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TRIP-TRAJECTORY INTEGRATION PROGRAM

Bernard Kaufman

ABSTRACT

This document describes a numerical integration program (TRIP) based on
Encke's method of integrating only the perturbations in the cartesian coordi-
nates. The mathematical model can include Venus, Earth, Mars, Jupiter, the
Moon and the Sun as either central or disturbivg bodies. In addition, full oblate-
ness potentials are included for the Earth and Moon and J, only for Mars. Mod-
ification to expand the oblateness models for the other planets is simple. Solar
radiation pressure may also be included as an option in the input. The program
uses the latest exported JPL double precision planetary ephemerides (DE 19)

TRIP has the option of ‘calculating shadow times using penumbra and umbra;
and 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.

It is a 360/95 program and has proven over the years to be accurate and very
fast,
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TRIP-TRAJECTORY INTEGRATION PROGRAM

INTRODUCTION

TRIP 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 Goddard. These were primarily large and very slow pro-
grams 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, since Encke's method is used which requires rectifica-
tion of the reference orbit, it was not considered advantageous to incorporate
atmospheric drag.

Throughout the development of TRIP, its speed and simplicity have been main-
tained, making it a very useful as well as accurate, tool. It was most recently
used for the launch window analysis for Imp-I.

TRIP is currently rumning on the IBM 360/95 and is available in the Goddard
program library (number D00140),

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 (reference 1). A complete listing of TRIP appears in Appendix
Aﬂ

MAIN - The driver for TRIP. ks primary function is to set up certain
keys from the inputfiata,

ADOT - (Reference 1) Obtains the angle between two vectors.

ARES - (Reference 2) Calculates the matrix necessary to transform co-
ordinates from Earth mean equinox and equator of date to Mars
mean equinox and equator of date,
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ARKTNS

CROSS

DERIV

DOT

FNOL II

FNORM

GETACC

GETTAP

GHA

GOTOR

HARMON

INTR1

ITER

KONSTK

Ml

(Reference 1) Obtains the arctangent of y/x.

(Reference 1) Finds the cross product of two 3-dimensional vectors
Calculates the disturbing accelerations due to the presence of
other bodies and, when required, calls other subroutines to calcu-
late accelerations d e to oblateness and solar radiation pressure,
Performs rectification test.

(Reference 1) Finds the dot product of two vectors.

(Reference 3) Used for the numerical integration of a system of
ordinary differential equations. A fourth~order Adams-Moulton
predictor-corrector with a Runge-Kutta starter, FNOU II has

the option of automatically varying the step size.

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

(Reference 4) Evaluates the disturbing acceleration due to
oblateness of the Moon or Earth.

(Reference 5) Used to position the ephemeris data set and read
the correct data record.

(Reference 1) Calculates the Greenwich hour angle.
(Reference 1) Solves Kepler's equation for incremental eccentric
anomaly on a conic section given the incremental mean anomaly

(time).

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

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

Calculates times of entrances and exits from penumbra and umbra.
Defines all constants needed by TRIP.

(Reference 1) Multiplies a. 3-dimensional vector by a 3 X 3 matrix,



MNA

MULT

NUTAIT

ORB

ORB2X

ouT

OUTX

OVRLAY

READE

ROTEQ

RVOUT

SHADOW

SHIFTP

SOLAR

SPER

(Reference 1) Pro " les the matrix to transform moon-centered
coordinates in Earth's true equaior and equinox to Moon-centered

R

coordinates in iue moon's true equator.
(Reference 1) Forms the product of two 3 X 3 matrices.

(Reference 1) Calculates the matrix to relate coordinates in
Earth's mean equator and equinox to the true equator and equinox.

(Reference 1) Transforms cartesian state vector to keplerian
elements.

(Reference 1) Transforms keplerian elements to cartesian state
vector,

Prints out various types of output as determined by keys set from
input,

(Reference 1) Prints out cartesian and spherical coordinates.
Called from subroutine OUT.

(Reference 1) Reads input data,

(Reference 5) Reads, interpolates and translates ephemeris data
from the JPL double-precision ephemeris system (DE-13).

(Reference 1) Provides the matrix to transform from mean
equator and equinox of 1950.0 to mean equator and equinox of
date,

(Reference 1) Calculates spherical coordinates of position and
velocity.

Driver for subroutine ITER. Sets up keys to be used in calculating
ghadow times.

{Reference 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.

(Reference 1) Converts cartesian position to spherical coordinates.

[
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STEPD

TCONIC

TERM

TFRAC

TIMEC

TRAJ

INPUT

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

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

Contains termination logic for the numerical integrator. Deter-
mines when the proper conditions for termination have occurred.

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

(Reference 1) Computes whole and fractional days from January 1,
1950 at 0"r,

The driver for FNOL II.

All constants and variables needed for the program are contained in subroutine
KONSTK and built~in values are supplied thr re 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 3 digits are fixed-point input (I3)
and represent the C-axrray location of the variable in subroutine KONSTK. The
C-array location is followed by the value desired.

C-array Name (if any) Variable
750 X (km) or a {lm)
751 Y (km) or e
752 Z (km) or & (true anomaly-~deg.)
753 X (km/sec) or 0 (deg)
754 Y (km/sec) or i (deg)
755 Z {(km/sec) or w« (deg)
756 Epoch time {year, month, day in form of
yymm dd)
787 Epoch time (hour, minutes, seconds in form
of hhmm . sec)



; 758

759
760

761

T e e -.-6.w.>~:..-.

762

763

TINC (days)

TOTAL 21) = <

XM (reference 3) 4

.

f‘

.

Reference coordinate system of input

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

2. True ecliptic and equinox of date,

3. Selenographic-true moon equator — rotating,

4, Mars mean equator of date,

5. True Earth equator and equinox of date.

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 wanfed, or printout at
approximate steps of At is wanted (nearest
time step to At).

TINC = At if printout at exact intervals of At is
wanted,

Built-in value is 180. (days)

(" 1, X 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.

_;tgtal days If printout is wanted at exact steps
M of At.

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

100 000, I printout at 1st and last points is
wanted, or if printout is wanted at periap-
sis, apoapsis or exact intervals of At.

0. I printout is wanted at approximate
stepe of At '

Built-in value is 0,



764

765

766

767

768

769

Y(8) (reference 3) =

SHADOW =

XNOR

XNE

HARMONICS

SOLAR

(0. I print 1t is wanted at first and last points
only; or if printout is wanted at periapsis, apo-
apsis or exact steps of At.

At (seconds) If printout is wanted at approxi-

L mate steps of At.
Built-in value is 86400, (seconds)
-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

. dJdupiter

Built-in value is 1.

S o e

Error control for FNOL II, Controls the size of
the automatic step calculated in FNOL I1I.
Built-in value is 5. May be « . high as 9.
See reference 3 for details.

Oblateness key in form of abc., where

a = Earth ,
b = Moon '
¢ = Mars

0 Do not include oblateness
1 Include oblateness

Buili-in value is 111. Only the central body
oblateness is used.

Solar Pressure Key

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

1. Include solar pressure

Built-in value is 0.
6




770

771

772

773

174

775

776

777

AREA

XMASS

Reflectivity
of spacecraft

SPEC. REFLECTION

of spacecraft

CONSTANT

INPUT TYPE

APPER

OUTPUT =

4

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

Total mass of spacecraft in gms, Built-in
value is 113000, Used only if c(769) = 1.
rValues from 0, to 1,, inclusive, Used only if
c{769) = 1,
1. Perfect reflector
0. Perfect absorber

<

\_Exilt—in value is 0,2

Fraction of particles specularly reflected.

1. 100%

0. 0%

Built-in value is 1. May be 0. to 1., inclusive.
Used only if ¢(769) = 1.

Solar pressure at 1 AU,
Built-in value is 4.7 x 1075 dynes/cm?.
Used only if c(769) = 1,

0. Cartesian.
1, Orbital elements.

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

Aposapsis and periapsis key.
0. Do not print at apoapsis or periapsis.
1. Print only at apoapsis.

-1. Print only at periapsis.

Built-in value is 0.

Output options in form of abedefgh.
"a: Central body mean Earth equator of 1950
b: Selenographic
¢: Mars mean equator of date _
d: Central body true ecliptic and equirox of date
e: Earth-centered true ecliptic and equinox of

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 fol-
lowed by a blank card and then the cards for the second case. There is no limit
to the number of cases thai may be stacked. Agsin, 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 Appendix B.

OUTPUT

The output options are listed above in the description of array c(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.

Printout for the céntral body consists of both the cartesian state vector and
instantaneous osculating elements; for other bodies, only the state vector. A
sample of the output with an explanation is shown in Appendix B,

CONSTANTS

All constants needed by TRIP are listed in subroutine KONSTK and are either
described there by a comment card or are described above in the input section.
The constants in c¢(31) through ¢(38) are no longer used by the program but were
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:
1.) Only one type of printout can be used in a run.

b iR g et S




2. The printout interval must be greater than two 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:

1. 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 reguested at
apoapsis.

2. 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 incor-
rect 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 6, Appendix B).

A final note of caution — when exact printout is asked for, the numerical inte-
grator 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 2 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 covL vol in array ¢{767) or by de-
creasing the rectification limit in array ¢{720). H,wever this is 2 problem in-
herent to a certain extent in any numerical integration routine and probably can
not be completely eliminated.
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APPENDIX A

Listing of TRIP
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P

C""'_"'— ENCKE PRnGRAM MAIN e ® ©® 9 © © o 100

v IMPLICIT REAL%8{A-H;0~-2,%) . 200
] DIMENSION X{3),VI3)3R1(3,8),¥1(3:8) 300
. DIMENSION DUM{3 .3V ¢NATEFGCI33) s DATECT(393) g XX (3} aVL3) 400
Ty COMMON C{1000}IC{50):203),VV{3)sNOR,INP 500
: OIMENSTUN XNOTI(3) &60nQ
F DIMENSION ELI(&) 700
! COMMON/APPER/ FPROLD,COLDsXMAX A00
- COMMON/JTERM/MEARTH ¢ MMOON » MMAR S anQ
H NDATA BLK/6H /s XNOT1/3HNOT/ 1000
. EQUIVALENCE (C{401)}oR101o1) )5 (C{425)sV1I{Lol)}y 1100
1 {CHT501eX{1 ), (CLTB3),VI1)) 1200

; DIMENSEIUN A{3,3)sFN(3:3)sEMN(3:3),BATE(3;3)oSDATRI3 %), 1300
) 1DATET(3:3) s SDATET(3:3) ADATE(3p 3}, ADATET{3,3), AR 3,3) 1400
= COMMON/ROT/ DATE ¢ SDATE;DATET ,SDATFTsANDATFARATFT¢NATFEC (DATECT EN 1500
: COMMON/XLIBZ SGoTAXMLIR 1600
g COMMON/TUP/TLY 1700
o COMMOM /SHAD/ SHANRK 1R00
-ﬂ COMMON/PRINT/ ICS50,ISELsMARDATICFNECs IFAREC, ISHUNFEC,TCNATE ;s IFARFX 1900
4 CALL KONSTK 2000
it 1 CALL DVRLAY 2100
R Cl462)=1.N0 2200
£{122)=1.D0 2300
FPROLU=0,N0 2400

OLD = V.00 2500
IFICITT5).F0.0.00) GO TD 2 2600

NTEMP=C{T66) 27100

NU 5 I=1.6 2800

5 ELE{]) = C(1+749) 2900

CALL ORB2X({XoV,ELI;CINTEMP)) 3000

2 CONTINUE 3100
IF(FNNRM{X).EQ.0,N0} GO TO 20 3200

SHADK=0.0n0 3300

TS=C{756) 3400

DF=C{757) 3500

INP=C(758) 3600

ST=C{759) 3700

STF=C(760) 3R00

FINC=C(761) 3900

TOTAL=C(762) 4000

Ct1000)=L(745) 4100

XNDR=C {744} 4200

NE=C(T767) 4300
MEARTH=C{T6R)/100.00 4400

TEMP=C {768 ) -MEARTH®=100 4500

MMDON=TEMP/10.D0 4600
TEMP=TEMP-MMOON*10 %700

MMARS=TEMP 4R00
1C50=C{777)/10000000.0D0 4900
TEMP=C(7TT}-IC50%10000000 5000
ISEL=TEMP/1000000.00 5100

TEMP=TEMP-ISEL* 1000000 5200
MARDATsTEMP/100000.D0 5300
TEMP=TEMP=-MARDAT*100000 5400

ICENEC>TERP/ 10000.D0 5500
TEMP=TEMP=-ICENEC*10000 5600

TEAREC2TEMP/ 1000.D0 5700
TEMP=TEMP~FEAREC® 1000 5800

" ISUNEC®TEMP/ 10000 5900
TEMP=TEMP=-1SUNEC*100 6000

ICDATE=TEMP/ 10.N0 6100
TEMP=TEMP=ICDATE®10 6200

TEARFX=TEMP 6300

NTOTAL=TOTAL 6400

NOR= XNDR 4500

CALL TIMECITSyDFoTHoTF) 6600

CALL TIMECIST,STF,ST1,STFL) 4700

A-1




60

50
%0
30
70

100

162

101

&00

300

400

500

700
200

IF(C(1000}) 60550550

WRITE(6530)

GO 7O 70

WRITE(6,40)

FORMATI{1HL o 19HSHANOW IS REWUESTFDN)
FORMAT(1R]1 ; 23HSHADOW IS NOT KEQUFESTEND
CONT INUE

XNOT{1)=8BLK

XNDT(2) =HLK

XNOTI(3)=BLK

IF{MEARTHoLTo1) XNMOT(1)=XNUTL
IF(MMOONLTo1) XNDT(2)=XNOTL
IF{MMARS s LTol ) XMNNT{3)=XNOTL
WRITE(6:200) CI6HL) XNOT(L)
WRITE(65100) C{62):XNOT(2)
WRITE(6,100) C(65) XNOT(3)
FORMAT{1HO o 13HHARMONICS OF oAb6.4H ES (A4 BRHINCLUDFED)
ANDT(1)}=BLK

IF(C{T69)oF0.0.0D0) XNOT(1}=XNUT1
WRITE(6,102) XNOTIL) .
FORMAT{°0 SNLAR RADIATIOM PRESSURF IS %A%yt INCLUBED?)
TIME=THW+TF

TLU=TIME

CALL ROTEQITIME,A)

CALL NUTAITITIME;OMoCRoNTENEPSILY)
CALL MNA{TIME,OMyCR DT EPSILiRO:GoGPyWW, EMN)
XML IB=LE80,D0%., 0174532925200 + CR~NM+TA=5G
CALL MULT(EN,A:DATE)

DUM{Ll,Lb=1.0D0

DUM{1,2}=0.D0

DUMEL¢3)=0.0D0

DUM{2:1}=0.N0

DUM(2:2)=DCNS{EPSILY
DUM{2,3}=DSTN{EPSIL)

BUMI3,1)=0.D0

DUM({3:2})=-DSIN{EPSIL])
DUM{3,3)=DCOS{EPSTL)

CALL MULTIDUM DATE DATEECH

CALL MULT{EMM,DATF,SDATE!

CALL ARES{TS,DF,AR}

CALL MULT{AR,A; ADATE)

B0 101 N=1.3

D0 101 J=1,3

DATECT{Jo 1 }=DATEEC{IoJ)
DATET(Jo I} =DAYE(l o)
SDATET{Jo 1 }=SDATE(T,J)}
ADATET(Jo I )=ADATE(I,J}

WRITE(G6:8)

FORMATILIHO,3LHINPUT §N MEAN EQ AND EQ OF 1950)
CALL DATOUT{TW,TF,DAYM,FNATE, O)

D 600 I=],3

XXti)aX(l}

Xvi{Th=w{l}

GO TRI200+300:400,50007000 INP

CALL ML{X,DATECT XX}

CALL MLIV,DATECT XV)

&3 10 200

CALL MIEX SDATET XX}

CALL MIIV,SDATETXV)

G0 TG 200

CALL MLI{X,ADATET XX}

CALL MI(V,ADATET XV}

&0 YD 200

CALL ML{X,DATET XX}

CALL ME{VyDATET.XV)

C ONT INUE

A-3

6800
6900
7000
7100
7200
7300
7400
7500
7600
7700
TRO0
7900
ROOQ
8100
R200
R300
R400
R500
R600
8700
8800
8900
2000
9100
9200
9300
9400
9500
9600
9700
9800
9900
10000
10100
10200
10300
10400
105G0
10600
20700
10800
10900
11000
11100
11200
11300
11400
11500
11600
11700
11800
11900
12000
12100
12200
12300
12400
12500
12600
12700
12800
12900
13000
13100

+ 13200

13300



11

13

16

10

14

12
15

20

00 11 I=1,3
C{1+499)=XX (1)

CL1+502)=XV(I)

CALL DUTX (XX oXV,NOUT)

C1592)=Tw

C(593)=TF

TEF=TF

KK=1

TFF=TFF+TINC

CALL TFRACITW,TFFoTWF,TFF )
XMAX=0,D0

CALL TRAJITWF,TFF XXXV NE)
IFIC{462).ER.0,D0YGO TO 1

TW=TWF

D0 10 JJ=1,3

CLIJ+499) =XX ( JJ)
ClJJ+502)=XV{(JJ)
STOT={ST1-C(592}+STF1=C(593) }%86400.N0
IF(STOT-120,D0.LE.0.D0) GO TO 1
XMAX=04DO

IF(C{1000}.6T.0.D0) C{1000)=0.D0
IF(C(462) .EQ,0,00) GO TO 1
IF(FPROLD.E0.0,D0) GO TO 12
FPROLD=0,00

OLD = 0.DO :
STDTPR=(TWF-C(592) +TFF=C{593))*R6400.N0
IF{STOTPRG,LE.120.N0} GO TO 12

IF (KK .LE. NTOTAL} GO TO 16

60 TO 15

KK=KK+ L ,

IF(KK.LE,NTOTAL} GO TO 13

CALL TRAJ(ST1,STF1sXXoXVsNE)
IF{FPROLD.NE.O.DO) GO TO 14

60 TO 1

CONT INUE

- S§TOP

END
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13400
13500
13600
13700
13R0N0
13900
14000
14100
14200
14300
14400
14500
14600
14700
14800
14900
15000
153100
15200
15300
15400
15500
15400
15700
15800
15900
16000
16100
16200
16300
16400
16500
16600
16700
16R00
14900
17000




REAL FUNCTION ANDOT#B(X,Y)
IMPLICIYT REAL#*B(A-H,0-2,%)
DIMENSTION X (3}, Y(3)

FUNCTION RFTURNS ANGLE IN DEGREFS BETWEFN TwO TNPUT VECTDRS

RANGE IS RESTRICYED TO (04180)
A=FNORM{ X)

BsFNURMIY }

ANG=DOT (XY} /A/R

ANOT=ARKTNS( LEROy ANGyDSORT( 1. UNU=-ANG*ANG) ) %57, 23577900

RETURN
END

A4
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17200
17300
17400
17500
17600
17700
L7800
17900
1RO00
18100
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SURROUT INE ARES(T1,T2;AR) 1A200
IMPLICIT RFAL%B(A=Ho0=2,%) 1R300
DIMENSION AR(3,3),EE(3),0(3),FX0(3)-FO(3) 1R400
NIMENSION TEM{3) 18500
DUM=0,00 18600
NTR=0,01745329252N0 1R700
IYR=T1/100.0N0 1R800
YR=1YR 18900
DT=YR=-50.N0 19000
AOP= 317,79341666TD0+0.6520833D-2%0T 19100
DOP=54,6575N0+0,350=-2%DT 19200
BYR=YR%100.N0+1.0100 19300
CALL TIMEC(RYR,DUM,TW, TF) 19400
CALL TIMEC{T1,72,TWl,TF1) 19500
TAU= ((TWl=TW)+{TF1=TF)) /36502500 19600
AO0= AOP=-0.001013D0%TAU 19700
DO= DOP=0.000631D0*TAU 19800
TE= (TH1+TF1+18262.5001/36525.D0 19900
OM= 4B8.78644167D0+0.77099167D0% TEF~0. 13888889N=5*TEXTE 20000
XI= 1.850333333N0-0,675N=3%TE+0.12611111N-4%TEXTE 20100
E= 23.45229444D0=-0,130125N=-1%TE~0:163888R9D=5%TE*TE 20200
1 +0.50277778N-6%TE*TEXTE 20300
ADR=AD%DTR 20400
NOR= DO*DTR ' 20500
OMR= OMEDTR 20600
XIR= XI*DTR 20700
FR=F#DTR 20800
SADN=DSIN(AOR) 20900
CAO=DCOS{AOR) 21000
SNO=DSIN(DOR) 21100
CNO=DCOS (DOR) 21200
SOM=DSIN(OMR } 21300
COM=DCOS { OMR) 21400
SI=LSIN(XIR) 21500
C1=DCOS(XIR) 21600
SE=DSIN(ER) 21700
CE=DCOS{ER) 21800
wkkxakx  THE FOLLOWING IS KAUFMAN'S METHOD ®xskks 21900
EE(1)=CAO®CDO 22000
EE(2)=SA0%CDO 22100
EE{3)=5D0 22200
0{ 1)=SI*50M 22300
0(2)= =SI*COMXCE=C1#%SE 22400
0(3)==SE*COM*SE+CI*CE 22500
CALL CROSS{0yEEEXD) 22600
EQ(1)==SA0D 22700
EQ(2)=CAD 22800
EQ(3)=0.,D0 22900
CALL CROSS{EQ,EXD,TEM) 23000
SOMEG=DSORT(TEM{ 1) %% 24 TEML 21 %2+ TEM{ 3} %%2) 23100
COMEG= DOT{EQ;EXD) 23200
OMG=ARKTNS{180,COMEG ; SOMEG ) 23300
SOMEG=05TN(0MG ) 23400
COMEG=NCOS {OMG) 23500
AOM = ADR+1,57079632700 23600
XAI=1.570796327D0O-DOR 23700
SAOM=DS IN{ ADM } 23800
CAOM=DCDS (AOM} 23900
SAI=DSIN(XAL} 24000
CAT=DCOS(XAT} 24100
AR{ 1y 1}=COMEG*C ADM~SOMEGHSAONSCAT 24200
AR{1,2)=2COMEG*S AOM+ SOMEGSCADOMSCAT 24300
AR{1,3)=SOMEG*S AT 24400
AR(2,1})==~SOMEGHC ANM=COMEG® SADMSC AT 24500
AR{2,2)==SOMEGH*SADM+COMEG*CAUMSCAT 24600
AR(2,3)=COMEGESAT 24700
AR(3,1)=SAOMESA] 26000



AR{3,2)==CAOMKSAT
AR(3:3)=CAl
RETURN

END

AL

24900
25000
25100
25200



[alalel

»

ol B e ]

REAL FUNCTION ARKTNS®B(NgM,Y)

IMPLICIT REAL*8lA-H;D0~Z,%)

COMPUTES 4-UUADRANT ARCTANGENT OF Y/X IN RADIANS
N=360 ANGLE LIES IN RANGE (0.,3260) DFG
N=180 ANGLE LIES IN RANGE (-}80,1B0) DEG
TPI » 6,2831853000D0

