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ABSTRACT 

This report describes a numerical integration computer program 
(called TRIP) based on Encke's method of integrating only the perturba- 
tions in the cartesian coordinates. The mathematical model can include 
Venus, Earth, Mars, Jupiter, the Moon, and the Sun as  either central o r  
disturbing bodies. In addition, full gravity field potentials a re  included 
for the Earth (7x7) and Moon (4x4) and J 2  only for Mars. Modification 
to expand the gravity models for the other planets is simple. Solar radi- 
ation pressure may also be included as an option in the input. The pro- 
gram uses the latest exported JPL double-precision planetary ephemer- 
ides (DE 19). 

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

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

PROBLEM STATUS 

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

AUTHORIZATION 

NRL Problem B01-10 
Project RROO3-02-41-6152 

Manuscript subrrlitted -4pril 24, lC)72. 



TRIP (TRAJECTORY INTEGRATION PROGRAM) 

Program Description and Use 

INTRODUCTION 

The TRIP computer program was developed in 1968 primarily to  provide an accurate 
and fast trajectory program to replace the n-body numerical integration programs then in  
use for mission analysis at the Goddard Space Flight Center in Greenbelt, Maryland. 
These were  primarily large and very slow programs such as the old J P L  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 i t  could be easily modified. I t  uses 
a fourth-order predictor-corrector numerical integration subroutine (described la ter)  
which, because of the modularity, may be easily replaced by any integration package. 
Many options have been added to TRIP since i t  was f i r s t  developed. However, because 
Encke's method is used, which requires rectification of the reference orbit,  it was  not 
considered advantageous to incorporate atmospheric drag. 

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

TRIP is currently running on the IBM 360/95 and 91 computer and is available in the 
Goodard program library (number D00140). The ephemeris system is available under 
the number DO0149 (see ref. 5). 

DESCRIPTION OF SUBROUTINES 

The functions of the subroutines used in TRIP a r e  described briefly below. Many of 
them came from the Quick Look Mission Analysis Program developed by Philco-Ford 
(Hef. 1). A complete listing of TRIP, exclusive of the ephemeris,  appears in App. A. 

MAIN - The dr iver  for TRIP. I t s  primary function is to s e t  up certain keys 
from the input data. 

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

ARES - (Ref. 2) Calculates the matrix necessary to transform coordinates f r o m  
Earth mean equinox and equator of date to Mars  mean equinox and equator 
of date. 

AHKTNS - (Ref. 1 )  Obtains the arctangent of yjx.  

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

DERIV - Calculates the disturbing accelerations due to the presence of other bodies 
and, when required, ca l ls  other subroutines to calculate accelerations due 
to gravity potential and solar radiation pressure .  Performs rectification 
tes t .  
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DOT 

FNOL TI 

FNORM 

GETACC 

GETTAP 

GHA 

GOTOR 

HARMON 

ITER 

KONSTK 

M1 

MNA 

MULT 

NUTAIT 

ORB 

ORB2X 

OUT 

OUTX 

OVRLAY 

READE 

ROTEQ 

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

- (Ref. 3) Used for the numerical integration of a system of ordinary dif - 
fercntial equations. A fourth-order Adams-Moulton predictor-corrector 
with a 12unge-Kutta s ta r te r ,  FNOL I1 has the option of automatically vary- 
ing the step size. 

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

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

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

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

- (Ref. 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 . 

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

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

- Lkfines all constants needed by TRIP. 

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

- (Ref. 1) Provides the matrix to transform from moon-centered coordi- 
nates in Earth's t rue equator and equinox to Moon-centered coordinates 
in the moon's t rue equator. 

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

- (Ref. 1) Calculates the matrix to relate coordinates in Earth's mean 
equator and equinox to the t rue equator and equinox. 

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

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

- Prints  out various types of output a s  determined by keys se t  from input. 

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

- (Ref. 1) Reads input data. 

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

- (Ref. 1) Provides the matrix to transform from mean equator and equinox 
of 1950.0 to mean equator and equinox of date. 
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RVOUT - (Ref. 1 )  Calculates spherical coordinates of position and velocity. 

SHADOW - Driver for  subroutine ITER. Sets up keys to be used in calculating 
shadow times. 

SHIFTP - (Ref. 1)  Provides the cartesian s ta te  vector of a probe relative to all the 
bodies in the ephemeris. 

SOLAR - Calculates the perturbing acceleration due to solar radiation pressure .  

SPER - (Ref. 1)  Converts cartesian position to spherical coordinates. 

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

TCONIC - (Ref. 1 )  Calculates time f rom periapsis corresponding to a given true 
anomaly on a conic section. 

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

TFRAC - (Ref. 1 )  Provides the integral and fractional pa r t s  of the sum of two 
numbers. 

TIMEC - (Ref. 1 )  Computes whole and fractional days f rom January 1, 1950, a t  ohr. 

TRAJ - The dr iver  for FNOL 11. 

INPUT 

All constants and variables needed for the program a r e  contained in subroutine 
KONSTK, and built-in values are supplied there for  everythjng except the state vector 
and the epoch t imes.  The state vector, option keys, and epoch t imes a r e  input through 
subroutine O m L A Y ,  which also provides for overlaying any of the built-in constants o r  
variables.  A complete description of the input necessary to run TRIP i s  given below. 

The input format is 4 (13, D12.8). The first three digits a r e  fixed-point input (13) 
and represent the C-array location of the variable in subroutine KONSTK. The C-array 
location is followed by the value desired. 

C-array Name (if any) Variable 

X (km) o r  a (km). 
Y (km) o r  e .  
Z (km) o r  ,, ( true anomaly-deg). 
~ ( k m / s e c )  o r  a (deg). 
Y (km/sec) o r  i (deg). 
z (km/sec) o r  ,, (deg) 
Epoch time (year,  month, day in form of 

yymm .dd). 
Epoch t ime (hour, minutes, seconds in form 

of hhmm.sec). 
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C-array -- Name (if any) Variable 

Reference coordinate system of input: 
1. Earth mean equator and equinox of 1950, oh, 

758 Type 2.  True ecliptic and equinox of date, 
3.  Selenographic-true moon equator - -- rotating, 
4. Mars mean equator of date, o r  
5. True Earth equator and equinox of date. 

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

TINC (days) TINC = total days from star t  to stop time if 
only 1st and last point, o r  printout at peri- 
apsis o r  qoaps i s  is wanted, o r  printout at 
approximate steps of 3 t is wanted (nearest 
time step t o  11 t) .  

TINC = At if  printout at exact intervals of f*.t i s  
wanted. 

Built-in value is 180 (days). 

1. If printout is wanted at the 1st and last  points 
only, o r  if printout at periapsis or  apoapsis 
i s  wanted, or  if printout is wanted at ap- - 

TOTAL(21.) = proximate steps of ,". t .  

total days If printout i s  wanted at exact steps 

4 t of At. 

Built -in value is 1. 
For printout at exact steps, an additional print 

occurs if TOTAL * At f stop time 
f 

100 000. If printout at 1st  and last  points i s  
wanted, o r  if printout is wanted at periap- 

XM (Ref. 3) = - sis, apoapsis, or  exact intervals of St .  

If printout is wanted at -- approximate 
steps of nt. 

Built-in value is 0. 

0. If printout is wanted at f i r s t  and last points 
only; o r  if printout is wanted at periapsis, 
apoapsis, or  exact steps of A t .  

Y(8) (Ref. 3) = 
At (seconds) If printout i s  wanted at approximate 

steps of i t .  

Built-in value is 86400. (sec .). 
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C-array Variable - Name (if any) 

( -1. DO not search for shadow times. 

765 SHADOW = 2 0 .  Time in days from epoch to begin search 
for shadow times. 

Built-in value is - 1. 

Central body for initial input state vector: 
1. Earth, 
2. Moon, 

XNOR = { 1 %US. 

767 XNE 

768 HARMONICS 

I 5. Mars, o r  

'. 6. Jupiter. 

Built-in value is 1. 

Er ro r  control for FNOL 11. Controls the size of 
the automatic step calculated in FNOL 11. 
Built-in value is 5. May be as high a s  9. 
See Ref. 3 for details. 

Gravity potential key in form of abc., where 
a = Earth, 
b = Moon (see NOTE below), and 
c = Mars. 

769 SOLAR 

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

Built-in value is 11 1. Only the central -- body - A 

potential field is used. 

NOTE: If the moon is the central body and lunar gravity harmonics 
a re  calculated, C-array number 901 must be input as zero. 

'7 70 AREA 

771 XMASS 

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. 

Cross-sectional a rea  of spacecraft in cm2. 
Built-in value is 22225. Used only if c(769) = 1 .  

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

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

772 Reflectivity 1. Perfect reflector. 
of spacecraft 0. Perfect absorber. 

Built-in value is 0.2. 
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Name (if any) Variable 

Fraction of particles specularly reflected. 
1. 100%. 

SPEC. R E F L E C -  0 .  0%. 
TION of space- Built-in value is 1. May be 0. to I. ,  inclusive. 
craft Used only if c(769) = 1. 

Solar pressure  at 1 A.U. 
CONSTANT Built-in value is 4.7 x lo- '  dynes/cm2. 

Used only if c(769) = 1. 

INPUT TYPE 0. Cartesian. 
1. Orbital elements. 

APPER 

Built-in value is 0. ~ c t u a l  values are input 
through ~ ( 7 5 0 )  - c(756). 

Apoapsis and periapsis key. 
0. Do not print at apoapsis o r  periapsis.  
1. Print only at apoapsis . 

-1. Print only at periapsis.  

Built-in value is 0. 

Output options in form of abcdefgh. 
a: Central body mean Earth equator of 1950. 
b: Selenographic. 
c :  Mars mean equator of date. 
d: Central body true ecliptic and equinox of date. 
e: Earth-centered true ecliptic and equinox of 

OUTPUT = date. 
f :  Sun-centered t rue ecliptic and equinox of 

date. 
g: Central body true Earth equator and equinox 

I 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 i s  10000011. 

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

OUTPUT 

The output options a re  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. 
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Printout for the central body consists of both the Cartesian state vector and instan- 
taneous osculating elements; for other bodies, only the state vector. A sample of the 
output with an explanation is shown in App. B. 

CONSTANTS 

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

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

KNOWN RESTRICTIONS AND ANOMALIES 

There a re  two restrictions to be noted in using TRIP. 

(a). Only one type of printout can be used in a run. 

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

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

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

(b). When shadow times a re  requested, if the satellite is already in shadow at 
the time the shadow search is initiated, the printout of the shadow time is incorrect for 
that shadow interval only. All subsequent printout a re  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, 
APP. B.1 

A final note of caution - when exact printout is asked for, the numerical integrator 
must restar t  after each printout time in order to continue. This procedure may result 
in a loss of accuracy due to numerical problems; that is, if two cases a re  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 e r ro r s  may be minimized by increasing the size of the 
e r ro r  control in array ~ ( 7 6 7 ) ~  or  by decreasing the rectification limit in array ~ ( 7 2 0 ) .  
However, this is a problem inherent to a certain extent in any numerical integration 
routine and probably cannot be completely eliminated. 
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c----- E N C K E  P R O G H A M  M A I h  o r . . . . .  

I M P L  I C I  T  H k A L * 8  ( A - H e O - Z  . S )  
D I M E N S I C N  X ( ; ) * V ( 3 )  e H 1  ( 3  ~ 8 )  e V l ( 3 . 8 )  
D I M E N C I O N  O U M ( 3 . 3 )  * O A T E E C ( 3  - 3 )  . C P T t C T  f 3 e 3 )  . X V ( 3  j 

C O M M C N  C (  I C O C )  r l C  ( S O )  , 2 1 3 1  e L V ( 3 )  * h C F * I h F  

D I M E N S I C N  X N G T ( 3 )  
D I M C N S X O N  E L I  ( 6 )  
C C M M O N / A f ' P E H /  F P R C L D  * O L G  9XIVAX 
C O M M C N / J T E W M / M t A R T H . F A M C C P  . M F A R S  

C A T A  t 3 L K / 6 H  / r X k C T  1 / 3 H F C I /  
E Q U I V A L E N C t  ( C ( ' ~ O l ) ~ R 1 ~ l ~ L ) ) ~ ( C ( 4 2 5 ) s V 1 ( 1 ~ I ) ) e  

1 ( C ( i S C ) . X (  1 ) )  e ( C ( 7 5 3 )  *\(I)) 
D I M t N ' l O N  A ( 2 e 3 )  . E h ( 3 * 3 ) . k I V h ( 3 e 3 ) . C b T E ( 3  ~ 3 )  v S C C T E ( 3 . 2  1. 

l O A T E T ( 3 . 3 ) . S D A T k T  (3.3) * A C A T E ( 3 * 3 )  w A C 4 1 E T  ( 3 9 3 )  shG(3.3) 
CC>AMOIJ/RO t /  O A T E  s C D A T E  * D A T E T  . S C A T E T  e A C P T E  + b t A T E T * C P T E E C * C A T E C T s E N  
C C M M C h / X L I O /  SG ITA I X M L I B  
C O M M C N /  X L ~ / T L U  

CGM:*i(;N / S H A D / S t i A D K  
C O M F ' C N / P H C N 7 /  I C S O  *I S E L  S P A R C A T  e I C E h E C  . I E P R E C .  I S U h E C .  I C C A T E .  I E A R F X  
C A L L  K O N S I K  

I C A L L  I l L I i L k Y  
C (  4.52 ) = I . D C  
C (  1 2 2  ) = l . U C  

F P R U L O = C . D C  
O L D  = OIDO 
I F ( C ( 7 7 Z ) . t O . O . D C )  GU T C  2 
N T E H P = C 1 7 6 e )  
D O  5 I = i r b  

5 & L C (  I >  = C ( l t 7 4 S )  
C A L L  U H M 2 X i X . V . E L I  +C( h T E t J F )  

2 C O M T I N U E  
I F ( F N C H ' J (  X )  .EU. 0 - D C )  GC T C  2 0  

S H A C K r 0  -000 
T S = C (  i S C )  
D I - = C (  7 5 7 )  

I N P : C (  7 C L 1 )  
S T = C ( 7 5 5 1  

S T F = C (  7 C C )  
T  K N C = C (  7 6 1 )  
T O T A L = C (  7 0 2  1 
C (  l C C C ) = C ( 7 C 5 1  

X N O R = C (  760) 
N E = C (  7 E  7 )  
M E A R  TH=Ct 768 ) / 1  CO.00 
T E M P = C (  7 6 8 ) - M E A H T h * 1 0 0  
M M C O N = T E M P / A C * 0 0  
T E M P = T E M P - M M O O N * I  0  

M H A R C = T E M P  
IC "=C(  7 7 7 )  / 1COCOCCO.DC 

T E M P & (  7 7 7 ) - I C 5 C * I C O O o c c o  
I S E L = ~ E M P /  1CCOOCC.DO 
TEMP=TEMP-ISEL* I c c c c o o  
H A W D A T = T E M P /  IOOOOOIOO 

T E M P ~ ~ E M P - M A H D A  T *  1 C O O 0 0  
I C E N E C = T E M P / l O O C O ~ 0 0  
T E M P = T E M P - I C E N E C *  1 C O O 0  

I E A R E C =  T E M P /  1 0 0 0 o O C  
T E N P = T E M P -  LEAHEC* 1900 
I S U N E C = T E M P /  100.DC 

T E M P z T E M P -  I S L N E C *  1 0 0  

1  0 0  
2 0 0  
3c0 
4 C C  
5 C C  

6 C  C  
7 0 0  
e c c 
9 0 C  

1 0 0 0  
1 l C 0  

1 2 C C  
1 3 0 0  
1 4 0 0  
1 E C O  
1 6 C C  
1 7 0 0  
1 8 0 0  
1 9 C C  
2 C C C  

2  I C C  
2 2 C C  
2 3 0 0  

2 4 0 C  
2 5 0 C  
2 6 C C  
2 7 C C  
2 E C C  

2 F C C  
3 0 C C  
2 l O C  
3 2 0 C  

3 3 0 C  
3 4 C C  
3 5 0 C  

3 C C  c 
3 7 0 C  

3 8 0 C  
7f0c 
4 C C C  
4 1CC 
410c 
4 3 C C  
4 4 C C  
4 5 0 C  
4 6 C (  
4 7 C (  

secc 
4  5 O(  
50c( 

L L C (  
E Z C (  
F 30( 
5 4 0 (  
E 5 0 (  
5e0( 

5 7 0 (  

5 8 0 (  
5 9 C ( 
6 0 C (  
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I C D A I E = T t M P /  1O.DO 
T E M P = T E M P -  I C D A T € *  I O 
I E A H F  X=  T E M P  
N T O  T A L  = 10 T A L  
N O R  = XNO R 
C A L L  T I M E C ( T S . D F . 1 k r T F )  
C A L L  T I P C C (  S I . S l f  . S T 1  r S T F 1 )  

I F ( C (  I O C O ) )  t 0 . 5 0 + 5 0  
t C  W R I T E ( 6 . 3 0 )  

GO TO 7 C  

EO W H I T E ( E . 4 0 )  
4 0  F O R M A T 4  1 H l .  1  S H S H A O O k  I S R E C L E S T E O )  
3 0  F O H M A T (  1 H  1 . . 2 3 t i S H A O C k  I C  h C T  R E O U E S T E C )  
7 C  CONTINL iFT  

X N O T (  I ) = E L K  
X N O T (  E 2 =HLK 

X N O T (  2 )  = B L K  

I F C M E A H  1 H . L T . I )  X N C T ( 1  ) = X h C T L  
I F ( M M O O N . L T .  1 )  X N G T ( 2 ) = X h C T I  
I F ( V M A H C . L T -  I) # N C T ( 3 ) = h h c T I  
W R I T E ( 6 . 1 0 0 )  C ( E 1 )  * X N a T ( I )  
w R I T F ( 6 . 1 0 C 1  C ( 6 2 1  . X h C T  ( 2 )  
W R I T E ( O . l O C )  C ( 6 5 )  r X N C T  ( 2 )  

1 0 0  F O R M A T  ( 1t10. I J H t l A H H C N I C C  C F  e A 6 . 4 H  I S  r A 4  r 8 h I h C L U O E C )  
X N O T (  i ) = e L k  

I F ( C (  ~ ~ S ) . E O I O . O D O )  X h O l ( l ) = X k C T l  
W R [ T E ( 6 . 1 0 2 )  X N O T ( 1 )  

1 0 2  F O R M A T  ( ' 0 S O L A R  R A O I A T  f C h  P G E S S U G E  I S  . P 4  ,' I h C L U C E C W  ) 

T I M E = T * * T F  

T L L = T I M E  
C A L L  R O T E Q ( 1 I M E . A )  
C A L L  N L T A I  T I M t  r C ) J . C R . D T . E h v E F S I L )  

C A L L  M N A (  T I M E . O M  . C H r D T r E P S I  L. , f iC*G.GF . h h r E C h l  
X M L  I R = l  e 0 . 0 0 * - 0 1 7 4 E 3 2 9 2 E 2 0 0  + C K - C C + T C - S G  

C A L L  M L L T ( E N  * A V O A T E )  
O U M t  1. 1  )=1.000 
D U M (  l r E  ) = O . D O  
D U M (  1.3 ) = O e D O  
D L M ( i t  1 )=Q.DC 
D U M (  2 r 2  ) = U 1 0 C ( E P S I L )  
D U M (  2 r  3 ) = D S I N ( E P S I L )  

D U M (  2 r  1  )=O.DC 
O U M (  2 . 2  I = - D S I N ( E P S 1 L )  
D U M (  3 1  3 ) = O C 0 5 ( E P S 1 L J  

C A L L  M b L T ( O L M e D A T E  * D A T E E C )  
C A L L  M L L T ( E M N . D A T E  + S D A T E )  
C A L L  A R E S (  1 S r U F  S A R I  

CALL M L L T ( A H . A . A D A T E ~  

00 1 C I  I = 1 * 3  
00 L C 1  J = l r 3  

O A T E C T t  J v  I ) = D A T E E C ( I  r J )  
D A T E T ( J + I  ) = D A T t  ( 1  * J )  
S O A T E T (  J v  I J = S D A T f  (Ed) 

101 A O A T E T f J e 1  ) = A O A T E ( I I J )  
WR I T E ( 6 * 6 J  

t F O H M A T I  1 H O r J l H I N P L T  I h  @ € A h  E C  A h 0  EC CF 1950) 
C A L L  O A T O U T (  7 b e T F  . D A Y C . F O A T E  9 0 )  

D O  6 C C  I = l v J  
X X (  I ) = X (  I ) 

C C C  X v ( I ) = u ( I i  

O l C C  
t2c0 
e 3 C C  
t 4 C C  
t r c o  
6 6 0 0  
67c0 
68c0 
6 9 C C  
7 C C C  

7  1 0 0  
7 2 0 0  
7 3 0 0  
7 4 0 0  

75c0 
7 6 C C  
7 7 C C  

7@c0 

1 9 0 0  
8 0 0 0  
e100 
€ 2 C C  
E 3 C C  
E 4 0 0  
e 5 c c  
E b C C  
E 7 0 0  
88c0 
8 9 0 0  

90c0 
5 1 0 0  
52cc 
9 3 0 C  
5 4 0 0  
5 5 0 0  
56cc 
S 7 0 0  
9 8 C C  
9 9 C C  

I O O C C  
l O l C C  
l o a c c  
102cc 
1 0 4 C C  

1 c s o o  
1 0 6 0 0  
1 C 7 C C  
I C B C C  
1 0 9 0 0  
1 1 0 0 0  

11 100 
1 1 2 0 C  

113c0 
1 1 4 0 0  
1 1  5 0 0  
1 I 6 0 0  
1 1  7 0 0  
118cc 
119c0 
1 2 0 0 0  
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GO T O (  2 C O . 3 C G s 4 C 0 0 5 0 0 r 7 C C b  * I h P  
3 0 0  C A L L  M I ( X + D A T E C T . X X )  

C A L L  M l ( V * D A l E C T r > \ )  
GO TO 2 C 0  

4 0 0  C A L L  M I ( X . S D A T E T * X X )  
C A L L  M l ( V .  C33ATt  T .8b )  
GO TO 2 C 0  

5 0 0  C A L L  M I ( X I A D A T E T . ~ # )  

C A L L  M l ( V . A D A T E T r > V )  
GO TO 2 C O  

7 0 0  C A L L  M I ( X O U A T E T I X L )  

CALL M ~ ( V . D A T E T . L \ )  
2 0 0  C O N T I N U E  

00 11 1 = 1 + 3  
C (  I + 4 9 9  ) = X x (  I ) 

11 C (  1 + 5 C 2  ) = L V (  I) 
C A L L  O L T X (  X X s X V  * N O C T )  
C (  5 9 2  ) =  71r 
C(  292 ) = T F  
I F ( C (  7 E 4 )  - G T  ,120.DC) GC TC 7 
I F ( C ( 7 ~ 4 ) . t O ~ O . D C ) G O  TG 8 

C (  7 C 4  ) = 1 2 O ~ C C G O 0 1 0 0  
W R I T E ( 6 s C ; )  

e rF  ~ r r t ~ c . c r . ~ ~ ~ 0 / 1 4 * 0 . 0 ~ ~  G C  T C  7 
T I N C = O *  C C I  J B e 8 8 F D C  

W R I T E ( E . 4 )  
5 F O H M A T ~ * O ~ ~ * ~ ~ * * * * * * * * * ~ ~ ~ ~ * I ~ O F G I ~ T  I h T E f i V P L  * A S  L E S S  T t A N  

1 T I M E  S T E P .  X t S E T  TO S L I G H T L Y  G G E A T E C  T t A h  TWC W I h U T E S . * /  
2 * 0 + * * * * * * * * 9 + * * * * * 4 *  * ) 

7  C O N T I N L E  
T F F  = T F  
K K =  1 

1 3  T F F = T F F + T I N C  
C A L L  T F R A C  ( T N  . T F F  11kF . l F F )  

1 6  XMAX=C.DO 

C A L L  T R A J (  T l r F g T F F  . X X . X V s h E )  

I F ( C ( ~ ~ ~ ) * € Q * O I D C ) G O  TC I 
V k = T I I F  
00 I C  J J z l . 3  
C ( J J + 4 9 S ) = X X ( J J )  

1 0  C ( J J + E O i  ) = h b ( J J )  

S T D l = I  S T l - C ( 5 9 2 ) + S T F l - C  (593) ) * 8 6 4 0 O o C O  
I F (  STOT-1dO.OOoLk .  0 - D O )  GC 7 C  1 
X M A X = C - D O  

I F ( C (  1OCO)  * G T o O * D C )  C (  lCOO)=O.DO 
14 I F ( C ( 4 6 Z ) * k Q 0 0 - 0 0 )  GO T C  1 

IF(FPROLD.EQOOIDO) GO TC I 2  
F P H O L b =  C.U 0  
O L D  = 0.00 

STDTPH=(TWF-C(592)+TFF-C~593t~*E6400.00 
IF(  S T D T P R - L E  . 1 2 O ~ D O )  GO T C  1 2  
IF ( K K  *LEI h T O T A L )  G C  1 C  16 
GO T O  1 5  

1 2  K K = K K + l  
15 I F ( K K . L E * N T O T A L )  GO T O  13 

C A L L  T R A J i S T l r S T F 1  * X X e L b . h E )  

I F ( F P R 0 L D o N E  .O-DO)  G O  TC 1 4  

GO TO 1 
2 0  C O N T I N U E  

S T O P  

EN0 



R E A L  F U N C T I O N  A D O T * 8 O ( s \ l  
I M P L  I C  1 T REAL*B(A-HeO-Z e S )  

O I M E N S I O N  X ( 3 ) .  V ( 3 )  
C F U N C T I O N  R E T L R N S  ANGLE I h  OEGREEF BETI IEER TWO I h F U T  VECTORS 
C RANGE I C R E S T R I C T E D  TO ( C 1 1 8 0 )  

A=FNORM( X ) 
B=FNORM ( Y ) 

ANG=DO T ( X.  V) / A / B  
AOOTZARKTNS ( 1 8 0  r A N G t D S Q R T  ( 1  mOD0-AbG4AhG) 1 * 5 7 * 2 9 5 7 7 9 C O  
R E  TURN 
EN 0 
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S U B R O L T I N L  A R E S ( T I . T 2 . A G )  
IMb'C I C  I T  H E A L * 8  ( A - H . 0 - Z  .%)  

O I M C N S I O N  AH(J.3) + E E ( 3 )  * C ( 3 1 r E X C ( 3 )  e E C ( 3 )  
D I M E N S I O N  T E M ( 3 )  
DUM= C  .D C 

OTH=C.O 1 7 4 5 3 2 5 2 5 2 0 0  
f Y R = T 1 / 1 0 0 , D C  
Y R =  I YR 

D T = Y R - 5 C C . D C  
A O P =  2 17.  79341t6C7DO+OICCLOE33C-2*CT 
OOP=Z41C57500+0*350-2*D7 
B Y R = Y R * l C O . D C + i . O 1 D O  
C A L L  T I V k C ( B Y R . L J L V . T & . T F )  

C A L L  T I M F C ( T l . T 2 r l U l  + T F 1 )  
T A U =  ( (  T h l - T k ) + (  T F  1 - T F )  ) / 3 6 ! 5 . 2 5 0 0  
A O =  A O P - 0 . 0 0 1 0 1 3 D C * T A U  

D O =  D O P - C ~ O O C C 3 1 0 0 * T A L  

T E =  ( T N L t T F  l + l 9 Z b 2 . 5 0 0 )  / 3 t 5 2 5 * 0 0  
O M =  4 t  7P t .44  1 6 7 D C t C .  7 7 C 4 9 1 6 7 O O * T E - 0 0  1 3 P f ' R R 8 9 ~ - ! 5 * K F * T E  
X I =  1 .EE033333dDO-0.675D-3*7E+O. 1 2 6 1  111 I C - 4 * T E * T E  
E= 5 2 . 4 ~ 2 2 ~ 4 ~ 4 D O - C ~ 1 3 0 1 2 C D - l  * T E - O . l 6 3 8 8 e & 3 9 C - 5 * T E * T E  
I + C . E C C Z 1 ? ? 7 B D - 6 * 7 t * T E + T E  

AOR=Af lCDTH 

DOR= D O * U T H  
OMR= r J M * D l R  
X I R =  X I * D T J ?  

