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ABSTRACT

This report describes a numerical integration computer program
(called TRIP) based on Encke’s method of integrating only the perturba-
tions in the cartesian coordinates. The mathematical model can include
Venus, Earth, Mars, Jupiter, the Moon, and the Sun as either central or
disturbing bodies. In addition, full gravity field potentials are included
for the Earth (7x7) and Moon (4x4) and J» only for Mars. Modification
to expand the gravity models for the other planets is simple. Sclar radi-
ation pressure may also be included as an option in the input. The pro-
gram uses the latest exported JPL double-precision planetary ephemer-
ides (DE 19).

TRIP has the option of calculating shadow {imes of penumbra and
umbra; printout may be obtained at specified times or, in the case of a
planetary orbiter, at apoapsis or periapsis. Input data is very simple
and there is a variety of coordinate systems for printout.

TRIP is available from the Goddard program library under number
D00140. Tt is an IBM 360/95 and 91 program which has proven over the
years to be accurate and very fast.

PROBLEM STATUS

This is a final report on one phase of the problem.

AUTHORIZATION

NRIL Problem B01-10
Project RR003-02-41-6152

Manuscript submitted April 24, 1972.

ii



TRIP (TRAJECTORY INTEGRATION PROGRAM)
Program Description and Use
INTRODUCTION

The TRIP computer program was developed in 1968 primarily to provide an accurate
and fast trajectory program to replace the n-body numerical integration programs then in
use for mission analysis at the Goddard Space Flight Center in Greenbelt, Maryland.
These were primarily large and very slow programs such as the old JPL Space Program.
A second and equally important objective was to make the input format simple enough to
be used without extensive study of a manual.

TRIP was developed along modular lines so that it could be easily modified. It uses
a fourth-order predictor-corrector numerical integration subroutine (described later)
which, because of the modularity, may be easily replaced by any integration package.
Many options have been added to TRIP since it was first developed. However, because
Encke’s method is used, which requires rectification of the reterence orbit, it was not
considered advantageous to incorporate atmospheric drag.

Throughout the development of TRIP, its speed and simplicity have been maintained,
making it a very useful and accurate tool. It was most recently used for the launch win-
dow analysis for Imp-I.

TRIP is currently running on the IBM 360/95 and 91 computer and is available in the
Goodard program library (number D00140). The ephemeris system is available under
the number D00149 (see ref. 5).

DESCRIPTION OF SUBROUTINES
The functions of the subroutines used in TRIP are described briefly below. Many of
them came from the Quick Look Mission Analysis Program developed by Philco-Ford

(Rei. 1). A complete listing of TRIP, exclusive of the ephemeris, appears in App. A.

MAIN - The driver for TRIP. Its primary function is to set up certain keys
from the input data.

ADOQT - (Ref. 1) Obtains the angle between two vectors.

ARES -~  (Ref. 2) Calculates the matrix necessary to transform coordinates from
Earth mean equinox and equator of date to Mars mean equinox and equator
of date.

ARKTNS -~ (Ref.1) Obtains the arctangent of y/x.

CROSS - (Ref. 1) Finds the cross product of two 3-dimensional vectors.

DERIV ~ Calculates the disturbing accelerations due to the presence of other bodies

and, when required, calls other subroutines to calculate accelerations due
to gravity potential and solar radiation pressure. Performs rectification
test.



2 B. KAUFMAN

DOT - {Ref. 1) Finds the dot product of two vectors.

FNOLII - (Ref.3) Used for the numerical integration of a system of ordinary dif-
ferential equations. A fourth-order Adams-Moulton predictor-corrector
with a Runge-Kutta starter, FNOL II has the option of automatically vary-
ing the step size.

FNORM - (Ref.1) Finds the magnitude of a 3-dimensional vector.

GETACC - (Ref.4) Evaluates the disturbing acceleration due to zonal and tesseral
harmonics of the Moon or Earth.

GETTAP - (Ref.5) Used to position the ephemeris data set and read the correct
data record.

GHA - (Ref. 1) Calculates the Greenwich hour angle.

GOTOR - {Ref. 1) Solves Kepler’s equation for incremental eccentric anomaly on a
conic section given the incremental mean anomaly (time).

HARMON - Computes acceleration due to oblateness of Mars and is the driver for
GETACC.

INTR1 - (Ref. 5) Sets up the call to READE to find position and velocity of the
other bodies with respect to the central body.

ITER - Calculates times of entrances and exits from penumbra and umbra.

KONSTK ~ Defines all constants needed by TRIP.

Ml -  (Ref. 1) Multiplies a 3-dimensional vector by 2 3 x 3 matrix.

MNA - (Ref. 1) Provides the matrix to transform from moon-centered coordi-
nates in Earth’s true equator and equinox to Moon-centered coordinates
in the moon’s true equator.

MULT -  {Ref. 1) Forms the product of two 3x3 matrices.

NUTAIT - (Ref.1) Calculates the matrix to relate coordinates in Earth’s mean
equator and equinox to the true equator and equinox.

ORB - (Ref. 1) Transforms cartesian state vector to keplerian elements.

ORB2X - (Ref. 1) Transforms keplerian elements to cartesian state vector.

ouT - Prints out various types of output as determined by keys set from input.

oUTX - (Ref. 1) Prints out cartesian and spherical coordinates. Called from
subroutine QUT.

OVRLAY - (Ref. 1) Reads input data.

READE - (Ref. 5) Reads, interpolates, and translates ephemeris data from the JPL
double-precision ephemeris system (DE-19).

ROTEQ - (Ref. 1) Provides the matrix to transform from mean equator and equinox

of 1950.0 to mean equator and equinox of date.
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(Ref. 1) Calculates spherical coordinates of position and velocity.

Driver for subroutine ITTER. Sets up keys to be used in calculating
shadow times.

(Ref. 1) Provides the cartesian state vector of a probe relative to all the
bodies in the ephemeris.

Calculates the perturbing acceleration due to solar radiation pressure.
(Ref. 1) Converts cartesian position to spherical coordinates.

(Ref. 1) Obtains the state vector of a probe which is separated from an
initial state by a time or angle increment, assuming only two-body motion.

(ref. 1) Calculates time from periapsis corresponding to a given true
anomaly on a conic section.

Contains termination logic for the numerical integrator. Determines
when the proper conditions for termination have occurred.

(Ref. 1) Provides the integral and fractional parts of the sum of two
numbers.

(Ref. 1) Computes whole and fractional days from January 1, 1950, at 0bT,

The driver for FNOL II.

All constants and variables needed for the program are contained in subroutine
KONSTK, and built-in values are supplied there for everything except the state vector
and the epoch times. The state vector, option keys, and epoch times are input through
subroutine OVRLAY, which also provides for overlaying any of the built-in constants or
variables. A complete description of the input necessary to run TRIP is given below.

The input format is 4 (I3, D12.8). The first three digits are fixed-point input (I3)
and represent the C-array location of the variable in subroutine KONSTK. The C-array
location is followed by the value desired.

C-array

750
751
752
753
754
755
756

757

Name (if any) Variable

X (km) or a (km).

Y (km) or e.

Z (km) or ¢ (true anomaly-deg).

X(km/sec) or o (deg).

Y (km/sec) or ¢ (deg).

7 (km/sec) or « (deg)

Epoch time (year, month, day in form of
yymm.dd).

Epoch time (hour, minutes, seconds in form
of hhmm.sec).



C-array

758

759
760

761

762

763

764

Name (if any)

Type

TINC (days)

TOTAL (>1.)

XM (Ref. 3)

Y(8) (Ref. 3)

1
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Variable

Reference coordinate system of input:

1. Earth mean equator and equinox of 1950, 0
Jan. 1,

True ecliptic and equinox of date,

Selenographic-true moon equator - rotating,

Mars mean equator of date, or T

True Earth equator and equinox of date.

St OB

Stop time (year, month, day as above).
Stop time (hours, minutes, seconds as above).

TINC = total days from start to stop time if
only 1st and last point, or printout at peri-
apsis or apoapsis is wanted, or printout at
approximate steps of At is wanted (nearest
time step to At).

TINC = 4t if printout at exact intervals of At is
wanted.

Built-in value is 180 (days).
[ 1. If printout is wanted at the 1st and last points
only, or if printout at periapsis or apoapsis
is wanted, or if printout is wanted at ap-

proximate steps of At.

total days If printout is wanted at exact steps
At of At.

.

Built-in value is 1,
For printout at exact steps, an additional print
occurs if TOTAL * At # stop time

-
100 000. If printout at 1st and last points is
wanted, or if printout is wanted at periap-
< 8is, apoapsis, or exact intervals of At.
0. If printout is wanted at approximate
L steps of At.

Built-in value is 0.

0. If printout is wanted at first and last points
only; or if printout is wanted at periapsis,
apoapsis, or exact steps of at.

st (seconds) If printout is wanted at approximate
steps of At.

Built-in value is 86400. (sec.).



766

767

768

769

770

771

772

Name (if any)

fl

SHADOW

i

XNOR

XNE

HARMONICS

NRL REPORT 7436 5

Variable
-1. Do not search for shadow times.

>0. Time in days from epoch to begin search
for shadow times.

Built-in value is -1.

Central body for initial input state vector:
Earth,

Moon,

Sun,

. Venus,

Mars, or

Jupiter.

DU WO

Built-in value is 1.

Error control for FNOL II. Controls the size of
the automatic step calculated in FNOL II.
Built-in value is 5. May be as high as 9.
See Ref. 3 for details.

Gravity potential key in form of abc., where
a = Earth,

b = Moon (see NOTE below), and

¢ = Mars.

0. Do not include potential field.
1. Include potential field.

Built-in value is 111. Only the central body
potential field is used.

NOTE: If the moon is the central body and lunar gravity harmonics

SOLAR

AREA

XMASS

Reflectivity
of spacecraft

are calculated, C-array number 901 must be input as zero.

Solar Pressure Key

0. Do not include solar pressure and ignore
¢(770) through c(774).

1. Include solar pressure.

Built-in value is 0.

Cross-sectional area of spacecraft in em?.
Built-in value is 22225. Used only if ¢(769) = 1.

Total mass of spacecraft in gm. Built-in
value is 113000. Used only if ¢(769) = 1.

Values from 0. to 1., inclusive. Used only if
c(769) = 1.

1. Perfect reflector,

0. Perfect absorber.

Built-in value is 0.2.
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C-array Name (if any) Variable
Fraction of particles specularly reflected.
1. 100%.
SPEC.REFLEC- 0. 0%.
7173 TION of space- Built-in value is 1. May be 0. to 1., inclusive.
craft Used only ifc(769) = 1.

Solar pressure at 1 A.U.
774 CONSTANT Built-in value is 4.7 x 10~° dynes/cm?.
Used only if ¢(769) = 1.

0. Cartesian.

775 INPUT TYPE 1. Orbital elements.

Built-in value is 0. Actual values are input
through c(750) - c(756).

Apoapsis and periapsis key.
0. Do not print at apoapsis or periapsis.
776 APPER 1. Print only at apoapsis.
-1. Print only at periapsis.

Built-in value is Q.

Output options in form of abcdefgh.
¢ a: Central body mean Earth equator of 1950.

b: Selenographic.

c¢: Mars mean equator of date.

d: Central body true ecliptic and equinox of date.

e: Earth-centered true ecliptic and equinox of

7717 OUTPUT = < date.

f: Sun-centered true ecliptic and equinox of
date.

g: Central body true Earth equator and equinox
of date.

h: Earth-fixed latitude and longitude (only if

\ Earth is central body).

0. Do not print this form.
1. Print this form.
Built-in value is 10000011.

Cases may be stacked. When this is desired, cards for the 1st case are followed by
a blank card and then the cards for the second case. There is no limit to the number of
cases that may be stacked. Again, since an overlay method is used on input, only those
variables different from those for the preceding case need be input. A blank card at
the end of the last case is necessary to end the program. A sample of the input is shown
in App. B.

OUTPUT

The output options are listed above in the description of array ¢(777). TRIP has the
capability of automatically switching body centers when the probe leaves the sphere of
influence of one body and enters that of another body. This switching does not interfere
with the printout options.
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Printout for the central body consists of both the cartesian state vector and instan-
taneous osculating elements; for other bodies, only the state vector. A sample of the
output with an explanation is shown in App. B.

CONSTANTS

All constants needed by TRIP are listed in subroutine KONSTK and are either de-
scribed there by a comment card or are described above in the input section. The con-
stants in ¢(31) through ¢(38) are no longer used by the program but are not taken out.

Any or all of these constants may be changed for a particular run by including the
proper array number and the new value in the input data.

KNOWN RESTRICTIONS AND ANOMALIES
There are two restrictions to be noted in using TRIP,
(a). Only one type of printout can be used in a run.

(b). The printout interval must be greater than 2 minutes, which is the initial
time step in the integrator. If a request for a smaller interval is made, the program
automatically sets the printout interval to be slightly greater than 2 minutes and prints
out a message to this effect.

There are also two known anomalies in the program,which cause inconvenience but
do not produce incorrect results:

(a). When periapsis printout is requested, occasionally the program will inter-
sperse a printout at apoapsis and then continue with periapsis printouts. Similarly, a
printout at periapsis may occur when printout is requested at apoapsis.

(b). When shadow times are requested, if the satellite is already in shadow at
the time the shadow search is initiated, the printout of the shadow time is incorrect for
that shadow interval only. All subsequent printout are correct. This bug occurs because
the search procedure used requires a point before shadow occurs in order to iterate to
the correct time. These incorrect shadow times will be obvious to the user. (See case 86,
App. BJ)

A final note of caution — when exact printout is asked for, the numerical integrator
must restart after each printout time in order to continue. This procedure may result
in a loss of accuracy due to numerical problems; that is, if two cases are stacked using
the same trajectory, one asking for exact printout and the other asking for printout only
at the last point, the final state vectors at the stop time may disagree somewhat. To a
certain extent, the numerical errors may be minimized by increasing the size of the
error control in array ¢(767), or by decreasing the rectification limit in array ¢(720).
However, this is a problem inherent to a certain extent in any numerical integration
routine and probably cannot be completely eliminated.



B. KAUFMAN

REFERENCES

. Philco-Ford, WDL Division, “Programmer’s Manual for Quick-Look Mission Analysis
Program,” Contract NAS 5-3342, WDL-TR 2217, Jan. 24, 1964.

. Kaufman, B., “A Semi Analytic Method of Predicting the Variation in Periapsis of A
Mars Orbiter,” GSFC Document X-551-69-41, Feb. 1969.

. Linnekin, J. S. and Belliveau, L. J., “FNOL2, A Fortran (IBM 7090) Subroutine For
the Solution of Ordinary Differential Equations with Automatic Adjustment of the
Interval of Integration,” NOLTR 63-171, Naval Ordnance Laboratory, White Oak,
Maryland, July 17, 1963.

. Hartwell, J. G., and Lewis, T. R., “Mathematical and Programming Documentation
of a General Purpose Integrator Using Power Series Methods,” NAS1-9389, DBA
Systems, Inc., Melbourne, Florida, Dec. 1969.

. Linnekin, J. S., “DE-19* Direct Access Double Precision Ephemeris Package for
the IBM 360/95” GSFC Document X-551-69-375, Sept. 1969.



Appendix A

LISTING OF TRIP






NRL REPORT 7436 11

C—=-—=~ ENCKE PROGRAM MAIN o o o o o » o 100
IMPLICIY REAL*¥8(A-Hs0~2,+$%) 260
DIMENSICN X(Z)oVE2)sR1(3,8)4v1(3,8) aco
DIMENSION DUM(3+3) sDATEEC (3 +3) »CATECT(3+3)4XX{3)uxV(2) acc
COMMGON C(1COC)+EC(S0) +2(3) 2VVI3) +hCFINF sCC
DIMENSICN XNCT(3) 6C¢
DIMENSION ELI(6) 700
COMMON/APPER/ FPRCLD +OLC s XMAX ECC
COMMCN/JTERM/MEAR TH o MMCCR sMNARS 9¢6¢
CATA BLK/OH /e XNCTLZ73HMNC Y/ 1000
EQUIVALENCE (C(401)sR1{1s1)) +(CLa25)eVI(121)), 11€0
1 (Cl78CIsX (1)) 4(CL753) Vv 1)) 12¢¢
DIMENCSION A(243) 9ENLI s3I vENMN(363)CATE{3,3)SLATE(3,2), 130¢C
IDATET( 3431+ SDATET (3+3) sACATE(343) sACATET(3,3)4AR(3,2) 1400
COMMON/RO T, DATE » SDATE +CATE ToSDATET s ACATE o ALATETSCATEECICATECT LEN 18C0O
CCMMCN/XUIB/ SGaTA xMLIE 16¢C¢C
COMMCNZILP/ZTLU 1700
COMMON /7SHAD/SHADK 18¢0
COMMONZPRINTZ ICS0+I'SEL sMARCAT sICENEC+IEAREC ISUNEC, [CCATE, 1EARFX 19¢¢
CALL KONSTK 2¢cC¢C

1 CALL OVRLAY 21¢¢
Cl4€2)=1.0C 22¢¢
C{1z2z1=1.0¢C 2300
FPROLD=C.DC 240¢C
OLD = 0.D0 250¢
IF(C(77S)4EQ+0.D0C) GO TC 2 26C¢C
NTEMP=C(76€) 27¢¢C
DO 5 1=1s6 2ecc

s ELI(I) = C{I+74G) 2¢¢C

CALL ORHB2X{X+V+ELISCI(NTENF)) ; 30¢¢

2 CONTINUE :10¢
IF(FNCRM( X} EQeCaDC) GC TC 20 220¢
SHALK=0.000 330¢
IS=C{I8€) . 34C¢
DF=C(757) 250¢
INP=C({758) 36C¢C
ST=C{75S) 370¢
STF=C{7€0) 280¢
TINC=C(761) 260¢
TOTAL=C{7&2) 4cCC
Cl1CCCI=C(7€8) 41C¢
XNOR=C{ 766) 4z0¢C
NE=C{7€7) 43¢¢
MEAR TH=C(768)/1C0.D0 44G¢
TEMP=C{ 768)~MEARTH*100 450¢
MMOON=TEMP/1C.D0 46C¢
TEMP=TEMP-MMOUN ¥1 0 47C¢
MMARS = TEMP 48CC
ICSC=C{777)/71C0C0CCODC 450¢
TEMP=C(777)~IC5C*x1€00CCCQ 50C¢
[SEL=TEMP/1CC00CC.DO £1C(C
 TEMP=TEMP~ISEL¥1C0CCC00 €2¢¢
MARDAT=TEMP/100000.00 £30¢
TEMP=TEMP~-MARDAT*1C0000 540
ICENEC=TEMP/100C0.00 €50¢(
TEMP=TEMP—-[CENEC*1C000 S€0¢
IEAREC=TEMP/1000.DC S7CC
. TEMP=TEMP-IEAREC*1000 580¢(
_ ESUNEC=TEMP/100.DC 59C¢

TEMP=TEMP~ 1 SUNEC* 100 60C(
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ICDATE=TEMP /10400

TEMP=TEMP-ICDATE%* 10

IEARF X=TEMP

NTOTAL =TOTAL

NOR=XNOR

CALL TIMEC(TSDF o TwsTF )

CALL TIMEC(ST+STF +ST1 +STF1)
IF(CC10C0)) €0C+50450

WRITE(E.30)

GO 10 7C

WRITE(E,40)

FORMAT( 1H1+1SHSHADOW IS REGLESTED)
FORMAT{ LH1 +23HSHADCW IS NCY REQUESTEL)
CONTINUE

XNOT(1)=BLK

XNOT(Z2)=BLK

XNOTCZ)=8LK

IF{MEAR THaL Tel) XNOT(1)=XRKCT1
IF(MMOONL T 1) XNGCT(2)=XxACT1
IF{MMARSLL.Tel) XNCTU(3)=2xh(CTY
WRITE(6+100) CLE€L) +XNATY (1)
WRITE(EL10C) CL{E2) s XNCT (R)
WRITE(E+,10C) C(65) o XNCT (3)
FORMATY( IHO s L JHHARNCNICSE CF 4A644H 1S +AQSHINCLUDEC)
XNOTL3)=8LK

IF{C{76G)eEWL0.0DC) XNOT(L)=XACTL
WRITE(6,10Z2) XNOT (1)

FORMAT( Y0 SULAR RADIATICN PRESSUKRE IS ¢ 484 ,% INCLUCELCY)
TIME=TW+TF

TLLU=TIME

CALL ROTEQUYIME 4A)

CALL NUTAIT(TIME +CMCR DT SENLEFSIL)
CALL MNA(TIME sOMaCRIDYLEPSIL sFRC+GeGF oM ENVN)
XML IB=1804D0%a 0174532925200 ¢ CR~-CMETE£-5G
CALL MULT(ENLASDATE)

DUM( 1, 1)=1.000

DUM{ 1+2)=0.D0C

DUM(1+43)=0.D0

DUM( 2+ 1)=0.D¢

DUM{ 2,2)=DCOSCEPSIL)

DUM( 2, 2)=DSIN(EPSIL)

DUM{ Z+13)=0.DC

DUM{Z+2)=—DSIN(EPSIL)

DUM( 32, 32)=DCOS{EPSIL)

CALL MULT(OUMDATE +DATEEC)

CALL MULT(EMNSDATE +SDATE)

CALL ARES(TS,0F sAR)

CALL MULLT{AR +A+ADATE)

DO 181 I=1+3

DO 1C) J=1.3

DATECT(JU+L)=DATEEC (I 4 J)
DATET(JS1)=DATE (X o J)
SDAYET(Je I )=SDATE (I +J)
ADATET{(J+ I )=ADATE (1 +J)

WRITE(G6.+6)

FORMATU IHO» 3 AHINPLT IN NMEAN EC ARD EC CF 1950)
CALL DATOUT( Twe TF DAYNFUATE 50)

D0 6CC I=1+3

XXCL)y=x{1)

Xv{I)=v(l)

61CC
€2C0
€3CC
tq(C
£SCO
6€00
©7¢C0
68C0
69CC
7ccCcC
7100
1200
7300
7400
78C0
76CC
77CC
78C0
790C
80GC0
€100
g2¢cC
£3C¢C
£400
es5cce
€6CC
£700
88Co
8900
gcco
%160
s2CC
9320¢C
$400
$500
s6CC
S$700
g8(cC
$9CC
100CC
101CC
102C¢
102cC¢
104CC
1C500
10600
1C7CC
1¢8c¢CC
10900
11000
11100
112¢C
113C0
11400
11500
11600
117¢0
118CC
119C0
12000
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GO TO(2C0+¢3CGCs4C0+50047CC) s INP
CALL M1{XsDATECT »XX)

CALL M1(V.DATECT,xV)

GO TO 2¢O

CALL M1(XsSDATET+XX%)

CALL M1{VySDATE ToxV)

GO TO 2¢0

CALL M1{XsADATE T4 XX)

CALL MI{(V4ADATE T,»V)

GG TO 2C0

CALL M1I{X+DATET yxx)

CALL MI{V.DATET XV}

CONTINUE

DO 11 I=1,3

COE+a$9)=XX(1)
COI+SCE)=xVv(I)

CALL OLTX({ XXXV oNOLT)
ClE92)=1Tw

ClEQII=TF
IF(C(7€4).GT4120.,0C) GC 1C 7
IF(C(7€4)4EQ.0.DCIGO TG 8
Cl7€4)=120.0C000100
WRITE(6,5)

IF (TINCJGT.2eD0/1460.DC) GC TC 7
TINC=0.CC138€88%DC
WRITE{(ES)

FORMATL "0%%axkkhkahkb ke 'y OFRINT IANTERVAL WAS LESS TFHAN
1 TIME STER . RESET TO SLIGHTLY GREATEER THAM TWC MINUTES ./

FANEES S T EE TS RS T AN

CONTINUE

TFF =TF

KK =1

TFF=TFF+TINC

CALL TFRAC(TW.TFF s TWF 4 TFF)
XMAX=(C.D0

CALL TRAJ(CTWFE »TFF s XXXV oNE)
IF(C(46Z2)EQ.0.DCIGO TC 1
Tw=TwF

DO 1C JJu=1,3

CLUI+4GS ) =xx(JJ)
C{JIJ+E02I=0V(JI)
STDT={STI-G{(592)+STF1-C (593))#86400.C0
IF{STOT-120.00sLE«CeDO) GC TC 1
XMAX=CeDO

IF{C(10C0)+GT40.DC) C(1C00)=0.D0
IF(C({462z)+EQ40.0D0) GO TC 1
IF{FPROLD «EQe0eD0) GO TC 12
FPROLD=C.DO0

OLD = Q.DO
STOTPR=(TWF—-C{592)+TFF~C{(593))*%€6400.0D0
IF{STDTPR.LE +120400) GO TC 12
IF (KK oLEa NTOTAL) GC 1C 16

GO To 1E

KK=KK+1

IF{KKLENYOTAL) GO TO 13

CALL TRAJUSTL.STF1 «XXoXV4NE)
IF{FPROLD NE +0.D0) GO 1C 14
GO T0O 1

CONTINUE

STOP

END

13

12100
12200
12200
12400
12200
12€00
12700
12E80¢C
12S00
13Cco
12100
132CC
13200
13400
13sC0
1360C
137¢C0
128¢C¢0
13s¢CC
13sC1
13502
139C3
139Ca
136¢C5
139Q6
13sC7
13sCE
139¢C9
12910
13511
14ccce
14100
14200
14200
144CC
145C0
146C0
147¢0
148C¢C
149C0
15CCC
1€100
1£2900
1€200
1€400
15500
15€CC
157¢¢C
158¢¢C
15600
160CC
161CC
16200
1€300
1€4C0
16£CC
16600
167C0
168C0
169CC

17¢C0
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REAL FUNCTION ADOT%8(X4+Y)

IMPLICEIT REAL*E8(A~H+0~2+3)

OIMENSION  X{(3)» Y{(3})

FUNCTION RETILRNS ANGLE. IN DEGREES BETHEEN TWO INFUT VECTORS
RANGE 1€ RESTRICTED TO (C,180)

A=FNARM (X))

B=FNORM(Y)