XA = DABS(X)

Ya = DABSIY)

IF{XA-YA)]1lel, 2

IzX/YA

GO TO 3

I=Y/ XA

VAZXA -

D=DSORT{1.0D0+Z*Z)

YA=YA%RD4+X

IF{YA) 44,5

ARKTNS=TPI/2.000

GO TO &

ARKTNS=2.0D0%DATAN{Y /YA)
IF{N=180)7:9:7

IF{ARKTNG )8:9:9

ARKTNS=ARKTNS+TP}

RETURN

END

A-7
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SUBROUTINE CROSS{A;B,C)
IMPLICIT REAL%*B(A~H,0=Z:%}
DIMENSION A(3)oB{3),C(3)
DIMENSTION A(3),R{3),C{3)
Cil)=A{2)%B(3)-A(3)%B{2)
Ci2)=A(3)%B{1)=A11)*B{3)
Ci3)=A{))%B{2)=Al2)%B(]1)
RETURN

END

A-8

27700
27800
27900
28000
28100
28200
28300
28400
28500
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SUBROUTINE DATOUT{T1,T2,DATE,FDATEsKNATE) 28600

IMPLICIT REAL%8{A~HoO~Z%}" 28700

DATE RETURNED IN FORMAT(YEARS FROAM 1900) (MONTH) o (DAYS) 2RB0O0
FDATE RETURNED IN FORMAT (HOURS)I(MIN).(SFCONDS) 28900

K SET O FOR PRINTOUT, SET - OR + FOR NGO OUTPUT 29000
GIVES CALENDER DATE FROM T1(WHOLF DAYS FROM 1950) 29100
ANDT2({FRACT OF DAY) 29200
DIMENSION C(12) 29300
DIMENSION C(12) 29400
DATA QOOOHL/6H JAN./ 29500

C{1 )=Q000HL 29600
DATA QOOLHL/6H FEB,/ 259700

C{2 1=0Q001HL 29800
DATA QO02HL/6H MARCH/ 29500

Ci3 )=0Q002HL ' 30000
DATA QOO3HL/6H APRIL/ 30100

Cl4 )=0003HL 30200
DATA GOO4HL/6H  MAY/ 30300

C(5 )1=Q004HL 30400
DATA Q00SHL/&H JUNE/ 30500

C(6 1=0005HL 30600
DATA Q00&HL/6H JuULY/' 30700 -

C(7 )1=0006HL 30800
NDATA QOOTHL/6H AUG./ 30900
C{8)=0007HL 31000
DATA QOO8BHL/6H SEPT./ 31100

Ct 9)=Q008HL 31200
DATA QOO9HL/6H 0OCT./ 31300
C(10)=0009HL 31400
DATA QOlOHL/6H NOV,/ 31500
C(11)=Q010HL 31600
DATA ©CLlHL/6H DECo/ 31700
C{12)=Q011HL 31800
MD=0 31900
K=T1+365.0D0 32000
IFIT1)6:6,7 32100

6 WRITE { 69100} 32200
8 RETURN 3.300
100 FORMAT(23H DATE IS 1950 OR BEFORE} 32400
7 KlzK/1461 32500
K2aK~Ki%l461 32600
KWN=K2/365 32700
KK=K1%4+1949+KWN 32800

Nzl : 32900
IF{KWN=-3)1125111,111 33000

111 N=0 33100
112 KWN=K2-KWN*3565 33200
IF(KWA) L1 11,13 : 33300

il MONTH=] 33400
MD=1 33500

. 60 TO 25 33600
132 CONTEINUE . 33700
KNW=0 33800
JJ=0 33900

135 Jd=Ju+l 34000
IF{12=JJ)23,23,137 34100

JoF oMo oMo Lo JoAeSeOsNsMONTHS FOR GO TO 24200

137 GO TO (14el5004016pk%eoloyldpléeolteléoltelalesdd 34300
14 CONTINUE 3 %400
KNW=KNW+31 34500

GO TO 17 34600

15 CONTINUE 34700
IFIN}L8,18,19 34800

18 XKNW=KNW+1 34900
19 KNW=KNW+28 _ 35000
GO TO 17 35100

ie KNW=KNW+ 30 35200

A-$
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17

22

20

21

23
25

50

101

CONT INUE
TF{KWN=KMNI20,21:22
CONT INUE
MD=KNK
GO TO 135
CONTINUE
MONTH=J.J
MD=KWN=-MDe 1
GN TO 25
CONTINUVE
MONTH=JJ+]
MD=]
GO TD 25
MONTH =12
MD=KWN=-MD<+1
CONT INUE
TM=T2%24, 000
THP=JIDINT(TH]}
FDATE=THP%100.,0D0
NHOUR=THP
THP={ TH=THP ) %40, 0D0
TH=IDINT{THP]
FDATE=FDATE+TH
NMIN=TH
THP={ THP~=TH} %60, 0RO
NSEC=THP

FDATE=FDATE+THP /100, 0DO

TSEC=NSEC

DATE=(KK~1900)*100+MONTH

Se=MD
DATE=DATE+SP/100.0D0
IFIKDATE) 8,50+8
CONT INUE

THP={ THP~TSEC 1*1000,0D0

NFSEC=THP
TT=10ENT{T2+.500)
TP2=T24,5D00=-TT

TPl=T1+TVT+£433282.000
WRITE 6o X01ICI{MONTH ) o MD; KXo NHDUR » NMIN NSEC
FORMAT{ 1H oA6.1351Hes 1Xo1401H
13HSEC ;50X o 1 2HJUL TAN DATE

60 TO &
END

pFB.0,T111:FT,.8)

A-10

oNFSEL, TP1,TP2
sIEs I 294HHRSo o I3oaHMING o [351lH 13

35300
35400
35500
354600
35700
35800
35900
36000
36100
36200
36300
36400
36500
36600
36700
36800
36900
37000
37100
37200
37300
37400
37500
37600
37700
37800
37900
38000
38100
AR200
IR3I00
38400
38500
38400
3RTOO
2300
38800
39000
393100
39200
39300
319400
39500
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SUBROUTINE DERIVIXsYoD)
IMPLICIT REAL*B{A-H 02,8}
DIMENSION Y{20)oR1(3:8)oV1{3:8),D(20)sCRI20)sNP{G)y RM(S)RMLI5),
INACC{3)eZ1(3)oVVII(3),RE(3)sCACC{3) (R2(3:8)
DIMENSION DACCI(3}
DIMENSION SACC{3}
COMMON C(LO00),1CI50):2(3)pVVI3})NOR
COMMON/JTERM/MEARTH  MMOON o MMAR S
COMMON/DISTRB/DACC,CACC:BACC
COMMON /SHAD/SHADK
EQUIVALENCE (C(401)4R1{ 1) )p{ClA25)oVI{1lyL))
MUST CALCULATE POSITEION OF PROHBE FROM INCREMENTS
DT=X
U=C{NDOR)
IF(X.NE.Q.DO} GO TO 321
DO 322 E=1:3
{1 )=C}+499)
322 vl )=C{1+502)
. GO0 TO 323
321 CONTINUE
MN=1
CALL STEPDIMM,DT:TA:;CIS500)CI503)sUsZ V¥V lsCR)
323 CONTIMNUE
DD 10 I=%¢3
ZEANM=200)+¥Y(1)
10 ¥WL(T)=vvil)ev(I+3}
TW=C (592}
TF=C{5933+{C{T719)+C{506)+X)/86400.,D0
CALL TFRAC{TW,TF;TWoTF)
CALL SHIFTP(NORZ1o¥YV1,TWoTF,RL,V1}
NP{l)=2
NP{2)=3
NP{3)=4
NP{4%)=5
NP{SI=b
GO TO(1s2:+3:90:80; 100)sNOR
2 NP{Li)=l
60 TQ 1
3 NP{2)=1
GO TO 1
90 NP{ 3=l
GO YO }
80 WPi&)=]
G0 TO 1
100 NP(5)=1]
GO 70 1
1 CONTINUE
D0 & I=1,5
NEPL=NPLLD
RM{I }oFNORMIRLE1.NPL] bon3
DO % J=l,3
5 RZ{Jo1+3}aR1{JNOR}=R1{ JoNPL}
4 RML{TI=FNORMIRZ(1o1+3) =)l
NPi=NP{L1}
NP2ZuMP(2)
NP3aNP{3)
NPLeNP (4}
NPE=NP(S)
DG & Imie3
& DACCE) )m=CINPLI®IRITIJNPLY/RMI LI 4R2(T oA /RMLI DI =CINPZIRIRLIT NP2
L/RMI2+R20T 45 /RMEL2) D
2=CINPIIRIRI( I NP3} /RMEIIFR2I L 9B /RML( DD V=L ENPAHIRIRLE T JNPS ]
I/RMiGD) +RZ20To 7Y /RMICGDDI~CONPEIS{RI(IoNPED /RMISISRZ] [ B}/RMLIS D D
DO 7T I=l,2
T RE(IInZ{1b+.5008¥ (1}
On DOTIRE,Y)/IFNGRM{2 ) %2 )
SUM =} .00

A-11

39600
39700
39800
39900
40000
40100
40200
40300
40400
40500
40600
40700
40800
40900
41000
41100
41200
41300
41400
41500
41600
41700
41800
41900
42000
42100
%2200
42300
42400
42500
£2600
42700
42800
42900
43000
43100
43200
43300
43400
43500
43600
43700
43800
43900
44000
44100
%4200
44300
44400
44500
44600
44700
44800
44300
45000
45100
45200
45300
45400
45500
45600
45700
45800
45300
46000
46300
46200
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20

11

30

40.

50

60

TERM=1.D0

DO 8 K=2,50

XK=K

TERM=TERM* {{.5D0~XK)*2.D0%Q/(XK~1,00)}
SUM=SUM+TERM
IF(DABS(TERM) oL To 0. 0000100%SUM) GND TN 9
CONT INUE

WRITE(&4520)

FORMAT{1H]1,34H0 SERIES IN ENCKE NID NNT CONVERGE)

STOP

FO=1,.D0-SUM

M= (NOR}/(FNORM (Z ) %%3 )

DO 11 I=1.3
CACCUE)==H%Y{] ) +H%2FO=R1({ i ¢NOR)
DO 30 I=1+3

DACC(I)=0,D0

GO TO (40:50:21421:60,21)3N0OR
IF{MEARTH=-NE.1) GO TO 21

TG0 TO 70
IF{MMOON.NE.L1) GO TO 21
G0 10 70
IF{MMARS .NEo L) GO TO 21
CONT INUE

70

21

13

17

TWTE=C(592)

TFTE=C(593)+(C(506)+X}/86400.D0

CALL TFRAC(TWTETFTE;TWTE,TFTE)
TIMUP=TWTE+TFTE

CALL HARMON{RL Vi;OACC,TIMUP)

CONT INUE

DO 13 I=1,3

DACC(I)e DACC(I)+0ACC(])

RAT = FNORMIY({L1)) / FNORMIZ (1))
IF{RAT.GE.C{T720)c0OR.Q.GE.L(720)} C(122)=0.0DC
DO 7 I=1,3

DACC(1)=DACC{I}+CACC(I)

IF(C({T69) s EQ.e0.0D040R s SHADKEQ-1.0D0} GD TO 551

Ck * % » X CALCULATE SOLAR PRESSURE % * % % % ¥

1000
551

16

CALL SOLAR(R1{1,3)0SACC!
D0 000 I=1,3
DACCU{I)=DACCII) + SaCC(1})
COnNTINUE

D0 16 I=1,3

DiT)mY{Ia3)
D{E+3)=DACC(I)

RETURN

END

A-12

46300
L6400
46500
46600
46700
46800
46900
47000
47100
47200
%7300
47400
&£T7500
47600
47700
4TRO0
47900
&£8000
48100
48200
4R300
48400
48500
48600
48700
48800
48900
49000
49100
49200
%9300
49400
49500
49600
49700
49800
49900
50000
50100
50200
50300
50400
50500
50600
50700
50800



REAL FUNCTION DOT%8(X,Y)
IMPLICIT REAL*B{A~H0=Z,%)
DIMENS ION X(3),Y(3}
DIMENSION X(3),Y(3)

DOT = X{1)%Y (1) + X(2)%Y(2) + X(3)%¥({3)

RETURN
END

A-13

50900
51000
51100
51200
51300
51400
51500
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16
17
i8
19
20
21
22
23
24
25
26

5209

300
g a7
27

28
29
3¢
2
32
a3
3%
a3
36

- L AP IR I R L e e S P KT

SUBROUTINE FNOLZ2{JeNoGoLoMoNEsX oY oDsDNp TT,00)
TMPLICIT REAL*B(A~H,0~Z %)
COMMON BERNMNIE{1000)

DOUBLE PRECISIMNN XDo¥YDyYAsYCoYP,Y1
DIMENSION Y{(50):D(50)sYB(30:6)},GI2{30}eGI3{30),GI4&(30) EF{30),
DIMENSION Y(8000)

DIMENSION Z2(5)D{50):YBI30,6)¢GI2(30),GI3(30),GI4(30)EF(30),
1EFLI30)EF2{301,EF3{30),YL{I30),ERRORIZODsHAI3DIsYAIS0),DA(50),
2YCi30),YPI30),YD(50)

ECsY{IN+3)

FORMAT{1HO,IT7}

H=G6

HI=H

LN=N+MAXO{L 3}

SUBROUTINE FMOLZ{JoNoGoLoMoNEpX oY oD DERIV,TERM,0UT}

FORMAT(1H0,TIT7H

Na=aQ

NB=]

NF=0

NG=0

F=x0.D0

FA=0.D0

FB=0.00

FC=0,00

CONT INUE

ENE=NE

DO 200 I=l,LN

YD{I b =DBLE(Y{T)}

XD=DBLE{X})

DO 200 islcLM

Yo{Idy=v{i}

XD=X

IFly=3)15¢21e15

IFINE)IBs L6, 18

JA= &

GO TO 22

RELIsl0.DO®={~-ENE}

REZ=10,D0%% { —ENE=~3,0D0)

REM=10,D0%* {=~ENE=1.5D0}

JA=]}

Do 25 I=1.N

DO 24 IC=1,.5

VE{E,IC)=0,D0

ERROR{I }=0.D0

CALL DERIVIXaYoD}

CALL TERMIXoYoDoF}

IF{DABS{FI=1.0D=-9) T31s731,5209

C ONT INUE

DO 300 I=j.N

GI2¢1 =D}

GI3lid=D{)}

GI4( =Dl 1)

EF(1i=D{N}

CALL QUTPUTIXeYsDoERRUORyNpLoH)

CALL QUTIXoYeDoERRIR N Lo}

IF{BERNIE (508 NEL,D.DO) GD TO 29

FDuY{N+1)

IF{d=2) 20,129,300

G0 TOI3Lp37e3%:3T750dA

00 33 Isl,iN

YALEh=YDEND

DACT )DL}

60 YO 37

HBaH

He . DOEN
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51600
51700
51800
51900
52000
52100
52200
52300
526400
52500
524600
52700
52800
52900
53000
53100
53200
53300
53400
53500
53600
53700
53800
53900
54000
54100
54200
54300
54400
54500
54600
54700
54800
54900
55000
55100
55200
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55600
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56000
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56500
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56700
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56900
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57300
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37
- 38

€ 39
39
C

%0
%1

C 42

42
43
44

{ 45
45

57

70
71
72
73
731
732
723
74
7%
KL
77
e

HDZ2 = ,5N0%H

o 39 E':'N
YBLIMB)=D(T}

XL = B{I) * HD2
Y{I)=SNGLI{YDILP+XLD
YiTievD{IboXL

X=SNGL {XD+HD2]

X=X D+HDZ2

CALL DERIV {X.Y:GI2)
DD 42 JwleN

X = GI2{])*HD2
Y{I)=SNGLIVYDIT) +XL)
Yiii=YD(I)+XL

CALL DERIV {X:Y.613}
DO 45 I=1.N
XL=G13{]1*H
YiTi=SNGL{YD{I)+XL)
Yilh=¥D({I)+XL

X2 SMGL { XD+H)

X=XD+H

CALL DERIVIX,Y.Gi%)
HDO& =H/6.D0

GO TO148:55:60:86)0JA
DO 52 i=1.N

AL=(D(I) + 2.D0%(GI2(1) + GI3(I)) +GI4{1))*HDS

YCLTb=YD{Th+XL
YOI{I)=YALLD
ERROR{1)=0,.D0
JA=3

60 TO 35

DO 57 Isl.N

XL=(D{I) + 2,D0%{GI1211} + GI3{1}} +GI&{1)i*HDo

YDLIb=YD{E)+XL
ERROR(EI=SNGLIYD{E)=YP (1)} /15.
ERRORE I I={YDI{I)=-YP(I}}/15.D0
JA=]

GO TD 681

DO 62 ImlqsM

YOI{Ib=YC{1)

Xim{D{l} + 2.D0%{GI2{E) + GE3LI)} +GIA{T} %MD

YP{Ib=YAQI)+XL
HxHB

JA=2

G0 TD 681

DO &8 I=1¢N

XL=(DM(I) + 2.D0%(GI2{I} + GI3(1)}) +GI&{1))*HDG

YOLE b=YD T b+XL
ERRDR{I })=0.D0

DO &9 Is]lsN
YeIl=mSNGLI{YD{TD}
Y{Ib=sYDILD
XD=XD+H

A=SNGL (XD

Xe XD

CALL DERTV{XoYeD)
Fi=F

CALL TERMIXsYoDoFD
IFIDABS{F)=1.,00=9 BT31,731,723
NFE=%

60 TO 124
IFIFIThy 124,76
EAm] DO

e TO T

F@g=1.,00
IF{FA~FB}83,78,83
NF=NF&1

A-18

58300
58400
58500
58600
58700
58800
58900
59000
59100
59200
59300
59400
59%00
59600
59700
52800
59900
&0000
80100
60200
60300
&0400
60500
60600
60700
60800
60900
61000
$1100
61200
61300
&1400
61500
&£1600
61700
61800
&1900
62000
62100
62200
62300
62400
62500
62600
62700
62800
62500
63000
62100
63200
63300
53400
63500
634600
63700
53800
&3900
64000
64100
&4 200
54300
&44 00
4500
&4600
&4 700
H4RO0



109

110
111
112
113
114
1%
150
1261

iis
117
1is
119
12¢
121
122
122
Ci2e
124
123
126

Jh=%

WB=1

H=H*F /{FC~F}

IFINF=4}3T7,37,124%

IFINEIBG, L1784
IFLJA-1)117:855117
IF{J=3)Bb,117,88

DO 95 Iz1l.MN

IF{Y{i)}B8B6,5885,886

HALI3=1Q00.00

G0 TG 95

IFLIECIBB0,890,87
IF{DABSIY(E))=-EC} 8B0:.880,890
iFIDABS{ERRDR{I}I~REZ2} B82.,94,881
IF(DABS{ERROR{I}}=-REL}C4,94,882
HAL I} =H*{REM/ {DABS{ERROR{I} )+, 000000000100} }**{,.2D0)
GO TO 95
IF{DABSIERRORITI/VII ) ~RE21B92994,891
IF(DABSIERROR{I}/Y{I))~RE})O%:94,892
HAC I b=H* (REM/ {DABSIERROR{TI} /Y1 } )+ 000Q00C00QL0DY0) ) %%({ ,200)
GD TO 95

HA(I)=H

CONT INUE

HB=DABS{HA(N)}

DO 98 [=1,N

HB=AMINL tABS{HA(TI} ) HB)
HB=DMINL{DABS{HRA{1 )} ,HB)
IFIDABSIH)~HB) 100,117,201
IF{DABSIHZI~-DARSIH)}I 10k, 10k, 110
DO 103 I=i:LN

YD{lt=YALlL)

Y{Db=SNGL{VD{I}}

Yi1}=yYD{I}

OlIt=0AdT)

IF{NB~6) L07,105:105

AD=XD=H

GO TO 109

XD=XD=2 . DO*H

HE=M

HaDSIGNIHB oM}

X=XD

X=SNGL (XD}

CALL DERIViIX,.Y¢D}

CALL TERMIXoYeDeF}

NB=]

XABS=DABS{ - GOO001IDO®X }
IF(DABS{HI-XABS) 113,113,117
NG=NG+ 1

HeDS IGNIXABS oM )

IFING = 1011246, 150,150
WRITE(GoL2610 H

FORMAT {1His1OTHEXECUTION TERMINATED BECAUSE INTERVAL OF ENTEGRATI
10N LESS THAN 1.0E -6 TIMES INDEPEMDENT VARIABLE (X).

STOP

HI=H

IFIMIL18,118,1021
IFIDABSIYIN®L})=FDI~YIN+2) )29, 119,119
FO=FDeY{NeZ )

GO TO 124

NA=NA®L

IFiM=NAI 23,122,229

NA=D

CALL OUTPUT (X Y+DoERRORpNs L ¥}
CALL DUTIX Yo DERRDR Nl oHE
IF(NF-4129,29, 128

CONT INUE

A-18

X =31PD15,7}

64900
65000
65100
65200
65300

' 65400

65500
65600
65700
65800
65900
66000
66100
66200
66300
66400
66500
66600
66700
66800
66900
&7000
67100
67200
67300
67400
67500
67600
67700
&T800
67900
68000
&8100
68200
68300
68400
68500
68600
68700
68800
£8%00
&2000
692100
69200
69300
69400
69500
69600
69700
59800
69900
70000
701080
70200
703060
70400
70500
70600
70700
70800
70900
71000
71100
71200
713060
71400
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128
129
130
131
132
133
134
135
136
137

¢ 138
138

139
140
141
142
143

1%
C 145
145
146
147
148
999
149

RETURN

NB=NB+1
IF{NB=6}30,1315136
DO 134 I=1,N
EF2{I)=YB{1,3}
EF2{l}=YB{Io&)
EFL{I)=YR{1:5)
GO TO 137
NB=10

HD24 =H/2%,D0
DO 138 I=1gN

XL ={55.D0%D(1) -S9.DO*EFL{I) +37.00%EF2{]1) -9.DO*EF3(]))I*HD24

YPLL)=YDII)+XL
YIT)=SNGLIYP{T})
X=SNGL (XD*H)
YiI)=YP(I}

X=XD+H

CALL DEREVIX,Y.EF)
0N 142 I=1,LN

YAl i)=YDI(1}
DALT)=D(T1)

D0 148 1=1,N

XL = (9DO*EF(I) +19.D0*D(I) -5.NO*EFYI{I} +EF2(1))%HN24

YOUTI)=YD(Ib+XL
FERRGR{I)==-SNGL{VYDIT)I=YP{I)) /14,
ERROR{IV=={¥YDI{I)-YP(1}}/14.0D0
EF3(I)=EF2(1)

EF2U{I)=EFL1(T)

EFLIII=DLD)

CONTINUE
G0 TO 68]1

END

A-17

71500
71600
TLY700
71800
71900
72000
72100
72200
72300
72400
72500
72600
72700
72800
72900
73000
73100
73200
73300
73400
73500
73600
73700
73800
73900
74000
74100
74200
74300
74400
74500
T4600
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REAL FUNCTION FNORM*8(X) 74700
IMPLICIT REAL®B8(A-H;0-2,%) T4R00
DIMENSION X(3) 74900

' DIMENSEON X(3) 75000
1 FNORME=DSORTIXI L) RR24X{2) k2 X (3) %% 2) 75100

3 RETURN 75200

END 75300

Vo re Tt i Sy gl o Gy Sl T e - e .

