of planar relative motion io the form
. §—2frw!-ycbz-xwf+f_x
: 1(31
2 0
(9)
.3 2 X in? | sin?
= mJ, RS — (1-3sin®( sin? u)
2 xgv :
¥y +2iw,+xa3,—yw§+f%.y
Xt
° (10)

=%,u.]2R§—¥- sin? | cos 2u

L]
xo.
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These represent the equations which have been programmed for numerical so-
lution by FNOLZ,

In order to present an analytical solution of these equations certain trans-
formations and representations must be used so as to have the time appearing

explicitly, To begin, =, is transformed to

)
—2 xol Ws

—_— e sinv
a(l -e?)

and then the true anomaly of the reference satellite is introduced via the trans-
formation

x .= 3(1-e% (11)

0 1 -ecosv

Finally the true anomaly is expressed as a function of the mean anomaly through
the representation

(’;“) exp (i yv) - exp i »M”'g(a~2’>‘) exp i (y+1)M
(12)

-—g(a+2ﬂ exp i (V- 1) M

where

a, y=0, +1, +2, ...

Making the necessary substitutions leads to the following system of equations
which are more amenable to analytical solution

v . e sin v e
% -2§w +2yw2 B8NV _ 2 ecosv
l +ecosv 1 +ecosv

(13)

R 2
=€ -Ia—E Xx(1-e"242(1 +ecosv)(1-~3sin?t sin? u)

4
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esinv 3 ©cosv
w

S’l+2)‘(“-‘z—2x0.‘i — ¥
1-cosv 1 +ecosvy

(14)

R\2
= e(-af) y(1-eH"252(1 +ecosv)cos 2usin? (.

These equations, as has been mentioned, are solved using the method of

successive approximations starting with a representation of the solution in the
form

x (t) = Xq (£ + @ %)) (¥) + € %, (1) (15)

Y(t)=y00(t)+e_v01(t)+eym(t) (16}

Substituting these two expressions into (13) and (14), using (12) to get the mean
anomaly and expressing « _in the form

wz:n+Qcosz+2necosv+e?Ez (17)

yields the system of equations which govern the first order behavior of the
satellite:

Xgp = 20 ¥ = 0
Koy =2 Yy, -4n g cosnt+ 202y, sinnt (18)

_ =2 _
ne %4, cosnt=0

X} -— (e a Rez__z 3 .
"10"2“5’10‘2“’:3’00;‘; n° Xo0 1"275‘“2"

3 (R\?
—] w2 Xa0 sin? L cos (2w, +2n) t

*3\a

f
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Yoo + 20 %5, =0

(X — . -«2 r
y01+2nxm +4nxoncosnt—2n Xoo Sinn t

(19)
-ﬁ'zy00 cosnt =0

~

Vo v 2T %y v 20

R \?
o 2 X00 :_(—;3) n? Yoo sin? ' cos (2 Wy + 2n) t,

where the expressions M = nt and w = w, t have been used. The solution of the
system (18) - (19) is presented in [1]; the results are that

3

X, (t) w Sin2f t +a, cos 2R t » 0 20
00 1 CI.2 27 ( )
yoo(t):alcos2ﬁ"t-azsin25t4~a3 (1)

~ a1 . o) s . —
Xg (0 = 8L sinn t + ,’.’Jg; cosnt + jjg; sin (20 +n) t

+ By sin (28 -n) t + 3% cos (2R +m) t i

+Bgf‘cos(2ﬁ-n) £

_ B01 o : =
Ygy (1) _,81; sinn t +Bg;cosn t +,Bg; sin (20 +n) t

+f32;5iﬂ(2ﬁ-n)t+ﬁg;cos(2ﬁ+n)t (23)

+ﬁg; cos (2H ~-n) ¢t

X, (1) = B10 sin 2 (w, + n) t +ﬁ;2 cos 2(w, +n) t

+,;?;gsin2(w0+n+ﬁ)t+5i25in2(wo+"“ﬁ)t (24)

6
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+ B3] cos 2 (w, +N+0) t+ 320 cos 2(w, +n - /)t

10
+ -Bn'

Yio (V) :/3}3 sinZﬁt-r-Bégcos 2ﬁt+,8;g sin 2 (w, + n) t

+ﬁ:gcos2(w0+n)t+ﬁgg Sin 2 (wy +n +m) t
(25)
+ﬁ;3 gin2(wo+n—mt+,8.}3cos2(wo+n+ﬁ) t.

+/3;gcos‘2(wo+n-ﬁ)t+,6;g t.

The functions o, with j =0, 1, 2, 3, {B‘j’:, /3?;} withj=1,2,...,6 and _

{,8},?, ﬂ}g}withj =1,2,..., 7 are given explicitly in the Appendix I.

Turning attention to the behavior of the motion of the reference satellite,
it will be noticed that in the numerical integration program this behavior is
specified by a modification of the planetary equation ' of Lagrange to allow for

very small eccentricities. To be specific, the Lagrange equations, before any
modifications, take the form

N 2
nV1 - e2

a {Sesinv+T(1+ecosv)}

. ’ - a2 X, X .
e = l-e {Ssinv+'l‘[e-%-+(l+—g-)cosv]}

na
(26)

- 0.' o .
l = — Wcos (v + w)

-nale- 2

deplameew




| 2 X .
w = l1-~e {—-Scosv-.—T(lv—;.)sinv}-ﬂcost

nae

2 e na
xoo.

) 2 7 o7 1 -2 o
v=na 1-e *l 1-e [Scosv-T(l+—-g—)sinv]

where S is the force due to the first zonal harmonic directed along the radius
vector to O', T is the force due to the first zonal harmonic 90° ahead of S and
located in the orbit plane of O', W completes the right handed coordinate system,

Because of the presence of the eccentricity in the denominator of the > and
v equations, a study of the motion for very small eccentricities becomes quite
difficult. To overcome this situtation a transformation of variables is made; in
particular let,

£ =-ecosw
m=esinw
and replace the equation for v by the equation for i where u = v + w. These

transformations lead to the following system of equations describing the motion
of the reference satellite; |

. K~ J R? 1. _ IS QPR . 2
a.-3 2 b '{(fﬂ sinu -~ mcos u) 1-3sin?: sin u
nil - 42 - m2 - : _-xgs,g_-' e

+(1+4cosu-msinu)

o 4 N ) R

. sin? ! sin 2u}
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el

l.ln- nlle-:E -;l ~

. . tan u
£ = -
sin !

o
]

‘mﬁ'cosl-gujzkf 1-144_-m (1 -3sin? ! sin?2u) sinu

4
na xoc

@7

n'l--“ﬂflcosz-.-?.uj R:Jl-v-m’ 1-3sin? : sin2u) cos u
. Sk o :

4
Xov

X 0 2, H
& :E.)n+ T g Mg sin? ;: sin2u

P x,

-(lcos t

x3

At a(1-12_ w3

TiTcosu +msin u
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—f SInywv, |} cos yv
a a

in terms of the mean anomaly, M, is presented. The Fourier development of
(r/a)* expi yvis given as

54}
(_';)1 expi yv- E X7 expikM (28)
a .

ke -

where the development shows that the coefficient independent of M (and hence
independent of time explicitly) is given by ' :

e

X A(_ny(a r (i 3ty 1) (E)-/F(7'$ 1 v- 11y, ez); (29)

0 w1 2 2 2

Vv

that is, X7 is the constant coefficient in the Fourier development; the depend-
ence on the eccentricity is explicitly shown in the expansion X7,

Carrying out these operations in the ¢ equation of (26) leads to an equation
for the secular variation of w, namely v':o, given by

RrR?
nJ,— (Scos? i .y, (30)
p?

=) w

W0=

The remaining set of equations governing the motion of the reference satellite

are given by
2 1 f _ :
az-3u) 2 '(1-3sinztsin’u)esin,u__-_w -
U adioal P st esinquowy




3 Rg Jl-vez

na

(1-3sin?t sin? u) sin (u - w,)
xof

+~p_ le cos? (u - W) + 2 cos (u - W,) + el sin? L sin 2y

/ .

_3 /“JzRg sin 2 ! sin 2y

4na? 1. ez x3,

[ = (1)

Q: ; t.:;mu
sin ¢
2 2 .
n= natdl-e - 0 cos
ng
where
- a (1 -e?)
“xo"//l +ecos (u - wy)
THE RESULTS

What will now be compared are the results generated by (20) thru (25),
with the results of the numerical integration of (9) and (10). The purpose of
this comparison is to determine the interval of time over which the analytical
solution is valid and to illustrate the dependence of the analyticat! development
on small eccentricities, Furthermore it will be shown just how critical the
initial relative velocity is to the motion,

Comparisons have been obtained for about 25 cases where the semi-major

axis takes on the values 17,000 km and 20,000 km, the eccentricity varies be-
tween .0001 and .01 and the inftial relative velocity varies between 1 m/sec to

11
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10 m/sec. All cases have the inciination of the reference satellite initially at
10°, the longitude of the asceuding node at 20°, the argument of perigee at 070,

and the true anomaly initially at 45°,

Tables I and I were generated for a semi-major axis of 17,000 km and
eccentricity of .01; the only parameter which was varied was the initial velocity.
It is noticed that an increase of one order of magnitude in the velocity increases
the baseline magnitude by a factor of roughly 10; coupled with this increase is a
significant difference in the orientation of the baseline,

Table I'T differs from Table I in that only the eccentricity is different. As
expected, the difference in the magnitude and orientation of the baseline is
negligible.

Tables 1V and V were generated with a semi-major axis of 20,000 km, and
a nearly circular orbit; once again only the initial velocity was changed. It is
noticed immediately that the baseline undergoes sligatly larger excursions when
compared to the cases where 2 = 17,000 km; furthermore the orientation of the
baseline is much different due to the presence of n and & in the equations (20)
thru (25). The agreement between the analytical and numerical is much better
than when the semi-major axis is 17,000 km; in fact not only is the agreement
better but it lests longer. For example in Table I it is noticed that after about
5 days the agreement between the x components begins to break down.

-

Table VI shows what can happen with a slight variation in the initial velocity.

Finally the graphs I through IV are included to show the accumulative
effect of the oblateness of the central body, in these cases the earth, What is
shown is the variation of the difference in baseline length versus time. R, and
R, are the baseline lengths as computed in the analytical program and numerical
program respectively. The insensitivity of the motion as a function of eccentricity
is clearly shown as is the strong dependence of the motion on the semi-major
axis of the reference satellite,

¥

COMMENTS, CONCLUSIONS AND SUMMARY

What has been presonted are some results generated by comparing an
analytical development of the equations of relative motion to a numerical solu-
tion of these equations, The results clearly indicate the motion is strongly
dependent upon the semi-major axis of the reference satellite and on the initial
relative velocity. For example the following summary shows the dependence
on the aforementioned parameters and indicates the percent difference between
the analytical value of the baseline distance and the numerical value; also shown
is the interval of time the two values agree to within 5 percent.

12




e
'&‘3

Cm o R gme  Time % Diflrset
17,000 .01 01 01 3 1/2 Days <5
17,000 .01 .001 .001 3 1/2 Days <5
17,000 .001 01 01 3 1/2 Days <5
20,000  .0001 01 01 6 Days <5
20,000  .0001 001 001 6 Days <5

Qualitative and quantitative information has been presented to indicate the
accuinulative effects of oblateness upon the relative motion; it is clear from the
cases shown that a variation of the eccentricity from 0.0001 to 0.01 has little
effect on the relative motion over a period of 7 days. For example the following
table presents the difference between the numerical and analytical values for the
baseline length at the 7th day; the initial components of velocity are ,001 km/s.

a (km) e B, -R)km J,

17,000 0001 - .1538 off
17,000 0001 + ,167 on
17,000 001 - .1680 off
17,000 001 + 151 on
20,000 .0001 - 0114 off
20,000 0001 - 312 on
20,000 001 + ,0063 off
20,000 001 - 2932 on

A time history over 7 days of the difference R, - R, is shown in the graphs.

Agreement of the analytical solution with the numerical is much better at
larger semi-major axes since the periodic behavior of () and w is less pronounced
at the semi-major axes of 20,000 km or more.

It must be mentioned that the analytical development was carried out under
the assumption that n and 1 are constant. Being rigorous, this assumption is
not quite valid; the following two tables show how n, Tl and the coefficients of

integration vary over an interval of seven days.