ANG=DOT{(X, YY) /A/8

ADOT=ARKTNS (180 sANG+DSART (1 s 0DO~ANGHANG) ) ¥57,295779L0
RE TURN

END

17100
17200
17300
174C0
1750¢
176<CC
17700
17800
17500
18000
18100
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SUBROLTINE ARES(T1+T24AR) 1E2CO
IMPLICET REAL*8 (A~H20~253%) 1830¢
DIMENSION AR(343) +EE(I) yC(IDsEXC(3) LEC(2) 1E4CO
DIMENSION TEM(3) 18500
DUM=C.DC 1R€6CC
DYR=C.0174532625200 187¢0
IYR=¥1/100.D¢C 188C¢C
YR=IVR 189CC
OT=YR-EC.DC 1900¢C
AOP= 217.7934166€6TD0+0.€820€330~2%07 19100
DOP=544€6578D 0+ 0w 350-2%0 7 1920¢C
BYR=YR*1C0.0C+1.01D0 15300
CALL TIMEC(BYR.OUVN »Tw1F) 1S4C0O
CALL TIMEC(T1,T2.TWl+TF1) 155¢C
TAU= ((Twi=Tw)+(TFI=TF))/365.2500 1G€6CC
AO= ACP=-0.001013DC*TAU 16700
DO0= DOP-C.00CEILOO*TAL 16800
TE= (TW1+TF1+13262.500) /3€6525.00 199¢¢C
OM= 4E.78€44167DC+Ca77CSO16700%TE~0.138R888IC~SATESTE 20000
XI= 1.,6€0333333D00-0.675D-3%¥TE+0,12611111C~4*TESTE 201¢C0
E= Z32,45229444D0-Cel130128D-1%TE~0.16388CB9C~-S54TEHTE 202¢6¢
i +C.EC2727778D0~-6*%TEXTE % TE 20200
AQR=AQ*D TR 2¢CacCo
DOR= 0O%0 TR 205C¢C
OMR= QM*DTR 2C€CQ
XIR= XI%DTR 2C7C0
ER=E%D TR 20800
SAO=DSIN(AOR) 20800
CAO=DCOS(ADR ) 21C¢0
SDO=DSIN{DCR) 21100
CDO=DCO S(DOR) 21200
SCM=DSIN(IMR) 2130¢
COM=DCOS(UMA) 21400
SI=DSIN(XIR) Z150¢C
Cl=DCOS{XiIR) 21600
SE=DSIN(ER) 21700
CE=DCOSIER) £18G0
C #dkkkkk  THE FOLLOWING IS KAUFNAMN'S NETHCL 444433 Z16¢C
EE( 1)=CAQ%CDO 22000
EE(z)=SA0%CD0 221¢C
EE( 3)=$00 22200
O¢ 1)=S1%SOM 22300
0(2)= ~SI*®COM*CE~CI*SE 22400
0{2)=-SI*CUMKSE +C I %CE 22500
CALL CROSS{OEE -EX0) 226C¢C
EQ( 1)=-SA0 22700
EQ( z )=CAO z2z2ecc
EQ(2)=0.00 22%CC
CALL CROSS(EQ +EXQ s TEM) 230¢c¢e
SOMEG=DSQRT(TEM( 1 )% X2+ TEM(2) 42+ TEN(3) 42 231¢¢
COMEG= DOT(EQ.E X0) 2320¢
OMG=AAKTINS(1E0.COMEG +SCMEG) z330¢C
SOMEG =D SIN(OUMG) 23400
COMEG=DCOS{ONG) 23500
AOM = ACR¥1.57079€327D0 23600
XALI=1.57C79€32700-DOR 2371¢C
SAOM=DSIN(AOM) 23800
CAOM=0DCOS{AOM) 23900
SAI=DSIN( XAL) 24000

CALI=DCOS(XAL) 24100
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AR{ 1+ 1) =COMEG*CAQON~SONEG*SAL NXC AL
AR( 12 ) =COMEGXRSAOM+SOMEG*CACNMXC AL
AR 1+32)=SOMEGXSAL
AR(Z+¢1)3-SCMEGKCACMK-CCNEG*SACM*CAL
AR( Z4+%)=-SOMEGK SACM+CCNEG*C AL MR AL
AR{ 22 )=COMEGXSA]

AR(Z41)=SAOM®SA[

AR{ 3.2)=>-CACMRSAL

AR(3,3)=CAl

RETURN

ENO

24200
243C0
24400
245C0
246CC
24700
2480¢C
24900
25000
2€1¢¢C
2£200
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REAL FUNCTION ARKTINS*E8(N,X4eY)

IMPLICIT REAL¥B{(A-H0~2 %)

COMPLTES 4—-QUADRANT ARCTIANGERNT CF Y/X I» RALIANS
N=360 ANGLE LIES IN RANGE (C+360) DEG
N=18C ANGLE LIES IN FRANGE (~18BC,180) DEG
TPI = €.2821£530CC0DO

XA = DABS(X}

YA = DABS(Y)

IF{XA-YA)lsl 42

LZ=X/IYA

GO YO 3

Z2=Y /XA

YA=XA

O=DSART(1.0D0+2%2)

YA=YAXD +X

IF(YA)4,4,8

ARKINES=TPI /240D 0

GO YO 6

ARKTNS =2 0DOXDATAN(Y/ZYA)

IF(N-1BC) 74947

IF{ARKTINS)Ee S99

ARK INE=ARK INS+ TP

RE TURN

END

17

Z££30¢
2240C
282CC
2560¢
2€70C
25800
259CC
2€00¢C
2€ 10C
2€2CC
2€3CC
2€4CC
26500
26€CC
267CC
26800
269CC
27000
27100
272C0
27z:CC
£740¢
27500
2T6CC
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SUBROLTINE CRUOSS(AB.C)
IMPLICIT REAL*¥*8(A~H,O-2+%)
DIMENSION A(2)sB(3),C(3)
DIMENSION A€Z)«B(2)+C (3
ClEI=AlZ2)«8(3)~A(3)x(2)
Clzy=A0Z3)xB{1)-A(1L)%8(3)
CLII=AC1IXBL2)~AL2I*¥B (1)
RE TURN

END

2?77C0
278¢C0
27900
28CC0
281060
2€2C0
283C0
2€400
28500
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100

111
112

11

127
14
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SUBROULTINE DATOLTITL +T2 sOATE +FLCATE +KCATE)
IMPLICIT REAL*8(A-HU~2 +3)

DATE RETURNED IN FURMATAI(YEARS FRCNM 19CO)INCNTH) JCLAYS)
FOATE RETURNED IN FORMAT (HCLRS)(NVMIN) JU(SECCNDS)
K SEYT 0 FOR PRINTOLT, SEY —- CE + ¢+ CF# NC CLTPUTY
GIVES CALENDER UATE FROCM TLI(WHCLE CAYS FROM 1SE0)
ANDT2(FRACTY OF CAY)

DIMENSICN C(12)

OIMENSION C(12)

DATA QOCOHL/ZE€EH JANS /

Cl1 )=QCO0HL

DATA QOCIHL/Z7€H FEBL/

Cl2 )=QCOoLHL.

DATA QCC2HL/ZEH MARCH/

Ce2 )=QcCoz2HL

DATA Q4CaHL/76H APRIL/

Cl4a H)=QCO3rL

DATA QOC4HL /€H NAY/

C(s »=QCo4nL

DATA QC(SHL /7€H JLNE/

C{€ )=QCOSHL

DATA QOCEHL/EH SJLLY/s

C{7 )=QCO6HL

DATA QOCTHL /EH ALGs/

C{g)=QaC7HL

ODATA QCCEHL /7€H SEPTe/

C{ $)=QCC8HL

DATA QCCOHL /6H OCTe/

C(1C)=QCOgHL

OATA QO1CHL/Z6H NGve/

C{11)=Q010HL

DATA QOLliIHL/EH DEC./

Cl1e3=QCLir

MD=z=Q

K=T1+3€£,0D0

IF(T1)E+647

WRITE ( 6+100)

RETURN

FORMAT(23H DATE IS 1950 CR BEFCRE)
Ki=K/14€1

K2zK~K1%14€1

KWN=Ke2/3€S

KK=K 1%4+1349+KWN

N=1

IF(KWN—2)112+111s111

N=¢C

KWN=K2~KWN*3€5

IF(KWN)1lell1l3

MONTH=1

MD=1

GO 7O 2¢

CONTINUE

KNw=0

JJ4=0

FRLNNESY

IF(12~JJ)23+234137

JoFasMoAModoadsAsS eUeNINMIMTHS FCR GU TC
GO TO (19:15414016s1431€ 014414416014 ,4,16414)44J
CONTINUE

KNW=KNw+31
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1€
17
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2¢

L
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m

GO TQ 17
CONTINUE
IF(N)18,18,16
KNW=KNW+1
KNW=KNw+28
GO TO 17
KNW=KNw+30
CONTINUE
[F(KWN~KNW) 20421422
CONT INUE
MD =KN W
60 YO 12%
CONTINUE
MCN1H=JJ
MD =K WN—MD + 1
GO YO 25
CONTINUE
MONTH=d+1
MD=1
60 YO 2%
MONTH =12
MD =K WN—-MD ¢ 1
CONTINUE
TH=T2%24.0D0
THP=IDINTV(TH)
FOATE=THP*10C.0D0
NHOLR=THP
ThP={ TH~THP )*6Ca COO
TH=IOINT{ THP )
FOATE=FCATE+ TH
NMIN=TH
THP=( THP~TH ) %60+ 0D C
NSEC=THP
FDATE=FDATE+THP /1C0.0DQ
TSEC=NSEC
DATE=(KK=190C)*x100+MONTH
SP=MD
DATE=DATE+SP/10CeCDO
IF(KDATE) £€+50,8
CONTINUE
THP={ THP-TSEC)* 1C0C-000
NF SEC=THP
TT=IDINT( T2+ +5D0)
TP2sT124+S00~TT
TP1=T11+TT+2433282.000

WRITE ( GoelOLICIMONTH) s ND s KK o NHCUR JANMINSASEC
101 FORMAT( 1H sAGeLl3olds ol Xsl 4 slHo ol XN ol2e¢8FHRS oo I3 04N INs o120 1bes i3y

13HSEC+S50Xs L2HJULI AN DATE
GO T0 &
END

B. KAUFMAN

FEeDsT111+FFe8)

eNFSEC,TFL1.TP2

346C0
34700
34800
J49CC
35000
2€100
3£2¢0
2€30C
35400
35€00
35600
35700
358¢C0
3s9cCe
360CC
3€100
2€2C0
3€3CC
3¢4C0
JESCO
366CC
36700
368C0
26S9CC
37C6CC.
37100
37r2¢o
273¢C
37400
371500
37600
3770¢C
27800
37600
3geccce
281¢C0
3g2C0
3E3CC
3eaco
AESCC
3£6CC
3870¢C
as8cce
389C0
39000
239100
39200
393CC
294900
3ss5C0
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SUBROUTINE DERIV{X,Y,D)
IMPLICIT REAL¥B8(A~He0~2,+3)

DIMENSICN Y(20) sR1I{3+8) 4V1(348) +D(2C)+CE(20),NF(S),

IDACCE3)eZ1(3)sVVL{3) sRE (3) 4CACC(3) LK2(2,8)
DIMENSION UOACC(3)

DIMENSION SACC(3)

COMMCON CO1000)2IC(S0)+2(2)+VV(3)NCF
COMMON/ZJTERM/MEARTH s MMOON,MMARS

COMMCN /DI STRB/DACC 4CACC 4CACC

COMMON /SHAD /SHADK

EQUIVALENCE (C(A01)4R1(141))+(C(425)0VLI(1,1))

C MUST CALCUATE POSITION CF FRLBE FROM INCREMENTS

t
N
N

(B}
LY}
™

(']
[V}
i

i

S0

€0

100

DT=X

U=C{NUOR)

IF{XNE0D0O) GO TO 321

DO 222 1=1.,3

Z{1)=C{14+499)
VV{1)=ClI+50%)

GO YO 323

CONTINUE

MN=1

CALL STEPD(MNsDT+TASC(S5C0) «C{(503) sUsZ sVVel +CE)
CONTINUE

DO 1C I=1.,3
ZICTI)=Z{1)+Y (1)
VVI{I)=vw(l)+Y({l+2)
Tw=C{£92)
TFEF=CLEGIIHF(C(719)+C(S0€)+X)/BEACCLDO
CALL TFRAC(TusTF s TheTF)
CALL SHIFTPINOR 21 ¢VVLsTRsTFeR1 V1)
Ne2(1)=2

NP(z)=3

NP(Z)=4

NP{(4)=5

NP(E)=6

GO T0{(152+3+90+8C+100)sN0R
NP(1)=}

GO 10 1

NP{z)=1

GO T0 1

NP(3)=1

GO T0 1

NP(4)=1

GO 70 1

NP(5)=1

GO TO 1

CONTINUE

D0 4 I=1.95

NP 1=NP( 1)
RMUTII=FNORM(R1( I +NP1))*%3
DO S J4=1.+3

SR2(Je I+ 23=R1LJ4NORI-R1 (L s NP1 )

RMI(I)=FNORM(R2(1 s1+¢3))%%3
NP L=NP( 1)

NP2=NP( 2)

NP 3=NP( 2)

NP 4=NP(4)

NP S=NP(E)

D0 6 [=1.+3

DACCLI)I==CINPII®(RLI(I SNPLI/RM(L1I+R2(T 0 )/7FNMI(1DI)I-CUAPZI®(RILIWNPZ)

RFM{E)RMIC(E),

21

366CC
367Q¢
3980C
2990¢C
40CCC
401CC
402CC
403CC
4040¢
4050¢
4060¢C
4C7CC
4080¢C
49G6CC
4100¢C
411CC
41200
4130C
414CC
4150¢C
4160C
4170C
418CC
419CC
420CC
421CC
4220C
4230C
42430C
4250C
42600
42704
42ECC
42900
4300C
4310C
4320¢
43300
4340C
4350¢
42€CC
43700
428CG0
4390¢
44000
44100
4420C
4430C
44400
44500
44600
447CC
44E8C0O
449CC
45000
4100
4€2CG0
4£200
4540C
45S0¢C
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2¢

€Q
7¢
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1T/RMI+RZ2{L,E)/RML1(2) )
2=CANPZIF{RI(CTINPII/RM{IDI+R2(1 s6)I/RNM1{(3)I-CLNPAIB(RI(I.NPSY)
S/ZRMUA) HR2(L o) /RMLILA) )-CURAPS)IH{RL{T WAFE )/ FM(EI+R2(TI+8)/RMILS))
DO 7 I=1.3

RECI)I=2Z(I)+.500%Y (1)

A= DCY(RE+»Y)/{FNORN(2)*%2)

SUM =1.D0

TERM=1.D0

DO 8B K=2¢50

XK =K

TERM=TERM® ({ «SU 0~ XK) %2, 00%C/7 (XK-12D0} )
SULM=SUM+TERM

IF(DABS{TERM) L. TaCeJ0CCIDO%SUM) GO TO 9

CONTINUE

WRITE(€.,20)

FORMAT( LH1 ,34HQ SERIES IN ENCKE DID ACT COCNVERCGE)
STOP

FQ=1.00-SUM

H=C{NOR ) /(FNURM(Z)*%x3)

00 11 I=1.2

CACCLE ) =—H¥Y (1) +H*FQ*R1 (I +NCR)

08 30 I=1.3

OACC(I1)=0.D0

GO TO (4C+50e21421+60+21)sRCH

IF(MEARTHWNE « 1) GO TOU 21
GQ TQ 7¢C

IF{MMOONNE.1) GO TO 21
Ga 10 7C

IF{MMARS.NE.1) GO TO 21
CONTINUE

TWIE=C(E$2)

TETE=C(5S3I1+{C{S0€EI+X) /E6400.D0

CALL TFRAC(TRTIE +TFTE»TWIE 4TFTE)
TIMUP=TWTE+TFTE

CALL HARMON(RL+V1sOACC+TINUF)

CUNTINUE

DO 12 I=1.,3

DACC(I) = DACC(I}+CACC(L)

RAT = FNORMCY(1)) 7/ FNCFRM(Z(1))
IF(RATLGE «C 1 720) e UReQeGELC{720)) C(122)=0.0(0
DO 17 1=1,3

DACC(II=DACC{I)+CACC (1)
IF(C(76S)2EQe0e0D0+0ReSHADKECe1000) GC TC 551

Cd * ¥ & % CALCULATE SQLAR PRESSURE * * * % % ¥

100C
591

16

CALL SOLAR(R1(1 3) +SACCY
DO 1CCO I=143
DACC{ 1) =DACC{I) + SACC(I)
CONTINUVE

DO 1€ I=1,3

D(I)=Y(1+3)

O( 1+3)=0ACC(LT)

RE TURN

END

456CC
45700
45€CQ
45%CC
4¢0C0O
4€1CQ
4€2CQ
4€2C0
4cace
465CC
466CC
467C¢0
4CECC
469C0
47000
471C0
47200
473CC
474CQ
471500
476CC
477C0
478CC
476CC
48000
481CcC
4€2C0
GE3C0
484CC
GESCC
a4c€cCc
48700
488CC
48900
43CCO
451C0
492C0
49300
494CC
4$5C0
439600
45 7CC
43800
4990C
€000C
€01CC
€02¢¢C
€030¢C
€04CC
5C500
5060¢C
50700
s5C8co
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REAL FUNCTYICN DOT#E8{X.Y)

IMPLICILY REALX®B(A-H0—2+%)

DIMENSION X(2)sY(2)

DIMENSION X{3)s¥(2)

DOYT = X{1)eY{1) + Xx(2)xv¥{(2) + X{(3)*¥(2)
RETURN

END

23

€CS0C
€100
€1100
51200
€13C0
€140C
1500
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SUBROUTINE FNOLZ2(v eNeGal oV o ME e X s Y3 DeCLHTTHCC)
IMPLICIY REALXB (A~ 02 +8%)
COMMUN BERNIEC(L1QQC)

DOUBLE PRECISION XDsYD e YA YCWYPaY1
DIMENSION Y{S0) »D(S50) s ¥B8(306) +G12(30) +GI3(30)+Cla(20) EF(320).,
DIMENSIGON Y{EBQO0OQ)

DIMENSION JLZ(S) 2D (50) «¥B L3061 +GI2(20) +CI3(30)sCI4L20)+EF(20)s
TEFL(3C)+EF 2C30) +EF3(30) v ¥1(30) ERFCF(30)+H2(30)sYR({50)1.TA(S0).
cYC(2C)eYP(3C)VYDIST)

EC=Y(N+2)

FORMAT( IHO,17)

H=G

HZ=H

LN=N+MAXO(Ls 3)

SUBRUOLTINE FNULZ2(. sNeG sl o MiRE ¢ X s Y CoCERIVSTERN,CUT)
FORMAT{ IHO,17)

NA=(

NB=1

NF =0

NG=C

F=0,00

FA=zQ.00

FB=QeDC

FC=C.WQ0

CONTINLE

ENE =NE

DO 2C0 I=1sLN

YO(I)=08LECY(L))

XD=CBLE{X)

DO 2C0 (=1eN

YO(IL)=Y(1)

XD=X

¥ (J~2)1Se 21415

IF(NE)1Ee 16418

JA=4

GO 7O 22

RE1=10.00%% (~ENE)
REZZ1CLOC*K(—ENE~Z20D0)
REM=1CeD0%¥k{~ENE~15D0)

JA=1]

DO 2% 1=1.N

DO 24 IC=1,5

YB(I,IC)=0.D0

ERROR(1)=0.DC

CALL DERIVIXsYLD)

CALL TERM( Xs YD oF)
IF(CABS{F)—1.0D~9) 731,731 ,5209
CONTINLE

DO 2C0 I=1eN

Gra{iiy=0(1)

Gl13(13¥=D(1)

Gra{1)=D{1)

EF{1)=D(1)

CALL CUTPUTI XY +D +ERRCR o oL oH)
CALL OUTIX s Y DLERROR«NsL o#H)
IF(BERNIE(S06)-NELCsDCO) GO YO 29
FODzYI{N+1)

IF(J=2) 30+1£9230

37¢0

Lo "s}
(e v}
[2 M o]

10C
20¢
3¢0
4ace
5CC
6CC
7¢¢C
800
s¢¢C

o
“©
(g}

(R AN NN ID I e en (R R R
(MR N (T & & & & > >2> 2o & i

G N3
o
(=]

GC
8S54CC
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GO TO(21437+38:37)sJA

DO 22 1=1sLN

YyA{lI))=YO (L)

DACT)I=DC(T)

GO YO 37

HB=H

H=2 D C*HM

HDZ = o 2D 0%H

DO 26 1=14N

Y8 I .NBI=D(L)

XL = D(I) % HDZ2
YODY=SNGL {YD (L) +XxL)
YOI)=zyD {1 )+ Xt

X=ENGL { XD +HD 2)

X=XU4+D 2

CALL DERIV (XsY G12)

D0 42 I=1.N

XL = GI2(1)%xHD2
YOL)=SNGLOYD(T ) +XL)
Y(L)=YD LT )+ XL

CALL DERIV {( XeY GI12)

D0 4% 1=1,N

XL=Gi3( L)ixH
YEI)=SNGL YD (L) +XxL)
Y{I)=YD(l)+XL

X=ENGL{ XD +H)

X=X0+H

CALL DERIV(X,4Y+sGil4)

HO6 =H/€.,u0

GO TU(AEWHS2€C€6) sJA

DC %z [=1sN

XL={D{l) +v cDO¥(GI2(1) + GI3(]1))
YCOL)=YDC1 )+ X

YoOry=yali

ERROR(II=0.0C

JA=3
GG YO 3¢
DO 57 I=1sN

XL={0CI) + 2.D00%(GI2(1) + GI34(1))
YDOE)=YDL)e X

ERRORCI DI =SNLGL(YLCTI-YF(I))/1E.
CRROR(TII=AYD(I)I-YP{i})/15.D0
JA=]

GO TO €égi

DO €z I=1.N

YyD{I)=YC(1)

XL=(DLL) + 2.00%(GI2(1) ¢ GI2(1))
YRPOII=YA(L )+ XL

H=HB

JA=2

GO TO 681

D0 68 [=1sN

XL=(D(I1) + Z.D0%(Gl2(1) + GI3(1))
YOUL)=YD( X )+ XL

ERROR(I)=0.D0

DO 69 I=14N

Y{l)=SNGLE YD (1))

Y{1)=YD{1)

XD=XO+H

X=SNGL { XD )

+Gl4a(l))*HCE

4G4 (1)) ¥HCE

+GIl4a(1))*+TO

+Gl4(l))*+C6

25

£7€0¢C
$7700C
5780C
575CC
SECCOC
CELICC
£8200
€€ 30C
S5€4CC
EESCC
SE6QC
€700
€eeco
£85C0C
£€90CC
S91C¢C
£€62¢CC
£€93CC
s¢a0C
$965CC
566CC
5670C
SGECC
€6SCC
60CCC
€01CC
€020C
€03CC
€Ccac(
ECS0C
6C6C(
€C7C(
60 80¢
€CSC(
€1CC(
€11C¢L
€12C
€13¢C!t
€140
€150
€16C!H
€17C
€18C
€19C
€2CC
€z10
€220
623C
€240
€250
€26¢C
€27¢C
€280
€26¢C
€300
€310
€32¢C
€33C
€340
€35C
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X=XD €EZECC

¢ CALL DERIVIXaY,sD) €37C0

71 FC=F €38cCcC

72 CALL TERM{ Xs YD oF) €39C0

73 IF(DABS({F)~1.0D-9 )731+731,733 €aCCo
21 NF=xS €41CO
722 GO 10 124 £42CC
733 IF(F)744124476 €43C0
74 FA=1.00 €44C0

% GO TQ 17 £45C0

7€ FB=1.00 €4600

71T IF{(FA-FB)83,78,83 E4TCO

7E& NF=NF+1 €4800

76 JA=4 €45G0

¢ NB=1 €500

81 H=R¥F/(FC~F) €S100

B2 IF(NF—4)37+37,124 €€200

83 IF(NE)BA,117+£4 £53C0

84 IFLJA-13117:65:417 €€4CO

€8 IF{J-2)E65117,8¢€ €55¢C0

€6 DO $E T=1lsN €S6CC
IFUY(I)IBEELEED+B8EG 657C0

E£ES HALI1)¥=1CC0.DC ESECO
G0 TO s& €800

BEE IF(ECIEBEQ,89C,87 €6CCo
E7 IF(DABS{Y(I))I-EC) EBO+8E0,890 £EL108
EE8C IF(DABS(ERRUR(I))I-RE2) €82+%4.,881 ¢€200
BEl IF(CABS(ERROR(I))I~REL)G44+54 ,€82 €63C0
E€2 HA(I)I=H*(REM/{DABS{ERROR(L))+.0000 :00Q0100))*%{.2C0) EEGCO
€83 GO TO G€ 6E€5C0
ESQ IF(CABS(ERROR{II/Y(I))I—-FE2)BG2 .94 891 €6600
ES1 IF(DABSIERROR(II/Y(I)I~REL) D4 ¢94 4892 €67C0
862 HA{I)=H*({REM/{DABS{ERRCR(I)I/Y(I))+.0CC000000100)y%4{ .2C0)} €E6ECO
€53 GO TO $¢S €ESCO
S4 HA(I¥=H 67CCC

S& CONTINLE €71C0

96 HB=DABS{HA(N)) €72CQ0
97 DO SE I=1.N £73CC
C 68 HB=AMINI(ABSIHA(L) ) +HB) €74C0
98 HB=DMIN1{DABS(HA{L1)) +HB) €7ECC
99 IF(DABS(H)I-HBI100+117,101 676C0
i0¢ IF(DABS(HZ)I~DABS(HIYLIC1 4101 4116 €77C0O
1C1 DO 102 [=1.LN &E78CQ
1c2 YOCUI)=YAall) €7SCO
C Y{I)=SNGLCYDU(I) ) 68C00
Y(I)=YyD(1} 681C0

102 D(1)=DA(IL) EE2CO
104 [F(NB~6) 107+.10%,.1CS 68300
10€ XO=XD=H €ESOQO
10€& GO TO 1CS EESCO
107 XD =XEC= 2 oD 0%H EEECO
108 HZ=H 6ET7CO
109 H=DSIGN{HB +H ) EgeCo
X=XD €8s$CO

C X=SNGL ( XD ) €SCCC
CALL DERIV{X+sYsD) €s10¢

CALL TERM( XsYsD oF) 65200

11¢ NB=1} €5 300
1112 XABSRDABS(.0C00C1IDO0%X) €$400

112 IF(BABS(H)I-XABS)L136113 4117 6$5C0



113
114
118
150
1261

11€
117
11¢€
116
12¢
[}
12z
122
Clz4a
124
12¢€
1z2¢€
12¢
1es
130
121

123
124
12¢
12¢
127

126
14C
141
142
142

144
C 145
14€
14¢€
147
14¢
9499
146

NRL REPORT 7436

NG=NG+1

H=DSIGNIU XA SeH}

IF(NG — 10)124+15C4150

WRITE{E,1201) H

FORMAT (1H1,107HEXECUTICON TERNINATED EECALSE INTERVAL

OF INTEGRATION LESS THAN 1.0E —6 TIMES INDEFERDENMNY
VAFIABLE (X)we X =41PD1547)
sToP
HZ=H
IF(M)11E.118,121
IF{DABSIY(N+L)-FD)I=-Y(N+4Z})294116,119
FDO=FD4+Y{(N+2)
GO TO 124
NA=NA+1
IF(M~NA)123+123+25%
NA=0
CALL OUTOUTOXeY oD ¢ERRTR eh sl oti}
CALL DUT(X» Y oUeERROR ¢N oL ot}
IF(NF~4)29,26+126
CONTINUE
RE TURN
NS =NS+1
IF{NB~€)20,1 3214136
DO 134 I=1.N
EF3CL)=YB(I,43)
EF2(1)=YB([4+4)
EF1{I)=YB(1+5)
GO TO 127
NB=10
HD24 =H/24.D0
DO 128 I=14N
XL ={E5.D0%D(l) —S9.,DO¥EF1(I) +37.D0%EF2(1)

. ~9 +COXEF3L1))*+-L24

YPLT)=YD(I )+ XL

YOI )=SNGL(YP{(1))

Xz=ENGL{ XD +H)

Y{i1)=yYrP(I)

X=X0++

CALL DERIVIXsYoEF)

DO 1¢2 I=1sLN

YA{I)=YD(IL}

DA(1)=0(1)

DO 148 1=1.N

XL = {G.DO¥EF(I) +19.D00%¥D(I) ~S.,DO+EF1 (1) +EF2(1))*+C24
YOCL)=YD(T)+ XL
ERROR(I)==SNGLAYD{(I)~YPL(I))/14.
ERROR{ I )==(YD{(I)=YP({I)}/14.00
EF3{I1)=EF2(1)

cFZC1)=EF 1(])

EF1CL)=DCL)
CONTINUE

GO TO 681

END
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€SEQC
6S$7CO
6SE00
66500
7¢CC¢