.

k2]
<4
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SUBROUTINE GETACC (LCToICToCNMy SNMo ECNo PYACTT oCTBUMT sVMT oNTE) 75400

e B L e e

v e ves”

ey s i

15
20

60
&5
T0
75

90

IMPLICIT REAL*B({A=Ho0~Z,8%) 75500
DIMENSION LCT(L1)ICTUL)CNM(L) o SNM{ 1D ECNLL) . 75600
DIMENSION PVALLDoCTT{L)oCTBIL) JUMT (1), VMT (1} 75700
EOUIVALENCE (XPoPX) (VP oPY) (ZP P2) 75R00
ERD=ECNI{]) 75900
XMU=ECNL 2) 76000
ALF=ECN(3) 76100
PX= PYA(1) 76200
PY= PYA{2) 76300
PI= PYA{3) 76400
CGBsDCOS(ALF) 76500
SGB=DSIN(ALF) 76600
RMT=] OD0/ {PX*PX+PYRPY+PZ%PZ ) 76700
TMA=RMTXERD 76800
CLT=THA®{ XP#CGR+YP*SGB) 76900
SLT=TMA% (YP*CGB-XP*SGB) 77000
RZR=TMABZP 77100
RMR=TMA®ERD 77200
TWR=0,5D00/ERD 77300
RMO=DSQRT{RMT } 77400
LMX=0 77500
LNE=1 77600
LA=LCT(2) 77700
IF {NTE=1)15:15:20 77RO0
LA=0 77900
LB=LCTIL) 78000
LC=LA 78100
NB=NTE+] 78200
DO 75 I=1,MNB 78300
KAsL A=} 78400
KB=LB 7R500
KC=L(+1 7TR600
IF (KB-KA)30:35,35 78700
KB=KA 78800
IF {LC) 50:,50,40 78900
IF (KB=KC)45550,50 790060
KB=K( 79100
LNC=LNC+KB+1 79200
ICY(T)=iNC 79300
LA=LB 79400
L8=LC 79500
LC=LCT{E+2) 79600
IF {LMX=LA)}&0965,65 79700
LMX=LA 79800
IF {I=NTE+1}75.70,70 79900
LC=0 80000
C ONT INUE 80100
TMA=Z,000 80200
TMB=2,0D0 80300
DO 90 IsiobmMX 80400
CTTLI bx=TMA 80% 00
CTB{ibl= TMB 80610
TMA=TMA+2 .ODO 80700
TMBRTMY+ TMA 80RD0
CONT INUE 80%00
UMT { L) s XMURMO 81000
VMT{]1 =0, 000 81100
LA=]} 81200
LB=1 81300
NA=2 81400
KB»2 81i%00
DO 160 1=],N8 81600
KC=ICTiEd =1 81700
KAm =} 81800
TME=KA+KA 81900

A-19
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110
120

130
140
150

Le0

210
215

220
225

230

235

240

vl R RS AR SRR T h St 1 o e

TMA=THMB+ 1, 0D0

TMC=1,000

IF (¥C~KB} 1405 100,100
DO 130 LC=KB,KC
THD=RZR*UMT (LB)*TMA
TME=RZR*VMT (LB )*TMA

IF (KB-LC)1104120,120 .
THMD= THD~RMRRUMT (L B=1)*TMB
TME=TME~RMRAYMT (LB=1) % TMB
UMT {NA) =TMD/ TMC

VMT (NA}=TME/TMC
TMA=THA+2 ,0N0
THB=TME+1.0DO
TMC=TMC+1.0D0

NAzNA+1

LB=LB+]

IF (1=NB)1505 1605160
THC=KA+KA+1
UMT{NA}=TMC*{CLT*UMT{LA) =SLT*VMT(LA))
YMT {NA)=TMCR (CLTHVMT(LA)+SLT*UMT{LAD)
NA=NA+1

KBaKC+2

LB=LB+]

LASLS

CONTINUE

TMA=0.0D0

TMB=0.0DO

TMC=0,0D0

TMD20,5D0

KB=1

LAZECT(1)

LB=2’

LC=LA

DO 260 I=1,NTE
KC=LCT(I)

IF (KC)260,260,210

IF (1-21230,215,220
LAS3

GO TO 225

LA*ICT(I~2}+2
LB=ICT{I~1)+]

LC=ICT{I}

DO, 250 NA=1,KC
TME=CTB(NA)

TME=TME

IF (1~11235,235,240
TMFx TMD* TME

THE=NA

TMD=TMD*TME

THE=NA+2

TMD=TMD/ TME

TMER=THF

RMR = FMESUMT (LA}

RIR® TMERVMT (LA}
CLT=UMT{LC)

SLT=yYMTILL)

TME=RMR=CLT

TMF=RZR+SLY

RMR=RMR+CL T

RZR=RZR=SLY

CLT=CNM{KB)

SLT=SNM(KB)

TMARTMASCL T#TME+SLT#RZR
THMBaTMB~CLT*TMF+SL TRRMR
TMCaTMCHCTTINADR(CLTSUNT(LB)+SLTOVMT(LB) )
LASLA+]

A-20

82000
82100
82200
82300
82400
82500
82600
82700
82R00
82900
83000
83100
83200
83300
83400
83500
83600
83700
83800
83900
84000
84100
84200
84300
84400
84500
84600
84700
84800
84900
85000
85100
85200
85300
85400
85500
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85800
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86000
861200
86200
86300
86400
86500
86600
86700
86800
86900
87000
87100
87200
87300
87400
87500
87600
87700
87800
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88000
88100
88200
8A300
88400
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250
260

LB=LB+1

LC=LC+1

KB=KB+1

CONTINUE

TMA=TMA%TWR

TMB=TMB*TWR
PYALT)=(CGB*TMA~SGB®TMB)
PVA(B)={5GB*TMA+CGB*TMB)
PYA(9)=TMC*TWR

RETURN

END

A-11

88600
8AT700
88800
88900
89000
89100
89200
89300
89400
89500
89600
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333

205

200
210
230
220
101

100

SUBRDUT INE GETTAP

DEFINE FILE BO(958,6636oLs1V)
DOYUBLE PRECISION TAB3¢JNIoJDFoJD1, TDAYJDIF,$DP
REAL NUTAT

REAL*B TAB31
COMMON/CETBL2/ICWsICENT IREQ{13)
COMMON/CETBL 3/TAB3(829)oNUTAT{204) CKSUM
COMMON/CETBLO/JD1,TDAY s JDIF,1ERR]
DATA Iv/0/

FATA IWPRV/0O/

JDP=JD1+TDAY

[F(JDP LT 2438760.500,0RJDPaGTo2446424.5N0)G0 TN 100
IERRL=D

F{ICW.NE-1) GO} TN 205

D0 333 Ix1,204

NUTAT{I)=0.

ICw=2

ILED

READ(L1QIWITAR3

TAB31=TAB3(1)
IW=IDINT{(JOP-TAB31)/8.D0)+1.N0
IF{IW.EQ.IWPRYIGD TO 220

IWPRY=]W

READ(10® IW}TAB3
IF{JDP=-TAB3{1)1210,220,230
IW=TW=2

GO TO 200

IN=iWs+1
IF(JDP~-{TAB3{1)+8.00)}2205 2000 200
JDIF=JDP=-TAB3( L)

RETURN

FORMAT({® EPHEMERIS ERROR~-=JULIAN DNATF °oN25.7: IS BEFORF JAN 194%

10R AFTER DEC 1985°)
WRITE{6,101)J0P
STOP

END

A-23

849700
89800
89900
20000
90100
90200
20300
90400
90500
90600
20700
90800
20900
91000
91100
91200
21300
91400
21500
91600
91700
21800
21900
92000
92100
92200
92300
92400
22500
924600
22700
22800
92200
23000
23100
93200
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SUBROUTINE GHAITSEC:DsGHAN,DAUMEGA)
IMPLICIT REAL*B(A~H,0~2}
OMEGA=.00417B0T74200/{1.N0%5, 210=13%D)
DN=0.,D0

0D=0

DD=DD*{ . 98564 735N1/360.Nn0)
DX=1DINT{DD}

DD=DD~DX

DF=DD
TEM1=100,07554D0+360,D0%DF+2,9015N~13%D%N
1+OMEGAXTSEC

IF{TEML 12,33

TEM1=TEM1+360,00

GO TO 1

IF‘TEMI‘B&OQDO)Sv‘!g‘f

TEM1I=TEM1-360.00

GO TO 3

GHAN=TEM1+DA%57,2957795N0

RETURM

END

A-23

93300
93400
23500
23600
93700
93800
93900
94 000
94100
94200
94300
94400
94500
94600
94700
94800
%4900
925000
95100
95200



OO0

8

30
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32

33
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10

5
¥

SUBROUTINE GOTOR{KsVM,CoFoEL)
IMPLICIT REAL%¥8{A~H,0~7,8)
DIMENSION C(2)sF(4)

DIMENSION C(2),F {4}

NMAX=20

N=0

GO TO {1,2) 9K

CONT INUE

FIRST GUESS IS OBTAIMED FOR ELLIPTICAL CASE

CONT INUE

iF{E}-1.0D0)30:31,31

CONT INUE

D2=E1%EL

F(l)zEL*D2%{ . 1666666TD+00~D2%{.,833333333N-02=D2%*{ .1984]12698D-03~N2
1#{ .275573192D~-05=-D2%,250521083D0~07)) )}
Fi2)=D2%{.5N0~D2%(.4166666TD-01~N2%({.13888889D~02~N2%( ,248015870N=-0
14=D2%,27557319N-06)1)))

Fi3)=ELl=-F(1}

Fl4)=1.000~F(2)

GO 70 3

CONT INUE

Fi3)=DSIN(EL}

F{%)=DCOSIE])

F{l)=El1-F{3)

F{2)=1.0D0=F({4&)

GO TO0 3

CONTENUE

FIRST GUESS IS ORTAINED FORHYPERROLIC CASE

CONTINUE

IF{EA=-1.000)32,33,33

CONT INUE
-D2=E1#EL

FL1) =E1l*D2%{.166666670+00+D2%(.833333330-02+D2%{,.198412698D-03+D2

1%( ,275573192D-05+D2%.250521083D~07)) 1)

F(2}2D2%{0,5D0+D2%( .4 166666TD=01+D2%(, 138888890 ~02+D2%{ .24801587D~
104+D2%,275537319N~06) ) } )
Fi3)=mEL+F (1}

Fla)=i O0DO+F{2}

G0 TO 3

CONT INUE

EX=5D0%DEXPIE])

OX=.25DO/EX

F{3hmBEX=-0X

F{6l=EX+0X

Fli)=F{3)~El

Fl2i=Fi4)=1.,000 .

CONT INUE

CH=F (1)+CLLI*F{3b+CI2)%F(2)
DMeF{2}»C{1l)%Fl4)+L{2}%F {3}
DE=s{vM=CM} /DK

ERROR=DE

AB=DABS{DE}
IF{AB~1.000)10,10:11

DE=DE/AB

EZ=El+DE

IF {(E2+EL ) oEQs D.DO) G0 TO 4
IF{DABSI(E2=EL) /{E24EL) ) =3, D0=8)4,4;:5
CONT INUE

IF(N-NRAX & 9Ty 7

CONT INUE

GO TO 4

A-M

95300
95400
95500
95600
95700
95800
95900
926000
96100
96200
26300
26400
26500
96600
96700
26800
96900
97000
97100
97200
97300
97400
97500
927600
97700
97800
97900
9R000O
98100
9R200
98300
98400
98500
98600
98700
98800
28900
99000
99100
99200
99300
99400
99500
39600
89700
99800
29900
10C¢000
100100
100200
100300
100400
100509
100600
100700
100800
100900
101000
101100
1012090
101200
101400
101500
101600
101700
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101
100

20

202

201
200

SUBROUTINE HARMON{R1;V1,ACC, TIMF)

IMPLICIT REAL#*8 (A=H,0~=7,%}

DIMENSION DATEEC(3:3)DATECT(3:3)

DIMENSION R1(3:8)sV1i3,8)sRRI3)GACCIB)oTFMPIZ)sNATE(3,3),
1 SDATE(3:3):DATET(303)+SNATETI(393oANATE(3,3):ADATET(3,3)
DIMENSION A{3:3)oENI3p3)EMNIB o 3)ARI3:ILCTIRIZICTIO)
1 CNM{36),SNM{3G)ECNI{3)PYAI),CTT(R)CTR{R) sLIMT(45) ,VHT{45),
2 LCTMIShoICTMIAE I cCNMMELI5) o SNMM 1K) CTTMIS) (CTRMIS) qUMTHMI{ 21}
3 wMTM{Z21)

COMMON/ROT/ DATESDATE«DATETSDATET+ANATE; ADATFT NATEEC (DATECT o EN
COMMON/XLIB/ SG.TA XMLIB

COMMON CLL1000),1CL50)Z{3)oVV{3)oNOR

COMMON/TUP/ TLU

DATA LCT/BeTs60504%030200/0 LETHM/S5,4,3,2:1/

EQUIVALENCE (C{200),CNM{IL}), (CI2386SNMILI) {CI272) CHMM{L})
EQUIVALENCE (C{287),SNMM{1))

KEvY=1

IF{ DABS{TLU=-TIME) LT, C{901) )} &GO TO 10U

TLU=TIME

KEY=2

CALL ROTEQITEME, A}

CALL NUTAITH{TIMRE DM CRoDTENEPSIL)

CALL MULTU{EM ADATE)

DO 101 I=1,3

DO 101 J=1,3

DATET{J, 1} = DATE(]loJ}

CONT INUE

GO YO {(20,44,80;80:5), NOR

CONTENUE

NTE=8

ECN{1) = C(21)

ECNi{2) = C(1)

ITIME = TIME

T2 = (TIME=-ITIME)*86400,0N0

Tl = ITIME

D& = EM({2:1)

CALL GHA(T2,T1,GHAMDA,OMEGA}

ECN{3) = GHAN%,01745329252D0

CALL MI(R1{1,1):DATE RR}

DO 1 I=},43

PVALI) = RR{1}

CALL GETACCILCT o ICToCNM, SNMoECNoPVA CTToCTBUMT  VMT (NTF }
CALL M1 (PVA({T7),DATET,ACC)

RETURN :

CONT INUE

GO TO (200,202} KEY

CALL MNA{TIME,OM,CRoDT,EPSILoRU;G.GPoWW,EMN}

CALL MULTIEMN;DATE,SDATE)

DO 201 I=},3

DO 201 J=l1,3

SDATET(Jdel) = SDATE(I:4)

CONT INUE

DP=TIME

TP=DP/36525.D0

T2P=VPxTP

TZP=T2PaTP

OM=]2,1127900-,052953922D00%DF +.0020795N0%TH

1 + 00206 1D0%T2P+, 2D-5% T3P

CR=64,37545200 +13,17639700%DP - 001L3157500%*TP

)3 ~=oQDLEIQLSD0RTZP+ . I9D=5%T3P
EPSIL=23,445758700~+0130%940400%2TP =, 880=46%T2P +.5D~6%V3P
DM=OMEC { 75D

CRaCReC (TSP

EPSIL=EPSIL®*LIT5 )

X?E!B = 180.00%,0174532925200 + CR-0W+TA-S5G

NTE=S

A-28

102500
102600
102700
102R00
102900
103000
103100
103200
103300
103400
103500
103600
103700
103R00
103900
104000
106100
104200
104300
104400
104500
104600
104700
104800
1064900
105000
105100
105200
105300
105400
105500
1056/00
1057040
105R00
105900
106000
1LU6100
1046200
106300
106400
104500
106600
1067010
106800
10A9IN0
1¢ 7000
1u7100
107200
107300
107400

107800

107600
107700
JOT7RQ0
107900
10”000
108100
10R 200
1UR300
16R&400
1URS00
108600
1URTDO
1URRNO
TURSDO
109000



302

301
300

10

1%

15

80

ECN{L1)
ECNI2) Citz2)

ECM(3) 0.N0

CALL ML{RI{1,2),SPDATE,RR)

no 2 Is1.3%

PYA(E) = RRI{I)

CALL GETACCULCTMy ECTM,CNMM o SNMMe ECNy PYACTTM CTRM o UMT Mo YMTM NTE)
CALL MIIPVAU(T);SDATET, ACC)

RETURN

CONTINUE

XJ2 = C(725})

XJ3 = CL128)

RE = C(2%)

U= Ci5})

R = FNORM{RL({Ll,5})

GD TO {300,302)s KEY

ITIME = TIME

T2 = TIME-ITIME

Tl = ITIME

CALL DATOUT §T1,Y2+,DATE-FDATE.Q)

CALL ARES{DATE.FNATE AR}

CALL MULT{AR;A; ADATE)

oo 301 i=1,3

DO 301 J=]1.3

ADATET(Jo ) = ADATE(I;J}

CONTINUE

CALL MMLIR1{1:5), ADATE RR}

RZ2 = R¥=x?2

RE = REex5

R7 = R5%R2

REZ = RE*RE

RE3 = REZ*RE

22 = RR{3)}*RR({3)

13 = Z2%RR{3)

CNEF = =1.5N0%1)%} J2*RE2Z2/R5

DO 10 I=1,3

PYA{I»6) = COEF*®{=5,D0%Z2%RR(I})/R2 4+ RR{I})
PVAL9) = PYA(O9) + COEF*2,D0%HR{ 3}
IFIXJ3.EQ.0.D0} GO TO 12

COEF = =,5D0%UxX J3*RE3 /RT

DO 14 I=1,3

TEMPII) = COEF*{=35.D0%73%RR{ 1) /R2 + L5.D0*RR{[I*2R{3))
TEMP(3) = TEMP(3) + COEF®{15,N0*22-3,N0%R2)
D0 15 I=1p3

PVALI+6) = PYALT+A) + TEMP{])

CALL MLIPVA{T) ADATET ACC)

CONT INUE

RETURMN

EMND

ct22)

It unHu

A-37

109100
109200
109300
109400
109500
109600
109700
109800
109900
110000
110100
110200
110300
110400
120500
110600
110700
110800
110900
111000
1:1k00
111200
111300
111400
111500
111600
111700
111R00
111900
112000
112100
112200
112300
112400
112500
112600
112700
112R00
122900
113000
113100
113200
113300
113400
113500
113600
113700
113800
1139006



SUBROUTINE INTRLITW,TFoNBePUSINUMVEL,NIMZ)
IMPLICIT REAL%*B {A~H,0~Z)
(€ 2% 3 e s o a2 e oo o0 o e e o ot el 2 o9 okl o e o e e oo g ol e o o ade e e o o e o0k o e a0 S e ok a0 a0k o s ok o ol sl e ok o e el
THIS VERSION OF THE 360 JPL DNUBLE PRFCISINN EPHEMFRIS
WAS MODIFIED BY JERRY S. LINNEKIN OF CONE 551 GSFC.GREFNBELT #D,
IT HAS BEEN MODIFIED TO HANDLE SEVEN BONIES IMSTEAD OF THE
NORMAL ELEVEN. THE BODIES AND ORDER ARE EARTH,MODN oSN ¢VENUS ¢MARS ¢
SATURN AND JUPITER. SATURN AND JUPITFR HAVE REFN INTFRCHANGED
TO CORRESPOND TO THE QUICK LOOK MISSINN ANALYSIS PROGRAM,
THE READ ROUTINE~GETTAP HAS BEEN MODIFIED TO USE THE DIRECT ACCESS
READ FEATURE OF 360 FORTRANH.IN ANDITION, THE NUTATION VARIABLES
HAVE BEEN EL IMINATED FROM THIS VEFRSINN SN THAT AN EPHEMERIS
RECORD WILL FIT ON ONE TRACK OF A 2316 DISK PACK,
THE DECK AS IT APPEARS HERE IS SKT UP AS A DIRFECT REPLACEMENT
FOR THE SINGLE PRECISEON INTRL IN THE QUICK LODK MISSTON
ANALYSIS PROGRAM,

e s e e e o ot M oo o e e 25 e e ok ol e o o e o e ool o o ade o e e e o 2 o e a0 e s 00 o s oK o ok o o e ok o e o o ok ok e R ok o
IN ADDITION TO THE ABOVE CHANGES,THE FOLLNWIMG COMMENT CARDS
DESCRIBE THE CHANGES NECESSARY TN USF THIS PACKAGE WITH THE
MARKZ2 PROGRAM oTHE MARKZ COVERAGE PROGRAM AND THF QUICK LDNK
COVERAGE PROGRAM

ok o MARKZ PROGRAM K e o o e e
SUBROUTINE ANTR (TWeTFoNBoPUSeVFL} MK2 PRNGRAM
DATA NCENT/3:1101042:445¢6/ MARK 2
NCENTR=NCENT{NB) FOR MARK 11

ko sk MARKZ2 COVERAGE PRUGRAM® ik
SUBROUTINE ANTRI(TW:TFNBsPOS;KKsVELNIS) MK2 COVERABE PROGRAM
DATA NCENT/3912510,2¢4¢5:6/ MARK 2
NCENTR=NCENT(NB)

kpkkkx COVER =QUICK LDOK COVERAGE PRNG %k

ND CHANGE NECESSARY DUE TO CARFFUL PLANNING BY PRNOGRAMMER

ol e X o8 o 3 2l 3 sfe 3 e X 3 s e e 3 sbe e v ol o 3 xie e x 2o o e ode ok ol e e ok e e a ade ok adk ol adn ok Xk s e ol ol oo ok o o e st e X R kR ke R

TD EXTEND THE ECHEMERIS FOR ALL BOPIES,CHANGE THE FOLLOWING
POS(2L) TO POS{33i,VEL({2Y) TO VEL{33) AND NCENT(T) TD NCENT{(11)
REPLACE THE NCENT DATA CARD WITH
DATA NCENT/3:511010,20%05960):798:9/
THIS WILL RESULT IN THE FOLLOWING BODIES IN THE ORDER
THAT THEY ARE LISTED EARTHoMDON, SUNy VENUS o MARS, JUPTITER,SATURN
MERCURY ; URANUS s NEPTUNE AND PLUTO.