W t = k O ; O T H  
SAC1 =0" N ( AlJK ) 
C A O  =DCO S (  AUR ) 

S D O = D S I N ( D C R )  
CDO=OCCI S ( D c ) H  
b C M = D S i N ( d M H )  

COM=OCOZ(UMH 1 
S I = D S I N ( X I H  
C I = D C O S (  X I R )  

S E = D S I N ( t U )  

C E = D C U S < E R  ) 
C a * * * * * *  THE F O L L O W I N G  I S  K A u F C A F ' S  N E T H C C  **I*** 

E E (  1  ) = C A O * C D 0  
E E (  2 )=SAO+COU 
EE( L ) = S O 0  
O (  1 ) = ' I * S O M  
O i  2  I =  - 5 I * C O M * C E - C I * S E  
O (  2 ) = - S I * C O M * S E + C I * C E  
C A L L  C R O S S ( 0  IEE r E X O )  
EQ(  1  ) = - C A D  
EQ(  2 )=CAO 
EQ( 2 )=O.OO 

C A L L  C R O S S ( k O . E X O + T E M )  
SDMCG=DSQRT(  T E W t  i)**2+TEC1(2)**2+TENC3)**2) 
C O M t G =  D O T ( E O * E  XO)  
O M G = A H K T N S (  1 EOeCOMEG P S C  P E G )  

S O M E G = O S I N ( O M G )  

COMEG=DCOS(OCG)  
ADM = A O R + 1 . 5 7 0 7 9 t 3 2 7 D O  
X A I = 1  . 5 7 C 7 9 6 3 2 7 0 0 - D O H  
SAOM=DS I N (  AOM)  

CAOM=OCOS(  AOM) 
SA I = D S I N (  X A I  ) 

C A I = O C O I < X A I  ) 

1e2c0 
1 8 3 0 C  

ie4c0 
1 8 5 0 0  
1e6cc 
187c0 
1e8cc 
1 8 9 C C  
1 9 0 0 C  
1 9 1 0 0  
1 9 2 0 C  
1 5 3 0 0  
144c0 
l F E C C  
15ccc 
1 5  7 0 0  

15800 
1 9 9 C C  
2 0 0 0 C  
2 0  L C 0  
2 0 2 0 0  

2 0  3 0 0  
2c4c0 
2 0 5 C C  
2c6c0 
2c7c0 
20ec0 
2 0  F C C  
21cc0 
11100 
2 1 2 0 0  
2 1 3 0 C  
Z 1 4 0 C  
i I C O C  
2 1 6 0 0  

2 1 7 0 0  
i 1 8 C O  
k I G C C  
2 2 0 0 0  
2 2  1CC 
2 5 2 0 0  
2 2 3 0 0  
2 2 4 0 0  
2 2 5 0 0  
2 2 6 C C  
2 2 7 0 0  
2 2 e c c  
22 ' )CC 

2 3 0 C C  
23  1 CC 
2 3 2 0 C  
5 3 3 0 C  
2 3 4 0 0  
2 3 5 0 0  
2 3 6 0 C  
2 7  7CC 
2 3 8 0 0  
2 3 9 0 0  
2 4 0 0 0  

2 4  1 0 0  
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R E A L  F U N C T I O N  A R K l & S * B (  h 9 X . k )  
I M P L I C I  T  H E A L * B ( A - H r O - 2  r f )  

C O M P L T E S  4 - Q L A D R A t w l  A R C  I A h G E L T  C F  Y / X  1 E G P E  K P h S  
N = 3 6 0  A N G L t  L I E S  I N  R A h G E  ( C . 3 6 0 )  D E G  
N = l B C  A N G L E  L I E S  I N  FAhGE ( - l B C + l 8 O )  D E G  
TP 1 = E , 2 8 3  1  e 5 3 0 C C 0 0  
X A  = D A B S (  X )  
Y A  = D A @ S (  Y J 
I F (  X A - Y A )  l r 1 . 2  
L = X / Y A  
GO TO 3 
Z = Y / X A  
Y A = X A  
D = D S Q R T (  I . O U O + L * Z )  
Y A = Y A * D  + X  

I F ( Y A ) 4 . 4 . '  
A R K  I N Z = T P I  / 2 0 0 D O  
GO TO 6 
A R K T N S = i . O D O * D A  T A h  f > / Y A  1 
IF(N- I @ C ) 7 . 9 . 7  
I F ( A R K T N S )  E . 9 1 ' 9  

A R K T N L = A R K  T N Z + T P I  
R E  T U K N  
E N D  



S U D R O L T l N E  C R O S $ ( A * E * C )  

I M P L  I C 1  T R t A L * B ( A - H s O - Z  . S )  

O I M E N S i O N  A t 3 ) * 8 ( 3 ) * C ( 3 )  
C D I H E N S l O N  A ( L b * B ( 2 . ) r C ( 3 )  

C(  I ) = A (  ; ) * d ( 3 ) - A ( ? ) + t 3 ( 2 )  
C ( E ) = A (  S ) * t 3 (  1 ) - A t 1  )*80 
C (  3 ) = A (  l ) * D ( 2 ) - A i 2 ) * 6 ( 1 )  

R E T U R N  
E N D  

B. KAUFMAN 



N R L  REPORT 7436 

S L U R O L T I N t  D A T O L T  ( T I  r  1 2  .OAT€ r F C A T E  .KC ATE ) 
I M P L  l C  I T  k E A L * 8  (A-H.0 -2  . S )  

D A T E  R E T U H N E U  I N  F U H M A T ( Y E A F S  FFCW 1 9 C O )  ( C C h T H )  . ( C b Y S  1 
F O A T E  R ~ T U H N ~ D  IN F O R M A T  ( ~ ~ L G C ) ( Y I ~ ) . ( S E C C ~ O S )  
K  S E T  0 F O R  P R I N T O L T .  Z E T  - Cf i  + t CF IrC C L T P U T  
G I U E S  C A L t N O E U  U A T E  F H C P  T l l l r H C L E  C P Y C  F F C C  1 ' 3 5 0 )  
A N D T Z ( F R A C T  O F  C A Y )  
O I M E N S I C N  C (  1 2 )  

O I M E N S I O N  C (  1 2 )  
D A T A  Q O C O H L / C I i  JA&./ 
C (  1 )=OCOOHL 
D A T A  Q O C l H L / E H  F t B . /  
C ( 2  ) = Q C O I H L  
O A T A  QC C 2 H L / 6 H  MARCH/  
C ( 2  ) = O C O Z H L  
D A T A  Q O C 3 t i L / 6 H  A P R I L /  
C ( 4  ) = O C 0 3 r I L  
O A T A  Q C C 4 H L / e H  WAY/ 
C(  s ) = Q C O ~ ~ L  

O A T A  O O C ~ H L / ~ H  J L h E /  
c t c  ) = Q C O 5 t i L  
O A T A  Q O C E H L / e H  J L L Y /  
C ( 7  ) = Q C 0 6 H L  

D A T A  Q O C 7 H L / 6 H  ALG./ 
C (  B ) = Q O C 7 H L  
O A T A  Q C C @ H L / C H  S E P I - /  
C (  F ) = Q C C B H L  
O A T A  Q C C ~ H L / ~ H  OC7./ 

C (  I c ) = Q C O ~ ~ L  
O A T A  QO l C H L / b H  NOL.  / 
C (  1 1  ) = Q 0 1 0 1 i L  
O A T A  Q 0 1 1 W _ / C H  0 E C . J  

C (  1; ) = o C l l v i L  
M D -  0 
K = T  i + 3 6 S O D O  

I F (  11 ) C . 6 r  7 
W R I T E  ( 6 + 1 0 0 )  
R t  r URN 
F O R M & T ( 2 3 H  D A T E  1 5  1 9 5 0  CF B E F C A E )  
K  l = K / 1 4 C 1  

K 2 = K - K  l *  1 4 E 1  

K W N = K 2 / 3 C 5  
K K = K  1 * 4 +  1 9 4 9 i K W N  
N =  1 
I F ( K k N - 2 ) 1 1 2 r l l l ~ l l l  
N =  C  
K k N = K 2 - - K h N * 3 C S  
I F ( K W N )  1 1 r 1 1  e l 3  
M O N T H =  1 
M D =  1 
GO TO 2 5  
C O N T I N U E  
KNW= 0  

J J = O  
JJ=JJ+l  
IF(  1 2 - J J ) 2 3 * 2 3 . 1 3 7  

J . F + I r r A + M r J r J  . A . S * O * N r p l C I r T H S  F C G  G C  T C  
GO TO ( 1 4 ~ 1 5 ~ 1 4 r L 6 r 1 4 ~ 1 ~ ~ 1 4 ~ 1 4 r 1 6 r 1 4 r 1 6 r 1 4 ) * J J  
C O N T I N U E  

K N l l l = K N k + 3  1 
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GO TO 1 7  
15 C O N T I N L E  

1 F ( N  ) 1 8 . 1 8 0 l F  
I @  K N W = K N & + l  
19 K N b = K N k + 2 B  

6 0  TO 1 7  
LC K N Y = K N & + 3 0  

1 7  C O N T I N C I E  
I F C K W N - K N W ) 2 0 * 2 1 . 2 2  

2 2  C O N T I N U E  

M D = K N k  
GO TO 1 3 5  

2 0  C O N T I N U E  
M C N I H Z J J  
MD=K k h - M D 4  1  

GO TO 2 5  
i 1 C O N  T  I N L E  

M O N  TH=.J.J+ 1 
M D =  1 
GO TO 2 5  

23 M O N T H  = I 2  
M U = &  w N - M D t  1  

i E  C O N T I N U E  
T H = T Z * 2 4 r 0 0 0  

T t i P = I D  I N T (  T H )  
F D A l E = T H P * 1 O C . O D O  
N n O L R = T H P  

T h P = (  YH-THP ) * 6 C .  COO 

T H =  I D  I N  T( T H P  ) 
F D A T E = F C A  T t + T H  

NM I N = T H  
T H P = (  1HP-TH)*bO.ODO 

N S E C = T h P  
F D A I E = F D A T E + T H P / l C O . O D O  
T SEC =N CEC 
D A T E = ( K K - 1 9 0 G ) *  1 0 0 + M O h 7 n  
S P = M D  
D A T E = D A T E + S P I I O C I  COO 

I F ( K D A T E )  e . c o * e  
5 C  C O N 1  I N U E  

T H P = (  1 H P - T S E C I *  1 COC.ODO 

N F C E C -  THP 
T T = X D X N I (  T2+ .5DO)  
T P 2 = 1 i + - E D O - T T  

TP 1 x 1  I + T T + 2 4 3 3 2 e 2 . 0 0 0  
W R I T E  ( 6. I O I ) C ( M O N T H )  * M D I C K ~ ~ H C U I ; ~ L ) ~ I ~ ~ ~ S E C  o N F S E C . T F 1 o  T P 2  

1 0 1  F O R M A T (  1 H  ~ A 6 ~ 1 3 m l H ~ ~ l l r t 4 ~ l H ~ ~ l ~ ~ I 2 ~ 4 b h l i S ~ ~  1 3 ~ 4 b W  l h o *  1 2 0  1b.s 13. 
1 3 H S E C * 5 0 X i  I Z H J U L I A h  D A T E  . F e . O * T l l  1 r F 9 . e )  

GO TO e 
E N D  
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S b B R O U T  I N €  D E R  1 V (  X 9Y -0 )  
I M P L  I C I T  R E A L * B < A - H . 0 - Z  v S )  

D I M E N S I G N  Y ( 2 0 )  * R 1 ( 3 * 6 )  r V 1 ( 3 * 8 1  s D ( 2 C l  s C E ? ( 2 0 l * h F ( 5 1  R C ( S ) r R M l ( E l r  
I O A C C ( 3 ) . Z 1 ( 3 ) * V V I  ( 3 1  *RE (3) A  + G 2 ( 3 . 8 )  

D  I M E N S I O N  O A C C ( 3 )  
D I M E N ' I O N  S A C C ( 3 )  
COMMCN C f  1 0 0 0 1  . I C ( S O )  r Z ( 3 )  r L V ( 3 )  s h C C  
C O M M O N / J T k H M / M E A R T h ~ M M O O N ~ p l M A R S  
C O M M C N / D I  S T R B / D A C C  sCACC *CACC 
COMMON / S H A O / S H A D K  
E Q U I V A L t N C E  ( C ( 4 0 1 ) * W I  ( 1 ~ I l ) ~ ( C ( 4 2 5 ) ~ V l ~ l ~ I ~ ~  

C M U S T  C A L C U A T E  P O S I T I O N  C F  FGCBE F R O *  I N C R E M E N T S  
0 1 = x  
U = C ( N U R  I 
IF(X.NE.O.DO) GO TO 3 2 1  

D O  2 2 2  I = l s 3  

Z (  I ) = C (  I + 4 9 9 )  

322 V V (  1 ) = C (  I + 5 0 4 1  
GO TO 3 2 3  

Z i l  C O N T l N U E  
MN= 1  

C A L L  S T E P D ( M N s O T ~ 1 A ~ C ( S C O l  +C ( 5 0 3 )  * U s 2  t V k * I  *Ce )  
3 2 3  C O N 1  I N U E  

DO 1C I = 1 * 3  
Z 1 (  I ) = Z ( I ) + Y ( t )  

1 0  v v I ( I ) = L V ( I l + Y ( I + 3 )  

TW=C( 5 9 2 )  
T F = C (  ~ F 3 ) + ( C ( 7 1 9 ~ + C ( 5 0 C 1 + ~ ~ / 8 0 4 C 0 ~ 0 0  
C A L L  T F R A C ( T h . T F  g T h r T F )  

C A L L  S H I F T P ( N O R * Z  1 s V V 1  1 b * T F  * R 1  s V 1 )  
N V (  1 1 = 2  
N P (  2 )=3  
N P (  2 ) = 4  
NP( 4  1 = 5  
N P (  f ) = O  
GO TO( 1 . 2 ~ 3 * 9 0 + 8 C . 1 0 0 )  * & O R  

2  N P (  I )=I 
GO TO 1 

3 N P (  E )=  1  
GO TO 1 

9 0  N P ( 3 1 = 1  
GO TO I 

e o  N P ( ~ ) = I  
GO TO 1 

1 0 0  N P ( 5 ) = 1  
GO TO I 

1 C O N 1  l N U E  
00 4  1=1*5  
N P l = N P (  I 1  

HM(  I ) = F N O R M ( R I (  1 s N P 1 )  b * * 3  
DO 5 J=1.3 

5 R Z ( J *  I + Z ) = R I  C J s N O R ) - R 1  ( - . h P l )  
4  R M I (  I ) = F N O R M ( R 2 ( 1  . I + 3 1 ) * * 3  

N P I = N P (  1 1  
N P Z = N P (  2 
N P 3 = N P <  2 ) 
N P 4 = N P (  4 )  
N P S = N P (  5 )  
00 6 1 ~ 1 . 3  

6 D A C C ~ I ) ~ C ( N P l l * ( R 1 ~ 1  ~ N P I ) / f i l ( I J + f i 2 ( I ~ 4 1 / ~ ~ 1 ~ l J ) - C ~ h P P i  I * ( R I ( I r N P i t  

3 4 6 C C  
3F 70C 

3 9 8 0 C  
2 9 9 0 C  
40ccc 
4 0  1  CC 
4 0 2 C C  
4 0 3 0 C  
4 0 4 0 C  
4 0 5 0 C  
4 0 6 0 C  

4 0  7CC 
4 0  8 0 C  
40qcc 

4 1 0 0 0  
4 1 1 C C  

4  1 2 0 0  

4 1 3 0 0  
4 1 4 C C  
4 1 5 0 C  
4  1 6 0 C  

4 1 7 0 0  
4  18CO 
4  1 9 C 0  
4 2 0 0 0  
4.2 LCC 
4  2 2 0 C  
4 2 3 0 C  
4 2 4 0 C  
4 2 5 0 C  
4 2 6 0 0  
4  2 7 0 0  
4 2 e c c  
4 2 9 0 0  

4 3 0 0 C  
4 3 1 0 0  
4 3 2 0 0  
4  3 3 0 0  

4 3 4 0 C  
4 3 5 0 C  
4 2 t C C  
4 3 7 0 0  
432300 
4 3 9 0 0  

4 4 0 0 0  
4 4 1 0 0  
4 4 2 0 0  
4 4 3 0 0  
4 4 4 0 0  

4 4 5 0 0  
4 4 6 0 0  
4 4 7 C G  
4 4 ( 3 0 0  

4 4 9 0 6  
4 5 0 0 0  
4 5  LOO 
4e2c0 
4 5 2 0 0  

4 5 4 0 0  
4 5 5 0 C  
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1 / R M ( f  ) t f ? 2 ( I . E ) / R M I ( 2 ) )  
2 - - C ( N P 3 ) C ( H I (  1 1 N P 3 ) / H M ( 3 ) t R 2 ( 1  9 6 ) / R F 1 ( 3 ) ) - C ( h P 4 1 * < R l <  I . N P 4 )  

Z / R M (  4 )  t H 2 ( 1  ~ 7 )  / H M 1 ( 4 )  ) - C ( h P 5 ) * ( C l  (I .hFF; ) / F C ( 5 ) + G 2 (  1 ~ 8 ) / R M l (  5 ) )  
DO 7 1=1.3 

7  R E ( I ) = Z ( I ) + . 5 0 0 * V ( I )  

Q =  D C T ( H E ~ Y ) / ( F N O R Y ( 2 ) * * 2 )  
SUM = 1 . 0 0  
T E R M =  1 - 0 0  

D O  8 Kz2.50 
XK =K 
T f H M = T E R M * (  ( ~ 5 ( , C - - X K ) * 2 - O O * C / ( X K - 1 ~ D O ~  ) 

S L M = S U M  t T t H M  
IF(DABS(TkUM).LT-C.30CClOO*SUM) G O  1 0  9 

e C U N T ~ N U E  

WR I T E ( E * Z O )  
2 0  F O R M A T (  l H 1 . 3 4 H Q  S E R I E S  I h  E h C K E  010 h C T  C C h V E G C E )  

S T O P  
F F Q =  1 .DO-SUM 

H = C (  NOR ) / ( P N O H M  (Z)**.%) 
DO I 1  I=l.;! 

1 1  C A C C ( I ) = - H * Y ( I j t H * F U + R L  ( I v N C C )  
DU 3 0  I = l t 3  

2 0  O A C C (  I ) = O  .DO 

GO TO ( 4 C . 5 0 . 2 1  . 2 1 . 6 0 * 2 1 ) s h C G  
4 0  I F ( M E A R T H . N E . 1 )  GO TO 2 1  

GO TO 7 C  
5 C  lF(MUOON.NE.1)  GO TO 21 

GO TO 7 C  
C0 I F ( M M A R S - N t .  1 )  GO TO 2 1  
7 C  C O N T I N L E  

T h T k = C 1 " 3 )  

T F T E = C (  5C3j+(C(506)tX)/E64OO*DO 
C A L L  T F R A C < T k T E . T F T E . T b T E ~ T F T E #  
T I M L P = T  U T t + T F T E  
C A L L  b A G M O N ( R 1  . V 1  *OACC . l I N U F )  

i 1 C U N T I N U E  
D O  1 2  1 = 1 . 3  

1 2  O A C C ( I ) =  O A C C ( I 1 t C A C C < I )  
R A T  = F N O H M ( Y ( 1 ) )  / F N C E Y ( Z ( 1 ) )  
IF(RATIGEIC(  2 2 0 )  - 0 R . Q - G E - C ( 7 2 0 )  ) C ( 1 2 2 ) = 0 1 0 C O  

00 1 7  I = l r J  

17 D A C C ( I ) = U A C C ( I ) + C A C C ( I )  
I F ( C (  7 6 5 )  .EQ*O.OOO.OR* 5HAOK.EC. 1 - 0 0 0 )  G C  T C  551 

C 1  * * 4 * C A L C L L A T E  S U L A R  F C E S S L C E  * * * * * 1 

C A L L  S O L A H ( R A ( 1  - 3 )  .SACCB 
D O  I C C O  1 = 1 . 3  

l0OC D A C C f  I )  =DACC (I 1 + SACC ( I )  

5 5 1  C O N T I N U E  
D O  I 6  I = I * 3  
D (  I ) = Y (  I + 3 )  

16 O( I + 3 ) = O A C C (  0 
R E T U R N  
EN 0 
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REAL F U ~ C T I C N  o o T * e ( x  .r 
IMPL  I C I  T  H k A L + B  ( A - H  to-2 1 s )  
D I M E N S I O N  X ( 3 ) w Y t z )  

G D I M E N S I O N  X ( 3 ) e V < 2 )  
DOT = X(l)*Y<l) + k ( 2 ) * V t 2 )  + X ( 3 ) * Y ( 3 )  
RETURN 
E N D  



S U B R O L T I N E  F N O L Z ( ,  SNIG .L .?J 9 F E  . X * Y * O . C C * T T  *CC 1 
I M P L I C I  T  R t A L * 8  ( A - t i r U - 1 . 1 5 )  
CGMMCN U E H N 1 C ( I O O C )  

c 

DOUBLE PRLCI SION xr>,Yv. ~ A I Y C  .YP.\ I  
C D I M E N S I O N  Y ( 5 0 )  r D ( 5 0 )  s Y B ( 3 0 . 6 )  .G12(30).G13(JO~tCI4(23).EF(20)* 

D I M E N S I O N  'fl e 0 0 0 )  

D I H E N Z I O N  d ! L ( 3 )  . D ( S O )  * Y B  1.30.6) . G l 2 ( 2 O )  * C I 3 ( 3 0 ) * C I Q ( ? O  ) * F F (  2 0 ) .  
L E F  1 ( 3 C ) . E F L ( 3 0 )  . E F 3 ( 3 0 )  r Y 1  ( 3 0 )  . E f i F C F ( 3 0 ) * b P ( 3 0 ) r Y P ( 5 0 ) . t A ( 5 0  ). 

> Y C (  3 0 ) .  Y P (  3 C )  . Y U ( S C )  
E C = Y ( N + 2 )  

S E 7 C  F O R M A T (  1 H O . I  7 )  

1 t+=G 
2 HZ=H 
3 L N = N + M A X O t L s 3 )  

C S U R R O L T  INE F N O L 2 ( ,  .N.G .L . P . L E * X  * Y o C o C E G I V  * T E R N  * C U T  
f E i C  F O R M A I (  l H O . 1 7 )  

4 N b = O  
C- N U = 1  

t N F = O  

7 N G = O  

e F=O.DO 
C, F A = O . O O  

I C  F B = O . U C  
1 1  F C = C . U O  

1 2  C O N T I N L E  
1 2  E N E = N E  

C D O  2 C O  I = 1  . L N  

C i C C  Y D (  I )=OE3LL (  Y ( [ )  1 
c X D  = C B L €  ( X  ) 

00 2 C 0  I = I . L N  
~ C C  Y D ( I ) = Y ( [ )  

xo=x  
1 4  l t ( J - 2 ) 1 5 * 2 1 r 1 5  

1 5  I F ( N E ) l E *  1 6 9  18 
1 6  J A = 4  
1 7  GO T f l  2 2  
I t ?  R E 1 = 1 0 . 0 0 * * ( - E N E )  
1 4  R E i = I C . U C * * ( - t N E - 2 - 0 0 0 )  
2 0  R E M = I C . D O * * ( - E N E -  1 . 5 0 0 )  
i l  J A = I  
22 D O  25 1;l.N 
23 D O  2 4  I C = 1 1 5  

2 4  Y U (  I o 1 C  )=O.DO 
2 5 E R R O R (  1 )=O.DG 
2 6  C A L L  D E R I V (  X 9 Y . D )  

C A L L  TERM ( X  9 Y  * U  IF ) 

I F ( C A B S ( F ) - 1  - 0 0 - 9 )  7 3 1  9 7 3 1  95209 
5 2 0 9  C O N T I N L E  

D O  3 C O  I = I . N  
G I 2 (  I 1 = D (  I ) 
G I 3 (  1 )=0( 1 ) 
G I 4 (  I ) = O (  I )  

3 0 0  E F (  I ) = D (  1 4  
C 2 7  C A L L  C 1 3 F J L T (  )r.Y SO .ERf?CR * F  .L *H j  

2 7  C A L L  O L T ( X . Y . D . E R H 0 R . N . L . H )  
I F ( H E R N I E ( 5 0 6 ) . N & . C I D O )  GO T O  29 

; e  e o = y r k t l )  

2 9  I F ( J - 2 )  3 S * l i Y 9 3 0  

E- 1 6 0 0  
5 1 7 0 0  
5 l t 3 C C  
E 1 9 C C  

C 2 0 0 0  
52 I O C  
52200 
C 2 3 0 C  
f 2 4 0 0  
E 2 5 C C  
E P 6 C C  
127cc 
~ 2 e c c  

E 2 9 C C  
E 3 0 C C  
C 7 1 C C  

C 7 2 0 0  
E 3 3 0 C  
E 3 4 0 C  
"-350 

E 2 ( i O C  
e37c0 
E 7 B C C  
g r g c c  
E 4 C C C  
C 4 1 0 C  
5 4 2 0 0  
e43c0 
E 4 4 C C  

E 4 5 C C  
E 4 6 C C  
5 4 7 C C  
5 4 8 0 0  
C 4 G C C  

C S C C C  

E E  1  OC 
E f  2 0 0  
C C ?  - - - O C  
5 5 4 C C  

5 5 5 0 0  
5 5 6 C C  
5 5 7 c c  
55e00 
5 5 9 0 0  
5 6 C C C  
E C  1 C C  
5 6 2 C C  
5 e 3 c c  

C C 4 0 C  
5 E 5 C C  
C 6 6 C C  
5 6 7 C C  

5 0 e C C  
s e s c c  
57cc0 
571c0 
5 7 2 C I :  
e73c0 
:7&0C 
' . , ' ; C C  
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G O  T O ( 2 1 * 3 7 * 3 5 . . 3 7 )  . J A  
D O  172 I = I . L N  
Y A 1  I ) - Y n (  L ) 

D A (  I ) = 0 (  1 )  
GO rn 2 7  
nn=n 
H = 2 . D C * H  
H D i  = . CO O * H  
DO 3s 1 = 1 . N  
Y U (  I . N n  )=0( 1  ) 
X L  = D ( . I )  u H O 2  

Y (  I ) = S N C L (  Y D ( I  ) + X L )  
Y (  I ) = Y D (  I j + X L  
X = C N G L (  x o t n o s )  
X = X D t t D i  
C A L L  D t f Z l V  ( X . Y  v G 1 . 2 )  
110 4 2  I = I . N  

X L  = G I  2 (  I ) * H 0 2  
Y (  1  ) = C N L ~  ( Y D ( I  ) + X L )  
Y (  I ) = Y D (  1  ) + X L  
C A L L  D C R I V  ( X . Y  * G I ? )  
D O  4 E  I z l r N  
X L = G i 3 (  I )*H 

Y (  1 ) 2 C N G L ( Y l > ( I  ) + X L )  

Y (  I ) = Y D ( I  ) + X L  
X = % G L (  X D i H )  
X = X D  I H  

C A L L  D E R I V ( X I Y . G I ~ )  
P 3 6  =H/t .UI;  

GO T U (  Q t . 5 E . C C * C 6 )  * J A  
D C  4 2  1 - r l . N  

X L = < D (  1 )  + t . D O + ( G J L I I )  + G I 3 f 1 ) )  t G 1 4 ( 1 ) ) * H C 6  
Y C (  I ) = Y D (  L ) + X L  

Y D (  I ) = Y A (  1 )  
E H H U H (  I )=d .DC 
J A = 3  
GO T O  3 5 
00 57 1 Z l . N  

X L = ( D (  I I 1- 2 r 0 0 ' i ( G 1 2 ( I  t G 1 3 ( I ) )  t G I 4 ( 1 )  ) * k c 6  
Y O (  I l = Y l > ( i  ) + X L  

t R H O H (  I ) = S N L L ( Y b ( I ) - Y F ( I  # ) / L C - .  