701CC
70200
70300
7C4C0O
7¢sCC
7C€CC
7¢700
7CEQC
7C3900
71C0¢C
71100
7120¢C
712CC
71400
715CC
716CC
117C0
718CC
719CC
720CC
i21C0
72200
72300
124CC
72500

i2€CC
727CC
i28CC
726C0
730c¢C¢C
731CC
732¢¢0
73300
72400
73500
73260C
737¢C0
138C0
736CC
74000
74100
i42CC
74300
74400
“4500
T46CC
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REAL FUNCTION FNORMEE( X}

IMPLICIT REAL*¥8B8(A~H 02 .%)

DIMENSION X{ 3}

OIMENSION X( 3}

FNORM=D SQRT(XTL I % &2+ X (2 )% %2+ X (3 ) *%2)
RE TURN

END

747CQ0
748CC
7i49C¢C
75000
72100
7€20Q0
7€30C
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SUBROULTINE GETACC (LCTsICTsCMM SN JECNFVAZCT T o (TE sUMT s VMT W ATE )
IMPLICIT REALXB(A~H 0O—~2 %)

DIMENSICN LCTUE)SICTLL1) oCAN(L1) oSMM(L) cECN(])
DIMENSION PVA(L)CTT (1) CTBLL) JUNT(1) ,VIMT (1)
EQUIVALENCE (XP 4P X)2(YF 4FY) ¢ (2P +F2)
ERO=ECN(1)

XMU=ECN(2)

ALLF=ECN( 3)

PX= PVA(L)

PY= PVA{2)

PZ= PVA(3)

CGY=DCQ SCALF)

SGB=DSIN(ALF)

RMT=1.000/7(P XkP X+PYXPY+P2¥F 2)

TMA=RM T *ERD

CLTI=TMAX{ XPRXCGU+YPXSGB )
SLY=TMAX(YP*CGB-XPXREGB)

RIR=TMAXZP

RMR=TMAXERD

TWR=CsEDO/ERD

RMO=DSQRY(RMT)

LMX=2Q

L.NC=1

LA=ULCT(Z)

IF (NTE-1)15+15420

£ LA=0

LB=LCT(1)

LC=LA

NB=NTE+1

DO 7S I=1.NB
KA={A-1

KB=L8

KC=iL.C+1

IF (KB-KA)30+35435
KB =K A

IF (LC) S50.5C,4¢C
IF (KB-KC)45+50+5C
KB =KC

LNC=LLNC KB+
ICT( I )=LNC

LA=LE

LB=LC

LC=LCT(1+2)

IF (LMX~1L. A)E6C+65,€5
LMX = A

IF (I-NTE+1) i5.,7C+70
LC=0

CONTINUE

TMA=2.000
TME=Z2400C

DO S0 [=1lebMX
CTT({[)=~TMA
CYs{i1j)= TmB
TMA=TMA42,0D0C
TMB=TMB+TMA
CONTINUE

UMT( 1)=XMUXRMO
VMI{11=C.0D0

LA=1

LB8=1

29

7%540C
785CC
156CC
15700
T1SECC
7159CC
760CC
7¢1CC
7€2¢C¢C
7€3CC
7640¢C
7€5CC
166CC
767CC
768C(C
769C(
77CCK(
7710¢
772C(
7730¢
7740¢
7750¢
77€CH
7770
778C¢
77501
78CCI
7210t
782CH
7€ 3C
TE€E4C
€50
786¢C
787¢C
i8e¢
7890
790¢C
791C
7¢2¢C
72630
7540
7650
7S€0
7670
768C
7990
8000
£C10
&8c20
EC3C
£CaC
acsce
8CEQ
8c7¢e
Ecec
B09C
£€10¢C
g1te
e12¢
&13¢
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NA=2

KB=2

DO 1€0 I=1+NB
KC=1ICT(I)~1

KA=1-1

TMB =KA +KA
TMA=TMB+1.000
TMC=1.000

IF (KC~-KB)14C+1CC,100
00 1320 LC=KB JKC

TMD =RZRAUMT(LB) * TMA
TME SRZR¥VMT(LB) ¥ TMA
IF (KB-LCJ)11C»12C4120
TMD=TMD-RMR¥IMT(LB~-1)*T¥B
TME=TME -RMR® WVMT (LB-1)*TMg
UMTINA ) =TMD/ TMC
VMT{NA)=TME/ TMC
TMA=TMA +2.CDQ
TMEH=TMB+1.00C
TMC=TMC+1.C00

NA=NA+1]

L8=L.B+1

IF ( I-ND)150+16C,160
TMC=KA+KA+ ]

UMTUNA ) =TMC® (CLTHUNT(LA)-SLT*VMT(LA))
VMTINA)=TMCR{CL T*VMT{LA}+SLTHUNT(LA))

NA=NA+1
KB=KC42
LB=Lu+1

LA=LS

CONTINUE
TMA=C,.0D0
TMB=C.0DO
TMC=C.0D0

TMD=C 500

KB=1

LA=ICT( 1)

L8=2

LC=LA

DO 26C I=1.NTE
KC=LCT(1Q)

IF (KC)Z6(0+2€60,210
IF ([-2)230s215.22C
LA=3

GO TO 225
LAZICT L 1~2)+2
LB=ICT(I-1)+ 1}
LC=ICTOL)

DO 25C NA=1,KC
TME=CIB{NA)
TMF = TME

IF (I~1)238,235,240
TMFE =TMD % TME

TME =NA
TMD=TMD* TME
TME=NA+2

TMD = TMD /TME
TME =— IMF
RMR=TME*UMT(LA)
RZR=TMFAVMT(LA)

231400
E150C
E16CC
8170¢C
g1ecc
£€19C0
£€2000
gz1CC
82200
g2300
£24C0
e8250¢
g2¢6cC
€2700
E2€8CC
E2SCC
£3000
82100
82200
83200
83400
83500
83€CC
£3700
£3800
83600
£€40C0
84100
£4200
84300
£44Q0
£450C
E4€CC
£47CC
£48C0
£45CQ
ESCCC
€C€10C
EE200
£E£300
£€54CC
£ESS5CC
£E6CO
E€700
£€5800
E£ESSCC
£E6CCC
EE€L1CO
£€2CC
E€3CO
EEC4CC
£E€SCO
£€66C0
E€7CC
£6€8CC
£E€GCC
E7CCC
827100
£E12CC
£73CC
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CLT=AMTLC)

SLI=WwWMTL.C)

TME =RMR~-CL T

TMF =RZR+SL.T

RMR=RMR+CL T

RZR=RZIR-SLT

CLT=CNM(K3)

SL.T=5SNM(KB)
TMA=TMA 4+CL T TME +SL TX¥R ZR
TMB8=TMB-CL TXx TMF +SL TXRMR
TMC=TMCHCTT{NA) X (CLTRUMT(LB)+SLT*VMY(LE))
LA=LA+]

L3=l.8+41

LC=LC+1

KB=KB8+1

CONTINUE

TMA=TMA X T WR

TM3 = TMB X TWR

PVA{7)=(CGB* TMA~-SGEXTMB)
PVAL(E)=(SGB* TMA+CGEXTMB)
PVALS)I=TMCHTuR

RE TURN

END
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€r4cCC
871500
E7600
E770C
E£E7800
87900
880C0
Ee100
€e2¢CC
EE3CO
EE4CC
£€€50¢C
e€e6CC
EETCC
8800
EE9CO
€6000
£€51GC
86200
8520C
6400
895CC
8secC
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SUBROUTINE GETTAP

DEFINE FILE 10(S5SE.663€s0Lv1I V)

DOUBLE PRECISIUN TAB3 o JOI vJCF +JOL s TCAY WJCIF L JLP
REAL NUTAT

REAL *E TAB31

COMMON/CETBL2/ICWSICENT JIREG(12)
COMMON/CETBL 2/TAB3(829) +NLTAT{(204) sCKSU
COMMON/CE TBL.S/JD1 « TDAY 4 JDIF L IERR1

DATA 1v/s0/

DATA IwWPRV/OQ/

JOP=JODL1+TOAY

IF{JDP oL Tea243676CeS5D0+0FReJDFeGTLaZ244642445C0)CC TC
IERR1=0

IF(ICwNELL) GG YC 205

0O 333 1I=1+204

NUTAT(I)=0.

ICwWw=2

Iw=1

READ(10*Iwn) TAB3

TABZ1=TAB3(1)
IW=IDINT{(JDP-TABZ1)/78.C0)+1.00
IF{Iw.EQIwWPRV)GO 10 22¢C

IWPRV=L%

READ(CI10*Iw)TAB3
IF(JUDP-TAB3(1))21C+220,230

IW=1w-2

GO 1O 2¢O

Iw=Jw+1l
IF(JUOP~(TAB3(1)+8.D0))220+2CC,200
JOIF=JD0P~-TAB3(1)

RE TURN

FORMAT( * EPHEMERIS ERRCR==JLLIAN CATE *+025.7+'1S

EEFORE JAN 1965

10R AFTER DEC 1SE€5°)

WRITE(E.101)4DP

sYap

END

100

867C0O
£680C
8990¢C
$0CCO
50100
GC200
S03CO
$C400
$CS00
SC&CC
sC7CC
sCece
$C900
51000
91100
$1200
$1300
$1400
S$1500
S1€G0
$17CC
$1800
$1G00
¢20Q¢C¢C
92100
52200
62300
6240C
$2500
G260C
$27CC

52800
$2900
G3CCO
921CC
$32C0
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SUBROLTINE GHAUTSEC +D «GHANLCA JCMEGA) $3300
IMPLICIT REALSB (A=Ho0-2) 3400
OMEGA=.C0417607420C/(1.0C+5.210-134C) $35¢0
PG=0.00 c3600
pO=0 $4760
DD =CLNL 6EC€a7350C,360.00) S 1800
OX={OINT{LL ) $39C0
DL =CB-D X gacce
OF =00 g4tcoe
TEM1=10C.C7554D Ce260.0CHOT +229C1ED 134CHC 942C0
10MEGA¥ 1SEC 54360
[E{TEMLII203,23 SaaCC
TEMI=TEMI+300.00 S48CC
Ga o Tu 1 GCR4ECC
LFCTEM1-260.00) €0t 14 sazcc
TEM12TEMI- 300400 S4800
Gu 10 3 54900
GHANZTEMLI+DAXSET? 4265776500 $50CC
RE TURN ssice

END GE200
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SUBROUTINE GOTOR(K VM 4C +F 4E 1)
IMPLICIT REALXB{A-H+0-2+8%)
DIMENSION CT(2)Fl4)

DIMENSION C(2)F(4)

NMAX=20

N=C

GO YO (142)9K

CONTINUE

FIRST GULESS IS UBTAINED FCR ELLIFTICAL (ASE

CONTINUE

IF(EI-1.0D0)320+31,31

CONTINUE

D2=E 1*E |

FULYISELI*D 2% ( o LEBEEEO6TD+HC0-D2%(833333232C~-02-C2%(+198412698L-03-C2
1%¥( 4 27S5731620-05-D2% 250521 CE30~-C7)Y)))

FUZ)=D2%( «SDO0-D2%(+4166€6667C~-C1~02%(.1388888GL~02-C2%( «24801587D~0
14~D2*%.275573190-0€))) )

L F{2)=ELl-F (1)

Fl4)=1.C00~-F (2)
GO 10 3
CONTINUE
F(3)=DSIN(ELl)
F(4)=DCOS(EL)

SFOL)=ELI-F(2)

L]

(1Y)
Ny

[
[N

11

1C

F(2)=1.CO0~F (4)

GO YO 3

CONTINUE

FIRSYT GLESS IS UBTAINED FCRHYPERBCLIC C(4#SE
CONTINUE

IF(EL1—1.,0D031322+33.,33

CONTINUE

D2=E 1%E 1

FU1) =E1%02% (1 E666667D0+00+02%(,833333331-024L2%(.198412698L~-02+C2
1% o 2755731 920—0S+4D2% 4 25CE21CL3D~C7))))
FUZ)=D2%(CaSDO+D2%(+41E6666T0-01+02%(138BEEBI9L-024L2%( .248015E70~
1044D2* e 27155873190~C61) )

FOI)=E L1+ 1)

F{4)=1«CDO+F (2)

GO YO 3

CONTINUE

EXzoe SCOKDEXP (E1)

OX=.28DCrEX

F{A)=EX-0X

F(A)=EX+0X

F(1)=F(2)-EL

F(2)=F(4)~1.000

CONTYINUE

CM=F(1)+C(L)*F(3)+C(2)%F(2)
DM=F{c)+C(1)*F (4)+C(2)%xF(3)

DE={ VM~CM ) /DM

ERROR=DE

AB=LCABS(DE)

IF(AB—140D00)10s10+11

DE=DE/AB

E2=E 140E

IF ((E2¢E1).EQs 0.D0) GC TC 4

9€3C0
$5400
$8S5CC
<856CC
$57C0
SB8CC
$59CC
$60C0O
S€L1CC
S€2C0
€E2CC
S€EAlC
€65C0
$66CC
SETCO
s6eCC
SESCO
€70C0
G7100
€72CC
$7300
s74CC
$7500
$76CC
$7T7C0
¢78CC
$76C0
sgccoe
s81¢0
se200
SE3CO
SE4CO
CESCO
SEECC
SETCO
<88C0O
s8sCC
$G00C
$9100
6200
$93¢CC
5G4CoO
$9500
SGEQC
€S 7CC
SSECC
$6900
1¢00¢CQ
100100
1¢ccaco
10300
100400
1CCSCO
1CCECC
1¢C70¢
1¢CE00
1¢C900
1Q1¢QQ
101100
i¢1200
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IF(DABSI(ER2-EL)/7(EZH+EL) )~3.0~€)4 4,4 5
CONTINUE
IFIN~NMAX)E2747
CONTINUE

GO YO 4
CONTINVE

N=N+1

E1=E£2

GO YO (8+9) K
CONTINUE

RE TURN

END

35

101300
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101800
101900
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102100
10220¢C
102300
102400
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SUBROLTINE HARMON{KRL o V1 yACC +TINE)

IMPLICET REAL*B8 (A~H(~2+%)

DIMENSION DATEEC(3+3) OATECT(3,3)

DIMENSTION RI(3+48)sVI(3¢8) RR(3)} ¢ACC(IZI»TENMF(I)+LATE(3e3)s
SDATE{343) DATET(343) +SDATET{3+3) yACATE(343)+ACATET(3,43)

DIMEMNSION AC3+31 46003333 ENP LI 43I 2AF{3:32) 4L CT (B 1CT(9 ),
CNM({ 36) » SNM{3E) sECN(3) sPVA(G) 4CTT(8) yCTE(8) 2UNT (A VINT(AE),
LCIM{S) 2 ICTMOE) vCAMMULIS ) o ERMMULIS) s CTTN(S )2 CTENM(S I UMTN(ZL ),
VMTM(Z1)

COMMUN/ROTY/ DATE«SCATE sCATE T4SCATET JALATE +ACATETSLATEECLCATECT LEN

COMMON/ZXL IBYZ SGeTAJXMLLE

COMMON C(100Q0)+ICU{SE0)+2(3) vV {2) NCF

COMMONZTULPR /7 TL U

DATA LCT/847 0695649392017 LECTN/S 0843421/

EQUIVALENCE {CC200)+CABM(L1)) s (CU236)4SANM{1)) s (CC272)sCNMNL 1))

EQUIVALENCE (C{287) +SANMM{1))

KEY=1

IF{ DABSITLULU-TIME) oLTe C(SC1) ) GC TC 100

TLU=TIME

KEY=2

CALL ROTEQ(TIME +A)

CALL NUTAITUTIME CMsCRDTLENJEFSIL)

CALL MULT(EN,AWDATE)

DO 101 I=1,3

DO 101 J=14+3

DATET(Js1) = DATE(L+4)

CONTINUE

GO YO (ZCs4.8C+BC2S) NOR

CONTINUE

NTE=8

ECN{1) = C{(21)

ECN{2c) = C(1)

ITIME = TIME

T2 = (TIME~-ILVIME)}*8640C.0D0

T1 [7TIME

OA = EN(2+1)

CALL GHA{TZ2+:TLsGHANWDALJCNEGA)D

ECN{J) = GHANX.CLT74532%282D¢

CALL MI(RLI(1.+1}+DATE JRR)

DO 1 1I=1+3

Pva( 1) = RR(I)

CALL GETACC(LCT oICTsCNNsSAMJECKNJFVALCTY S CTESUNT 2VMT(NTE)

CALL M1 (PVA(7) +sDATETACC)

RETURN

CONTINUE

GO TO (200,2C2) KE ¥

CALL MNACTIME sUMsCR DT EFSIL sROsGosGF suWoENN)

CALL MULT(EMNDATE «SDATE)

DO z2C1 I=1,.3

DO 201 J=1.,3

SDATET(Js 1) = SDATELI +J)

CONTINUE

DP =T IME

TP=DP/3€525.00

T2P=TP* TP

TIP=T2P*TP

OM=12411279DC-0 0E82%53922DC*0P §00020795Ep.TF
+2C02C810CkT2P +20~-S%13P

CR=z264e37545200 +121763ST00%DF ~o0C01131STELCONTF
~«00113C1500%T2P+ L14%D~5*%T3p

102500
1C26C0
1£27¢€0
102800
102500
103C00
103100
103200
163300
1034C0
103500
1C26C0
1037¢¢
16380C
13906
184000
106100
1C420¢
104300
16464GC
1€45¢C
16460¢C
1C4700
1ca8¢CC
104900
1csccc
1C51¢€0
1CE2G0
105300
1ceanc
15500
1¢56CC
1C57¢CC
1C5£00
15900
1C60C0
1C€100
1ceace
1063¢€0
1C€4C0
1965C0
1C6600
1C6700
1C68C0
1C69CC
1c7ece
1¢7100
1€7200
1€7300
107460
17500
1¢76C0
1¢7700
1€7800
1€7900
1080CO
18100
1c€2¢0
1¢€3cCC
1400
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EPSIL=23.4457587D0-.0130S4040C*TF -,88C~-64T2P +.5D-€*T3F
OM=0QOM*C{(75)

CR=CR4C(75)

EPSIL=EPSIL*C(75)

XML IB = 180.D0%,0174832%2%200 + CR-(NM+TA-5C

NTE=5
ECN(1) = C{(22)
ECN(2) = C(2)

ECN(Z) = 0.D0C

CALL M1I{R1(1+2) »SUATESRR)
DO 2 I=1+3

PVA(IL) = RR(I)

CALL GETACT(LCTMoICTMICANNGSANDQECH yPVALCTTN yCTENSUNTM VMTMGNTE)

CALL M1(PVA(7)+SDATET.ACC)
RE TURN

CONTINUE

Xaz = Cc{72¢)

X132 = C{726)

RE = C{2%5)

U C(5}

R FNORMIR1(145))

GO TO (3004+302)» KEY
ITIME = TIME

T2 = VIME-ITIME

T1 = [TIME

CALL DATOUT (T12T2.DATE +FDATEO)
CALL ARES(DATE sFDATE +AR)
CALL MULT{AR+A+ADATE)

DO 3C1 I=1,3

DO 3C1 J=1,3

ADATET(JsI) = ADATE(L »J)
CONTINUE

CALL MI{R1{1+5) sADATE ¢RK)
R2 R¥x2

RS RE*S

R7 RS*R2

RE2 = RE*RE

RE3Z = RERZ¥RE

Wi

H

Z2 = RR{2)*RR{(3)
Z3 = Z2%RR{3)
COEF = ~1.5D0%UXXJ2XRE2 /RS

DO 1C I=1.3

PVA(1#+6) = COEF*{~S5.,D0%22%RF(I)Y/R2 + KF(1))
PVA{S) = PVA(G) + CUEF*2.D0*RKR(3)
IF(XJ2+EQe0400) GC YC 13

COEF = ~+SDO*UXXJISREI/RT7

DO 14 151,33

TEMP(I) = COEF*{~35.D0%232RR(1)I/R2 + 15.CORR(TI)I*RK(3))
TEMP(3) = TEMP(3) + COEF*(15,00%22-3.L0%R2)
DO 1€ [=1.3

PVA(1I+6) = PVA(I+E) + TEMP(I)

CALL MI(PVA(7)sADATETACC)

CONTINUVE

RETURN

END

31

10850¢(
1C86C(
1¢e7c(
tceeonl
1CesC(
1C900¢(
1510
10520¢(
1% 30¢
1S 40¢
1CS5CH
1C96C(
10970¢
1sec
1CS80¢
110CC¢
1101Ct
110201
11030t
11040
1105¢C!
110601
11C7¢C
1108¢C
11¢s ¢
111CC
11110
1112¢
11130
i114C
11150
1116¢C
1117¢:
11180
1119¢C
1120¢
112190
1122¢
112320
11240
1125¢
11260
1127¢
11280
1129¢C
11300
11310
1122¢
11339
1134C
11350
11360
11370
1138¢C
11390
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SUBROULTINE INTRI(TW.TF JAB.PCS,IDUN ,VEL sCUN2)
IMPL ICIT REAL*¥8 (A-H,.0-2)
CARKE R KA KRR KK AR IR KK TERRKEE AR BT AR AN A A A A AN AL AR A A A IS A A A AR A AN AR RN Rk
THIS VERSIUN OF THE 3€0 JPL DUULBLE FRECISICN EFFEMERIS
WAS MODIFIED BY JERRY Sa LIMMNEKIDM (F CCLE 551 CSFCGCREENBELTY MDD
IT HAS HEEN MUDIFIED TO HANDLE SEVEN ECCIES INSTEAL OF TFE
NORMAL ELEVEN., THE BODIES AMD CRLER ARE EARTEHLNOCOA,SUN, VENUS+MARS,
SATURN ANOD JULPITER. SATLRN ARND JUFITER FAVE EEEN INTERCHANGED
TO CORRESPOND TO THE QUICK LCCK MISSICN ANMALYSIES FRUCRANV,
THE READ ROLTINE-GEVYYTAF HAS BEENMN MCLIFIED TC LSE TrE LIRECT ACCESS
READ FEATURE OF 3€0 FORTERANHGIN ADDITICANL,THE ANUTAT ION VARITAELES
HAVE BEEN ELIMINATED FRCN THIS VERSICAN ST THAYT AN EFFEMERIS
RECORD Wit FLT ON ONE TRACK CF A 2316 CLISK PACK,
THE DECK AS IT APPEARS HERE IS SET LF AS 2 CIRECTY REPLACEMENT
FOR THE SINGLE PRECISICA INTRE IR THE CUICK LCCK MISSICN
ANALYSIS PRUGRAM,

IR T I T T R RN R R PR Y E EE R E R F TR E T Y
IN ADDITION TO THE ABOVE CHANGESTHE FCOLLCWING CCMNENT CARDS
DESCRIBE Trht CHANGES NECESSARY TC LSE THIS FACKACE wWiITH YHE
MARK 2 PROGRAM o THE MARKZ2 COVERAGE FFCCFANM #R0C THE CUICK LCOK
COVERAGE PRUGRAM

LR X MARKZ PRIGKRAM EAEREERERE S
SUBROULTINE ANTR (TwsTF «MNE JPLS,VELY MK2 FRCGRAW
DATA NCENT/3+1101042¢4454+67 MARK2
NCENTR=NCENT(NB) FCr NAFK 11
ARk X X MARKZ2 COVERAGE FRCGRANFAA ST A%
SUBROULTINE ANTRI(Tw,TF +NB PCSHsKKVELSCIS) MK2 CCVERACE PRCGRAM
DATA NCENT/3+111Ce2+44+5,6/ MARK2

NCENTR=NCENT(NB)
ok A COVER —QLICK LCLK CCVEKRAGE FFCG IR R X
NO CHANGE NECESSARY DLE TC CAREFLL FLAMNINC BY FRUGRANMNMER
e I I T I NIy I T YTy mnmmyhmmnmrTTT
TO EXTEND THE EPHEMERIS FLR ALL BCUIES»(HANCE TrE FCOLL OW ING
POS(z1) TO POS(3I)-vEL(21) TC VEL{33) ANC NCENT(7) TC NCEANT(11)
REPLACE THE NCENT DATA CARC WwlTH
DATA NCENT/3+11010+2+4¢52€91 9748493/
THIS wltlL RESULT IN THE FCLLCWING ECCIES IN THE CROEFR
THAT THEY ARE LISTED EARTH«NMCONsSURNJVEMLS JVARS, JUFITERSsSATURN,
MERCLRYSURANUSJNEPTUNE AND PLLTC.
(EEE 23 2 E S 2 S s L R sSSP 2 E R R R R EREERERFERERRE R R R RERRRES SRR S S R R ]
ARGUMENT DESCRIPTION
Tw INPUTs wWHOLE DAYS FRCM 1SS0y REAL NS
TF INPUT, FRACTICNAL DAYS FRCVF 1950+ FEAL®*8
NG INPLT, CENTRAL BCDY MUNMBEFR (1-E2FTFH, 2~-MCCN, 3-SUN,
4~ VENL Sy 5—~MARSy 6-SATURNMN: 7 LFITEFR) s INTEGER*4
POS OLTPLTe POSITION ARKRAY, FOCS{L1)~FCS{3)e EAKRTE XeYeZ
VEL OLTIPLT, VELOCITY ARRAY, REAL*8
NCENTR CENTRAL BODY RAUNMBEFR (3-EARTH«11-NMCCANe 10-SUNs E-VERNUS.
AU ASTRUNUMICAL UNIT
REM EQUATORIAL RADILS CF EAFRTH
4-MARSs 6-5ATURNs S-JUPITER)
EMRATY EARTH MOUN MASE RATIC
REAL*E8 JEDOLNLT
REAL*B JEDPRV
REAL¥E JDN
REAL*E JEZ
REAL*8 JD1}
DIMENSICN PUOS(21)+VEL(Z21) +RCENTUTI ZTREC(LI3Y STLAECUT (G123 sNUT Q)
COMMON /CETBLLY AUREMsTPD JENMRAT
COMMON /CE TBL2/ TCMNCEMTRLIKES

AN NNAAOOACOANANAND AN AN AOACAONNANNOODBANAN O 6N

1140C0O
114100
1142¢CQ
114300
1144c¢C
1145C0
1146C0O
1142C0
114800
1149¢C0C
118C00
111
112200
1153C¢
1154C0
11588¢C¢C
1156¢CC
115700
11£8¢c¢e
115900
116CCQ
11€1C0
11€2CC
11€300
116a4C0
1165C0
116€¢C
1167CQ
11€8C0
116%CC
117000
117100
112200
1173CG
117400
1475¢C0
1176C0
117700
1178CC
117900
118CCC
118100
11€2¢C0
118300
1LE4CO
11€8C0
t186C¢C
1187C0
118800
1189C0
1190CQ
119100
118200
119300
11$400
116500
119600
11S7C0
119800
1199CC
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COMMCN /CETBLAY TABOUT.MT 120000
DATA NCENT/3911s104243 46457 1201CC
DATA JEDPRVZQD0/1IERR/C/ 1202¢C0
OATA IFIRST/Q/ 120300
DATA NCENYP/O/ 12040C
IF{IFIRSTWNEO)IGO TO 20 120500
ICw=1 120600
IFIRST=] 120700
AU=1458679C0.D0 120800
REM=€27E€.149200 120960
TPD=E€4C0.D0 1210CC
EMRAT=£1.301D0 121100