************************************fﬂ*******************ﬁ***********‘*

ARGUMENT DESCRIPTION
Tw INPUT, WHOLE DAYS FROM 1950, REAL*S8
TE INPUT, FRACTIONAL DAYS FROM 1950, RFAL*S8
NB INPUT s CENTRAL BODY NUMBER {1—-FARTH, 2=-MNN, 3~-SUN;
4&~YEMUS s 5-MARS,; 6-SATURN, 7-JUPITER), INTEGER*4
POS OUTPUT, POSTITION ARRAY,; POSLLI-PDS(2)y BARTH X,Y.Z
VEL QUTPUT, VELALITY ARRAY, RFAL¥*S
NMCENTR CENTRAL BODY NUMBER (2~FEARTH, l11=MOON, 10-SUNgs 2=-VENUS,
AU ASTRONOMICAL UNIT
REM EQUATORIAL RADIUS OF EARTH
4=MARS e 6=SATURN, S5=JUPITER)
EMRAT EARTH MOON MASS RATIO
REAL*B JED NUT
REAL*8 JEDPRY
REAL*3 JODN
REAL®8 JEZ
REAL*8 JD1
DIMENSION POSIZ21) o WEL{2L) o NCENT(TD) o IREQ(L13)y TABOUT (612} yNUT (4D
COMMON /CETRLL/ AUSREM,TPD,EMRAY
COMMON /CETBL2/ ICWoNCENTR ; IREQ
COMMON /CETBL&/ TABOUT oNUT
DATA NCENT/3511y10020406,5/
DATA JEDPRY/0.D0/+IERR/D/
DATA IFERST/0/
DATA NCENTR/O/
IF{IFIRSYNE.QIGO TO 20
ICw=}

[elekxisliaizisEalakzEzlsksEslziziskakaksinksisiaisEsisinizisinEsisisininisialisiaksinliziaisinkaleEs)

A-28

114000
114100
114200
114300
114400
114500
114600
114700
114800
114900
115000
115100
115200
115300
115400
115500
115600
115700
115800
115900
116000
116100
116200
116300
116400
116500
116600
116700
116800
116900
117000
117100
117200
117300
117400
117500
117600
11v700
117R00
117900
118000
118100
1ER200
118300
118400
118500
118600
118700
11A800
118900
119000
119100
119200
119300
119600
1195(0
119600
119700
119800
119900
120000
120100
120200
120300
120400
120500
120600



20
10

38

39

40
41

0% % e e e e e o o el ae st o o e e e e e ol ok age 0t s e ok o o ek e a0 ok o e e 3 e e o ade e o oot ot o e seade e e ol o o o e o e e o ok e 0 o e o
e e e ol o st e o o e e e ool g a0 o ok 3 o o adeode e o o X ade g e e ek ok o ok e 3 o e o o 90 o 30 o e o ok ok e e e ol ok e R o YOk Rk o

100

IFIRST=1
AU=14959T7900,D0
REM=&6378.149200
TPD=B&400.D0
EMRAT=81.301D0

DO 10 i=1,13
1REQ(])=2
IF{TF=-,.500)38,39,39
SECl=TF=86400.D0

GO TO 40

NT=TW+ 500
SECL={TF=o5D0)%A6400.D0
GO TO 41

DT=THW
JN1=0T+2433282.5D0

TSEC=5EC]

JED=JD1
JEZ=JED+TSEC
NCENTR=NCENT (NB+1)

IF(JEZoEQoJFDPRV . ANDNCENTREQ- NCENTP) GN TO ]

JEDPRV=JEZ

NCENTP=NCENTR

CALL READE(JED.TSEC,; 1ERR)
IF{ IERR-EQN.0) GO TO 1

WRITE(6:100) IERR,NCENTR,ICW; JD3

FORMAT(23HOFPHEMERES ERROR;
C ONT ENUE

DO 2 J=1,7

nno 2 i=1,3

II=(J=1)%3¢1

JJ=NCENT{ )
POS{IT)=TABOUT{I,JJ)
VEL(II)=TABOUT{I+3,J0J)
RETURN

END

TIERR=413:215¢D14.2)

A-39

120700
120800
120900
121000
121100
121200
121300
121400
121500
121600
121700
121800
121900
122000
122100
122200
122300
122400
122500
122600
122700
122800
122900
123000
123100
123200
123300
123400
123500
123600
123700
123800
123900
124000
124100
124200
124300



SUBROUTINE ITER{IRGR1.V1IoFsKeKKoDToR oV}
TMPLICIT REAL*A{A~H,0=~Z ;%)

COMMON CLL000)T1CI(500,Z13)oVYVI3),NOR
COMMON/STEPS/ STEP, XOLD

DIMENSEON X1(3)oR1I{3eBIoR(3,8)9VIIIoRIoVIIBIRRIBIyVYYVIZ)CBI20)

COUNT=0.D0
IRS26.,926505
XK=1

F=0,0D0
NT=0.D0
T=0.00

LK=]
TOLD=0.,00
FOLD=0,.00
NN= ]
IFIKK.EQo2) XK=~]

C K=1 MEANS EARTH SHADNW; K=2 MEANS MDNN SHANOW
c K=3 MEANS OTHER PLANEY SHADOW
C KK=]l MEANS PENUMBRA; KK=2 MEANS UMARA

2000

Mo

10
20

DO 2000 I=),8

DO 2000 J=1,3

R{JoF)=R1* '

VidellzVlte, .

6D TO (1p2,10)K

00 3 I=1,3

XitD)=ReD2P=R{1,3}

SEVA= ADOT{X1oR(loeld?}
RFES=FNORM{R{1:3))

RFE= FNDRMIR(L, 1))

DELS= DARSIN{6500.D0/RFE}*®57.2987795N0
IRE=6500.D0

GO0 TO 4%

DO 5 I=1,3

AL{I}=R{E,2)=R{I,3)

SEVA= ADDT{XLl.R{1.,2)}

RES= FNORM{R({1,3))

RFE= FNORM(R{L,2}

DELS=DARSIN{ L173B.DO/RFE)}*®57,2957795N0
ZRE=1738,D0

GO T0 4

DO 201 = 1 3

XRI0) = R{T, NOR}) = R{I,3}

SEVA= ADOT{X1.,R{1,NOR)}
RES=FNQORMI{R{L1s30) -

RFE= FNORM{R{1,NOR)D

DELS=DARS INICI{NOR+20) /RFE ) %57, 2957 795D0
EZRE=C({NOR+20)

CONT INUE

ZRESDSIGMN{ ZRE o XK}
SIG=DARSIN{{ ZRS+ZRE ) /RFS} %57, 295779500
FaSEVA+DELS+XK#SIG=180.N0
IFIDABSIF ) LELD.000001ID0D) RETURN
IFICOUNT .GT.100.D0} GO TO 11

GO TD (6o7DelK

LiK=2

DV a=STEP

G0 TO 8

OT={TOLD®F=THFOLD) /{F~FOLD}

FOLD=F

TOLO=T

TsDY

CALL STEPD(MNsOT o TA RLI(E,IBIoVIILoiB)CIIRIRRa VYV oL oCR)
TiMs C{593)+({XOLD4L(506)+T} /86400,00
CALL TFRACICI592)TIMaTTTTF)

CALL SHIFTPIIB RR VYV TTTTFRp V)
COUNTaCOUNT+3 .00

A-30

124400
124500
124600
124700
124800
124900
125000
125100
125200
125300
125400
125500
125600
125700
125800
125900
126000
126100
126200
126300
126400
126500
126600
124700
126800
126900
127000
127100
127200
127300
127400
127500
127600
127700
127800
127900
128000
128100
128200
128300
128400
128500
128600
12R700
123800
1 #R9D0O
129000
129100
129200
129300
129400
129500
129600
129700
129800
129900
130000
130100
120200
130300
130400
130600
130600
130700
130800
130200



s ArLiora L erne. mAltew . dm e Lt

GO TO {1:2,10)4K

Il WREITE(G&,12)

12 FORMAT(LHO,22HMAX ITERATINNS IN
STOP
£END

ITER)

A-3\

131000
131100
131200
131300
131400
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SUBROUTINE KONSTK

IMPLICIT REAL*R{A-H,0-2:%)
DIMENSION CU1000),EC(50)
DIMENSION S5(40,1):555(40:6)
DIMENSION DNAME(Z2:6)
DIMENSION D(7,3)

C THE FOLLOWING STATEMENT(S) HAVE BEEN MANUFACTURED RY THE TRANSLATOR TN

C

aRg! OO0

COMPENSATE FOR THE FACT THAT EQUIVALENGCF DOFS MOT RFNDRNER COMMON=-=
CoOMMON C
COMMON  IC s S§S§
DIMENSION C{1000}),IC(50)
DIMENSION 5(40,1)95S55(40:6)
NDIMENSION DNAME(Z2:6)
DIMENSION D(793)
COoMMDN Co IC+SSS
EQUIVALENCE (C{201)eSU Lo 1)) slCU341)eNiLle L))o {Cl44R) sNDNAME{L 1))
DEFINES CONSTANTS NEEDED BY PRUGRAM

no 1 I=1,1000
1 C(H)=0,000
PLANETARY GRAVITATIONAL CONSTANTS (KM3/SEC2)

C{l) = 398603.2D0
Cl2) = 4902.778D0
Ci3) = ,13271545D12

Cl4) = 32476"%.5D0
C15)=42915.515N0
Clel=:1267101909
Ci7+=10000.00L0
Ci{B8)=10000.0L0Q

RADIUS OF SPHERE OF INFLUENCE {(KM™)
C{11129225000.0D0
Cl{12)=60000.000
Crl3)=1.010
Clla}=616000.000
C{15)=565000,0D0
Cl167=,48D8
C{17})=100000.000
C{18)=100000.020

IMPACT RADIUS (KM)
Ci21l)=6378.165D0
Ci22)=17328.0B0
Ci231=2694000. 000
Cl(24)=6050.0D0

Ci25) = 3417, 000
Cl{26)=71000.00B0C
C{27)=10000.0D0
C128)=10000.000

MINIMUM TIME STEP FOR QUTPUT (SFC)
C{31)=43200,0D0
Ci32)=21600.,000
Ci33)=1728000.,.0N0
Ci34)=43200.0D0
C{35)=243200.000
Ci356)=864D00,0D0
Ci{371=43200.000
C{38)i=43200.0D0

SIDEREAL ROTATION RAVES (RAD/SEC)
Clelin,72221152D=4
INTERPOLATION INYERVALS FOR EPHEMERIS (0AYS)
Ci51)=40,0D0
C{54)=40.0D0

Ci55i=40.000
Ci56Inl00.000

NAMES EPHEMERIS BODIES
DATA QDOOHL/6H EARTH/
Ci61=0000ML

A-32

131500
131600
131700
131800
131300
132000
132100
132200
132300
132400
132500
132600
132700
132800
132900
133000
133100
133200
133300
133400
133500
133600
133700
133800
133900
134000
134100
134200
134300
134400
134500
134600
134700
134800
134900
135000
135100
135200
135300
135400
135500
135600
135700
135800
135900
136000
136100
126200
1356300
136400
136500
136600
126700
136800
136900
137000
137100
137200
137300
137400
137500
137600
137700
137200
1379060
138000



CEOOOO0OOO

DATA QOULHL/6H MDON/
Cl62)=0Q001HL

DATA QUO2HL/6H SUN/
C{63)=0002HL

DATA DOO3HL/6H VENUS/
Cl64)=0003HL

DATA QO04HL/6H MARS/
Cl65)=0004HL

DATA QUOSHL/6HJUPTER/
C{661=0005HL

DATA QUOGHL/6HRODY 7/
Cl67)1=0006HL

DATA QOQTHL/&HBRONDY 8/
Cl6B1=0007HL
ASTRONOMICAL UNIT IW
C{70})=.1495D9

KM

SECONDS PER MEAN SULAR DAY AND RECIPROCAL

Cl71)1=86400.0D0
Clt72)1=1.1574074N-5

SEMTI-MAJOR AND SFMI-MINOR AXES DOF THF EARTH (KM}

Cl73)=6378,2064D0
Cl74)=6356,583800

DEGREE-RADIAN CONVERSIONS

€C{75)=,01745329300

CiT6) = 57.2957795D0
Ct77) = 1.5707963200
Ci{78) = 3.1415926500
Cl{79) = 6.,2831853000
DATA OUO8HL/6H K/

C{85)1=0008HL

DATA QUO9HL/6HM~-KM/S/
Ci8% )=Q009HL

DATA QOLOML/G6HEC=-DEG/
C{87)=Q010HL

VDATA DO11HL/6H u/s
Ci{88 }1=0Q011KL

DATA QOI2HL/G6HNITS A/
Ci89 1=0012HL

DATA QU13HL/6HU--NEG/
C{90 1=Q013HL

DATA QUi4HL/6H Fou/
C{91}=0014HL

DATA QOL5HL/6HATOR 0/
C{921=00]15HL

DATA QULl6HL/6HF DAYE/
Cl923)=0016HL

DATA QOLTHL/6H ECLI/
Ci94}=001THL

DATA QOLlBKHL/&6RPTIC 0/
Ci95)=00184HL

L1296 )=Q016HL

DATA QOD19HL/6K L7
Ci97)=Q019HL

DATA OO20HL/6HELENDG/
C{381=Q020HL

DATA QOZ1HL/O6HRAPHIC/
Ci99=0021RL
Cl122)=1.000

THE FOLLOWING ARE EARTH POTENTIAL COEFFICIENTS

CL200} THRU C{207)
Ci208) THRU Ci214}
{215 THRY C(220)
Ci221) THRU Ci225)
Li226) THRY C(229)
Ci{230) THRU C{232)
Ci2331) THRY Ci234}

15
is
IS
IS
IS
IS
15

Ci0.0}
Cilpld
C{2:2}
Ci2e3}
ATYLY
Ci5:5%}
Cloebd

THRU Ci7.0!
THRU CiTsl}
THRY C{T7.2}
THRU €773}
THRU Ci{Toe4)
THRU C{T7,5}
THRY ClT7e&)

A-33

LE b T

138100
13R200
138300
138400
138500
138600
138700
138800
138900
139000
139100
139200
139300
139400
139500
139600
139700
139800
139500
14 06000
140100
140200
140300
140400
140500
140600
140700
140800
140900
141000
141100
141200
141300
141400
141500
141600
141700
141800
141900
142000
142100
142200
142300
142400
142500
1425600
142700
142800
142900
143000
143100
1432060
143300
143400
143500
143600
143700
143800
143900
144000
144100
144200
145300
144400
144500
146600
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€(235)
Ct236)
Ci{244)
ci251)
Ciz57)
Ci262)
Ct266)
Ci269)
Ct271)

Ct2001=0,
C{201)=0,

IS Ci7+7)

THRU C{243) 1S S{0,0)
THRU C(250} IS S(1,1)
THRU C(256) IS S5(2,2)
THRU C(261) IS S{3,3)
THRU C{265) IS Sl4,4)
THRU Cl268) IS 5(5,5}
THRU C{270) IS 5(6.6)

IS S(7:,7)
oDo
000

C(202)=-.108264500002D~-2

C{203)=0.

Cl204)
£4205)
Cl206)
Ct207)
ctz20o8)
C{209)
C{210)
Liz21ly
Ci{212!
c(213)
Ct2la)
Ctz215)
Ct216)
cta217m
€i{218}
€219}
C(220}
C{221})
C(222)
€i223)
Cl224)
Cl{225)
Ct226)
ci{227)
Ci228)
€229}
C{230})
Cit231)
ci232)
Ct233)
Ci{234)
£1235)
Cl236)
Ci237})
ct238})
Ct239)
Cl240)
Ci241}
Cl242)
Ci243)
Cl2aa)
Ci245)
Cl246)
Ci247)
Ct248)
Cl269)
Ci250)
€251}
ciesz)
Ci253)
C{254)
L1255}
Ci2se)

LU (O I (O (I T O I T O I |

N U W R NNHE UK BB

2545999999D-5

o164 D=5

5210 D-b
-02645999999993) =6
+332999999998D~6
O.DO

0.D0

2209111899862 =5
~542646R464B% D=6
-.567651558247T7TD-T7
-.36979402246 N~T
2164%18S23578 D=6
21535637896 76D-5
0250708728736D0~-6

- T737902432577D=7
«1021177075260~6
«8583830313685D-8

« 362552678174 D~7
« 1822771248 130-7
«508569773273D~-7
~s171778742888D~7
-0 11963004 094D~8
-2352147606138 D-8
-,11198293875 D-8
~.206336328204D~8
-2 166560812946D~9
-.3227765545750-9
+384108946188D-9
-e252611520257 D~9
2 268980462153D~10
- 3319190365590~-11
-.1450663738260~10
«+102027945339D~11
0.D0

0.00

0,00

0.D0

0.00

0.D0

000

0,D0

0.D0

0,00
«2873128376320-6
~ b 4h 93246677906
-o 88203930746 D=7
=e21263486397 D=7
2114180308536 D=6
-.8720&6750118 D-6
=~ 183761983737 D6
<14 780409331506
=~ 37545465474 840D~T
~e4553186216668 D~7
. 1623518861056 D=7

THRU
THRU
THRU
THRU
THRU
THR U
THRU

A-3

S{7:0)
S5(7,1)
${7:2)
S5(7:3)
StTes)
St7.5)
S(T:6)

144700
144800
144900
145000
14510G
145200
145300
145400
145500
145600
145700
145800
145900
14 6000
146100
146200
146300
14 6400
146500
146600
146700
14 6800
146900
147000
147100
147200
147300
14 7400
147500
147600
147700
147R00
147900
148000
148100
148200
14R300
14 8400
148500
14 R600
148700

148800 -

1482900
149000
143100
149200
149300
149400
149500
1496040
149700
149R00)
149900
150000
150100
150200
150300
150400
150500
150600
150700
150800
150900
151000
151100
151200
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(o o000 O [ [y o

c---«-
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c-m.n-

L LS

Ce25m) «22589R207164 D=6

C{258) = ~.113546717887D~7
C1259) = ,2312406154%425 N~9
Cl26U) = .642750579065D-9
Cl261) = o2535462716422D0~9
Cl262) = 4R59636964750~8
Cl263) = ,498321698304 D=9
Ci264) = ~,196087502512n~8
Cl265) = =,216600056362N-~9
Cl266) = ~.145764420605Nn=8
Cl267) = -.3696360264510-9
C(268) = .191117696793D~-10
Ci269) = -,36111R626660DN-10
Cl270) = .437281413924D~11
Ct271) = .178085140954ND-11
THE FOLLOWING ARE MOON PUTENTIAL COFFFICIENTS  #ordk

Cl272) THRU C(276) IS Cl0;0) THRU C(4,0)
C(277) THRU C(2R0) IS Cilsl) THRU Cl4y1}
C(281) THRU C(2R3} IS Cl2:2) THRU C(4,2)
C(284) THRU C{285) 1S C(343) THRU Cl443)
ci286) IS Cl4y4)
C(287) THRU C(291) IS S{0,0) THRU S(4,0)
Ci292) THRU C(295) IS S{le1) THRU S{4y1)
Cl296) THRU C(298) 1S S(2,2) THRU S(4,2)
C{299) THRU C(300) 1S S{3,3) THRU S{4,3)
Ct301) 1S Slas4)
Ct272}=0.000
Cl273)=0.0D0
Cl274)==,207108D-3
Cl2751=0,210=4%
Cl2721=0,34D~4
C{281)=0.207k6D=4
C1284)=0.02583D-4%
Cl46201= FLAG FDR IMPACT
Cl462)=1.00
Cl{506)=0.D0
Ci719)= REDUCTION FROM UNIVERSIAL TO EPHM TIME 1966
Cl{7191=40.0D0
C{720)= RFTIFICATION LIMIT IN ROUTINE NDERIV
C(7203=0.02500
Ci725)= J2 OF MARS
Cl725)=0,1946667D~2
Ci726)= J3 /F MARS
Ct726)=0:00
C{758) STANDS FOR TYPE OF INPUT
=1 EARTH MEAN EQUATOR AND FOUINOX OF 1950
=2 TRUE EQUINDX AND FCLIPTIC OF DATE
=3 SELENOGRAPHIC TRUE MOON EQUATDR NF DATE
4 MARS MEAN EQUATOR OF DATE
=5 TRUE EARTH EQUATOR AND EQUINDX DOF DATE
Cl758)=1.00
Cit76ld 1S DAYS FOR INTEGRATION
C{761}=180.0D0
Ci7e2)=1.000
Ci763)=0,000
Cl764=86400.D0
Ci765)==1,000
Ci766)=]1,000
C{T6T7i=5,000
Ci768)=111.00
Ci76%9) SOLAR PRESS KEY Q.0sNO NOT INCLUDE 1.0= INCLUDE
C{769)=0,000 .
CLTTO} AREA FOR SOLAR PRESSURES (CM.*%2)
Cl770)=22225.00
CiT71) MASS FOR SOLAR PRESS (GM.}
C{T771i=113000.00
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151300
151400
151500
151600
151700
151800
151900
152000
152100
152200
152300
152400
152500
152600
152700
152800
152900
153000
153100
153200
152300
153400
153500
153600
153700
153R00
153900
154000
154100
154200
1543060
154400
154500
154600
154700
154800
154900
155000
155100
155200
155300
155400
155500
155600
155700
155800
155900
156000
156100
156200
156300
156400
136500
156600
156700
156800
156200
157000
157100
157200
157300
157400
157500
157600
157700
157800



Cme== CUT72) REFLECTIVITY
Cl7721=0.200
Cow==~ C{773}) FRACTION OF PARTICLES REFLFCTED
Ci773)=1.0n0
Com=== Ct{774) SOLAR PRESS AT ONE A.U.
CiTT4)=4.7D-5
Ce=== C{775) IS KEY FOR INPUT.=0. INPUT IS5 CARTESIAN.=lo INPUT IS
c ORBITAL FLEMENTS '
Ct7751=0.00
C ===~= C{776) IS KEY FOR STOPPING AT APNGEF OR PERIGEE.
C =-~~= =0, DO NOT STOPy, =1ls STOP AT APNGEFy ==1. STNP AT PERIGEE
Ct776)=0.ND0
C-=~=Civ77) 1S THE KEY FOR EXTRA QUTUUT ANN IS IN THF FORM ARCDEFGHa
Co===0 MEANS DD NOT PRINT AND 1 MEANS PRINT.
C==~= A= CENTRAL B0ODY MEAN EARTH EQUATNR OF 1950
C=-== H= MOON FIXED
C——== C= MARS MEAN EQUATOR OF DATE
C~=—-— 6= CENTRAL BODY TRUE EARTH EQUATDR 0OF DATE
Co=~= H=EARTH FIXED LATITUDE AND LOUNGITUDE
C(T77)=10000011.,
C C{901) IS DELTA T FOR UPDATING TRANSFORMATI(ONS IN HARMON
C{901})=15.D0
c THESE CONSTANTS WERE DEFINED In MAEN
ICt1)=0
IC12)=0
RETURMNM
END
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157900
158000
158100
158200
158300
158400
158500
158600
158700
158800
158500
159000
159100
159200
159340
159400
159500
159900
160000
160100
160200
160300
1 60400
160500
160600
160700
160800



SUBROUTINE ML (X,A,V)

IMPLICIT REAL*R{A-H;0-Z:8) -

SHRROUTINE GIVES Y=AX
DIMENSIUON X({3),Y{3),A(3:3)
NIMENSION XI(3)eY(3)oAl3,3)
DO 1 I=1:3

Y(E)=0.D0

DO 1 J=1,3
Y{I)=YLID)4A(] g d )X (J)
RETURN

END
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160900
161000
161100
161200
161300
161400
161500
161600
161700
161800
161900