13
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a = 20,000 km, e=,001 J, #0
.2232143 % 10”3 /sec < n < .2232177 x 10°° /sec
2231463 x 1073 /sec < o £ ,2232145 x 1072 /sec

.143879 x 10”2 km/sec < o, < ,144600 x 10”2 km/sec
2.233363 km <o < 2.238736 km
- 2.237675 km g a, - 2,238756 km

- 1.236651 km < a, < - 1,237939 km

a=17,000 e=.,001 J, #0
2848343 x 1073 /sec < n < 2848404 x 1073 /sec
2847141 x 10°° /sec s i’ < .2848344 x 10”° /sec
1569019 x 10"2 km/sec < o, < ,1569368 x 10”2 km/sec
1,753537 km < a, < 1.754718 km
- 1,753565 km ¢ o, < - 1,754745 km

- 0.7525190 km<g ay $ - 0.7539899 km,

Comparisons of the use of w in the numerical program versus the use of
w, in the analytical program indicate that for a semi-major axis of 17,000 km
the analytical value of u = v + w, differs from the numerical value of u=v +w
by about one to three degrees, The parameter w, was used in the analytical
development to avoid consideration of differential equations with almost periodic
voefficients which arise when the oblateness is included. The agreement shown
here between the anaiytical and numerical programs indicatss that the former
would serve as an excellent tool for very early orbit determination of the rela-
tive motion of two close satellites, For the type studies alluded to in the intro-
duction, namely, the stuay of spectra from radio sources and, the study of
continental drift, a very precise orbit determination program is required. This
means including the perturbation effects due to higher order harmonics and the
presence of the sun and moon. Naturally then, an analytic solution of the form
presented in [1] would be quite cumbersome and time consuming to carry out.

14
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TABLE 1

Il

a = 17,000 X, = 1.0 km x, = .01 km/s J, #0

e=,01 ¥, = 1.0 km Yo = -01 km/s
x {km) y (km) R (km)
Time {hrs.) Analytical Numerical Analytical Numerical Analytical Numerical

12 ~-5.3791 -5.6772 -10.222 -9.8053 11,551 11.415
24 =5.1736 -6.0541 -23.046 -22,872 23.619 23,660
3¢ 1.4709 1904 -34.015 -34.464 34.046 34.465
48 12.812 11.552 -40,184 -41.484 42,178 43,062
60 25,854 25.078 -39.748 -41.897 47.417 48,829
- 72 36.934 37.148 -32.622 -35.429 49.278 51,335
@ 84 42,745 44,465 -20.745 -23.675 47,513 50.375
96 41.555 44,957 -7.6492 -9.6819 42,253 45.988
108 33.913 38,346 2.8116 2.8599 34.030 38.452
120 22,307 26,221 7.8796 10.594 23.658 28,281
132 10.026 11.633 6.6392 11,377 12.025 16.272

144 04627 -1.6942 -.15822 4.8340 .1648 5,1223
156 -5.,5229 -10.306 -10.720 -7.5457 12.059 12,773
168 -5.5038 -11.886 -22,719 -22,760 23.376 25,677
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TABLE II
a = 17,000 km X, = 1.0 km %, = 001 km/s
e=.01 ¥o = 1.0 km ¥, = 001 km/s I, 70
X (km) y (km) R (km)

Time (hrs.) Ana:ytical Numerical | Analytical Numerical Analytical Numerical
12 36240 3333 -.12254 -.0923 38256 3458
24 38386 2960 -1.4046 -1.3%00 1.4561 1.4211
36 1,0497 9201 -2.5006 ~-2.5498 2.7121 2.7107
48 2.1858 2.0557 ~3.1163 -3.2526 3.8065 3.8478
60 3.4922 3.4079 -3.0712 -3.2955 4.,6506 4,7407
72 4.6025 4,6153 -2.3567 -2.6510 5.1708 5.3225
84 5.1859 5,3487 -1.,1674 -1.4785 5.3157 5.5493
96 5.0690 5.4012 1436 -.0821 5.0710 5.4019

108 4,3066 4,7449 1.1209 1.1694 4.4682 4.8869
120 3.1473 3.5384 1.,6964 1.9413 3.5763 4.0359
132 1.9200 2,0857 1.5746 2.0193 2.4831 2.9031
144 9222 .7584 8944 1.3657 1,2847 1.5621
156 3649 -.0987 -.1627 1281 .3996 1625
168 3660 -.2545 -1.3641 -1.3910 1.4123 0 1.4141
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TABLE III
a = 17,000 x, = 1,0 km X, = .01 km/s
e = 001 Yo = 1.0 km y, = -61 km/s g 70
x {km) y (km) R (km)

Time (hrs.) Analytical Numerical Analytical Numerical Analytical Numerical
12 -5.4330 -5.1265 -1¢.196 -9.8802 11,553 11.419
24 -5.3963 -6.2616 -23.018 ~-22.842 23.642 23.686
36 1.0243 -.2816 -34.106 -34.5563 34.121 34.555
48 12,203 10.842 -40.543 -41.893 42,340 43,273
60 25.264 24,313 -40.459 ~-42.799 47.699 49,223
72 36,598 36.636 -33.621 -36.851 49,697 51.963
84 42,819 44,512 -21.800 -25,427 48.049 51.263
96 41.988 45,725 -8,4619 ~-11,394 42,832 47,123

108 34.453 39,748 +2,4078 1.6073 34.537 39.781
120 22,672 27,941 7.8078 10.105 23.978 29,712
132 10.097 13.236 6.6514 11.713 12.091 17.674
144 -.0809 - .5861 -.3015 5,7899 3122 5.8194
156 ~-5.6315 -9.8678 -11.,119 -6.3433 12.464 11,731
168 -5.3791 -12.038 -23.316 -21.695 23.929 24,811
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TABLE IV
a = 20,000 km x, = 1.0 km % = .01 km/s
e = 001 ¥, = 1.0 km y, = .01 km/s J2 70
x {km) y (km) R (km)

Time (hrs.) Analytical Numerical Analytical Numerical Analytical Numerical
12 12.439 12,660 8.3138 8.4921 14.962 15.244
24 25,827 26,500 10.169 10.286 27,757 28,427
36 38,758 39.816 6.2874 5.9627 33.265 40.260
48 48,921 50.074 -2.6480 -3.6902 48.992 50,210
60 54.447 55.232 ~-15.092 ~16.867 56.500 57,750
7 54,228 54.290 ~28.825 -31.037 61,413 62.536
84 48,133 47,331 -41.266 -43.513 63.399 64.293
96 37.261 35,719 -498,970 -51.846 62.333 62.959

108 23.674 21.564 -53.150 -54.426 58.184 58,543
120 10,110 7.6823 -50.249 -50,722 51.257 51.301
132 -.8132 -3.3527 -41.913 -41.372 41.921 41,507
144 -7.1295 -9.3127 -29.965 -28.210 30.801 29,707
156 -7.9050 ~9,0567 -16.673 -13.669 18.452 16,397
168 -3.2543 -2.5861 -4.4052 -.6384 5.4769 2.6637
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TABLE V
a = 20,000 km o, = 1.0 km X, = .001 km/s
e = .0001 ¥, = 1.0 km ¥, = .001 km/s I, #0
x (km) y (km) R (km)
Time (brs.). Analytical Numerical Analytical Numerical Analytical Numerical

12 2.1438 2,1665 1.7308 1.7477 2.7553 2.7835

24 3.4827 3.5514 1,9163 1.9260 3.9751 4.0401

36 4,7758 4,8835 1,5276 1.4920 5,0142 5,1064

48 5,7921 5,9102 .6338 5255 5.8266 5.9335

60 6.3448 6.4264 -.6109 -.7937 6,3742 6.4753

b 72 6.3228 6.3330 -1.9846 -2,2119 6.6269 6,7082
e 84 5,7135 5.6376 -3.2285 -3.4610 6.5626 6.6152
96 4,6260 44772 -4.0999 -4,2955 6.1814 6.2046

108 3.2675 3.0623 -4,4180 ~4,5549 5,4950 5,4887

120 1.9108 1,6748 -4,1286 -4,1858 4,5494 4,5085

132 8187 5720 -3.2951 ~3.2521 3.3952 3.3020

144 1867 -.0231 -2,1009 -1,9373 2,1091 1,9374

156 .1095 0033 -.7718 -.4845 7795 4845

168 5743 6510 4544 .8169 7323 1.0446
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TABLE VI
a=20,000km  x =10 X =.001
e = 0001 y, = 1.0 3.’0 = 01 I, 70
x (km) y {km) R (km)
Time (hrs.) Analytical Numerical Analytical Numerical Analytical Numerical

12 3.9966 4,0336 10,166 10,359 10,924 11.116
24 10.520 10.830 17.208 17.565 20.169 20,636
36 18.376 20.092 20,887 21,170 28.490 29.187
48 28.982 30.070 20,542 20.469 35.524 36.375
60 37.617 38.828 16,181 15.534 40.950 41.820
b 72 43.672 44,678 8,5252 7.3078 44,497 45,272
84 45.913 46.456 -1.0618 -2.6941 45.925 46,534
96 43.848 43.812 -10.748 -12,511 45.146 45,563
108 37.802 37.180 -18.614 -20,308 42.136 42,365
120 29,032 27.871 -23.127 -24.527 37,118 37.126
132 19.269 17.586 -23.462 -24.,359 30.361 30.044
144 10.414 8.3780 -19,737 -19.811 22.316 21.510
156 4,0032 1.9678 -12,779 -11.708 13.392 11.872

168 1.0361 -.3454 -3.9434 -1.6383 4.0772 1.6743
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APPENDIX I

The functions appearing (20) - (25) are

° A/ D,-B/(

3.1 I
Bz Cl - Az Dn

A19(0) “Cz x (0)
2 A1 Dz”‘Bl Cz

C, X (0) - A,y (0)
4 -
’ Bzcl‘Aznl

where
Alz_.l.;._-e..l 4n -n
2n 2“ 462_“2

B -1.eD 482:nfA-8n?

l n 4n? . n?
“(Rp)2 o2 3(w0+n)-5'ﬁ ) 3(w0+n)+5ﬁT in?
~\a/ 16(w, +n)} (wy +n - 20 (wy +0)] (W, +n + (20 +wy +n)

a4
Y

PPTCEDING PAGE BLANK NOT FII.MED
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[a ")
n 8n%-nn - 16 n? ,{“z
n

e = e —am e o ——
! 2n (20 +n) (20 -n)

R e .

R Tt

R 2
- 1-(_5) nZsin? 1 - 1
8\a (Wwg +n + M2 (w, +n-i)?

W +n

Q

1(&)25251”2, 3(wy + 1) i+ 502
- 2o [(

16 W0+n+ﬁ)2(2ﬁ+wo+n)

+

3(w, +n)n -5n? ]}

(wy +n -2 27 - (w, + m)

— — 2 —
fi? 40 -n E(Re) n?sin? ¢ "2"2(W0+n)2

(wy +m)2 4 [n2 - (wg + n)2]

et

o B L

I(Re)2ﬁ2 sin? ! [3(W0 +n) +5A

Wg + N 20+ w, +n

+

3(w0+n)-5r'1]

2ﬁ-(wo +n)

ot
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B - eZﬁz(ﬁ—l1)+e_1_(R¢-)2 nd sin? |

n? - (w, +n)?

2
*ECE) ndsin? |
2\a/ gm2_ (wy +n)?

+1(Re>2 A3 sin? [ 3(wy +m) + 50
8\a (

Wy + 0 w0+n+m(2ﬁ'+w0+n)

) 3(wu+n)-Sﬁ
(w, an-—ﬁ)(i.’ﬁ'-(wo-pn))

The coefficients of Equation (22) are

2
n n-n
Bl = 2

301 - _ D 4fi.n
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4
.\ 01 = ﬁ n +8n
b Py 2n .,'2F1'+na2
: :.i?;'{;i_' o1 . 0 3n-8n
g“ Pex 2n 2n-n 2
i The coefficients of Equation (23) are
g;?
m o1 _ ﬁ n —ﬁ
% Ply = = — % !
: *u 4n2 --n2 3
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T ) AGEL 1 ;
n 47 -n? 5
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% In(2n-n) ? |
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The coefficients of Equation (24) are

i A - .