E R R O R (  I ) = ( Y U i l ) - Y P ( i )  ) / 1 5 5 r ) O  
J A =  1 
GO TO e e l  
D O  t 2  I = l r N  

Y D (  I ) = Y C (  I  ) 
x L = ( D ( l )  + ; . b O * ( G I Z ( I )  + G I 2 ( 1 ) 1  t G I 4 ( I ) ) * ! - C 6  

Y P (  I ) = Y A (  1 ) + X L  

H = H U  

J A  = 2 
GO TO 6 e 1  
00 be I:I.N 

X L = ( D ( I )  t E . D O * ( G 1 2 ( I )  + G I 3 t I ) )  + G I 4 ( I ) # * t C 6  
Y O (  1 ) = Y O (  I ) + X L  

ERROR( I )=O.DO 
D O  69  1 - 1  * N  

Y (  I ) = S N G L <  Y D ( i  ) ) 
Y f  I )=YD(I 1 
X D z X D t H  

X = S N G L (  XD ) 
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X = X D  
7 C  C A L L  D E R I V ( X . Y * D )  
7  1 F C = F  
7 2  C A L L  T E R M (  X + Y  vD S F )  
7 3  I F ( D A B S ( F ) - I  000-9 1 7 3 1  , 7 3 1 ~ 7 3 3  

7 2 1  N F = 5  

7 2 2  GO TO 1 2 4  
7 3 3  I F ( F  ) 7 4 r 1 2 4 r 7 6  

7 4  F A =  I a 0 0  
i C  GO T O  7 7  
7 6  F B = l . D O  

7 1  I F ( F A - F 0 ) 8 3 . 7 8 * 8 3  
7 E  N F = N F + l  
7G  J A = 4  
@ C  N B = 1  

e r H = ~ * F / (  FC-F 
e2  I F ( N F - 4  b 3 7 r 3 7 r l 2 4  

C!.? I F ( N E l e 4 r  1 l 7 . t Y  
e 4  I F ( J A - 1 ) 1 1 7 r t % i i 7  

f 5 I F (  J-2 ) @ 6 . 1 1 7 . 8 t  

€6 00 F 5 I = l . N  
I F (  Y (  I ) ) t ? t 2 b + E E 5 * 8 E 6  

E € 5  H A (  I ) = t C C O . D C  

GO TO 5 %  
e e t  I t = t c c t e e o , e s c , a 7  

€ 7  I F ( D A U S ( Y (  I ) 1-EC) E 8 O  .8 f  0 . 8 9 0  
E e C  I F ( D A B S ( E H H U H ( 1  ) ) - R E 2 1  E e 2 r 5 4 , 8 8 1  
e e  1  I F t C A U S t E U U C I K ( 1  ) ) - R E 1 )  9 4 e S 4  s E 8 2  
E E 2  HA(I)=H*(REM/(DAUS(fRROR(t~1+.0000 0 0 0 0 L 0 0 ) ) * * ~ . 2 C 0 1  

e e z  GO ro s c  
E S O  I F ( C A H S ( t h H O R (  1 ) / Y  ( I  1 - F E 2 ) 8 4 : 2  *94 s t 3 9 1  
E G l  I F ( D A ~ S ( E U d O R ( I ) / Y ~ X ) ) - R E 1 b 9 4 ~ 9 4 ~ 8 9 2  
e F 2  H A (  ~ I = H * ( R E M / ~ O A ~ ~ ~ ~ E R R C R ( I ~ / Y ( I ) ~ + O O C C ~ ~ O O C I O ~ ~ ~ ~ ) * * (  - 2 C O )  
€ 5 3  GO TO F E  

5 4  H A (  I ) = H  

Sf C O N T I N L E  
9 6 ~ ~ B = D A U S ( H A ( N I  ) 

9 7  Oi l  S E  1 S l . N  
C S e  H U = A M I N I ( A B S ( H A ( I ) ) . H B )  
9 8 H B = D M I N I ( D A B E ( H A <  I ) )  r H H )  
9 9 IF(OA0S(Hl-HB1100rll7~lCl 
I 0 0  X F ( D A t 3 S ( t i Z ) - D A O S ( H ) )  1 C1. * I 0 1  * I  1 6  
L C 1  D O  1 0 2  I = l . L N  
I C 2  Y O (  I ) = Y A (  I ) 
C Y (  I l = C N G L ( Y D ( I ) )  

Y (  l ) = Y o ( I l  
1 0 3  O( I ) = D A (  I )  
1 0 4  l F ( N B - 6 )  1 0 7 * L O 5 . 1 0 5  
1 0 5  X D = X D - H  
IOE GO TO 1 C F  
1 0 7  XU=XC-SIDO*H 

108 HZ=H 
109 H = D S I G N { H B I H )  

X =xo 
C X = S N G L (  X D )  

C A L L  O E R I V ( X I Y . D I  

C A L L  T E R M ( X * Y * D . F )  
1 1 C  NB-1 
I 1  k X A B S t b A t 3 s t  ~ C C O O O l O O * X )  
112 I F ( b A B S ( H ) - X A B S )  A 13*1  I 3  , 1 1 7  
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1 1 3  N G = N G + l  
1 1 4  h = D S [ G N (  X A 0 S . H )  

1 1 5  I F ( N G  - 1 0 ) 1 Z Y * l F C 1 1 5 O  
150 W R I T E ( e r 1 2 6 1 )  H 

1261 F o r l M A T  I l t i l *  107HEXECUTICt \  T E G N I  b P T E D  E E C P L S E  I h T E G V P C  

OF I N T E G R A T  l O N  L E S S  THAN 1. OE -6 T I  b E S  1 h D E F E h D E L T  
V P F I A B L E  ( X )  X = r  l P 0 1 5 r 7 )  
STOP 

1 2 2  I F ( M - N A ) 1 2 3 r 1 2 3 r 2 5  
I 2 2  N A = O  

C 1 2 4  C A L L  O L l l J L T o ( r Y  * O * E R R C R  * k + L  
1 2 4  C A L L  U L T ( X . Y r L ) * E R H O R * N r L r t i j  

I F ( N F - 4  ) 2 9 * 2 4 9 1 2 6  
C O N T  [FILE 
R E  T UI4N 
N B = N S +  I 
I F ( k O - 6  ) 3 0 r 1 3 1  r  1 3 C  
00 1 3 4  I = L * N  

E F 3 (  I )  = Y 8 (  I e 3 )  
EFS(  I ) = Y B (  1 1 4 )  
EF I( i j='ft3( x * 5 )  

x = x o t t  
1 7 4  CALL UEHIV( X s Y w E F  
1 4 C  DO l L 2  I = l r A N  
1 4 1  Y A (  I ) = Y O (  I )  
1 4 2  O A (  X )=D(I ) 
1 4 2  00 1 4 e  I = l s N  

X L  = ( S . D O * E F ( I )  + 1 9 . 0 0 * 0 ( 1 )  - 5 * D O * E F l ( I )  + E F 2 (  1 ) ) * k C 2 4  
1 4 4  Y D (  1 ) = Y D (  I ) + X L  

C 1 4 5  ERROR( I ) = - C N G L ( Y D ( I ) - Y P ( I ) ) / 1 4 *  



R E A L  F U N C T I O N  F N a & M * B ( % )  
IMPL I C I  T R E A L * 8  (A-.H.O-2 . S )  

O I M E N S X O N  X (  3 )  
c O X M E N S f U N  X < J )  

1 FNORM=DSQHTt  X t  1 ) * + 2 + - X ( 2  ) * * 2 + X ( 3  t * * 2 )  
3 R E T U R N  

END 
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S U O R O L T I N t  G E T A C C  ( 1  C T r  I C T * C L L r S I r I r  r E C h * f V b r C T T r  C T E r U I v T * V M T .  h T E  ) 
I M P L  I C  I T  Q E A L * B  ( A - H  r O - Z  s d )  

D I M E N ' I C N  L C f ( l ) v i C T < l )  r C h b ( l ) v S F C ( l ) * E C h ( I )  
D I M E N S I U N  P V A ( 1 )  * C f  T ( 1 )  r C T 6  (1) r U R T ( 1 )  w V V T ( 1 )  
E Q U I V A L E N C E  ( X P r P N ) * ( Y F  r F V )  s ( 2 P * F Z )  

ERO -ECN ( 1 ) 
K M C I = E C N ( Z )  
A L F  = E C N  ( 7 ) 
P X =  P V A (  \ ) 

CGU =DCO $ (  A L F  
SGB=DSIN( A L F  
R M T =  1 * O D O / ( P X * P X + P Y * P Y + P Z * F Z )  

K B = K A  

I F  ( L C )  5 0 . 5 C r 4 C  
I F  ( K O - K C )  4 5 * S O s S C  

L M X  = L A  
IF ( I - N T E + 1 ) 7 5 s 7 C s 7 0  

L C = o  
C O N T I N U E  
T M A = 2 . 0 0 0  
TME=Z ODC 

D O  GO I = l * L M X  
C T T (  I I = - T N A  
C T S (  I ) = T M B  

T M A = i M A + 2 o O D C  
T M B = T M B + T M A  

C O N T I N U E  

U M T (  1 ) = X M U t R M O  
V M 7 (  1 ) = C O O D O  
L A =  1 
La= 1 

7 5 4 0 C  
7 5 5 C C  
7 5 6 C C  
7 5 7 0 0  
7C;ECC 

7 5 9 C C  
760c0 
7 6  1  CC 
76 2CC 
7C 3 C C  
7 6 4 0 C  
7 C 5 C C  
7 6 0 C C  
76 7 C C  
7 6 e C C  
769CC 
7 7 C C (  

7 7 1 0 (  
7 7 2 C (  
7 7 3 0 (  
7 7 4 0 t  

7 7 5 0 (  
7 7 C C (  

7 7 7 0 (  
7 7 8 C (  
7 7 9 0 1  
78cc1 
7e 1 oc 
7ezc1 
7.5 3 C (  
i f  4 C l  

7 f  50  
7 e 6 c  
7 E 7 C  
7 e e c  
7890  
7 9 0 C  
7 9 1 C  
7520 
7 F 3 0  
7 F 4 0  
7550 
7560 
75 70  
7 4 e c  
7 9 9 0  
8 0 0 0  
E C l O  
e c 2 0  
E C 3 C  
c c 4 c  
e c 5 c  
e c e o  
8 C 7 C  
E C P C  
eosc 
E l O C  

e l  l c  
e 1 2 C  
E 1 3 C  



K A = I -  1 
TMtJ =KA + K A  
T M A = T M B +  1  r OD 0  
TMC = I .  O D 0  
IF ( K C - K O )  ~ ~ c . ~ c c ~ ~ o o  

1 0 0  DO 1 7 C  L C = h U s K C  
T M D = R Z R * b M T ( L U ) * T W A  

T M € = R Z R * V M T ( L U ) * T W A  
I F  ( K B - L C )  l l C s 1 2 C s 1 2 0  

110 TMD=TMD-RMR*LMT<LB-I  J * T IVB 
T M E = T M E - R M H *  b M T ( L B - 1 )  *TWO 

1 2 C  U M T ( N A ) = T M U # T M C  
V M T ( N A  ) = T M i Z / T M C  
T M A = T M A + 2 .  CDO 
T M U = T M U  + 1.00 0 
T M C = T M C + l  COO 

N A = N A + 1  
1 3 C  L B = L f 3 + 1  
i 4 C  IF  ( I - N D ) l 5 0 . 1 6 C * 1 6 0  
1 5 C  T M C = K A + K A +  1 

b M T ( N A  ) = T M C *  (CL I * L W T ( L A  ) - C L l * L & T I C A )  
V M T C N A  ) = T M C *  ( C L ~ * L M T ~ C A ) + S L T * L I V T ( L P ) )  
N A = N A + l  
K t3  = K C  t 2 
L B = L t 3 + 1  
L A = L B  

L E O  C O N T I N U E  

T M A = C  , 0 0 0  
TMO=C.OOO 
TMC=CIODO 
T M O = C  .';DO 

K B = 1  
L A =  l C T (  1 )  
La=2  
L C = L A  

D O  2 6 C  I = I * N T E  
K C = L C T (  i 1 
I F  ( K C ) E 6 O s 2 6 0 s 2 1 0  

2 1 0  I F  { I - 2 ) 2 3 0 . 2 1 5 . 2 2 C  
i 15 L A - 3  

GO TO 2 2 5  
2 2 C  L A = I C T t  I - 2 ) + 2  
2 2 2  C B = i C T 1 .  I- I ) +  1 

L C = I C T (  I )  
2 3 0  D O  2 5 C  N A z l r K C  

T M E = C  JB ( N A  ) 
T M F  =TME 

I F  ( I -  1 ) 2 3 % 2 3 5 r 2 4 0  
E : V T M F = T M D * T M E  

TME =NA 
T M O = T M O *  TME 
T M E = N A + 2  

T M E  =- T M F  
2 4 C  RMR = T M E * L M  T (  L A )  

e i 4 0 0  
& 1 5 C C  
E 1 6 C C  

e 1 7 0 C  
( 3 1 e C C  
f 1 9 C O  
e 2 0 0 0  
E Z l C C  
82200  
E 2 . 3 0 0  
E 2 4 C O  

e 2 5 0 0  
E 2 6 C C  
f 2 7 0 0  

E 2 e c c  
E Z S C C  
E 3 0 0 0  
87 100 
8 3 2 0 0  
e z 3 o o  
8 3 4 0 0  
e3500  
e 3 c c c  
e 3 7 0 0  
f 3800 
83900 
E 4 0 0 0  
84 100 
& 4 200 
8 4 3 0 0  
E 4 4 0 0  

E 4 5 0 C  
E 4 C C C  
E 4 7 C C  
e 4 8 c o  

E 4 F C O  
E S C C C  
€ 5  l O C  
E E 2 0 0  
E C  3 0 0  
E 5 4 C C  

E 5 5 C C  

€ 5 0 0 0  
€ 5 7 0 0  

e 5 8 0 0  
E S S C C  

E 6 0 C C  
e t  1 C O  
E e  2 C C  
E ~ ~ C O  
t C 4 C C  
E C S C O  
e 6 6 C O  

E 6 7 C C  
E 6 C C C  
E 6 4 C C  

E 7 C C C  

e 7 1 ' 3 0  
E 7 2 C C  

E 7 J C C  
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C L T = L M T ( L C )  
S L I = b M T ( L C )  

TME=RMR-CLT  
T M F = R Z R + S L  r 
RMR =RMR + C L  7 
R L R = R Z R - S L T  
C L  T  =CNM (KB ) 
S L T = C h M ( K t ) )  
TMA=TMA t C L T *  I M E + S L T I R L H  

T M a = T M B - C L T *  TMF + S L T * R M R  
T W C = T M C + C T T ( N A ) *  (CLT* t !PT  (LH ) + S L T * L I . T ( L E )  1 
L A = L A + I  
L i 3 = L B +  1 
L C  =LC + 1 

2 Z C  KD=Kd+l 
C C C  CON T I N L E  

l 'MA=TMA*TWR 
TM13=7Ml34TiuR 
P V A (  7 = ( C G d *  TMA-SG€?+TMB)  
P V A  l t?) = (SGU* TMA+CG@*  TMB 
P V A C  F ) = T M C * T * H  
R E T U R N  
EN[) 



B. KAUFMAN 

S U D R O L  T  I N t  G E T T A P  
D F F l N E  P I L E  1 0 ( S 5 € s 6 6 3 ~ s L ~ I  L )  
D O b U L E  P H t C I S I O N  T A B 3  s J 0 1  r J C F  * J O 1  s T C P Y * J C I F * J C P  
RE-AL. N b T A T  
R E A L + &  T A U 3 1  

C O M M C N / C E T R L 2 / I C k ~ I C E h T  * I R E C ( 1 3 )  
COMIYON/CE T S L  2 / T A U 3 ( 5 2 9 )  v N 1  T A T  ( 2 0 4 )  r C K S V  
C U M M O N / C E T U L F / J D l  r T D A Y  r J D I F  s I E G R 1  

D A T A  I L / O /  
D A T A  I h P H V / O /  

J D P = J O  1 + T D A Y  

I F (  J D P e L T e  2 4 3 E 7 6 C e 5 0 0 e C G e  J D F o G T - 5 4 4 6 4 2 4 . C O  T C  100 
I E H H  1 = O  

I F (  I C k r N E .  1 ) GO T C  205 
D O  333 I = A s 2 0 4  

333 N U T A T (  I ) = O o  
I C W y E  
I W = l  
R E A D (  1 0 e I h ) T A t 3 3  
T A B 2  1 = T A 8 3 (  1 ) 

2 0 5  I W = I D I N T (  ( J D P - T A B 2 1 ) / @ ~ C O ) + l ~ C O  
I F (  I k e E O . 1  h P H V ) G O  T O  2 2 C  
XWF'UL=I 'Y 

2 0 0  H E A D (  I O s I Y  ) T A B 3  

I F ( J D P - T A U J (  l ) ) S l C * 2 2 0 r 2 3 0  
2 1 0  I W = l k - 2  

GO T O  2'CO 
2 3 0  I W = I k + l  

I F (  J D P - (  T A U 3 (  1 ) + 8 0 0 0 )  ) i r ^ O s 2 C C ~ 2 0 0  
2 2 0  J D I F = J D P - T A B 3 (  1 ) 

RE 7 U R N  
1 0 1  F O R M A T (  @ E P H E M E R I S  E R R G R - - 4 L L I A h  G A T E  '+025*7.' I S  

E E F O R E  J A h  1 9 6 5  
1 0 R  A F T E R  D E C  l F E 5 ' )  

1 0 0  W R I T E ( 6 r l O t ) J O P  
S T O P  
E N D  

e S 7 C O  
E 4 8 0 C  
8 9 9 0 C  
E O C C O  
5 0 1 0 0  
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SUHROLT x ~ t  c ~ + A (  I Z ~ C . D  . G ~ ( A I \  . C P  . ~ I I F G A )  
IMPLICIT I - ! t A L * t 3  ( A - I 1 . U - 2  ) 

O Y t - G A = . C G q  17t0142GC/(l - L ) C + ' 3 - 2  l n - l 1 3 * C )  
T)lJ-S.Do 

00=0 
i f ~ > = C C h (  . $ t c C 4 1 J t U C / j b 0 . C C )  
V X =  I D I N T < U U )  
D U  = L C -  0 X 

D F  =LiO 
Ti:.: : - 1 0 C . C 7 5 5 ~ r I ~ C + 2 6 3 . l ~ C * L > I  + E . V C l f l ,  I 3 * L * C  

I + l l L l k G A v  l S L C  

1 L C  ( : t d h ? 1 > 2 * . 3 * 2  
2 T t M I = T L  &'I~Jb(;,00 

G J  TU 1 
3 IF:  T i N  I-7(,i?.UO) L ~4 

4 T I M I - : € . M ~ - J o C . U C  

GLJ TO 3 

5 ~ t l ~ l r U = T E : - 1 1 + 0 A * 5 1 . 2 S 5 7 7 4 5 D 0  
l< r T 0,i N 

to\ iU 



B. KAUFMAN 

S U B R O U T I N E  GOTOR ( K  9 V M  *C SF sE 1 I 
I M P L  I C I  T U E A L C B  (A-W 10-2 1 s )  

D I M E N S X O N  C ( 2 )  w F ( 4 )  
6 D I M E N S I O N  C<Zl s F ( 4 )  
C 
C 
C 
C 

N M A X ' 2 0  
N =  C  
GO TO ( 1.2) * K  

1 C O N T I N U E .  
C F I R S T  G M S S  I S  O B T A I N E O  F C R  E L L I F T I C C L  < P S E  

e CONTINUE 

1 F ( E l - I ~ 0 0 0 1 3 0 s 3 1  - 3 1  
3 0  C O N T I N L E  

D 2 = E  I * €  I 
F( 1  ) = E  1 * D 2 * ( .  I C 6 6 E 6 6 7 D +  C 0 - D 2 * ( o & 3 3 3 3 3 3 3 C - 0 2 - C 2 * (  l 1 9 8 4  1 2 6 9 8 C - 0 3 - C 2  

1*( . 2 7 5 5 7 3 1 S 2 0 - 0 S - D 2 * . 2 5 C E 2 1  C e 3 0 - C 7 ) )  1 )  
F( 2 ) = 0 2 6 (  ~ 5 D O - D 2 * ( ~ 4 1 6 6 € 6 6 7 C - O 1 - 0 2 * ~ ~ 1 3 @ 8 8 8 F C - O - C 2 *  - 2 4 8 0  1 5 8 7 0 - 0  

1 4 - D 2 * . 2 i 5 5 7 3  1 9 0 - 0 4 5 ) )  I t 
- F ( 2 ) = E I - F ( 1 1  

F( 4 ) = 1 o C O O - F ( 2 )  

GO TO 3 
2 1  C O N T I N U E  

F( 3 ) = D S I N ( E I )  
F( 4 ) = D C O S ( E l )  

-- F( I ) = E l - F ( 3 1  

F( 2 ) = 1 . C D O - F ( 4 )  
GO TO 3 

i C O N T I N U E  
C F I R S T  G C E S S  I S  O t l T A I N E D  F C R H Y P E E B C L I C  C C S E  

5  C O N T I N L E  
I F ( €  1- 1  .OD0 ) 3 2 * 3 3  r 3 3  

32 C O N T I N U E  
D 2 = E  l * E  I 
F( 1 ) =E l * D 2 *  ( - 1  6 6 6 6 6 6 7 D + 0 C + C 2 * ( o B 3 3 3 3 3 3 3 C z 0 2 + C 2 * (  1 9 8 4  1 2 6 9 8 C - O 2 + C 2  
I*( 0 2 7 5 5 7 3  1 9 2 0 - 0 C + D 2 * * 2 5  C 5 2 1  C e 3 D - C 7  ) ) J 
F( 2 ) = 0 2 * (  C . 5 D 0 + 0 2 ~ ( ~ 4 1 6 6 6 6 6 7 0 - 0 1 + 0 2 * ~ ~ 1 3 8 B 8 ~ 8 9 C - 0 2 ~ C ~ * ~  - 2 4 8 0 1 5 E 7 C -  

1 0 4 + D Z * . 2 7 5 5 7 3 1 9 0 - C 6 )  ) ) 

F(  2 ) - E  I+F( I )  
F( 4 ) = I . C D O + F ( 2 1  
GO TO 3 

I;? C O N T I N b E  
EX=. f iCO*DEXP ( E l )  
OX=.PEDC/EX 
F( 3 )=EX-OX 
F( 4 ) = E X + O X  
F( 1 )=Ft : ) - E l  
F ( P ) = F ( 4 ) - 1 . 0 0 0  

3  C O N T I N U E  
CM=F( 1 )+C(l)*F(3)+C(2)*F(2) 
D M = F ( i ) + C <  l ) * F ( 4 ) + C ( 2 ) * F ( 3 )  
D E = (  VM-CM /DM 
E R R O R = D E  
A E = O A B S ( O E  ) 
I F ( A B - 1 - O D O )  l O s 1 0 * I I  

11 D E = D E / A B  
1C E Z = E l + O E  

I F  ( t E 2 + E I ) . E O .  O.DO) G C  T C  4  

9f 3 C 0  
5 5 4 0 0  
S 5 5 C C  
S 5 6 C C  
S 5 7 C O  
5 5 8 C O  
SSOCC 
5 6 0 C O  
FC l C C  
s t  2 C 0  
s e 3 c c  
S E 4 C C  
S 6 5 C O  
S 6 6 C C  
S 6 7 C C  
4 6 e C C  
4 6 9 C O  
5 7 O C O  
9 7 1 0 0  
S 7 2 C C  
5  7 3 0 0  
S 7 4 C O  
S 7 5 0 0  
S  7 6 C C  
4 7 7 C O  
5 7 8 C C  
5 7 S C O  
St3CCO 
5 8  1  CO 
s e 2 0 0  
s e 3 c o  
S E 4 C O  
c E 5 C O  
S E E C C  
S E  7 C 0  
caeca 
5 8 F C C  
FSOOC 
9 9 1 0 0  
S F 2 0 0  
S 9 3 C C  
S S 4 C O  
9 9 5 0 0  
5 4 € 0 C  
c s 7 c c  
F S E C C  
9 9 9 0 0  

l C O O C 0  
1 0 0  1 0 0  
I C G 2 C 0  
1 C 0 3 0 0  
l 0 0 4 0 0  
I C G S C O  
1CCOCC 
1 C C 7 0 0  
t c c e o o  
1 C C 9 0 0  
l O l C C 0  
101 1 0 0  
1  C 1 2 0 0  
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I F ( O A B S ( ( E 2 - E I ) / ( E 2 + E l )  ) - L ! . C - f  ) 4 * 4  e 5  
C C O N T I N U E  

I F ( N - N M A X j 6 r  7r7 
7 C O N T I N U E  

GO TO 4 
6 C O N T I N U E  

N=N+  1  
E 1=E2 
GO TO ( 8 . 9 )  v K  

4  C O N T I N U E  
RETURN 
END 



S L Q R O L T  I N E  H A R M O N  ( G I  s V 1  r A C C  S T  I WE) 
I M P L I C I T  f i E A L * B  < A - H . 0 - 2 , s )  

D I M t N S I O N  U A T E t C ( 3  - 3 )  r D A T E C 1 ( 3 + 3 )  
D I M E N S I O N  H l ( 3 . 8 )  r V 1  ( 3  v R R ( 3 )  * b C C ( , ? J  t T E W C ( 3 ) * C P T E ( 3 . 3 ) *  

1  S D A T L ( 3 . 3 )  * D A T E T ( 3 . 3 )  . $ D A I E T ( 3  - 3 )  I P C A T E ( ~ * ~ )  * P C P T E T ( 3 v 3 )  
D I M k h S I U N  A ( 3 . 3 )  . k h ( 3 . 3 )  r E W F  (3.3) . P F { 3 . 7 )  1 L C T  (8 1.  l C T ( 9  ). 

1 C N M (  3 6 )  r S N M ( 3 E )  e E C N ( 3 )  v P V P ( 9 )  s C T T ( 8 )  v C T e ( t 3 J  s U P T ( 4 F  t . V W T ( 4 5  ) *  

i L C l M ( 5 ) . I C T l d ( C )  . C h M P (  1 5 )  * L : h L L ( I S )  .CTTN(5).CTEP(5).UMTP(il 1. 
3 V M T M ( 2 1 J  

C O M M C N / H O T /  O A T E s S C A T C  I C A T E T * S C A T E T * P C P T E  . P C P T k T ~ E P T E E C v C A T E C T + E N  
C O M M C N / X L  I H /  SL T A  . X M L l e  
COMMON C (  1 0 0 0 ) . l C ( S O )  .2(3) r h C F  
COMMON/  T L P  / T L U  
D A T A  L C T / 8 . 7 * 6 r 5 . 4 * 3 * 2 * 1 / .  L C T W / 5 . 4 r 3 r 2 r l /  
E Q U I V A L C N C t  ( C ( 2 0 0 ) * C h L ( I ) )  (C(236)rSFh(l))*(C(27i)vChMW( 1 ) )  
E O U I V A L E N L t  ( C ( 2 E 7 ) r S h C h ( l ) l  
K E Y  = I 
I F (  DAB ' (  T L L - T I M E )  - L T I  C ( F C 1 )  ) GC TC 1 0 0  
T L U = T I M E  

K E Y = 2  
C A L L  R O  I E O  ( T I  M E  .A ) 

C A L L  & L T A I T (  T I M E  r C M . C R * O T * E h s E F S I L )  
C A L L  M U L T ( t N  . A . D A I E )  
D O  1 0 1  I=1. .3  
D O  1 0 1  J = 1 * 3  
O A T E T ( J r 1 )  = D A T E ( 1 . J )  
C O N  T  I N U E  

GO TO ( 2 C * 4 . B C * 8 C . 5 ) *  b C f i  
C O N T  I N U E  

N T E = t ?  
E C N (  1 )  = C ( 2 1 )  
E C N ( 2 )  = C ( 1 )  
I T I M E  = T I M E  
1 2  ; ( T I M E - L  l l M E ) * 8 6 4 0 C . O D O  
T I  = I T I M t  

OA = t r N ( 2 1 1 )  
C A L L  G H A ( T 2 s T L * G H A N * D A r C C E G A )  
E C N C J )  = G H A N * * G L 7 4 5 3 2 5 2 L 2 0 0  

C A L L  M l ( N l ( 1  e l )  ~ D A T E I R R ~  
D O  1 I=l..i 
P V A ( I 1  = H H ( I )  
C A L L  G E T A C C ( L C T . I C T I C ~ W  . S h y  r E C ) r * F V b  * C T T t < T E * U P T * V M T * N T E  
C A L L  M  1 ( P V A  ( 7 )  * D A T E T r A C C )  
R E T U R N  

C O N  T  I N  U E  
GO TO ( 2 O O * 2 G L )  KEY 
C A L L  M N A (  T I M E * O M * C H * D T  I E F S I  L *RO * G * G F  9 k k s E W h )  
CALL M U L T ~ ~ M N  .DATE .SOATE)  
D O  i C 1  1=1.3 
D O  2 0 1  J = l r 3  

S D A T E T ( J * I )  = S D A T E ( 1  * J )  
C O N T I N U E  

D P = T  I M E  
l P = D P / 3 t 5 2 5 1 D O  
T Z P = T P * T P  
T J P = T 2 P * T P  

O M = l E .  1 1 2 7 F O  C-• 0 5 2 F 5 3 9 2 2 D C * O P  + . 0 0 2 0 7 9 5 C O * T F  
1 + a C O Z C 8 l D O * T 2 P + r Z D - 5 * 1 3 P  

C R = 6 4 . 3 7 5 4 5 2 D O  + 1 2 . 1 7 6 3 5 7 D O S D P  - * 0 0 L  1 3 1 5 7 5 C O S T F  

I - . C O l I 3 C 1 5 D O * T 2 P +  l S D - 5 + T 3 P  
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E P S I L = 2 3 - 4 4 5 7 5 8  700-. 0 1 3 0 S 4 0 4 D C * T P  - * 8 8 C - 6 * T 2 P  t . 5D- f2*T3F 
O M = O M * C ( 7 5 )  
C R = C R * C < 7 5 )  
E P S I L = E P S c L * C ( 7 5 )  

X M L I R  = 1 8 O . D 0 * . 0 1 7 4 5 3 2 4 2 9 2 0 0  + C R - C C t T b - S G  
N T E = 5  
E C N (  1 )  = C ( 2 2 )  
ECNC.2)  = C ( i J  
E C N ( 2 )  = S * D C  
C A L L  M  1 ( R l (  1 .2 )  * S D A T E  .RR) 
DO 2 I = l * 3  

2 P V A ( 1 )  = H R ( I )  
CALL G E T A C ~ ~ L C T M . I C T N . C ~ P , N ~ S ~ P F  * E C ~  * P V ~ * C ~ T L . C T  E N . U P , T W ~ V M T M . N T E ~  
C A L L  M l ( P V A ( 7 ) * S D A T E r s A C C )  

R E T U R N  
5 C O N T I N U E  

X J 2  = C ( 7 2 5 )  
X J  = C < 7 2 0 )  
R E  = C ( 2 5 )  
u = C ( 5 )  
R  = F N O U M ( H l ( l ~ 5 ) )  

GO TO ( 3 0 0 . 3 0 2 1  * K E Y  
3 C 2  I T i M E  = T I M E  

12 = T I M E - I T I M E  
1 1  = I T I M E  
C A L L  VA TOUT ( T I  * T Z  .DA TE *FDA TE *O I 
CALL A R E S ( D A T E r : * F U A T E r A R )  
C A L L  M L L T t  AR *A.AG'ATE) 
00 2 C 1  1=1*3  
DO 3 0 1  J=Ar3 

3 Q t  A D A T E T ( J . 1 )  = A D A T E ( 1 . J )  
Z C O  C O N T I N U E  

C A L L  M I ( R l ( 1 - 5 )  * A G A T E * R R )  
R 2  = U * * 2  
R 5  = R * * S  
4?7 = R S * R 2  
R E 2  = R E t H E  
R E 5  = R E 2 4 R E  

2 2  = R R ( 3 ) * R R ( 3 )  
23  = Z 2 * H H ( 3 )  
C O E F  = - 1 . 5 0 0 * U * X J Z * R E 2 / R S  

00 L C  I = l r 3  
1 0  P V A (  I+6) = C O E F * ( - S . D 0 * 2 2 * R F  ( I  )/FZ + F F ( 1 ) )  

P V A C C )  = P V A ( 9 )  + C O € F * S I O O * R E ( ~ )  

IF (KJ~ .EO.OIDO)  G C  T C  1 3  
C O E F  = - -500*U*  X J J * R E 3 / A 7  

00 1 4  I = 1 * 3  
1 4  T E M P (  I )  = C O E F * ( - 3 5 . D 0 * 2 3 + R R (  1 ) / P 2  + 1 5 * C O I & C (  1  ) 4 R C ( 3 )  ) 

T E M P ( 3 )  = T E N P ( 3 )  + C O E F * ( 1 5 1 0 O * Z 2 - 3 r C O * f i 2 1  
00 I 5  I = l r J  

I F  P V A (  I + 6 )  = P \ A (  I+6) + IECP( I )  
13 C A L L  M l ( P V A (  7 ) 9 A D A T E T + A C C I  

C C O N T I N U E  

E O  R E T U R N  
END 



S U U F ~ L ? L T  I h t  I N T H  1  ( 1 C .  TF  shE-1 .PC$ . I O L C  . b E L  .CUW2)  
IMPLICIT I { ~ A L * H  ( A - 1 f . 0 - 2 )  

C 1 + * * + * * * * 8 * * * * + * * * * t * 4 * * * * * * * 5 O t t * 4 1 * r ( 1 # 4 * 4 * * * * * * * * * * * 4 * 4 * * * * * * * * * * $ + * *  

C T t . t l S  L i l i S l i J N  OF THE 3 € 0  J P L  O L L O L E  F h E C I S I C N  E C t t N E R I S  
C WAS M O D I F L E O  B Y  J E R R Y  5 .  L I F h E K I  F  CF C C C E  5 5 1  E S F C * C R E E h B E L T  M D .  