SUBROUTINE MNAITIME OMeCRyDToEPSIL RN GoGPyWHFM) 162000

IMPLICIT REAL®R{A-H,0-2,8%) 162100

DIMENSTON EM1343),0F13) 162200

COMMON/XLIB/ SG,TA 162300

C ' 162400

C 162500

C 162600

D = TIME 162700

T = D/36525.00 162A00

T2 = T*T 162900

T3 = Y2x%T 163000

A=13.064992D0 163100

NG 6 I=1,3 163200

DR=0.D0 163300

0n=n 163400

DD=DD*{A/360.00}) 163500

DO=DL-IDINT{ DD} 163600

DF{ 1)=DD 163700

: GD TO (%:5¢6),1 163800
; 4 Az ,985600500 163900
¢ GO 10 & 164000
i 5 A=,1643586D0 164100
i 6 CONTINUE 166200
6=215,54013D0+360.00%*DF{1) 164300

{ GP=358,00906700+360,D0%NF( 2) 164400
3 WW=196,745632D0+360.D0*NF(3) 164500
§ G = 6%.017453296D0 164600
GP = GP%.017453296D0 164700

WW = WWX,017453298&D0 164R00

YR = 1,535D0%.017453296N0 164900

RO = =,0297222D0%NC0SIGI+.QLO2TTINMENCOS( G+ 2. DOFWW ) 165000

1 =o0030555500%0C0S (2.D0%6+ 2. NO%WW ) 165100

TA = —,003333D0*DSINIGI+.0163888D0*NSINIGRP) 165200

1 +.00500%DSIN{2.D0%WNW} 165300

56 = =o0302777DOXNSINIG) + oD102TTTRORDSINGG+2, DO%WW) 165400

1 ~o00305555D0%DSIN (2,D0%G+ 2. NO*WW} 165500

SG = {SG*,01745329600)/DSIN {YN) 165601

RD = RO*.01745329600 165700

TA = TA%,017453296D0 1658200

YN = YN + RO 165900

RO = OM + G + DT 166000

C1 = DCOS (ROY=DSIN {EPSILI®DSIN {VY¥) 166100

1 +DCOS (EPSIL)I*DCOS tYN) 166200

ST = 1,00 = CI*%2 166300

$I = DSORT (SI} 166400

S0 = =DSIN {ROIEDSIN {YN)/SY 160500

CO = 1,D0 ~ SO%%x2 106600

C0 = DSQRT (CO) 186700

5D = -DSIN (ROIXDSEIN (EPSIL) /ST 166800

CD = =DSIN {RO}=SO*DCOS (EPSIL) = DCONS (RMI%CO 166900

DL=ARKTNS{0,CD,SN} 167000

8 CONTINUE : 167100

CA = DL + (CR + TA} - {OM <+ S§G) 167200

SA = DSIN {CA} 167300

CA = DCOS {CA) 167400

RO = DLOS (ROI*DSIN (EPSILI/Z(SI*CH) 167500

EMilol) = CARCO - SA®SO*C] 167600

EM{1s2) = CARSO + SA®CONCE 17700

EMI1:3) = SA®S] 167800

EMi{Zy1) = =SA%CQ ~ CARSO*CI 167200

EM{242} = =SAS0 + CASCOSCI 16RN00

EMUt2:3) = CA=Sl 16R100

: EM{3,1) = SO#S$1 168200
L EM{3,2) = =CO*S] 168300
T EM{3,3) = (¥ 168400
RETURN 18RS N0

END LRG0V
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SUBROUTINE MULT(A:HsC)
IMPLICIT REAL®B{A=H,N=Z %)
DIMENSITION A(3:3,R13933,C(3,3)
DIMENSION A13,3),R{3:3),C1353)
Dol I=1:3

DO 1 J=1:3

Cltizd) = 0.N0

0N 1 K=1:3

Clilod) = ClIpJ) + AlToKIZEB{KeJ)
RETURN

END
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168700
16RRO0
16A900
169000
169100
169200
169300
169400
169500
169600
169700




SUBROUTINE NUTAIT (TIME;OMCRsDTENyFPSIL)

IMPLICIT REAL*B(A-Hs0=~2:%)
NDIMENSTON EM(3,3}

DIMENSION EMI3,3)
bDT7=0.D0
D = TIME
T = 0/36525.000

T2 = T%7T

T3 = T2%T

DM= 12.11279000-,052953922D0%N+,0020795N0% T+, 00208100D0%T 2+, 000002
200D0%T3

CR = 64,37545200+13,17639700%0~.001131578NU*T=.00113015N0%T2+,0000
2013D0O*T3

GP = 208,84399N0+4,11140408D00%N=,01033400N0%T~.01034300N0%T2~-,00001
2200D0%73

VL = 280.08121D0+.98564734D0% N+ . 00030300N0%{T+T2)

G = 282,08053D0+.,470684N-04%D+.00045525N0%T+, 00045750D0%T2+,000003
200D0%*T3

oM = OM*%,017453296D0
CR = CR%,01745329600
GP = GP%,017453296D0
VL = VL*.0174%3294D0

G = G¥.0174532960D0
DE1

= 25,.584400D0 * DCOS{OM)
NDE2 = =.2511D0 * NCOS{2.D0%0M)
BE3 = 1.,533&D0%NCNS(2.00%VL)
DE4 = 06660D0% DCASL 3.,N0% VL -G )
DES = =-,0258D0 * NDCOS{ VL+G )
DE& = = 018300 * DCOS( 2.DO%VL-NM)
DET = =.,006700 * NCOS{ 2.D0%GP - OM )

PE = NEL + DE2 +« DE3 + DE4 + DES + DF& + DE7
DDl = .2456D0 % DCUS{2.NO*CR)
002 = 050800 * DCOS{ 2.,D00% CR -~ 0OM)
=, «0369ND0 * DCOS(3.n0® CR - GP )
= =,0139D0 * DCOS{ CR+GP}
s = -.008600 * DCOS{ CR-GP+OM )
DD6 = LOOR3NO *= DCOS{ CR-GP-UM }
NDB = 006100 * DCOS{ 3.00 * CR+GP = 2Z.N0O%*VYL }
DD9 = L,0064N0 * DCOS{ 3.DO¥CR -GP =M}
e = 0DL1 <+ NDD2 + DD3 + D04 + DDS + DDA + DDT + ND8 + DG
DTl = ={ 47.892700D0 + .0482D0%*T) * NSIN{NM)
DT2 = .%8D0 * DSIN{ 2.D0%0M )
DT3 = ~=3,536100000 * DSINt 2.0D0 * vL )
DT4 = =,137A00 * DSIN( 3.00%VL ~G |}
DT5 = ,0594N0 * NDSIN{ vi+G )
0T6 = 034400 * DSIN{ 2.D0%VL ~ Nk}
OT7 = .0125D0 * DSIN{ 2,D0%GP -~ 0NM }
T8 = ,35D0 * DSIN{ VLG }
D79 = 012500 * DSIN{ 2.D004VL -~ 2.D0%GP )
DT = DT1 + DT2 + D73 + P74 + DTS + D76 + DTT + DFT8 + DT9

NS1 = =.5658D0 * DSIN{ 2.NO%CR )

D52 = =.,09500 * OSIN{ 2.00*CR - OM }

DS3 = =,072500 * DSIN{ 3.DO0*CR = GP )

054 = ,0317D0 * DSIN{ CR+GP )

D55 = L0161D0 * DSIN( CR =GP +M )

DS6 = ,0158D0 * DSIN{ CR ~GP -OM )

NDST7 = =,0144D0 * DSIN{ 3.DO*CR + GP -~ 2,D0*YL )
DS8 = =,012200 * NSIN{ 3.DO%CR = GP « OM )

DS9 = L1875N0 * DSIN{ CR = GP }

DS10 = o0DTBDO * DSEN( 2.00%CR = 2.N0%GP )

DS11l = ,0414D0 * DSIN{ CR ¢+ GP -~ 2.D0*VL )

DS12 = .0l67D0 * DNSIN{ 2.D0%CR - 2.DO%VL )

DS13 = ~, 008300 * DSIN{ 4.DU%CR = 2,D0%¥L )

DS » D5)1+DS2+4DS3+DS4+DS5+D56+DST+NSE+NEO+DS10+NSL1+D5] 240813
DE = ,17453296D-5%{DE+ON}

DT = o17653296D-5+{DT+DS)

A40

169800
169900
170000
170100
170200
170300
170400
170500
170600
170700
170800
170800
171000
171100
171200
171300
171400
171500
171600
171700
171800
171900
172000
172100
172200
172300
172400
172500
172600
172700
172800
172900
173000
173100
173200
173300
173400
173500
173600
173700
173800
173900
174000
174100
174200
174300
174400
174500
174600
174700
174800
174900
175000
175100
175200
175300
175400
175500
175600
175700
175800
175900
176000
176100
176> .
~ 0300



EB = 23.,4457587D0~.0130940400%T~,000000RRNURT 24, 0000005N0%T3 176400

EB = EB*.017453296D0 176500
EPSIL = ER+DE 176600
EN{1:1) = 1.00C 176700
EN(1:2)==DT*DCOS(EB) 176800
EN({1:3)=-DT*DSEIN(EB} 176900
ENl271) = ~EN(1s2) 177000
EN(2+2) = 1.0D0 177100
EN{2:3} = =DE 177200
EN{3p1) = ~EN(1+3) 177300
EN{3:2) = DE 177400
EN[{3¢3) = 1.0D0 177500
RETURN 177600
END 177700
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THE
c

C
C
C
C
C

2
3

200

201

10
7

i1

SUBROUTINE DRB{X,DX.U:NDUT)

TMPLICIT REAL*8{A-H,0-Z,%}

DIMENSION C{1000)

NDIMENSTON X(33:DX{3),B(3)

FOLLOWING STATEMENT{S) HAVE BEENM MANIIFACTURED BY-THE TRANSLATOR TO
OMPENSATE FOR THE FACY THAT EQUIVALENCF DOES NOT REORDNDER COMMN~—~=

COMMON C

COMMON C

DIMENSION C{1000)

DIMENSION X{3},DX{3):B(3)

EQUIVALENCE {C(T00) s SMA)o{CITOL) oFCCIo{CITO2}sNINC) o (CITO3) 2QMG)
1o {CUT04) gBEP);(CITO5)RCA g {CITOO6C3)dCITOT) ¢ THET) ;{C{TOR} ¢PERV)
2o{CITO9 P} (CLT7IN)IsBB o (C{T11)e TRPFR)

CALL CROSS{X;DX:8)

R2 = DOT{X:X)

R=NSORT(R2)

v2 = DOTIDX,DX)

B2 = DOT{B.R)

B8B=DSORT(B2)

A=DOT(X,DX) /U

P = B2/U

€3 = v2=2,0N0%U/R

SMA=~U/C3

ECC=DSQRT(NABS{ 1. 0DO+C5%P/U) )

OINC=ARKTNS{180:B{3),DSO0RT{B{1}*x2¢R{2}%%2))

0MG= ARKTMNS{360,~R{2):B(1))

RCA=P/{1.0DO+ECC}

THT=ARKTNS (360, (P-R), BBR*A)

BET= ARKTNS{360,X(2)%B(1)=X{1)%R{2)oX(3})%BH)

BEP= BET-THY )

IF(BEP} 29303

REP=BEP+6.2831853D0
C ONT I NUE

RTD=57.29577951D0

OINC=QINC=RTD

DMG=0OMGRRTD

BEP=BEP*RTD

PERV=DSQRTIDABS(C3+2, 0DO®U/RCA})

VIMP=PERY-DSORT(U/RCA}

CTAS={P/R=-1.0D0}/ECC

IF{DABS{CTAS}aLT.1.D0) GO 7O 200

STAS=0.D0

CTAS=DSIGN(1.0D0,LTAS)

GO TO 201 :

STAS=DSQRT(]1 -0DO~CTAS*CTAS)

STAS = DSIGN{ STAS,A }

CONT INUE

THE=ARKTNS { 1B0,CTAS,STAS)

THET=THE®RTD

CALL TCONICCUoECC,SMA P THE TPERFAC)

TPER=TPER/B6400.0N0

IF{SMA}X0,10.11

WRITE ¢ Ge TISMALECC,OINC,OMGoREP ,RCAC3, THET PERY PoVIMP,TPER

FORMAT(5 SMAD1IS5.8,5H FELLDL15.8,5H [NCNIS5.Ap5H LANDIS.8
154 APFDLIS.8:5H RCAD15.8/5H C3N15.Re5H THETNIS.Bs5H PERVDIS A,
25K SLRD1I5.8,5H IMPVD15.8:5H TPFRNLS:8)

60 7O 12

FlzA%U/DSORT{LU%SMA)

F2xl.0D0=R/SMA

SINE=F1/ECC

COSExaF2/ECC

ExARKTNS {360, COSELSINE )

XMAN={E~ECCoSINE ) *RTD

PERH = FAC = C{79) / 3600.D0

APBK=SMA® {1, D0¢ELC )

WRITE { Goe5ISMACECC)BINC o UMGy REPoRCAsCATHET o APBK, XMAN pPERM T
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177800
177900
178000
17100
17R200
17R300
17R400
17R500
17R600
17R700
178800
178900
179000
179100
179200
179300
179400
179500
179600
179700
179800
179900
180000
180100
180200
180300
180400
180500
180600
180700
180R.00
180900
181000
181100
181200
181300
181400
181500
181600
181700
181800
181900
182000
182100
182200
1823006
182400
182500
182600
182700
182800
182900
183000
183100
183200
183300
183400
183500
183600
183700
143800
183900
184000
184100
184200
184300



1PER

5 FORMATISH SMAD15.895H ECCD15.8,5H [INCD15.8,5H LAND1S.8,

15H APFD15.8:5H RCAD15.8/5H

CAN15.8,5H THETN15.R:5H APNGUL5 .8,

25H MAND15.8;5H PERHD15.8;%H TPERN15,.8)

12 CONT INUE
RETURN
END
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184400
184500
1845600
184700
184A00
184900
185000



laNale laiaEaNal e

20

10

21

SUBROUTINF DRB2X(XoVXsE' U)

IMPLICIT REAL®8({A=Hy0=2 <}

DIMENSION X(3)VX(3)oELIG)gALD, 2)

EL CONSISTS OF INPUT ORBITAL ELEMENTS

(1) SEMI=MAJOR AXIS (+ IF ELLIPTIC, ~-FOR HYPERROLIC)

{2) ECCENTRICITY (LESS THAN 1. ELLIPTICs; GRFATER HYPERBOLTC)

(3} TRUE ANOMALY ({DEGREES)

*%x[F C379 CHANGED TO l.; MEAN ANNMALY [S USED FNR INPUT

C379 = 0.D0

{4} LONGITUDE OF THE ASCENDING NODE (NEGRFES)

{(5) INCLINATION  (DEGREES})

{6) ARGUMENT OF PFRIAPSIS (DEGREFS)

DATR DR/ ,017453293D0/

COM=DCOS (DR=EL (4 })

SOM=DSIN(DR*EL (%))

CIN=DCOS(NR¥*EL{5))

SNI=DSIN(DR*EL(5)

IFIC379 110510,20

XM=FL{3)%DR

ECC=EL(2)

E=XM+ECCHDSIN (XM)+{ECC%*%2/2.N0}%NSIN (2,D0%XM) +{ ECC*¥%3/24.D0)%(9,
INO%DSIN (3.D0%XM)=3.D0%NSIN (XM} ) +{ECC*E4/192,00)% ( 64 JNOXDSIN (& .D
%0%XM)=32 o DO*DSIN (2,DU%XM))

CTA=(DCUS (E)=-ECC)/(1.DO~-ECCENCNS (E))

STA=DSURT ().DO=ECC#*%2)%DSIN (E)/(1,NO~FCC*NCOS (E))

TAA=ARKTNS(180,CTA,STA}

G0 70 21

CTA=DCDS (DR*EL(31)

STA=DSIN(DR*EL(3))

TAA=EL (3)*DR

TBH=TAA+EL { 6) »NR o .

CBA=DCOS( TBA)

SBA=DSIN{TBR)

A1} )=COMMCBA={SNM®CIN)*SBA

Al2,11=SOMECBA+ (COMRCIN)*SBA

Al3,1)=SNT*SBA

Allo2)=~COMESBA~( SOM®CIN)*CBA

Al242)z=SNMRSBA+ (COMKCIN) *CBA

A(3,2)=SNE*CBA

PLEL{L}%({1.0D0~FL{2)%%2)

R=P/{1.0DO+EL (2 }%*CTA)

R IS THE RADIUS VFCTOR MAGNI TUDE

VR=EL {2 )%STA*DSORT(U/P)

VR 1S THE RADIAL COMPONENT OF VELOCITY

VI=DSORT{U%*{2.,0N0/R~1.0NO/EL{ 1) ) =VREYR)

VT IS THE TANGENTIAL COMPONENT OF VELNCITY

D0 ] I=l,3

X{1)=R*A(T,1} h

VX{I)=VRBAL T LI ¢VT%A(],2)

CONTINUE

RETURN

END
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185100
185200
185300
185400
185500
185600
185700
185R00
185900
186000
186100
186200
186300
156400
186500
186600
186700
186800
186900
187000
187100
187200
187300
187400
187500
187600
187700
187800
187900
188000
188100
188200
188300
188400
188500
188600
188700
188800
188900
189000
189100
189200
189300
189400
1869500
189600
189700
189800
189900
190000
190100
190200



3000

1002

800.

100

48

SUBROUTINE DUT(X¢YeDyERRORyNpLyH)}

IMPLICIT REAL*B(A=-HyD=Z,%}

DIMENSION A(3,3)oFEN{333),EMN({3,3},AR(343}
DIMENSTION DATE(3¢3 )¢ SDATE(3:3)oNATET(3¢3)s5NATET(3:3) ;ADATE(3,3),
1ADAYET (343 ) yDATEEC {33 ) ¢ DATECTI 3,3 ¢ XX (3 )oXV(3)
DIMENSION Y(20),D120}ERROR(30]}

DIMENSTION RATE(3},PERT{3)s PERTT{3)

DIMENSION DACC{3)},CACC(3),0ACC(3)

DIMENSEON R1{3:,8),V1(3,;8)

DIMENSION XTEMPI3)y VTEMP({3)

DIMENSION DUM({3,3)
COMMON/DISTRB/DACC s CACC OACC

COMMON /ROT/ DATE: SDATEDATET+SNATETcADATE; ADATET oNATEFCDATECT
COMMOM/TEME/TW,TF

COMMON CULO00)}oI1CI50):Z{3)s¥VI3) NORENP
COMMON/TUP/TLU

COMMON/PRINT/ [CS50.ESELsMARDAT: ICENEC: IEAREC: I SUNEC; ICNDATE I EARFX
DATA ST/=1./:5T1/=1./

EQUIVALENCE (Cl401)oR1ItLo1))}e(C{425)oV1I(1s1))
TIM =sC{593)+{X+C(506))/86400.D0

CALL TFRACI(C{9592),TIM s TWoTF)

IF {C{l22) oNE. 0.DO } GO TO 3000

STI = Tw

ST = TF

IF{C(594)=(C1506)+X}GT.0.D0} GU TO SO
IF{TWeEQoSTLaANDDABS{TF=5T) o LE«« 0Q0002N0) GO TO 50
DO 1002 JJ=1,3

PERT{JI)=DACCLJJ) =CACCL JJ)

STi=TwW

ST=TF

WRITE(&6,9)

FORMAT( LHO) .

CALL DATOUT(TW,TF.:DAYMsFDATE; O}

TP=TW+TF

TLU=TP

CALL ROTEOITP, A)

CALL NUTAIT(TP;DM,CR,DT.ENGEPSIL)

CALL MULT(EN,A,DATE}

DUM(lel)=1.D0

NDUM{1,2)=0.D0

DUMI1,3)=0.00

DUM{Z2,1)=0.00

DUME 2.2 =DCOS{EPSEL)

DUM{2,3)=DSIN(EPSIL}

DUM{3:1}=0.00

DUM{3,2)==-DUMI2:3)

DUM{3,3)= DUM{2:2)

CALL MULTC(DUM;DATE,DATEEC)

DO 800 I=1,3

DO 800 uU=m1,3

DATET{Js I )=DATE(IoJ)

IF{ ICDATELED.0) GN TO 30

CALL ML{R1{1 NOR}2DATE, XX)

CALL MRLI{VI{1l,NUORJ,DATE XV}

WRITE(G6o4B) LINOR4+6O)

FORMAT{RHO oAb 1Xo "CENTERED® 3Xp ° TRUE FARTH EQUATOR AND EOQUINDX OF
IDATE? )

CALEL OQUTX{XXqsXVNOUT)

CALL ORB{XXoXV,CINOR ) yNOUT)

30 IF{IC50.E0.0.AND.C{TTT)NE.D.D0) GO TH 31

10

WRITE{&910) CINDR4SD)

FORMATELHO s A6 IX o RHCENTERED 93X o SIHLCENTRAL BODY MEAN EARTH ECQUATOR
LAND EQUINOX OF 1950)

CALL DUTXIR1I{1:NOR},VL{ Lo NDR) o NORIT)

CALL ORBCRICI,NORDoVI{14NIORY ,CINOR o NOUT)

A4S

190200
190400
190500
190600
190700
190800
190900
191000
191100
191200
191300
191400
191500
191600
191700
191A00
191900
192000
192100
192200
192300
192400
192500
192600
192700
192800
192900
193000
193100
193200
193300
193400
193500
193600
193700
193800
193900
194000
194100
194200
194300
194400
194500
194600
124700
194800
194900
195000
195100
195200
195300
195400
195500
195600
195700
195800
195900
196000
196100
196200
196300
196400
194500
196600
196700
196800




(gl g)

31

200

801

500

300

802

T00
400

1001
400

300

32

1000

is

IF(IEARFX.EQaD.OORaNOR.NEs1) GO TN 200
ITIME=TP

T2={TP=-ITIME) *86400,D0

Ti=1TIME

DA=EN{2, 1}

CALL GHA(T2,T1,GHANDA,NMEGA}
GHAN=GHAN*C(75)

CALL ML{RL{1NOR);DATEXTEMP)
SINT=DS IN{GHAN )

COST=DCOS {GHAN)

XKX{1)= XTEMP{1)*COST+XTEMP{2)%STNT
XX{2)==XTEMP (L) RSTINT+XTEMP (2} %COST
XX{3)=XTEMP(3)
KLONGI=ARKTNS{ 180 XX {1} pXX{2))%C({T6)

CONT IRUE
IF{ISEL cEQ0.ORNORNEL 2} GU TO 300

CALL MNA(TP,OMyCRsDTEPSILsRU,GoGP sWiy EMN)

CALL MULT{EMN,DATE;SDATE)
DO 801 I=1,.3

DO B8Ql J=1,3

SDATET(Js I}=SDATE(I,J)

CALL MI(RL{1NOR),SDATEXX)
CALL MLtVI(1,NOR},SDATE,XV)
CALL MI{PERT;SDATFPERTT)
WRITE{6+500) CINDR+60)

FORMAT{1HO A6, 11X, *FIXED TRUE MOON EQUATNR (OF DATE"®)

CALL DUTH (XX XV, NOUT)
CALL ORB{XXoXVy;C{NOR),NOUT)
CONT INUE

IF{MARDAT.EQ.0.,OR.NOR.NE.5) GO TN 1001

CALL ARES(DAYMoFDATE.AR)
CALL MULT(AR;A; ADATE)

DO 802 I=1,3

DO 802 J=1,3
ADATET(Jo1)=ADATE(L ¢ J}

CALL MI{RL{1,NDR}ADATE XX}
CALL MI(VL(R NOR), ADATE oXV)
CALL ML{PERY,ADATF.PERTT}
WRITE{6,700) C{NOR+60)

FORMAT(IHO A6, IX o 3SHCENTERED MARS MEAN FOHATNR OF DATE

CALL ODUTXIXX XV,NOUT)
CALL DRBIXX XV C{NOR)NOUT)

IOR=NOR

CONTINUE

IF{IOREQ .34 AND. I SUNEC.EQ.0) GU TO 32
CALL ML{V1{l,IOR},DATEEC:XV)

WRITE{(5:900) C{IOR+60)

FORMAT{1HOp Ay IX o "CENTERED TRUE FECLIPTIC AND EOUINDX OF DATE?)