4 10 . 1(Re nd sin? |

: ‘Jlx = a __.,,} aa
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Y

- e g TS R g T

T R T

B A

2
g ato _ 3 R, nsin?t
i Max < ‘fa'; = CLO
610:—‘1(&)2 o a2 sin? | 3(W0+n)+5Fl_a
3x Iava/ (wy +n) [2-ﬁ+(w0+n)] Wy +N + 0 1
510:__;:_(&)2 R2 sin? | 3(wo +m - 5F
4x 16\a/ (wy +n) 27 ~ (w, + n)] w, +n-f 1
610:__1_(_135)2 n? sin? 3(w0+n)+Sﬁa
5x 16\a/ (w, +n) [25+(‘w0+n)] Wo+ 0 +0D 2
f10 - 1(59_)" a2 sin? 3(ug 4™ =57
6x 16\a/ (w, +n) (20 - (w, + )] Wy +n-n 2 5
c‘-‘ 2
o 1 Re 3 . i
10 o 2 ;
] Fra = 165‘(?)("‘551" “)“0

33




e AR NSO I i |y

e e ——— - Tp————

* )
\\
I
, The coefficients of Equation (25) are
i 10 _ Py
i ’Bly - _-_:z a,
. n
i 10 _ _Z
,-.,, oy T = Ql
% s10 . 3 Ra’ n?sin? ! N ;
. F 3y - - — 0 %
3 16 \a (wy +n) (A2 = (w, +n)?] i
210 _ 1 RE 2 'ﬁ'2 Sinz L 2 (WU + n)2 - n2 a
T4y T 4 \a, — &g A
(wy +m)2 A2~ (w, +n)?
610 1 (Re 2 72 sin? 3H(W0 +n) + 5n?
B + = a
> 5 \a (w, +n + )2 2(W0+n)(2n+w0+n)J 2
2 — _
8;0:_1(12‘") n?sin? | 1. 30 (w, +n) -5n2
- ¥ 8 T — 2.
8 \a (wy + 0~ M2 2(wy +n) (20 ~w, ~n)} "2
510 1 (Re>2 n?sin2 ) 3n(w,+n)+5n?
=R —— T + ‘_ a
" 8 \a (w, +n + )2 2(wy +n) (20 +wy +n) J !
310 1 (Re>2 n?sin? t . 3n(wy+n)-5n2 °
glo _ _ 1 17 . 3 1, T‘
8y 8 \a (w0+n__',-',")2 2(w0+n)(2n-wo-n) 1 !
[a¥)
glo - _ g =
= - —_—
9y 0
’ g




. R

e
(24 ]

APPENDIX II

g

S il e - R




e T BOBR T R

i
T

APPENDIX II
NUMERICAL PROGRAM
General Overview
The numerical program is comprised of a MAIN routine and six (6) sub-
routines. The MAIN routine reads in the data (via 2 namelists) and writes out
the initial conditions. Execution starts by integrating the equations of motion
for the desired time period. Values for the orbital elements are written for

each time point. Upon completion of the integration the values for position and
velocity are plotted vs, time on the SD 4060,

PRECEDING PAGE BLANK NOT FILMED
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MAIN Routine Description

Purpose: To store initial values read in of the variables to be integrated. The
variables not read in are calculated from input variables. The following
variables are integrated: &,é ,4,m,0,0,%,y,2,%,y, Z.
{ and m are obtained from e and w by:
£=e cos w
m=e sinw
u is defined as u = v + w.

The integrator (FNOL2) is then called. All values are calculated for each
time point until the specified final time is reached.

¢
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Purpose:

Method:

Subroutine DERIV Description

To compute values of the differentials to be used by the integrator
{FNOL2)

The systems of differential equations {a, {,(,%, m, u;and (%, y, z,
%, V, 2} are calculated from Equations (27), (9) and (10). The inter-
mediate variables used in the integration of these equations are ob-
tained from expressions for

p o
n w
X
x0 e
p
@

(3

These expressions are to be found in the listing of the numerical program in
Appendix 4.

39
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£ Subroutine Description
R I. MAIN
X
§ Purpose: To read in control parameters and initial conditions,
&
¢

To write out control parameters and initial conditions.

g Brpn D S AR e

Calls: DATE
FNOL2
PLOT
Method: All input through use of namelists
: COMMON blocks used: INCOND
PLOTS
CONST
FLAG
Variables not in COMMON: y
FORTRAN Name Format Description E ‘
A R*8 semi-major axis 1
E R*8 eccentricity
I R*8 inclination :
v J I*4 no. of time points
U R (500) R*8 position
O T (500) R*3 time ﬁ
v R*8 true anomaly :
W R*8 argument of perigee
X R*8 X-coord, :
Y R*8 Y-coord. g
Z R*8 Z-coord, ;
DR (500) R*8 velocity !
NO I*4 'NO*?
PL I*4 control parameter to PLOT or
not to
PR I*4 control parameter to print
intermediate computed values :
TF R*8 final time :
TI R*8 initial time g
X0 R*8 distance between origins of 2 3

coordinate systems (XO on fig.)

é
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FORTRAN name Format Description
: FMU R*8 i = 3.986032 D5
: J20 R*8 Jp0 = 1.0823D-3
. RSQ R*8 r? = 4,068098 D7
i YES I*4 'YES'
" DELM (20) R*8 derivative array
ELEM (20) R*8 integrated array
. STEP R*8 integration interval
XDOT R*8 X-component of velocity
i YDOT R*8 Y-compronent of velocity
{ ZDOT R*8 Z-component of velocity
% EPOCH R*8 epoch date in form: YYMMDD.D
{\ KPLOT L*4 plot or not .
i OMEGA R*8 longitude of ascending node }
E KOMEGA ¥4 parameter to set .., = 0, ;
KPRINT I*4 parameter to print intermediate 3
values i
KUTMOL I*4 type of integration scheme to use 5

&
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II. DERIV
Purpose: To define variables to be integrated
Called by: FNOL2

Method: Variables to be integrated in equations in terms of predefined
variables,

COMMON blocks used: CONST

R - e T S

.

FLAG
ALFA
ANS
Variables not in COMMON;:
: FORTRAN name Format Description
§ A R*8 semi-major axis
‘ i C R*8 variable used to compute v
" E R*8 eccentricity
| I R*8 inclination
. N R*8 mean motion
’ P R*8 semi-latus rectum :
T R*8 time i
é-: U R*8 V+w
N v R*8 true anomaly
L X R*8 X-coord,
: é K R*8 Y-coord,
Al R*8 A,, intermediate parameter
) § A2 R*8 A,, intermediate parameter (
Bl R*8 B,, intermediate parameter o
i’ B2 KE*8 B,, intermediate parameter
i C1 R*8 C,, intermediate parameter
R | C2 R*8 C,, intermediate parameter
| % DA R*8 a, differential of semi-major axis
. DE R*8 ¢, differential of eccentricity
R DI R*8 i, differential of inclination
: DP R*8 P, differential of semi-latus rectum
DV R*8 V, differential of true anomaly !
DX R*8 X, x-comp of velocity
DY R*8 Y, y-comp of velocity 3
D1 R*§ D, , intermediate parameter
D2 R*8 D,, intermediate parameter




£
|
i

A

B

. ¥

FORTRAN name

E2 (200)
OM

wo

X0

DEL (200)
DOM

DWO
EPS
FJ2
FMU
NEG
NMN
NPN
NPO
NSS
OZT
RDA
RSQ
TXO
TYO
X00
X01
X10
Y00
Yol
Y10
ALFO
ALF1
ALF2
ALF3
COSI
COSU
CcOosv
COTI
DELM (200)
DOCI
DX0O0
DX01
DX10
DY00
DYO01

Format

R*8
R*8
R*8
R*5
R*8
R*8

R*8
R*8
R*8
R*8
I*4

R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8
R*8

~ R*8

R*8
R*8
R*8
R*8
R*8
R*8

43

Qesc ription

dummy array of integrated values
0, longitude of ascending node

W, , argument of perigee

X o» distance between origins of
dummy array of differentials

Q, differential of long. of ascending

node

w,, differential of arg. of perigee
[

30

w = 3.986032 D5

no. of parameters to integrate
n-n

n+n

B+ W,

n? gin? L

@,

r2 / a?

r?, square of earth's radius
intermediate parameter
intermediate parameter

X go» intermediate parameter
X,y Intermediate parameter
X0+ intermediate parameter

Y ,,» intermediate parameter
Y,,» intermediate parameter

Y o+ Intermediate parameter

e intermediate parameter

Qs intermediate parameter

Oy intermediate parameter

Qg intermediate parameter

cos (i) intermediate parameter
cos (u) Intermediate parameter
cos (v) intermediate parameter
cotan (i) intermediate parameter
array of derivatives

1. cos i, intermediate parameter
X

» 00

Xo1

X10
Yoo

Yﬂl

;g
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‘ FORTRAN Name Format Description

‘. DY10 R*8 Y10

i ELEM (200) R*8 array of integrated variables
P LAM1 R*8 A0t
LAM2 R*8 A1
LAM3 R*8 A 81
i LAM4 R*8 A1
¥ LAMS5 R*8 A0t
R LAMS6 R*8 A 01
3 LAM? R*8 ALo
L LAMS R*8 A 10
LAMS R*8 A !_1’0

LAMIO R*8 A 10

X
¢ LAMIL R*8 Ao 1
. LAM12 R*8 Ado g
% NBAR R*8 1
i SINI R*8 sin (1) %
§ SINU R*8 sin (u) 3
§ SINV R*8 sin (v) i
._ TANU R*8 tan (u)
TDXO R*8 X (0), initial value of X-component g
of velocity
: TDYO R*8 Y (0), initial vaiue of Y-component
N of velocity ?
% TNMN R*8 2n - n
" TNPN R*8 2n +n .
ZERO (4) R*8 array of initial values of position '
and velocity
CO521 R*8 cos (21)
CO82U R*8 cos (2u)
SIN2I R*8 sin (21)
SIN2U R*8 sin (2u)
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APPLENDIX III

ANALYTIC PROGRAM

General Overview

The analytic program is comprised of a MAIN routine and four (4) sub-
routines., The MAIN routine reads in the data (via 2 namelists) and writes out
the initial conditions. Execution starts by integrating the equations of motion
for the desired time period. Values for the orbital elements are writwen for
each time point.
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MAIN Routine Description

Purpose: To store initial values read in of the variables to be integrated. The
variables not read in are calculated from those that are., The following
are the variables that are integrated:

é—o é, i, -hs u, V}o ¢
u is obtained from:
u=v +w,

The integrator is then called. All values are calculated for each time point
until the specified final time is reached.
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Subroutine DERIV Description

Purpose: To compute values of the differentials to be used by the integrator
(FNOL2).

Method: 4, é, 1,0, 1, W, are calculated by equations (30), (31), respectively.
The intermediate variables used to determine position and velocity
are obtained from:

=]

R > :bneeﬁi m

N f\zn?\s"ov ¢ op ?\.12
oo'xoﬂxdo’
Vo0 Yoy Yyg 5

a0? }.goﬂ 3.{10
00°? Yoﬂ Ylo

M >

e 5

These expressions are to be found in the listing of the analytical program in
Appendix V,
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Subroutine Description
I. MAIN
A, Purpose: To read in control parameters and initial conditions,
To write out control parameters and initial conditions,
k, B, Calls;  FNOL2

C. Method: All input through use of namelists:

AP ey

1. INIT:
Variable Variable Name Format Description

X(0), X(0), Y(0), Y(0)  ZERO (4) R*8  initial value of pos & vel, /
a A R*8  semi-major axis -
i e E R*8  eccentricity

! i I R*8  inclination

' v A% R*8  true anomaly

l Q OM R*8  longitude of node

5 w WO R*8 argument of perigee

FJ2 R*8 oblateness constant

oy
[~
=]
IRITRTE 1

2. INTEG
Variable Variable Name Format Description
t, TF R*8  final time
At TINCR R*8  integration time step
t, TI R*8  initial time
INTP I*4 print interval
KUTMOL I*4 integration type
PRINT L*1 flag for intermediate values
NEQ I*4 no, of variables to integrate ;
%
;.
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B. Commeon blocks used:

1. ELEMENT
Variable FORTRAN Name Format Description
a A R*8 semi~major axis
e E R*8 eccentricity
i I R*§ inclination
: Q OM R*8 longitude of node
v A% R*8 true anomaly
u U R*8
Wy WO R*8 argument of perigee neglecting

periodic behavior

B. Common blocks used:

C gk SRR G

1. ELEMENT
A, E,1, OM, V, U, WO
2, INTEG
TF, TINCR, TI, INTP, KUTMOL
; 3. CONST
FJ2, FMU, RSQ, ZERO
4. FLAG
PRINT, J, NEQ
5, ANS

X, Y, X0, DX, DY

II. DERIV

A, Purpose: To define variables to be integrated (differentials)
B. Called by: FNOL2
C. Method: Differentials defined in terms of variables previously defined

D. COMMON blocks used; CONST: FJ2, FMU, RSQ, ZERO
FLAG: PRINT, J, NEQ -
ANS: X, Y, X0, DX, DY -
ALFA: ALFO, ALF1, ALF2, ALF3
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PRECEDING PAGE BLANK NOT FILMED
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APPENDIX IV

PURPOSE TO STILVE THE EQUATIONS OF MOTION NF TWO SATELLITES NUMERICALLY
[oFa COMPUTE VALUES OF PASTITION( XoYe2ZoR) VMFLOCITY( XteV¥0,7%,RY

SEMI-MAJOIR AXTISE A )y ECOCENTRICITY! E )y INCLIMATIONI T ).
LONGITUDE NF NODF, ARGUMENT OF PERIGEE, U.V AS A FUNCTION OF
TIMF .