C I T  H A 5  E-JEt N  M U O I F l t U  TO H A h D L E  S E V E h  E C C I E S  I h S T E P C  O F  T t E  

C N O R M A L  E L E V E N .  T H t  B O D I E S  A F V  C G C E F  6 f E  E d E T b r W C C h , S U h * V E N L S . M A R S t  
C S A T U R N  A N 3  J L P I  TEH.  S A l L R k  A h 0  J b F I T t F  t A V E  E F E h  I h T E R C t P N G E O  
C  T O  CORRLSPONL)  '10 THE O L I C C  L C C U  F I S C I C h  P b P L Y S I S  F G C C R A Y .  
C  T H E  R E A O  Q O C T i N k - G E T T A F  H A S  B E E h  W C C I F I E O  7 C  L S E  1 t . E  C l G & C T  A C C E S S  

C H E A D  F E A T U H E  Ol- .36O FORT l r (AhH.1  h A D D 1  T I C h . T h E  h U T P T  I C h  V P R  I A E L E S  
C H A V k  H E E N  t L I M I b 4 A T E O  F G C W  T P I S  b E h S I C h  S C  T t P T  P b  € f t E H E R I S  
c R t C O R O  k I L L  t l T  O N  O N E  l R A C K  C F  A  2 3 1 6  C I S K  P A C K .  
C  TPF  D E C K  A S  I T  A P P E A R S  H E R E  I 5  S E T  L F  A S  P  C I G E C T  R E F L A C E W E N T  
C FOR T b E  S I N G L t  P H t C I S I C h  I h l f i l  I h  T t E  C U I C K  L C C K  k I S S I C N  
C A N A L Y S I S  PnUGI?AM.  
C*+******+*4**44r0*4+****+*********t**1*4**<*a**4*****4**44*4*********** 

C  I N  A D O 1  T I U N  TO T H t  A t j O L E  C H A F G E S  * T t E  F C L L C W l h G  CCWWEhT C A R D S  
C  L t t S C 1 4 1 ( 3 €  T h t  C H A N G E S  h E C E S C P H ' r  T C  L C E  T t I S  F A C U P < E  W I T & -  i t - t  
C  E4A l<h2  P R O G R A M  . T H t  V A H K 2  C O \ r E G A G E  F F C C F b C  P h O  T t t  C U I C K  L C O K  

C C O V F H A G E  P d U G H A M  
C  * i i l ( i Q *  k M A R K 2  P F C G G A H  4 * i 4 1 * * + *  
C S U t 3 R C ) I . T I N t  A N T R  I l \ t . T F  . F t  . P C S . b E L )  I r K 2  F F C G F P I *  
C  D A T A  N C k N T / J * 1 1  v 1 0 * 2 . 4 * 5 * 6 /  C P F K 2  
C N C E N T R = N C E N  T t N f J )  F C C  F A F K  11 
C * * * * s t  M A R K 2  C O b t H A G E  F F C G F P Y *  1111 * * * *  
C S U O R O L  F I N E  A N T R I  ( T # . r F  . ~ B I P C S I K P ~ \ E L V C I ~ )  C K 2  C C V E G A C E  P R C G R A M  
C O A l A  N C E N T / J + l I  . 1 C . 2 . 4 * 5 . 6 /  H P F K Z  

C N C E N T R = N C € N T  (Nt3 
C ****** C O b E N  - Q L I C K  L C C K  C C b E F A G E  F F C G  * * * *  
C N U  C h A N G E  I U k C E S S A H Y  O L E  1 C  C A R E F L L  F L A F h I h C  E Y  F R G G G P Y W E R  

C * * * * * * * * * * * * * * * * * * * * r C + * r * * * 4 * * * * * * * + * * * * * 5 * * * * * * * 4 * * * * * i * * ~ * * ~ * * * * * * * * * * * *  

C TO E X T E N O  T H E  E P H E M E R I S  F C R  A L L  B C C I E S * C t P h C E  T t E  F G L L O W  I N G  
C P O S ( Z 1  TO P O S ( 3 J )  . V E L ( 2 1 )  TC b E L ( 3 3 )  P h C  N C E h T ( 7 1  T C  N C E h T (  1 1  1 
C REPLACE THE NCENT D A T A  C A R C  k t  T t i  
C O A T A  N C E N T / 3 . l l ~ l 0 . 2 ~ 4 r 5 ~ ~ . 1  v 7 . 6 * 9 /  
C T H I S  W I L L  H L S U L T  I h  T H E  F C L L C C I P G  E C C I E S  I h  T t E  C F C E F  

C T H A T  T H E Y  A R E  L 1  S T E D  E A R  JH.WCCh . S U h . b E b L S  .WARS*  J U F  I T E R . S A T U G N *  
C M k R C L H Y  . L H A N L S * N E P T U h E  A h D  P L L T C .  
<**********************++*******************4*******4**********54********** 

C A R G U M E N T  D t 5 C H I P T I O N  

C TW I N P U T *  CHOLk D A Y S  F F C V  1 5 5 0 9  G E P L * 8  
C rF I N P U T *  F R A C T I C h A L  D A I S  F F C C  1 9 5 0 +  F E P L * 8  

C N  8 I N P L T .  C E N T R A L  B C D Y  F L h B E F  ( I - E L F T t .  2 - C C C h .  3 - S U N *  
C 4 - V E N L S I  5 - M A R 5 r  6 - S A T b R h .  7 - , L F I T E F )  t N T E G E R s 4  
C P O S  O L T P L T .  P U S 1  T l O h  P R R A Y *  F C S (  1 I - F C S ( 3 ) .  E P k T I -  X . Y . 2  

C V E L  O L T P L T .  V E L O C I T Y  P R R A V .  F E P L S 8  
C N C E N T R  C E N T R A L  8 O D Y  h L W B E C  ( 3 - E P F T i - - 1 1 - k C C h .  1 0 - S U N *  2 - V E h U S .  
C A U  A S  J R U N U M  I C A L  L N I  T  
C R E M  E O U A T O R I A L  W A O I L Z  C F  E P G T H  
C  4 - M A R S *  ~ - S A T M N I  5 - J b P I T E G )  
C E M H A T  E A H T H  M O U A  M A S S  R A T I O  

R E A L * C  J E O s N C T  
H E A L * 8  J E U P R  V 
R E A L  * E J O N  
R E A L * @  J E Z  

R E A L * 8  JD I 
O I M E N S C N  P U S ( 2 1 )  r V E L ( L 1 )  * h C E h T ( T )  s X F . E r C t 1 3 )  S T  PECUT ( 6 . 1 2  ) * N U T (  4 )  
COMMON /CE  T 8 L  I/ A U  sREM I P D  * E W R A T  

COMMON /CE T U L L /  I C  C v N C E  F  TR . I GE C 

1 1 4 0 0 0  
1 1 4  1 0 0  
1 1 4 2 C O  
1 1 4 3 0 0  
1 1 4 4 C C  
1 1 4 5 C O  
1 1  4 6 C O  
I 1 4 ? C O  
1 1 4 8 0 0  
1 1 4 9 C 0  

1  I C C O O  
1 l E  I C C  
1 1 5 , 2 0 0  
1 1 5 3 C O  
1 1 5 4 0 0  
1 1 5 5 C C  
1 1  5 6 C C  
1 1 5 7 0 0  
I l c e c c  
1 1 5 9 0 0  

1 1 6 C C O  
l l t  l C O  
1 l ( 5 2 C C  
l l e 3 0 0  
I 1 6 4 C O  
1 1 6 5 C O  
l 1 6 t C C  
1 1 6 7 C O  
l l e e c o  
1  I G S C O  
1 1 7 0 0 0  
1 1 7 1 0 0  
1 1 7 L 0 0  
1 1  7 3 C C  
1 1  7 4 0 0  

1 1 7 5 C O  
1 1  7 6 C O  
1 1 7 7 0 0  
1 1  7 8 C C  
1 1 7 9 0 0  
1 I B C C C  

l l B l 0 0  
l l P 2 C O  

1 1 e 3 0 0  
1 l E 4 C O  
I l t 5 C O  
1 1 8 6 C C  
1 1 8 7 C O  
1 1 8 8 0 0  
1 1 8 9 C O  
1 1 9 0 C C  
1 1 9 1 0 0  
1 1 9 2 0 0  

1 1 9 3 0 0  
1 1 5 4 0 0  
1  I S 5 0 0  

1 1 9 6 0 0  
1  l S 7 C O  
1 l F 8 0 0  
1 1 9 9 C C  
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COMMCN / C E T B L 4 /  TABOU T. C C  T 
D A T A  N C E N T / 3 r l l  *10 .2 .& .6 r5 /  
R A T A  J E D P H  V/O.00/ * I E R R / C /  
R A T A  I F I R S T / O /  
DA 1 A  N C E N  YP/O/  
IF(  I F  I R S T - N E - O b G O  TO 2 0  
1cw= 1 
I F I R C T = l  
AU=1445E?9CO.DO 
R E M = C J 7 e . l 4 9 2 D O  
TPD=CC4CO.DO 
E M R A f = @ 1 . 3 0 1 0 0  

2 0  DO 1 0  1=1.13 
1 0  I R E 0  ( I ) =2 

I F (  T F - W E D O  ) 3 e r 3 9 * 3 9  
3 e  S E C  l = T F * 8 6 4 0 C . D 0  

GO TO 4 0  
34 O T = T Y + r S D O  

S E C i = i  TF-.50C)*€!6400.00 
GO 10 4 1 

4 C  DT=TW 
4 1 J D I = O T + 2 4 3 3 2 8 2 0  5 D C  

C************************************************************4********** 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * $ + * 4 * * * * * 4 * * * * * * * * * * * * * * * * * * * * * * * *  

T S E C = C E C l  
J E D = J D  1 
J E Z = J E D + T S E C  
N C E N l R = N C E N T  ( N B + l  ) 

IF (  JEZ.EQ.JEOPRV.ANO.NCENTR.EC.hCEhTF b G C  T C  I 
J E D P R L  = J E Z  
N C E N  TP =NCENTR 
C A L L  R E A O t  L J E D *  Y S E C * X E R R )  
I F (  [ERR .EO.O) G O  TO 1 
W R 1 T € ( 6 r l O O )  I E R R ~ h C E h T R . I C W e J D 3  

1 0 0  F O R M A T (  2 3 H O E P H E M E R I S  ERfiCiR. I E R R = r  1 3 . 2 1 5  r C 1 4 . 2 )  
1 C O N T I N U E  

DO 2 J z 1 . 7  
00 2 I = l r 3  
I I = (  J-1)*3+1 

J l = N C E N T (  J I 
P O S f  I 1  ) = T A B O b T < I  IJA) 

f V E L (  I t  ) = T A Q U L T <  1+3..lJb 
R E T U R N  
EN 0 
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S U B R O L T I N E  I T E R ( I B * R l  *\I r F * C * C C * D T t F * b )  
l M P L  I C  I T  R E A L * 8  ( A - H  *O-Z 9 2 )  

COMMON C( 1 0 0 0 ) . I C ( 5 0 )  . Z ( 3 )  . \ V ( 3 )  * h c &  
t O M M O N / S T t P S /  S T E P  IXOLD 

D I M E N S l O N  X l ( 3 )  .R1 ( 3 r 0 )  r R ( 3  9 8 )  V l ( 3 ~ 8 )  SV ( 3 * 8 )  s R R ( 3  ) * V V V ( 3  1s c @ (  
CUUNT=O.DO 
ZRS=C.SC5DS 
XU = 1 
F=C,DO 
DT=O.DO 
T=C.DO 
L K =  1  
T U L D = O * D O  
FULO=C.OO 

N N = I  
I F ( K K  mE0.2) XK=-1 

c K= I  M E A N S  f ~ u r n  SHADOW. u = 2  MEANS MOON S H A D O W  
C K = 3  MEANS O T H E R  P L A N E T  ShADOW 
C K K =  1  MEANS PENUMURA.  KU=2 MEANS UMBRA 

DO ~ C C O  r = l . e  
00 2 C C O  J = l * 3  
R ( J .  I ) = R I ( J . l )  

2 0 0 0  V ( J .  I ) = V l ( J * I )  
GO TO ( 1 . 2 . 1 0 ) g K  

1  DO 3 [ = I 1 3  

3 X I (  I ) = U ( I . l ~ - R ( l * 2 )  
S E V A =  A O O T ( X I + H ( l . l ) )  
R F S = F N O R M ( U (  I r a ) )  
R F E =  F N O R M ( H  ( 1  1 )  ) 
D E L S =  DARSiN<65OO-DO/RFE)*57~295779500 
Z R E = C 5 0 0 0 . 0  

GO TO 4 

2 00 5  1=1.3 
5 X I (  1 ) = R ( I * 2 ) - R ( I . L )  

S E V A =  ADO T(  X  1 r R  ( 1  92) ) 
R F S =  F N O R M ( R ( 1 . 3 ) )  
R F E =  F N O R M ( R t  112) 
D E L S = D A W S I N (  1 7 3 8 . 0 0 J R F E  $ * 5 7 - 2 S 5 7 7 9 5 C O  
Z R E =  1 7 3 E . 0 0  
GO TO 4 

1 0  D O  2 0  I = I* 3 

212 X l ( 1 )  = R ( 1 r  W R )  - R ( 1 . 3 )  
S E V A =  A U O T ( X 1  (1  .NOR) ) 

RFS=FNCIRM(R< 1 ~ 3 ) )  
R F E =  F N O R M ( H (  1 s N O R ) )  
OELS=DARSIN(C(NOH+20)/RFE)*57-295- 
Z R E = C ( N O R + 2 0 )  

4 C O N T I N U E  
Z R E = U S I G N ( Z R E I X K )  
S r  G r D A R  S I N (  t Z R S + Z C E ) / R F C )  *S7..2F57795CO 
F = S E V A + D E L S + X K * S I G - I  8 0 -  DO 

I F ( O A B S ( F )  .LE.OICCOOO~O C )  f iETbFh 
~ F ( C O L N T I G T - ~ O O . D O )  GO TO 11 
GO TO ( ~ s ~ ) . L K  

C L K = 2  
DT=-  S T E P  
GO TO e 

f D T = (  T O L D * F - T * F O L D  1 /(F-F C L D )  
e F O L D = F  

TOLD=T 
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l = D T  
C A L L  S T E P O ( N N I D T . T A ~ R I  ( 1  S I B )  1 V 1 ( 1  , 1 8 1  * C ( I B )  t f f R + V V V * l . C @ )  
T I M =  C (  5 9 3 1 +  ( X O L O + C ( 5 0 e ) + l )  / E 6 4 0 0 . 0 0  
C A L L  T F H A C ( C  ( 2 9 2 )  . T I M . T T * T T F )  
C A L L  5 H t F  T P (  I B e R R  . \ V V . T T  e T T F  e R * V l  
C O b N T = C O U N T +  1.DO 
GO TO ( 1 . 2 . l O ) r K  

1 1  W R I T E ( 6 e 1 2 1  
12 F O R M A T (  1 H 0 . 2 2 H M A X  I T E R A T I O N S  I N  I T E R )  

STOP 
E N D  



C+UL)!~OUT I E l t  KCNSTIC 
r ) . lp l_  I C  I T I<E/?LCt3 (A-tirO--2 1 % )  

[ ) I :~ [ : ,NSIC!PJ  i( 1003) .IC(50) 
[ , I ! .~:EP;SICN S (  40. 1 )  . 5 S S ( 4 C  16) 
1) II.ICNS ICIN DPJAMI; ( 2  re )  
o I M E N S I O N  C)! 793) 

c T ~ E  F(JLLC>I~ING STATC:.!ClluT(S) H A V E  t t E E N  MAhUFACTUREC E Y  TtE TLPNSLPIOR TO 

CO!.II'EI.ISA-IE F G I 2  TrtE +ACT Tt-AT E C U I  V A L E N C E  O O E S  h C T  T;ECT.f:Eli CCPlVON---- 
CO>'l;.lC,N C 
CC:4:."CN 1 C  5 5 s  

C DIt.IENSIUt4 C (  ICOC) sIC(SC1 
C D ~ ! . I E P J C I C N  S (  YO* 1 )  v C S S ( 4 C  $ 6 )  
C L)I!4iNSION IJNttLlEt2 v S )  
c f) [?.\ENS xnri 0 ( 7 ,j) 
C COIVLIGN C I I C S S S  

EUUIVALCrt<CE (C(201)rS(l t 1 ) )  r ( C ( 3 f & l ) r G ( l r f ) f r ( C ( f 4 4 e ~ . C r * , f i t ~ E ( l r l ) )  

C DEFINES CONSTANTS NEEDEC BY PROGRAM 
C 

CfO 1 I=lt 1000 
1 C (  I)=C.CDO 

C PLANEIARY G : < t ' t V I  TATIONAL CCbSTPhTS (IKN3fSEC2 1 
C( 1) = 3FEG02.2DO 
C(2) = 4902.77800 
C t  2 = -1327 15450 12 
C (  4 )  = 22476S.5OC 
C (  5)=92515.51SDO 
C( C)=. 12671054D4 
C( 7):lCCOO.OOO 
C( O)= lCC00.0~0 
i ? A D i V S  GF-' SF3HL<RE Of;  INFLUENCE iKk) 
C( 1 1  )=92LOUO.OOO 
C (  12 )=C:E000. COO 
C( I.? 1 = 1  .D 1 C 
C( 1 4  ) = C  16000e000 
C( IS=5C50C0.030 
C (  L C ) = . 4 E D E  
C (  1 7 ) = 1 C O O C O ~ O D @  
C( 18)=lC03CO.OOC 
IMPACT RADIUS (K M )  
C( 4 1 )~637e). 165:) 0 
C (  22 )=li2U.000 
C( 22 )=6S40CO.ODO 
C i  24 )=€C50.1700 
C(217-1  = 3417.0DC 
C 1  26)=7100C. CQO 
Ci 27)=1C006.030 
C (  iC)=lC03C.CDO 
M I ~ J ~ L ~ L M  T I h l E  STEP FOR OUiPUT (SEC) 
C (  2 1 )=4?20CJ. COO 
C (  32 ) = 2  1&0C. COO 
C (  3 2  )=172BOCC.@OO 
C( 2 4  )=42200.0D3 
C (  -?9)=42230. CDO 
C(lt)=Et40C* CDO 
C( 27)=4220O.ODO 
C( 20)=4t20C. COO 
S I D E I t E A L  ROT/sT1O& R A T E S  ( H A C / S E C )  
c (  4 1 )=-729>1 1520-4 
IN 1 t : R P O L A T I U N  IN J E R V A L S  F C R  E P H E L E G I S  ( D A Y S )  
C( 51 )=4CeOU0 
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C (  5 4  )=*C.ODO 
C (  5 5  J = 4 C . 0 0 0  
C ( 5 6 ) = I C 0 - 0 0 0  

C N A M E S  O F  E P H E M E R I S  B O D 1  E S  

O A T A  Q O C O H L / 6 H  E A R T H /  

C (  6 1  )=OCOOt iL  
D A T A  O O C l H L / i i H  MOCN/  
C (  6 2  ) = O C O I t I L  

D A T A  O O C 2 t i L / C H  F L N /  
C (  6 3 ) = O C O Z H L  
O A T A  Q O C 3 H L / 6 H  V E h L S /  
Cf 6 4  ) = Q C O 3 t i L  
D A T A  o o c s n ~ / e n  MARS/ 
C (  C E  ) = Q C O 4 H L  
D A T A  Q O C 5 t i L / 6 H J L P T E R /  
C (  6 6  ) = O C O S H L  
D A T A  Q O C 6 H L / 6 H B O D \  7 /  
C (  6 7 ) = Q C O b H L  
D A T A  Q C C 7 H L / 4 H @ O D Y  8 /  
C( 6 8  l = Q C O 7 t i L  

C A S T R O N O M I C A L  U N I T  I N  K C  
C (  7 C ) = .  14950s 

C SECONDS PER M E A N  S O L A R  D A Y  A h 0  R E C I  F F C < C L  

C (  7 1  ) = E t 4 3 C . C 0 0  
C (  7 2  ) = 1 . 1 5 7 4 C 7 4 D - 5  

C S E M I - M A J O R  A N D  S E H I - M l h C R  A > E S  C F  THE E l R T t -  ( K L )  
C (  7 2  ) = 6 3 7 8 . 2 C 6 4 D C  
C (  7 4  ) = € 5 5 & . 5 € 3 d D C  

c D E G R E t - R A D I A N  C C t V V E R S I C h S  
C (  7 E ) = . C 1 7 J E 3 2 9 3 D C  
C (  7 6  = 5 7 . 2 5 5 7  7 9 5 0 0  
C( 7 7 )  = 1 . 5 7 C 7 5 t 3 2 0 0  
C (  7 8 )  = 3.14 1 5 9 2 6 5 0 0  
C (  7 9  J = 6 . 2 8 ? 1 8 5 3 0 0 C  
D A T A  O O C 8 H L / 6 H  K /  

C( i?E =Q C C 8 H L  
D A T A  OC C F t i L / 6 H M - K M / S /  
C (  € 6  ) =QCOQHL 
OA TA U O  l O H L / € H E C - O E G /  
C ( E 7 ) = Q C I O H L  
D A T A  Q O I l H L / b H  L / 

c t  ea  ) = o o i  1 n L  
D A T A  Q 0  1 2 t i L / 6 H N I  T C  A /  
C( E 9  ) = Q O l Z H l .  
D A T A  0 0 1 3 H L / e H U - - - D E G /  
C (  SO ) = Q O l 3 H L  
D A T A  0 0 1 4 H L / e H  E O L /  

C (  9 1  ) = Q 0 1 4 ) i L  
D A T A  OO 1 5 H L / E H A  TOR O /  

C (  Fi ) = Q O l S H L  
O A T A  Q 0 1 6 H L / C H F  O A T € /  
C (  9 3  ) = O O 1 6 H L  
D A T A  0 0  1 7 H L / 6 H  E C L I  / 
C (  9 4 ) = Q C 1 7 H L  
D A T A  Q O l e H L / 6 H C I T I C  O /  
C (  F 5  )=QC 1 8 H L  
C (  S 6 ) = Q C l 6 H L  
D A T A  OO i 9 H L / b H  S / 
C (  S 7 ) = O C 1 9 H L  

D A T A  Q 0 2 0 H L / O l i E L E h O G /  
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C(  S R  ) = Q C 2 0 H L  
D A T A  0 0 2  l W _ / f 5 H H A P t i I C /  

C( 9 9 ) = Q C 2 1 H L  
C t  1 2 2 ) = 1 o O V O  

C +**+ THE F O L L O h K N G  AH& t A R l H  F O T E N T t f i L  

C  C ( 2 0 0 )  T t i R L  C ( 2 C 7 )  I S  C ( O e 0 )  T H F L  
c c ( 2 c e )  THHL ~ ( d 1 4 )  I S  ~ ( 1 . 1 )  THGL 
C C ( 2 1 5 )  T H H L  C ( 2 2 0 )  I S  C ( 2  9 2 )  T H F U  
C C (  2 2  1 ) T H R L  C ( 2 2 5 )  1" (3.2) T H F b  
C C ( 2 2 6 )  T H R L  C ( 2 2 4 )  I S  C ( 4  9 4 )  T H C L  
C  C(2.30) T t i f l L  C t . 2 2 2 )  I S  C ( 5 . 5 )  T H F U  

C  C (  2 3 2 )  T H H L  L C 2 3 4 1  I S  C ( b . 6 )  T V E U  
C C ( 2 3 5 )  I S  C ( 7 . 7 1  
C  C ( 2 3 E )  S H R L  C ( 2 4 2 )  I S  E ( 0 . C )  T H F L  
C C ( 2 4 4 )  TdUb C ( 2 S C )  I S  S ( 1 . I )  T H E L  
c C ( Z E 1 )  T H H L  C ( 2 5 6 )  IS S ( 2 . 2 )  T t f C L  
C C (  i E 7 )  T H R L  C ( 2 6 1 )  IS E ( 3 r 2 )  T H F L  
C C < 2 € 2 )  T H A L  C ( L 3 t t - f  I <  $!4 3 4 )  THFLL 
C C i 2 C k )  T H x L  L ( 2 e t ? )  1 5  S ( 5 . 5 )  T H F L  
C C(269) T k i R L  C ( L 7 C )  IS E ( 6 . 6 )  T H F L  

C C ( i 7 1 )  I S  S ( 7 . 7 )  
Cd 2CC )=C.OOG 
C (  2 C  1 ) = C . o O c  
C (  k c 2  )=-. 1 O P 2 6 4 5 C  C C C 2 C - 2  
C{ 2 C 2 ) = C . Z t 4 5 4 S S L L 5 0 - 5  
C (  E C 4 )  = . l c 4  0-5 
C( r C E )  = 0 2 1 0  0-6 
C( 2 C 6 )  = - . t 4 5 S S S S S 9 9 9 3 C - 6  
C (  5C7) = . 2 3 2 4 5 5 5 ~ , S 4 5 8 0 - 6  

C ( 2 C 8 )  = 0.DC 
C ( 2 C 4 1  = O.DC 
C ( 2 1 0 1  = . Z 3 5 1 l i 8 S S U 6 2  C-5 
C t  2 1 1 )  = - . 5 4 2 6 4 6 t 4 6 4 e 5  D-6 
C (  2 l c )  = - . G ? i 5 1 3 5 E 2 4 7 7 C - 7  
C (  2 1 2 )  = - . 3 6 4 7 % 4 C 2 2 4 6  C - ?  