2C DO 10 1=1,13 121200
18 IREQ(I)=2 121300
IF(YF~4SD0)38+39.39 121400

38 SEC1=TF%x8640C.DO 121500
GO TO 4C 121600

36 DY=Tw+.EDO 1217¢0
SECIi={TF-.50C)%£86400.,00 21800

GO TO 41 121300

4¢C DT=Tw ' 122000
41 DJD1=DT+2433282.50¢C 122100

(G R RIS R s R e s s R R e L R R A R R R E R R S R R R R E R R R RS2 R 2 2 2 122200
(@ R LS 22 222 Rt 22 22 22 2 222 S 2 SR S R E S22 R R R R R AR EREE R R R EERE R RS SRR 220 122200

TSEC=SEC! 122400
JED=JD1 . 122500
JEZ=JED+TSEC 122€0Q0
NCENTR=NCENTI(NB+1) 1227¢¢C
IF{JEZ«EQeJEDPRVeANDe NCENTRLECNCENTF) GC TC 1 122800
JEDPRV=JEZ 12290¢C
NCENTP=NCENTR , 12300¢C
CALL READE(JED+ TSECSIERR) 122100
IF(IERR £Q.0) 6O YO 1 123200

- WRITE(64+4100) IERRNCENTR,.ICKX.+J03 123300
100 FORMAT( 23HOEPHEMERIS ERRORs IERRZ4134215sC14.2) 123400
1 CONTINUE 123500
DO 2 J=1.7 123€00

DO 2 k=143 1237¢Q
II=0J~-1)%3+1 123800
JI=NCENT(J) 123900
POSIII)=TABOULT(I »JJ) 124000

H VEL(LL)I=TABOLT(L+3,.44) 12410¢C
RETURN 124200

END 124200
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C
C
C

Kz1 MEANS EARTH SHADOW,
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SUBROLTINE TTERC(IBR1 sVl oF oK ok E 4DY ok V)
IMPLICIY REAL®B(A-H 02 +8)

COMMON C(1000),1CHS0) +2(3)vV(2) MK
COMMON/ZSTEP S/ STEP « XOULD

DIMENSION X1{3) eR1{3,8) +R{38)+sVI(3+8)sV{3+8F+RRI2DIoVvVVII),CB(20)

COUNT=0.00
IRSE=€4G€5DS
XK =1

F=C.D0
DT=0.00
T=C.DO0

LK=1
TOLO=0.00
FOLD=C.00
NN=1
IF{KKEQe2) XK=—1

K=3 MEANS OTHER PLANET SHADOW
KK=1 MEANS PENUMBRA . KK=2 MEANS UMBRA

200¢C

[

[£ K M

i¢
F3Y

00 20C0 I=1.8

DO 2CCO JU=1+3

R{J 1I=RIC I LD

VAR ER S EA NS &)

GO TO (1+42¢1C) 9K

DO 2 I=1s3

X1{I)=R{L+1)~RI+2)

SEVA= ADOT(X1sR(1s1))
RFS=FNORM{R(1+3))

RFE= FNORM(R(141))

DELS= DARSIN(O6500DO/RFEI*57.2957795D0
ZRE=€Z£00.D0

GO TO 4

D0 S I=1.3

X1(I)=R(I+42)-R(I +2)

SEVA= ADOT(X1sR {1 .+2))

RFS= FNORM{R(1,3))

RFE= FNORM(R{1+,2))
DELS=DARSIN(LT3IBDO/RFE }X57,2657795C0
ZRE=173€E.DQ

GO TO 4

DO 20 1 = 1» 3

X1€¢1) = R(Iys NOR) ~ R{(1l «3)

SEVAz= ADOT(X1+R {1 sNAR))
RFES=FNORM{R(1+,3))

RFE= FNORM(R{1+NOR))
DELS=DARSIN(CI(NUOR+20Q) /RFE)}*57.29577$5C0
ZRE=C{NOR+20)

CONTINUE

ZRE=DSIGN{ ZRE 5 XK}
SIG=DARSINI{( 2RS4+ ZRE)/RF £) *57.2657795CL0
F=SEVA+DEL. S+ XK*SIG—~180.D0
IF(OABS(F)«LE+0+CLC0010(C) RETUFN
IF{COUNT-GT-100.00) GO 70 11

GO TO (€e7)elK

LK=2

DT=~STEP

GO TO 8

DT={ TOLD*F-T*FOLD)/(F~F (LD}

FOLO=F
TOLO=T

K=2 MEANS MOON SHADOW

124400
124500
124600
124700
1248¢C
124900
125000
125100
1282¢0
12€3cC0
125400
125500
125600
1257¢¢C
125800
1255600
126000
126100
126200
126300
12€4C0
1265C0
126£C0
1267¢C0
126800
1269C0
127¢0Q0
1271¢C0
127200
1272600
127400
127500
127600
127700
1z78cc
127900
1280C0
128100
120200
1283c¢¢
128400
128500
128600
128760
128800
128960
129000
1291¢C0
129200
129300
125400
129500
1266¢C0
129700
129800
129900
130000
132100
130200
130300
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T=DT

CALL STEPOD(NNDTITASRI (1 +1IB) oVI(1418)+C(1I8)+RReVVV,41.CE)
TIM= CIS593)+ (XOLOD+C{(B0€E))+T) /E6400,00
CALL TFRAC(CA{S9Z) +TIMGTTWT1TE)

CALL SHIFTRP(IBIRR VWV TT+TTF 4R4V)
COUNT=COUNT#1.D0

G YO (14261029 K

WRITE(6412)

FORMAT( 1HO,22HMAX ITERATIONS IN ITER)
stae

END

41

130400
130500
130600
13207¢C0
130800
130900
121000
131100
121200
121300
121400
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SuUDROUT INE KUNSTK 1314522
MPLICTIT REALSB(A-H,0-2,%) 1321500
DIMENSION CL10040) +1C(5¢0) 131720¢
DIMENSICN S{A80+1) 488554 C 6} 121207
DIMENSION DNAME{Z2 ,€) 1315¢C¢
DIMENSTION D{743) 1220800

¢ THE FOLLOWING STATEMENT(S) HAVE BEEN MANUFACTURED EY THE TRANSLAYUOR TO 12210<
C COMPENSATE FOR THE FACT THAT ECUIVALENCE DQES NCT RECRCER COMMON-—--—-- 1222¢0
coMMcnN ¢ 132300
COMMON IC s £S5 1224Q0

C DIMENSION C{1C00C),IC(5C) 12250C
C DIMENSICN SC40,1) 4S5854 C0) 12256C3
d DIMENSION DNAMEAL(2 ,€) 132780
C PDIMENSION D(7,3) 1223¢C¢C
C COMMUN CoICs SSS 1224CC
EQUIVALENCE (C201)0S{1 «1)) +(C{341)+0(1 4132+ (C(a48)UNAVE(L,1)) 1230¢C¢

C DEFINES CUNSTANTS NEEDEC BY PROGRAM 133100
C 1322C0
DO} =1y 1000 133300

1 C{1)=CaCDO 1234500

C PLANETARY GRAVITATIONAL COMNSTANTS (KN3/SEC21) 13280¢C
C{1) = 32GEG02.200 - 13360¢C

C(2) = 490277800 1237C¢C

C{2) = +132271845D12 13380¢C

Cla) = 226786%.50C 133980
C{5)=425154510D0 1340COD
C{CY)=,1267105SDS 12410C
C{7)=1CC00.0D0 . 124200
C8Y=10C00.0D0 13430¢C

[« RADIUS GF SPHERE OF INFLUENCE {KM) 1344CC
CO11)=928000.0D 0 1245CC
C(12)=€€C00aCDO 124607
C{13)=1.D1¢C 124780
C(14)1=€16000,000 . . 124800
C{1S)¥=5€5000.000 1249GCC
C{1€E)=,AEDE - 135000
Cl17)=1€C00C0.0DC 12€100
CL18)=1€00C0.00C - 13€2C0

C IMPACTY RADIUS {KM) 13€200
ClZ1)=6378.165D0C . . - 12€40G0
C(ZZ2)=1728-,000 135509
C22)=6$4000.0D0 1256CC
Cl24)=EC50.0D0 12€7C2

C{2€) = 3417.00¢C 13580¢C
C(26)=7100C.C00 13€60¢C
C{271)=1C00C.000 - : 1360C0O
Cz2e)=1C000.CO0 12€61C¢

C MINIMULM YIME STEP FOR OUTPUT (SEC) 13¢€2CcC
CL21)=42200.CDO - 1362C¢
Cl32)=21€0C.CDO 13€4C0O
Cl32)=17280CC.0DC 12¢5C¢C
Cl24)=42200.0D0 S 1366C0C
CL2e)=42200.CD0 1267C0
C{2€)=EE4L0C-CDO 1268C¢C
Ce27)=42200.0D0 1365CC
Cl:831=42200.C00 . 137¢¢c¢C

C SIDEREAL ROTATION RATES (RAD/SEC) . 127100
Cla1)=,72921152D0~4 1237200

C INTERPUOLATIUN INTERVALS FCR EPHEMERIS (DAYS) 1374304

CLS19=4C. 000 \ 137400
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ClS4)=4Ca 000
C{55)=4C.000
C(56)=1C0.000Q

NAMES OF EPHEMERIS BODIES
DAYTA QOCOHL/EH EARTH/
Cl61)1=QC00HL

DATA QOCIHL/76H MOCON/
Cl6z21=0C01IHL

DATA QOC2HL/EH SUN/
ClE2)=QCO2HL

DATA QOC3HL/7EH VENLS/
C{€4)=QCO3HL

DATA QOCC4HL/EH MARSY/
ClEE)=QChaHL

DATA QOCSHL/EHJULPTERY
Cl€E)=Q005HL

DATA QOCEHL/6HBADY 7/
C(67)=QC006HL

DAYA QCC7HL /76HBODY 8/
C(€8)=Q0C07HL
ASTRONOMICAL UNIKT IN KM
CL7C)=.14958D%

SECONDS PER MEAN SOLAR DAY AND RECIFFRCCAL
C{71)=€¢403C.CO9
CC723=141574C0740-5
SEMI[-MAJOR AND SEMI-MINCR A>ES CF TVTHE EZRTH (KM)
C(72)=€278.2C64DC
Cl74)=€E3CEL.5€330¢C
DEGREE-RADIAN CONVERSICAS
Cl7€)=,C0174E32930¢C
Cl7€) = £7.2$5779500
C{77) = 1.57C€295¢63200
C(78) = 3.1415926500
C{79) = 6.282185300¢C
DATA QOC8HL /7€EH K/
clecy=QceanHL

DATA QC(SHL/6HM~-KM/S/
CleEE )=QCOSHL

DATA GOLORLZEHEC~DEG/
C(E7)=QCL1OHL

ODATA QOLIHL/EN L/
C(&8 )=QO1iHL

DATA QOI2HL/ZE6HNITS A/
ClES 3I=Q012HL

DATA QOI3IHL/EHU~-~DEG/
C{S0 )=QO01L3HL

DATA QO14HL/7€H EQL/
C{91)=QCL4HL

DATA QOLEHL/7EHATOR O/
C(S2)=Q015HL

DATA QOl6HL/CEHF DATE/
C{92)=aCle6HL

DATA QOCI7HL/76H ECLIV
C(S4)=QC17HL

DATA QO1E€HL/76HP TIC O/
C(S5)=QC18HL
C($6)=QCL6HL

DATA QCiISHL/76H S/
C(S7)=QC19HL

DATA QO20HL/EHELENOG/

12780
13760
13727C
13780
13790
1380¢C
13810
13820
13830
13840
13850
13860
13870
13880
138¢¢Q
13900
13610
13920
1293¢
13540
1358¢C
1366¢C
1397¢C
12980
13990
1400¢
1401¢C
14020
14030
14040
14C5Q
14CE€C
14070
1408CH
14CSC
141Q0¢C
i411C
141204
14130
164140
L4156
141601
1417CHt
1418Ct
1419C(
1420C!¢
t4214C¢
14220¢(
1423 0¢
1424C«
14250C¢
14260(
1t427¢C
14280¢
14290¢
143C0¢
1431C¢
14220¢
14330«
14346 0¢
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C($8I=QC20HL
DATA QOZIHL/EHRAPHICY
C{99)=QC21HL
C{122)=1.000
THE FOLLOWING ARE EARTH FOTENTIAL
c(200)
Cl2¢8) THRL C(214) 1S C(1.1)
c(z18)
CC221) THRL C(22%) 1S C(3.+2)
C(2z26)
CL{230) TRRL C(222) IS C(S5,5)
c(232)
clezsn
C{22€) THRL C(242) IS £{0.+C)
c{244)
Clze1l) THRL C{256) IS S(2.2)
Clee?)
C{2€2
C{2€e€) THRL C(2¢€8) IS S(548)
C(eE%)
ctz11)
C{2CL)=C.0DOC
C{eCi1=Ca.0D0
Cl2Czi=—a10E286450CCC20-2
C{2CII=CaEUTSGEISSO~S

C(zC4)
c(zcCcey
c(zcen
c(zC?)
ctace)
c(2Cs)
C(ztiqQ)
Cteil)
Cl{zcize)
Cclz1d)
C(z14)
cl{zig)
C(z218)
ce217s
cizt8)
CL2is)
C{22Q)
Clzel)
C{z22&)
Cclzzd)
Ctzz4)
c{2ze)
C{zzel
c(227)
c(z228)
c(229)
cl{z23¢)
clzin)
cla2izd
ce232)
C(234)
c{238)
c(2:2¢)
€237y
clz:8)

[ S O T (O A (T S T 1 N T | BT A 1}

#oH

Hou

oo oiou

L T ]

I

0ok

i

THRGL C{2C7) IS C(G.Q)

THRUL C(220) 1Is C(2.,2)

THRU C(22%) IS C(4 +4)

THRL C(234) IS C(646)
IS C(747)

THRU C(25C) IS S(ls1)

THRUL C(2€1) IS £(3.42)
THRLU C(2Eg) 1S £{4;4)

THARL C(27C0) IS S{6.+6)
IS S{7.+7)

«ltd D-%

«21Q D=4

-+ €455$5689963L~6
e 3324565555980 -6
Q0.DC

Q.DC

«20G1118%5862 £-5
—eH42046E46485 D6
— e LICELISRE2LTIC -7
-~ 236675402246 L-7
e 14418%23578 D-6
»1E3E8¢37£60676D~5
«25C7CE7287360~6€
«7375024328770~7

-« k0211 77C78260-6
«B5E3830313850~8
«3E2C826721 14 0~7
«7822771248130~7

s L0EBLESTTI2730~7
—~el7177E7428880~7
~wll16630C40940~8
—e3€2147€C6138 D-8
~el1 11658253875 D~8
- e20633€3282040~8
-~ o lEGDOEQEL294EL-9
~232277€5845750-6
+384108%4€188D0~9

- e252611520257 D-9
»20E898C4€21530~-1C
- v$3191603€655%0~-11
-eld450663738260-10
«1020279453380-11
Q0.D¢

0sDC

QeDC

THRU
THRU
THRU
THRU
THRU
THRU
THRU

THEL
THRLU
THRL
THRU
THEU
THRU
THRU

COEFFICIENTS
C(7+0)
C{7,1)
C(742)
CL7+2)
C(7+4)
C(7 45
C{7+€)

S{7 .0
S{7.1)
S{7.+21
S€743)
SE7 :4)
S(7.:€)
S{7.€)

LR RN

14320C
143600
1437CC
143890
1439C0
144000
144100
144 20¢C
144300
144400
14450¢C
144€CC
1447C0
144€C0
1449C0
145000
14100
14€2¢¢C
145300
145400
145500
1456CC
145700
1458C0
1459CC
14€CCQ
1461CC
14¢2C0Q
14¢ 3C0
14€4CC
14€5C0
146600
1L4€7C0O
1468CQ0
1465Q0
147G6C¢C
147130
147200
14730¢C
147400
1475C¢C
147€00
147700
147800
1476C0
1480C0
1481C0
14€200
1483C0
14840¢
14ESOQC
1486C0
1487C0
148800
1483900
149000
145100
1462CC
145300
14640¢C
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C{239) =
CL24C)
C{za1
c(z24z)
Cl2az)
Cc(z4a4a)
c{2a%)
c(24¢)
ct247)
c(z248)
CC249)
c(z2sQ)
c{zet) =
C{2¢2) =
C{2¢3) =
c{224) =
cl{2gsy =
c{z2g¢)
c(2e7y
cfz2ce)
cla2eq)
C({2¢€Q)
Clzotly =
Cle6e) =
C(2ez) =
C{eeay =
C(2e)

C{26€) =
cltee?ry =
c{re8)y =
Cl269) =
C{27¢C)
C{271) =

H

W

o #ouou

i

i

i

W H

1]

]

THE FCLLOWING ARE MOON FOTENTIAL COEFFICIENTS
THRU C{276) (S C(0+0)
THRYU C(280) (S C(1.,.1)
THRU C(283) 1S C(2,2)
THRU C{2€5) (s C(3,3)

c(2721
c{z17)
C(ze1)
C(2€4)
C(2E€)
CL2E7)
cl{252)
Cl2G€)
C{259)
C(z01)
C{272)=Ca
C(273)=Ca
C{274)==,
C{275)=C.
C{279)=C.
C(z81)=C,
C(284)=Ca
C(4€2)= F
Ca62)=1.
C(506)=0.

C{719)= REDUCTION FROM UNIVERSIAL TO EPFN TIME

C{71%)=40
cC(r20)=
C{720)=C.

NRI: REPORT 7436

Q.00

0.0

Qe C

0.0 C

0.0¢C

GeDC

0.DO0

e 2873128376320 ~6

~ 4449324 E67TTSD~6
—eBE20393C748 D-7
~ecid43G4EE3GT O~7
+L141£C3CES36 DB~6
~ £ 72C0€€750118 D-6
~ sV E€37€1SE3737 C-6
«l47804C%3315D-6
—e37E45€EE4T4840-7
~+45E31€216648 0-7
+1E2351€8€C1 06 D~7
«2288982C7T1646 D~6
~ el 135467176870 ~7
«221240€1842% D~9
«E€427H(S75065D~-G
2L 384€27£4220G
CHELILIESEITSD-B
«HIELI21E58304 DG
~«1S0O0ET7E025120~8
~e216600C563620~9
-~ e1457€44206050~8
—~ eJESOI6C264510~9
«191117€6%€763D~-10
+3€1118E2666CD-10
«G372814139240-11
eI 7ELEBEL14C954D~11

!

IS C(a+4)

THRYU C{2%1) & 5(0.0)
THRU C{26S) IS S{i.,1)
THRU C(298) 1S S(2.2)
THRU C{(30C¢) IS S{(3,3)

[C
oDo
oL o
2071080~-3
210-4
340-4
20716D-4
025830~ 4
LAG FOR [MPACT
Do
Do

0D C

RETIFICATION LIMIY IN FOUTINE CERIV

Q2S00

Cl728)= J2 OF MARS

C(729)=C.

194€66670~2

S S(4.4)

THRY
THRU
THRU
THRU

THRY
THRU
THRY
THRU

Cl4,0)
C{441)
C(4 42
C(a,2)

S(4,0)
S(4.41)
S{4,.2)
S(4,32)

* %%k

1966

45

1495CC
149600
1497CC
14980¢C
149900
1500CC
1201CC
1802C0
1503CC
15%40C
150500
15000C
150700
1s5cace
150500
151000
151100
1€1200
1£13¢C¢C
1£140¢C
1€15CC
1€160¢C
151700
1£18C¢C
12150¢C
1sze6cc
18210¢C
1£220¢C
1€2200
1£240¢C
1525CC
152600
1527¢¢C
I152€00
152900
1530C0O
193100
1532CC
1£3300
1€340CC
1535C0
1£360C
1€370Q0
153800
1£38CC
1£4000
1€410C
1954260
15430C0
154400
154500
1£4600
154700
1548¢C
154900
1550C¢C
15510¢C
155200
15530¢C
15940C
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C C(7z€)= 33 /F MARS
C{72€)=0.D0
C C{?258) STANDS FOR TYPE OF INPUT
C = EARTH MEAN EQUATOR AND EQUINOX OF 1950
[ =g TRUE EQUINQX ANO ECLIPYIC OF DATE
< =3 SELENOGRAFHIC TRUE MOON EQUATOR OF DATE
C =4 MARS MEAN EQUATCR OF CATE
C = TRUE EARTH EGQUATOR AND ECGUINOX CF DATE
CLIEE)=1.00
C. C{7€1) IS DAYS FOR INIEGRATION
C{761)=180.000
C{7€&)=140D0
CL7€2)=Ce DO
ClI1E4)=€EE4Q00.D0
C{2£E)=~1.,0D0
Cl7€€)=1.0D0
C(767)=€4,000
ClL7€E)=111.D0
Cmmew CL76S) SCLAR PRESS KEY 0-.0=D0 NQT INCLUDE 1.0= INCLUDE
C{765)=C.000
C==m== C{?77C) AREA FUR SOLAR PRESSURES (CM.*#2)
CL77CI=2222%5.00
Ce=== C{771) MASS FOR SOLAR PRESS (GWV.)
C{771)=113000.D0
C=mw==— C{772) REFLECTIVITY
. Cl772)=C.200
Cu=== CL772) FRACTION OF PARTICLES REFLECTED
CL773)1=1.000
C=m== C(774) SOLAR PRESS AT ONE A.U.
C{774)=4.70-5
€ —~~— C(77%) 1S KEY FOR INPUT.=0. INPUT IS CARTESIAN.=1. INPUT IS
C ORBITAL ELEMENTS

Cl772)=CD0

C ommmm C(T776) 1S KEY FOR STOPPING AT APOGEE OR PERIGEE.

C ~=—~ =0s DO NOT SVTOP, =1. STOP AY APOGEEs =-1e« STOP AT PERIGEE
C(77€)=C<DQ

C-~=~C{?277) IS THE KEY FUR EXTRA COUTOUY AND IS IN THE FCORM AECDEFCH.
(—-=~=C MEANS OO NOT PRINT AND 1 MEANS PRINT.

C-=== A= CENTRAL BOOY MEAN EARTH EQUATOR OF 1950

LCmw—=. Bz MOON FIXED

C--—=— Cz= MARS MEAN EQUATOR OF OATE

C—==~=~ D= CENTRAL BUDY TRUE ECLIRPTIC AND EQUINOX OF DATE

C-—=~ E= EARTH CENTERED TRUE ECLIPTIC AND EQUINOX OF DATE

Cre—~ F= SUN CENTERED TYRUE ECLIPTIC AND EQUINOX OF OCATE

(== Gz CENTRAL BODY TRUE EARTH EQUATOR OF ODATE

- mm—m HzZEARTH FIXED LAYITUDE AND LONGITUDE
C{779)=10000011.
C C(S01) IS OELTA T FOR UPDATING TRANSFORMATIONS IN HARMON
C(901)=15.00
C THESE CONSTANTS WERE ODEFINED IN MAIN
IC(1)=0
IC(&)=0-
RE TURN N
END

1€€2CC
1€€300
1€€4CC
156500
1£660C
1£67C0
1568CC
15€5CC
1£7000
1€71C0C
15720¢C
1€73CC
157400
157500
1576CC
157700
157800
157500
158000
1€g10C
1SE200
158300
12€400
1SES00
158600
1587CC
158EQC
158900
159000
1£€6100
159200
19300
15$40C
18¢8CC
15960C
1£6700
18S8C0
1£9%00
1€CcCCC
1€0100
1€02C0
1€0300
16C4C0
1605¢C¢C
1€606CC
1€0700
16C800
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SUBROUTINE M1 (XeAsY)
IMPLICIT REAL®B(A~H,0-2+5%)
SUBROUTINE GIVES Y=AX
DIMENSICN X({3)+¥{3) sA{(3,3)
D IMENSION X€E3)sY(3) sA(3,3)
DG 1 I=14+3

Y{I)=0.D0

DO 1 J=14+3

YELI=YC DDA L s )% x{J)

RE TURN

END

47

160900
161000
161100
161200
161300
161400
161500
161600
161700
161800
161900
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SUBROUTINE MNA(TIME sOMsCRIDTIEPSIL sRC+GoyGPoWWLEM)
IMPLICIT REAL¥B(A~HL0~24+%)

DIMENSION EM(3,3) ,DF (3)

COMMON/XLIBYZ SGsTA

D = TIME
T = D/3€525.D0
T2 = T*7T
T3 = T2%7

A=13,0€64992DC

DO 6 [=1+3

DO=C.00

DD=D

DD=DC*{A/360.00)

DD =DD- [DINTC(DO)

OF (1)=DD

GO TO (44546) 41
A=.9856005D0

GO TO 6

A=.1643586D0

CONTINUE
G=215.54013D0+360.D0%DF (1)
GP=35€.009067D0+360.D00%0F (2)

WW=1G€Ee745632D0+3€C.D0%DF (3)

G = G¥.C17453296D0C

GP = GP*%.0174832%€00

WW = WWR,01745329600

YN = 1453500%.017453296D0C

RO = =+0297222D0%0C0OS(G)+010277700#DCCES(GH+2,LO%WW)
1 -~ e 0030553550 0%DCOUS (2.0C*G+2.0C0%uw)

TA = = oC0333300%DSIN{G)+.C163888LO0FDEIMNIGF)

1 +e CCEDOXD SIN(R.DO* W)

SG = =~ 03027770 CHDSIN(G) 4 o0102777CO#DESIM(GH2 L0 *WW)
i — e 003055850 CXDSIN (2.D0%G#2.00%uW)

SG = (SG* .01 T4E32C€0CHI/ZDEIN (YN)

RO = RO*40174£32%¢€00

TA = TA%,0174€£32%€00

YN = YN + RO

RO = OM + SG + DT

CI = DCOS (RO)*DSIN (EPSIL)I*DSIN (YN)

1 +0C0S (EPSILI*DCAS (YAN)

SI = 14D0 - CIx*x%2

S{ = DSQRT (sI)

SO = —DEIN (ROI*DSIN (YN)/SI

CO = 1eD0 =~ SU¥%2

CO = DSART (CO)

SO = ~DESIN (RUI*DSIN (EFSIL)/SIE

CD = ~DSIN {(RO)*SC*DCOS (EPSIL) ~ DCCS (RO)#CO
DL =ARKTNS(QsCD+SD)

CONTINLE

CA =Dt + (CR + TA) — (LN + £G)

SA = DSIN (Ca)

CA = DCOS (CA) .
RO = DCOS (RO)I*DSIN (EPSIL)/7(SI*CD)

EM{1.1) = CA¥CU ~ SA*SO*CH
EM{142) = CA¥SO + SA*COx*CH

EM(1+32) = SAxSI

EM{Z2.1) = -~SA%CO - CA*SC*CI
EM(2,2) = —~SA%S0 + CA®CC*CI
EM(2,3) = CA¥S]

EM(3,1) = SO*SI

EM{2,2) = —CO*SI

EM{3.,3) = CI

RE TURN

END

H€200C
162100

1€622CC

1€2300
162400
1€2500
162600
1€2700
162800
1€2900
1€3000
162100
162200
1€3300
1€3400
163S8CC
162600
163700
1€3800
1€3900
164000
1€4100
1€4200
164 3C0
1€4400
1€4500
164600
1€4700
164800
164900
165000
1€5100
1€€200
1€£300
1€24C0
165500
1656C0
1€5700
1€5800
1€59C0
166000
Le€100
1€€2CC
16€300
1€64C0
1€65C0
1€66C0
1€6700
166800
166300
167CC0O
1€7100
1£€72C0
167300
1674C0
1€7500
1€7600
167700
167800
167500

168000
168100
168200
168300
168400
168500
168600
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SUBROUTINE MULT(A+8.C)
IMPLICTY REAL®B(A-H,0-2,%)
DIMENSICN A(333)+8(3+3)4C(3,3)
DIMENSION A{3+3)e8(323)+C(3,3)
DO 1 I=1+3