PROAGRAM WRITTEN FOR R, BARRIERI RY JOFL MASHRAUM 1-1-71

INPUT

RY NAMFLIST
1o NAMFLIST INTEG
Ao STFP = INTLGRATINN STEP SIZEs TIME IN SEC. ( 600. )
R. T1 = INITIAL TIME, SECS { 0.0}
.o TF = FINAL TIME, SECS ( Ré6,400 SEC = 1 DAY )
Ne INTP = PRINT FREQUENCY, INTEGRATIONS ( 1 = EACH STEP }
Fo KUTHOL = MEVHND OF INTEGRATION { 2 = RUNGE-KUTTA & ADAMS-MOUL TON
Fo EPNCH = DATE OF INITIAL COMDITIONS ( 720101.0 )
Go J20 = DBLATENESS CONSTANT ( 0.0010823 )}
2o MNAMELISY INIY
As X = X-COORDINATE DF POSITION ( 1.0 )
Ba ¥ = Y~-COORNTNATE OF POSITION ( 1.0 )
Co Z = I-COORDINATE NF POSITION ( 1.0 )
xnoy = X~COORDINATE OF VELOCITY { 0.1 }
Ynot = Y-CODRNINATE OF VELOCITY [ 0.1 )
znny = 7~CONRNDINATE NF VELOCITY ( 0.1 )
G. A = SEMI-MAJOR AXIS ( 1500, KM )
Ho E = ECCENTRICITY ( 0.01 )
Te 1 = INCLINATION{DEG) { 45, }

J. MMEGA = LDONG]TUDE NF NNDE: DEG (| 4
Ko W = ARGUMENTY OF PERIGEE: DEG { 0.0
Lo ¥ = TRUEF ANOMALY. DEG ( 0.0 }

Mo YIMMEGA= FLAG TO SET MY £ WY® =0 (1 )

No. KPRINT= FLAG TO PRINT VARIOQUS INTERMEDIATE VALUES ( O )
N. KPLOT = FLAG TD DRAW 4060 GRAPH { ,TRUE. )

IMPLICIT REAL*B (A-H;0-Z)

REAL*R LM

REAL%®B [,420 .

LOGICAL KRLODT

INTFGER PRyPLYFSsND

NIMENY "ON ELEM{20),DELM(20)

DIMENSIDON RI5000),NDR{5%0001, T{5000}

DIMENSINN TYPE(S5,3)

COMMON ZINCOND/ AcE gl cOMEGAMoloX oV o2 o XDOT.YDOT, 2007
COMMON /PLOTS/ T4RWDReJ

COMMNN SCONST/ TFoSTEP T INTPoKUTMOL ¢ EPOLH, FMU J20.RS0
COMMNON /FLAG/ X0, KNMEGAKPRINT.XPLOT

DATA ELFM,NELM / 40%0.00 /

DATA YES ND /7 IvES P, 0N ° /oPLoPR/ SND P,'NO ¢ /

DATA TYPF /PRUNGE-KU®o°TTA THRMNS , *UGHOUT 2% )
1 SRUNGE=KU® ;°TTA AND ¢, 9 ADAMS-MN® o SLILTON 00 .
2 PRUNGE-KU?°TTA WITH®,® ERRNR C?, *ALCULATIC . °ON 4

NAMELIST /INTEG/ STEPTI TRy INTP,KUTMOL, EPOCH,J20

NAMELTST ZINIT/ Xo¥e2 oXDNT oW DT N0V Ao Fol yOMEGAWo Vo KOMEGA sKPRINT
p IKPLNT

RANTAMIXY = X / 5T.2957795130823

REANDIS: INTFG)

REAN(SINIT) PRECEDING PA
b GE BLANK NOT FILl:.,
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V = RADTAN(V)
DMEGA = RADIANI(DOMEGA)
L = E = DCOS{W}
M= E = DSIN(W}
UsW+y
ELEM{ 1%
ELEMI 2}
ELEMI 3}
FLEMI &)
ELEM! S5}
ELEM! &)
ELEM{ 7} DMEGA
ELEM{ 8) M
ELEMI 9) = U
ELEM{10)=XDOYY
ELEMII1)=YDOT
ELEM({L121=2D0T
Lt = 0
NE = O
WRITE(O,L}
1 FORMAT( ®1°¢ }
WRITE(G.:2)
2 FORMAT! 30X,10{2Hwl o 1OX,"INITLAL CONDITIOMS? o 1OX10{1H*) )
CALL DATE{ EPOCH 1}
WRITE{6:3) HoeY ol
3 FORMAT! *=POSITINN VECTOR *ol0X,%X = o4D15.54:10%e?%Y = ¢D15.5¢
U 10X4°%2 = "4D1L%.5
WRITE(&,4) XDDOT, YDOT, ZDOT
4 FORMAT( °"OVELOCIVYY VECTOR ©,9X,0X08 = ¢ . D]15.5,9Xe?Y?% = ?*,D15.5¢
U 10X,02t% = 7,D]15.5 )
WRITE(GoB) AcE ol cOMEGA M Vo J20,KOMEGA
5 FORMAT! /39X, SEmI-MAJOR AXIS (A} = ",D20.10/42X, "ECCENTRICETY (E)
1 = *oD20.00/42X " INCLINATION {FE) = *oD20.,10/23X,°LONGITUDE OF?,
2 " ASCENDING NODE (DMEGA) = ",D20.10/35X, "ARGUMENT DF PERIGEE (W)
3x " N20.10/42K "TRUE ANMOMALY (V) = P,020,10/42X,"ORLATENESS {(J420)
fz= P oN20,10/52X"OMEGAX = 9,12 )
IFU XKPLOT } PL = YES
IF{ XPRINT.NME.O } PR = YES
WRITEL(G,6) PL.PR
6 FORMATL ///7765X,°PLOT = A& SHL,PRINT = U .44 )
WRITE{S6:T7) (TYPE{J o KUTMOL) o =2 105) o STEPLINTP
T FORMATI //7/7748K, *INTEGRATION PARAMETERS? /&BX o 22{ 1H«} /745X,
1 "METRON 9 5AB /45K "STEPSIZE P o D20, 10/45%, "PRINY FREQUENCY
2 +18 1}
WREITE {641
CALL FNOL2t KUTMOL 1 2:STERP o LL INTPoNE:TIELEM.DELM)
IF¢ XKPLDT ) CALL #LOT
WMRITE{69)
9 FORMATI{C=FEND OF RUN®}
RETURN
END

o P g <
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SUBRDUTIMNE DATE( EPOCH 1}
IMPLICIT REAL*8 (A-H,0=F)
INTEGER®L YR,DA,HR,SEC,VYEAR
DIMENSINN MONTHII2?

DAYA

MONTH/ ° JAN®, ¢ FEB®, ° MAR?, 8 APRD, ©° MAV®,

U tJuLy?t, °® AUGYe °SEPT?, ¢ DCT?, * NOV® , ® DEC® /

YR =
YEAR
Jl =
MO
DA
H1
HR

EPOCH / LaD4

= 1900 + ¥R

FPOCH - YR #* ] .D4

J1 /7 1.02

J1 = MO » ] .D2

EPDCH = YR * 1,D4 ~ MO * 1,02 - DA
HL * 1.02

MIN = H] *» ].,D04 -~ HR * ].02
SEC = M1 * 1,06 - MIN * 1,D2 - HR = ].D%

WRITE(S,5) MONTH{MOD DA, YEAR HR MIR, SET

5 FORMAT( ///7/44%, 'EPOCH =

$ o12¢° SECS® }
RETURN

END
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N SURRNDUTINE “ERIVITELEM,DELM) 00000100
& IMPLICIT RFAL®B(A=H,0=-2) 00000200
i REAL®R LM

: LOGICAL S$SIN,$CAS

y c 00000300
L C VERSINN NF 12-23-70

¥ C SUBRNUTINE NDEREYV COMPUTES THE DERIVATIVES OF THE ELEMENTS ARRAY. 00000400
O C 00000500
" o INPUIT 00000600
L. c T ~ TIME 00000700
H C FLFM - ARRAY NF ELEMENTS 0G000R0N
T o 00000900
'-‘-.'_ C OuTPUT 00001000
bl C NELM - ARRAY NF DERIVATIVES OF FLEMENTS 00001100
e c 00001200
7 c FLEM DELM 00003300
¥ C X ae 1 00001 400
b C ' yo 2 00001500
£t o z ¢ 3 00001600
5 c AO AnY 4 00001800
% c 1.0 LO? 5

L c 10 tos 6 00002000
ﬁ% c OMEGA OMEGA? 7 00002100
i C MO Mot 8

= c uo uo? 9

v c X o X 10 00002400
by c Yo Yoo 11 00002500
% C 7 Zve 12 00002600
2 o 00002 700
3 DIMENSTON FLEM{L)oDELMIL)ELF(20) ,DEL{?0) 00002800

H COMMON /FLAG/ X0o KDMEGAKPRINTKPLOT

: COMMNN /CONST/ TF,STEP,TI INTP,KUTMOLEPOCH  FMU,FJ? oRSD

\ EQUIVALENCE (ELE (1) 9X o (ELE (2)o¥)olELE §3)052 ), 00003500

LLELE {4)oA) o (ELF {5)3L)o(ELE (6),FI);LELE (7),0M) o (ELE (B) M)y 00003600

i 2UELFL S oU) o IDEL UL oDXGELE{LON o (DELI2) DY) {DEL(3),D2)
3(DEL (4) DAY {DEL (5)DLYo IDEL (68)4DIMo(DEL (7),D0OMIs (DEL (8);DM), 00003800
G(DELY 2¥,DUo{DEL{10)oDDX ) (DELE11).DDY b5 (DEL{12),DD2)

€ RESTARE INPUT ARRAYS FDR EQUIVALENCE STATEMENT 00004200
¢ 00 20 I=1,10
c ELE (1 }=ELEM(T) 00004400
C 20 DEL{I)=DELMII) 00004500
NAMELTST /TRIG/ CDSV,SINV,CNSUsSINUSCOST oSTNT,COS2Us S IN2UsSIN2Es 00006600
U CNS2T,TANI,COTI 00004700
NAMELIST /NAML/ A2,A3,82,83,C24C3 00004800
NAMELTST /NAM2/ VolUoFioPoX0eFN 00004900 i
NAMELIST /NAM3/ DA,DLsDP4Cy  DX0,DEyDOMoDMoDU,DOI o
NAMELTST /NAM&/ WX oWY oW Z DN} sDMY o DWZ 00005100 1,
NAMELTST /NAMS5/ DX o0V ¢DZ DU o DOY ¢ DDZ 00005200 !
DO 20 §=1,12 06605300 :
20 ELE{I)=ELEMII) . 00005400 :

IF{ KPRINT.EQ.O0 )} GOTN 500
WRITE(6,2001)
2001 FORMAT{°0Q ENTER® )
WRITE(&:,2000) (ELEMIT}, DELMIT)o1=1:13)
2000 FORMAT{ 22X, ELEMENTS® ;99X *DERIVATIVES® //(10X,2020.8)}
500 CONTINUE
E = DSORT( L*L + M%M )
1 IF{ DARS{M) ,LF.1.D~30 -AND. DARSIL).LE.1.D-317 ) GOTOD 50
G W o= DATANZ( Mol
: GOTN 60
30 W = D.NO

60 V = U - W

C ‘
. c COMPUTE FREQUENTLY USED TRIGONOMETRIC FUNCTIONS 00005600
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COSV=DCNS{v) 00005800
SINVENSINIV) 00005900
COSU=RCOSIU) 00005000

: COS2U=RCOS (2.N0%L} 00006100

: SINU=DSINIU) 06206200

. SINZU=DSINT2.D0O%U) 00006300

; SINI=DSINIFI) 00006400

¥ SIN2I=DSEIN{Z.D0%FT) 00006500

; COSI=NCOSIF]) 00006600

. CO321«DCNS{2.D0%F1) 00006700

: TARUI=DTAN (U} 00006800

, COTI=DCOTANIET ) 00006900

B IF{KPRINT ,€Q.l) MWRITEI6,TRIG)

i PxAX(] .D0=~E%F) 00007100

L, FN=DSORT (FMU/A®®3 ) 00007300

1y DENOM = 1.00 + L * COSU + M * SINU

4 XO = A *{ 1.D0 - L*®L « MxM } / DENQM

§ IF{KPRINTEQ,L) WRITE{&NAM2 )

: DA==3 ., NORFMUSF J2*RSQ/(FN*DSORTI L. DO-E®*E) }*(( L* SINYU - M * COSU )