C (  i 1 4 )  = . ~ 4 4 1 8 4 2 3 5 7 6  0-6 
CZ i 1 9  = 1 5 3 L c 3 7 t S b 7 6 0 - 5  
C 1 2 1 5 )  = . 2 5 C r ' C t 7 2 E ? 3 6 0 - 6  

C (  2 1 7 )  = . 7 3 7 4 0 2 4 3 2 5 7 7 0 - 7  
C i  2  L8) = . A 0 2 1 1  7 7 C 7 5 2 6 0 - 6  
C ( 2 i F )  = . B 5 E J 8 3 C J i 3 8 5 0 - 8  
C ( 2 2 0 )  = . 3 t 2 5 5 2 6 7 & 1 7 4  0 - 7  

C ( i i 1 )  = . 7 6 2 2 7 ? L 2 4 8 1 3 0 - 7  
C i 2 2 : )  = . $ 0 & 5 6 4 7 7 3 2 7 . 3 D - 7  

C (  2 2 2 )  = -. 1 7 1 7 7 E  i 4 2 e t 3 8 C - 7  
C ( 2 2 4 )  = -.1 1 4 6 3 0 C 4 0 9 4 0 - E  

C i  2 . 2 5 )  = - . 3 t 2 1 4 7 t C b 1 3 8  0-8 
C ( Z 2 C )  = -.l l l S f 3 2 5 3 h 7 5  0 - 8  
C (  2 2 7  = - . 2 6 0 3 3 6 5 2 t i ! i C 4 0 - 8  
C (  2 2 e )  = -. 1€6>6C?i1294EC-Y 

C( 2 2 9 )  = - .322778C,545750-9 
C (  2 3 C )  = a 3 M 4 1 0 8 4 4 6 1 8 8 D - Y  
C( 2 2  1 )  = - - 2 5 2 6 1  1 5 2  JL57 D - 9  
C t  2 2 2  ) = . Z c Z ? 9 8 0 4 f 5 2 1 5 3 D - l  C 
C( 2 3 2 )  = - - 9 3 1 9 1 5 0 3 6 5 5 5 0 - 1 1  
C (  2 3 4 )  = - . 1 4 5 0 6 t 3 7 3 8 2 6 0 - 1 0  
C4 2 3 5 )  = * 1 0 2 0 2 7 9 4 5 3 3 9 0 - 1 1  

C( 2 2 C )  = 4 0 0 0  
C (  2 2 7 )  = 0.OC 

C ( 2 L 8 )  = 4.DC 

COEFF X C I E N T S  * * a *  
C ( 7 . 0 )  
C ( 7 . 1 )  
C  (7 .2 )  
C ( 7 . 3 )  
C ( 7  r 4 )  
C ( 7  r':) 

C ( 7 . d )  
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C ( 2 3 9 )  : 0 . 0 0  
C(  2 4 C )  = 0.I)O 
C( 2 4 1 )  = 0.3C 
C ( Z 4 i )  = 9 - V C  

C ( 2 4 2 )  = 0.DC 
C (  2 4 4 )  = 0.DC 
C ( 2 4 5  = 0 . 0 0  
C (  2 4 t )  = . 2 8 7 3 1 2 e 3 7 6 3 2 0 - 6  

C(  2 4  / )  = - . 4 4 4 V 3 2 4 C 6 7 7 5 0 - 6  
C f  2 4 P )  = - . 0 € 2 C 3 9 3 C 7 4 8  0 - 7  
C( 2412) = -.> 12.r J 4 E C 3 V 7  0 - 7  
C ( 2 E O )  = . 1 1 4 1 t C 3 C € 5 J f i  0-6 
C (  2 5 1 )  = -.t 7 2 C 6 t i 5 0 1 1 . 5  D-b 
C (  2 5 2 )  = - . l f ! 3 7 € 1 S E J 7 3 7  C - 6  

C(  2t2) = . 1 4 7 8 0 4 C L 3 J 1 5 0 - 6  
C ( 2 C 4 J  = - - 3  1 5 4 L t 5 L 4 7 4 8 4 C - 7  

C (  2 5 5 )  = - . 4 L L 3 1 6 2 1 0 6 4 e  0 - 7  
C ( 2 5 C j  = o l t Z J ~ 1 € t t . 1 0 6  0 - 7  
C ( 2 E  I )  = , 2 2 5 J 9 t 2 2 C 7 1 6 4  0 - 6  
C(  2 E e )  -. 1 1 3 - 4 1 5 7 1 7 E 8 7 C - 7  
C ( 2 ' $ )  = . z ~ L , ? ~ o ~ I ~ + L s  0 - 9  
C (  2 C O )  = . c 4 2 ? S C 5  1 S O b b D - 9  
C (  2 0  1  ) = . L t 3 5 4 C 2 7 C 4 ~ ? 0 - 4  
C (  2 6 '  I = . 4 t  L g C 3 0 S t u  7 5 0 - 8  

C 1 2 t l )  : . 4 Y e 3 2 1 t S t J 0 4  0 - 9  
C(  2 6 4 )  = -. 1 4 0 0 ~ 7 5 3 2 5 1 2 0 - 8  

C (  2 t f )  = - . Z l & t C C C 5 6 3 6 2 0 - 9  
C (  2 t  C )  = - - 1  4 S I C d 4 2 0 6 0 5 0 - 8  
C (  2 6 7  f = - . 3 C F 6 3 6 C 2 6 4 5 1 C - 9  

C (  2 6 8 )  = . I 9 1  1 1  7 6 5 L 7 F 3 0 - 1 0  
C ( 2 6 4 )  = - . 3 6 1 1 1 8 t L 6 u 6 C U - l O  
C(  2 7 C )  = , C 3 7 L t 3 1 4 1 3 3 2 4 0 - 1 1  

C (  2 7 1 )  = o l l t C ~ L 1 4 C 9 5 4 D - l l  
C * * * 4  THE. F C L L U k l N G  A R E  MOON F O T E N T I b L  C O E F F I C I E N T S  * * * *  
C  C (  2 7 2 )  T t l l l U  C ( d 7 6 )  I S  C ( O . 0 )  THhU C ( 4 . 0 )  
C C (  ~ 7 7 )  T H H U  C ( 2 t . O )  ( 5  C ( 1  e l )  T H L U  ((4.1) 
C C ( i t 1 )  T H l l U  C ( 2 e 3 )  I F  C ( 2 . 2 )  THKU C ( 4 . 2 1  
C C( 2 E 4 )  T t i R U  C ( 2 ~ 5 )  I S  C (3 ~ 3 )  T H 6 U  C ( 4  ~ 3 )  
C  C (  2 E f )  I S  C ( 4 . 4 )  
C C ( 2 t  7 )  T t i R U  C ( 2 4 1 )  I C  S ( 0 . 0 )  THKU S ( 4 . 0 )  
C C (  2 4 2 )  T H H U  C i 2 S S )  I S  S t 1  e l )  THKU S ( 4 . 1 )  
C C ( 2 S C )  THHU C ( 2 E B )  1s S(2.2) T H S U  S ( 4 . 2 )  
C C ( 2 4 9 )  T H a U  C ( 3 0 0 )  1'. S ( 3 . 3 )  T H F U  S ( 4  * 1 )  
C C( 2 0 1  ) I S  S ( 4  - 4 )  

C(  2 7 2 ) = < . 0 ~ 0  
C( 273)=C.OUO 
C (  2 7 4  ) = - r 2 0 7 1 C t i O - 3  

C (  2 7 5 ) = C . L l O - 4  
C (  2 7 9 ) = C .  3 4 0 - 4  

C (  2 8 1  ) = C . 2 0 7 1 6 D - 4  

C (  2 8 4  )=C.OL5&3D-4  
C C (  4 6 2  ) =  F L A G  FUR I M P A C T  

C(462)=1.C15 

C (  5 0 6 ) = O . U 0  
C C (  7 1 9 ) =  R E D U C T I O N  F R O M  L h [ V E R S I A L  TO E P t N  T I M E  1 9 6 6  

C (  7 1 4 ) = 4 0 . 0 0 0  
C C ( 7 2 0 ) =  H E T I F I C A 7 t O N  L t M I T  1)rl F O U l I F ( E  G E R I V  

C( 7 2 0 ) = C . 0 2 5 0 0  
C C ( 7 2 E ) =  J2 OF M A R S  

C (  7 2 5 ) = C * 1 9 4 6 6 6 7 0 - 2  

1 4 9 5 C C  
1 4 9 6 0 0  
1 4 9  7CO 
l 4 9 e C C  

1 4 9 9 0 0  
1 5 o o c c  
I50 1 CC 
1 5 0 2 0 0  
1 5 0  JCC 
1 5 3 4 0 C  
1 5 0 5 0 0  
1 5 0 0 0 C  
15C 7 0 0  
15CPCC 
1 5 0 4 0 0  
1 5 1 0 0 0  
l E l l O O  
1 E l Z 0 0  
1 5  13CC 
1 C 1 4 0 C  
1 L l S C C  
1 5  I G O C  
1 5 1  7 0 0  
15 I U C O  

1 5 1 5 0 C  
152OCC 
1.;210C 
I C 2 2 O C  
1 5 2 3 0 0  
1 C 2 4 O C  
1 5 2 5 C C  
1 5 2 6 0 0  
1 5 2 7 C C  
1 5 2 t 0 0  

1 5 2 9 0 0  
1 5 3 0 C O  
1 5 3  1 0 0  
1 5 3 2  OC 
I t 3 3 0 0  
I E 3 4 0 C  
1 5 3 5 C O  
l 5 3 6 0 C  
1 5 3 7 0 0  
1 5 3 8 0 0  
1E3GCC 
l E 4 0 0 0  
1 5 4 1 0 C  
1 5 4 2 G O  
1 5 4  3 0 0  
1 5 4 4 0 0  

1 5 4 5 0 0  
1 5 4 6 0 0  
1 5 4 7 0 0  
1 5 4 8 C C  
1 5 4 9 0 0  
1 5 5 0 C C  
1 5 5  1 OC 
1 5 5 2 0 0  
1 5 5 3 0 C  

1 5 5 4 0 C  
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C C( 7 i C ) =  J 3  /F MARS 
C (  72C)=O.DO 

C C (  7 C @ )  STANDS F O R  TYPE OF' I N P U T  
C = 1  E A R T H  MEAN EQUATOR AND ECUENOX OF 1 9 5 0  
C - 2  TRUE E Q U I N O X  A N 0  E C L I P T I C  O F  DATE 

C = 3  SELENOGHAFHIC  TRUE MOON EQUATOR OF DATE 
C  =4 MARS MkAN EQUATCR OF C A T E  

C = S  TRUE E A R T H  ECUATOR A N 0  ECUIMOX CF O A T €  
C( 75€2 )= l .U0  

C C ( 7 t l )  I S  D A Y S  FOR X N I E G R P T I O N  
C (  7 6 1  ) = 1 8 0 * O D O  
C(7C;)=l.ODO 
C( 7 6 5  )=C.ODO 
C(  7 t 4  ) = € E 4 0 0 . 0 0  
C (  7eE)=- l .ODO 
C (  7 6 € ) =  l o O D 0  
C (  7 6 7 ) = 5 . 0 0 0  
C (  7 E E ) = l I I . D 0  

C---- C (  1 6 C  1 SOLAR P R E S S  KEY O t O = D Q  NOT I N C L U D E  l o o =  I N C L U D E  
C (  7 6 4 ) = C . 0 0 0  

c---- C( 7 7 C )  AREA FOR SOLAR PRESSURES (CW.**2)  
C (  7 7 C ) z 2 2 2 2 5 . 0 0  

c---- C( 7 7 1 )  MASS FOR SOLAR PRESS ( G C - I  

C( 77 1  )= 1 1  3000.D 0 
c---- C(  7 7 2 )  R E F L E C T 1  V I T Y  

C (  7 7 2  )= C.2DO 
c ---- C( 7 7 2 )  F R A C T I O N  OF P A R T I C L E S  REFLECTED 

C (  77 ' )=1 .000  
c---- C (  7 7 4 )  SOLAR P R E S S  A T  ONE A-U. 

C (  7 7 4 ) = 4 . 7 0 - 5  
C --- C (  7 7 5 )  I S  KEY F O R  LNPUl.=O. I N P U T  I S  CARTESIAN.= l .  l N P U T  XS 

C O R B I T A L  E L E M E N T S  
C( 7 7 S ) = C * O O  

C ---- C( 7 7 6 )  I S  K E Y  F O R  S T O P P I  NC AT PPOGEE OR P E R I G E E *  
c ---- =o. DO N O T  STOP. =I. STOP A T  PPOGEE I = - 1  S T O P  &T P E R I G E E  

C (  7 7 € ) = C s O O  
c---- C (  7 7 7 )  I S  THE K E Y  FUR E X I R A  OUTOUT AND I S  I N  THE FCRM PECOEFCh. 
c--- C MEANS 00 NOT P R I N T  AND 1  MEANS PRIWT. 
c---- A= CENTRAL BUOY MEAN E P R T H  EQUATOR OF 1 9 5 0  
c---- B= MOON F l X E D  
c---- C= MARS MEAN EQUATOR O F  OATE 
c---- O= CENTRAL BUOY TRUE ECLIPTIC A A D  E Q U I N O X  OF D A T E  
(---- E =  EARTH CENTERED TRUE E C L I P T I C  PND E Q U l N O X  OF DATE 
c---- F =  Sbh CENTERED TRUE E C L I  P T I C  CND E Q U I N O X  OF O A T €  
c---- G= C E h T R A L  BODY TRLE EARTH EQUATOR OF DATE 

C---- H r E A R l H  F I X E D  L A T I T U D E  AFD L O N G I T U D E  
C ( 7 7 7 ) = L O O O O O L 1 ~  

C C (  9 0 1  I IS O E L T A  T  F O R  U P D A T I N G  TRANSFORMATIONS I N  HARMON 
C(  9 0 1  ) = 1 5 * O O  

C 1HESE CONSTANTS *RE O E F  I N E D  I N MA1 N 
I C (  1 )=0 
IC( i )=O 
RE TURN 
END 
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SUBROUT INE M  1  ( 8.A v Y )  
IMPL I C  I T HEAL*8 ( A - H s U - 2  v S )  

C S U e R O U T  I N E  G I LES t = A X  
D I M E N S I C N  X ( 3 )  v t C 3 )  * A t 3  9 3 )  

C D I M E N S I O N  X ( 3 )  V Y  13) r A  ( 3  ~ 3 )  
DO 1 1 x 1 9 3  
Y I  I )=0100 
DO I J = l * J  

1 Y (  I ) = Y (  I ) + A (  I s J ) * X ( J )  
RETURN 
E N D  
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S U B R O U T I N E  MNA(  TLMEsOMsCR 101 . E P S I L  * R C t G  sGPeWW * E M )  
I M P L  I C f  T  WEAL*L3 (A-H.0-Z r S )  

D I M E N S I O N  E M ( 3 . 3 )  . D F ( 3 )  
C O M M O N I X L I H /  S G .  TA 

C 

C  
C 

0 = T I M E  
T = 0 / 3 t 5 2 5 . D O  
T 2  = 1-41 
T 3  = T 2 4 T  
A = 1 3 . 0 € 4 9 9 2 D C  
DO 6  I = l s 3  

DO= C ID 0  
DD=D 
DD=DC*( A / 3 6 0  1 0 0  
DD=DD- I U I N T ( D 0 )  

O F (  I )=OD 
GO T O  ( 4 0 5 . 6 ) s I  

4 A = . 9 8 5 6 0 0 5 D O  

GO r0 6 
E A=. 1 6 4 3 5 6 6 0 0  

€ C O N T I N U E  
G - 2  1 5 . 5 4 0 1 3 D 0 + 3 6 0 . D O * D F  ( 1  ) 
GP=35E.  O C 9 0 6 7 0 0 + 3 6 0 ~ D O * O F o  
WW=19€-745632D0+360 .00*DF ( 3  

G = G + . C 1 7 4 5 3 2 9 6 0 0  
GP = G P * . 0 1 7 4 5 3 2 S t D O  
W W  = W W C . 0 1 7 4 5 3 2 9 6 0 0  
YN = 1 - 5 3 5 0 0 * . 0 1 7 4 5 3 2 9 6 0 0  
RO = - . C 2 9 7 2 2 2 V O * O C O S ( G  ) +  - 0  1 0 2 7 7 7 D O * O C C C  (Gt2 .CO*bW ) 

1  - ~ 0 0 3 0 5 5 5 5 D O * O C O S  (2 .DC*G+2.00*L* )  
TA = - . C O 3 3 3 , ' 0 0 * D 5 1 ~ ( G ) + . C 1 6 3 % 8 B C O * 0 5 l F ( G F )  

1 + - C C 5 0 0 * L ) S I N ( 2 . D O * I I , I I , )  
SG = - . C 3 0 2 7 7 7 D C * D E I N ( G  ) + . 0 1 0 2 7 7 7 C O * D ~ I E ~ G t 2 ~ C O + b ~  

1 -. 0 0 . 5 0 5 5 5 5 0 C 4 D S i h  12*DO*Gt2.OO*LW) 
SG = ( S G * . 0 1 ? 4 5 3 2 S e D C ) / O Z I h  ( Y h )  
R O  = R 0 - 4 . 0 1 7 4 f 3 2 S t D O  
TA = T A 4 . 0 1 7 4 5 3 2 S t D O  
YN = Y N  + HO 
RO = O M  + SG + D T  

C I  = OCOS ( R O J * D S I N  ( E P S I L ) * D S I N  ( Y N )  
1 +DCOS ( E P S I L ) * D C O S  ( Y h )  

S I  = 1.00 - C I * * 2  

S t  = DSOHT (SI) 
SO = - D 5 1 N  ( R O ) * D S I N  ( Y h ) / S I  
CO = 1.00 - SU-4-42 
CO = DSOHT ( C O )  

SO - D S I N  ( R U ) * O S I N  ( E F S I L ) / S I  
C D  = - D S I N  ( H O ) * S C * U C O S  ( E P S I L )  - OCCS ( R 0 1 4 C O  

D L = A R K T N S < O s C D . S D )  
& C O N T L N L E  

CA = D L  + ( C R  + T A )  - (CCI  + CG) 

SA = D S I N  ( C A I  
C A  = DCOS ( C A )  
RO = DCOS < H O ) * D S I N  ( E P S I L ) / ( S I * C D )  

EM( 1 . 1 )  = C A * C U  - S A * S C * C l  
EM( 1.2) = CA*SO + SA*CO*CI  

EM(  1 .2 )  = S A * S I  
E M (  2.1 = -SA*CO - C A * S C * C I  

E M ( 2 .  f = - 5 A * S O  + C A * C C * C I  
EM( 2 . 2 )  = C A * S I  
E M ( f . 1 )  = S O * S I  
EM(  2 . 2 )  = -CO*SI  
E M ( 3 . 2 )  = C I  
RETURN 
E N D  
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S U U R O b T I N E  M L L T < A  .U.C) 
i M P L  IC  1  T R k A L * B  ( A - H  1 0 - 2 . 9 )  

O I M E N S I C N  A ( 3 . 3 )  * B  ( 3 . 3 )  rC  (3 * 3 )  
C D I M E N S I ~ I N  A i 3 r . 3 )  r U ( 3 . 3 )  * C ( 3 + 3 J  

00 1  I = 1 * 3  

00 1 J = 1 . 3  
C (  1 . J )  = O.DO 
00 1  K = l r 3  

1 C (  I r J )  = C ( l  r J )  + A < I  . K ) * B ( K r J i  
R E T U R N  

END 
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S U O R O L T I N L  N L T A I T  (TIMCICF,CG.DT.EN.EFSIL) 
X1.1t'L. I C I  1 l < E A L * d  ( A - t i  r D - Z  r 2 )  

D I M L N S O N  t N  ( 3  ~ 3 )  
C D 1 V t N S I C ; N  t N t - 3 . 3 )  

U U  7 = C .O C  
D  = T i M E  
T = O / 3 € 5 2 5 C 3 0  
1 2  = I *  J 
r 3  = r 2 c T  
0b1= 1 2 -  1 1 2 7 ~ 1 C V O - .  C5295JF72DC*U+.00207( i5C3+~+.0020A l O O C O * T 2 +  . 0 0 O O C 2  

z ' O O D C e T 3  

CH - C 4 . 3 7 5 Q 5 2 3 C + 1 2 . 1 7 C 3 9 7 D C * C - t 0 0 1  1 3 I 5 7 5 C O * T - ~ O O l l ~ O l 5 C O * T Z + ~ O O C O  
Z C l F U C * T 3  

C P  2 0 t - H 4 3 4 Y 0 0 4 . 1 1  1 4 0 0 C B D C * C C c O 1 O 3 3 4 0 C C O * T - - 0  l O 3 4 3 O O C O * T 2 - * O O O O  I 
ZL 'CCOC*  1' 

V L  = 2C'C.Or' l  ~ l ~ C t + 5 8 5 t ~ 4 7 3 4 D C ~ D + . 0 3 O 3 O 3 O O C O * ~ T t T E  
G = 2 € 2 . 0 ~ C ~ b 0 + ~ 4 7 0 o 2 ~ 4 C - C 4 * D + ~ 0 0 0 4 5 5 2 5 C 0 * T + ~ 0 0 0 4 5 ? 5 0 C 0 * T 2 +  . 0 0 0 0 0 3  

zo0nn.o  r i 
O M  = G x 1 C . C l 7 4 C 3 2 c t D C  
CH = C;I".O1 1 . s C . J d C C O O  

Gf' = (>F' ,*-d;  7 4 < - 3 2 < f [ j C  

VC = U L ' L . 3 1 r ' / r L 3 , ! ' r C . j 0  
6 = G O I C 1 7 4 t Z 2 Y t , D L  

D L 1  = 2 L . > t c r 4 C O : : C  u I ) C C C ( C F )  
U t Z  = -.25113C 4 LIULUS(L.UO*C&') 
D t . 3  = 1 . C ~ L ~ ~ I ) * U C ~ Z I L . U C * L L )  

O E 4  = . C C o r U C k  U C L > (  3 . C C *  CL - G  

O i 5  = - .CL21133  C  b L l i _ C (  L L t C  
D T c  = - - 3 1 b 3 ~ j 3  C  O C 0 5 (  2 . O C * V L - C P )  
OL I = - . C C b T O C  9 :JL!JS( Z . C O * G C :  - C N  ) 

1)E = V t I  t LtL2 + uc-J t D L 4  + U t 5  + C t 6  4 C k 7  
O d 1  = .245LUC * D C C ' : ' Z . O C * C F )  

0 1 3 2  : . O 5 C ) t l t l C  C U C C 5 :  ? .CC*  CF - C V )  
D 3 3  = .C.!o.dO t L > C U C i 3 . 0 C U  C H  - GI- 

0114 = - . C l J U 0 0  4  L ) c U ~ (  C R + C I F )  

0 0 5  = - . C C L t J O  4 U L  I 5 (  C U - G i e C  h  ) 

O , > C  = . C C u J V C  * I)CUS( C R - G f - C N  ) 

O I J ~  = . c o o i u a  * ucosc 3 - 0 0  t C L ~ G P  - Z . C J * V L  ) 

D l > $  = . C C C Q D C  * D C C S (  3 . D 0 4 C R  -GF - C h )  
U l i  = O T > i  + U l J L  + u1)3 + 004  t U 0 5  + C L 6  + C C 7  + C C 0  t 009 

Of I = - <  4 7 . t 5 2 7 C C V C  + . 0 4 d 2 0 0 * T )  * C S I F ( C C 1  
DF2 = . "€DO * V S i h (  2 . 0 C 4 C h  ) 

D T J  = - - . S J E l C O O O C  - 4 f)'c,lh( 2 . 0 0  * V L  ) 

D l 4  = - - . l J I t 3 U O  + 0 5 1 h i  Z . C C * W t  -G ) 

015 = . C 5 9 4 D C  a D $ l h (  L L t G  1 
O r 0  = .C3+43C * D C l N (  ; . .OC*\L - C F )  
D T 7  = . C I L L U C  * C s ! N (  Z .DO*GF  - C F  ) 

O T ~  = ..!t;uo * U S l h (  V L - G  ) 

D T F  = . C l L > O C  * U S I N (  2 . C O * \ L  - 2 . C O * G E  
D J  = D l 1  + u T 2  t O T J  + C T 4  + D l 5  + C T 6  t C T  I + C T 8  t C T 9  

D S 1  = - . S b S V D O  * C > X l h (  i . D O * C F  ) 

D S i  = - . C Y 5 D C  * O C I N i  Z .DC*CS - C F  ) 

053  = - . 0 7 L S U O  * D S l h (  ? . D O * C R  - G F  ) 

QS4 = . C 3 1 7 D C  * U S I N (  C E t G F  ) 

0 5 5  = . C l a l D C  * aSlh (  C C  - G F  t C P  ) 

056 = .C :CJ tDC * D C I N t  CR -GF - C k '  ) 

057 = - . 0 1 4 4 0 0  * U S I N (  3 . 0 0 * C I ;  t G P  - 2 . C O * V L  ) 

D S B  = - * 0 1 2 2 0 0  + D S I & (  3 * D O * C C  - G F  - C W  ) 

DSE = -187500 * D C I N (  C R  - G F  ) 

OSLO = = C C 7 8 U O  4 D C I N (  E . D O * C R  - 2 * C O * G f  B 
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D S l l  = . C 4 1 4 D O  4  O S I N (  CR + G P  - E . C O * V L  f 
D S 1 2  = . 0 1 6 7 0 0  * C I S I N (  2 0 D O * C R  - 2 . C O * V L  ) 

0 5 1 3  = -.008900 * D S l  h (  4 . 0 0 b C R  - 2 0 C O * L L  
D S  = DS1+U~2+OS3+054+D~StOS&+CS7tOSB+CS9+CS1O+CS i 1 + C S l Z t O S 1 2  
DE = - 1 7 4 5 2 2 4 6 0 - 5 * ( D E + D D l  
O T  = e 1 7 4 5 3 2 f 6 D - 5 *  ( O T + D Z )  
€ 6  = 2 3 ~ 4 4 5 7 5 ~ 7 0 0 - o 0 1 3 0 4 4 0 4 0 0 * T ~ ~ 0 0 0 0 C C 8 a C 0 * T 2 +  . O O O O O O E C O * T 2  
€ 8  = E O * ~ 0 1 7 4 E 3 2 9 6 0 0  
E P S l L  = E B + D E  
E N ( 1 . 1 )  = 1 , 0 0 0  
E N (  i r i  ) = - D T * L ) C O S ( E f 3 )  
EN( 1 . 3 ) = - U T * O S I N ( E B )  
E N <  2 . 1 )  = -EN(1 . 2 )  
E N ( 2 r . Z )  = 1 . C D O  
E N (  2 . 3  = - D E  
E N ( 2 . 1 )  = - E N ( 1 . 3 )  
E N ( 3 . i )  = U t  
E N ( 3 r L )  = l r C O O  
R E T U R N  
E N D  



S u W n o ~ ~ t ~ t  URU( X I D N . U ~ N C L T )  
I h l P L  1C I T  t ( k A L * 8  ( A - H  0 0 - 2  .I I 
C)lMFNSCON C (  1 0 0 0 )  
O I M L N S i O N  X (  3 )  * O X  ( 3 )  . O ( ? )  

C I t . €  E O L L O h  l N G  S T A T t M E k T ( S )  H A V E  B E E N  M A N U F A C T U R E 0  E Y  T t E  TRANSLATCIR TO 
C C L M P t N S A T E  F O R  T H k  F A C r  I t A T  ECC)KVPt .EhCE D O E S  NOT R t O R O t R  COMWON--- 

CO'IMUN C  
C COIaMON C  
C D I I 4 t N S I U N  L l  l C 0 0 )  
C U l I 4 E h S I 1 3 N  x I . ? ) . O X ( 3 )  rE3(3)  

C'1IJIVACtNC.L ( C ( 7 0 0 )  .SMA)  e ( C ( 7 0 1 )  .ECC) . ( C ( 7 0 2 )  r C  l h C  ) . ( C ( 7 0 3  ) . O M G )  

I,((:( 7 C 4 ) , a t P ) * ( C ( 7 C 5 )  .RCA)  * ( C ( 7 C 6 1 . C 3 ) ~ ( C ( 7 0 7 ) . T F t T  ) . ( C ( 7 0 8 ) . P E R V )  
2 . ( 2 (  7 C 9 ) v P ) s  ( L (  7 1 0 )  *BE ) q ( C ( 7 1 1 )  r T F E F )  

C A L L  C R O S S ( X . D X  I L ) )  

R 2  = 0 0 T ( X t X )  
H = D S U H T ( R i ! )  
V 2  = D O T ( D X . D X )  
02  = D O T ( t 3 . 8 )  
Y B - D S Q Q T ( : 3 L I  
A = D O I ( X I D X ) / L  

P  = H 2 / L  
C 3  = V2-Z .OUC*U/H 
S M A = - L / C J  

E C C = O S O R T (  L \AUS(  1 . O D O + C 3 * F / L )  I 
O I N C = A R K T N S (  1 8 0 . 8 ( 3 )  . O S C F ; T ( @ ( 1 ) * * 2 + € ( 2 ) * * 2 )  I 
OMG= A ~ K T N S ( J b O . - U ( 2 ) . 8 ( 1 1 )  
R C A = P / (  1 . 0 0 0 + t C C )  
THT=ARK T N S (  3 C 0 1  ( P - R l  . D B * A I  

B E T =  A I ? K T h t S ( 3 6 0 r X ( 2 ) * 8 ( 1 ) - X ( 1 ) + 8 ( 2 l r X ( 3 ) * E E )  
UEP= B E T - T H T  
I F (  BEP ) 2.3.3 

2 B E P = O E P + 6 . 2 U t 1 8 5 3 D C  

3 C O N T I N U E  
R T D = E ? . 2 5 5 7 7 5 5 1 0 0  
O I N C = O I N C * R T D  
OMG=CMC*RTV 
BEP=HEP*RTD 
P E R V = O S C R T ( ~ A B S ( C 3 + 2 ~ O O C * L / F C P l  ) 

V  I M P S ' E H V - U S O R T  ( U / H C A )  
C T A S = ( P / R - l . C O O ) / t C L  
I F ( C A B S ( C T A S ) . L T *  1 . 0 0 )  GC TC 2 0 0  

STA-C=C.DG 
C T A S = O S l G N (  1 . 0 0 0 . C T A S )  
GO TO 2 0 1  

2 C O  S T A ' = O S Q R T ( l  . 0 0 0 - C T A S * C T A S )  
S T A S  = O S X G N (  5 T A S . A  ) 

i C 1  C O N T I N U E  
T H E = A R K T N S (  1 8 O r C T A S . S T A E )  
T r E ~ = ~ u t * u  ID 
C A L L  T C O N I C C  L s E C C  .SMA .P S T H E  S T P E R  I F P C )  

T P E R = T P E R / E t 4 0 0 . 0 0 C  

I F ( S M A l l C . l O . 1 1  
1 0  W R I T E  ( 6 * 7 ) S M A . E C C . C ! h C  a C C G  *REF .FCP v C 3 * T h E T * P E R V  FIV I U P * T P E R  