CALL OQUTXIXX,XVNDUT?

IF{ IOR.EQ.NOR) CALL DRBIXXpXVoCINORD o NOHT}

CONT INUE

IFI{IOREQe3.AND NDR.NE.3} G0 TU 14
IF{I0R.EQ.1) GO YO 1000

iOR=}

60 TO 400

IF{IOR.EQ.3) GO TO i4

IFINDR.EG,3} GO TD 14

I0R=3

60 TO 400

CONT INVE
IFENOR.NE 1 ORTEARFXEQ.C) 6D TH 33

A48

146700
187000
197100
197200
197300
197400
197500
197400
197700
197800
197900
198000
198100
194300
198400
198500
1984600
198700
19RR00
198900
199000
199100
199200
199300
199400
199500
199600
199700
199800
199900
200000
200100
200200
200300

.200400)

200500
200600
200700
200R00
200900
201000
201100
201200
201300
201400
201500
201600
201900
202100
202200
202300
202400
202500
202600
202700
202800
202900
203000
203100
203200
203300
203400
203500
203600
203700
203800




c
C
c

WRITE(693001) XLATE XLONMGI
33 CONTINUE
WRITE{6,21)C1461)

21 FORMAT{20HONUMBER OF STEPS IS D20.8)

50 RETURN
END

A47

203900
204100
204200
204300
204400
204500
204600
204700
204800



SUBROUTINE OUTX{X,VX NOUT)
IMPLICIT REAL®*B{A-Hg0~Z,%)
DIMENSION X{3DVX(3),C(6)

DIMENSION X(3boVX(3)},C(6)

CALL RVOUT(X VX L)

WRITE ¢ 695 )X ¥XeC

5 FORMAT({SH XN15.895H YD15.8;5H IN15.Ro5H DXDLIS5 .8,

1 5SH DYD15.8¢5H DZD15.8/5H
2 S5H VO15.895H PTHD15.8,5H
RETURN
END

RD1%5.8¢5H DECD]IS5.8,5H
AZDL5.8)

A48

RADLIS Ry

206900
205000
205100
205200
205300
205400
205500
205600
205700
205800
205900



16
994
995
996

15

11

17
18

19

12
14

10

13

20

SUBROUTINE NVRLAY

IMBPLICIT REAL¥B{A=Ho 0~Z%) -
COMMON ST1000),IC(5)
NDIMENSION BUFP{4 ). IND(4)
FORMAT(4(13,D12,.8)}
FORMAT{ 1HO)
FORMAT(&(5Xc13,D17.8}))
FORMAT(919 40X, 13HOVERLAY INPUT)
K==}
CONTINUE

READ(S 916, END=220) (IND{I};BUFPLI)sI=ls4)
DO 10 N=1,4
N=N
GO YO {(11,12,12;12)sN
CONTINUE

IFCINDIN)IL3Z413,17
IF{K}LB,19,:19
WRITEl6;996)
K=0
C ONT INUE
WRITE(S,995) {INDIJIBUFP{J)eJd=104)
GO TO 14

IFLINDINY) 15,15,14
CONTINUE

J=IND{N}

SU{JY=BUFP (N}
CONT INUE
GO TOD 15

CONTINUE
WRITE(6,994)

RETURN

STOP

END

AP

206000
206100
206200
206300
206400
206500
206600
206700
206800
206900
207000
207100
207200
207300
207400
207500
207600
207700
207R0O0
207900
208000
208100
208200
208300
208400
20R500
208600
208700
208R0C
208900
209000
2092100
209200



SUBROUTINF REANFE{JED; TSECs IERR)
IMPLICIT REAL*B(A~H,0=-2}

C READE. READy INTFRPOLATF ¢ TRANSLATE JPL FEPHEMERIS

C JoE o EKELUNND, MESA SCIENTIFIC CORP.y 1965 SEPT 15

C Colo LAWSON,; JPL, 19466 MAR 17

c READ JPL EPHEMERIS AT THE JULIAN EFPHFMERIS DATF

E GIVEN BY (JED+TSEC/B6400.D0)

C#b ITEMS COMMUNICATEN THROUGH THE CALLING SEFQUENCF *x

c

C JED REFERENCE JULTAN EPHEMEIS NATE.

c TSEC SECONDS DOF EPHEMERIS T'ME PAST JFD.

c ANY COMRINATION DOF VALJFS OF JEN .uN TSEC

C IS ACCFPTABLE AS LUNG AS (JFN+TSEC/R6400.N0)

C IS WITHIN THE RANGE OF THE EPHFMFRIS TAPE

c BEING USFD. HOWEVER TU NATAIN THR

c FINEST PNSSEBLE RESULUTINN IN INTERPOLATEDN

C THE NUMRBRER JED MUST BE AN EXACT MACHINE

C NUMBER. FOR EXAMPLE JED COULN BE A DATE ENDING

C WITH o0 NR o5 .

c IERR ERROR FLAG

G 0=N0 ERRNOR

C I={ JED+TSEC/b0o%00.D0) LESS THAN FIRST NATE

c ON TAPE

C 2=( JED+TSEC/86400.D0) GREATFR THAN LAST DATF

C ON TAPE

Cc 3=SOME IREQ(I) IS NOT Oely NR 2

C 4= 1CENT IS NOT IN THE RANGE 1 THRU 11

E S=JCW IS NOT 1,29 OR 3

Cak THE FOLLOWING ITEMS ARE INPUT THROUGH COMMON %%

C * COMMON BLOCK CETRLY *

c AU AU, EXPRESSED IW NDESIRED NUTPUT UNITS

C RE EQOUATORIAL RADIUS OF EARTH [N DESIRED OUTPUT UNETS

c RE §S USED TOD SCALF THE LUNAR EPHFMFRIS

C TeD DESIRED NUMBER OF TIMF UNITS PFfR DAY
COMMON/CETBL2/ICW, ICENT o IREQ{13)

C

C % COMMON BLOCK CETRLZ »

C ICw FLAG INDICATEING STATUS NF COMMNN BLOCKS RECZ2 AND CETBL3

[N I MEANS NEITHER BLOCKS CONTAIN VALID NATA

c 2 MEANS ROTH BLOCKS CONMTAIN VALIN NATA

C 3 MEANS REC2 IS VALIDy CETHL3 IS NOT

C USER MUST SET ICw=1 BEFNRE INMITEIAL CALL

C ICENTR SPRCIFIES CENTRAL BUDY FNR CNDORDINATE

C TRANSLATION AS FOLLUONWS e

c I MERC 5 Jup 9 PLUTDH

C 2 VENUS b SAT 10 SUM

C 3 EARTH 7 URANUS 11 MOON

c & MARS B NEP

c TREQ( ) IREQIJ) SPECIFIES OQUTPUT DESIRFD FOR

G BODY ND. Je

C IREQIJ)=0 NO DUTPUT

C I PDSITION :

C 2 POSITION AND YELOCITY

c J RUNS FROM 1 TD 11 AS FOLLNWS. e

Cc 1 MERC 5 JuP 9 PLUTD

C £ YENUS & SAT 1D Sim

c 3 EARTH T URANUS 11 MONN

[ & MARS 2 NEP 1?2 ERTH=MN=HARYCENTER

c 13 NUTATINN

C & COMMON BLOCK CETRLI » )

C TAR3 829 DOUHLE PREC. WORD BUFFER TO ACCOMDNATE J.Ne AND EPHEMERIS,

¢ NUTAT 204 SEINGLE PREC, WORD BUFFER TO ACCOMDUATE NUTATION DATA.

c CKSUM § 5.P. WORD FOIR CHECKSUM.

Cke THE FOLLOWENG ITEMS ARE OUTPUT THRMIGH (DMMNIN **

A-50

209300
209400
209500
209400
209700
209800
209900
210000
210100
200200
210300
210400
210500
210600
210700
~10R00
210900
211000
211100
211200
211200
211400
211500
211600
211700
211R00
211900
212000
212100
212200
212300
212400
212500
212600
212700
212800
212900
213000
213100
213200
213300
213400
213500
213600
21?700
213R00
213900
214000
714100
214200
2146300
214600
214500
214600
214700
214 R00
216900
215000
215100
715200
21%300
215400
215500
215600
215700
Z1S5A0D

et e g N BT

&



zizleslnlslinlaliasleNalaEslaNal el slsEeRalelalalalatelaRalaNe!

(g X g

*

%

499

COMMON BLOCK CETRL 4 =
TABOUT( o } PLANFTARY AND LUNAR NUTPHT, SCALEDN AND
TRANSLATED WITH RESPECT TU CENTFR.
TABOUT {1,J) CUNTAINS NUTPUT FNR
BODY NOo Je {1 alEs J oLFs 17}
THE INDEX [ IDENTIFIES COMPNANENTS AS FOLLOWS ..

1=X 2=vY 3=Z
4=XDNT S=YDUT 6=ZDAT
NUTH, ) NUTATION QUTPUT

NUT(1)=DELTA LUNGITIINE
NUT{2)=DELTA OBLIQUIITY
NUT(3)}=TIME DERIVATIVE NF NIIT{ 1}
NUT{4)=TIME NDERIVATIVE OF NUT(2)

COMMON /CETBLS/ RIVECTL 6,13)

COMMON BLOCK CETBRLS *
BIVECT( o } WORKING ARRAY., CMNTENTS ARF INTFRPOLATED
AND SCALED BUT NOT TRANSLATFN. 1ST INDEX RUNS
OVER XoVoZoXDOToYOOTZNHOT AS IN TARNUT
BUT 2ND EINDEX 1S DIFFERENT AS FOLLOWS ..
BODIES 1 THRU 9 ARE HELINCENTRIC.

1 MERC 5 Jue 9 PLUTH

2 VENMUS 6 SAT 10 MONN REL TN FARTH

3 ERTHMN 7 URANUS 11 FRTHMN REL TO EARTH
4 MARS 8 NEP 12 FRTHMN REL TN MOON

13 SEF 4092+

THE COMMON BLOCK °*CETBLS® IS FOR COMMUNICATEION
BETWEEN ROEP2 AND GETRZ?.
COMMON /CETBL1/ AUsRETPD, EMRAT
COMMON /CETBL3/ TAB3(829),NUTAT{204),CKSIIM
COMMON/CETBL4/TABOUT (6512} s NUT (&)
COMMON/CETBLS/UN1, TDAY s JDIF 1 ERR1]
LOGICAL WFLAG
INTEGER KREO(12),MCENT(11)oMI(20)0JRFO{11)s TPOSILL} IVFL(L1)
REAL MNUTAT ,STPI11}
DOUBLE PRECISION BULRE EMRAT, TPD,TAB3,BIVECT TAROUT ¢NUT
DOUBLE PRECISION JD1,TDAY, JDIF o JED
DOUBLE PRECISION TSECoRATs FAC.U(2:3),Co TFMP

FAL=1/86400
DATA FAL/1.1574074074074074D-5/

DATA STP/ 20:8%4,,2%.5/

DATA KRER/5:532¢6%5,493,1/

DATA MCENT/15,15:0,6%15, 1045/

DATA M1/1100,80010000120100001200539303¢00093513913,0,0/
DATA
# IPOS /025092:146,20002545308:362:410,4670¢52401/
2o IVEL /47,1199 173422792819335¢3899463,497:67T,103/
DATA U/6%0.,N0/

CONT INUE
JOl=JED
TDAY=TSEC*FAC

IERRL=EERR
CALL GETTAP

IF{IERRL oNE. O) GD TO 5000

IF{ICENT .GE. 1 .AND. ICENT .LE. 11} GO YO 10
IERRI=4

GO TO 5000

10 CONT INUE

SEV JREQIITO CONTRAL EINTERPOLAT ION

A-81

715900
216000
216100
216200
216300
216400
216500
216600
216700
216R00
216900
217000
21710y
L7200
217300
217400
217500
217600
217700
217A00
217900
2LR0O00
218100
218200
21R300
2LR400
218500
2LRA&600
21R700
PLAROD
218900
219000
219100
219200
219300
219400
219500
219600
219700
219800
219900
220000
220100
220200
220300
220400
220500
220600
226700
220800
220900
221000
221100
221200
221300
221400
221500
221600
221700
221800
221900
222000
222100
222200
222300
2£2600




OOO

[alalel

20

24

28
32

6001

40

160

151

163
165
167
169
172
200

203

[ X R N B/

DO 20 I=1410
IF{EREQ{T) .GE. O AND. IREQ{I) .LE. 2) 6N TN 20
1ERR]1=3
6N TO 5000
JREQUI)=IREQ(I)
RARYCENTFER FLAG
JREQ{3i=IREQ{12}
MAXPL=JREQ(Y)
NO 24 1=2,10
MAXPL=MAXO{MAXPL s JREQ(T))
MAXEM=MAXO(TREQI3Y;IREQ{1I1)}
MAXALL=MAXO(MAXPL MAXEM)
IT{ICENT.FO. 3. 0R ICENT-EQ.-11) GO TO 78
CENTER IS MOT FARTH 0OR MONN
10=MO0N; 3=FRTHMMN
JREQILIOG)=MAXEM
JREQ{3)=MAXO{JREQI3 ) ;MAXEM)
JREQITCENT)=MAXALL
GD TO 32

CENTER 15 FARTH NR MOON
10=M00N s 3= FRTHMN
JRED{1O)=MAXALL
JREQ{3)=MAXPL
JREQ(11)=IREQ{13)
LUNAR=JRED(10)
IBARY=JREQ{3}%*3

JREQ! )15 NOW SET

SAVE=0.

CONT INUE

DD 240 1BODY=1,11
IF{JREQUIBODY)) 240,240:40
IF(STPIIBODY )} .EN.SAVE} GO TO 165

-SAVE=STP{IBODY)

TEMP=JBDIF/SAVE

KK=TEMP

Ullol}=TEMP=FLOATIKK)

IFTUlLolbhloalelbS5,161

CONT INUE

Ui2e1)=]l D0=-U{lp1)

D0 163 iUxle2

Ui TUs 3 aU{ BV 1 IUT T 1)

U T2 b=l Ul ie3b=1.D0k/6,00

Ut TU.3={U{IUp3 ) =4,D0) /20.00

IF{IBODY=10) 1690167220

C=RE

GO TD 172

C=AU

INTERPOLAYE IRODY=1pZ0s0e¢lD

IGETI=IPOS{IBODY ) +KK*S

iCi=} .

CONT INUE

IFIUileyl}D203,200, 203

IGETZmIGETL+&

DO 204 IGET=IGET1,IGETZ+3

BIVECTIICL»iBDDYI=

Ceilii2,10=¢TABICIGET. 3e

P22} { TARB{ IGET+ i}+
Ui2e3)® TABIIIGET+ 2003+
Uil lde{ TARI IGET+ G} +
Uil 200 TABI{IGET+ 10}
Yilo3i® TARIIGET+LLII?: )

204 ICi=1Clek

60 TO 20%

A-93

222500
222600
222700
222800
222900
223000
223100
223200
223300
223400
223500
223600
223700
223200
223900
224000
224100
224200
224300
2246400
224500
224600
224700
224R00
224900
225000
225100
225200
225300
225400
225500
225400
225700
225800
225900
226000
226100
226200
226300
226400
226500
226600
226700
226800
226900
227000
227100
227200
227300
227400
227500
227400
227700
227800
227900
228000
228100
220200
228300
2208400
228500
228500
228700
228800
228900
229000

b i U S, b5 o

[
:
!
H
i




201

202

1C2=1C14+2

Do 232 I=1Cl,1C2
BIVECT{I,IBNDY I=CATAB3(IGETL)
IGET1=1GET1+3

205 CONTINUE

. 207

aoon

aDe OOOa0

06

220

222
225
228

230
226
227
232

236

240

4010

JREQUIBODY ) =JREQ{EBODY ) =1
IF{JREQIIBODY)) 240,240,207
IGET1= I VEL (IBODY ) +KK%9
IC1=4

C=C/TPD

GO 10 200

INTERPOLATE IRNNDY=11 MUTAT IDN

C=1.D0
IGETL=1POS{IBODY I +KK*5
ICl=1

IGET2=IGET1+3
IF(U(L1:11)228,226,228

DO 230 IGET=IGET1,3GET2,3
NUTLICL)= ‘

Ce{U{ 2, 1= {NUTAT{IGET )=+
{22V {NUTAT{IGET*>1)}+
U{2:3)% NUTAT(IGET+2)})+
Ullol)X(NUTAT{IGET+6 )+
U1 2)%{NUTAT{EGET+T7)+
Udlp30% NUTATU{IGET+HI})) )

ICl=1Cl+1

GO TO 232

D0 227 1GET=IGET1,1GET2:,3
NUTL{ICL)=CHNUTATIIGET)
IC1=1C1+1

CONT INUE

JREGI{ IBODY )= JRED(IBODY ) =]
IF{JREQ{IBONY}) 2402402326
CxC/TPD
IGETI=IVEL{IBODY ) +KK*S
ICi=3

GO TO 222

CONT INUE

L 20 BE 3R R

INTERPOLATION IS FINISHED
RESULTS ARE IN BIVECT( o JAND NUTY( )
TEST MDON REQUFST
IFILUMNAR b} 4020,%020,4010
NOTE -« EMRAT=EARTH MASS/MODM MASS
SET BIVECT! »11)=FRTHMN CENTERED AT EARTH
SET BIVECY' o12)=ERTHMN CENTERED AT MDON
RAT= ] DO/ (EMRAT+1.D0)
IMAX=LUNAR * 3

. DD 4016 Enlo fMAX

4016

4020

4024

BIVECTII L1 0mRAT*RIVECT{],10}
BIVECT(Io12) =~EMRAT*BEVECT{Eo L1}

WFLAG=.FALSE.
KCENTsMCENT{ICENT )

BEGIN TRANSLATION LOOP

D0 4108 1BODY=},12
TIELEREQCIBODY)) &£108,4108,4024
IMAX=IRECI IRODY )3
KASE=KCENT+KREQ{ TRODY)
Ki=MlEKASE)

60 TO (4032,4060,4032:4048:4052»
» 403208068 ,4040 4048,4056 ¢

A-53

229100
229200
229300
729400
229500
229600
229700
229800
229900
230000
230100
230200
730300
230400
230500
230600
230700
230800
230900
231000
231100
231200
231300
231400
231500
231600
221700
231800
231900
232000
232100
232200
232300
232400
232500
232600
232700
232800
232900
233000
233100
233200
233300
233400
233500
233600
233700
233R00
233900
234000
234100
234200
234300
234400
234500
2344600
234700
234800
234500
235000
235100
235200
23%300
23%400
233500
2354600




4028
4032
4036

4040
4044

4048

4052

%056
4060

4064
“068
4072

4076

4080

4084

4088

4092

OO0

4032:40T6,6076:4040,4028,
4084,4088,4088,4064,40R0)oKASF

* %

KASE=]5
Ki=]B80DY

KASE=1s306011
DO 4036 [=]1,IMAX
TABOUT{I,IBNDY)=BEVECTI{I K1)
G0 TO <108

KASE=2,8,14
DO 4044 I=l,IMAX
TABOUT{I . EBODY 20,00
G TO 4108

KASEx4,9
KZ=3
G0 TO 4100

KASE=S
L2=11
GO TO 4060

KASE=z10
L2=12
Kl=IB8DDY
K2=13
G0 TO 4092

KASE=19
Kl=JCENT

KASE=T
DO 4072 I=loIMAX
TABOUT(! . IBODY b=-BIVECTII yK1)
G TO 4108

KASE=]12,13
KZzKASE~1
GO TG 4100

KASE=20
Kil=[BODY

KASE=1é
K2=ICENT
GO TO 4100

KASE=17.18
L2=JCENT
K2=KASE=-6
IFIWFLAG) GO TO 4100
WFLAG=,TRUE.

BIVECT{ s13)I5 AN AUXILIARY VECTOR
NEEDED WHEN KASE=5,100,1751R,
FOR KASE=(QS5 BIVECT{ ,13)=EARTH CENTERED AT SUN
-FOR KASE=L0 BIVECT! o13)=MOON CENTERED AT SUN
FOR KASE=17,18 BIVECTI ,23)=ERTHMN CENTERED AT N1CENT

DO 4096 I=i,IBARY
BIVECT{I,13=BIVECT(E,3)~BIVECT(1,L2}
DO 4104 Twui,IRAX

TABOUT(1,IBOOYI=BIVECT (I oKL)~BIVECY{ [ oK2)

CONT INUE
IERR=JERR]
RETURN

ENG

A-84

/35700
235R00
235900
236000
236100
736200
236300
236400
236500
236600
236700
236800
236900
237000
237100
237200
237300
237400
237500
237600
237700
237TR00
237900
238000
238100
23R200
238300
238400
238500
238600
23R700
238800
238900
239000
239100
239200
239300
239400
239500
239600
239700
239800
239900
240000
240100
240200
240300
24.0400
240500
240600

260700

240800
240300
24 1 000
241100
241200
241300
261400

A e

R —




SUBROUTINE ROTEQ(TIME-A)
IMPLECIT REAL*BlA=HD=2,%)
DIMENSION A(3,3)

T = TIKE/36525.D0

T2 = T*T

T3 = T2%T

Atlel)d
A{lo2)
Al2,1)
All,3)
Ai3,1)
Al2,2)
Al2:3)
A{3,2)
A{3,3)
RETURN
END

1.00 ~ ,000295697D0%72 = 0CO0D0013D0O*Y3
=o0223%9R8D0*%T = L,000006Ta6DO®TZ + ,L,00000221D0%*1 35
-hlle2}

=~ 0097 LT11D0*T + 00000207D0%T2 + ,00000096D0*T3
=-A{1l.31

1sP0 = o000249T76N0%T2 - L00000015D0%T3
=.00010859D0%T2 = .00000Q003N0*T3

Al2:3)

1.D0 ~ 000047210D0%T2 + L 0000000200%T3

A-58

241500
241600
241700
261800
241900
242000
242100
242200
242300
242400
242500
242600
242700
242800
242900
263000
243100



SUBROUTINE RVOUT(AyByC)

IMPLICIV REAL*B{A~H;0-2,%)

DIMENSION A{3),B(3),C(6}

C IS RADIUS, LAT, LONy VELOCITYs; GAMMA, AZIMUTH
CALL SPER{AsC)

C(4)=FNORM(B)

C{5)=90.D0-ADOT (A, B}
VE=B(2)%A(1)=-B{1}*A(2)
VN=C{1}*B{3)=-A(3)*DOT(A,BI/C(])
Clo1=57.29577951D0%ARKTNS (180, VN, VE)
RETURN

END

A-08

243200
243300
243400
243500
243600
243700
243800
243900
244000
244100
244200
244300



41

301

302

5
1000

304

7

300
303
310

30

901

902

SUBRGUTINE SHADOWE(R1;V1oXy STEP)

IMPLICIT REAL*8{A=H 0=2:8%).