3 L *{ 1,00 = 3.D0 * SINT = .

: 1SEINE=S INUSSTNUD /X054 4P *SINT*SINI*SIN2U/X0O**5) 00007600 3

¥ Diz={] 5NO*FMUXF J2 *RSQO*SIN2 1 *STNUSCOSU) 7( FNEA®*A*DSORT( 1, DO~E*E) 4

i 1 *X0®%x3)} 00008500 ;
DOM=NE*TANU/ (SINT) -
DL = M * DOM = COSI =1.500 * FMU * FJ2 * NDSORT{ 1.D0 - E=E }* RSO o
1 / FN / A *®{ SINU ={ 1.,D0O ~-3.D0 * SINI * SINI®*SINU * SINU }/ 2
2 XO®®é #( XO% L / P +( 1 DO + X0 / P )% COSU )& SINI * SINJ * q
3 SIN2U / X0%%4 ) :
DM = <L * DOM * COST +1.500 * FMU % FJ2 * RSO *DSQRT( 1.D0 - Ex& )
1 / FN / A *{ COSU *{ 1.D0 -3,00 * SINI * SENI %= SINU *= SINU )/ .
2 XO%%4 =( XO* M / P #{ 1.DO ¢ XO /7 P )% SINU )* SINI * SINI * -
3 SINZU / XO%#%4 ) s
DP = NA *{ 1,00 = L¥L = MkM ) =2,D0 * A *{ L*DL + M*xDK )
DU = FN * A *= A * DSORT( 1.DO ~ E*E } / XO*%x2? - DOM * COS]

: DXO = { DA *{ 1.DO0 = %L = MM ) =2,D0 * A *{ L * DL + M % DM }) /

" $ DENOM = A %( 1.,D0 - L*%L - M*M )*( DL = COSU - L * DU * SINU

; & . + DM * SIMU + M % DU * COSU ) / DENOM / DENOM
- IF(KPRINTEDo1) WRITE(SNAM3)

i
ol
L
LY
&
Nl

WZxDSORT (FMUSP } /X 0%*2 000082900
IF{KOMEGA.EN.0) GO TO 30 00009500
Wx=ni/COSU
WY=0,D0 ;
DDI={~1.5D0%F J2Z*R SO*DSQRTIFMU/P ) /X0 %3 )% ( {DA=ASDP/ {2, D0%P) 00009100 ?-

1 =5 .DORARDXO/XO}*SEINZIRSINURCOSU+AX (DICOSZI*SINZU 00009200 b

2 +DUESINZ T2COS2UD) 00009300 3
DHX=(NDI*COSU+DI *pU=SINUY /COSU*COSU i
DWY =0 .DO :
GO T0 &0 00010100 L,

30 WX=0,D0 00010200

WY=0.N0 00010300
OWX=0,.D0 00010400
WY =0.D0 00410500

&0 DMZ=W Z%{DP/{2..D0%P =2 .00%0DX0 /X0 co010700
IF{KPRINT,EO,1) WRITE (6 NAMS)

A222 DOR{WYRDZ DY ¥HZ ) 47X DY =Y *DMZ WU S (X WZ 4 VEWY } 00010800 -
ASsoWZ S I-WYSHY+FMLI/X0**3={ | . 5DORFMURFI2#R SO/ XOH%5 )

1 %} ,D0=3.D0*SINI*SINI*STNUXSINY) 00011000 !
B2=2 DOS{OXSWZI~DZM X} +X*DU Z -2 0D X+ WY * { Z *WZ +WXR I X+ X0} } 00031100 .
Bla=lg X il Y oM Z W Z+F MU/ X Ok 3= 1 o SDOKEMUSF J2 2RSSO/ XO*RG RS INIRSINE* 0001120 il

$ COS2U
C2=2 DOS DY M X ~WY R (OX+DHO) I4Y SDMX =X EDWT S WZ R (WY FYIWUEX } = XORDWY 00011300
Clnaiy o V=4 XS X +FMU/HO*®3-{ 1 . 5D0%FMUSF J2eR S0 /X0%x5 ST NUSCOS2
IFIKPRINT EQLLE WRITE(G NAMLD
BOX=x-A2~A3%XK B0011600
DOY==B 2B 3%y 00011700
DDZ22=C 2=l 387 X0 X*N 7 00011800
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DO 110 I=1,12
DELMIF)=DEL(T}
IFIKPRINTLEQ.1} WRITE(6,NAMS)
IFt KPRINT .EQ.0 )} GOTOD 99
WRITE(&,20021
FORMATI"0 EXET® }
WRITE{652000!
RETURN
END

¢0011200
00012100

(ELEM{TI}DELMIT)oIx=1,13}
000122500
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SUBROUTEINE PLOT

REAL*8 TIME POS,VEL

DIMENSTON TIME(S00) VELI500),P0IS{500)

DIMENSION TI500):R{500},V{500).Z(200)

COMMON /PLOTS/ TIMEPOSVEL »J

NVERT FROM NOUBLF PRECISION ARRAYS TO SINGLE PRECISION
DO 10 1= 1.4

TII} = TIME(])

RITY = POS{L)

Vi) = VELID)

CALL MODESGt Z,0 )

CALL SETSMGI Z¢84,°%+" )

CALL GRAPHG( ZoJoToRo13,°TEME ¢ SECS ) o15+°POSITION { KM }*5175
U °TIME VS, POSITION® )

CALL LINESG( ZoJoTsR }

CALL PAGEGU Z,0,191 )

CALL GRAPHG( ZoJeTeVel3,°TIME ( SECS )°,19,°VELOCITY ( KM/SEC )1°,
U 17,°TIME VS. VELOCITY?® )

CALL LINESGL 2oJdoT,v b

CALL PAGEG( 2,001 )

CALL EXITG { Z2 ¥

RETURN

END
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SUBROUTINE FNOLZ2(JsNoGsLsMsNEsXoY oD}
IMPLICIT REAL*B(A~H;0-7,%)

OOUBLE PRECISION XD,YDsYA,YC:VP,¥V1
DIMENSION Y(S0)}oD{50),YBl30:6}+GI2130)¢R13(30):GI4{30),EF(30),
BEFI(30)EF2{30)FF3(30),Y1{30}ERRORI30) ;HA(30),YAIS0O),DALS50),
2YC{30) o YPL30)o,YDIS0}

EC=Y {N+3)

H=G6

HZ=H

LMNN+MAXOLL3}

SURROUTINE FNDLZ2{ JeNoGeLoiMoNE XY yDoDERT Vo TERM,0UT)
NA=O

NBz ]

NF=0

NG=0

Fa0.n0

FA=0,D0

FB=0.DO

FC20.D0

CONT INUE

ENE=NE

DO 200 I=1.LN
YDUIY=DBLE(Y (I }}

XD=DPBLE(X)

DO 200 I=1,0N

YD{I)=¥Y{1}

XD=X

IF{J=3115,21415
IFINE}1BoL6,18

JAxd

GO TO 22

REI=10.D0%*{=ENE)
REZ2=10.D0%*{ ~ENE~3,000)
REM=10.DO*¥{ =ENE -1 .500)
Ja=]

DO 25 i=1,N

DO 24 1C=1,5

YR{T1:,IC)=0.00

ERROR(I 1=0.D0

CALL DERIVIX,Y D)

CALL TERMIX .Y ¢DoF)
IFINDABSI{F)=1.0D~3) T731,731,5209
CONTINUE

D0 300 I=1 N

GEZ2iIp=D(]}

GI3{I)=DIT}

Gi&el{li=D{l}

EFLI)=D{1}

CALL OUTPUT KV sD;ERROR NoglLoH)
CALL OQUT{X oY sDeERROR ML oH)
FD=Y(N+11}

IF{J=2} 304129:30

GO TO{31437:¢35:37)0JA

DD 33 I=l.LN

YAl )=vD{il)

DA(I)=D{E)

GO TO 37

HB=H

N2 DO*H

HD2 = 500%K

DD 39 i=alN

YBII,NB)=D{T}

XL = D{E) = HDZ

Vil =SNGLIVYD{T I+ XL D
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5050
5060
5070
5080
5090
5100
5110
5120
5130

5140
5150

5160
5170

£180
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39

40
41

42
43
44

C 45
45

46
T

48

49
51
52
53

5%

56

57
58
59
60
61

62
63
b4
65
66

67

68

681
L 69
&9

Y{ib=vD{lbeXL
X=SNGL{ XD+&D2)
X=XD+HD2

CALL DERIV IXeYoGIZ)
DD &2 I1=14N

XL = GI2¢(1)=HD2
Y{I)=SNGLIVYD(1)+XL?}
YIIY=YD{EDb+XL

CALL DERIV (XY 613}
DO &5 [=1,N
XL=GI3(1)*H
Y{ID=SNGLIYDIT e XL )
Y{T=VYO(It+XL
X=2SNGL { XD+ H)

X=XD+H

CALL DERIVIX,YoGl4}
HD6 =H/6.D0

GO TO(4B:55,60,66) ¢JA
B0 52 I=l¢N

KL=(DEID) + 2.00%{GI2{(I} + GI3(EI)) +GI1&L1))*HDS

YCLT)=YD{D)+XL
YDUTb=VA{L)
ERROR{I)=0.D0
JAx3

60 TO 35

DO 57 i=1¢N

X =2(D{l} + 2,D0%(Gi2¢(1) + GI3t1}}

YDUTII=YDIT XL

ERRAR{E b =SNGLIYD(E)-YP(I}) /15,
ERROR(IY=(YD(I}~YP{I)}/15.D0
Jas}

GO 7O 681

00 62 I=] N

yDUeI=vCtI)

XL=(D{I} + 2.00%{GE2{I} + GI3{(I))

YP{I}=VYALT)+XL
H=HB

JA=2

GO0 TO 681

DO 68 i=1yN

KL=(D{E} + 2,D0%(GE2(I} + GIS(TY}

YD{TI=YDLieXL
ERRNR{I }=0.00

DO 62 T=1sN
Y{1}=SNGLIVYD(I})
YiEr=YDiQ}
XD=XD+H

X=SNGL (XD}

X=XD

CALL DERIVIX.,Y D}
FC=F

CALL TERMIXYoDoF)
IFIDABS{F}~1.0D-9 }731,731,733
NF=5

GO TDO 124
IFIFIT&e12&:76
FAs] . DO

G 70 77

FB’I * D0
IFIFA=-FB}B83,78+63
NFaNF+1

Jaxg

NB=]

HeHeF/{FC=F)
IF{NF-4)3T7,37,12%
IFINEIBH,117,84

+GI4{1 ) 2HDS

+GI4(T D IHDG

*GI4(1))*HD6
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5190
5200
5210
5220
5230
5240
5250
5260
527
5280
5290
5300
5310
5320
5330
534
5350
5360
5370
5380
5390
5400
5410
5420
5430
5440
5450
5460
5470
5480
5490
5500
5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
5660
5670
5680
5690
5700
5710
5720
5730
5740
57%0
5760
ST70
5780
5790
5800
5810
5820
5830
5840
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84
85
86

885

886
87
88O
881
882
883
890
891
892
893
94
25

96

27

C 98

98

99

100

101

102

c

103
104
105
106
107
108
109

110
111
112
1i3
114
ii5
150
1261

116
117
118
119
120
121
122
123
w124
124
12%
126
127
128
129
130
i31

IFlJA=1111T7s8%,117
IF{J=~3)86.117.86

DO 95 I=1l4N

IFIV{I}1}886,385:,886
HA{I)=1000.00

GO YO 95

IF{ECIAB0,890.,87
IFIDABSIV{I)}=-EC) BBO,880,890
IFIDABS(ERROR(I)I~RE2) B882:94%,881
IF(DABSI{ERRDR(I} ) ~REL)94 94,882
HA(T ) =H* {REM/ (DABS(ERROKR { [ )} +.0000000001D0) ) x%{,2D00)
GO YO °5
IFINABSI(ERROR({I)/Y{I})-RE2)}892:94,89}
IF{DABSIERROR(EI/YIE) ) -REL1194,94,892
HAL ] b =He®{REM/ ({DABSC{ERROR(EI/Y{I)}+.0000000001D0))%%{ ,2D0}
GO 70 95

RA(T )=

CONT INUE

HB=DABSIHAING)

DO 98 I=i,N

HB=AMINI (ABS{HA(T })oHB)

HB=DMIN] {DABS{HA{TI )}, HB)
IFIDABSIHI-HBII00, 117,101
IFI{DABS{MZ=DABS(HIIICL, 101,110
DO 103 I=},LN

YOC(Ib=vYALL)

YT =SNGLI{YDI{I D}

Yiibh=yD{li}

DiIb=DA{E}

[F{NB~-&) R07,105,105

XD=mXD=-M

G0 7O 109

XDxXD+2 o DO*K

HZ = H

HaDS IGNIHB R )