7 F O R M A T (  CH SMAD 1 5 0  8 . 5 6 1  E C C D l S r 8 . 5 H  I h C C 1 5 - 8 . 5 k  LChD15.H. 
1 5 H  A P F D I S - 8 . S H  H C A O I S * E / S t  C 3 0 1 5 . 8 1 5 H  T k E T C 1 5 . 8 5 t  F E R V O I 5 . R .  
2 5 H  C L R D I S . 8 r S H  I b ' P V D L C * 8 * 5 t  T F E F O 1 5 . 8 )  

GO TO 1 2  

I I F l = A * L / D S O R T < L * S M A  J 
F 2 = 1  .ODC-R/SMA 
SINE=F 1 /tCC 
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C O S E = F E / E C C  
E = A R K T N S ( 3 6 0 * C O S E  CINE 1 
X M A N = < E - E C C * S l N E  ) *RTD 
PERH F A C  * C(79) / 3 6 C 0 . 0 0  
APt3K=SMA*( I .DO+ECC)  
k R I T E  ( 6 . 5 ) S M A  . E C C . C I h C p C C G . E E F  ~ f i C P ~ C 3 * T ) . E T * P F E  XMPN,PER+rT 

l P E H  
f F O R M A T ( 5 H  S H A O 1 S r E . S H  E C C C 1 5 r 8 . 5 H  I h < C l E - 8 . 5 k  L P h C 1 5 . 6 1  

I S H  APF015.8.5H R C A D 1 5 . 8 / 5 t i  C 3 D 1 5 - 8 . 5 H  T H E T C  15 .8 .5 t -  PPOGC 15 .8 .  
i 5 H  M A N D l S - 8 . S H  PERt i015* t? .SH  T P E R D I S o B )  

12 C O N T I N U E  
H E  TURN 
E N 0  



S U B R O L T I N t  O H U L X ( E . V X . E L r L )  
I M P L I C I T  H C A L * S ( A - H + O - 2  IS) 
O I M t N S l O N  X ( Z )  . V > ( 3 )  .EL ( 6 )  r A ( 3 . 2 )  
fzL C G h S I S T S  OF I N P l . 1  C R e I T A L  E L E L E h l S  
( 1 )  S t M I - M A J O R  A X I S  ( +  I F  E L L I F T I C .  - F C F  H Y P E F E C L I C )  
( 2 1  E C C L N T H I C I T Y  (LESS T h A h  1. E L L I F T I C .  C G E P T E R  P Y P E R B O L T C  ) 
( 3 )  TRUE A N O M A L Y  ( D t G R E E  S ) 
* * * l F  C 3 7 Y  C H A N G E D  TO 1.. C E A h  P h C N P L Y  I S  L S E D  FCR I h P U T  
C379 - C.00 
( 4 )  L C N G I T L D k  O F  THE A S C E h D I h G  h C O E  ( C E C R E E S )  
( 5 I N C L l N A T I O N  ( D k G H E E C J  

( 6 )  A R G L M t N T  OF P t H I A P "  (S ( C E G G E E S )  
O A l A  D R / . 0 1 7 4 5 3 2 9 3 0 0 /  
C O M = D C O S ( L J H * E L ( ~ )  

S O M = D $ I N ( V R + t L (  4 )  ) 
C I N = O C O S ( D H + E L (  5 )  ) 
S N I = D E ( N ( D R * ~ L ( S )  I 
I F ( C 3 7 9  ) I 0 1 1 0  ~ 2 0  

i C  X M = E L ( 3 ) * U H  

E C C = E L t  2 . )  
E = X M + E C C * D S i N  ( X M ) + ( E C C * * 2 / 2 . O O ) * D S I h  ( i . C O * X W ) + ( E C C * * 3 / 2 4 . C 0 ) + ( 4 .  

l D O * O S I N  ( 3 - V O * X M f - 3 . 0 O * O S I h  ( # W )  ) +  ( k C C * I 4 / 1 9 2 . C O  ) * ( C 4  .CO*CS I N  ( 4 . 0  

+ O + X M ) - 3 2  . D C * D S I N  ( 2 - D O * % W )  
C T A = ( D C O S  ( E l - L C C ) / ( l . O C - E C C t O C C S  ( € 1 )  
S T A = D S Q R T  ( 1 + D O - t C C * * 2 )  * D S I  C ( E l / (  I .GO-ECC I C C C S  f E  ) ) 
T A A z A R K T N S t  1BO.CTA ISTA)  

GO TO 2 1  
1 C  CTA=DCO: ( D R * t L ( 3 ) )  

S T A = D S I N ( D R * E L ( J )  
T A A = E L (  2 ) f U H  

2 1 T B U = T A A + L L ( 6 ) * U R  
CBA=OCO 5 (  TBB ) 

S B A = O Z I N (  T B H )  
A (  1 1  l)=COM*LOA-(SCN*CIh)*S84 
A ( 2 r  1  ) = Z O M * C B A +  ( C C N f C X h ) * S B A  

A (  2 .  I ) = S N i * S B A  
A (  1.2 I = - C O M * S B A - ( S C M f C f  F ) * C E A  

A (  2 r i  )= -SUM*SBA+ ( C C M C C I F ) * C e A  
A (  Z *  i ) = S N I * C B A  
P = E L (  1  ) * (  1 . 0 0 0 - E L  < 2 ) * * 2 )  
R = P / (  1  . C D O + E L ( 2  1 4 C T A )  

C R  I S  THE H A D I b S  L t C T O R  M A G h I T U D E  
( v R = E L t  2  ) * S l A * O S a u T ( L / P )  

C  VR I S  THE H A D l A L  C G M P C h E h l  C F  Y E L C C l T Y  
V T = O S Q R l { U * ( 2 . 0 0 0 / R - l  . 0 0 0 / E i ( l )  ) - V G * V F . )  

C  V T  I S  THE T A N G E N T I A L  C C L F C h E h T  C F  V E L C C I T Y  
00 1  i = 1 . 3  
X ( I ) = R * A ( I * I )  
V X (  I ) = V H * A (  I . I ) + V T * A ( I  r 2 )  

I C O N T I N U E  

RE TURN 
E N D  



r I.' 
0 0 
n o 
hl O 

0 0 0 0 0 0 0 0  
C C C C C C C C  
S Z b K % X : < X  
I A C l h L I . . . h l  

F iri 
J -1 - I1 
4 I 
rn n - 
0, 

a - 
1.t t . , t . l  I,, w R\ .. ,-. . . *  . . . . . 
bl te.. <,,iu- (.,k> , . .MU4 

O C 4 -  
Z Z  z 

x lP 
C D ~  
D - P O  
4 w r r  
F' .  * 4  
- u c -  . . b. 
(A' rn i d 
-71. . - *  C 
W W C .  
0. I m 
D t r t h r r )  

n ; ; i , c '  
-4 m m  
m . . L . I  
;O v r n  
m & X  
0 - -  

6 -  
n 1.1 D T I  .. n r n  
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..C I F (  i C t  J . L U . G . A N b I . C ( 7 7 7 )  . h C . O c O O )  GC t C  71 
nil I T i ( 6 . l  0 )  C ( N L I H + O O )  

li: k O f 4 L I A I (  I t l O * A 6 . i X . O t ' C L h l E C i < ~ L  . 3 X . S l b C k ) r T ~ F L  E C C Y  C k F h  F F G  
IAN11  L Q U I I W L > X  1)) I L t l > )  

C A L L  O L T X ( J 4 l ( l t ~ u O i . l ) ~ V 1  ( l . h C F ) . h C C l )  

C A L L  f > I I l $ ( b < 1 (  1.NOe.O , L 1  ( 1  . h L R )  . C l h C h )  . h C L T )  
2 1  I F (  I cAz~FX . tLL .O .U I+ .  h U H - h F - 1 )  G C  T C  2 0 0  

L T lt.'t.= T t '  

72:( TP- I T I h ' L  ) * U L 4 C C + D O  
1 1  = i 1 I l l t  
[ ) A = t P " (  2 . 1  ) 

C A L L  G t O \ (  ' I d .  TL  t G H A h r D A  * C C t G A )  
GHAI '4-Gt i . *h*C(  I : , )  

C A L L  F I l ( I I I ( i  .NOR)  . C A r t . > l E F f l  

S1NT:DS I N ( G 1 i A N )  

COC- 1 - L : C 0 5 ( G t i A N )  

X X (  1 ):: X i t ~ 4 P ( 1 ) f C O C T t ) I T E P F ( 2 ) * S i h l  
X X ( i  ) = - X r c * * P (  l ; * S l h T t X T E C F ( 2 ) 9 C C S T  
X X (  , ) : X ' i ;  " + 1 ( 3 1  
X L A l  i:O,%(< i i N ( X X ( 3 ) / f  N L R C  ( h X )  ) * C ( 7 0 )  
x ~ o ~ c r = ~ ~ n r ~ s ( ~ s o , r ~ : ~ ~  . x x ( z ) ) * c ( ~ ~ , ~  

C  
S C C  C C I N T I N L t  

I T (  1st  L.f LI .O.LI7.NOHrNt. i )  L C  T C  370 
C A L L  M h i t (  TCJ.UM'.lCU .L )T rL -PC IL .RO.G .GF  r M k r E W h 1  

C A L L  M L L T ( t M N  . O A T €  . S D A l f  1 
00 a c l  r = i , d  
00 e c l  J=;,J 

t C  1 S O A I L T f  J. I ) = 5 D A T E  ( l a )  
C A L L  M 1:H i t  1vNUH) ,:DATE * X X )  
C A L L  i . : l ( V I ( 1  .N(JH) r S D A T t  t > L )  

C A L L  F c l ( F ' t H T . 5 O A T L . P E H T T )  

W R I T E (  f 953C) C < N O H + 6 0 )  
5 C C  F U R M A T (  I H O ~ k 6 . 1 X . * F I X E D  T R L E  I V C C b  E C L C T C F ;  C F  C L T E ' )  

C A L L  O L  TX(  WX t X V  s N U L T j  

C A L L  O R ~ ~ ( X X . ) I V I C < ~ O P , I  . b C W  

ZOO C O a ' 4 T I N L E  

I F ( M A H C A T . E Q  . O . O H . ~ O H H ~ E E ~ )  GO T C  1 0 0 1  

C A L L  A I 4 t S ( I ) A Y M . F D A T E  . A R  
C A L L  M L L T ( A H . A s A O A 1 E )  

OC1 8 C i  I = 1 . 3  
00 e c 2  J = 1 , 3  

E C E  A O A T E T ( J . 1  ) = A u A T k ( I . J )  

C A L L  F . l l ( R l ( l . ~ O F 2 )  . A D A l E r # h )  

C A L L  * 1 ( V 1 (  1 . N O H )  . A D A T E  . h L )  

C A L L  M ? ( P E k T . A U A T t  t P E R 1 1 )  
W R I T C ( O . 7 3 0 )  C ( N U R + 6 0 )  

7 C C  F O I t E . I A T I  l t + 5 . A 6 . L  X . 3 5 H C E 1 \ l E f i E O  C b R S  CE P h  E G U P T C C  C F  C P T E  

C C C  C A L L  O L ? X ( X X + J V . N C L T )  
C A L L  O R U ( X X t  h V * C  I h C H )  . h C C T )  

C 
C 

l C C l  I O R r N O R  

4 C C  C O N T I N U E  
IF(  I O R  .kQ.NOI<.AND. I C k h E C . h E  .O) G C  T C  34 

I F (  IOR.EQ.l.AND.lkAGEC*hE*O) G C  T C  34 
IF (  iOH.EQ.3.AND.I 2 L N E C . W  ) G C  1 C  3 4  
GO 1 0  2 2  

34 C A L L  M l ( R l ( 1  . I O R )  + C A T f E C s h X )  

C A L L  M l ( V l ( l r X U H )  . O A T f E C * J b )  
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C 
W R I T E ( 6 . 9 0 0 )  C (  I O H + 6 0 )  

4 C O  F O R M A T (  l H O * A 6 * l X *  ' C E N T E R E 0  THGE E C L I F T I C  P L C  E G b l h C X  C F  O P T € '  ) 

C A L L  O L T X (  X X  + X V  + N D L T )  
C 

IF( IOR.EQ.NOF?) C A L L  O R i 3 ( * * . >  b * C ( b C G )  * h C U T #  
2 2  C O N T I N U E  

I F (  I O R  . E Q . 3 o A N O o & O R ~ ) u E ~ 3  8 GC 1 C  14 
IF( I O H . E O . 1 )  GO TO I O O C  
I O R =  1 
GO TO 4 C 0  

l C C C  I F (  I ~ R I E Q - ~ )  GO 10 1 4  
I F ( N U R . E U . 3 )  GO TO 1 4  
1012=3 

GO TO 4 C 0  
14  C O N T I N L E  

I F ( N O R . N E .  1.OR. I E A R F X . E C , O )  GG TC 3 3  

WH I T E ( 0 . 3 0 0 1  J  X L A T I  * X L G F G [  
2 C C l  F O R M A T (  ' C E A K T H  F I X L O  L A : I T L D E C D k G ) ' C l ! 2 r E  . J X v * L C F C I T ! J C E C  C E G > ' D i E . £ ;  

23 C O N T I N L E  
w R I T E ( t . P l J C ( 4 6 1 )  

2 1  F O H M A T ( 2 C i - I O N b M B k H  OF S T E P S  I S  0 2 0 0 8 )  
C 

C 
C  

F-C R E T U R N  
END 
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S U B R O L T I N E  O L T X ( X . V X . h C C T )  

IMPL I C 1 T  H E A L 4 8  ( A - H . 0 - 2 . S )  
D I M E N S I O N  X( 3 )  s V X ( 3 )  r C  ( 6 )  

C D I M E N S I O N  X ( J ) . V X ( 3 ) * C ( 6 )  
C A L L  R V O U T ( X . V X + C )  
W R I T E  ( 6 r 5 ) X . V P . C  

C FORMAT(  5 H  X0 15-8.5H YD15.E  r 5 H  2 0 1 5 . 8 . 5 F  C X C  15 
1 5H D Y D 1 5 . @ . 5 H  O Z D l f i r 8 / 5 H  6015.8.5H O E C C 1 S . B r S P  
2 5H VD15.4?+5H P T H D 1 5 8 . S H  P Z 0 1 5 . 8 )  

R E T U R N  
E N D  
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S U B R O L T  I N €  0 b H L A  Y 
I M P C  I C  I T  R E A L * 8  (A -H  -0- 2 .f 

COMMON S (  L 0 0 0 ) . I C ( 5 )  
D I M E N S I O N  U b F P ( 4 )  + I N 0 ( 4 )  

1 6  F O H M A T (  4( I 3 r 0 1 2 . 8 ) )  
5 5 4  F O R M A T (  L H O )  
S S 5  F O W M A T t  4 (  5X. 13rU17.8)f 
C 5 t  F O R M A T (  *I ' 0 4 0 X .  1 3 k i U V E R L A Y  I F F U T )  

u=- 1 
1 5  C O N T I N U E  

R E A O ( 5 . 1 6 . E N D = 2 0 )  ( I k O ( 1 )  r R C F P ( 1 )  .I=1 ,4) 

DO 10 N Z l . 4  
N =N 

GO TO ( l l . 1 2 r 1 2 . 1 2 ) r k  
I I C O N T I N U E  

IF(  I N O ( N ) ) 1 3 . 1 3 . 1 7  
1 7  IF(K ) l t ? r l 9 . 1 9  
l e  WR I T E ( E . 5 9 6 )  

K = a  
IS.  C O N T I N L E  

W R I T E ( 6 . 5 9 5 )  ( I N D ( J )  * B L F P ( d )  * J = l  9 4 )  

GO TO 1 4  
12  IF( I N O t N ) )  1 5 e 1 5 . 1 4  
1 4  C O N T I N U E  

J = I N O ( N )  
S(  J ) = B L f . P ( N )  

1 0  C O N T I N U E  
GO TO 1  C 

1 2  C O N T I N L E  

WR I YE( 6.9 '34)  
R E  T L R N  

2 C  S T O P  
E N D  
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S U B R O L T I N E  H E A D E  ( J E D . 1  S E C .  I E F F  
I M P L I C I T  R E A L * t ? ( A - H . 0 - 2 )  
f i f A D E .  H E A D  . I  h T E F F C L P T E * T G I h S L P T E  J P L  E P k E Y E R  I S  

J . t .  E K E L U N D .  M E S A  S C I E I ' T L F I C  CCFFII 1 9 6 5  S E F T  15 
C.L. L A U S O N  l JPLe 1966 CAR 1 7  
H E A D  J P L  k P H E M E R I S  A T  T H E  J U L I A h  E F P E C E F I S  C P T E  

G I V E N  B Y  ( J E U + T S E C / 5 6 4 C C * D O )  

I T E M S  C C M M U N I C A T E D  T H K C L G H  T t E  C P L L I h G  S E G U E h C E  * *  
J E D  H t F t U E N C f i  J b L I P h  E F t E C E f i I Z  C P T E *  
r s t c  S ~ C O N D S  OF EPHEWEGIS TI WE F P S T  J E C .  

A N Y  C U M O l h A T I C h  C F  L P C L E S  C F  JEC P h C  T S E C  

I S  A C C E P T A U L E  A S  L C L G  A S  ( J E C + I S E C / 8 6 4 C O . C O )  
I S  h I T r i I h  T t i E  R A h G E  C F  T t t  E F t E C E F I S  T f F E  
LitIbb L S t D .  H O h E V t U  T C  C E T P I h  T I -€  
F I N E S T  P C L S I B L E  R E S C L L T I C h  I F  I h T E F F C L P T  [ C h  
T H L  hUMdCR J E D  C L S 1  UE P h  E X P C T  F P C b I h E  
NLMt3EH.  F O R  E X A C F L E  JEG C C L L C  E E  P  C P T E  E h C I N C  
W I  l H  - 6  LU - 5  . 

I E R R  t K H O K  F L A G  
O = N i l  f i 2 H C H  
1 = (  J E O + T S k C / E E 4 C C . G O )  L E S S  T b P F  F I K S T  [ P T E  

UN T A P E  
. 2 = ( J t D + T ~ t C / B ~ 4 0 0 . C O )  G f i E A T E f i  T t - P h  L P S T  C P T E  

O N  T A P C  

J = S C M E  I d t Q (  I ) I S  h C T  0  s l  r C h  2  
4 = 1 C E h T  I S  h C T  I h  TWE F A h G E  1  T t R U  1 1  

5 = 1 C *  1 5  h O T  1 . 2 .  CR 3 

T k E  F D L L O k I N G  I T E M S  ARE I h F C T  T H f i C L G H  C C C k C h  $ 4  

COMMON O L O C K  C L T d L l  * 
A  U A.L. E > P R E S S E D  I h  D E S I E E C  C U T F U T  U h I T S  
R E  L U L A I O ~ I A L  R A O I L S  C F  E P F T h  I h  C E S I F t C  C U T P U T  U N I T S  

H E  1 5  L 5 E D  T C  S C A L E  T H k  L U h C F  E P t E C E R I S  
TP D U C S I R E O  h L W t 3 t G  C F  T I b E  L h I T S  F E C  C P Y  
C O M M O N / C E T ~ L ~ / I C U . X C ~ ~ T  . 1 F E C ( l 3 )  

COMMON BLOCK C t F D L 2  * 
I C W  t L A G  I N D I C A T I h G  S T P l L S  C F  C C C C C h  E L G C K S  G E C 2  P h O  C E T B L 2  

1 + l t A f u $  P x t i T H E I ;  H L C C h S  C C h T P l h  V C L I C  C P T A  

2 K L A N S  L C ~ H  H L C C K S  C C ~ T P I C  V A L I C  C P T P  
.3 M E A N S  KEC.2 1 5  b A L I U .  C E T E L 3  I S  h C T  
L S r R  X L S T  S E T  [ C k = l  3 E F C f i t  I h I T I P L  C P L L  

I C E N T R  S P t L i F  I E C  C t h T S A L  E C G Y  F C t i  C C C F C I h A T E  
T d A N S L A T I L h  A S  t C L L C V S *  I 

1  M E l i C  5 J L P  9 F L L T C  

2 U C N C S  G C A T  1 0  S L F  
J f A I i  TH 7 C f i A h l S  I 1  & C C F  
4 W A 9 5  8 t*FF 

I R E Q (  ) I U t i (  J )  S P t C I F  I E S  C L T F L T  C E S  I H E C  F C G  
BODY &a. J. 

I R ~ o ( J ) = C  N O  C C T F L T  
1  P G S I  T I C h  
2 P O S I l l C h  A h 0  b E L C C I T V  

J  H L N S  F H C M  1  7 0  1 1  A S  F C L L C U S . .  
I MEUC 5 J U P  9 F L L i C  
L L E N L C  6 C A T  1 0  S L h  

3 3.AK HrH 7 L R A h L S  1 1  M C C h  

4 M A R S  8 h t P  1 2  E F T P - k h - E l G Y C E h T E F  
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C 1 3  h L T P T I C h  
C * CCIMMCN R C O C K  C E T D L 3  * 
C T P R 3  829  D ( I I I U L k  I - ' H t C *  k(1F.O B b F F t R  7 0  P C C C M O D A T E  J.C. ANC € P I - k M E R I " .  
C N L T A T  2 C 4  S I N G L E  P l l t C .  u C h l )  B L F F E R  T C  A C C O N O D A T F  N U T A T I O N  D A T A .  
C C K S b M  1  S . P .  luclHI) k t 1 7  C H t C K S U N .  

C I *  TI-E F O L L O h I N ( ;  1  T t N S  ARC-_ C L T F L l  T b i R O U G h  C C E E L P  * +  
C * COMMON B L O C K  C C T H C 4  + 
C  T A D O L T (  . P L A N E T A R Y  A h 0  L U N A R  OUTPUT*  S C A L E C  P h C  

C  T H A N S L A  TEO Irl T'ri & L S P E C T  T C  C E h T E G .  
C I A U J L T  ( 1  C C h T A l h S  C L T F L T  F C H  
C  t j U U Y  NO. J. ( 1  . LE .  J .LE.  1 2 )  

C  T t l t  1 h U E . X  I I D E h T I F I t S  C C C F C h E h T S  P S  F C L L C k S . .  

C  i = x  2 = Y 3 =  L 
C ~ = X O L I T  S = Y D C T  6 = 2 C C T  
c N U T (  1 N U T A I I U ~  C L T F L  r 
C N U T (  1  ) = D t L T A  L C h G I T L O E  

C  N b T ( 2 ) = D E L 7 A  C U L I C U I T Y  

C  N L T ( ' ) = l ' I N E  D E F I I A T I V E  CF h U T ( 1 )  
C  N U T ( 4 ) = T i C E  O E H I \ A T I \ E  C F  h U T t 2 )  
C 

CO'r lMON / C t  i B L S /  U l  VCC T (  6 e l 2  ) 

C  
C * COMMON @ L O C K  L E T U C S  4 

C  B I V E C T (  . ) a U d K I N G  A R R A Y .  C C h T E h T S  t F E  I b T E h F C C A T E C  
C  A N D  X A L E O  B L T  h C T  T F A F S L P T E C .  1 S T  I h C E X  F L N S  

C U V t H  X ~ Y ~ Z i ~ D O l r \ U C T ~ Z C C T  P S  I h  T P E C U T  
C  O U T  2 h O  I h O E X  I S  D I F F E F E h T  P S  F C L L C h S . .  
C t i U O I t 5  1  T H H L  5 A R t  P E L I C C t h T C I C .  

C 1  M E R C  5 J L F  9 F L L T C  
C 2 L t N L S  6 -CAT 10 F C C h  F E L  T C  E P F T t  

C .j L R T H M N  7 L f i A h L S  1  I E k T t - C h  FEL T C  E b G T t  
C  4 M A R 5  8  h E F  1 2  E G T H t J h  G E L  T C  WCCN 
C 1 3  S E E  4 0 9 2 +  
C 
C  THC COMMON ~ L O L K  ' ~ t  T B L G  * 1 5 F O R  COMHUNICAT ION 

C  B E T N E E N  RDEP2 A N D  G t T H 2 .  
COMI4ON / C E  T B L  I / P U * R E  . T F D  . € b F P T  
C<J14MCN / C t  T U L J /  T A U 3 < 8 2 5 )  .NC T A T  ( 2 0 4 )  . C K 5 U C  

C O M M O N / C E T e L 4 / T A B G L T ( 6  s 12 1 w b L T ( 4 )  
C O M M O N / C E T B L S / ' . J O 1  rTC>AY s J D I F  . I E F C I l  
L O G  I C A L  WFLAG 

I N T t G t R  K R E 0 ( 1 2 ) . Y C t h T (  l l ) ~ W l ~ 2 O l ~ J F E C ~ l I ~  * I P b S ( 1 l ) r  l V E L (  1 1 )  
R E A L  N L T A  T  * S T P  ( I  1 )  

O O L H L E  P R E C  I S I O k  A L  .HE .ELRP T.  I F C ~ T  P E ~ .  E I V E C T . T A E C U ~ . ~ U T  
D U U H t t  P R t L I  S I U N  d D l  r T D P Y  r J C l F  . J C D  
U O U U L E  P H t C l S l U N  15LC . R A T .  F P C  p L ( 2  13) * C * T E C F  

C F A C =  1 / 8 6 4 0 0  
O A T A  F A C / l .  1 5 7 4 G 7 4 C 7 4 0 7 4 C 7 4 C - 5 /  

C  
O A T A  S T P /  2. rd* 4. .2* .5 /  

3 A T A  K R E Q / 5 . 5 r 2 . 6 * 5 * 4  s 3  r l /  

O A T A  Y C t N T / l t r l 5 . O . b + 1 5  r l O r 5 /  
O a T A  M l / l I . O . l O r l  I r 0 ~ 1 2 r l O . 0 ~ 1 2 . O r 3 ~ 3 r 3 r O . C  . J * 1 3 . 1 3 . O . i ) /  

O A  T A  
* I P O S  / 0 2 i C S 2 . 1 4 6  * 2 0 0 ~ 2 5 4  9 3 C 8  * 2 6 2  s 6 1 C  * 4 7 C . 5 2 4 ~  I/ 
+. I V E L  / 4 7 . 1 1 9 1  1 7 3 . L 2 7  , 2 8 1  , 5 3 5 . 3 t 3 9 . 4 4 3  , 4 5 7  . 6 7 7 . 1 0 3 /  

D A T A  C / C * G . D C /  

C 
6 5 5  C J N T I N L E  

J D  I = J L D  
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T D A Y  = I  S E C 4 F A C  

I E R R  I = I E H K  

C A L L  GE 7 T A P  

IF (  I E H H l  .Nk .  0 )  GO T O  CCOO 
IF (  I C E N T  . G C -  I .AND. I C E h T  .LE. I t  G C  T C  10 
I E H H  I = 4  

GO TC1 B C O O  
CON T l N L E  

SET J F E C (  I T C  C C h T G C L  I N T E F F C C P T  I C N  
DO 2 0  I = l r 1 0  

IF (  I H E O { I )  . G E .  0  . A N D -  I G t C ( 1 )  .LE. 2 )  GC T C  2 C  
I E R R  1 = 3  
GO TO 5 C O O  

J R E O (  I )  = I H t O <  I )  
E P H Y C E W T E F  F L P G  

J H E Q (  J f = i A i O  ( i 2  i 
M A X P L = J R E O (  1 )  

DO 2 4  I = 2 r l O  
M A X P L = M A X O ( M A X I ' L  v J R E Q  ( 1  ) 

M A X k V = % A X O (  I H k O ( J )  r lHEG ( 1 1 )  ) 
M A X A L L = V A X O ( M I \ X P L  . t JAXE tJ )  

I F (  ICEhT.tC.3.U&. L C E ~ T * E G G I  1 )  G C  TC 2 R  
C E A T E f i  I S  h C T  E P F T h  C R  F C C &  

l O = C C C F  . 3 = E & T H C h  

J R F O (  1 C ) = M A X E M  
J R E Q ( Z ) = M A X O ( J H t 0 ( 3 )  . M A X L t J )  

J R E O (  I C E N T  1 = M A X A L L  

GO TO 3 2  

C E h T E R  I S  E P F T H  C f  C C C h  

I O = t i C C F  * 3 = E S T H U h  

J H E O  ( 1 0  ) = M A  XALL  

J R E O (  2 =MA X P L  

J R t Q (  1 1  ) = I H L O (  1 3 )  
C U N A R = J R t O (  L C )  

l B A d Y = J H E 0 ( 3  ) *  3 

,REG( ) I S  hC 'd  S E T  

S A V E = O .  
CCiN T  I N l J E  

00 2 4 C  I D O O Y = 1 . 1 1  

IF( J R E O (  IUdUY 1 1  2 4 C 1 2 4 C  1 4 0  
IF( S T P (  IUUUY ) . E Q .  S A V E )  G C  T C  165 
S A V E = S T P (  I U L J D Y )  

T E M P Z J D  I F / S A  \ E  
K U  = T E M P  

U( 1. 1 ) = 7 E M P - F L O A T ( K K )  

I F ( U (  L r  1 ~ ) 1 6 1 r L ~ S ~ l 6 1  
C O N T  I N C E  

U ( i .  1 ) = 1 . 0 0 - L ( l - l  
00 163 I b = l * 2  
U( I U * 2 ) = b i  I L . l ) * L < I L . l )  

U( I U + i  )=fU( I L . 3 ) - 1 . 0 0 )  /C.OO 

U( I U . 2  )= (U(  I L . 3 ) - 4 .00 )  / 2 C * O C  
I F (  I U O D V - 1 0 )  1 6 5 . 1 6 7 . 2 2 C  

C=RE 
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GO 10 172 
1 C 5  C = A b  