00 1 J=1.,3

ClisyJd) = QeDO

DO 1 K=1,3

Clled) = CLEsd) 4+ ACL +KI*B(KsJ)
RETURN

END

49

1EE7CC
1688C0
1689C0
168C00
16S51CQ
165200
1693C0
169400
169500
169600
169700
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SUBROUTINE NUTAIT (TIME +CNM,CRDTENLEFSIL)
IMPLICTT REAL¥B(A-H,,0~2 +3)

DIMENSION EN(343)

DIMENSICN EN(3+3)

LOT=C.0C
D = TiIME
T = D/3€82€.000
T2 = T%7
T2 = T2%T

OM= 12.11279C00~4CE2953G922DCRD+,00207GS5C0%T+.00208100C04T2+.,0000C2

Z0C0DCxT3

CR = €443756520C+12417€3970C*C~-+001121575C0*T~400112015C0*T2+4.00C0

Z0150C* T3

GP = 20€.84359D044111404(8DC*C~+0103340CLO*T~.01034300C0%*T2~,00001

£2CCRCHTZ

VL = Z28C081210CH+SBBE€AT34DCHD+.00030300CO0*(T+72)

G = 2€62.,0HC5200+e470084L0~C4%D+200048825C04T+400045750C0#T2+4,000002

20000% T3

+ €C8 + DD9

)

OM = GM*.01L74%32C€DC

CR = CR#*.0174832¢¢0DC

GP? = GP*a0174232%€00

VL = VLwaQ174%324%€i30

G = G¥eCl74E329€¢DC

DEL = 25.5£44C00C ¥ DCCE(CN)

DEZ = = ,25110C & DCUS(Z.00%CM)

DEZ = 1.822600%0C08{2.DC*VL)

DE4 = J4CEouLCE DTCEL J«C0% VL ~G 1}

DES = =~ 025800 % LCOS{ VLG )

DEE = ~ 4016300 ¥ 0COSL 2.0C¥vL~(CN)

DE7?7 = =~ CCETDC % 0CAS{ 2.00%GF — (M }

DE = DEL + DEZ2 ¢ D3 ¢ DES4 + DES + {6 + LE7
D1 = 4245600 * DCCST2.0C*CH)

OUZ2 5= LOS08LC * DUCST 2.00% & - (M)

D03 = «€36500 % DLUSI34DC% CR =~ GF )

D4 = ~L,013900 % VlUS( CR+GF)

DDS = ~400EHLO % LCAS{ CR-GFeCN )

DDE = +LCBIVEC x DCUS( CR-GE-CV )

D08 = LCO08IL0 * LCOS{ 3.00 % CR&EGP -~ Z.C0I%VL
DDG = JCCEGDC % DCCS{ 3.D0xCR ~GF -C(WN)

LY = DD + LD2 + LD3 + LO4 + DDS + LL6 + CC7?
DIl = ={ 47.68827CC00C + 04320047} * CSIN{C(N)
DY2 = JHBEDO % DSIN( 2.DCxLNM )

DT3 = «2.5361L000C % DZAIN{ Z2.D0 * vi 3}

DY4 = = .137800 % DSING 2.0C*vL =G )

DTS = LC854DC ¥ DEINC VLG )

OTE = LC34640C % UDSIN{ Z«DCENL - (M)

DY7 = 4C1280C % DSIN( Z2.DO¥GF - (N )

DTE = #JS00 % DSIN{ VL-G )

DTS = «C1280C % DSIN{ 2.C00%VL — 24.C0#GF )

DT = DTL + LDI2 + DYV3 + CT4 + OTI5 + CY¥6 + CY? + LT + £T9
DS1 = —45658D0 % DEIN( 2.00%CFk )

DSe = = o095DC % DEIN{ 2.DC*(R - (V¥ )

PS3 = =~ Q72500 ¥ DSIN( 32.DO¥CR - GF )

DS4 = oC317DC ¥ DSIN{ CR¥GF )

D58 = «C1BIDC * DEINC CR ~GF +(WV )

DSE = 4CIHEDC * DSING CR ~GF ~(N )

DS7 = —«0144D0 % DSIN{ 2400%CR + GP —~ 2.C0tVL
DSB8 = —«0122D0 #*# DSIN( 3.00%CFK - GF ~ (¥ )
DSS = J187SD0 % OSIN( CR -~ GF )

DSI0 = «CC7800 * DSIN( Z«DO0*%CR ~ 2.C0%GF )

1€SEQ0
1699C0

170000
1701CC
170200
1702¢q

170400

170500

17C60C
17¢7C0O
17¢c8CC

17¢S0¢C

171000
171100
171200
171300
1714C0
1712¢CC

171€0¢C
171700
17180C

171500
1720¢C¢
172100
172200
172300
L7240¢C
1728CC

172€00
1727C¢C
172800
172500
173GCC
1721CC

172200
173300
172400
1723500
173€0¢C
1737CC
173800
173500
174006
1745100
174200
174300
174400
174500
174600
174700
174800
17450¢C

175C00
172100
17€200
17€30¢
175400
178500
175600
17570¢C
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DS11 = «C41400 ¥ DSIN( CR + GP ~ Z.CO0#VL )

0S12 = +0167D00 * DSIN{ 2.D0%(CR - 2.C0#*VL )

DS13 = ~«008900 * DSIN{ 4D0%CR « 2.L0*VL )

DS = DSI+DS2DSIHDSA+DEEIDSLEHLSTHIDSBHLSIHLSI0+CSIL4LS124D81 32
DE «17452266D~5% (DE+DD)

DT = 4174532%6D~-S%(DT+DS)

EB = 23444S7587D0~40130540400%T~-,0000CC83C0#T2+4.,000000SCO*T2Z
EB = EBx.0Q174£329600

EPSIL = EB+DE

EN{1,1) = 1.0DO

EN( 142)=~DT*DCOS(ER)
EN(1,2)=~DT#0SIN(ED)

EN(Zst) = —EN(1.2)
EN(Zs2) = 14C0D0
EN{2,2) = -DE
EN(241) = =EN(1.3)
EN(Z2,2) = L&
EN(3+s2) = 14000
RETURN

END

175800
175GGC
1760C0
17¢1CC
17¢€20C
17€300
176400
1765¢C
17€¢6CC
176700
1768CC
176900
17700¢C
177100
177200
177300
177400
177500
177600
177700

51
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SUBROLTINE ORUB(XeDXeUsNCLT) 177800
IMPLICIT REALX8(A~H0~24+%) 177900
DIMENSION C{1000) 178000
DIMENSION X{3)sDX(3)+8(2) 178100

¢ THE FOLLOWING STATEMENT(S) HAVE BEEN MANUFACTURED EY THE TRANSLATOR 1O 17€2CC
I COMPENSATE FOR THE FACT YHAT ECUIVALENCE DOES NOT REORDER COMMON—--— 178300
COMMUN C 17E40C

< COMMON C 178500
C DIMENSION C{1C00) 17866GC
c OIMENSIGN X( 2) DX (3),8(3) 1787¢0
EOUIVALENCE (C(700)+SMA) o {C{701) ECC) +{C{702),CINCI(C(T0Z),0MG) 178800

15 {C{7C4)4BEP )} 2 (C(7C5) +RCA) 5 (CL7CH) oC2) s (C(707) o THET ). {C(T7QB)PERV) 178900
2e{CL7CYI P )2 (CLT10)8B8 Is(C(T711)+TFEFR) 17500¢
CALLL CROSS{X,DX.8} 176100

R2 = DOT(XeX) 176200
R=D3ART(R2} 175300

V2 = DOT(DX.DX) 175400

B2 = DOT{Y .B) 17956G¢C
B8=DSORT({I2) 176600
A=PDO I{X,0X)7L 1767¢CC

P = B2/L 1768C¢C

C3 = V2-2.0DCkU/R 1799¢C
SMA==L/C3 18000¢C
ECC=DSQRT(CABS( 14 0DO+CIHFE/U)) 180100
OINC=ARKTNS{ 1808 (3) +sDSCRT(B{1)#42+E(2)*42)) 180200
OMG= ARKTINS(360,~8({2).8(1)) 180300
RCA=P /(1. 0D0+ECC) 180400
THT=ARK INS{ 360, (P~R) »88%A) 180500
BET= ARKTNS{360+sX{(2)%BL1)~-X(1)#%B(2) X {(3)HEE) 18C600C
BEP= BET-THT 186700
IF(BEP) 243223 18C800

2 BEP=BEP+6.28218E53D¢ 18CsCC

3 CONTINUE 1£1000
RTD=£7.26577651D0 181100
OINC=0INC*RTD ta1200
OMG=CMG*R TD 181300
BEP=BEP*RTD 181400
PERV=DSGRT({DABS(CI+2.00C*L/RCA)) 181500
VIMP=PERV-DSART (U/RCA) 18160¢C
CTAS=(P /R~ 1.LD0)/ECC 1817¢C0
IF(CABS({CTAS)LT41.00) GC TC 200 18180C
STAS€=2C,DO 181900
CTAS=DSIGN(1.0D0+CTAS) 182000

GO TO 201 182100

£C0 STAS=DSQRT(1.000-CTAS*XCTAS) 18220C
STAS = DSIGN( STAS.A ) 182300

2C1 CONTINUE 182460
THE=ARKTNS(180+CTAS.STAS) 1ez50¢
THET=THEXR TD 18260C
CALL TCONIC(ULECC +SMA +P JTHE s TPERF AC) 1E2700
TPER=TPER/EEG00.0DC 1828C0
IF{SMA)10., 10,11 182900

10 WRITE ( 69 7)SMALECC sCINC sCNG 3BEF o FCA s C3 3 THET o PERV E+VIMP,TPER 183000
7 FORMAT(SH SMAD1IS+8s+5H ECCDIS.8+5H INCLC1S.8,5F LAND1S.8, 182100
15H APFD15.8+¢5H RCADLS.E/SF C3D15.845H THETC1S5.8+5F FERVD15.8, 183200
25H SLRDIS.8:54 IMPVD1S.8+5k TFERD1IS.8) 183300

GO0 TO 12 183400

11 F1=A%L/DSQRT (L& SMA ) 1e3scc
F2=1.0D0C0-R/SMA 1826060

SINE=F L/E£CC 1837C0
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COSE=F2/ECC
E=ARKTNS{3604COSE » SINE)
XMAN={E~ECC*SINE) *RTD
PERH = FAC * C{79) 7/ 36(0.D0
APBK=SMA¥{ 1.D0+ECC)
WRITE ( 6EsS)SMAVECC oCINC o UNGoEEF ¢RCA+CI+THET » AFEK, AMANSPEREF T
IPER
€ FORMAT(SH SMAD1S.E+5H ECCC15485H INCDC1Se8,5F LANC1S.8,
15H  APFD1S5.8,y5H RCAD1IE .B/5H C2D15.8+5H THETD 154,85+ APOGL15.8,
£SH  MAND1S+8,5H PERHD1S.8+5H TPERD1IS.8)
12 CONTINUE
RE TURN
END

53

183800
183900
184000
184100
18420C
184300
184400
1£45CC
14600
164700
1€4800
1864900
1£€5000
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SUBROUTINE ORDBZX{X e VX +EL oL)

IMPLICIT REAL®B (A~He0~2 +%)

ODIMENSION X{3) V3 (3) sEL(B) 2A2(3.2)

EL. CONSISTS OF INPLT CREITAL ELENENTS

(1) SEMI-MAJOR AXIS (+ IF ELLIFYIC, =~FCR HYPERECLIC)

(2) ECCENTRICITY {LESS ThAN 1+ ELLIFTICs CREATER FYPERBOLYC)
(23) TRUE ANUMALY {DEGREE £)

2xkIF C379 CHANGED TO 1e9¢ MEAN ANCNMALY IS5 ULSED FCR INPUT
€378 = £.DO

{4) LCNGITLDE OF THE ASCEDMDING MCDE {(LECREES)

(5) INCLINATION {(DEGREES)

{6) ARGUMENT OF PERIAPS1IS (UEGKREES)

DATA DR/.017453293D0/

COM=DCO S{DR¥*EL(4))

SOMz=D S IN(DR*EL(4))

CIN=DCOS(DR¥EL(E))

SNI=DSIN(DOR*EL{S))

IF(C376  )104+104+20

XM=zEL {3 )%LR

ECC=EL{Z)

E=XMAECCR¥OSIN (XM)I+(ECCH%2/2,D0)#0DSIN (Z.LOXXNMIH(ECCH*2/24,C0)2(S.
100D SIN (34DO0%x XM} ~34D0%DSIN (XN)I+(ECCH$4/7192.C0)% (€4 .COXCSIN (4.D

*O®EXM)I~IZDCEDSIN (Z.DO%xVN))

CTA={DCOS (EJI-ECCI/{1.0C-ECCHDCCS (E))
STA=DSQRTY (1+D0-ECC*¥2)I%DSIP (E) /(1 .CO-ECCHCCCS (E))
TAAARKTINS{180+,CTA,STA)

GO 10 21

CTA=DC0S (DR*EL(3))

STA=DSIN(DR*EL(3))

TAA=EL( 2)%UR

TOB=TAA+EL (6)*%DR

CBA=DCOS(TBB)

SBA=DSIN( TBS)

A{1ls 1)=COMRCBA~ (SCNECINIXSBA

A(2+ 1)=SOMRCBA+ (CCVMECINY*SBA

A{ 2, 1)=SNI*SBA

A{ 1s2)=~COMXSBA~(SCMCINIXCEA

Al 2¢2)=—SUMKSBA+ (CCMRCIN)XCEA

A( 3, 2)=SNI*CBA

P=EL{1)%{1.0D0-EL (2)%%x2)
R=P/{1.CDO+EL{2)%CTA)

R IS ITHE RADIUS VECTOR WMAGMNITUDE
VR=EL(2)%STA®DSART{U/P)

VR IS THE RADIAL CGMPCAENT (F VELCCITY
VTI=zDSQRTI{UR{ 2. 0D0/R~1 +O0DO/EL (1)) ~VR*AVF)
VY IS THE TANGENTIAL CCMFONENTY CF VELCCITY
DO 1 I=1,3

X{T)=R*A(1+1)

VXCII=VR*¥A(TL s 1) #VT*A(I +2)

CONTINUE

RE TURN

END

18£100
18€200
18£30¢C
185400
188€C0
185600
1€57C0
18€800
1EES00
126CCC
1E€100
1£€62CQ
18€300
1€€400
1865C0
1866CC
1867CC
18€E00
186900
187000
1€7100
187200
18€73cC0
18740¢C
187500
18€7€CC
187700
1878C0
187900
18800¢C
1e81¢C0
1E€200
1ee3c0¢
188400
1885C0
128600
tEETCC
188800
188S5C0O
189000
189100
1€S200
186300
189400
186500
189€CC
185700
189800
189900
1900CO
1601CG
1902C0
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SUBROUTINE OLT( Xs Y2D4ERFIR N oL 4H)

IMPLICIT REAL¥B{A~H,U~24+%)

DIMENSION A{3+3) vENI3 231 ENVMN(I3)+AR(3.3)
DIMENSION DATE{3:32) oSDATE {3 4+3) yCATET(3+3) «SOATET (343 ), ACATE(3,3),
TADATET{ 3+3)sDATEECII ,3) yODATECT(343) o XX{3Z) o XV(3)
DIMENSICN Y(20) «D{20) ERRKCR(20)

DIMENSICN RATE(I) S»PERT(3) s FERTT{(I)

OIMONSION DACC(Z2) »CACCIZ) LOACC L3

DIMENSION R1{J3+E8) «VI(34€)

DIMENSION XTEMP{3)s VIENF{Z)

DIMENSION DUMI3,3)
COMMON/DISTREB/DACC sCACC ,CACC

COMMIN /ROT/Z DATE oSDATE JDATE T+ SOATET o ACATE yACATET W LATEECLCATECT
COMMON/TIME/ Tu, IF

COMMON CC1C0C) ICLS50) +2(2) o VVII) onNCRyINF
COMMONZTURP /TLU

COMMOCN/PRINTYZ ICSCISEL +MARCAT SICERECHIEFAREC, ISUNECLICEATE, IEARFX
DATA SYT/~1e/+ST1/~1./

EQUIVALENCE (CU401)+sR1{141))4(C(425)4sVv1iC(Ls1))
TIiM =C{S8GII+(X+C(H506))I/7E64C0.D0

CALL TFRACIC(592) ,T1IM TR TIF)

{F {(C(122. «NEe CaDO ) GC TC 3000

STL = Tw

SY = YF

IFLC{SG64)~{(C{(306)+X%X)aGT.0.0C) GC TC 50
IF{TVEQeST1 AND«LCABSITIF-ST) JLEL«00002£0) CC TC S0
DO 1CC2 Ju=1.3

PERT{III=0ALCCLII)I~CACC (L)

ST1=Twh

ST=71F

WRITE(E+S)

FORMATL IHO)

CALL CATOLT(TUsTIF sCAYNFDATE »Q)

TE=Tu+TF

TLU=TP

CALL ROTEQ(TPA)

CALL NUYALT(TPUMZCRIDT,ENLEFSIL)

CALL MULT{EN A DATE]}

DUM{ i1+13=1.0¢0C

DUM{ 1+2)=0.0C

DUM{ 1+ 3)=0.00

DUM{(Z,1)=0.DC

DUM{ 2, 2)=DCOS(EPSIL)

DUM{ 24 2)=DSIN(EPSIL)

DUM(Z,1)=0.00

DUM( I+ 2)=~DUM{Z2.3)

DUM{ 3,30 DUM(2,2)

CALL MULLT(LDUMLDATE DATEEC)

DO 8¢CO =143

00 8CC J4=13

DATETY(J 1 )=DATE(]L »J)

IF{ICDATE +EQ.Q) GU TQ 3¢

CALL MI(R1{1+NOR) +CATE s xX)

CALL. MI{V1I{L.NOR) »CATE s>V}

WRITE{€E,48) C(NOR+6Q)

FORMAT{ IHO A€+ L Xo *CENTERED " 43X+ *TRUE E#FTH EQUATCR ANC ECUINOX OF
IDATE?®)

CALL DULTIX{I XXXV NCLT)

CALL ORBUXXs XV CINGR}I SNCLT)

55

150300
156400
1505C0
190600
1$£7C0
16C8CO
15¢sC¢C
1S1CC0
191100
161200
151300
151400
151500
1$16G0
1617¢CC
1651800
1$150C0
1923¢Q
192102
152200
162300
152400
1925C0
1926C¢C
1927C0
1628C0
192$C0
1930C¢C
193100
1$22C0
193300
193400
1$3500
193600
1S3700
1538C0
163900
1$4CCGC
1541C0
154200
19430Q
1$44CC
154500
1546CC
154700
15480¢
164500
155000
19€100
1IS€200
1953040
1654C0
1555C0
1$€60¢C
195700
1S5800
1659¢¢
1960CC
1G€1C0
196200
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IFCICE0 Qa0 eANDSC{777) ahNELCeDOY GC ¥C 21
wWRIITE{E2102 CINUR+6Q)

FORMATU IHOSAD I X o BHCENTEREC o 3X WSIHFCENTYE AL
TAND EQUINOX LU 1958)

CALL OUTIXTIRICLeNOR) sVECL oNCFE) o NCLT)

CALL ORI ICLIANGR)Y VI {1 «NCR) CINCR) JNCLT)
IF{IEARFXLEQ« Qs URGANURCNESL) GC TC 200
(TIME =T

Y2=(0 P~ ITIMEI4X8C4CC.00

Tl=11iME

DA=EN{2+1)

CALL GHA{TZ2s TL+aGHANIDA ZCNEGA)
GHANZGHAN®C{ 75)

CALL MLIRL{1 +NOR) 4CATEW>TENF]
SINT=DSINM(GHAN)

COSI=0COUOSIGHANY

XXL1)=s XTEMP{II*COSTH+XTEME(2)4SINT
XXCE)=s— XTI MP L} *SINT+XTENPE(2) #CCST
XKX{2y=XTEMpL32)
XLATI=DARSINCXX(3I) /ENCRM (XX) ) *C (7€)
XLONGI=ARKTINS(180xX{1} +XX{(2))*C(706)

CONYINULE
IFCISEL oW e0eURaNURWNEZ2) GC TC 370

CALL MNA{TP UMJCR DT SEPSIL RO +sG2GF s sENN)

CALL MULT(EMNLUATE +»SDATYE)
00 8C1 I=1+3

DO 201 J=1.3
SOATET{J L }=SDATE(1,J)

CALL MLI{RLLLINOR) s SDATE + XX)
CALL MLIVI(L +NUR)} s SDATE +2V)
CALL MI(PERTISOATE JPERTT)
WRITE{E€+S03C) CINGR+60)

ECTY NEAN EARTE ECUATUK

FOURMATU IHOWAE 1 X *FIXED TRUE NMCON ECUETCR CF CRTE')

CALL OUTX{ XX o XV sNULT)

CALL ORB(XXs XVsC{NOR) +NCLT)
CONTINUE

IF{MARCAT.EQ +0s0R+ARORNELS) GO TC 1001
CALL ARES{DAYMSFOATE sAR)
CALL MULT{AR+A+ADATE)

DO 8Cz I=1i,3

00 €82 J=1,3
ADATET(Jo1)=ADATE (L ,J)

CALL MLI{RL1(1 +NOR) ¢ADATE 4 xXx)
CALL ML1{VL1{1l,NOR) +ADATE s xV)
CALL MI(PERTWADATE »PERTT)
WRITE{(E6,700) CI{NOR+60)

FORMAT{ 1HO+sA 642 Xy 3SHCENTERED MARS MEAN ECQUATCR CF CAYTE )

CALL OUTX(XXsXVaNCLT)
CALL ORB{XXp»XxVesC(NCR) +ANCLT)

I0R=NOR

CONTINUE

IF{TOR JEQNUORANDS ICERECNE 4Q) GC TC 34
IF(TOREQe 1 e ANDSIEARECNELQ) GC TC 24
IF{IOR JEQe3eAND I SUNECNELQC) GC TC 24
GO TO 22

CALL MI(RL{1,I0R) »CATEEC +xX)

CALL M1I(VI{1+IUR) +DATEECy>V)

16€3C0
1564CQ
1S€E5CC
1566CC
16€67CC
16800
1665CC
157900
1¢7100
1672C0
167300
1$74C0
167500
157400
167700
1678C0
1976CC
1S€8C00
188100
148200
16€3C0
1$€400
15€85¢CC
158600
1687CC
1G8E00
168600
1660C0
1591C¢C
1992C0
1$9300
1$$400
165500
196600
165700
1658C0
1699C0
2¢0000
2C0100
2C02¢0
2¢03c¢C
2C0400
£€054G0
20C600
2CC7C0
z2¢c800
200s00
2C1000
2011CC
«C1200
201300
201400
201500
201600
2C1700
2G18C0
201800
201901
202000
202100
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WRITE(6,+900) C{IQR+60)
FORMAT{ 1HOsA G2l Xy *CENTERED TRUE ECLIFTIC AND ECUINCX CF DETEY)
CALL OQUTX{ XX s XV 4NOLT)

IF{IORJEQeNOR) CALL ORB(IXXe>VCARCF) NCUT)
CONTINUE

IFCIORWEQe3aANDJNORANE3) GC 1C 14
IF(IOR.EQ«1) GO YO 100C

I0R=1

GO TO 4C0

IF{IORLEQe3) GU TO 14

IF(NORLEQ«3) GO TO 14

10R=3

GO TO 4ce

CONTINUE

IF{NORJNE « 1+ DR IEARFXJEC.0) GC TC 33
WRITE(6+43001) XLATI «XLOMGIT

FORMAT{ *CEARTH FIXED LATITUDE(DEG) C1S.84+3% " LCMCITUCE{DEGI D12 .83

CONTINUE
WRITE(€4,21)C(C461)
FORMAT(2CHONUMBER OF STEPS IS D20.8)

RETURN
END
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202200
202300
202400
202500
2026C0C
2€2700
202800
z2C29Q0
20340400
203100
202200
203300
2034C0
203500
c03600
203700
2C¢38040
203900
204000
204100
204200
£04300
204400
204500
2C4600
204700
04800
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SUBROULTINE OLTX{(XsVXsNCLT) 2C490C
IMPLICIT REAL¥B{A—~H0~Z+ %)} 205000
DIMENSION X{3)+vX(3)C {6} 2CS5100
DIMENSION X{3)aVX(3)+C(6) 2¢<200
CALL RVOUT({X,VXsC) 2053C0
WRITE ( B98I XV X,C 20€4C0O
€ FORMAT(SH XD iS5« 845H YOU1S5.85H 201548 5¢ CXC 15«8, 2055C0
1 5H DYD 1S4 €45H 0DZD1£.8/5H FDIS+8+5H ODECC1IS548+EH RADLE .8y 2056¢C0
Z SH VO 1S54 8+5H PTHDIE84SH AZD1IS5.8) 2057¢C0
RE TURN 205800

END z(s8900
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SUBROULTINE OVWLAY

IMPLICIT REAL®B(A-H0~2 ,%)
COMMON S(1Q000)s1C (S}

DIMENSION BUFP(4) +IND (4)
FORMAT(4(13,01248))

FORMAT( 1HO)
FORMATI4(SXeL340178))

FORMATY( *1°,40Xs13HOVERLAY IAFUT)
K==

CONTINUE

READ(S+16+4END=20) (IND(I) +BLFP (1) 1=1.44)

DO 10 N=l,4
N=N

GO TO (11+e12s12412) NN
CONTINUE
IFCINDIN)I)L3s13417
IF(K)1E8+19,19
WRITELC+GY96)
K=(
CONTINLVE
WRITE(6+595) (INDU{J) +BLFP(U) su=144)
GO TO 14

IFCINDEN)) 15015514
CONTINUE

J=IND(N)
S{J)=BUFP{N)
CONTINUE

GU T0O 1€

CONTINUE
WRITE(6+954)

RE TURN

SYOP

END
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20€0CO
2€6100
20€200
20€300
c0€4CC
2CESCO
20€600
£067C0O
20€8CC
2C6%C0
2C700¢
2¢710¢
£C72¢0
207300
2C7400
2¢7500
2C7€C0
207700
2C78C0
2C¢7s0C
z208C00
208100
2CE200
20€83C0
£C8400
20€500
2CB6CC
20€7C0
zCeECO
2C¢8900
209400
20%100
2C%200
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SUBROULTINE READE(JEDWTVTESECLIEFRFR)
IMPLICIT REALXE(A-H,0~-2)
REAQDE » READSINTEFFCLATESTRZNSLATE JPL EPHEMERIS
JeE e EKELUND s MESA SCIENTIFIC CCFFes 19€5 SEFT IS
Celoe LAWSUN S, JPLs 1966 NAR 17
READ JUPL EPHEMERIS AT THE JULIAN EFHENEFRILS LCATE
GIVEN BY (JED+TSEC/864CC.00)

ITEMS CCMMUNICATED THRCULGH THE CALLING SECUENCE #x%

JED REFERENCE JULIAN EFFENMERTE CATE.
TSEC SECUNDS UF EPHENERIS TYINE FASY JEC.
ANY COMBINATICN CF VALUES (F JEC ANC TSEC
1S ACCEPTABLE AS LOMG AS (JEC+TSEC/864C0.L0)
IS WITHIN THE RANGE CF THE EFFENERIS TEFE
BEING LSEDa HOWEVER TC CETAIMN THE
FINEST POSSIBLE RESCLUTICN IM INTERFCLATICN
THE NUMGLCR JEO MUST BE AN EXACT MACKFINE
NUMBER . FUOR EXANFLE JED CCULLT EE A CATE ENCINC
WITH o0 UH 5
LERR ERROR FLAG
O0=NU ERRCR
1={JEO+TSEL/EEA4CC.L0) LESS THAN FIRST (2TE
UN TAPE
2=( JED+TEEC/BE40C.CO) GREATEFR THAN LAST CLATE
UN TAPE
3=SCME IREQ{I) IS NCT Osly CK 2
G4=[CEINY IS NCT IMN THE RANGE 1 THRU 11
S={CWw i& ANOQT 1424 CR 3

¥ THE FOLLOWING ITEMS ARE INFLY THRCLGH CCNMON 2%

*

*

COMMON BLOCK CETELL %

AU Aslese EXPRESSED IN DESIFEL CUTFUY UNITS

RE CQULATORIAL RADILS CF EARTH IN CESIREC CUTPUT UNITS
RE [& LSED TC SCALE THE LUNAR EPHENERIS

TR0 DESIRED MVMBER (F TIAE UNITS FEFR CAY

COMMON/CETOL 271 Cw e ICENT SJIFEG(12)

COMMON BLOCK CET@LZ *
ICw FLAG INDICATING STATILS (F CONMNCON ELOCKS REC2 AND CETBL2
t MEANS METTHER BLCCKS CUNTALN VALID CATA
2 MEANS DBCTH BLCCKS CCMTALMN vALIC LAT2
3 MEANS RECZ2 IS VALID, CETEL3 IS NCT
USER MULST SET [Cw=1 SEFCRE IMNITIAL CALL

ICENTR SPECIFIES CENTRAL ECDY FCR CCCFRLINATE
TRANSLATICN AS FCLLCWS. .
1 MERC 5 JiR S FLLTC
2 VaENLS 6 SAT 10 sup
3 EARTH 7 L(RAANLS 1t ~»CCR
4 MARS 8 KhEPF

IREQ()  IREC(J) SPECIFIES CULTPLY CESIKEC FCR
BODY NUe Je
IREQ{J)=C NU CULTFLY
1 PCSITICA ‘
2 POSTTYICN ARD VELCCITY
J RUNS FRCM 1§ TO 11 AS FCLLCLWS..