X=XD

XaSNGL (XD}

CALL DERIVIX,Y D)

CALL TERM({XoYoDeF)

NB=1

XABS=DABS{.0G0001DO*X }
IFI(DABS{H)-XABS)113,213,117
NG=NG+]

H=DS TGN XABS oH)

IF{NG ~ 10)124,150,150
WRITE(G6,0260) &

FORMAT (1ML 2OTHEXECUTINN TERMINATED BECAUSE INTERVAL OF INTEGRATI
10N LESS THAN 1.0F ~6 TIMES INDEPEMDENT VARTABLE (X},

sYae

HZI=H

IF(MILiIB 218,121

IFt (YINLLI=FD)=Y{N+2) 129,119,119
FD=FD+Y (N+2)

GO TO 124

NA=NAS L

IF{M=NAD123,123+29

NA=D

CALL QUTPUTIXYoDeERRORNpL oM}
CALL OUT(XoYoDoERRORoNoLoM)
JFiINF=4)29:,29,1206

KRITE {(6ol27)

FORMAT{1HO b

RETURN

NB=NB+}

IFINB~6130,131138

DO 134 T=liyN

X 2,1PDL5.7}

5850
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5910
5920
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5950
5960
5970
5980
5990
6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160
6170

6190
6200
6210
6220
6230
6240
6250
6260
6270
6280
6290
6300
6310
6320
6330
6340
6350
6360
6370
6380
6330
6400
&410
6420
6430
6440
6450
6460
6470
64860
6490
6500
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132 EF34T)=YB([,3) 6510
133 FF2(1)=VBIIo4) 6520
136 EFL{T)=YB{,5) 6530
135 GO TO 137 6540
136 NB=10 6550
137 HD24 =M/24,00 5560
i DO 138 I=l.N 6570
: XL ={55.D0%D(I} =~59,DO%EFL(I} +3T.DOXEF2(1) -9.DO*EF3(1}I*HD24 0380
: YPETb=YD{Ib+XL 6590
. C 128 Y{Ed=SNGLIYP(1)) &600
c X=SNGL {XD+H) 6610
138 v(it=yYP() 6620
; X=X 6630
o 139 CALL DERIV(X,Y+EFD &4
. 140 DD 242 I=l.LN 6650
§ 161 YA(I)eYDLT) 6660
5% 142 DACTI=D(}} 6670
§ 143 DD 148 Ix=].N 6680
- XL = (F.DO®EFII} +19.00%D{i) =5.DO®EFI(1} +EF2(1))*HD24 6690
? 144 YD(EDeYDE]) XL 6700
R4 € 145 ERROR(TI==SNGLIVD(I)=YP(I)}/14. 6710
*i 145 ERROR{I)x={(YD{I)=-YP{1}}/14.D0 6720
s 146 EF3(T)=EF2{1) 6730
! 147 EF2(1I=EF1(1} 6740
* 148 EF1{I)=D(D) 6750
: 999  COHTINUE 6760
149 G0 TO 681 6770
END 6786
:
!
o
-
i
%
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SUBROUTIME TERM({ T,ELEM,DELM,COND )

IMPLICIT REAL#*8{A=H:0=2,$"
COMMON /CONST/ YTFoSTEPTIINTPKUTMOLEPDCHFMU,FJ2,RS50

DIMEMSION ELEMiL)e DELM(LD
COND = TF - 7

RETURN

END
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SUBRDUTINE OWT (XoV o DeERRDOR N, LoK)
IMPLICIT REAL*8{A=H0~21
DIMENSION Y{9),D(9)ERROR(2)
DIMENSION RIS000) s VIS000). T(S5000}
DIMENSICN DEGIS)
COMMOMN /FLAG/ X0, KOMEGAKPRINT,KPLOT
COMMON /PLOTS/ TR oVed
DATA TPI/ 6.2831853072 /
VMAG(X oY oZ} = DSOQRT{ X%X + VY + 7x%x7 }
DEGREE{X) = X * 57,2957795130823
J = J e+ ]
RIJD = VMAG! YILlboV{2)eY(3) }
ViJhxVMAGE DI{LIoD{2)eD(3) )
T = X
WRITE(H.3)
3 FORMAT{130{1nH-~1)
WRITE{H:4) RiJIsVID)
4 FORMAT(°09,25X.°POSIYION = ?,D20,10-,15%, *VELOCITYY = " ,D20.10 )
E = VMAG! Yi{S)eViB81.0.D0 !
Ifl DABSIYIS)}olEeleD=30 -AND. DABS{YIB)}eLELleD=-30 } GOTO 50
W= DATANZ2( YIB}¥YIS) )
GOTD &0
S0 W = D.,D0
60 CONTINUE
vz = Yi{9) = W
V2 = DMODI v2,TPT
W = OMOD¢ WeTPE )
Yi{ah = DMOD{ Vi&),TPI }
Y¢T) = DMODY Y{TiTP1 )
vYiol = GMOD¢ YiQ),TPI )
DEGIL) DEGAREE{ YU 7)b )
DEG(2? DEGREE{( W )
DEGI3} = DEGREE{ Y{ 9}
DEG(&} DEGREEY YI &)}
DEGIS) = DEGREE( v2 )
WREITE(&,1001) Xo(YI{Ibpi=]o3)

1001 FORMAT{P=0 bl °TIME (SEC) = °oDI5.8,8X: X (KM} = *,Di5.8¢8X%,
1 %Y (KM = 2,0 5.88Xp°%2 (KM) = 2,D15,8 }

WRETE(H,1002) X0o(D{EFbol=lp3)

1002 FORMAT{O0C,TXo°X0 (KM} = P,DI5,8e3Xe"X%% {KM/SELC) = #4D15,8¢3X,
2 Y90 (KM/SEC) = ? D15, 8,30 0209 {KM/SEC) = ";D15.8)
WRITE(6,1003F VY{&),E.YIB):DEGI(S)Y

1003 FORMAT{ 900 gBXo %4 (KM) = B oD15B8¢,*ECCEN = 1,DI580 10X *TNCL = ¢
3 oD1G5.89° RAD = ?,015.8,° DEG?)

WRITE(6,1004) Y{TI DEGIL)y W BEGIZD

1004 FORMATI?09:8Xo%LeleMe = 93D15.8,° RAD = 9,D15.8¢° DEGO, 10X,
& "ARG OF PER = ®,D15.8.° RAD =~ ®,D15.,8,° DEG®}

WRITE(6,1008) V2.,DEGIS)Y{9},DEG(3}

1005 FORMATI®0? 403X,V = PoD15.8,7 RAD = ®,D15.8c% DEG?: 19X U = ¢,
§ D15:80° RAD = 9,DE5.8,% DEG?}

MRITEI&, 1006} Y{5),Y(B}

1006 FORMATI°0Po 13X 0L = "Di%.BeeS5H'M = D158
RETURN
END
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DATA

TMPLICEY REAL®B (AN 0-2:8%)

REAL®S |

LOGICAL KPLOT

DIMENSION RIS5000), VIS000). T{(5000)

COMMON /FLAG/ X0p KOMEGAKPRINT.KPLOT

COMMON JINCOND/ AE 40 yOMEGA MW oU sX oY o2 o XDOTeYDOY o 2007
COMMON /JCONST/ TESTEP s TEoINTP KUTMOLEPOCH FMULFI2:R 5D
COMMDN /PLOTS/ TeReVed

DATA
DATA
DAYS
DATA
DATA
DATA
DATA
DATA
DATA
EnND

FMU,R5Q / 3.986032D5, 4.06B098N7%/
ToReVold / L15000%0.D0.8 /
AgEoloNMEGA Y W/ 1aB5DbolaD=2¢3%45,.D000.00 /
STEP o TIoTF o INTP,KUTMDL/ ¢ eDZ2:0.00,R.64D%4102 /
EPOCH ] T20101.D0 /
Kool / 3%1.D0 /
XDOT,YDOYZ00Y 7/ 3%1.0-1/
FJ2 /7 1.08230D-3 /
KOMEGA oKPRINTKPLOT / RL¢0paYRUE, /
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APPENDIX V

TWO SATELLITE MOTION STUDY = ANALYTIC THEORY

LAST REVISION i0-16-70

IMPLICIT REAL®B (A-H,0«2)

REAL*8 |

LOGICAL PRINT

DIMENSION TYPE{S 3}

DIMENSION ZFRDU{4) oELEM(20) DELM(20}
COMMOMN / ELMENT /7 AcE T DMV UWO
COMMON /INTEG/ TFoTINCRTIINTP . KUTMOL
COMMON / CONST /7 FJU2.FMU.RSNZERDND
COMMON /FLAG/ PRINT s JoNED

COMMON /7ANS/ XoY o XD,DX DY

RADIANIX} = X / §5T7.2957795130823

DATA TYPE /'RUNGE~KUP,9TTA THRO !, "UGHOUT %o 2%¢ @y
1 "RINGE=KU - *TTA AND 7, *ADAMS~MN® , S UL TON ®ol e
2 "RUNGE=KU®,*TTA WITH®,® ERROR Ct, "ALCULATE®,°0N v/

MAMELIST /INIY/ ZEROoAsE:IoVeOMWO,FJ2

NAMEL IST /INTEG/ TFoTINCRTIINTP,KUTMOL:PRINT,NEDQ
READIS, INIT)

REANIS o INTEG)

WRITE (6.1}

WRITEtL6,2001)

1001 FORMAT{ 25( /)o35X«?ANALYTIC SOLUTION OF TWO-SATELLITE MOTION ¢

F o9 STunve)
WRITEIAo L)
1 FORMAT(®]0)
WRIVE(6:5)
5 FORMAT{ 30XolO00IM*) 10X, "INITIAL CONDITIONS?,; 10X, 10{ tH®}) )
WRITE(6¢B) AgEoloOMoWO oVoFU2,2ZERCI1ZZERO(3}oZERDI2),2ZERDLS)
B8 FORMAT( /39K *SEMI-MAJOR AXTS (A) = *,D20.10/42X,*ECCENTRICITY (E}
1 = PoD20.10742K 0 INCLINATION ¢ 1) = 9,D20.10/26X, "LONGITUDE OF°,
2 " ASCENDING NODF (OM)} = "9D20.10/734X, " ARGUMENT OF PERIGEE (WO} =?
3 N21s10/ L2X o *TRUE AMOMALY (V) = "oD20.10/42X-,0BLATENESS (420}
b 9 ,D20.10/5TXs%X =°D2J,10/5TH Y =0DZ0.1N/56Xe2X?? =0 020,10/
5 56X9°V” '—'°QDZOclO }
WRITE(O:TH (TYPEL{JoKUTMOLD o J=1:501 TINCR (INTP,NED
7 FORMAT( //7/7748X, " INTEGRATION PARAMETERS® /748X o22(1H-)1/7/45X,
1 "METHOD . HAB /45X, *STEPSIZE 0 oD20.,10/45X, "PRINT FREQUENCY
2 oIB/45X, "NUMBER 0OF ECUATIONS = °§2}
WRITE{bs1)
U=V + W0
I = RADIANAT)
OM = RADIANIOM)
U = RADIANIL)
v = RADIAN(V!
WO = RADIANIWOD
ELEMI 1} A
ELEML 2}
ELEM] 3} i
ELEM{ &) oM™
ELEM( 5) = U PRECUDING PAGE BLANK NOT FILMED
X = ZERODIL)
Y = ZERD{I3)
nX TERDIZ)
DY ZERDI&)
{1] A % 1.N0 ~ E * E /0 1.D0 + E % DCOS{V) )
LL 4]
NE 0

£

U agd
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CALL FNOL2{ XUTMOL oNEQ.TINCRoLL o INTPoNE-T] oELEM,DELM)

WRITE(8,9)
9 FORMAT{°=ENN OF RUN®)
99 RETURN
END
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SURROUTINE NERIV( TL,EL.DEL )
IMPLICIT REAL®B{A-H,0-2)
REAL*8 N NBAR NPN NMN,NPO, ! N5S
REAL®B |AMY oLAM2 oLAM3 oL AMAG o LAMS o LAME LAMT 3 LAMB:LAMS o LAMIO,
L LAMIY L AMY2
LOGICAL PRINT
DIMENSTION ELEM(200) +DELM{Z200) ;ELI200),DEL{200) ,ZERO(%}
EQUIVALENCE (ELEM{ 1)oA), (ELEMU 2b,y E}o (ELEM{ 3)ol},

E (ELEMIU %},0M), (ELEM! 5)oUls (ELEMI 6),W0)
EQUIVALENCE (DELM({ 1),DA)y, (DELM{ 2}),DE b, (DELM{ 3),DI),
E (DELM( %) ,DOM)y (DELM{ 53,DU), (DELMI 6),0W0}