C I h T E F F C L A T E  I E O C Y = 1 + 2 .  .a. r 1 0  
1 7 2  I G E T l = I P O S ( I U O D Y ) + K K * 9  

I C  I =  1 

2 0 0  C O N T I N U E  
I F ( U (  1 s  1 )  ) 2 0 3 , 2 0 1  , 2 0 3  

2 C 2  l G E T i = I G E T 1 + 6  
00 2 C 4  I G t T = ~ G t T l . I G E T 2 s 3  

R I V E C T (  I C l * I B G D Y ) =  
b C * ( U ( L . l ) *  ( T A f 3 3 ( 1 G E T  ) +  
k U ( 2 * 2 ) * ( T A 8 3 t I G f T +  1 I +  
b U ( 2 . 2 ) *  T A 8 3 ( I G E T +  . ? ) I ) +  
r U ( 1  * 1 ) * ( T A 8 3 < 1 G E T +  9)+ 
4: U ( I  r 2 ) *  ( T A B 3 (  1 C E T + I O  ) +  
4 U l l  .5)* T A B 3 (  l G E T + 1 1  ) ) )  ) 

2 0 4  I C l = I C l + I  
G(2 TCI 2 C 5  

2 C  1  I C 2 n I C  1 + 2  

DO 2 0 2  I = I C l r I C 2  
B I V k C T (  X . i ~ O O Y ) = C * T A U 3 f I G E T I )  

i C 2  i G k T  1 = I G L T l + 2  
Z C E  C O N T I N L t  

JRf:O( I G O D Y  ) = J H t Q ( I U O D Y ) - 1  
I F (  J R E O (  I t 3 U V Y ) )  2 4 C . 2 4 C  , 2 0 7  

2 C 7  I G t ~ T l = I L E L ( X B O D Y  ) + K W  

IC 1 = 4  

C = C / T P o  
GO TO 2CO 

C 
C 

C 
5 S C  C = l . D C  

I G k T  l = I P O S i  I O O D Y ) + K S * 6  
I C I = 1  

i 2 i  I G E l i = I G E T 1 + 3  
2 2 5  I F (  U (  i .  1) ) L 2 8 r 2 2 6 . 2 2 e  

2 2 f  DO 2 3 C  ILL T = I G k T  1  ' I G E T 2  *3  
N U T (  IC 1 I =  

* C * ( L ( Z .  l ) * ( N C T A T ( f G E T  1 4  
* U ( 2 * L ) * L N L T A T i I G E T + 1 ) +  

9 U 1 2 . 3 ) *  N L T A T ( X G E 7 + 2 )  ) ) +  
* U (  1 r l ) * ( N L T A I ( I G E l + b ) +  
.* U (  1 . 2 ) * ( N b T A T i I G E  1 + 7 )  + 
I U ( l r 3 ) *  N L T U T ( X G C l + # )  ) )  ) 

2 3 0  IC 1 = I C  1 + 1  

GO TO 2 3 2  
226 00 2 2 7  I C E T = I G E T l  r l G E T 2  9 3  

N U T (  I C 1  )=C*Nl.TA T (  [ G E T )  
2 2 7  I C  I = I C  I + I  

2 2 2  C O N T X N L E  
J R E O t  I B O D Y ) = J H E Q ( I B O O Y  ) - I  
I F (  J R E O (  IBUDY 1 )  2 4 0 + 2 4 C  , 2 3 6  

i3C C = C / T P D  
I G E T l = I  b E L (  l B O D Y ) + K U * 6  

I C  1=3 
GO TO 2 2 2  

i 4 C  C O N T C N L E  
C 
C 
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R E S L L T S  P F E  I F  E I V E C T (  r ) P h C  h b T (  
T E S T  M C C h  R E C L E S T  

I F ( L L N A H  ) 4 0 2 0 . 4 C 2 C . 4 0 1 0  
C h C T E .  .EWGPT=E P C T k  N L S S / P C C h  P A S S  
C S E T  B I V E C T (  -11 ) = E R T t - k ' h  C E h T E h E C  AT E A R T I -  

C SET B I V E C T (  r t f  ) = t h T H P h  C E h T E R t C  A T  MOON 
4 C  10 R A T = I  . D C / ( E M A A T + I . D O )  

I M A X = L C N A H  c 3 
00 4 C 1 6  I = l . I M A X  
e I \ / E C T (  I r  1  l ) = t < A T * E I V E C T ( r  , l o )  

4 0  1 6  B I V k C T (  I .  ~ ~ ) = - E M K A T * ~ ~ I \ E C T (  1 .1  1 )  

C 
4 C  2 C  W F L A G = . F A L S E  . 

K C E N l = M C E N  T (  I C E h T I  

C 
C BEG1 h T C P L S L P T  I C F  C C C P  
L 

uu 4 ice C ~ U D V = L . I Z  
IF (  I I < E O (  I U c l D \ o )  4  1 C 8 . 4 1  C 8 . 4 C 2 4  

4 C 2 4  I M A X = I H E U (  I t 3 O U Y  ) * 3  
K A S t = K C E N  I+KHtQ (I BODY 

K I = M l ( K A S t )  
GO TO ( 4 0 . 3 2 . 4 0 4 0 * 4 0 3 2  . 4 C 4 @ . 4 0 E 2 .  
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4 C E 4  K 2 =  I C E N I  
GO 10 4 1 0 0  

C 
4oas  L P = I C E N T  

K 2 = K A S E - 6  
4 C S 2  I F (  d F L A G )  GU TO 4 L C O  

WFLAG=.TRUt.  
c 
C O l V t C T (  . 1 3 ) I S  PP P U X I L l l F Y  V E C l C R  
C hEEOEO *HE& K P S E = 5 . 1 0 . 1 7  r 18 .  
C F U R  K A S E = C S  B [ V E C T (  r l 3 ) = € P F l P  C E h T E F t C  A T  S U N  

C FUR K A S E z 1 0  B I V E C T t  . 1 3 ) = C C C h  C E h T € & E C  P T  SUh 
C F O R  K A S E = 1 7 . 1 8  @ I  VECT ( ~ 1 ;  ) = E R T H H h  C E P T E R E C  P T  

C  
DO 4CS6 I = l . I B A R Y  

4 C 5 E  R [ V E C T (  t r  lJ )=t+[  V E C T ( I  t 3 ) - 6 1  V E C T I I  I L Z )  
4 1 0 0  DO 4 1 0 4  l = l . I M A X  
4 1 C 4  T A O O L T f  i l I t i O U Y ) = L 3 I V E C T ( I  . K l  ) - E I V E C T i I  . K i  

4 1 C e  C O N T I N U E  
SCCC I E R H = I E R R  1  

R E  T U R N  

frN 0 

2 3 9 3 0 0  
2 3 9 4 0 0  
2 3 4 5 0 0  
2 3 S 6 0 0  
2 3 9 7 C O  
2 3 9 8 0 0  
2 3 9 9 0 0  
2 9 0 0 0 0  
2 4 0 1 0 0  
2 4 0 2 0 0  
2 4 0 3 0 0  
E 4 0 4 C O  

I C E N T  2 4 0 5 0 C  

2 4 0 6 0 0  
2 4 0  7CO 
2 4 0  8CO 
2 4 0 9 0 0  
24  LOCC 
2 4 1 1 0 0  
2 4  1 2 0 0  
2 4 1 3 0 0  
2 4  1 4 0 0  
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S U O R O L T  I N E  R O T E O  ( T I  ME * A  1 
I M P L I C I T  H E A L * a ( A - H I O - 2  . S )  

O I M E N S I O N  A (  3 . 3 )  
1 = 1 I M E 4 3 6 5 2 5 . D O  
T 2  = T t T  
T 3  = 7 2 * T  
A (  1 . 1 )  = I .D C  - . 0 0 0 2 9 6 5  7 0 0 + T 2  - . C 0 0 0 0 0 1 3 G O * T 3  
A (  1 . 2 )  = - . 0 2 2 3 4 4 8 8 0 0 *  1 - C 0 0 0 0 6 7 6 C O I T 2  + . 0 0 0 C 0 2 2  ICO * I 3  

A ( 2 . 1 )  = - A ( l r 2 )  
A ( 1 . 3 )  = - . C C F 7 1 7 1 1 D O * T  + . C C 0 0 0 2 0 7 C O t T 2  + . 0 0 0 O C O F 6 C O * T 3  
A ( J .  1 )  = - A (  1 . 3 )  
A ( 2 9 5 )  = 1 . U C  - . 0 0 0 2 4 5 7 6 0 C I T Z  - ~ 0 0 0 0 0 C 1 5 C O * T 3  
A ( 2 . 2 )  = - - C C 0 1  C % 5 C O O *  7 2  - ~ 0 0 0 0 0 0 0 3 C 0 * T J  
A ( 2 r i )  = A ( 2 . 3 )  
~ ( 3 . : )  = 1 . v ~  - . 0 0 0 0 4 7 2 1 c o + r z  + . O Q O O O C O ~ C O * ~ ~  
R E T U S N  
f ND 
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S u U n o u T  INC H \OUT  ( A  .U . c )  
I M P L  I C  I T H E A L * B  (A -H  10- Z *I) 
D I M L h S I U N  A ( 2 ) . 8 ( 3 ) r C ( 6 )  

C C I S  R A O l U S .  L A T I  L O N *  V E C O C I T Y r  GAMMA.  A Z I M U T H  
C A L L  S P E U ( A . C )  

C t  4 ) = F N U R M ( U 1  
C <  5 )  240 .UO-AOOTCA 

VE=B(Z  ) * A (  I )-tJ( 1 ) * A O  
V N = C l  1 )*H(J)-A(3)+VOTiA.B)/C<l) 
C (  6 ) : 5 7 . 2 9 5 7 7 9 5 1 0 0 * A U K l N S ( t E O ~ V N ~ V E )  
RETURN 

EN 0 
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Z P S I G = D A R S I N ( ( Z R ~ Z R E ) / F F S ) * 5 7 . 2 4 5 ? 7 F 5 D C  
DCLM=GARSiN(C(22)/FNORIr(Rl(lt2~$)*57-2957795GO 
F S = S E k A + D E L M + L P S I G - 1 . 8 0 . D C  
I F ( F S )  2 0 0 0 + 9 0 2 + Y C 2  

S C 2  F L A G 2 = 1  .DO 
I F (  I M F L A G I N E I ~ )  G C  TO 3 C C 0  
K = 2  
I M F L A G = 2  
v = 2 

<<K = 1 
U ( R I T E ( 6 . e )  I 

C  F i l f ? M A T (  l H O . 5 S H P R O B E  E N T E R E D  WCCh P E L L C E F A .  T I M E  P h C  O R B I T  PI;€ G I V E  
119 B E L O W )  

S H A D K = I  . C D O  
Gu T O  2 C  

3 C C C  C J N T I N b E  
Z S I C M A = D A U S I N ( (  Z R S - - Z R E I / R F S ) * 5 ? . 2 9 E 7 7 ~ 5 C O  
F S = D E I . M - Z S I G M A + S E b A - l 8 C . 0 0  
I F ( F S ) 2 0 C i . 4 C Y . S C Y  

S O 4  F L ~ G 2 = 1 ~ 0 0  

1F( i M L F L G . N E . 1 )  G O  TO 2 C 1 0  
k = 2 
I M L F L G = 2  

N = 4  
Kr;=2 
W R I  ' i E ( 6 . C )  

9 F O R M A T ( l H O . 5 E H P R O B E  E h 7 E R E D  C C C h  IJNEFPI T I Y E  P L C  O G E S T  P R E  CIVEN 8 
l E L 2 \ <  1 

SHAD!<=  1 . O D 0  
GO TO 2 C  

2 0 0 0  F L A G Z = O . D O  
2 C O I  F L A G 3 = G . D 0  
2 0  1 0  C J N T  i N U E  

IF( I P F L A G . N t  .2.OR .FLAG.hE. 0 . 0 0 )  G C  T C  1 1  
& t l 2 1 T f i ( C * l 2 )  

12 F O R M A T (  1 1 4 0 ~ 6 1 H P R O R E  H A S  LEFT E P R T h  F E F L b E R P .  T I N E  A h C  C f i B I T  P H E  G I  
l V E N  B E L O C )  

S h A U K =  C .COO 

K =  1 

N=EI 
K K = 1  

I t 3 F L A G =  1 
GO TO 2 C  

11  I F (  I L F L A G - N t   OHIFL IF LAG^ o h € *  C * O O )  CC T C  1 4  

WR I i E ( 6 r  1-3) 
1 2  F L : M A T (  i H O . S & H P H O E E  H A S  LEFT E A G T H  L k E F P .  T I N E  P h O  C R E l T  P G E  G I V E N  

1 O E L O i 4 )  
S H A D K = O . C D C  
K K  = 2  
N = E  
K = l  

I U F L A G =  I 
GO T O  2 C  

1 4  I F (  I M F L A G . N E . ~ . O R I F L A G ~ . F : E . O O C O ~  G C  T C  15 
W H I T E ( C . l b )  

1 C  F O R M A T (  l H O . 6 C H P H O B E  H A S  L E F I  L C C h  F E F L N E R b r  T I N E  A h C  C R E I T  PRE G I V  

lErJ B E L O * )  
S H A D K Z  0 . 0 0 0  

K K =  1 
K - 2  

2 5 0 4 C C  
2 5 0 5 0 0  
2 C 0 6 C C  
2 5 9 7 C C  

2 5 C e O O  
2 5 9 4 0 0  
2: 1 C O C  
i S 1 1 C C  
2 E  1 2 0 0  
2 E  1 3 0 0  

2 5 1 4 0 0  
2 5  l 5 C O  
2 5 1 6 C C  
2 5  1 7 C C  
2 5 1 8 0 0  
E C l S O O  
2 C , 2 0 0 0  
2 f 2 1 C C  
2 C 2 2 O C  
Z 5 2 3 0 0  

2 5 2 4 C C  
25 2 5 0 0  
2 E 2 6 C C  

2 C 2 7 C C  
2 5 2 8 0 C  
S E 2 4 G C  
ZS- 3 G 0 0  
2 E J  I C C  
i E 2 2 C O  
2 5 3 3 0 0  
2 5 - 7 4 0 0  
2 E 3 5 C C  
i 5 3 6 C C  
2 5 2 7 0 0  
2 C 3 8 0  0  
2 5 3 F C C  
2 L 4 0 0 C  
2 5 4  1 C C  
2 5 4 2 0 C  
i E 4 3 0 0  
2 5 4 4 0 0  

2 5 4 5 0 0  
2 C 4 C C C  
2 5 4 7 C C  
2 5 4 C C C  
2 5 4 9 C C  
2 5 5 0 0 C  
S E C  -.. 1 c c  
2 5 5 2 C C  
2 C C 3 0 C  
2 E C 4 C C  
2 5 5 5 C C  
2 5 5 6 0 C  
2 5 5 7 C C  
2 5 5 8 0 0  
2 5 5 9 0 C  

2 5 C O C C  
2 : c 1 c c  

P C t 2 C C  

2 C t 7 0 C  



N= 7 

I M F L A G =  I 
GO TO 2 0  

1 5  I F (  I M L F L C I N E I ~ - ~ R I F L A G ~ I ~ E . O . O O )  G C  T C  5 C 5  
W H I T E (  6.18) 

18 F O R M A T (  i t i O + 5 7 H P R U U E  H A S  L E F T  WCCL L P E R P .  T I N E  P h C  C F E I T  PRE G I V E N  
I R E L O  W ) 

S H A D K = C * O D O  
K = 2  
N = e  

K K = 2  

I M L F L G =  1 
2 C  C A L L  I T C R ( N O R + H l . L l + F S . F ~ I ( I r s D T . R . V ~  

T I M = C (  543)+( X + C ( 5 0 6 ) + 0 7 )  / 8 6 4 0 0 * 0 0  
C A L L  T F H A C i C ( E 9 2 )  . T I M . l T r l T F )  
C A L L  C A T O U T (  T T s T T F  .DA TE  . F D A T E  S O )  

C  
L 

c 
GO T O  ( 1 0 0 0 ~ 2 1 0 ~ 3 O C 0 ~ 2 0 1 0 ~ 1  1 *14*15  t 5 0 5  + 4 0 5 e 5 0 5 ~ 5 0 3 * 5 d 5 1 + N  

4 C C  DO 4 0 1  I = l . J  
4 C l  X l ( I ) ~ R l ( l + N O R ) - R l ( I + 3 )  

S E V A = A D O T (  X 1  .Hl ( 1  .NOR) ) 

R F S = F N O R M { H l < l  t 3 )  ) 
H F E = F t v O R M ( A l  ( l r N O H ) )  
DELI=OAHSIN(C(NOH+20)/RFE)*C7.2S5779500 
I F (  SCLA-GO.DC)SCO * S O 0  s 4 C 2  

4 C Z  L R S = E . S 6 5 0 5  
Z + i E = C ( N O U + 2 0 )  

Z P S I G = D A R S I N (  ( L R S + Z R E ) / F F E )  * 5 7 * 2 $ 5 7 7 9 5 C O  
F S = S E V A + D k L S + Z P S I G - 1 8 0 - C C  
I F ( F S ) 5 C 0 . 4 0 3 * 4 0 3  

4 CZ  F 'FLAG= 1 .DO 
I F (  I V F L A G . N E . 1 )  G O  TO 4 C 5  

K = 3  
N =  $ 

I V F C A G = 2  

K K =  1 
Wr2 I T k ( 6 r 4 0 4 ) C ( N C H + 6 0 )  

4 C 4  F O R M A T (  l t iO.2f iHPHOBE E N T E R E D  F E h U C e C A  C F  e P 6 ~ 3 0 t T l M f  P N O  O R B I T  P R E  
1 G I V k N  B e L O k )  

S H A O K = l  .COG 
GO TO 2 0  

4 0 2  C O N T I N U E  

Z S I G M A = U A R S I N (  ( Z R S - I R E  b / G F S )  * 5 7 * 2 4 5 7 7 4 5 0 0  
FSzDEL5-ZSIGMkt St LA-18OtOO 
I F ( F S ) S C l . 4 C C . 9 C 6  

4 0 6  P U F L A G = 1 . 0 0  
I F (  I V L F L G . N E . 1 )  G O  T O  5 C 2  
K = J  
l V L F L ( i = 2  

N = i O  
K K  = 2  
W R I T E ( 6 . 4 0 7 )  C ( N O R + 6 0 )  

4 0 7  F O R M A T (  I H O ~ ~ ~ H P R O I ~ E  E ~ T E R E D  utueriP CF .AC . ~ O H T  t l r ~  A L C  O R ~ I T  P R E  G IV 

1 E N  t l E L O k )  
S H A O K = l  .COO 
GO TO 2 C  

E C C  P F L A G Z C - D O  

F C 1 P l I F L A G = C * D O  
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C , C i  I F (  ~ V F L A G . P C E . ~ . O R . P F L A G . ~ F I . . O . C O )  GC T C  503 
W R I T E ( 6 . 5 0 4 )  C(NOH+OO) 

EC4  F O R M A T (  ltt0.27HPI4O6E H A 5  L E F I  F E h U C e F P  C F  . P 6 r 3 0 b T  I k E  4 h C  OREIT A H F  
I GIVEN BELUW) 

SHADK=C . C D C  
K = ?  
N=11  
K K = 1  
I V F L A G =  I 
GO TO 2 C  

3 3  I F (  I L ~ F L C . N E * ~ O O A - P C ~ F L A G * ~ E * O * O O )  GC TC 5 0 5  
W W I T E ( 6 r 5 0 6 )  C<NOH+6O) 

6 C C  F O R M A T (  1HO*24HPROBE H A S  LEFT b C B F A  C F  r C 6 * 3 0 H T  I N €  P h C  O R B I T  LRE G Z  
IVEN BELOIV) 

SbADK=C - 0 0 0  
KK = 2  
N =  12 
K = 3  , 
I V U F L G =  1 
GO TO 2 0  

f C 5  CONTINLE 
RETURN 
EN0 



B. KAUFMAN 

S L D H O L T  I N €  SHIF T P  (&OR eR .L.Tb * T F  rF.F s L L  

I M P L  I C  I T H E A L 4 8  (A-H.0-Z *I) 

DIMEkSCCJN C ( l 0 0 0 )  r I C ( 5 C ) . R ( 3 )  . \ r ( 3 )  * f i F . ( 3 r B ) s F C ( Z Z ) e V E ( 2 2 ) *  
I R 1 (  392) . V 1 ( 3 . 2 )  e h ( 2 )  o S P A G ( 2 C  a 2 )  * T I  ( 2 ~ 2 )  
O I M E N S I C N  X ( 3 ) * b < 3 )  

COMMGN C 1 C  
E Q U I V A L k N C E  ( C ( 6 6 L ) . R A ( l . 1 ) )  s ( C ( 6 8 1 )  ~ V l ( l * l ) ) ~ ( C ( 6 9 5  1. 1 ) ) -  

I ( I C (  1). I B l ) .  ( i C ( 2 ) . 1 8 2 )  . ( I C ( 1 2 )  + h ( l ~ ) t ( C ( 7 l ) o S F C S C ~ * ( € ( 3  ) * U S )  

i r ( C ( E C 1  ItPo( l ) ) e ( C I 8 2 3 )  s V E ( 1 ) )  e ( C ( 5 6 1 ) . S F J G ( l ~ l ) J  
? . < C (  6 S 9  1.  S k N t  T) 

I C (  2 )=O.OO 
I F (  S & N E 1 ) l O O . l O O r l t ?  

LOG D I S = 1 . 0 1 0  

00 1 x=1.3 
X (  I ) = R 4  1 )  

I W (  I I ) 
NM I =NOR- 1 

I F ( N O R - t ) 4 . 3 * 2  
2 KKK=-  1 

NM 1=2 
GO 10 7 - - N M I  = 6 

4 C O N T I N U E  

K K K =  0 
IF (  t 8 1 - f Z ) 5 . 5 r 6  

5 I F (  I B 2 - € ) 9 r S . 6  
C K K K = 1  
7  CONTINUE 

DO a 1 = 1 * 2  
K = I + ( 5  
T T = (  IDINTt Tk-TI ( 1  . I ) ) + T F - 1 1  ( 2 1 I ) ) * S F L S O  
C A L L  S T E P D ( N ( i )  r T T v T A * R L  (1 * I ) * V l ( l * I )  e C S * F . F ( l * K ) * V V (  1.K)e l* 

I S P A R (  1 . 1 ) )  
e C O N T I N L E  
S C O N T I N L E  

C A L L  I N T R l (  T C s T F  * h M 1  vPC.1 .VE .OI  S 1  
I F ( K K K )  1 0 1  1 2 . 1 2  

1C NOR=NOR 
ou t i  1=1*3  
X (  I ) = X (  I ) + R R < I  . N O H )  

11 W (  I ) = k c  I ) + V V ( I  INOR) 

1 2  C O N T I N b E  
D O  1 3  J Z 1 . 5  
00 1 3  1 z 1 . 3  
L = 3 * J - 3 + I  
R R (  I e J ) = X (  1 ) - P O t L )  

1 2  V V (  I . J ) = W (  I )-M ( L )  
DO 14  1=1 .3  
R R (  I o 6 ) = X < I ) - P O (  I + l B )  

14 V V (  I . t . ) = W (  I ) - V E ( I + 1 8 )  
I F ( K K K )  1" 1 7 9 1 5  

1 5  DO I €  1 = 1 s 2  
K =  1 +6 
DO 1 6  Jz1.3 
R R (  J . K ) = R R (  J * 3 1 - R R ( J . K )  

16 V V ( J + K ) = V V ( J * 3 1 - V V < J . K )  
1 7  C O N T I N U E  

GO T O  3% 
l e  TT=C ( T W - T l ( l . 1 )  ) + T F - T I  f 2 9 1 )  * S F C C D  

M =2 
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C A L L  S T E . P D ( M . I T . T A . H l  ( 1  + I )  s L 1  ( 1  * I )  v C ( 3 )  t R F ( l * l ) ~ V V ( I * l  ) o l e  
lq>bJAf?(  1. 1 ) )  

T T = (  ( T k - T l ( 1  9 2 )  )+IF-T1 ( 2 . 2 )  ) * S F E , 5 C  
I T  ( I C (  1 ) + I C ( 2 ) - 3 ) 1 U + l Y , 2 5  

I F ILi = 2 
C A L L  S T E P D ( M I T ~  . T A s t 2 l ( l  r L ) * b I ( l s 2 )  s C ( 1 )  v G G f 1 * 2 ) . V V ( 1 . 2 ) .  1. 

l ! > P A R (  1 . 2 ) )  
DO 2 4  1 ~ 1 . 3  
[ F ( N O H - E ) 2 0 . 2 1  ~ 2 2  

2C h R (  I * ? ) = - H I I (  1 . 1 )  

V V (  i t : ) = - V V (  I . 1 )  
H R (  1 . 1 ) = 0 . 0 6  

V V (  I .  1 )=C.DO 
<to TO 2 3  

2 1  H U (  1 1 2 ) = - K i i ( l r l ) - R R ( W )  

V V C  I . ' ) = - V V ( I  . I > - \ V ( i  .2) 
h C (  1 . 2  ) = C . D O  
V V <  1.2 )=O.110 
c > r l  T c l  2 2  

2 L  & t i (  l r 2 ) = i i t c i i . L 9 + H t < ( I  . I 9  
V V (  I . . i ) = V V ( I  . L ) + b V ( X  . I )  
f i n <  I.:)=O.UO 

v v t  1 . 2  ) = O . u o  
2 2  00 24 J = l . 2  

R $ { (  1 '  j )=;<( I j - I l R ( 1  * J )  
V V (  I v J ) = V ( l > - V V ( I  . J )  

24 CUN'TIIJbE 
i ; L j  Ttt 3 E  

2: M = 2  

I F (  I C [  1  ) - 3 1 2 7 . 2 7 . 2 6  
if5 K = i t (  1 )  

G J  T U  2 E  

2 7  K = I L ( L )  
2 E  Cc7PI T  ;NLE 

C A L L  S T E P D ( M r T T . T A . H l ( 1  r 2 )  v b l ( 1  .2).C(3)ehF(l*K).VV(l*K)*l. 
I S t ' A R (  1 . 4 ) )  

DO 24 1-1.3 
I F (  NOH- 2 ) 2 9 . 3 1  t J 2  

E S  H H (  I v . ?  )=-J<H( L . I  ) 
V V (  I . . : ) = - V V ( i . 1 )  
I F  t K  .t-Q ..S) GO T O  3 C  

l i b i ( l * K ) = r 7 H ( I . K ) - R H ( I  s 1 )  
V V C 1 . K  ) = V V ( I  . K ) - V V ( 1  II) 

tC FIR< I .  1 ) = C . 0 0  
V V (  1 . 1 ) = C . D 0  

GO TO 3 2  
2 1  U R <  I * ? ) = C . D O  

V V (  : . 3 ) = O . u 0  
GO TtJ 3 3  

2 2  R H ( I ~ 1 ) = - H H ( I + K ~ + H H ( I I t l  
V V ( I . l ) = - V V ( l . K ) + b b ( I . i )  
H R (  1 . 3 ) = - k H t  I + K )  

V V (  1 . 2  ) = - V V (  I 1 K )  

R R (  I . K ) = 0 * 0 0  
V V (  I .K ) = O . 0 0  

2 3  R R (  I .  l ) = R ( I ) - H R ( I  9 1 )  

V V (  I. 1 l = V (  1 ) - V V ( 1  . I 1  
R R (  I . ; ) = R (  1 ) - R R I I  .3) 
V V (  I.3)=V{I ) - V V ( I  9 3 )  
I F ( K - E Q .  I -OR.K.EO.3) G C  T C  34 



RR( I.K)=R(I)-RR(I O K )  
V V (  lrK)=V( I 1 - V V < l  r K )  

34 CONTINUE 
1 5  CONTINUE 

RE TURN 
EN 0 

B. KAUFMAN 
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12 C O N T I N L E  
i c a  FIEIU~N 

LNL) 



SUtlH(1I. T I N E  S P L K  ( X .  k )  

1 : - l I 1 i I C I  T  & t A C * t 3  ( A - H r O - Z  e 3 )  

C C O N V L I i T S  C A M  J t S f A h  T O  C F H E R l C A L e  FETLIF.hS I h  DEC- 
O I M L N S I L I N  X ( 3 ) + V ( 3 )  

C D I M L N S I O h  X ( 3 )  . Y ( 3 )  

R T D = . t  7 2 Z 5 7 7 S ' & + 0 2  
A = X (  I ) * x (  t ) + n ( 2 ) * r ( 2 )  
YC I ) = O S O H T ( A + X ( 3 ) * X O )  

Y (  2 ) = i ) A I A N ( X ( 3 ) / 0 C . O K V ( A ) ) * R l D  
Y ( J ) = A R K T N S ( I B O .  X ( L )  . > ( 2 ) ) * f i ~ ~  

R E T U R N  

E N 0  



S U B R O L T I N E  S T C P O ( h r 1 r T A  *R.V . U * F R . V V * L  s S E )  
I M P L  SC I T  R E A L * B  (A-U - 0 - 2  * S )  

C B  1 5  A  S T O R A G E  V t C T O R  MUGS€ E L E C E h T S  # S E  
( 1 )  I N I T I A L  TRUE A h O W A L Y  ( 1 1 )  P h G U L P G  CCWEhTUM S O U A G E D  HZ 
( 2 SEM [ - L A  T C S  t4ECTLFI  ( 1 2 )  A h G U L I G  C C C E h T U M  N A G N I T U C E  ti 