COMMON C(1000),ICIS0),Z(3)eVVI3eNUR

COMMON /SHAD/SHADK

DIMENSTION R1{3,8)oV1{3.R)

NDIMENSIOGN X1{(3})

DIMENSION R{3,8):V(3,8)

DATA IPFLAG/L/:IUFLAG/Y/; IMFLAG/Y/+IMIFLG/L/s FLAG/Q./3+FLAGL/U/
LFLAGZ2/0./+FLAG3/0e/

DATA IVFLAG/L/3IVUFLG/L/+PFLAG/0./sPUFLAG/0./

FORMAT{1H0, }5HBODY CENTER 5 ;Ab)

IF{STEP.FO.0.DOIRETURN

GO TO (41:4),505 ¢400,400:,400),NNR

CONTIMNUE

DO 4 §=1;3
X1(D)=R1{1:1)-R1{E,
SEVA=SADUT(X1,RL{1,1
RFS=FNORM{R1({1:3))
RFE=FNORM{RL1{1s 121} }
DELS=DARSIN{6500.DO/RFE %57, 295779500

IF{SEVA-90.D0) 300,300-,301

IRS=6,9465D5

ZRE=6500.D0

ZPSIG=DARSIN|(ZRS+ZREl/RFS’*57g295779500
FS=SEVA+DELS+IPSIG=-180.D0

IF(FS) 300,302,302

FLAG=1,D0

IF{IPFLAG.NE,L) GO TO 1000

K=1

N=1

IPFLAG=?2

KK=1

WRITE{G:5) :

FNRMAT{IHO, 60HPROBE ENTERED EARTH PEMUMBRA., TIME AND ORRIT ARE GIV
LEN BELOW)

SHADK=1.,000

GO YO 20

CONT INUE .
ZSIGMA=DARSINI{ZRS~ZRE} /RFS)I %57 , 295779500
FS=sDELS=-ZSIGMA+SEVA=180.D0

IFIFS)303,30%,304

FLAGL=1.D0O

IF{IUFLAG.NE.1} GO 7O 310

K=

IUFLAG=2Z:

=2

KK=2

WRITELG.T)

FORMAT{LIHD «S57THPROBE ENTERED EARTH UMBRA., TIME AND ORBIT ARE GIVEN
LBELOW? '

SHADK=1,0D0

GO TO 20

FLAG=D . DO

FLAGL=0.,DO

DO 30 I=1ly3

NI(EDmRE{Qo2D-RICT43)

SEVA=ADOTI{XLsR1{1e2) )

IFISEVA-90.D0) 2000, 2000,901

ZRS=b . BH5D5

ZRE=LT38. DO

IPS IG=DARS ING {ZRS+ZRE ) /RFE)I*5T, 295779500

DELMeDARS EINICI22) 7FNDRMIRLEL 22 ) I 87, 295779500

F3=SEVA+DELMe ZPSIG~180,00

IF{ES) 2000,902,902

FLAGZ=] .00

IF({INFLAG.NE .1} GO TO 3000

3)
1)

244400
244500
244600
244700
244800
244900
245000
245100
245200
245300
245400
245500
245600
245700
245800
245900
246000
246100
246200
246300
24 6400
246500
246600
246700
246800
246900
247000
247100
247200
247300
247400
247500
247600
247700
24 TRO0
247900
248000
248100
248200
248300
248400
248500
248600
248700
24 8R0OD
248900
249000
249100
249200
249300
249400
249500
2469600
249700
2649800
249900
250000
250100
250200
250300
250400
2%50%00
250600
250700
250800
250900



K=2 251000

IMFLAG=2 251100
N=3 251200
KK=1 251300
WRITE(6,8) 251400
8 FDRMAT(LIHO,59HPROBE ENTERED MOUN PENUMBRA., TIMF AMD ORBIT ARE GIVE 251500
IN BELOW) 251600
SHADK=1,0D0 251700
GO TO 20 . 251R00
3000 CONTINUE ) 251900
ISTGMA=DARSIN({ZRS=ZRE ) /RF5)}%57 , 295779500 252000
FS=DELM=2SIGMA+SEVA=180.00 252100
IF{FS)2001,904,904 252200
904 FLAG3=1,00 252300
IF{IMUFLG.NE.L1} GO TO 2010 252400
K=2 252500
IMUFLG=2 252600
Nz4 252700
KK=2 252800
WRITE(659) 252900
9 FORMAT(1HO,56HPRORE ENTERED MOUN UMBRA., TIME AND ORBIT ARE GIVEN B 253000
LELOW) 253100
SHADK=1,0D0 253200
GO TO0 20 ' 253300
2000 FLAG2%=0,DO 253400
2001 FLAG3=0,00 253500
2010 CONTINUE 2534600
IF{IPFLAG.NE42,0R.FLAG.NE.0.D0) GN TN 11 253700 .
WRITE(6,12) 253R00
12 FORMAT{1HO,61HPRORE HAS LEFT EARTH PENUMRBRA., TIME AND ORBIT ARE GI 253900
1VEN BELOW) 254000
SHADK=0,000 254100
K=1 254200
N=5 254300
KK=1 254400
1PFLAG=1 254500
GO TO 20 254600
11 IF{TUFLAN.NE,2,0R.FLAGI.NE.0.NO} GO TN 14 254700
WRITE{Go+ )} 254800 !
13 FORMAT{1lr <=8HPRORE HAS LEFT EARTH UMARA. TIME AND ORBIT ARE GIVEN 254900 ;
1 BELOW) 255000 !
SHADK=20,0D0 255100
KK=2 255200
N=b 255300
K=} 255600
IUFLAG=L 255500
GO TO 20 255600
14 IF{IMFLAG.NE.2.0RFLAG2,NEL0.D0} GO TO 15 255700
WRITE(Gy16) 255800
16 FORMAT{1H0,604PROBE MAS LEFT MONN PENUMBRA. TIME AND ORBIT ARE GIV 255900
1EN BELOW} 256000 '
SHADK=0.000 256100 i
K=} 256200
K=2 256300
N=7 256400 -
IMFLAG=] 258500 |
GO TD 20 256600 :
15 IF(IMUFLGNE2.0R.FLAG3NEL.D.NO} GO TO 505 256700
WRITE(G,18) 256800 p
18 FORMAT(1HO,5THPROBE HAS LEFT MODN UMBRA. T!HE AND ORRIT ARE GIVEN 2546900
IBELOMWY 2% 7000
SHADK =0,000 257100
K=2 ' 257200
N=§ 257300 -
KK=g 257400 ’
IMUFLG=] 257500
A-E8




[aNxNe!

20 CALL ITER(NORyR1oV3IoFSoKoKKoDToRoV)
TIM=C({593)+{X+C{506)+DT)/86400.D0
CALL TFRACIC(592)pTIMoTT,TTE)

CALL DATOUT(TY¥TF,DATE;FDAYTE, O}

GO TO (1000+310,3000,2010,11014,159505 405,502,503 ,505) 4N
400 DO 401 I=1,3
401 X1{I)=RA{INOR}~R1I{T1,3}
SEVA=ADOT{X1,R1L{LNOR)}
RFS=FNORMI{R1{1:3}}
RFE=FNORM{RI{1,NOR})
DELS=DARSIN{C{NOR+20) /RFE}*57 . 2957795D0
IFISEVA-90,D01500,500,402
402 ZRS§S=6,.96505
IRE=C {NOR+20)
ZPSIG=DARSINI{ZRS+ZRE ) /RFS)I*5T ,295T7795D0
FS=SEVA+DELS+ZPSTIG~180.D0
IFIFS}500,403,403
403 PFLAG=1,D0
IFCIVFLAGNE.L1) GO TD 405
K=3
N=G
IVFLAG=2
KK=1
WRITE(G, 4D4)C(NOR+60)
404 FORMAT{1HO,26HPRORE ENTERED PENUMBRA DF ,ASs30HTIME AND ORBIT ARE
IGIVEN BELOW)
SHADK= 1,000
GO TD 20
405 CONTINUE
IS5 IGMA=DARSIN({ZRS~ZRE } /RFS)I*5T . 295779500
FS=DELS=-Z2S5IGMA+SEVA=1B0.D0
FF{FSI5010406,408
406 PUFLAG=21.0D0
IF{ IVUFLG.NE.L) GO TO 502
K=3
IVUFLG=2
N=10
KK=2
WRITE{ 62407} CINDR+HD)
&#07 FORMATY{LHO,23HPROBE ENTERED UMBRA OF .Ab,30HTIME AND ORBIT ARE GiV
1EN BELDOW)
SHADK=1 ,0D0
G 7O 20
500 PFLAG=0.D0
501 PUFLAG=0.00
802 IF{IVFLAGoNE,2 DR .PFLAGNELD.D0) GD TH %03
WRETE(&,504) CINDR+HD)
504 FORMAT{IHO2THPROABE MAS LEFT PENUMBRA DF A6,30MTIME AND DRBIT ARE
I GIVEN BELOW)
SHADR=D , DDO
K=3
N=1il
KK=i
I¥FLAG=]
60 TG 20
S03 IF{ IVUFLGNE. 2. DR PUFLAGNE 0D} GO TO %05
WRITE(6:506) CIiNDR+60)
506 FORMAT{1HO ,26HPROBE HAS LEFT UMBRA OF »A6,30HT IME AND DRBIT ARE Gi
LVEN BELOM)
SHADK=D ., ODO
KKng
Ne)2
K=3

A-50

257600
257700
257800
257900
258000
258100
25R200
258300
258400
25R500
258600
258700
25RA00
258900
259000
259100
259200
259300
259400
259500
2594600
259700
259800
259900
260000
260100
260200
260300
2604600
260500
260600
260700
260800
260900
261000
261100
261200
261300
261400
261500
261600
261700
261800
261900
262000
262100
262200
262300
262400
262500
262600
262700
262800
262900
263000
263100
263200
263300
263400
263500
263600
263700
263800
263900
264000
264100




i I kL

IVUFLG=1}
GO TO 20

505 CONTINUE
RETURN
END

e ey S b sl

264200
264300
264400
264500
264600
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15

18
i7

i@

i9

SUBROUTINE SHIFTP‘NURQR;V; TWQTFgRR s VV)

IMPLICIT REAL*R[A~HO0=2:%) .

DIMENSION CCLCGOO) s JCES0)R{BIeVIIIgRRIBBIVVIAGR) oPNL22)VE(22),
LR1C392) o V1132 oNE2) o SPAR(Z20p2)4T112:2)

DIMENSION X{3).w(3)

COMMON C ¢ IC .
EQUIVALENCE (Cl&b3)sRLIILs 1Mo (CIORII oMLt ol CIB95) gTL sl ) )}y
THIC{LYoIBY) e (TCL2)9IB2bolICI12) NI g (CUTIY, SPMSDIICIZ)HS)
2o{CIBOL)POULE o (CIB23)sVELL))3(CI{561)SPAR(1s1))
3o(C{H99) SWNET )

1C¢2)=0.D0

IF{SWNET}ILOD, 100, 18

DIS=1.D010

nn 1 I=1,3

X{1)=R{I)

W{Tl=v(i)

NM1=MOR=]

IF‘NUR‘b)‘f' 392

KKK==1

NMl=2

GD TO 7

NMYl = &

CONT INUE

KKK=0

IFiIB1=-6)5:5.6

IF{IBZ2=6)9,9:6

KKK=1

CONT INUE

DO 8 I=},2

K=f+é

TT={IDINT{TW=TL{1:T})+TF=-TL{2,1))%5PMSD

CALL STEPDUIN{E Y oTToTARLI{L1eI) oV Il I oUSoRRETsKIsVVILoKE 1,
1S5PARI(1,1)) '
CONT INUE

CONT INUE

CALL INTRLITW.TF ;NM1,P0y1,VE;NIS)

IFIKKK)I O,12,12

NOR=NGR

DO 11 i=1.3

XlId=X{I}+RR{I NOR)

WITh=Wll)+VV{T NOR)

CONT INUE

DO 13 J=]:5

Do 13 I=1;3

L=3%)w3+]

RR{IJ)=Xi1}-PO(L)

VY{ledl=w{l)=VEILD

DN 14 i=1,3

RR{I8}=X{R)~PO{]+18)

YWIIeO)=W{I}~VELITI+18)

TFIKKKDLI5,17415

DO 16 I=le2

K=[+6

DO 1s Jxle3

RR{JoK)=RR{Jp3}=RR{Jo K}

YWIJeKInWY{Ja 3} =VYV{JeK)

C ONT I NUE

60 TO 35

TTaCTW-TL Lo R0 4+TF=T1{ 21} }e3PMED

M= 2

CALL STEPDIMeTToTARE{ L Lo WAl{lo 0o ClBI4RR(Np Ao VVILyLhboely
ISPARGEL 10}

Tr={{TH-TL(1 200 +TF=TL{ 292} )>5PMSD
IFCICEL+ICE20=3)01%95 19,25

M= 2

CALL STEPDIM TT o TApRIG L2 oy Vi1 923 CUiEBoRR{L2DpVWiLl,2Byl,

A-81

266700
PHLRNN
264900
265 000
265100
265700
265300
265400
265500
265600
265700
265800
265900
266000
266100
266200
266300
266400
266500
266600
266700
266R00
266900
267000
267100
267200
267300
267400
267500
267600
261700
267R00
267900
26R000
26R100
26R200
268300
268400
268500
26R600
26RT00
26RR00
26R900
269000
269100
269200
269300
269400
269500
269600
269700
269800
269900
270000
270100
270200
270300
270400
270500
270600
270700
270R00
770900
271000
271300
271200



At Sede TG A gl ol

20

21

22

23

24
25
26

27
28

29

30

31

32

a3

34
38

ARk R T B R i L L EEE

1SPAR{1:2))

N 24 [=1:3
IFINOR=2)20,21,22
RR{T+3)==RR{I1)
VVITp3)==¥Vilsl)
HR{1:1}=0.D0

VWi ilel)=0,.N0

G0 TO 23
RR{I:3)=~RR(Fs1)-RR{I 2}
YWITe3) ==YV ({lel)mwVW{i,2)
RR{T1,2)=0.D0D
YWils2)=0.N0

GO TO 23
RRUIs2)=RR{[e2)+RR{I, 1)
VV{Ig2iavyiT2)evVilal}
RR{]¢3}=0.D0
VVIil:3)1=0.D0

ND 24 J=1,3
RR{ToJ}=R{I}~RR{I,J}

VW {led)aVII)=VV(1,d)
CONT INUE

G0 YO 35

M=2

IF{ICI1)=3)27,27,:26
K=IC(1)

GO TO 28

K=1C{(2)

CONTINUE

CALL STEPDUMaTTTARLIILp2)sV1l1e2)pClA) RRIDoKIoVVILoK) gl

ISPAR(L142))

DN 34 I=1,3
IFINOR=3)29,3),32
RRI{T»3)==RR{I:1)
VViEe3)==VV{]s]l}
IFIK.ER.3) 60 TO 30
RR{T K}=RRIF.KI=RR{I1)
VYT oKbxVY (I oK) =YV{Io1)
RR{I¢1}=0:N0
YVilsl}=0.N0

GN TO 33

RR{1:3)=0,00

W3 x0.D0

GO TO 33
RR{Io1I==RR{T,K}I+RR{]o ]
VYV ilolhma=WyW{loKievVil,sl
RR{E3)=m=RR{I 4K}
VW{Ep3)meWVW oK}
RR{I:X)=0.D0

A TR LS T
RRITe1)mR{TI=RR{T,1)

VY {Tpl)asv{lb=¥V¥{lsl)
RREJoDIxR{II=RR{[+3}
VY(Te3hav{Ib=VY¥{T1:3)
IFIKEQsloORKEDL2) GO TH 34
RREEpKEIsREFDI=RRET oKD

VW K uY i)=YVl oK)

C ONT INUE

CONT INUE

RETURN

END

]
)

A-82

271300
271400
271504
271600
211700
2T1R0O0
271200
272000
272100
272200
2723n0
212400
272500
2712600
272700
2T2RM0)
272900
273000
273100
273200
273300
2734600
273500
273600
273700
2T3R00
273900
274000
276100
274200
274300
214400
214500
2THAN)
216700
PT4RH)
2T&o00
215000
275100
FT5200
275300
278400
275500
PTRAMN)
213700
2{5R00
el DL 1)
274000
2TALO0
276200
274300
276400
?T&500
276400
276700
276200
27490
77000
277100
7EI200

s,




11

12
100

SUBROUTINE SDLAR (R, SACC)

IMPLICIT RFAL * A (A=H01-7)

COMmiN C(1000)

DIMENSTION RI3DoSACCI3) RU(3)

P=C (774}

A=C{TT0}

EM=C{TTL}

GAMMAZL(772)

SIGMA=C(TT3})

Cl=P%A%{ 1.0 + 2.0/3,0%GAMMA 4+ 1. 0/3.0%GAMMAXSTIGMA) /EM
DO 1l J=1,3

RX{JI=RIJ) 7/ 1l.495D8

CONTINUE

RAU={RX{1)%%2 & RYE{Z2i%% 2 +HX{3)*%2)%%0,5
C2=Cl/RAl)%x%3

0 12 K=1,3

SACC(K)}=C2%RX{K)*],0D=-5

CONTIU!INUTFE

RETURN

END

217300
217400
277500
2TTADD
27700
211800
211900
2TRO00
278100
2TR200)
218300
?TR4OW
?IRRCQ
PIRAGND
ZTRTINC
2TRROD
21RO
279000
279100
27197200



SUBROUTINE SPER(X,Y)

IMPLICIT REAL*R{A-H;D~Z,%)
CONVERTS CARTESTAN TO SPHERICAL
DIMENSTION Xi3)},Y(3)

DIMENSIUN X{3),Y(3)
RTN=,%729577950+02
Azil)=X{1)+X{2)2X{2)
Yi1)=DSOQRT (A+X{3)%X(3))
Y{2)cDATAN(X(3) /DSORTLA) ) XHTD
VI3)=ARKTNS{180, X{1)pX(2))%RTD
RETURN

END

o RETURNS In DER

A-0¢

279300
219400
2719500
27960}
2719700
219800
279900
280000
280100
280200
280300
280600



[aExiaExEelalaNalaleN e
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SUBRODUTINE STEPDIN ToTAsR;VoURR VY M, SR) 280500

IMPLICET REAL*B{A-HD=2,8%) . 280600
CB IS & STORAGF VECTOR WHOSE FLFMFNTS ARF 280700
(1) INITIAL TRUE ANOMALY (11) ANGIILAR MOMENTIIM SOUARED H? 280R00
(2] SEMI-LATUS RECTUM {12) ANGIILAR MNOMEMNTLM MAGNITUDE H 280900
{3) ECCENTRICITY 113} MU TIMFS RANDIUS MAGNITUDF UR 281000
{4) RADIUS~SQUARED {l&) R DOT V¥ 281100
{5} RADIUS MAGNITUDE {15) H2=U4 281200
{6} SEMI-MAJOR AXIS (A} {16} HXRDHOTV 281300
(7)) ABSOLUTE VALUE OF (A) t17F U/{R*H2) 781400
{A} MEAN MOV IDN {18) RV/H 281500
{2) TIME COEFFICIFNT R/ABA {19) TIMF FROM PFRIAPSIS (+ DR =) 281400
(1OMYTIME COEFFICIENT RV/SORTIUA) (20) SWITCH 1 ELLIP, 2 HYPER 281700
DIMENSION RI3IoVIZIoHVECI3IoRREB) oVVIIIoFl&}LH{20) 281800
DIMENSION SB(20) 281200
DIMENSION R{3)oVI3)oHVFCIB}URI3),¥VIA)F{&),CRI20) 282000
DIMENSION SB{20} 282100
282200
282300
282400
282500
N=N 2824600
GO TO (LoThoN 282700
1 CONTINUE 782R00
Pi®.314159265N0+01 282900
TPi=.6283185300+01 283000 |
CBi&4)=DOT{R R} 283100 1
CRISI=DSORTICBi4) ) 283200
VZ2=DOT{V, V) 283300
CRI14}=DOTE{R, V) 283400
YMeDSORY(V2) 283500
CB{&)=CBISI/I2.,0D0-CBISIRVZ/UY 283600
CB{7)=DABSICBI6)} 283700
Ca{Bi=DSORTIU/CRITIIZCBITY Z2833R00
CBI9)=CBIS)/CBIT) 283900
CR{1OB=CBI14) /DSORTIURCR{T)} 284000
CALL CROSSIR VoHVEL) 284100
CRILLD=DOT{HVEC oHVEL) 284200
Ceii2}=DSORTICBILL)} 284300
CBE13)mUeCBIS) 2846600
CBiZ2)=CBLELS Y 284500 ,
EC231.000=CBI2) /CRiS) 284600 )
IFGECZ.GE.G-I.D-M.AND.ECZ.LE.O.DO& &0 79 200 286700 :
CB{3i=DSORTIECZ ) 284R00
60 TO 201 284900 .
200 CB{3)=0Q.00 285000 '
201 CONT INUE 285100 a
CRILS)=CR{LID-CRELID 285200 N
CBILGI=CRIL2I%CHBL 14} 285300 !
CBELTI=U/(CBISI*CRELLD D 28%5400 i
CBli8)=CB(14)/CBY12} 285500 -
CBIL)wARKTNS{ 180,084 150 ,CBELGDD 285600
TAE=CBE1) 285700
IFICRBI6I 3,342 285800 .
2 CONTENUE 285900 a
C8420)%1.000 286000
EiaCliBleT 2886100 ;
&0 TO 4 284200 i
3 CONTINUE 286300 i
€8 20)»2.000 286400 ;
El=D.000 286500 ‘
4 CONTINUE 286600 ;
CALL TCONIC(U.CREIICBIGILOI20.TAZ,TERPFAL) 286700
Nuiy 786800
GO YO (6e5) N : 286900
5 CONT INUE 287000
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p—

60

70
700

i0

il

9 14)

17y
112
i2

13

T=TFP-Co{ 19)+TAP*PP

GNH TN 12

CONT INUE

CHELQ)=TFP

Nz 2

NG 60 I=1,20

SBI{IY=aCBLED

GO TO 700

CONT I NLE

DO TU I=1,20

CH{lbmSBIT)

CONT INUE

PD=TPI/CB{R)

iIFiM)B,8,11

CONT INUE

TA IS THE INCREMENTAL TRUE ANUMALY
CT=DLOSITA)

ST=DSIMN{TA}

EFaCY=ST*CBI18)
GE=ST*LB({4)/CBI12}
R2ZORI=CBILL}/ZI(CR{L3}+CRILSIHLT~CRI L6 *ST)
EF=R20ORL*EF

GE=RZ20R1%*GE
EFD=CBIL7)*{CB{14)~CBI 14 )*CT-CB{ 20 %ST}
GED=(CB{15)+CBI{ L3I *CTH/CRI1L)
TAZ2=CB{1)+TA

TAP=JDINTETAZ/TPI )
TAZ=TAZ-TRIXTAP
IFLIDINT(TAZ/PI)) 994,10
TAP=TAP=1.0D0

GO TO 4

TAP=TAP+1.0D0

GO TO 4

CONT INUE

K=CBI{20)

EMDT=CBIB) =T

CALL GOTOR(KEMDT 4CHiG)FoEL}
EFe=Fl2}/CBI{9}+1.0D0
GEa=F(L)/CB{B)+T
ROA=F{2)+CR{DI*F{4)+CBINOIXF({3}
EFD==-CRI{TIXCBISIXF (31 /7{CRISI*ROAD
GEDx~F {2} /RDA+]1.0D0

TAxARKTNS{ 180, CRISIREF+CRE 1A IRGE . CBILI2)*GE )
IFIK=1}110,110,12 .