COMMDN / CONST / FU2:FMU-RSQ,ZERD
COMMON /FLAG/ PRINT,J,NEQ

COMMON/ ANS / X Y oX0DX DY

COMMON / ALFA / ALFO.ALFloALF2.ALF3

NAMELIST /TRIG/ CDSV,SINV,COSUSENU,CDSToSINICOS52U,SIN2UsSEN2T

H CNS2I . TANULCOTI

NAMELIST /NAM2/ ViUy T:P.X0, M

NAMEL IST /NAM3/ DAJDEDPCoDV:DH 0,01 o DOM
NAMELTST /NAM&/ XO0:X01.,X10

NAMEL IST /NAMS / Y00,¥0l,Y10

NAMELIST /NAM&/ N,DDCT oNBAR

NAMELIST /NAML/ NDX0O0,DX01.0X10

NAMFLIST /NAMT/ DY0QO.DYOL,DY10

NAMELESY / LAMBNA / LAMLoLAM2oLAM3 L AMA, LAMS, LAMOLAMT, LAMSB,
M LAMO o LAMIO,LAMITLAM]L2
NAMELIST / CDEFY / AloBloCloDioALF3DeALF3N
NAMELISY / COEFZ2 / A2,B2,C2,D2

NAMELISY/ TIMEG / TXO0¢TYQeTDXO,TDYO

C .

c SUBRDUT INE DERIV COMPUTES THE DERIVATIVES OF THE ELEMENTS ARRAY.
C

c I1NPUT

C ¥ - TIME

c ELEM - ARRAY OF ELEMENTS

C

c ouTPuUT

c RELM - ARRAY OF DERIVATIVES OF ELEMENTS

c

DO 100 L=1.NEQ
ELEMILY = ELIL)
DELMILY = DELIL)
100 CONTINUE
1 = DMOD{Y+3.602)
W0 = DMODINO:3.602)
IF{ NOT,.PRINY } GOTO 500
c WRITE(6:2001)
C2001 FORMAT{®0 ENTER?® )
WRITE(6:,2000) ( ELEMIK)DELMIK)K=]1,NEQ)
2000 FORMAT( 22X, "ELEMENTS?)9X, "DERIVATIVES® //(10X,2020.81})
500 CONTINUE
c COMPUTE FREQUENTLY USED TRIGONOMETRIC FUNCTIONS
SINT = DSIN(I)
SIN2T=DNSIN(2.D0% T}
COST = nCAOs{I)
C0S21=DC0OS{2.D0% [)
COTi=NCOTANI 1)
P=A%(] .DO=-E*E)
N = DSORT{ FMU /7 A /7 & /7 A )
MO = TS5N0 *N =FJ2 *RSO /P /P *{ 5,D0 * COSI**2 ~}1.D0 )
20 ¥V = U - WO
K) = P /7 { 1.00 ¢+ E = DCOSIV)
RDA = RSQ 7A /A
NPC = N + WO
EPS = Lo500 % Fy2
COSY=DCOS iV}
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SENV=DSIN{(Y) 00005900
casu=ncasiy) 00006000
COS2U=NCOSI2.N0*) 000066100
SINU=DSIN(U} 00006200
SINZU=DSTN{2.D0%t)) 006006300
TANU=NTAN(U) 00006800

TF{ PRINT ) WRITE(6,TRIG)

C = COSY #( 1.D0 =3,D0 * SINI * SINI % SINU * SINU )/ XO%%4
C ={ 1.D0 + X0 / P )% SINI * SINI * SIN2U * SINV / X0*=%4
1F{ PRINT ) WRITE(G6 NAMZ )

DA = ~3,D0 * FMU * FJ2 % RSO / X0%x4 /{ N % DSORT( 1.00 -~ E*E 1}
1 (0 1.D0 ~3.D0 * SINI*SINI*SINUXSINY ) * E * DSIN{V) +

2 P/ X0 * SIN] * SIN] * SINZU )

DE = ~EPS * FMU % RSQ / XO0*=*4 % DSORT!{ 1.D0 -E*E } / N / & =!I

1 1.N0 =3,00 » SINI*SINI # SINUXSING )* DSIN{V) « XO 7 P *®{ E
2 * NCOSIV) *( DCOS{V) +2.00 )} + E )* SINI®SINI * SIN2U )

DI = -EPS ¥ FMU % RDA * 51INZ2] ¥ SThU * COSU / N7

D DSQRTE 1.DO - E*E } /7 X0 /7 X0 / X0

POM = DI * TANY / SINI

BU = N % A4 % A * DSORT( 1.00 - E#E ) / XO%*x2 - DDM * CO0OS1
NBAR = N + DOM * COSI

DOCTI = NOM * COS1

WRITE{6,NAMS)

NPN = NRAR + N

NMN = NBAR - N

TNPN = 2,D) * NBAR + N

TNMN = 2,D0 * NBAR - N

NSS = NBAR * NBAR » SINI * SINI

0ZT = RPA * NBAR *( 1.00 -1,5D0 * SINI * SINI ) / 8.DO
IF{ PRINT } WRITE(6,NAM3}

Al = 0.5D0 / NBAR+ E / 2.D0 % NRAR / N *{ N-4.D0 * NBAR )/ TNPN /
1 TNMN +3.N0 / 16.D0 * RDA * NSS / NRAR * EPS /
£ (NBAR*%x2 — NPN*%2) + EPS * NIT 7/ 2.D0 / NRAR / NBAR
Bl = 1.0 + E * NBAR / N *{ 4.D0 *NBAR*%¥2 4+ N®NBAR =8.D0 *N*N )
/Ut 4.D00 *NBAR=*2 - N*N ) + EPS * RDA %= NSS / 1¢.00
/ NP ¥{=~{ 3.D0O *NPD +5.D0 *NBAR 1}/ {NPN+WO!}
/{ THNPN +W0O )} + 3.D00 #NPD ~5.D0 *NBAR /{ NPD-NBAR )/{TNPN-WO))
CL = 1.D0 + E * WNBAR *{(NBAR +8.D0 * N }/ TNPN +{ 3.D0 * MBAR

(FUR\ N

1 ~8.00 * N )/ TNMN )}/ 2.00 / N + EPS *{ OZT/ NBAR - RDA * NBAR
2 ®x NS5 *x{ 3.,D0 * NPO + 5.D0 * NBAR )/ 16.D0 /
3 NPO /{ NPN + WO )1*%2 /{ TNPN + WO ) - RDA / B8.D0 * NSS
4 / U NPN + WO )*%2 + RNDA * NSS = NBAR
5 *{ =3,D0 * NPD +5.D0 * NRAR ) / 16.D0 / NPO /( WO~NMN)**x2
) /1 TRMN - W0 } « RDA * NSS /7 A.D0 /
7 { WO - NMN )*®%2 )

Bl = 1,00 -E * NBAR*%x2 /N *{ 4.D0 * NBAR - N }/ TNMN / TNPN + EPS
1 * RNDA = NSS / 2.D0 /7 NPO /7 NPO *{ NRAR * NBAR / 2.D0 / { NBAR
2 * NBAR - NPD = NPO ) - 1,00 )

A2 = 2.,D0 * NBAR %( 1.D0 + E *# NRAR / N ) = EPS * RDA * NSS / R.DO

1 / NPD ®={{3.N0 * NP} +5.,D0 = NRAR )/( TNPN + WO ) +( 3,00 * NPO
2 ~5.N0 * NBAR )/( TNMN - WO })

B2 = E * 2.N0 * NBAR * MNBAR * NMN / TNMN / TNPN + EPS = RDA * NSS
i * NBAR / 2.DD 7/ { NBAR * NRAR - NPO * NPD )

C2 = —E * NBAR *= NMN / TNMN / TNPN -EPS *{ 0.37500 % RDA * NSS /
1 { MBAR * NBAR -~ NPD * NPN ) <+ OIT/ NBAR |}

N2 = ~2.00 % NBAR %( 1.D0 + £ * NBAR / N ) ¢ EPS *{ -2.,D0 * 2T+

1} RDA * NS5 #{{ 3,00 * NPN +5,D0 * NBAR}/ ( NPN + WO ) » NBAR /

2 NPD /{TNEN + WO -t 3.D0 * MPD -5.D00 = NBAR 1/7( NMN
3 + WO b * NBAR / NPO / ( TNMN =~ WO }) / B.DO + RDA * NSS /4.00
% *{ 1.00 /7{ NPN + WO )= { WO — NMN )}}

ALF3N = C1 * JEROM2) ~ A2 * ZERDI3)

ALF3D = B2 ® C1 - A2 % D1
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300

AL PHA TERMS

ALFO = ( D2 * ZERD(1) =Bl * Z2ERO(4) }/{ Al * D2 - Bl * C2 )

ALFY1 = [ B2 * ZERO(3) =D1 * ZERN({2) )/ A2 *# C1 - A2 * D] )

ALF2 = ( Al #% JERD{&) =-C2 = ZERD(I) }/( Al * D2 ~ Rl * C2 )

ALF3 = ( C]1 %= ZERO{2} ~A2 * ZERN({3) ¥/l B2 * 1 ~ A2 * pl }
AMBDA TERMS

LAMY = ={ NBAR#%2 +8.D0 *M *NBAR )/ 2.D0 *{ &.,D0 * MBAR + N )/

1 THNPN » ALF1

LAM2 = ( 3.N0 * NBAR#%2 —-8,D0 *N *NBAR )/ 2.D0 *{ &4,D0 * NBAR -N)
1 /7 TNMN * ALF1

LAM3 = ~( NBAR®%2 48,D0 *N *NBAR )1/ 2.D0 *( 4.,D0 * NBAR + N )/

1 TAPN % ALF2

tLAMSG = ( 3.D0 % NBAR#%2 -8,D0 *N *NBAR )}/ 2.D0 *{ 4.D0 * NBAR ~N)
1 / TNMM * ALE?2

LAMS = -NBAR / N * ( 4,D0 * NBAR = N }/ 2.D0 * ALFOD

LAMS = 2.D0 * NBARX®2 / N % NMA * ALF3

LAM7 = RDA * NSS * NAAR / NPO * ALF3

LAMA = ,75D0 * RDA #* NSS§ / NBAR * ALFOD

LAMG = RDA * NSS *=( 3,00 * NPD +5.D0 * NBAR )/ 4,00
1 / (WO + NPN ) * ALF1

LAMLIO = =RPA * NSS *¥( 3,D0 * NPO -5.D0 * NBAR ) /
1 4,00 / ¢ WO = NMN ) # ALFY

LAM1Y = RDA ¥ NSS #{ 3,00 * NPD +5.00 * NBAR ) /

1 4.D0 /7 ( WD + NPN ) & ALF2

LAMI2 = RDA * NSS *({ 3.D0 ®* NPO -5.D0 * NBAR ) /

1 4,00 / ( WO — NMN ) 2 ALF?

IF{ T.6Y., 0.00 } GOTO 300

X = ZFRO(1)

Y = ZERN(3)

DX = ZERN(2)

DY = ZERQO(4)

IFt NOT,PRINT ) GOTO 400

TXO = ALFO * Al + ALF2 * Bl

TYO = ALFl * C1 ¢+ ALF3 * D]}

TDX0 = ALFl % A2 + ALF3 * B2

TDYO = ALFO * C2 ¢+ ALF2 * p?