1 MERC S Jup 9 FLLTC

2 VENLS 6 AT 10 sun

3 EARTH 7 LRARNLS 11 MTON

4 MARS 8 MER 12 EFTH-NMN-EARYCENTEFR

2¢9300
205400
2€S$500
2€9600
2€S7C0O
2¢SECC
2¢9900
210000
210100
210200
2102¢0
210400
Z2105¢CC
z106¢CC
2107¢0
zi0eca
£103C0
211000
zZ1110¢
2112090
21130¢C
11400
£115C0
Z2116C0
211700
211800
2119¢6¢C
212000
212100
Z2iz200
212300
212400
212500
212600
212700
z128C0
2129¢C¢C
213CCO
213100
212200
Z2133¢¢
213400
213500
213600
Z2137¢0
z138c0
£13900
Z146CQ
21410¢C
214200
214300
214400
Zi4scCe
21460C
214700
z148¢0
Z214GC0
215C¢C
2181¢0
21£2¢Q
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13 NLTATICON
* COMMON BLOCK CETBL3 %
TAB3 829 DOUBLE PREC. WORD BUFFER TO ACCOCMODATE Jel o ANL EPHEMERIG .
NLTAT 2C4 SINGLE PRECe wCRD BULFFER TC ACCONODATE NUT AT ION DATA.
CKSUM 1 SePe WURD FCR CHECKSUM.
¥k TFHE FOLLOWING [TEMS ARE CLTPLY THROUGH COMMINMN *%
* COMMON BLOCK CETHBLS %
TABOLTC( » ) PLANETARY AMND LUNAR ODUTPUT, SCALEL ANC
TRANSLATED WITH RESPECT TC CENTEFR,
TABULT (I su) CUNTAINS CLTFLT FQCR
BODY NOe Je (1 JLEe J JLEs 12)
THE INDEX I IDENTIFIES COMFOCNENTS £2S FCLULGCWS oW
L= X 2=Y I=Z
4=xD0T E=YDCT 6=4ICLT
NUTC ) NUTATION CLTFLT
NUuT{1)=DELTA LUNGITLDE
NUT(Z2)=DELTA (BLICUITY
NLT(3)=TINME DERIVATIVE CF NUT(1)
NUT(4)=TINE DERIVATIVE CF NUT({2)

ANOHOONNOOONNNNANNANNANDOAONOANADND

COMMON /CEIBLS/Z BIVECT( 6413)

* COMMON BLOCK CETBLS %
BIVECT( + ) AORKIMNG ARRAY. CCATENTS /FRE INTERFCLATEL
AND SCALED BLT NCT TRAMSLATEC. 15T INCEX KUNS
UVER XsYoZ e XDOT4YDCT2Z20CT AS IN TAECUT
BUT 2ND INDEX 1S DIFFEFENT AS FCLLOWS e
BUDIES 1 THRU $§ ARE HELICCEMNTFRIC.
1 MERC S JUF 9 FLULTC
2 VENULS &6 SATY 10 NMOCN REL TCO EARTH
3 ER THMN T LRANLS 11 ERTHEMN REL TCO EARTH
4 MARC 8 NEF 12 ERTHNMN KEL TC MCOCN
13 SEE 4092+

THE COMMON BLOCK *CETBLS® 1§ FOR COMMUNICAY ION

BETWEEN RDEP2 AND GETRZ.

CUMMON sCETBL 1/ AUCRE s TFD JEMFAT

CUMMGN /CETBL 3/ TAB3(82%) +NLTAT(204) +C(KSUN
COMMON/CETBLA4/TABGLT(6 412) DL T(4)
COMMON/ZCETBLS/7401 +»TDAY + UDIF JIEFRKR]

LOGICAL WFLAG

INTEGER KREQ(12) +MCENT(11) M1 (20)+JFECILIL) s TPCSCI1) s IVELLL L)
REAL. NLTAT »STP (1 1)

DOUBLE PRECISIUON AL JHE +EMRAT, TFLTAESZEIVECTZTAECUT,, NUT
DOUBLE PRECLISIUN JD1+TDAYZJDIF JJED

OOUBLE PRECISIUN TEEC RATs FACIL(242) +CWTENF

C FAC=1/786400

DATA FAC/1418574074C74074C74C~57

(sl a ol a N Al AN s Wl oW ala N ol a i e Mol

DATA STP/ 2e+8% 4, 2% .5/

ODATA KREQ/79sE542+06% %3443 417

DATA MCENT/184150040%15,10,5/

DATA M1/71130010 018 404126106041 240+34F3¢3¢0+Ce3413+1340,07/
DATA
* [POS 702 ¢0S2+186200¢254 430813262 441€5a7C 4524417
*¢ [ VEL J4T e 19173227 4281 4335 389,443 4457 ,677.103/
ODATA L/7EXG.DC/

C
4SS CUNTINUE
JDV=JED
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21£2Q0
2184C0
<1%g09¢
Z21560¢0
2187¢C0
2158C0
215900
z2160C0O
£16100
21€2¢C0
21€3CQ
£1€4CC
Z1€€00
2166C0
2167C0
16800
<16SCO
2170C0
c1710¢
217200
21730
217400
2175C¢
217€CC
217700
217800
2179C0
c18¢CC
2181C¢C
2182C¢6
218300
218400
21€500
2186C0
2127C0
218800
218900
219000
219100
21%200
215200
2194C0O
2195C0
£21%6CC
219700
2168¢CC
219900
220000
220100
z202C0
£203CC
220400
22C800
2206C"
c2C7CC
220800
2eCGCO
<2é10coe
cz11G0
c2PIC0
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TDAY=TSEC*FAC

IERR 1=TERR
CALL GETTAP

IF{IERR L «NE« 0) GO TCQ €000

IFCICENT #GE e 1 2ANDe ICEMY LLE. 11) €CC TC 10
IERR =4

GO TO £C00

CONTINUE

SET GJREG(ITC CORTROL INTERPCLAYICN

DO 20 1=1+10
IFCIREQ{I) +GEe O +ANDe IREG(I) JLEW 2) GC YC 2¢C
IERR1=3
GO TQ £C€00
JREQ{I)=IREQ(L)
EARYCENTER FL2AG
JREQ(Z)=IREG(12)
MAXPL=UREQ{1)
DO 24 [(=24+10
MAXPL=MAXO{MAXPL » JREQ (L))
MAXEM=MAXO(IREQ(I) JAIREC(IL))
MAXALL=MAXO{MAXPL o VAXEWN)
IFC(ICENT.EQa3+0R.ICENTSEC.11) GC TC 28
CENTER IS KNCT EARTH (R MOON
10=NCCORN+»3=ERTHNA
JREQU 1C)=MAXEM
SREQ{EI)=MAXO(JIREQ(I) s MAXEN)
JREQ{ICENT ) =MAXALL
GO YO 22

CENTER IS EARTH (F MCOON
10=NMCUN +3=ERTHNN
JREQU10)=MAXALL
JREQ(Z)=MAXPL
JREQ{U11¥=IREQ(1L D)
LUNAR=JREQ (L C)
IBARY=UREQ{3)%*3

WREG( )IS NIw SET

SAVE=0.

CONTINUE

DO 24C 1BODY=1.11
IFLUREQ(IBODY)) 24C,24C 40
IF{STRPUIBUDY)-EQe SAVE) GC TL 165
SAVE=STP{ IBUDY)
TEMP =JD (F /5ANVE

KK =TEMP

Ul s 1)=TEMP~FLOAT (KK)
IFCUlia 1)) 1611 €54101
CONTINUCE

U(Ze1)=1eDO~-L(L V1)

DO 1632 Tu=1l.2
UCTUs3)=UlTLe1)%LLILE)

Ul TUs2)={ULILs3)~1.00)/7€a.00
UlTUZ)=CULILs3)-4.0C)/72C.0C
IF{ IBODY-10) 169,1€7,22C
C=RE

222000
222100
222200
222300
222400
2225¢C¢C
2226¢C
222700
222800
222900
223000
z221¢0
223200
2232300
223400
223500
223¢6cCC
223760
z2238¢C0
z239¢CC
z240¢0
224100
224200
224300
224400
224500
z246C0
2247¢C0
224800
2249C0
228000
225100
22¢2¢0
225300
2254C0
2255C0
2256¢C¢C
2257¢¢C
2258¢0
z259¢C
22¢€0c0
Z261¢0
22€2¢0
22€ 300
22¢64C¢C
22€5¢0
22€€00
2267¢C0
2268C0
22€9C0
227¢0¢¢
227100
227200
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GO TO 172

1€5 C=AU
INTEFFCLATE JEQCY=192000esl0

172 IGET1=IPOS(IBODY)#+KK*g

1ICi=1
200 CONTINUE

IFCU(1+1))2024201,203
2C2 IGEYZ=IGETLI+6

DO 2C4 IGET={GET1.IGET2,3

BIVECT(ICL1,IBGDY) =

* CHx{UC2+1)% (TAB3(ICET )+
* U(2+42)% (TAB3(IGET+ 1)+
* U{2+32)% TAB3(IGEY+ 2)))+
# UL 1) % (TAB3(IGET4+ 9)+
* UL 423 % (TAB3(IGET+10)+
#* ULLe3)% TABI(IGET+11))) )

204 1C1=IC1+1
GO 7O 2¢8
z2C1l [C2=1C1+2
0O 202 (={(C1.,iC2
BIVECT({»IB0DY)=C*TAB3({IGET1)
2C2 IGETI=IGETL+2
£CE CONYINUE
JREQUIBODY)I=UREQ(IBODY)~1
IF(JREQUIBOLY)) 24C+24C,207
2C7 IGETI=IVEL(IBODY)+KK%9Q
C1=4
C=C/1P0
GO YO 2¢O

INTERFCLATE 1eCov=11 AUT AT ICN

22C C=1.DC
IGET1=TROS{IBOD Y) +KK%E
ICt=1
2z IGETZ=IGET1+2
cS IF(Ulisl1))22842264228
28 DO 23C IGET=IGETLILIGET2 .3
NUT(ICL )=
* CHLU(2 )% (NLTAT(IGETYT )+
* U2+ 2)%(NLTAT{IGE T+1) »
* U{2e3)% NUTAT(IGE T+2)) )+
* UL 1I®(NLTAT{IGEI+6) ¢+
*
*

NN

ULLe2)FINUTAT(IGE T#7) +
Ulls+3)% NUTAT(IGETI+8))) )
23C IC1=1C1+1
GO YO 232
D0 227 IGET=IGETLIIGETZ,3
NUTLICL)=CANLTAT(IGET)
7 ICI=ICi+]
£ CONTINUE
JREQ( IBODY)=JREQUIBODY)—1
IF(UREQ(IBODY)) 240+24C 236
3¢ C=C/TPD
IGETI=INEL(IBODY) +KK*6
IC1=3
GO YO 222
40 CONTINUE

Ny
N
™

LS 3

INTERFLLAYICN IS FINISFHEL
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z2273¢C0
2271400
227500
227¢€C¢
2277¢0
227800
2271900
2280¢CC
2281C0O
z28200
228300
£28400
228500
2286C0O
22e71C¢
2288C0
228900
229CC0
2z91¢C0
z2z2sacCc
2263C0
229400
2295C0
229¢6C0
2257CC
z298C0
229900
2300CCo
23¢1¢¢C
«202C0O
230300
2304C0
2308CC
23Ce6C0
23C700
2308C0
2309C0
221000
221100
e2t2c¢e
313720
€21400
221500
221600
2217¢C¢C
221800
z219Co0
Z200¢Q
3210¢C
22200
<200
24C0
2500
260¢C
2700
2800
29QC
30CC
2100
3200
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RESLLTS ARE IN EBIVECY( « JANC NUT( )
TEST MCOAN REGULEST
IF(LUNAR ) 4020+,4C2C+4010
NOTE « s ENVRAT=EZRTEF MASS/NCCON MASS
SET BIVECY{ +11)=ERTHFMN CENTEREL AT EARTFH
SET BIVECT( +1Z2)=ERTHNN CENTEREL AT MQOON
RAT=1DC/{EMRAT+1.D0)
IMAX=LUNAR % 3
D3 4C16 I=1,IMAX
BIVECTUI,»11)=RAT*EIVECT (I 10)
BIVECT{ I, 12)=~EMRAT*BIVECT(I,11)

WFLAG=FAL SE o
KCENT=MCENTUICENT)

BEGIN TRANSLATIC(M LLCP

DU 41CE  (BUDY=L.12

IFCIREQUIBUDY)) 41C8,41(84+4C24

[MAX=IREQ(IBODY)*3

KASE=KCENT+KREQ (1BADY)

K1=M1{(KASE)

GO TO (4032,4040+,4032 ,4C48,4052,
4032,406844040+40<844C56,
4032,4076,4076+4C4044028,
4CB4,408E8+,4L8844C64,4C80) +KASE

KASE=15S
K1=[1800Y

KASE=1+3¢6411
DO 4C2¢€ =1e [MAX
TAROLI( L. IBODY)=B8IVECT (I 4K )
GO 3 4108

KASE=24+8¢14
DO 444 I=1,IMAX
TASOLT(1=1800Y)=0.00
GO TO 41¢3

KASE=4 ,9
K2=32
GO TO 4100

KASE =5
Le=i1
GO 70 4C€0

KASE=10
L2=12
K1=1800Y
Ké=123
GO TO 4C62

KASE=19
K1=ICENT

KASE=T7

DO 4€C72 I=1+IMAX
TABOLT( I« 18B0DY)==BIVECT (I K1)
GO 10 4108
KASE=12,13

K2=KASE~-1
GO TO 4100

KASE=20
K1=1I80DY

KASE=16

Z23330C
233400
233S00
233600
233700
233800
<33sCQ
234000
234100
234200
2243¢C0
22440C
234500
23460C
234700
2348C0
234900
2350¢C¢C
23510C
235200
22£300
£254C0
235500
225600

2368CC
2369C0
2370C0
227100
237200
237300
237400
227500
2376CC
2377¢C0
227800
237900
238000
238100
2382cC0
238300
238400
2248500
238600
238700
238800
23846Q0
2390¢CC
2291C0
cl292C0
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K2=I1CENT
GO T¥O 4100
KASE=174+18

K088 LL2=ICENTY

acs2

4CSE
4100
41C4
41C8
SCCC

K2=KASE~€
IF{WFLAG) GU TO 41CO
WFLAG= « TRUE »

BIVECT{ 412315 AN PUXILILIZARY VECTCR
NEEDED WHEN KASE=5410+17+18.

FOR KASE=(S BIVECT{ +13}=EARTH CENTEREC AT SUN
FUOR KASE=10D BIVECY( +13)=MCICN CERTEREL AT SUN
FOR KASE=17.+18 BIVECTU +1Z)=gERTHMN CENTEREL AT 1ICENY

DO 4{%6 I=1,18ARY

BIVECT((+13)=BUVECT(L +»3)-8IVECY(I,L2)

DO 4104 I=1,IMAX

TABOUT (I IBOLY)=BIVECT(I K1 )~BIVECT (I ,kZ)
CONTINUE

IERR=TERR 1

RE TURN

END

65

239200
239400
2349500
235600
2397CQ
239800
239900
240000
240100
240200
€40300
€404C0
24050¢C
2406C0
z407Co
2408C0
240900
2410CC
241100
c41200
241300
£241400
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SUBROUTYINE ROTEQ(YIME +A)
IMPLICIT REAL¥8(A-HL0~2,%)
OIMENSION A(2.3)

T = TIME/3€6525.00

T2 = 1%1%

T3 = 12%7

Al1s1) = LeDC ~ 20002965 700%T2 - LCO00001300%73

Alle2) = =o02234588D0*1 — LCQO0CHT6LOAT2 + L000CO22100+73
AlZ2s1) = —A(1+2)

A(1,3) = —oCCS71711DC%T 4+ .CCO00207C0*Y2 + L0000COSECO*T3
A{3e1l) = =-A(1,3)

Al 2+2) = 1eDC ~ +00024S76DC*T2 ~ 00000C1SLO*T3

A(Ee ) = ~a(CAICBESDOX* T2 ~ 4C0000003CO%*T3

AC3s2) = AC24+3)

A{3e¢2) = 1eDO ~ «00004721002T7T2 ¢ L00300C02C0*T73

RETURN .

END

241500
€41€CQ
2417C0
241800
z41900
2420060
24210¢C
242200
£42300
242400
242500
242600
£42709Q
<42800
2429C¢0
£4300C
242100
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SUBROUTINE RVOUT(A ,8,C)

IMPL ICTT REAL*8{(A~H+0~2 %)

DIMENSION AC2)+8(3)C8)

C IS RADIUS, LAT LONs VELOCITY. GANMA, AZIMUTH
CALL SPER(A,,C)

CL{4)=FNORM(B)

C{S)=260.,00~-ADUT(A,B)}

VE=B(z )xA{1)~-BC1)*A(2)
VN=C(1)%x8¢3)~A{3)%DOT(A.B)/C{1)
C(E)=57e29577951D 0#ARKTINS(1EC4VN,LVE)
RE TURN

END

67

€432200
2433C0
24340C0
243500
£43600
z2437C0O
2438C0
243900
244000
244100
244200
€44 300
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SUBRDLTINE SHADOWI(RL sV1 X STEF)

IMPLICIT REAL®BIA-HO~2Z %)

COMMON C(1000)+IC{50)+213) VvV I(2)NCF

COMMON /SHAD/SHADK

DIMENSION R1(3,8) +Vv1(3,8€)

DIMENSIUN X1{3)

DIMENSION R{3+8)»v{(3,+8)

DATA IPFLAG/ZL/+IUFLAG/L/ wIMFLAG/L/ sINMLFLG/ L/ FLAG/ 0o/ +FLAGL/ 04/
1IFLAG2/0e/-,FLAG3/7047/

DATA IVFLAG/ L1/ I VLFLG/ 1/ oPFLAG/Ca/ oFUFLAG/O W/

6 FORMAT( IHO,1SHBODY CENTER 1S ,A6)

IF({STEP «EQea04D0)RETURNAN
GO TO (41241505 +4C0s400,4C0) ohCR

41 CONTINUE

DO 4 =143

4 XICI)I=RILE o1 )-R1CT +3)

act

SEVA=ADOT{X1+R1{14+1))

RFS=FNORM{R1(1+3))

RFE =FNORM{R1{(1s1))
DELES=DARSINCES VU0V C/RFEI*S7 255775500
IF(SEVA~G0.DC) 30C 300,301

ZRS=€4G€EEDS

ZRE=€E0CeLC

ZPSIG=DARSIN({(ZRS+ZRE)I/RFS) ¥57.26877385D0
FS=SEVA+DELS+ZP SIG-180.00

IF(FS) 300+43C2+302

3CZ2 FLAG=1.00

(3

1000C

2Ca

?

2cC
3C¢3
21C

a0

SQ1

[FUIPFLAG.NE-1) GU TO iCCO
K=1

N=1

IPFLAG=2

KK=1

WRITE(E45)
FORMAT( 1HO .+ 6CHPROBE ENTERED EARTF FEMUNERA. TINE ANC CREIT ARE GV
1EN BELOW)

SHADK=1.000

Gu TO 2¢

CONT INUE
ZSIGMA=CARSIN{(( ZRE~ZRE) /RES)I#57 2657 7S5LD
FS=DEL S~ZSIGMA#+ SEVA-18C.00
IF(FS)I3C3.306.3C4
FLAGL=1.0D0

IF{ILFLAG.NE+1) GC TO 31¢
K=1

IUFLAG=2

N=2

KK =2

WRITE(6G+7)
FORMAT{ 1HO, S 7HPROBE ENTERED EARTH UNERA, TINE ANC CFREIT ARE GIVEN
1BELOW)

SHADK=1.00¢

Go TO 20

FLAG=C DO

FLAG1=0.D0

0O 30 [=1.,3
X1CII=R1{E+2)-R1 (L +3)
SEVA=ADOT( X1 «R1 {1 42))
IF(SEVA~S0.00) 2CCC+20CC501
ZRS=€.SE5DE

ZRE=173€.DC

2444CC
2445C0
£44€00C
€44700
244800
2449C0
245000
24€1C0
245200
24€2CO
245400
24c€00
245600
2457C0
2458CC
2459CC
2460CC
2a€l1CcC
24€2CQ
24¢€3CC
24¢400
246500
24€6C0
c467CC
246800
246900
247C0C
2471CC
247200
247200
247400
2475C0
47600
2477CC
247800
c47SC0O
248000
248100
248200
Z2483C0
248400
c4&5CC
24€8600
248700
2488C0
248900
z490QCO
249100
24G2CC
249300
2494CC
249500
243600
249700
249E€Q0
249900
£5cCCCC
2501¢CC
£5020¢C
2€03CC
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ZPSIG=DARSINI(ZRE+ZREI /RFS) 457 0 2577S5DC 2504CC
DELM=CARSIN(C(22) /FNORNM (RL1(14+2)))%57.29577$500 250500
FS=SEVA4DELM+ZPSIG~180.D0C 2806CC
IF(FS) 2000.$02.9C2 2537¢CC

SC2 FLAGZ=14D0 25¢ 800
IF(IMFLAG<NE<1) GG TO 3C00 251600
K=2 25100¢C
IMFILLAG=2 2511CC
N=32 251200
KK =1 251300
WRITE(6.8) ! z€1400

8 FORMATY(U 1HO+SSHPROBE ENTERED MCCN PEMUNEFRA, TIME BNC ORBIT ARE GIVE 2515¢C0
IN BELOW) 2816CC
SHADK=1.CD0Q z€17CC
G Y0 2¢ 251800

2CCC CONTINUE 251500
ZSIGMA=DARSIN({ ZRS~ZRE) /RFS ) *57 .298776SC0 2€200Q0
FS=DELM=-ZSIGMA+ SEVA~18C.D0 2€21¢6¢C
IF(FS)20C1+5C4+5C4 2s220¢C

S04 FILLAGI=1,.D0 ’ 252300
IF{IMUFLG«NESL1) GO TQO 2C10 2E240¢C
K=2 22500
[MUFLG=2 zE26CC
N=4 2527CC
KK=2 z2£280¢C
WRITE(6+5) 2526GC

9 FORMATUIHO.SEHPROBE ENTERED MCCN UNERZ2, TINE 20C OREIT £RE CIVEN B € 3¢00
1ELGW) 2e31¢C
SHADK=1.0D0 £2832C0
G0 70 2¢ 283300

2000 FLAGZ2=0.00 2€32400

2C01 FLAGZ=0.D0 ze2s0C

2010 CONTINUE Z€360C
IF{IPFLAG NE o 2. 0R oFLAGW NE« 0.D0) GC TC 11 22760
WRIVE{E-12) 2%3800

12 FORMAT( 1HO, €1HPROBE HAS LEFY EARTH FENUMERA., TINE ANC CRBIT PRE GI 28£36CC
1VEN BELOW) 25400C
SHALK=C.CDO Z€410C
K=1 £%420QC
N=E 2% 420¢C
KK=1 254400
IPFLAG=1 254500

GO TO 2¢ 284€CC

11 IFCIUFLAGNE 2 2. 0R«FLAGL «NELCoaD0) GC TC 14 2E47CC
WRITE(E.13) 2548CC

12 FUIMAT( {HO+SEHPROBE HAS LEFYT EARTH ULNMERR2. TINE AND CRBIY ARE GIVEN 224GCC
1 BELOW) 255006
SHADK=0.CD0 ZEE1CC
KK=2 2552¢C
N=€ 28£30¢C
K=1 2EE4CC
IUFLAG=1 2555CC

GO 1O 2¢ 25560C

14 [F( IMFLAG +NE «2+0R«FLAGZ2NE4LQ.C0) GC TC 15 2557¢CC
WRITE(EL16) 255800

1€ FORMAT{ IHO+6CHPROBE HAS LEFY M(CN FEMNUNERA, TIME ANC CREIT ARE GILV 2£590¢C
1EN BELOW) 25€0¢CC
SHADK=0.000 2ge1¢C
KK=1 2s€2cce
K=2 zs€30¢
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N=T
IMFLAG=1
GO I0 20

[FCIMUFLG oNE « 24 ORFLAG3 «NEX0.D0) GC TC SC35
WRITE(6.,18)

FORMAT( {HC+ S7THPROBE HAS LEFT NCCN UNERAL. TIME ANC CFREILIT ARE GIVEN
IBELLOwW)

SHADK=C «0DO

K=2

N=8&

KK =2

IMUFLG=1

CALL ITER(NORSR] ¢VIsF S ek sKK DT eR,HV)
TIM=C(SS3)+(X+C(506)+DT)/86400.00

CALL TFRACC(C(EDZ) + FIMLTY .TTF)

CALL CATOUT{ TT s TTF DA TE FOATE L0)

GO YO €1000+210:+30C0+2010+11+18+15,505 4405,502+503+505})¢N
DO 401 1=1,3

XU I )=RI(L 4NORI~R1 (L +3)
SEVA=ADOT{ X1 +R1 (1sNOR))
RFES=FNGRM{R1{1+3))

REE=FNORM{R1 (1+NOR))
DELS=DARSIN(CINOR+20) /RFE)I*ET7.265779500
IF{SEVA—S0.DC)5060+500,40C2

IRS=E,5€5085

ZRE=C{NOR+20)
ZPSIG=DARSIN((ZRS+ZRE) /RFS) 457 ,2657795C0
FS=SEVA4DEL S+ZPSIG-180.0¢

IF(FS)S5C0, 4034403

PFLAG=1.00

IF{IVFLAG.NE 1) GO TQ &5

K=3

N=§

IVFLAG=2

KK =1

WRITE(6+804)CINGR+60)