CONT INUE

TAPsIDINT{T/PD)
IF{TA®T LML ,11201102
TAP=TAP+DSIGN{ 1. OD0,T)
Ta=TA+TAPETP]

CONT I NUE

00 13 I=l,3
RRETIEFSR (I ) +GERVIT )
VViII=EFDERE [ ) +GEDBVII)

CONT INUGE

RETURN

END

A-S8

2871040
287200
287300
287400
287500
287600
287700
287800
287900
28R000
28R100
28R200
288300
288400
288500
28R600
288700
2BARN0
288900
289000
289100
289200
289200
289400
289500
289400
289700
289R00
289900
290000
290100
230200
2530300
290400
290500
220400
290700
290800
290900
91000
291100
291200
291300
2914000
291500
r231600
291700
79 1R00
291900
292000
292100
292200
292300
7924600
292500
292600



Gl 2t et o A

12

13

14

i1

16

SUBROUTINE TCONTC{URECo Ay SLRyTA2.TyFAC)
IMPLICEIT REAL®B{A«H,0-2,%)
TANG({QUOOFL ) =DSIN(QOOOFL ) /DCUS{NODOFL }
AR = DABS(A) -

FAC=AB*DSQRT {AB/L})
ECA={1.UDO-ECH/{1.0D0+EC)

ABF = DSORT({ DARS(FCA) )
THE=TANG (. 5D0%*T A2)

IF{ABE-. 0000500121012

CORT INUE

ECA=2,0DO*DATAN{ ARE®RTHE)

IF{A)L1451),13

T=FACH(ECA~FC¥NSINIECA))

60 TO 16

ANG=,785398163D0 + ECA/2.DU
TeFACK{EC*TANG(ECA) =DLOGITANG{ ANG)))

GO 7O 16
FAC=DSORT(SLR*%3/0)}%2,0D0/{{ 1. ONO+ECH**2)
ECl=ECA%THE®%2

TaFACH { THE+THE®*#*3%{{ 1. 0N0~2.0D0%FCA) /2. ONO={ 2, DNO~3 ., ODO*ECA)IBEC /S
lo0B0+(340D0~4, 0D0ECAI*ECI*H2/7.0D0~(%.0D0=5, ONO*FCA)XECL2%3/9,0N0
23

CONT I NUE
RETURN
END

292700
F92800
292900
293000
293100
293200
293300
293400
293500
293600
293700
293R00
293900
294000
296100
294200
294300
294400
294500
294600
294700
294PRD0
294900
295000
295100



SURROUTINE TERM(XeYDeF) 295200

[MPLICIT REAL*R{A~H,0=-Z+%) 295300
COMMON  CULO00D}ECI50) 02130 oWV 3)NDR 295400
COMMUON/APPER/ FPROLD ,0LDoXMAX 295500
DIMENSTON RI{3:;8b,V1{3.8) 295600
DIMENSION Y(20),0(20) 295700
CUMMON/STEPS/ STEPyXOLDD 295800
EQUIVALENCE {C{401),R1{1s1))s (C(425}4V1(1,1)) 295900
DATA XOLD/O0W/ 296000
STEP = X~X0OLO 296100
XOLid=X 296200
XNLON=X0LD 296300
Y(T)=-X+C1506) 296400
Cl46l) = C{%61b+1.D0 296500
F=C(594)~{C(506)+X) 296600
IFICLTT6).EQR.0.NO) GO TN 5 296700
FPR=C(TTEO)*{90.DO=ADDT(REI{1,NOR D VI(1oNOR) ) D 296800
IF {FPR.GTs 0.D0O e ANDos X oNE O-Df)l nLD=FPK 296900
IFIFPROLD.EQa0.DO.ANDFPR.GT.0.N0) GO TN 6 297000
IF (X oEQs 0.DO R, OLD LEQs 0.ND) GO TO 5 297100
FPROLD=1.00 . 297200
F=FPR 297300

5 CONTINUE 297400
IF(C(1000))4000s 10,10 297500
10 IF(DABSIX+CI506) ). LE-XMAX) GU TO 4000 297600
KMAX=NABS {X+C{(506)) 297700
TF{XMAX=C{1000)%86400.N014000,1 1911 297800
11 CONTINUE 297900
CALL SHADOW(R]1;V1.XOLDoSYEP) 298000
4O00 CINTINUE 298100
IF{FNORMIRLI{L,NOR))6T.C{NOR+20)) GO TO 2 298200
WRITE{(6:3) C{NOR+AQ) 290300

3 FORMAT(LHU, 19HPROBE HAS IMPACTED A6} 298600
F=0.D0 298500
Ct122)=10.0D0 298400
Cl462)=0,D0 292700
RETURN 29 RANO0O

2 GCONTINUE 298900
INR=3 . 299000
TF(FNORMIRET 1,1} 3aLTaCi1l1)) IDR=1 299100
TF{FNNRMIRI{1:20)LT.C{12)) IDR=2 299200
[FIFNDRMIRLIL o4l ToCl14]) ) IOR=& 299300
IF(FNDRMIRI(L 5 1).LT.CU15)) IDR=5 299400
IF(FNDRMIRI{16)}).LT.C{16)) 10R=6 299500
IF{INREQ.NOR} GO TO 1 299600
NPIR=T0OR 299700
F=0.0D0 2998080
C(122)4=2.D0 299900
RETURN 300000

1 TFIC1122)eE0e0sN0.ANDFaGT«0.00} F=0.D0 300100
AF TURN 300200
£ 300300
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SUBROUTINE TFRAC(T1eT2:TW.TF)
IMPLICIT REAL*B{A-H{)=Z+5).
TwWw=2T]

TF=T2

CONT INUE

IF{TFYL1s252

CONT INUE

TH=TH=1.000

TF=YF+1.0D0

G0 TO 3

CONTINUE

TOUM=IDINT(TF)

TW=Tw TDUM

TF=TF=TDuUM

RETURNM

END \

300400
300500
300600
00700
300RACY
30N9N0
301000
301100
31200
301300
01400
301500
301600
301700
301800
301900



15
17

16

13

11
10

12

ie

SUBRUUTINE TIMECI{T19T2:T3,:,74)
IMPLICIT REAL*B{A-H,0-Z,%)

T1 1S AN INPUT IN FORM (YEARS FROM 1900) (MONTH NF YEAR)

(DAY 0OF MONTH

WRITTEN AS 6501.12 FOR JAN:, 12, 1965
T2 1S AN INPUT IN FORM (HOUR OF DAY)I(MINUTE OF HNUIR}
{SECONL OF MINUTE)

WRITTEN AS 1301.3032 FOR 1PMs 1 MINUTE, 30.32 SECOND
T3 IS WHOLE DAYS FROM 1950 UuTPUT
T4=0,000

TA=IDINT(T1)

TAl=TA/}00.0D0+.01D0

Tvl= IDINT{TAl)

TY= TY1=-60,0D0

[¥Y=TY

IF (1Y) 15515,16

CONT ENUE

WRITE { 6917)

FORMAT (3T7TH EXIT FROM TIMEC. DATE 19460 NR HEFNRE)
CALL EXIT

CONT INUE

ND=3652

K=1

DO 1 =1y 1Y

KK=K~1

IF (KK) 27233

CONT INUE

ND=ND + 366

K=K+ 4

GO TO 1

CONT INUE

ND=ND +365

COMT INUE

TY2=TA=TY1%100.,0004. 100
Iv2=IDINTITY2Z )

IF (1v2) 10,1011

CONT INUE

IF (12-1Y2) 10,12.12

COMT INUE

WRITE | 6:13) :
FORMAT{3TH INPUT TIME IS WRUNGe FXIT FRMOM TIMEC)
CALL EXIT

CONT INUE

DO & I=)ly0V2

I=}

JAN FEB MAR APRIL MAY JUNE JULY AUG SEPT NCT NOV

GO TO (4:0,TobpRobeBobobeB:6:8) 01
CONT INUE

ND=ND + 3}

GO TO 4

CONT INUE

IF{KK=1}9:14,9

CONT INUE

NDaND +29

GO TO 4

CONT I NUE

ND=ND +28

GO TO &

CONT TRUE

NO=ND +30

CONT INUE
TBi=dTi=TA}ELD0, D+, INO -
ND=ND+IDINT(TBL D

NDeNG~§

TI=ND

TA=IDINY(TE)D

A-0

302000
302100
302200
302300
302400
302500
302600
302700
302800
302900
303000
303100
303200
303300
303400
303500
303600
303700
303800
303900
304000
304100
304200
304300
304400
304500
3046600
306700
304 R00
30L900
305 00OL
305100
PR 20
FVHIM
AIVHL MY
IPSE0Q
AV AMY
FPRTO0
QS ROQ
AgaaMmy
30600
AUAT O
VA2 D
AR
J0AL )
AUAR 00
AIGAND
AgLTON
APLHRMY
IYraMm
QTN
AT
APYTIZMY
APTANND
R T4
APTSO0
AV TAHOY
YT TN
AGTRN)
APTROY
IVROMN
APR NN
AR 204
FORANBH
AP R I%)
£ T TYAT]

. e




T4={T2=TA)/B&4,0D0D WRAHOUY

TB=TA/100.0N0+,1N0 30700
TBLl=IDINT(VR) ADAROD
T82=TA~-TH1*]100.0N0+, 100 AURGNY
TB3=JDINT(TR2) 309000
T4=T4+T81/24,000+TB3/24,0D0/60.000 309100
RETURN 309200
END 309300

A-T1



pas A3

i3

SUBROUTINE TRAJITIOoTLF R,V oNE)

IMPLICIT REAL®B{A~H:D~=Z %}

COMMON Cl21000),ICI505+Z{3)yVV{3),NOR

COMMON/TIME/ TWLTF

DIMENSION R1({38B),ViI3:8)sR(3)sVI3)pY(20),0(20)
EQgIVALENCE (Cl401 ) sRU{Lo 1P} iCI425)oVI{1p1})
s

Nag

L=0

Ct461)=0,.D0

Ci506)=0,.R0

C(590)=T1D

C{591)=TIF

Ci1594}=({C{590)=C(592)+LI591)~C(593) )%86400,D0
IF{ICI594).EQaQ0ND) RETURNMN

Y(Ql==]1,D0

M=C{T63)

GxDSIGN{L120.D04C{594})

Y{B}=L{T64&)

DO 1 I=1,6

Y{i}=0.D0

X=0,D0

CALL FNOLZ2{JeNsGol sMoNEoXoVoDDERIV, TERM,UT )
IFIC{122}E0.1.00) GO TO 3

IFICI(122).E0.2.00) GO TD &
IF{CI122}:ED10.D0) RETURN

" IF(C(594)={C{506)+X)LE.CQ. D0} GO TO 3

CONTINUE
C{506}=L{5086)+X
CiL22i=]1.D0

B0 5 i=1,3
ClI+4929)}=R1{ 1, NOR}
Cl{I+502)=Vv1{E NDR)
GO TC 2

CONT INUE
Cli22)=}.D0
WRITE{6,7) CINOR+6Q)
FORMAT {ZO0HOBODY CENTER IS NOW A&)
DO 8 I=1,3
Cl1+499)=R1{ T NOR)
CiI+502)=Vi{I,NOR)
Ci506)=L{506}+X

GO0 TO 2

C ONT ENUE

DO 13 f=1,3
R{1}=RE4ENOR)
Villa¥l{ i, NOR)
Cl122i=1.D0
Ci592)=TW
Ci593)eTF

RETURN

END

A-T3

309400
309500
309600
309700
309800
309900
310000
310100
310200
310300
310400
310500
310600
310700
310A00
310900
311000
311100
311200
311300
311400
311500
311600
311700
321800
311900
312000
312100
312200
312300
312400
312500
312600
312700
312800
312900
313000
313100
313200
313300
313400
313500
313600
313700
313600
313900
314000
314100
314200
3114300
314400
314500
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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 Variable
750 Semimajor axis of 53500 km.
751 Eccentricity is .86915888

752 True anomaly is 180 deg.
783 Right ascension of node is 45 deg.
754 Inciination to reference plane is 30 deg.
755 Argument of periapsis is 45 deg.
756 Epoch date is March 13, 1971
757 Epoch time is 0" ¢™0?
(7581 Input reference coordinate system is
Earth mean equator and equinox of 1950, January 1, O®
759 Stop date is March 17, 1971
760 Stop time is 0P
761 Apoapsis printout is wanted; therefore ¢(761) is total integration
time of 4 days.
(‘762)'r = 1. for apoapsis printout
763 Apoapsis printout is wanted,
764 Apoapsis printout is wanted.
(765)'  No shadow is wanted
(7677  Built-in error control used.
(768)" Include harmonics for Earth, Moon and Mars whichever is the central
body .
(769)  No solar pressure — ignore ¢(770) through c{774).
775 Input in keplerian elements.
776 Printout at apogee only.
779 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.

* Apoapsis printout is a form of exact peint and requires rescarting the integrator
T Built-in value is used; therefore not included in imput

B-1




OuUTPUT

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 cblateness is calculated since Venus
is the central body.

) gt b

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 0®, 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 requesgted times. The oufput 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 co-
ordinate 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 axie 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? (~u/a) -
THET True anomaly in degrees v
APOG Apoapsis in km
MAN Mean anomaly in degrees.
PERH Period in hours
TP£LR 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 inte-
grator, this is the number of steps taken from the previous output time.
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WER ) AY MmOt

This the b 3OO0 DR 8] Na HAGLHERKRD f %7
Tk U 3UDDLOTHI 0D %55 O ARNGNOBBA O Thh
Te4 Ve TLUILTONN b 60 [{T] 1AL
Thh Uel Thh LA nNLHIGY D) 714
T telunlnlenn ra 1) et . iy

SHANIW [§ MIT REMIERTFEN

HARMIIICSY UF  FakTH 1§ INCLIDRD

HaMMIINICS OF mIHW T8 INCLIIFL

HARMIN ICY (F HARS 1§ INGCLIMED

SHLAK RADIATLIN PRESSIME 1§ NOT INCLIIDFD

INPUT IN MEAN EO AND EO UF 1930

MAMGH 13y J9T),  OHHSy  OMIdy  Ue  UREG
A= HGRHTIHID DS Y= 9NN 2ZOUN NS 7=N:3334893440 048
H U« 1000000 B NEC -0, 20T0ABLAN 1P RAa=0.04106%5900 U7

HARCH 13, 1971, “(HAS, OMIN, Q. USEC

VEMIS CENTERED
K=0Jh49ATLRIND N4 ¥=0:9330126490 N5
R 0100000000 O NIFC=0, 207008140 0
5HA 0,53500000D 05 FCC D.A891588HN 0N
C3=0,h0TM45T90

2-N,15355344N
RA=N.94}NAAIAN
LT LTI T T )]
A} THET«=0, 18CCO00UN O3 APNG 0, 1LOOORDON

VENUS CENTEMEDN TRUE ECLIPTIC AMU ESUINAN DF NATE
H=U A THRALTTD 04 ¥Y=U.99499 0% 300 PG 7 D,406R1 62030
A 0, HHIGDOOOD Ch  DEC ¢, 26M33L )TN 01 RA=N,93966237H
SHA ©L.%35000001 08 FLC 0.BA9158MEN DO INC 0, P0TI9TASN
C3=U.607085790 Ol THET-0, IADOIUGUR D1 APOG N, LUNBUDTNN

SUn CENTERED TRUE FCLIPTIC AMD EDUTMNY MF DATE
H=0.450202240 OB Y=0,98R2N65TN DR 7 D, 12252717 M
R O, 10R5%994TD 02  DNEC 0,65A452940 00 Ra=0, 114492030

MINEER GF STEPS 1S 0: 1 000DBLLL AL

HMAHCH 14, 19TLl, L3HAS, hanln, lu. 725FC
VENDS CENTEHER
K=U8hb6TOGUID 014 Y-0.937116520 N5
A 0 10U0ISTSD 08 DEC-0, 207174660 N7 RA=N,TaliT4vsin
SHA 1.535003%90 0 FLL (. HA9840%2P DN ML N 3uD2le]RD

CH-0.ANTOALTZN N1 YHEY 0, 1800NUDLD DY aPNR 0, lUD IS T4N

F=Na353R] 544D

VEMIS CERMTERED TRUE FCLIPYIL AM) FOUTNNA NF naTe
H=U,h1270450D 04 Y11, 39T LRYLHTN 0] 7 D AH6LTTASH
R UJIGLLPAN Nh NEC 0, 28TL84T1ID @) RA-N, 435162410

5MA 0535003540 05 FCC 0.84944u52n DD I80 0, 20TR9 7500

C3-0,4607041720 N1 THEY 0, IRMMNDUBLD N3 AP 0, LHHILE 760

S CEWYEMED TRUF ECLIPYTIC AND EMMHNNX [FE NATE
A-0.406A2T210 08 Y= LT 28030 Mo 7 N.957a55110
R V. LDRGIGOTD NS NEC 0.49973154D N0 RA=f, T L19AATSN

NUMSER NF STERS 1S 0 383000000 N3

MARCH L1he 1971¢ 3IMRS, SAkIN, 30.3T3SFC
VENUS CENTERED
H=0,68937HT71D Ns Vel 230 204%40 NG
R 0 L0002943 b DBEC-0,207304 13D 07 RAa=N.9504] AN
$MA 0.933000800 05 ECC D.BAYAABTIN N0 TN, n.AU0SZ2Z])30
C3=~0.60THINUT0 O) THET O IRNOHLOUN NT ARDR 0. JUODZAARN

F=N.3946070890

VENIS CEWTEREND TRUE ECLIATIC AND Euirinnn N6 NaTe
X0, 407343500 D4 Vel 99737 54N 0] ? Paas8102840
R 0, 100029620 08 NEC 0.2065928uaAD N1 RA=N. 034844800
SHA V. 935008880 05 ELC 0.B4MARTIN NN 1M 0, JuTeTelAN
CI~0.MT03802D N1 THET 0. FADMMAGUN DR APNG O, LUNNZBA3N

Sum CENTEREN TRUE ECLIPVIC AMD RO BAR NE NATE
E+f}. 162245340 OB V=00 ANPas LN BN 09 7 D ABTROSTA
R Us10MOT0NSN (9  DEC 0.3525349u0 61 WA=0, 1uURT%29N

MMEAER OF 3TEPS §3 0o BOLOCULLD €1

MARCH Q0o LOTE: ZIMAS, SPRiN, B9,99W5FC

VENUS CENTENED
R~0434D63 730 08 Voo L 2RIADLISD DS
R 02000450510 A3 DEC 0. PAMMINTYR AL SA=D aTF L2060

SHA DoOBARAGEON fM  ECL D.BAWRAZZLN N IBE M. uRAsanln

CR=0.M0TZZ 1030 @) VT 0, LAMATZOHN 0T 800 N, JuiTagn

¥ 0,2a774%cDN

VENIS CERTEREN TRUFE BLLEPVIC Amty EHeng NS nATe
Hot o 1924040 08 Ve HGGI33MS NS
R 0,2P0045000 DY REC 0, 1TRREATIN 02 Ba=n, 1314814940

SHA D.SBAMBIER P FCT U AARLZZIN 68 el A luniinaan

C3=0,00TE20400 OF VHRT 0, 1204750 OF abNG 0, juliTann

SIW CEhTENS TAUE BCLAPTIC aND kuylonk OF PATE
B, Dhnbal il o0 V=i ROBIABMNN ¥ P 8,820% a0
N 2, A0NS94000 MR R6C G AVIBMOBWR Al A, TuRIATISWH

kR o LTEPS BS Bo I TRMIMN &3
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s,
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s
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uz
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oF
3
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[
uz
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[
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CASE 2 Periapsis Printout*

The only difference bere fromn case 1 is the input array ¢(776), which now re-
quests oufput at periapsis. Notice that the initial position was at periapsis,

'Pedqdcphuhahndmpﬁuﬂmg&uumh.&ﬂnum.
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CASE 3 Printout at Exact Intervals |

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

The differences in input are:

{1) <c{76l1) 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 c(762)* At # 4 and therefore TRIP gives & final printout after 4
daye which is at the requested stop time.

(3) ©(776) uses the buili-in value of 0. since printout is not wanted at perigee or

apogee.

Do mot t exact md in ‘ .
b np.;'“d':i:;:t m:_mﬂpdqda the same run. TRIP can
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CASE 4 Printout At Approximate Intervals

This case requests printout at approximately 1.5 day intervals. This means that
printout is obtained at the first step of the integrator beyond the time actually re-
quested. This type of printout does not require the numerical integrator to re-
start and is therefore 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) <(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.

{3) c¢(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 nrintout of the number of integration steps taken is cumulative and
represents the pumber 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 de-

sired. Note that the total steps taken will be the same as for case 4. The
differences in input from case 4 are:

(1) ¢(763) ie 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 cbvicus zince the times show the
spacecraft entering umbra first! The second sequence of shadow times is cor-

rect,

Note also, that the oblateness effects of the Earth were included here. The

input data differences from the previous cases are:

(1)
2

(3)

4
)
(6)
)

¢{750) through ¢(758) are now state vector components.

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

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

¢(768) indicates that shadow times are requested from the outset

¢{766) is the built-in value indicating the Earth is the central body

¢(775) is the buili-in value indicating input is cartesian state vector.
¢(777) is the built-in values for cutput options.
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