WRITE( 63 T1IMED)

GOTN 400

CONT INUE

X00 = ALF1 * DSIN{ 2.D0%NBAR®T ) +ALFZ * DCOS{ 2.D0 * NBAR * T )
] + ALFO / 2.D0 / NBAR

XO1 = LAMG6 / TNMM / TNPN * DSIN{ NXT ) + LAMS 7 TNMN / TNPN %

1 PCOSE M®T ) = LAML / N /0 4.DO *NBAR +N } * DSIN({ TNEN®T } +
2 LAK2 /7 N /1 4,00 *NBAR ~N } * DSIN( TNMN®T ) «LAM3 7 N /

3 { 4.,ND0 *NBAR + N } * DCONS!{ TNPN®*T § + LAMS / N / { 4.D0 *NBAR
& ~N)Y*DCOS( TNMN *T )

X10 = { LAMT = DSEIN{ 2.00 * NPD 2 T ) + LAME * DCOS( 2.00 = NPO =
1 T }) /7 4,00 7/ { NBAR * NBAR - NPD #* NPQ ) - ( LAM9 % DSEN{
2 2.D0 *{ NPN + WO }®x T } + LAMIL * DCOSC 2,00 =( NPN + WO }* T
3 1Y 7 4.D0 7 NPO / 1 TNPN + WO ) + { LAMIO * DSIN{ 2.D0 ={ W0
4 ~ NMN % T } + LAMI2 » DCOSIE 2,00 *{ WO ~ NMN }* T }}/ 4,00
5 /7 NPD /( TNMN = WO )} + ,5D0 # DZT * ALFQ / NBAR / NBAR

YOO = ALF]l # DCOSI 2.D0 * NBAR % ¥V ) = ALFZ * DSIN{ 2.D0 * NRAR =
\4 T} ¢ ALF3

Yi0 = D27 / NBAR =( ALF] = DCOS{ 2.DD * NBRAR * T } - ALF2 * DSIN
1 § 2.D0 ¢ NBAR = T }) + NBRAR / 4.N0 / NPO /( NBAR * NBAR =
2 NPD * NPO ) *{ LAMT * DCOS{ 2.D0 * NPO * T ) = LAM8 * DSIN{
3 2.D0 * NPO & T )b - RDA * NSS * ALF3 / 2.00 7 NPD / NPO *
& DCOSE 2.00 * MPD * T 1 + NRAR / NMPD / { NPN % WO |} / 4.DO /
s { TNPN ¢ WO D% LAMEL = DSIN{ 2.00 *={ NPN ¢ WO}ST)= LAMG *

6 DCONSE 2.D0 *§ MPN + WO )b} + RDA * NSS /7 8.00 *{{ALF2 * DSIN
7 { 2.D0 ={ NPN + WO 2T} - ALFL * DCOS{ 2.00 #{ NPN + WO )% T
8 D70 NPN + WO j#%2 - { ALF1 * DCOSY 2.00 =
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400

600

200
99

OB~ B N e

p—

st

( WO -~ NMN )% T } + ALFZ2 = DSIN( 2,00 *=( WO = NMN i»* T }) /
( WO - NMN )*%2 ) + NBAR / NPO / 4.D0O /( WO — NMN ) /( TNMN
= WO }I*( LAMI10O * DCOS( 2,D0 *{ WO — NMN )%= T )} =~ LAM1Z * DSIN
{ 2,00 #{ WO - NMN }* T 1)) = 0ZT * ALFO * T / NBAR
YOl = - NBAR / N ®{ ALFO / N * DSIN{ N*T ) + NBAR / N * ALF3 =
DCNS{ N2T } + 2.D0 / TNPN /7 TNMN *( LAMS * DSIN( N*T ) - LAMG
¥ DCOS{ NM=ET 1))+ { 4.DO * NRAR / N /{ TNPN +2.D0 * NBAR ) *
( LAM3 * DSIN{ TNPN*T )} =~ LAM]1 * DCOS({ TNPN%T }} - MAAR *
{ NBAR +8.D0 * N )/ TNPN *( ALF2 * DSIN({ TNPN=T } - ALFl =*
DCOS{ TNPN=T 1)) / 2.D0 / TNPN +( NRAR *{ 3.D0 * NBAR -8,D0
= N )/ TNMN *{ ALF2 * DSIN{ TNMN*T ) - ALFLl * DCOS( TNMN%T )}
= 4.D0 % NBAR / N / ( THMN +2,D0 * NRAR)= ( LAM& *= DSINL TNMN
#7 ) - LAM2 * DCOS{ TNMAN*T 1)}/ TNMN *.500
DX00 = 2,00 * NBAR *{ALFl * DCOSt 2,00 * NBAR * T } - ALF2 %
DSINTG 2.D0 * NBAR * T })
DX01 = N / TNMN / TNPN *{ LAM6 * DCOS{ NxT } =~ LAM5 = DSING NxT })
~- THPN / N /1 4.DO * NBAR + N )*{ DCOS( TNPN = T } * (AM] -
DSINIE TNPN * T )) * LAM3 + TNMN / N /1 4.DO * NBAR ~ N I»
( LAM2 * DCOS{ TNMAW * T ) ~ LAM4 * DSIN( TNMN * T })
DX10 = 0,500 = NPC /{ NBAR=*NBAR NPORNPO )*{ LAMT * DCOS( 2.DD *
NP *T ) =L AaM8 * DSIN( 2.,D0 * NPD # T )1+ 0,500 *( WC + NPN)
/ NPO /8 WO + TNPN *{ LAMI]1 * DSIN(2,DO*{ WO+ NPN 1%7 |}
- LAM9 * DCOS( 2.DC *( WO+NPN }*T )} 40.500 *{ WO - NMN ) /
{ TNMN < ®WO0 )o( LAMIO * DCOS( 2.00 *{ WO-NMN )*7 ) - LAML2
* DSING 2.D0 =( WO-NMN }=xT )}/ NPD
DYOO = «2.D0 * NBAR *{ ALF] * DSIN{ 2.DD * NBAR * T ) 4 ALF2 =
NDCOS( 2,00 * NBAR * T })
DY0O1 = «NBAR *{ ALFO / N +2,.D0 * LAMS / TNMN / TNPN )* DCOS{ N*T )
+NBAR *{ NRBAR / N * ALF3 -2,00 * LAM6 / TNPN / TNMN ) *
DSIN({ N%T ) + NBAR * 0,5D0 *{ 4.D0O * LAM3 / N /({ 4,00 * NBAR
+ N ) =~ NBAR +8,00 * N )/ TNPN * ALF2 )* DCOS{ TRPN * T }
+ NBAR * ,5D0 *({ 3.00 * NRAR -BR.DO * N )/ TNMN * ALF2 =~4.DO
* LAMG / N /1 4,00 * NBAR = N )% DCOS{ TNMN*T ) + NBAR =
0.5D0 *{ 4.,D0 * LAM]1 / N /{ 4,DO * NBAR + N ) =~( NBAR +8,D0
* N )/ TNPN * ALF1 )% DSIN{ TNPN*T ) + NBAR * 0.5D0 *{( 3.DO
* NBAR ~R,NO * N )* ALF]l / TNMN =4,D0 * LAMZ2 / N /{ 4,00 *
NBAR = N )% DSIN{ TNMN&T )
nY10 = =2,00 % OIT *( ALF2 * DCOS( 2.D0 * NBAR * T ) <+ ALF]l #*
NDSIN( 2.D0 * NBAR * T 1} - NRAR * LAMB % 0.5D0 /( NRAR*®NRAR
- NPO*NPQ )= DCOSI 2.D0 * NPD * T ) ={ NBAR * LAM7 * 0,5D0
/{ NBAR*NRAR ~ NPD®NPN ) - RDA * NSS * ALF3 / NPD ) % DSIN{
2.00 % NPO % T )+{ LAMI1l = NBAR % 0.5D0 /7 NPO / ( TNPN + WO)
+0.25N0 % RDA * NS5 % ALF?2 /U NPN ¢ WO)I%* DCOS{ 2.D0 *{ NPWN
+ WO* T ) —( LAM12 * NBAR * 0.5D0 / NPD /{ TNMN - W0 ) =+
22500 * RNA * NSS * ALF2 /(G WO = NMN )% DCOSI2.00 *( WO-NMN
12T ) +{ LAM9 = NBAR *0.500 / NPO /( TNPN + WO }+ 0.25D0 *
RDA * NSS * ALFL /( NPN + WDI}* DSIN{2.D0 *(NPN+WO)*T )
LAMIO * NBAR *0.,5D0 / NPO /( TNMN-WG } -0.2500 * RDA * NSS
* ALF1 /(WO - NMN )1=x DSIN(2,D0 *{WO-NMN)}*T)-0ZT*ALFO / NBAR
X X00 + £ * X01 + EPS # X10
Y YOO « E * Y01 + EPS * YO
DX = DX00 + E * DXO1 + EPS %= DX1O
oY = DYOO + E #* DYOL + EPS = DY}I0
IF{ NDTL.PRINT } GOTO 600
WRITE{&+,COEFL}
WRITE(6.,COEF2Y
WRITE(S6 NAMGL D
WRITE(SE,NAMS)
WREITE(S,NAME )
WRITE(ONAMT )
WRITE(6,LAMBDA}
CONT INUE
DO 200 L=].NEQ
DELILY = DELMEL)
CONTINUE *
RETURN
END
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SUBRDUTINE OUT! ToELEM:DyERROR N oLKoH )

IMPLICIT REAL*B(A-H 0-21}

REAL*8 |

LOGICAL PRINT

DEIMENSTON TUL)LELEM(1),DIl1)ERROARIL)

DIMENSION DEGIS)ELE{S00}

COMMOMN /FLAG/ PRINT,JeNEQ

COMMON/ ANS / KoY oX0DXoDY

COMMON / ALFA / ALFO.,ALF1,ALF2.,ALF3

EQUIVALENCE (ELE ( L}oA)o (ELE [ 2boE)e (ELE ¢ 3)o1),
E {ELE { 43,0M) ¢ {ELE ( 5)3U), {ELE ( 6)oWO)
DATA TPI/ 6.2831853072 /

DEGREE(X) = X * 57,2957795130823 '
VMAG(X,Y) = DSORT{ X&X + Y*Y )
J = Jo+ ]
WRITE(6,3)
3 FORMAT(130(1H=-)) i

POS = VYMAG(X,Y}) y
DO 10 K=1,NED .
ELEIK) = ELEMIK)

10 CONTINUE
VEL = VMAGI(DX,DY)

WRITF{(H04) POSSVEL
4 FORMATI®09,25X "POSITION = °,D20.10,15X; *VELOCITY = ¢,020.10 )
V = U - WO
DO 20 K=3,6
20 ELE {K) = DMOD{ ELE {(K}.TPI )
V = DMOD( V,TPT )

DEG(1) = DEGREE{ ELE (3))

DEG{2) = DEGREE!( ELE (%))

DEG{3) = DEGREE( ELE {61}
DEG{4) = DEGREE{ ELE (5)})}

DEGU5) = DEGREE( v )

WRITE(A6,1001) TeXeY X0
J001 FORMAT(9=0 46X OTIME (SEC) = *oDI5:8,8Xo'X (KM) = "3,D15.8¢8Xs
1 °Y (KM) = oD15.8,8X,°X0 (KM) = ',D15.8 )
WRITE(6:,1003) AgE,]1,DEG(L}
1003 FORMAT('0%o8Xo%A (KM} = P,DI5.809X,°ECCEN = °oD15.8,10X0°INCL = *
3 oD15.80% RAD = °,D}15.,8,°% DEGO}
WRITE{6,1004) ELEMIS ) DEGIZ) ELEMIA) DEGI3]
1004 FDRMAT(°0° o8B o9l cAoNe = T9D15.8,% RAD = *¢D15.8;% DEG®, 10X,
4 ARG OF PER = 8,D15.8:" RAD = ;DIS.8,¢ DEG®}
WRITE(E,1005) V DEGIS)U.DEG{&)
1005 FORMAT(°0%,)13Xo°V = ,D15.80° RAD = °,D15:8:° DEG?o19Xe'U = ¢4
5 Di15.8.9 RAD = ?,D15.8,°® DEG?)
WRITE{6,1006) ALFO.ALFl ALF2:ALF3
1006 FORMAT{®09 10X, *ALFO ='D15.8¢ 11X 7ALFL ="'D15.8:01Xs ALF2 =%015.8,
$ LI, ?ALF3 =tD]15,.8)
50 RETURN
END
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SURRNUTINE TERM{ T,ELEMDFLM.CNND )
IMPLICIT REAL*B(A~H 0=~2:8)

DIMFNSTON ELEM(1b, DELM{L)

COMMNN /EIRTEG/ TFoTINCR,TIINTP KUTMOL
COND = TF - T

RETURN

END
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BLOCK DATA

IMPLICIT REAL#B{A-H,0=7,%}

REAL*H |

LOGICAL PRINT

DIMENSTINON 2ERN{4)

COMMNN /7 CONST / FJZ2:FMU.RSD.ZERD

CNMMNAN ZINTFG/ TFoSTEPTIINTP KUTMOL

COMMON / ELMFENT / AGE ol oNMeVoUWD

COMMON /FLAG/ PRINT, JoNEQ

NATA FJ42 / 1.0823D0~-3 /

NATA FMII RSO 7/ 3.986032D5, 4.06B09ANDT/

DATA ZFRN / 4%).D0O /

DATA STEPoTITF,INTPKUTMOL/ 6.D2:,0.00:R640%o1+2 /
DATA AGEol ylloV / 1.5000 1:D=2¢ 25,00, 2%0.000 /
DATA M WO / 2%45.D0 /

DATA PRENT /.FALSE./

END
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F/GDDATAS DD =
LINITY

FJ2:20.00,

Az2.0D%,

E=l oD=t,

I=210.00,

NM= 20,00,

V=¢r5 DDOQ

WC=0.00, .
ZERN=] DO 1 oD=F301 cD0p1l D=3
EFEND

EINTEG

TF26.048N5,

MEQ=6y

INTP=6,

LEND
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