FORMAT{ 1HO+2EHPROBE ENTERED FERUNERA CF +A€,30FT IME AND ORBIT ARE
IGIVEN BELOW)

SHADK=1.60C

GO ¥Q 20

CONTINUE
ZSIGMAZDARSIN(( ZRE-ZRE) /RFS) ¥574265776500
FS=DEL S~ZSIGMA+ SE VA~180.00
IF{FS)5C1,4C€+4C6

PUFLAG=1.D0

IFCIVLFLG.NE. 1) GO TQO s¢2

K=3

IVLFLE=2

N=i0

KK =2

WRITE(6+407) C{NOR+60)
FORMAT{ 1HQ, 23HPROBE ENTERED UNBRA CF 4AE,30HTIME ANC OREIT ARE GV
1EN BELOW)

SHADK=1,CD¢

GO YO 2¢

PFLAG=CWDO

PUFLAG=C.D0

28€4C0
2565C0
256680
2567¢C0
256866
25650¢C
2570¢¢
257100
27200
27300
2574¢¢C
2575¢0
2s576CC
25770¢
ZET68CO
257%6¢
25806C
258100
2582¢0
25€30¢
2584CC
258500
25€6C¢C
256700
2588¢0
z589¢C
2£900¢C
2€91¢C
£€92C0
259300
25540C
256500
2566¢C<C
256700
2€9800
£5956¢C
260000
2€0100
Z602¢C0
2603¢C0
260400
2605CC
2€060C0
2607C0
26C8CO
2609¢C¢C
Z€106CC
2€1100
261200
261300
261400
261500
2€1600
ZE17C0
2618¢C0
2619C0
2€2000
262100
2€22C0
2e€2300
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EC2 IF(IVELAGME a2 URPFLAGRELO.C0) GC TC 503 2€2acC
WRITE(6+4504) C{NOR+60) . 2€2500
€C4 FORMAT( IHO,27HPROBE HAS LEFT FENUNBEA CF 4AG+30RTINE ANEC CREIT ARE 2626CC
1 GIVEN BELUW) 2€2700
SHADK=C 40D C z€28C0
K=3 2€2900
N=11 2€3000
KK=1 2€31¢€0
IVFLAG=1 : 263200
GO 10 2¢ 2€3300
€C3 IF(IVUFLG oNE « 20 OR e PUFLAGWMNE 4 0.D0) GC TC 505 263400
WRITE(6,506) C(NOR+60) 2€3500
SCE FORMAT( 1HO, 24HPRUBE HAS LEFT UMBFA CF ,#6,30HTINE ANC ORBIT ARE GI 263600
IVEN BELOW) 2637¢C0
ShADK=C .0D 0 Z€38€0
KK =2 - 263500
N=12 264000
K=3 \ 2€4100
IVUFLG=1 2€4200
G0 1O 20 2€43¢0
£0S CONTVINUE 26440
RE TURN 264500

END 2646C0



72

&

10¢C

Ry

-~ (N

8
S

1c

16
17

18

B, KAUFMAN

SUBRULTINE SHIF TP (NOR sR oV s TH o TF oRF aVV)

IMPLICIT REAL*¥B(A~H 02 +%)
DIMENSION C(1000) +ICISC)IsR(I)I 2 VIZIsRF(3+8)eVVI(34+8)FC(2Z2)sVE(22),

IRLCZ242)eV1I€302) oN(Z)»SPAR(2C22) «T1(24+2)

OIMENSICN Xx{2).%{(3)
COMMON  C s IC

EQUIVALENCE (C{6EZ)+sR1(121)):(C(681)sVI(141))+{C(€EIEITI(1s1))s
ICIC(1)eIBL)s (IC(2)IB2) 2 (1CE12) oN(1)){C(7L)+SFNSEIL(C(I)sUS)
Ze(CCECTI)IPOC1)) o (C{B23) sVE(1)) ,{(C(561)+SFIF(1,1))

Ie{C{6ST )y SUNET)
IC{Z2)=0.00
IF(SWNET)I100,10C,18
DIS=1.D10
DO 1 I=1.+3
X{1)=R{I)
wery=v(i)

NM 1=NOR-1
IF{NOR~€)443+2

KKK ==—1
NM1I=2
GO TO 7
NM1 = €
CONTY INUE
KKK=C
(FUIB1-€)5+:5+6
IF(IB2~€)59+5+6
KKK =1
CONTINUE
DO 8 I=1e2
K=1+€&

TY=CIDINTCTW=TL (L W) )+ TF-TL1 (241))4SFENSD

CALL STEPDUINTLE) s TTHTASRL(L o 1) e VI(1al) sUSeRR(1sK)IeVVI1sK}el,

1SPAR(1,1))
CONTINUE
CONTINLE

CALL INTRICTRsTF NML1 oPQO 41 ,VESDIS)

IF{KKK )10, 12512
NOR=NOR

00 1t 1=1,3
X{D)=XCL)+RR (I o NOR)
W{T)=w(I)+VvVIINOR)
CONTINUE

DO 13 J=1,5

DO 12 I=1,3

L=3%J~3+1
RR{I29)=X(I1)~POL)
VV(TeJd=w{i)~VE (L)

DO 14 1=1,3
RR{IS€)=X(1}-PO(1+18)
VVLI.£€)=W{IL)}~-VE([+18)
IF(KKK)1Ee17+15

DO 1€ I=1.2

K=[+6

DO 1€ J=1,3

RR{JIK)=RR{J+3)~RR{J+K])
VV(J oK I=VVIJ o3I~V V(JsK)}

CONTINUE
GO TO 3¢

TI=C(TW=T1{1s1) )+ TF-T1(2+1))4SFMED

M=2

2€47CC
2€4800
2€45C0O
265000
2€5100
R€ES2CO
2€£300
2€5400
ZEESCO
2€S€00
Z657C0
265800
2659C0
2€€C 00
2€€100
Z2€€200
2€663C0
26€4C0
Z26€5C0
ZE€66C0
2€67C0
266800
Z2E66CO
Z867CCO
267100
267200
2€7300
2€74C0
267500
267600
Z677C0
267800
267900
2680C0
2€€100
2€E2CC
268300
2€£400
2€ESCO
26€600
2€E70C
268800
2689¢CC
2690¢0¢C
2€9100
265200
2€93C0
2€6$400
2€$5C0
26%6CC
26$700
269800
269900
270000
27010¢
Z7020¢C
270300
270400
£2705C0
27¢6CC
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CALL STEPD(MoTT+TASRLI{L «1) o vi (1 51)sCL2)+RE(Ls1)eVVI(Llaldelys c7C700
ISPARC L. 1)) 27080¢C
TT=({Tw~TLE(142))¢TF-T1(2,2))*SFNSC z27C6CC
IFCICOI)IYICL2)~3019419425 271000

16 M=2 271100
CALL STEPD(M , TT o TARLC(L 02) o V1I{142) oCUL)sRFC102)sVVI(14Z)s1l, 271200
15PART1+2)) 271300
DO 24 1=14+3 271400
[FANOR~Z2)20+ 21022 271500

20 RREY$ZI=—~RR(L1»1) 2716CC
VV ieZd=—~VV(]Isl) 2717¢CC
RR{ T 1)=0600 c718C¢C
VV¥{I+1)=C.D0O 27190¢C

GO 1O 23 £72000

2l RROLyI)2=~RIR{1I 1 )~RR{IL 42) £72100
VMO L 23 a=-VVLT o1 3=Vl +2) 272200
RI{TIs2)=CalO £7230¢C
VV{T+2)=0.00 272400

GO 190 23 272500

Z2e RR{TeZ2)=RR{1L 42 +RR{L s1) c726CC
VVITeZ2)=VV{ITe2)+vV{latl) 2127C¢
RR{ L, 2)=0.00 27128¢¢C
VV{Is+ZI)=0.00 2729C0

23 DO 24 4=1,2 2730C0
RROTyJI=RCTI-RR UL » ) 212100
(A2 CIE A GHIERTAVE & GEIND | 27132C¢C¢C

24 CONTINUE 2732C0
GUJ T 3¢ 27340Q¢

c&€ M=2 273500
IF(IC{1)-3127+274+26 273600

c€ K=1C{(1) 27374¢C
GO YO 2¢ 2713800

7 K=[C(z) 27139¢C0
c& COMTINUE 27140CC
CALL STEPD(M s TT o TASRIIL 62) o V1 (1 52)¢CL3) eRF{L+K) VWV (1sK)Is1, 27410¢C
1SPAR(1.2)) 274200
DO 24 (=1.3 2%430C
IFINDR=-2)29, 31,32 27440C

26 RROI»I)=~RREIs1) 274500
VVEEeZ)==VV(lst) 2i460C
IF{K£EQe3) GO 7O 3T 2747Q¢C
RROT oK) =RR(T KI-RR(I o 1) 27480C
VV LK )=VVIIL ¢KI=VVI(Il 1) 274500

IC RR(I14.11=C.D0 27500¢C
VV(Is1)=CeDO €7510¢C

GO TO 32 278200

It RRIL,2)=C.00 . z7t30¢C
VV{{e2)=0.00 27540QC

GO T 33 275500

S RRUI«1)==RROTIKIERR(T 4 1) 2156CC
VV(Ts1)==VV{IKItVV(I 1) 275700
RR{T¢2)=-RR{I+K} 275800
VV(IsZ)=-VV(I K} . 27EGCC
RR{I+K)=0.00 ’ g7€0CQ
VV{I+K)=CeDO 27€10C
I3 RR( 1+ 1)=R(L)~RRA(I »1) e7€2C0
VVIsl)=Vv{I)=-VV{I 1) z7¢€3CC
RROL+Z)=R(I)~RR(1 .3) c7€4CC
VV(Ie3)=v{I)~VV(I 423} 27€5CC

IF(KEQelesURKaEQ.3) GC TC 34 27€6CC
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RR(IWKI=R(LI-RR (T +K}
VV{I+K)2V(E)-VVL(L 4K)
CONTINUE

CONTINUE

RETURN

END

B. KAUFMAN

2767CC
2768CC
27€9¢CC
277CaQC
277100
2771200
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SLBROUTINE SULAR {R,SACC)
IMeLICT T RIZAL % 8 (A-He(~2)
CUMMON C{1000)

OIMENSION RO3)+SACCI3)Y oRX(2)
P=C(174)

A=C(77C)

EM=C(771)

GAMMA=CL7T72)

SIGMA=C{773)

Cl=PxA%x(1e0 + 240/ 0%GANNA + 1 ,0/304AGAMNAXSIGMA)/EM

OO 11 =143

RX{JDY=R{J) ./ 145508

CONTYINLULUE

RAL=(RX(1)¥%%2 & RX(2)*% 2 +RXx(A)$%2)*30.5
C2=Cl/RAUXX ]

DU 12 K=1,3

SACCIK)=C2¥%RX(K)*¥] «0D~5

CONTINGLULE

RE TURN

END

75

277300
2774C0
277500
21760¢C
277700
27780¢C
277600
£7800¢C
278100
21€20¢C
278300
Z21€E400
Z27€50¢C
278600
278700
27eecc
2768500
279000
z27%1¢CC
278200
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SULROL TINE SPER (X,Y)

[MPLICTY REAL*BULA-H,0~Z2+3)
CONVERTS CARJIESIAN TO SFPFHERICAL. FETUFRNS N DEC
OIMENSION X{2)s¥(3)

DIMENSION X{3)eY{2)
RTD=48726577650+02

AzX{ L IEX(L)eX(2)kx{2)
Y{1)=0SQRTI{(A+X{3)*Xx(3))
YCZ2)=DATAN(X(3) /DSQRT{A))*R 1D
Y{2)=ARKINS (180 X(1) ¢Xx{(2))*RTD
RE TURN

END

27%30¢C
275400
275500
279600
279700
279800
279900
Z2800¢CC
28c100
280200
280300
280400
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SUBROUTINE STEPDUIRNsT+TA RV UsFRVV b SE)

IMPLICIT REAL*B(A-H+»0~2+%)
CB IS A STURAGE VvECTOR BHCSE ELEWNENTS

(1) INITIAL TRUE ANOMALY {(11)
{2) SEMI-LATLS RECTUM {12)
{(3) ECCENTRICITY (123)
{4) RADIULS-SQUARED (14)
{5) RADIULS MAOGNITULDE t1s)
(6) SEMI-MAJOR AXES {(A) {(16)
{7) ABSOLUTE VALUE OF (A) (7))
(8) MEAN MOTION (18)
{9) TIME CUEFFICIENT R/ABA (19)

(10)TIME COEFFICIENY RV/SGRT(UAY) (20)

tRE

ARNGULAR MUMENTUM SGQUARED He
ANGUL AR FCVMERTUM MAGNITUCE H
MU TIMES FADIUS MAGNITUDE UR
R CLCT V

+2-UR

HYRCCTV

LZ(R*H2)

FV/H

VINME FRCM FERIAPSIS (¢ OR ~)
SWITCH 1 ELLIP. Z HYPER

OIMENSICN RC2IsVv(3)JHVECTLIIJRR(I) hVVI(3) sFLA)CEL(20)

DIMENSION SB8(20)

DIMENEIGN RC2)»sVI3) sHVEC(3) sRR(II4VVILZ) +F(4),CE(20)

DIMENSION SB(20)

N =N

GO TO (1+7) N

CONTINUE

PI=e¢2141892€8D+C1

TP I=e€2E831E£30D+0C1
CB(4)=DOT(R.R)
CBOEI=DEORT(CB{4))
V2=DOT{VsV)
CBO14)=DOT{R V)
YMz=DSART(V2)
CB{6)=CB{(5) /(2. 000-CB(S)*V2/L)
C8(7)1=DABS(CB{o6))
CB{(8I=DSARTIL/CB(7))/CB(7)
CB(9)I=CB(5)/CB(T7)
CBOL0)=CBl14)/70SART(UXCB(T))
CALL CROSS(R«VsHVEC)
CBC11)=DUOT(HVEC yHVEC)
CB{12)1=DSAQRT(CB(11))
CH13)=LxCB(S)
cB(ziI=CcBlil)/U
EC2=1.000~-CB(2) 7CBL6)

IF{EC2sGE a{~1eD0~8)sAND.EC2e1LEWD0.D0) GC TC 200

CB{2)=DSQRT(EC2)

GO YO 2¢C1

CB(2)=0.00

CONTINUE
Ca(18)=Ca(11)-CBL13)
CB{16)1=CB(12)*CB(14)
CBO17)I=L/7(CB(S)*CB(1L1))
CB(18)=CB(14)/CB{12)
CBY1)=ARKTNS(180.CB(15)..CBL16))
TA2=CB( 1)
IF(CBLE))3+302
CONTINUE

CB(20)=1.000
E1=CB{8)*T

GO TO 4.

CONTINUE

Ca(20)1=2.0D0

1

280501

2806¢CH

Z2ECTCH

2808t

28090¢

281001

28110t

281204

e8130¢

zZ€14C(

28150¢

28160¢(

28170¢(

2€818¢C¢

28190¢

28200¢

28210¢
2822¢0¢
28230¢
28240¢
28250¢
2826¢C¢C
2827CC
£8280C
282900
283000
28310¢C
28320¢
2833¢Q
2834CC
283500
2836¢Cq
2837C¢C
2€38C¢C
283scCcC
2E400¢C
zZge4a100
28420¢C
2E43CC
284400
ZE4500
2£€4600
284700
2€4800
Z€49CC
£8500¢C
28£10C
2£€200
28€3CC
285400
285500
2856C0
2E5700
2E8€800
2ES9C0
2860¢CC
28€100
2E8€2C0
2E€3CC
28€400
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B. KAUFMAN

E1=0.0DC

CONTINUE

CALL TCONICIULCB(3)CBLE) +CBI2) +TA2STFELFAQ)
N=N

GO TO (€+5)eN

CONTINUE

T=TFP~CB( 19) +TAPXPD

GO TO 12

CONTINUE

CB(1S)=TFP

N=2

DO 6C 1=1,20

s8(1)=CB(i)

GO 10 7¢O

CONTINUE

DO 7C I=1420

calt1)=sal1)

CONTINUE

PO=TP 1/CHB(8)

IF{M)IE, By L

CONTINLE

TA IS YHE INCREMENTAL TRUE ANCNALY
CT=DCOS(TA)

ST=DSIN{TA)

EF=CT-ST*CB(18)
GE=ST*CB(4)/CB(12)
R20R1=CB(11)7¢CB(13)4CB(15)%CT~-CEB(16) %ST}
EF =R 20R 1 %EF

GE =R 20R 1% GE

EFD=CBL 171 (CBL14)~CB(1A)*CT-CB(12)3ST)
GED={CB(15)+CHB{13)*CT)/CB(11)
TA2=CB(1)+TA

TAP=IDINT{TA2/TPIL)
TAZ=TA2-TP I ¥ TAP

IF(IDINT{TAZ/PI)) Gs8,41C
TAP=TAP~1.0DC

GO TO 4

TAP=TAP +1.0D0C

GO TO 4

CONT INUE

K=CB(Z20)

EMDT=CB(8)*T

CALL GOTOR{K sEMDT +CB(S) +F 4E1)
EF=-F{2)/CB($)+1.000
GE=-F(1)/CB(E}+ 1
ROA=F(Z)+CBISISFLAI+CBLLI0)%F (3)
EFD=-CB(7)%CB{8)*%F (3)/7(CB(5)*ROA)
GED=~F(Z)/ROA+1.,000
TA=ZARKTNS(180+,CB(4)*EF+CB(14)4GE +CB(12) #GE)
IF{K=1)110s110,12

CONTINUE

TARP=IDINT(T/PD)

IF(TAXT) 111,112,112
TAP=TAP+DSIGN(1 40DO0sT)
TASTA+TAPK TP I

CONTINUE

DO 13 I=1+3
RROIIZEFXR( I I+GER V1)
VV{1)=EFD*R{1)+GED*V(I)

CONTINUE

RE TURN
END-

28€500
2866C¢C
286700
2868C0O
2869CC
2€70C0
zevicce
z8720¢C
287300
28740C
26750¢C
2876CC
zerr¢6¢
2878¢C0
287900
Z88CQ0
zZe€100
2e€200
288300
288400
2EESCO
2886CC
2EET00
2888¢¢C
28890C
2890¢CC
265100
289200
28$3C0
2854GC
266500
2896CC
2ES7¢C0
2868C0
289500
2606060
250100
290200
290300
2904CC
250500
26¢600
29C7C0
290800
250900
2%1000
291100
£$1200
291300
291400
29150¢C
261600
291700
261800
26150¢
2920C0
292100
292200
292300
2924c¢0

292s50¢
252600
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SUBROLTINE TCONIC (USEC sASLRsTA2,,T,,FAC)
IMPLICTITY REAL%B (A~H+0~2 %)
TANG{QCCOFL ) =DSIN(QOOOFL) /DCCE(CO00FL)
AB = DABS(A)

FAC=AB%DSAQRT(AB/U)
ECA=(1+000-EC)/{1.000+EC)

ABE = DSQRT{ DABS(ECA) )
THE=TANG( « 5D 0% TAZ2)
IF{ABE~+CO00SD0)114+119+12

CONTINUE

ECA=Z2 4O0DO*DATAN(ABEXTHE)

IF{(A)14+11413

T=FACK(ECA-EC*DESIN(ECA))

GO 10 16

ANG=,7ES39EL1€3D00 ¢+ ECA/Z2.D0
T=FAC*{EC®TANG(ECA)-DLUGITANRG (ANG) ))

GO 1O 1€
FAC=DSQRT(SLAXXI/L )12 0D0/{ (1. 0DO4EC) #%2)
ECI=ECAKTHE® X2

TFACK{ THE+THEA%3% (( 1+ 0D0-2 . 0DOSECA) /34,000~ (2+000-3 LODOFECAIRECI/E
1.0004(3.000-49+.0D0%ECA)*ECL1%¥%2/7,000-(4.000-5+0C0%ECA)XECI*%TI/2.000

2))
CONTINUE
RE TURN
END

79

2627CC
2%28¢C0
2929CC
293000
2%3100
293200
293300
£934CC
263500
293600
2937¢C0
2$38C0
293900
2%4000
294100
£94200
29430C
29440C
294500
294600
2%4700
£%54800
2649CC
295000
265100
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SUBROLTINE TERM (X ,Y+D oF)

IMPLICIT REAL¥B(A—H«O~2 %)

COMMCON  CU1000)sIC(S0)+2(3) +vVI3)NCF
COMMON/ZAPPER Y/ FPRULD +0LD s XNAX
DIMENSION R1(3,8),Vv1{(3,8)

DIMENSION Y(20) +D(20)

COMMON /STEP S/ STEP «XOLDD

EQUIVALENCE (C(401)+sR1{141)) ¢ (C(a25),V1(141))

DATA XOLD/Z0«/

STEP = X-~-X0OLD

XOLD=X

XOLDD=X0L 0

Y(7)=xXx+C{508)

Ca8€1) = C(4€1)+1.D0

F=C(554)-(C{EQ06)+Xx)

IF{C(77€).EQ+0.,D0) GO TC 5
FPR=C(776)%{S0.00~ADOT(RL {1 +npCR) 4VLI(1NRCR)))
IF (FPR +GTs CaDO <ANDe X oNEe .0.D0) CLOD=FPR
IF{FPRUOLD 2EQe0sDC«AND+FPRWGT40.D0) CC TC &
IF (X +EQe 0eDO +GRe CLD +ECe 0.C0) GC TC S
FPROLD=1.D0

F=FPR

CONTINUE

IF(C(13C0))4C0041C010

IF(CABS(X+C(506)) +LEeXMAX) GU TC 4000
XMAX=DABE(X+C(506))
IF(XMAX~C(L10CO)*E€A4CQ.DC)2000,11,11
CONTINUE

CALL SHADOW(R1sV1 «+XCLD+STEF)

CONTINUE
IF(FNORMIRILIC14NOR) 1« GTLCINCR$20)) GC TU 2
WRITE(643) C(NOR+60)

FORMAT( 1HO» 1 SHPROBE HAS IMFACTED +A6)
F=0.00

C{122)=10.D0

Cl4€e)=CeDQ

RE TURN

CONTINLUE

I0R=2

IF(FNORM(RLI{1s1))alTeCCL1)) ICF 1
IF{FNORMIR1(152)).LT.C(122)) ICFR=2
IF{FNORM(R1I{144)) 1L ToC(14)) ICFR=4
IF(FNORMIRL(145)}.LT4C(15)) IGR=S
IF(FNORMIRL1(1+6))+LTeC(16)) ICF=6
IFCIORLEQ.NOR) GO 10 1

NOR=IOR

F=0.00

Cl1z22)=2.D0

RE TURN

IF(C{122)0EQe0sDCeANDF 2GT+0.00) F=0.00
RE TURN

END

2%£2C0
295300
29540C
2%$5500
265600
265700
265800
26£s(C¢C
26€0CC
2%€10Q0
26€2C0
26€30C
2GE4GC
£G€500
256600
26€7C0
2968C0
2566900
2¢70C¢C
2%7100
267200
2%$73C¢C
2674C0
267500
2%76CC
267700
267800
2976CO
258000
2GE100
26€2C0
zZGE&3cC0
2%€£400
2%€500
298600
298700
2¢88¢C0
2989C0
299000
2s3%1¢CC
266200
299300
29400
£$S$5C0
26G€60C
2%%700
299800
€99900
3000¢C0
200100
300200
3¢ 300
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SUBROLTINE TFRAC(TLI»T2+.1%4TF)
IMPLICIT REAL*B(A-H,0-2+3%)
Tw=T]1

YF=T2

CONTINUE

IF(TF 19202

CONT INUE

TW=Tw~1,000

TF=TF+1.,000

GO TO 3

CONTINUE

TOUM=IDINT(TF)

TW=Tu+TDUM

TFEF=TF-TOUM

RETURN

END

81

2¢€0400
300500
20060¢C
300700
3¢csaco
200sc¢
301080C
301100
201200
201300
301400
301500
20160C
3017¢¢C
301800
3019¢CC
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SUBROULTINE TIMEC(TL.T2,13,74)

IMPL ICIT REAL®B(A—~H0~Z +%)

TL (S AN INPLT IN FORM {(YEARS FRCN 1900)(NMCNTH CF YEZR)
{OAY OF MUNTH

WRITYEN AS €£01e12 FAOR uAN. 124+ 1965

T2 IS AN INPLY IN FORM (HCUFR CF CAY){MINUTE CF tCUR)
{SECOND OF MINUTE)

WRITIEN AS 13201.3032 FOR 1FMs 1 MIDNUTE, 30.32 SECCND
T3 IS WHOLE ODAYS FROM 1S5S0 CULTFLTY

T4=C.00C

TA={DINT{T])

TALI=TAZ100.0D0+.0100

TYl= IDINT{YAL)

TY= TY1-606000

IY=¥%Y

IF ({Y) 15e1Es1 €
CONTINUE

wirR ETE ( 6s17)

FORMAY (37H EXIT FROM TIMNEC. DATE 1860 CR EEFCFKE)
CALL X117

CONTINUE

ND=3€€2

K=l

DO 1 I=1s Y

KK =K=-{

[F {KK) 2+2+3

CONTINUE

ND=ND + 366

K=K +4

GO 70O 1

CONTINUE

ND=ND +3€5

CONTINUE
TY2=TA-TY1%¥100.000+.1D0
IYZ2Z=IDINT(TYZ2)

IF (IYz) 10,1011
CONTINUE

IF (12-1Y2) 10+.12412
CONTINUE

WRITE { 64, 13)
FORMAT(37H INPLT TIME 1S WRORG. EXIT FROM TIMEC)
CALL EXIT

CONTINUE
DO 4 =1s1Y2
I=1

JAN FEB MAR APRIL NMAY JUME JULY ALG SEFT CCT ANQOV
GO TO (4960736 +8+6e8B36+6+E+648) 1
CONTINUE
ND=ND + 31
GO YO 4
CONTINUE
IF{KK~1)9e 14,9
CONTINUE
ND=ND +29
GO TG 4
CONTINVE
ND=ND 28
GO TO 4
CONTINVE
NO=ND +30

2020C¢C

302100

loezcc

302300

202400
202500
302€CC

3027¢C
3Joz8co
02900
30300¢
3032100
203200
203300
ac3acce
303€00
20360C
2937¢¢C

203800
303500
204000
304100
304200
304300
3C44C0
2C4500
304600
2047CC
3C4800
3C4sCO
3acs5¢cCc
302100
20£200
3083C0
30£400
3C55C0
3656C0
3087C0
3cs8¢0
3¢5sCC
2060C0O
3C61C0
3Ce2CC
20€3C0
20€4C0
2C€5C0
3C66CC
3067CQ
3ges8CoO
3C66C0
307000
2€7100
3C72¢0
3073¢C0
207400
3C75C0
Jcrecc
307700
267800
3C7600
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4 CONTINUE
TBLi=(11~-TA)*100.000+4410D¢
NO=ND+IDINTLT81)

ND=ND~1

T3=ND

TA=IDINT(T2)

Y4={ T2~ TA) 7864, 0DC
TB=TA/1C0.0D00+. 100
TBL=1DINT(TB)
TB82=TA~-TBL*%1(C0.000+.1D0
TB3=IDINT{TBZ)
TA=T44+TB1/24.0D00+183/24,C00/6C.0DC
RE TURN

END

G (o G bt 4 22 P 4 2
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SUBROLTINE TRAJ(TLIDTIF 4R 2V NED
IMPLICIT REAL*B({A-Hs0U~2 %)

COMMON C(IOOO)tlF‘SO)92(3)'\¥‘3)'50F
COMMCNZ TIMEZ/TW, TF

OIMENSION REE3«E)X +svL{39E) R34V Y (20),C(20)
EQGUIVALENCE (CC4013+sR1 (1 el))»(CLA25)4VI(1,1))
J=2

N=€

L=0

Cia61)=0.00

C{SCEI=CLD0

CiS9LI=T1D

CLS91)=T1F
CLE648)={C(590)-C(E92)+C (E91)1~-C (593} ) *86400.,00
IFLC{534).£04,0.00) RETULRNM

Y{3)=—-1.D00

M=C(7€2)

GxDSIGN{120.D0:C(5%4))

Y{(8)=C(7€4)

DO 1 I=1+6

Y(1)=0.00

X=CeDC

CALL FNOL2UJsNG sl sMINE o X oY JDsDERIVTERN L,LUT)
IF{C(122).EQe1+00) GG TG 3
IF(C(122)EQ42sD0) GO TC 6
IF{C{122)«EQe104D0) RETLRN
[FCC(ESA)~(C(SO0E)+X) 4 LELCWDO) GC TC 3
CONTINUE

C(50€)=C(506)+X

C{i2z)=1.00

DO 5 1I=1+3

C{I+459)=R1(I+NOR)
ClI+EC2)=VI(INOR)

GO ¥Yg 2

CONTINUE

C{lzz)r=1.D0

WRITE(E,7) CINOR+EQ)

FORMAT({20H0BODY CENTER IS NCw AG6)

03 8 1I=1+3

C{T+45S)=R1( I NUR)
C{I+5C2)=V1I(1+NOR)

C{5C61=CL506)+X

GO 10 2

CONTINVUE

D0 12 t=1+3

R{1)=R1{1.NQR)

VIII=Vi{I,NOR)

Cllzz)=1.D0O

C(S92)=Tw

C(S92)=TF

RETURN

END

305400
204500
309600
3¢S 7CC
265800
2099¢C0O
24100¢C0
210100
210200
310300
310400
2105¢cC
210600
210700
210800
210500
211000
311160
211200
211300
211400
311500
311600
211700
211800
311900
312000
3121C0
312200
3123¢0
2124¢CC
312500
212600
3127¢0
312800
212900
312000
212100
313200
313300
313400
3135¢C
213600
3137C0
313800
2139¢0
214000
314100
314200
214300
314400
314500



Appendix B

EXAMPLES

CASE 1: Apoapsis Printout*

Case 1 is an example of the input and output formats for printout at apoapsis. A detailed
explanation will be helpful.

INPUT

C array

750
751
752
753
754
755
756
751
(758)F

759
760
761

(762) ¥
763
764

(765) T

(76T) ¥

(768) T

(769)
775
776
17

ouTPUT

Variable

Semimajor axis of 53500 km.

Eccentricity is .86915888.

True anomaly is 180 deg.

Right ascension of node is 45 deg.

Inclination to reference plane is 30 deg.

Argument of periapsis is 45 deg.

Epoch date is March 13, 1971,

Epoch time is 0" 0™ 03,

Input reference coordinate system is Earth mean equator and equinox of
1950, January 1, Oh,

Stop date is March 17, 1971,

Stop time is 0P,

Apoapsis printout is wanted; therefore ¢(761) is total integration time of
4 days. ’

=1, for apoapsis printout.

Apoapsis printout is wanted.

Apoapsis printout is wanted.

No shadow is wanted.

Built-in error control used.

Include harmonics for Earth, Moon and Mars whichever is the central
body.

No solar pressure — ignore ¢(770) through c(774).

Input in keplerian elements.

Printout at apogee only.

Three types of output requested:

(1) Central body; mean earth equator and equinox of 1950

(2) Central body; true ecliptic and equinox of date

(3) Sun-centered; true ecliptic and equinox of date.

The first block of output shows that shadow times have not been requested and that central
body oblateness of the Earth, Moon, or Mars, whichever is the central body, is requested.
However, in this case, no oblateness is calculated since Venus is the central body.

*Apoapsis printout is a form of exact print and requires restarting the integrator.
T Built-in value is used; therefore not included in input.

85



86 B. KAUFMAN

The next block of output is the epoch time and the input transformed into the mean Earth
equator and equinox of 1950, January 1 at 0P, which is the working coordinate system of
TRIP.

Next comes the epoch input transformed to those output options specified. In this case,
the initial position of the satellite was at apoapsis. This is followed by similar output
at the requested times. The output definitions are as follows:

X ~—+DZ State vector in km and km/sec.

R Radius magnitude (km).

DEC Declination of satellite in degrees referenced to the stated coordinate
plane.

RA Right ascension or longitude of the satellite in degrees referenced to the
stated coordinate plane.

v Velocity magnitude in km/sec.

PTH Flight path angle in degrees.

AZ Azimuth in degrees.

SMA Semimajor axis in km.

ECC Eccentricity.

INC Inclination in degrees to the reference plane.

LAN Longitude of the ascending node in degrees.

APF Argument of perifocus in degrees.

RCA Radius of closest approach (periapsis) in km.

C3 Twice the total energy per unit mass in km?/sec?(-«/a).

THET True anomaly in degrees.

APOG Apoapsis in km.

MAN Mean anomaly in degrees.

PERH Period in hours.

TPER Time to periapsis in days.

In the final block is the number of integration steps taken. Since printout at apoapsis,
periapsis, or exact time steps requires restarting the numerical integrator, this is the
number of steps taken from the previous output time,
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PVERLAY ) monT

Thiy 0935000000 0S8 TH1 e HARILERND T4 182 D, LROuOOOON o3
TH4 Ve 300000000 02 5% DLABRNGONNGT (2 7% A DLT10G313000 ya
59 B,710317000 Ha TR0 Hyn 8} QLatugonnnn 4y
Tah Ve Thb DB ALDLOBOGN DY 175 1, LOULGOON Y
17 0. 1001061000 08 o [y d .0

SHABfIW TS NOT RFOUESTFN

HarwOn 1CS DF  EakTH 1§ INCLBOED
HaRE(ON 108 OF LIRS B9 INCLUDFD
HARMONICS (F MARS 1S INCLIED

Stibaxk RADIATIHNM PRESSURE (S MOT INCLUOED

INPUT IN MEAN EG AND FO DF 1950

MARCH 13y 1971, BHKRS ¢ NIn, Us GSFL
X=0obhGHTIBID D& Y-.93301 2690 08 7=0,353553441 05 DX OL.60R201270
R, TOGO000OLD 06 DEC-0,207048140 (12 RA-N.94610659RN 02 V O.651R6H170

MARCH L3, 1971, OHRS, OMiIN, 0. USKC

VENHS CENTEREN CENTRAL BUNY MEAN £ ARTH FOHATOR AND FOUINOX OF 1950
X=D, 669071810 04 Y-0.9330126890 0§ 7=-0,253553440 0K | DX OL608201270
R 0100000000 D6 NFC=0. 207048140 02 RA-0.94}0659RD 02 VY UASIRAKLZD
SMA (L.835000000 05 FCC 0.8691588480 DO INGC DLILVCONELEN 02 LAN 4,45000u01D
C3-0. 607045790 N THRT =0 1AO00C0OUHN (3 APOR O, 10000000 08 MAN i, FROOOLORD

YENUS CERTERED TRUE FCLIPTIC AM) EDUINNX 0OF DAVE
X=U.b1TR6LTTD Do Y -1.9949908 31} 05 7 DLapR1 62030 06 DX V. ARG HILEN)
R 0, LOO00OL0O0D 06 DEC UL26RA3LLTH O] RA=N,03566237) 02 V U b5186H130
SMA DL,B35000000 05 FCC O.RAGISBHEN B0 TN 0.237397440 G2 LAN 11, G1543506)

C3-0.60706579D 01 THET-0, LROGOULLD O3 APNA DL JU0BUN00N D6 MAN {1, LRONDGHRY

Sutv CEnTERED TRUE FCLIPTIC AND EQUINDX OF DATE

X=1).450202240 OR Y-0.9RRDO65TH OR 70032282770 0T DX G,322322050
R OJIOHS90470 04 DEC 0.6464529460 0O KA=D, 116692830 03 V 0L355103%5460
NHMBER (IF STERS (S 0. LHDG0BLLY 6}

BARCH 14, 1971, 13HRS, 54mIN, lh. 2¢25FC

VERNS (ENTERED CENTRAL BODY MEAN EARTH FDUATOR AND FOUINGX DF 1950
X-U.664766U30 04 ¥-0.9331185210 8 7=, 153816640 08 DX OL,A0TL00020
R 0LIBU0LISTEN 06 DECL=0.207174641 02 RA=D,94076943D 2 Vo, 651114910

SMA UL83500359N N5 FCO 0869440520 00 [MG 0, 3L02 518D U2 LANM G.4504214610

C3=0,60706172D0 01 THETY 0. 1800000060 03 ak06 0, LUDBIST4AN (A HAN U, 1FOOOONOD

VENDS CENMTERED TRUF FCLIPTIL AND EGUTMAX OF DATE
=13 ,h12764500 (4 Y={1,997 }8495TH 05 7 0.4661T7TASH 06 DX DL, ANTARAURSY
R 0100015740 06 OFC 0.267154710 ) RA-N,9351 62410 02 V o Ul.681114910
SHa U.535003590 05 FLO 0.8654460540 00 IR NG20TAITRON 02 LAN (49358018730
£3-0.607041720 01 TRET (. 1R0000DDLD HA ABPHA DLVODTISTAN DA MAN ¢ LRONDDUBNY

St CEMTERED TRUF FCLIPTIC AND EDRINOX £F NDATE

X+, 406627210 08 Y~ila 100728030 049 7 0,947655110 06 DX D3P HIRGRID
R UL10AB30LIN 08 DFC 0.499731520 0 HA=0, L LI9AR3SN U3 V 0, 3550HTAAy
NUMHER OF STEPS 1S 0. 3RD0LOGH N3

MARCH 16, 1971, 3IPRS, 4AMIN, I8.3T3SFC

VENIS CENTERED CENTRAL BONY Mepan ¢ 8RTH FOUATOR AND FOUINOX OF 1950
X-0,6593T8710 04 Y=0.9332055%40 NS F-0.3%40 72690 08 DX G hDBAG2TTD
R 0Q,100029630 N6 DFC-0,207306130 02 RA~0,9604]1 K530 (17 V U ARS8}

SMA (.535006861) NS ECC 0L.869ARNTAD 0N TN DLI00L22130 (2 LAN O,450R1HNOSH
C3-4.60703084200 01 THET QL 1RH00UUBLH . 0T APNG DL JU0IZUARN DA MaN U, 190000000

VENTS CENTERED TRUFE ECLIPTEC AND BFOu INAX DK 08Te
X=0.h07343500 04 Y=(.99737159D 0% 7 DLaskliFRAND 04 X U, 606949041)
ROOLIDDO2963D 06 DEC 0.265978040 01 RA-(.Q3LR4ARIN 2 V. U,650450530
SMA U.535006860 05 FLL 0.8696HBT30 00 INE 0,079 70040 02 LaM ©.935393000
C3-0.60703802D 01 THET 0. LROQOUOUD N3 aPnf O, [eR020A30 DA MAM U, 1ALOCODND

SUN CENTERED TRUE ECLIPTIC AND bOUINNX 1F DATE

X}, 362265360 08 Y~0.102440980 09 7 DLAKRTADATRN 06 DX 0,333IR2]11A0
R OOLIORESSR4END 09 DEC 0.352]134900 0 RA~DL1u941829N0 03 V Ue355063R40

NUMHER 3F STEPS S (4391000008 13

MARCH 16, 1971, 23RS, Humiv, S3,9995F0

VENUS CFNTERED CENTRAL WINY MEan FARTH FOHIRTAKR ARN Fap ey OF 1Ysn
X~0,.196063730 05 Y= 12620831590 08 7 Ge7aT?s5000 N4 DX 19ea T oy
R DL234965010 0% NEC 0. TN624790 ) HADL e T2 E20A0 0 V L bhbLBy R0

SMA 0.934R45100 0% FOL U8RY9R4L220 00 NG DLAGGHYRATD 07 LAN G A%10H33 7w

C3~0.607221610H 01 THET 0, 120847250 03 ABOG DL 10000TRGN & KaN 0L 11TA26R T

VENIS CENTERED TRUF FOCLEIPTIC AnD EOUEMOX OF DaTe
X-1. 195486540 05 Y=0. 105633300 0% 7 QL ToRINREIRO (& BX-0 1423168210
R U,.236965010 05  PEC 0. 190366710 07 WA, 1516AT54DY U3 VO UL4RGGHHTRY
SMA L 34845110 08 FCC Q. BAORGZZIN 0O IRE O Z0RTIIDMAN 112 LAM U.9356nT 700
C3-8.60T221600 03 YTHET 0, 120847250 03 avis 0, Lo00OTANDY DA Wad G L1 7R2486))

SUN CESTERED TRUE FCLIPTIO AND £ouin0X NE NATE
A=V, 33heN114D DA ¥=(la 1031836590 9 7 N.521%6 1600 0k DX t.311159910
R UL LOASG4NLN 09 AFC 54275066390 00 RA=D JURTAL 6N Y V U, 36A%A0391

NUAHER 11F STEPS 1S 247000000 03

0n
00

on
00
ny
03

00
00
az
03

02
“y

Do
O
¥
N

0Ho
0n
02
0

02
0z

00
00
v
03

on
on
op
03

0z
02

oy
i3]
[
[td

(12}
01

"2
02

02
nz

81

753 o4 RONBNION o/

157 .0

Th3 O, 1HOOGONDHN A

716 B lOnnenenn gl
i IRl

S EAN BAaTE 2441029, 500000600
DY 0, LARAT A B~} YRS TTE TR T
BTH=, 32002440036 ap O, 1E2201R%0 113

JULTak natTe Z4elinZi sootnong

NY 1, 43RK7315D~y} M2 =te 2304 P 3 Gl
PTH-0, A2DRP2LLON-0 & AL QL lLosbT650 04
ApE QLA480000010 Q2 Vta 1, AY90UuS0GaNn tig
PFRH DBL37ROAIAON ) TR~ D, TuYstHi2n ¢y

DY =04 4HA&R2 143N-)) N -l ZgrBlw7An un
PTH-(,A208 11 4650-04 AL Baliub NG o
APE O REILGAMBN X Hla e FUBUHON G4
PERH 0,3TRGRIALD Y F0Fk=U0, [HUHHH0IN 1)

BY =0, 147301730 u2 NL=asnbahnnran bl
PTR N,2h436TH6N-G] PV AR I E YN R ST T

GIN_TANM DATE 246 ugh 01037504

BY 0,460797580-01 lmUa AL A0 o0
PTH (1 162104880~ 173 LY PR T XA N
AME O, LLAUSA93N 42 ROA ULHIR4YTREN 14

PERH OL3THOUATLZO 02 TPER Uy Trubn7) 20 1o

DY=1), 6RNAG4ALN=0 ) NI =1, 2Z HRYNID 0N
BIR={1  RATAD THIAN= K B¢ e LIUANLTED 03
APF D,A82647 RN % REA (. 09Ra9THRIY gy
PEHH H,378Q8 7421 42 TPFK Lig TnusS 7120 Do

DY=-N,12331T1360 (2 =11, 2¢ (UG o}
PTH 0,5RT3I5]4AN-U1 RE HevInRYlTan Gy

JULTAR DATE 244100, 0502T767

DY D ebLBDAGIHIN= ] =, Z30ZKIHYD (MY
PTH=-0, 122580040~y Al DLllZz63670 13
APF (1L LGQQQ1ARD 17 wEA v a9l 16210 04
PERKH O, 3TRUQORAN 2 Tekr O, fryhhaiin po

DY =0, 8TALGTLRAN=UL D=0, £289T T g0
PTH-( L, RTO2T42EN=R  AZ D 1IUBTEAIN 3
APF 0.3626910720 43 RCA D.0% 71767200 e

PERH 0,3TRAQOAAN g2 TPER DL TRYHELAGE O

DY =0, E1R79542D 1)) N~y 22 RAGRI ST D]
BIH (0,907 16869~ AL Ou930rTyl T 02

JULIAM DaTh 2u4i02 50000000

BY=1 A1 2381150 (Y B mvendb PIRARD o
PIH 43630200 gy B LLNZRYOTI G
AMF G LK0GTNLLN (7 RLA (096167681 o4
PERN D,3TRU1Q0ID G2 TRk 1 DLS (2 Ak h=0]

DY =0, L] 6hii26TN ) B danlbnesnal Li
BIH a8 443]) ) 200 oy B aMRhANTLAD G2
AFF O RE26J0GLI G VLA Gaovh 4 ZR00 g
PEAM NL,ATORIGOIN 02 1ohk (1 m 5 AN ]

VY=, 182034370 (7 VTIPS P& PALN KT S LENTT}
PTW O, THAIGARZE (1] A4 thagUlNLN I HE 00/
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CASE 2: Periapsis Printout*

The only difference here from case 1 is the input array c¢(776), which now requests
ouput at periapsis. Notice that the initial position was at periapsis.

*Periapsis printout is a form of exact print and requires restarting the integrator.
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HVERLAY INPGT

750 Vs 535000000 0% ™1 DyH&EFINHARD 0y 152 Tet) 753 N, ROQONHONN G
Tob V300000000 02 THe D 4S00GHDOA 07 AT @L710313 00 g4 57 [T
159 ULTLO31T00N 04 160 .0 1481 O 4 (0GO000D oY Th3 DL HD000DHEOH Ba
T64 [T Tth O, LHOBONKNON O} NEA 0,1 0000000N O 716 ~n, 100000000 Y
7 Ve 00 L000n 0% 0 L3 [t [N} o Nath

SHADOW 15 NOT REOUESTED

HARMNNICS F FARTH 15 INCLuED
HARMONTCS (IF wOON S INCLUDED
HARMIINICS OF “pry IS5 INCLUDER

SULAR QADTATION PukSSURE S MUT InCLUNDE

ENPUT TN ~EAN E6 AND EO OF 1950

AARCH 13, 1971, OHRS, OmMIN, g, OQ8FC JULTAN DBATE 24biid 3. 500006004
X D LhHITOR?H 03 ¥ 0.6531088a0 D4 7 0,24748T18N a4 DBE-OLHARRSERAPY O DY =1, A2 31 3NN gn NZ Wb, 329263130 0]
R (H.A99999941 N6 PFC 0, 2070en |0 0D RA NLASRIIANTN 02 v 0.931240100 0 PIH OLROAG4LTHRAN-(JA A2 O,6TT1923645 02
mARCH 14, 1971, {HRS Om Iy, . UNFC HILTAM DBATE 2441023..50000000
VENIS [FRTERED CENTRAL KONY Mpaw £ARTH FONATHR AND FOHIROX OWF L9480
X QadbB9LURZD 03 ¥ 0,651 HHD N6 7 0.24T4HTIRN (4 NX-( L RARBSEHOD; D) DY=0,A2AR] RSN gO 07 B.329263% 3y 0]
R UA99999990 04 NEC 0, 2070160120 V7 BA (1, H%R93QTH 0P V 0,933 26019) 0O} PId (1 ,ROBQLTHIN-1A A7 VN 6T1923680 12
SHA .53 R0O00LON 0K FOO O AAQTSHnD OO TREC O, 30000050 (12 FAM LS00 ) APF O LR00000 1N (1D RCA (1, 69999099H 14
C3-0.60704%798 0] THFT 0,11 APIML O JuO00RONON 36 =AM L.5905] LreND~18 PFRH 1, 37R4A3AN U2 1PE DU

VENNS CFNTEREN TRUF FULEPYIC AND pOUISOX NP DATE

X Uss32503800 013 Y U HBTHIZSTH 4 I=0,32TT1363N 01 DA=UA6G2334R) O BY (1,697 1RD4AD 4D B 0, 326HT6A3D 11}

K 0.h99999990 04 DFCL -0, 26R3353460 0] Ra O, ApL83T6GN 67 Vo 0,931240190 0L PTH 0,797223720~U6k AL N BHLLHVRAN 13y
SMA (.535000060 05 FOOL OLBATESRE9D 06 IMC DL, 2073974610 (17 LAM 0.935AR5061) 1127 APF N1,3824020°0 113 RCA 0.699469900 a4
£A-0, 607645740 0 THET 0,0 APDG 0, 10ONDNTN 0/ MAN LLIADAGUANYD D3 PERH D ITRARIESN 0 TPER 0.U

Std CENTRRED TRUE FCLIPTIC as) piWINNX OF HNATE

X=0, 4501136130 O Y- 9RT 139790 0 7 Ne122026360 07 0% (1,229%1407 07 DY=(1, 1A9RAKIARD N7 BL124102360 01
R Uy L ReUyai) B9 NEL G, 6664072590 00 A=, 114513000 O3 V Q,2AR9(145R) 37 PTH O,6RO4RA0AN Y Al G.nTLE33RSND 02
SHMREN HF STERS 1S IO S IEIVIVTL L AR LS 3
AARCH T4y 1971, 1IHRS, HORIN, 15.39RNET JULTAM BATE 2441045 080013973

vERIS CEMTEHRED CENTRAL SODY Mban EARTH FONITHR AND FOHINGXY OF 1950
X .466299100 03 Y G.65%1A037010 (14 7 N.24T0NY1A) Q& DX~ REUTAG0T1 01 DY -—0.63112752N0 g0 N2 o, 3Z9RT5820 ]
RO (.6984715610 04 NFC 0,207 174730 197 RA DGRHU24 600N (17 V o.9323249830 1) PYH=0,298453580-4u7 A7 (,6TTT2RGDN 0y
SMa Ua53499548510 05 FLC DJHAYGAILAEN 00 IN0 G 30GNZ220R00 02 LANM G 850422060 07 APF D AGOQEZIAIN U2 v A 1, H9rae 154D 114
C3=00 A T7050200 11 THFET-D, 11794364008 aPNR 0, JUDOTLARN 04 FAM GL3A000000D €3 PERN O,37RQ7G20N G2 TPER=-0, LTUY2 464~ 00

VENIS CERTRRED TRUE FCLEPTIC AND FORIMDX NF DATE
X (627969270 03 Y D.H9HITUG L N4 70, ARK5TOEN 03 DX=0.HT0106380 O DY DLARTGLOIAN ub B2 Q327750470 0L
R 0.AGRGTINAD 04 NFC-0,26T1526900 N} RE N AELRAAIIN 2 V 932329630 01 PTH-O AR EARND-0T AL .69 IVRN69N 02
SMA 13.536995R9N 05 FOEL OLRAG4L I TV 0N THE DL20TAGA2AD Y2 LaN (1,9385034261) 02  APF DAR24273N 03 RCA UL 690471540 N
C3-0,60TUSU4SD 01 THET =1, 16255366008 P06 0, TUNDLSLAN O0&  NMAN 0.3ADNODNMD DR BERK O,3ITRGTUZAN U2 THEK~D 2660028 T0-08

St CEMTERED” TRUF ECLIPTIC Ani) LQUEINOX OF NATE

X=. 40865431610 CR Y- 00D LD 0O 7 ©.04P3BN8A0 DA DX 0.23529990) 02 DY =0, 125R0856N U2 NI 0.12346001D 0}
R ULLORSTKERD 09 DEC 0.497503497 00 RA-0, 112000170 03 V 0LZATIOS TR 67 PTH 0,814770400 U1 AZ U.HT3RI&0DEN 12
NUHBFQ W STEPS 1S G0 2T1400GOHON 03
MARCH 6y 1871, 30RS, SOMIN, 33, 34SFC JUHLIAN DATE 2641026.66010467

VENDYS CENTERED CENTRAL REMY Mean £ARTH FAYATMR ARD FOHINGY DF 1950 3
X t1.459A602910 D3 ¥ 0,650387230 04 N 26ATHRETEN (6 DX=GHTHSI2921 () NY=GLA3PROL1TTN U0 N7 1, 330627530 0]
R QL6971 24M60 04 DET U, 207306380 142 RA NLE59%T60200 42 V U BR292220 O PIH 0,35527]1370~14 AL DLHTTSSHIAD 02
SHA GuHIANAZ 1A 05 FOE DanhQAGL I (0 [0 0L300827350 02 LAV ULANHRLH64L 07 ABF 01,689946327D U2 RCA 0.6971246HAN. 04
C3=060T0GH TN O THET=DLATLG6TI30-0A RGO U271 90 (A MAK DLAAORO0ONRN 07 BEr O, ATRITHIRD 2 IPFK -1, LULR649ND-0Y

~

VEQUS CFMTERE: TRUF FCLIPTIC ami) £ 0 MIX CF DATE
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CASE 3: Printout at Exact Intervalst

This case represents printout requested at intervals of exactly 1-1/2 days. While this
feature may be extremely usetul in some cases, it is inefficient in that it requires the
integrator to restart after every printout.

The differences in input are:
(1) ¢(761) is 1.5 since printout is wanted at exactly 1.5~day intervals.
(2) ¢(762) is 2., which is the total days (4) divided by At (1.5) and truncated. Note that

¢(762)* At # 4 and therefore TRIP gives a final printout after 4 days, which is at
the requested stop time.

(3) ¢(776) uses the built-in value of 0. since printout is not wanted at perigee or apogee,

TDo not request exact printout and printout at apoapsis or periapsis in the same run.
TRIP can not handle this multiple type output.
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CASE 4: Printout At Approximate Intervals

This case requests printout at approximately 1.5-day intervals. This means that print-
out is obtained at the first step of the integrator beyond the time actually requested.
This type of printout does not require the numerical integrator to restart and is there-
fore much more efficient than any of the types discussed in cases 1-3. Where possible
it should be used instead of the exact printouts.

The differences in input are:

(1) c(761) is set equal to the total time of 4 days.

(2) ¢(762) use the built-in value of 1. and therefore does not appear in the input.
(8) ¢(763) uses the built-in value of 0. and therefore does not appear in the input.
(4) c(764) is set to 1.5 days in seconds.

Note that the printout of the number of integration steps taken is cumulative and repre-
sents the number of total steps taken from epoch, whereas in the exact printouts of cases
1 through 3 it represents the steps taken from the last printout.
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CASE 5: First and Last Point Printout

This case represents the most efficient type of run but also the one that gives the least
information, being useful only when the final point is all that is desired. Note that the
total steps taken will be the same as for case 4. The differences in input from case 4
are:

(1) c¢(763) is again set to 100 000,

(2) c(764) is set to 0.
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CASE 6: Shadow Printout

This case is for an Earth satellite and includes printout of latitude and longitude of the

satellite as well as shadow times., Note that, as explained earlier in the section on

known bugs, the satellite was in shadow at the start, and therefore the first shadow times

are incorrect. This is obvious since the times show the spacecraft entering umbra first!

The second sequence of shadow times is correct. Note also, that the oblateness effects

of the Earth were included here. The input data differences from the previous cases

are:

(1) ¢ (750) through c¢(755) are now state vector components.

(2) c¢(758) shows that the state vector is referenced to the true Earth equator and
equinox of date.

(3) c(761), c¢(762) (built-in value), ¢(763), ¢(764) indicate that only the first and last
points are requested.

(4) c¢(765) indicates that shadow times are requested from the outset.

(5) c¢(7686) is the built-in value indicating the Earth is the central body.

(6) c(775) is the built-in value indicating input is cartesian state vector.

(7) ¢(777) is the built-in values for output options.
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