( 2 )  E C C E N T R I C 1  T Y  ( 1 3 )  MU T I C E S  F C O I U S  M P G N I T U O E  UR 
( 4 )  R A O  C L S - S Q b A R E D  ( 1 4 )  R  C C T  V  
( 5 )  R A D I L S  M A G N I T L D E  (15)  P 2 - U F  
( 6 )  S E M I - M A J O R  A X I S  ( A )  (16)  H l R C C T V  
( 7 )  AUCCILbTE V A L U E  O F  ( A )  ( 1 7 )  L / ( F * H 2 )  
( 6 )  M E A N  M O T I O N  (18)  FV/H 
( 9 )  T I M E  C U E F F L C I E N T  R / A @ A  (19)  T I M E  F F C W  F E F I P P S I S  ( 4  OR - )  

( 1 0 ) T I Y E  C O E F F I C L E N T  R L I S G R T ( U A )  ( 2 0 )  S k I T C H  1 E L L I P *  2 HYPER 
D I M E N S I C N  R(31 * L < 3 )  * H V E C ( 3 )  * K f i ( f )  v V V ( 3 )  ( I F ( ~ ) * C E ( ~ O )  
D t M E N S I O N  S8(20) 
D I M E N S I G N  R ( 2 )  * V ( 3 )  s H V E C ( 3 )  * R K ( 3 l * V V ( 2 )  e F ( 4  J * C E ( 2 0 )  
D I M E N S l U N  S O ( 2 0 )  

N  .IN 
GO TO ( l r 7 ) s N  
C O N  1 I N L E  
P I = . 2  1 4  1 5 9 2 t S V + C 1  
T P I = . C 2 € 3 1 ~ ~ 3 0 0 + 0 1  
C B (  4 ) = D O T ( H . H )  
C B (  f ) = D S Q H T ( C B ( 4 ) )  
V 2 = D O T (  Vv V )  
C @ (  1 4  )=VOT(R.V)  
VM=D S Q R  T( V Z  J  
C B (  6 ) = C 0 ( 5 ) / ( 2 - O D O - C B ( 5 f * k 2 / L J  
C B (  7 ) = D A B S ( C d ( & ) )  
C B (  8 ) = D S Q R  J ( L / C B ( 7 ) ) / C B ( 7 )  
C B (  9 ) = C B (  5 ) / C 8 ( 7 )  
C R (  I O ) = C U (  A 4 ) / 0 S U R T ( U * C B ( 7 )  8 
C A L L  C R O S S ( R *  V s H L E C )  
C B (  l l ) = D O f  ( H L E C * H k E C )  
C B <  1 2  I = D S G H T ( C B (  11 1 ) 
C B (  1 3 ) = L * C 8 ( 5 )  
CB(; )=CB( 1 1 ) / U  
E C 2 = l . O D O - C B ( 2 )  / C B ( b )  
I F ( E C 2 . G E . < - I  -0-61 .AND-EC2.  L E m O o O O ~  G C  T O  200 
C B (  3 )=DSQHT(ECZ) 
GO TO 2 C 1  
C B (  3 )=O .DO 
C O N  1 I N  U E  
cat  IB)=CB( 11 ) -cB( I~)  
C B (  1 6 ) = C B (  l S ) * C B (  1 4 )  
C B ( 1 7 ) = L / ( C B ( 5 ) * C B ( 1 I ) )  
C B (  18)=CB( 1 4 ) / C B ( 1 2 )  
C B (  1 )=ARKTNS( L B Q * C B ( 1 5 )  16) L 
T A 2 = C B (  1 J  
I F ( C B (  0 ))3*3+2 

C O N T I N U E  
C 8 6  2 0 ) = l - O D O  
E t = C B (  6 ) *T  
GO TO 4 
C O N 1  IlJUE 
C B (  20 )=2 .ODO 
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E l = O * O D C  
C O N 1  I N U E  
C A L L  T C O N I C ( L v C B ( 3 ) . C B ( C )  1 C E t ( 2 1  * T A 2 e T F F e F P C b  
N =N 

GO TO ((5.5)rN 
C O N T I N U E  
T = T F P - C B (  19) + T A P * P D  
GO TO 1 2  
C O N T I N U E  
C B (  1s I - T F P  
N = 2  
D O  6 C  I = 1 1 2 0  
S B (  I ) = C B (  I )  
GO TO 7 C 0  
C O N T I N U E  
DO 7 C  I=1.20 
C B (  I ) = S O (  I )  
C O N  T I N  L E  
P D = T P  I / C B (  t3) 
I F (  M ) E l  e+ 1 l 
C O N T I N L E  
TA I S  THE I N C H k M E N T A L  T R U E  Lhf # A L Y  
C T = D C O S ( T A  
S T = D S I N ( T A )  
E F = C T - S T * C B (  18) 
GE=ST*CE3( 4) / C B (  12 8 
R 2 0 R l = C B (  l l  ) / ( C B (  13)+CB(I5)*CT-C%(16I*ST8 
E F = R  2OH 1*EF 

GE=R 2 0 R  l* G E  
EFD=Ct%(  1 7 ) * ( C B (  1 4 ) - C 8 ( 1 4 ) * C T - C B ( t 2 )  * S T )  
G E D = ( C B (  l S ) + C t i (  1 3 1 * C T ) / C 8 ( 1  1) 
T A 2 = C U (  1 )  + T A  
T A P = I D I N T (  T A 2 / T P I  ) 

T A S z T A 2 - T P I * T A P  
I F (  I D I N T ( T A P / P I  1 )  F v 4 . 1  C 
T A P Z T A P - 1 . 0 0 0  
GO TO 4 
T A P = I A P + l . O D O  
GO TO 4 
C O N T I N U E  
K = C B (  2 0 )  
E M D I = C B ( e ) * T  
C A L L  G O T O H ~ K . E M O T r C ~ < 9 )  * F v E l )  

E F = - F ( 2 ) / C B ( 4 ) + 1 . 0 0 0  
GE=-F( I ) /LO(  e ) +  I 
R O A = F (  i ) + C a t  4 ) * F ( 4  J+CB4 iO$*F(3) 
E F D = - C B ( 7 ) * C 8 ( 8 ) * F < 3 ) / ( C 0 ( 5 b * R O A )  
GED=-F(  2 ) / H O A + I  .OD0 
T A = A R K T N S (  I 8 O * C 8  ( 4  ) * E F + C 0 ( 1 4 )  *GE e C B ( 1 2 )  *GI?) 
I F ( K - 1 )  1 1 0 . 1 1 0 *  12 
CONTINUE 
T A P = I D I N T (  T / P D )  
I F ( T A * T ) l l l e 1 1 2 ~ 1 1 2  
T A P = T A P + D S I G N (  1 -000 .7 )  
T A = T A t T A P * T P I  
CONT INUE 
DO 13 1 ~ 1 . 3  
R R t  I )=EF*R(  I ) + G E * b i O  
V V (  I )=EFD*R(  I ) + G E O * V (  I ) 
C O N 1  INUE 

RETURN 
END 

2 t ? € S C O  
2 6 6 6 C C  
2 8 6 7 0 0  
2 8 0 8 C O  
2 E 0 9 C C  
2 e 7 0 c o  
2 @ 7  1 CC 
i 8 7 2 C C  
2 8 7 3 0 0  
2 e 7 4 0 C  
2 f  7 5 0 C  
i i 3 7 6 C C  
z e 7 7 c c  
S e 7 8 C O  
2 8 7 9 6 0  
f e e c o o  
i t ? &  1 0 0  
z e ~ 2 0 0  
2 8 8 3 0 0  
2 e e  4 0 0  
2 E E 5 0 0  
z e e c c c  
2 E E  700 
2 8 8 6 C C  
2 8 8 9 0 C  
2 8 9 0 C C  
2 8 9  100 
2 8 9 2 0 0  
2 8 F 3 C O  
2 8 9 4 G C  
P € 5 5 0 0  
2 8 9 6 C C  
2 E S 7 C O  
2 8 4 8 C O  
2 8 9 4 0 0  
PFOGOO 
2 5 0 1 0 0  
2 9 0 2 0 0  
2 9 0 3 0 0  
Z 9 0 4  c C  
2 4 0 5 0 0  
2 Q C 6 0 0  
2 9 C 7 0 0  
2 9 C  8 0 0  
2 4 0 9 0 0  
2 9 1 0 0 0  
291100 
2 9 1 2 0 0  
2 9  1300 
2 9 1 4 0 0  
2 9 1 5 0 C  
291600 
2 9  1700 
P F  1800 
2 S t F O C  
i 9 2 0 C O  
2 9 2 1 0 0  
2 9 2 2 0 0  
2 9 2 3 0 0  
2 9 2 4 C O  

2 9 2 5 0 C  
2 C 2 6 0 0  
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S L B R O L T I N E  T C O N I C  (L IEC . A * S L R . T A Z * T  m f P C )  
I M P L  l C  1 T  R E A L * B  (A-H.0-Z s f )  

T A N G ( Q C C O F L ) = D S I N ( O O 0 0 F L ) / D C C S ( O O O O F L )  
AB = O A E ) S ( A )  
F A C = A H * D S o R T ( A B / U )  
E C A = (  I - O O O - E C ) / ( 1 ~ 0 0 O + E C )  
A B E  = D S Q R T t  D A B S ( E C A )  ) 

T h E = T A N C (  . 5 D O * T A 2 )  
I F ( A B E - * C 0 0 0 5 0 0 )  11  r l 1 . 1 2  

12 C O N T I N U E  
E C A = i  . 0 0 0 * O A  T A N ( A B E *  T H E  ) 
I F ( A  ) 1 4 . l l r l 3  

13 T = F A C * (  E C A - E C * D X  I h ( E C A )  
GO TO 16 

1 4  A N G = , 7 E f 3 9 E l C 3 0 0  t ECA/P .DO 
T = F A C * ~ E C * T A N G ( E C A ) - D L O G ~ T A L G ( L ~ G )  # )  

GO TO 1 6  
1 1  F A C : D S Q H T ( S L R 4 * 3 / C J * 2 ~ O D O ~ ~ i 1 ~ O O O + F C ~ * * 2 ~  

E C  I =ECA * THE* * 2 
T = F A C * (  l H E + T H E * 4 3 * ( ( L ~ O O O - 2 ~ O D O * E C ~ ~ / 3 ~ O C O - i 2 ~ O C O ~ ~  * O D O * E C L  ) * E C  1 1 5  
1~000+(3~00Q-4~0DO4ECA)*EC1**2/7~000-~4~OOO-5~OCO*ECC)*ECI**3/9~000 
2 ) )  

l t  C O N T I N U E  
R E  T U R N  
E N D  
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S U R R O L  T  I N E  T E R M  ( X r Y  +D SF ) 
I M P L I C  I T  REAL*B(A-H IO-Z  . S t  
COMMON C( 1 0 0 0 )  s I C ( 5 0 )  .2(3) r V V ( 3 )  * L C F  
COMMGN/APPEH / F P H a L D  + O L D  + X P A X  
D I M E N S I O N  H 1 ( 3 * 8 )  r V 1  ( 3 . e )  
D I M t N S  I O N  Y ( 2 0 )  *0 (20) 
COMMON / ' T E P S /  S T E P  s X O L D D  
E Q U I V A L E N C E  ( C ( 4 0 l J r R l ( l r l ) )  s ( C ( 4 2 5 ) , V l ( l v 1 ) )  
D A T A  XOLO/O./ 
S T E P  = X-XOLD 
X O L D = X  
X o L D D = X O L O  
Y (  7 ) = X + C ( 5 0 6 )  

C (  4 C 1 )  C ( 4 6 1 ) + 1 . 0 0  
F = C (  5 5 4  ) - ( C (  5 0 6 ) +  X )  
I F ( C ( 7 7 6 ) o E Q * 0 . 0 0 )  GO T C  5 
F P R = C (  7 7 6 ) + ( 5 O ~ D O - A D O T ( R 1 ( 1  *hCCI) * V l ( l  r L C P ) ) )  
I F  ( F P R  .GT* 0.00 .AND* h *hE*  - 0 . 0 0 )  C L D = F P G  
iF(FPROLD.EQ.O.UC.ANO*FPR.Gl .O*OO) C C  T C  5 
1F ( X  wEQo 0.00 rCR. C L D  ~ E C I  0 - G O )  G C  T C  5 
F P R U L D = l  .DO 
F = F P R  

5 CON T  I N U E  
IF(C(  ~ a c o J ) 4 c o o 1 ~ c . ~ o  

1 0  I F ( C A B S ( X + C ( S 0 6 ) )  . L E o X h A X )  GC T C  4 0 0 0  
X M A X = D A B S ( X + C ( 5 0 6 )  
I F (  XMAX-C( 1 O C O ) * ~ ~ 4 0 0 ~ O C ~ 4 O O O ~ l l  * I 1  

1 1  C O N T I N U E  
C A L L  S H A D O h ( R l r L 1 . X O L D ~ S T E F )  

4 0 0 0  C O N T I N U E  
I F ( F N O R M ( R  1(  1 * N O H )  ) * G T o C  ( h C F t 2 0 )  3 GC T O  2 
WR I T E ( 6 . 3 )  C ( N O R + 6 0 )  

2 F O R M A T (  l H O e l 9 H P R O B E  H A S  I M F A C T E D  . A 6 1  
F=O.DO 
C f  l i i ) = I O . D O  
C (  462 )=C.DO 
R E T U R N  

2 C O N T I N L E  
I O R = 3  
I F ( F N O R M ( R l ( 1 ~ l ) ) ~ L T o C ( 1 1 ~ ~  1 C F  1 
I F ( F N O R M ( R l (  1 . 2 ) )  .LT.C( 12) )  I O F = 2  
I F ( F N O R N ( R l (  1 * 4 ) ) . L T * C (  1 4 ) )  I C f i = 4  

I F ( F N O R M ( R L (  1 1 5 ) )  * L t v C (  15) 1 I G R = S  
I F ( F N O R M ( R l (  1.6)) * L T e C (  16) )  I C F = 6  
IF (  tOR.EO.NOR) GO TO 1 

N O R =  [OR 
F = O  .DO 
C (  1 2 2  ) = P O D O  
R E T U R N  

1 I F ( C (  1 2 2 ) 9 E Q . O . D G ~ A N D ~ F 9 G T * O * D O >  F=OIDO 
R E  TURN 
E N D  
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SUBROLTINE  T F R A C ( T l * T 2 . l Z r T F J  
IHPL KC1 T  R E A L * B  (A-HIO-Z r S )  
T W = T l  
TF=T;! 

3 C O N T I N U E  
I F (  T F )  1 .2 .2  

1  CONTLNbE 
TY=Th- I .OD0 
T F = T F + l  .OD0 
GO TO 3 

i C O N T I N U E  
T D U W = I D I N T ( T F )  
TW=TL+TDUM 
T F  =TF- TOUM 
RETURN 
E N D  
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S b B R O L T  I N €  T  I I 4 E C  T I .  12. T 3  s T 4 )  
I M P L  I C I  T  H ~ A L * B ( A - H I O - Z  IS) 

C TI IS  A N  INPLT I N  F G H V  ( Y ~ A P S  F F C C  i 9 0 0 9 ( ~ ~ h r h  C F  Y E A R )  
C ( D A Y  O F  M O N T H  
C W R I T T E N  A S  C S 0 1 . 1 2  F O R  4 A h 0  12. 1 9 6 5  

C T 2  I S  A N  I N P L T  I N  F O H C  ( H C U F  C F  C C Y ) ( V I h U T E  CF b C U F )  
C ( S E C O k V  O F  M I N b  T t  

C WR I T T f N  A S  13Ol.303Z F O R  l F L *  1 C I h L T t r  3 0 0 3 2  S E C C h C  
C T 3  IS C k I O L k  D A Y S  t H U V  1 5 5 0  C L T F L T  

1 4 = c . o v c  
T A = L D I N T (  T I )  

T A 1 = 1 A /  l O O ~ O D 0 t ~ 0 1 D O  
T Y 1 =  l I > I N T ( T A l )  
T Y =  I Y  1 - 6 0 . 0 0 0  

I Y  = T Y  
IF ( I Y )  1 5 * 1 5 * 1 C  

15 CONTXNbE:  
W d I T t  ( 6 . 1 7 )  

1 7  F C H M A T  ( 3 7 U  E X I T  F R O M  TICEC. D A T E  1 9 6 0  C R  E E F C F E )  
C A L L  L X l T  

1C L O N T I N L L  
N D = 3 t  f 2 
K = 1  
DO 1 r = 1 .  XY 
K K  =K- I 
I F  ( K K )  2r2 .3  

2 C O N T I N b E  
N O = N D  + 366 
K  =K + 4  
GO TO 1 

I: C O N T I N L E  
N D = N D  +305 

1 C O N T I N L E  
T Y 2 = T A - T Y  1 4 1  0 0 . 0 0 0 + *  1 0 0  
1 Y 2 = 1 0 1 N T (  T Y 2 )  

IF  ( I Y i )  1 0 1 t O 1 l l  
1 1  C O N T I N U L -  

IF  1 1 4 - I Y 2 )  101 12 .12  

I C  L O N T I N L E  
k H 1 T t  t 6r 13) 

13 F O R M A T (  37H i N P L T  T I M E  1 5  kGChG.  E X 1 7  FFCC T I N E C )  
C A L L  E X I T  

1 2  C O N T I N U E  
DO 4  I = l * I Y 2  

1 = 1  
C J A N  FEE3 M A R  A P R I L  N A Y  J U h E  J U L Y  LLG SEFT  C C T  h O V  

GO TO ( 4 r 6 r 7 . 6 1 8 ~ 6 . 8 s b r 6 r f  * 6 * 8 )  - 1  
t5 C O N T I N b E  

N D = N D  + 31  
GJ TO 4 

7 C O N 1  [NUE 
I F ( K K - 1  ) 9 9 1 4 + 9  

1 4  C O N T I N U E  
N D = N D  +29 
GO TO 4 

F C O N T I N b Z  
N D = N D  12e  
GO TO 4 

e C~NTINUE 
N D = N D  +3O 
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4 C O N T I N U E  
f B  l = (  7 I - T A ) *  1 0 0 * 0 D O + . I D O  
N D = N D + I O I N T (  TB1 
NDsNO- 1 
T 3 = N D  
T A =  I0 I N  T( T2 )  
T4= (  TZ- TA) 1 8 6 4 . 0 0 ' 2  
T B = l A /  1 COoODO+o 1 0 0  
T B l = l D I N T ( T B )  
TBZ=TA-TB I *  1 0 0 * 0 0 0 + r 1 0 0  
T 8 3 = I D I N T (  T 8 2 )  
T 4 = T 4 + T B 1 / 2 4 0 0 0 0 +  1 8 3 1 2 4  I. CD01I>CtODO 
RE TURN 
END 
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S U B R O l T I N E  T R A J ( T 1 O . T I F  * G  r V . h E )  
EMPL I C  I T  R E A L * B  (A-H.0-2 v t )  

COMMON C (  1 0 0 0 ) * L C < 5 0 )  e Z ( J ) . \ \ t 3 )  e h O F  
C O M M C N / T I M E / T U ~ T F  
O I M E N S I O N  R 1 ( 3 c & k  * k t  ( 3 r € )  r R ( 3 )  e k ( 3 )  eY (20) . G ( 2 0 )  
E O U I V A L E N C E  ( C C 4 0 1 h e R I  ( 1 . 1 ) )  t ( C ( 4 2 5 ) q V l ( I * l ) )  
J = 2  
N  = e  
L = o  
CS 4 6  L ) = O c U O  
C t ' S C 6  ) z C * D O  
C( 5 9 C ) = T 1 0  
CC 5 9 1  ) = ? I F  
c (  5 4 )  = < c (  5 9 0 ) - c (  5921 +c ~ C : P I  )-c ( 5 9 3 ) )  * e 6 4 o o . ~ o  
I l z l C (  5 9 4 ) . k 0 . 0 * U O )  R E T L C h  
Y ( F ) = - 1  .DO 
M=C( 7 f 2 )  
G=OSIGNC120rDOwC(59bbk 
Y (  a ) = c (  764) 
DO 1 I=1.6 
Y( f )=0.00 
X=C.DO 
C A L L  F N O L 2 (  J 9 N . G  sC.MsNE I X ~ Y  ~ D * D E I ; I V * T E F L  * C U T )  
I F ( C <  1 2 2 ) . E Q 1 1 ~ D 0 )  GO 10 3 
I F ( C ( 1 2 2 ) . t 0 . 2 . D O )  GO TC 6 
I F ( C (  1 2 2  ) - E Q * l O . D O )  R E T L R N  
I F ( C ( 5 4 4 ) - ( C ( S O E ) + 8 )  O L E  .C*DO) GC T C  3 
C O N f  I N U E  
C (  50C )=C( 5 0 6 ) + X  
C( 1 2 i ) = l . D 0  
DO 5 I=1.3 
C( I + 4 4 9 ) = R l ( I r N O R I  
C (  I+SCZ I * N O R )  
GO TO 2 
CONT [NUE 
C( l Z i ) = l . D O  
W H I T E (  6 . 7 )  C < N O R + 6 O )  
F O R M A T (  20HOBODY C E N T E R  I S  h C U  A 6 )  
00 8 I = l r d  
C( I * 4 F Q ) = R l (  I * N O R )  
C4 I + 5 C C P ) = V 1 (  LINOR) 
C (  5 C 6  )=C( 5 0 6 ) + X  
GO TO 2 
C G N T I N U E  
DO 1 2  t = 1 . 3  
R (  I ) = R I ( I + N O R )  
V(  I)=VL<I.NOR) 
C (  1 2 2  ) = l r D O  
C (  592 > = T k  
C( 5 9 2  > = T F  

R E T U R N  
E N D  



Appendix B 

EXAMPLES 

CASE 1: Apoapsis Printout* 

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

INPUT 

C a r r ay  Variable 

Semimajor axis of 53500 km. 
Eccentricity is ,86915888. 
True anomaly is 180 deg. 
Right ascension of node is 45 deg. 
Inclination to reference plane is 30 deg. 
Argument of periapsis is 45 deg. 
Epoch date is March 13, 1971. 
Epoch time i s  oh O m  O S .  
Input reference coordinate system i s  Earth mean equator and equinox of 

1950, January 1, oh. 
Stop date is March 17, 1971. 
Stop time is oh. 
Apoapsis printout is wanted; therefore c(761) is total integration time of 

4 days. 
= 1. for apoapsis printout. 
Apoapsis printout is wanted. 
Apoapsis printout is wanted. 
No shadow is wanted. 
Built-in e r r o r  control used. 
Include harmonics for Earth, Moon and Mars whichever is the central 

body. 
No solar pressure - ignore c(770) through c(774). 
Input in keplerian elements. 
Printout a t  apogee only. 
Three types of output requested: 
(1) Central body; mean earth equator and equinox of 1950 
(2) Central body; t rue ecliptic and equinox of date 
(3) Sun-centered; true ecliptic and equinox of date. 

OUTPUT 

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

*Apoapsis printout is a f o r m  of exact  print  and r equ i r e s  res ta r t ing  the in tegra tor .  
?Buil t - in value i s  used; therefore  not included i n  input. 



The next block of output is the epoch time and the input transformed into the mean Earth 
equator and equinox of 1950, January 1 a t  oh, 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 a t  apoapsis. This is followed by similar output 
at the requested times. The output definitions a r e  a s  follows: 

X -DZ 
R 
DEC 

v 
PTH 
AZ 
SMA 
ECC 
INC 
LAN 
APF 
RCA 
C3 
THET 
APOG 
MAN 
PERH 
TPER 

State vector in km and km/sec. 
Radius magnitude (km). 
Declination of satellite in degrees referenced to the stated coordinate 

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

stated coordinate plane. 
Velocity magnitude in km/sec. 
Flight path angle in degrees. 
Azimuth in degrees. 
Semimajor axis in km. 
Eccentricity. 
Inclination in degrees to the reference plane. 
Longitude of the ascending node in degrees. 
Argument of perifocus in degrees. 
Radius of closest approach (periapsis) in km. 
Twice the total energy per  unit mass in km2/sec2 (-u/a). 
True anomaly in degrees. 
Apoapsis in km. 
Mean anomaly in degrees. 
Period in hours. 
Time to periapsis in days. 

In the final block is the number of integration steps taken. Since printout a t  apoapsis, 
periapsis, o r  exact time steps requires restarting the numerical integrator, this is the 
number of steps taken from the previous output time. 
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M b H C H  1 3 .  I Y l l r  OHRS, W I N ,  U. UCFC 

V F N I I S  C I ' N I k U E l l  TRI IF  F C L I I ' T I C  AEVI i ' l l J l h l l l X  n F  n h i t  
X - U . h l 7 l I h l 7 7 0  0 4  v - V 9  I 5  7 n . 4 b Y l  h 7 0 3 1 l  0 4  
H O . L I l I l O U l ~ O O i l  116 I ) t C  1 l . / h H 7 ? ? I I I l  I11 1 1 - 0 . 9 3 5 * 6 7 3 7 1 1  0 2  

SMA O.~~%IUUUOII 0 5  F C C  o . w t i ' ' l ~ d n h r i  f i n  IN(: 0 . 7  1 7 ? ~ 7 ~ 1 * n  117 
c 3 - 0 . 6 0 7 0 4 5  r u o  0 1  rrr-T-n. IRI~II~~U~,UII (13 l t ~ o r r  I ) .  ~ ~ t i ) i ' ~ ~ i ~ o o n  1.16 

$111 L t l v l t ~ C l l  TUIIF FCC. I P T I c  burl t o l J l u n x  nr n * T v  
x - I J O  O R  Y-(I.YHYZII~>~O 1," 7 C O . I L ? E ~ / ~ ~ ~ , I  o r  I IX  1,:3/73?~n%~~ 117 c w - i > . 1 4 7 ? 0 ~ 7 i n  i i /  ~ , - O . L , ~ ~ ~ + M , V . ~ ~  

H 1 1 . 1 0 1 1 4 4 4 7 1 )  nV I I F C  0 . h 4 h 4 ' ~ L Y C I l  11(1 k b - l l . 1 1 1 4 Y 7 Y 4 l l  I17 V 1 1 . j 5 5 1 0 3 5 6 1 1  I17 P T M  0 , 7 h * 3 6 7 h 4 l ~ - l l l  # IL  1 l . . t 3 h < 4 L h l i L  < , /  

V F N I I S  CFNTCKEII C F N T R A L  HI I I IY  M t n N  L iZYTH F l l l l h T n n  AWn F O I ~ I N I I X  n F  L 4 5 I I  
X - U . h h 4 7 6 b U 3 1 7  0 4  Y - 0 . 9 3 3 1 1 h 3 L O  i 5 5  7 - 1 ' . 2 3 3 P l % h 4 n  115 OX ll.hO711111971J I K I  L1V < 1 . 4 L 1 I 7 ~ 7 ' . h 4 ~ - O l  # ~ 1 - ~ 1 . ~ 4 t 4 4 1 4 ~ ~ 1 ~ ~  ( 8 0  
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B. KAUFMAN 

CASE 2: Periapsis Printout* 

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

:%Per laps is  prlntout  is a  f o r m  of exact  pr ln t  and requlres  r e s t a r t i ng  the in t eg ra to r .  



NRL REPORT 7436 

l ~ P l l T  I ,U - k l t N  & ( I  AN,) F O  111- $ 9 5 0  
ttA'lT.H 1 3 ,  1 9 7 1 .  I IHQS.  ( W l h l ,  $1, U S F F  J l l L  I lbhl l l A T t  r ' 4 4 l l ~ L ' i . ~ 0 0 l l l l l ~ l l l ~  

X 0 . 4 h H 9 1 0 H ? l ~  0 7  V 1 1 . 5 1 1  I 7 0 . 7 4 1 4 8 1 3 R l l  t l 4  l l ) l - l ~ . h h ~ R Z 1 1 9 7 1 1  0 1  V - l 6 3 R  I r 111 0. l l g L 4 7 1 1 1 )  111 
H Lb.h999'19'1911 0 4  I)).C 0.7117(1401111 0 7  U d  l t . R 3 R V 7 7 9 7 n  I17  V 11.92174U191) Ill P I *  l l . R l 1 5 9 4 1 Y 7 l l - 0 1 .  4 2  O . h 1 1 9 7 7 4 5 1 *  t I Z  

'IX #IF l 9 5 n  
t I X - l l . h h ~ P 5 * 0 7 8 )  I I 1  $ l V - O . k 7 7 * l  al , 'xI> " ( 8  

V t!.91l/G(11'1.) 0 1  P1.1 I I . P 0 5 U * 7 U 7 l l - - l l h  
I A "  1,.451~1101?~1111 1)) 4 V F  0.l.lil 0 0 0 1 l  l n l k 7  
14) '  , . . 2 0 % 1 1 r 4 i l l l - l h  P F H H  11.37MI)<t3h<%l' 0) 

l - l . R l  Ill I 1 1  l I . h ~ l / L I 1 7 L h l ~  t i 0  

v I ~ . V 3 1 7 4 1 ~ 1 ~ 1 ~  0 1  VT14 l l . i Q 7 2 A ~ 7 7 1 ~ - u h  
t h b '  l l . L ) 4 5 h 1 5 4 5 i l  I t 7  h P F  ~I.3L17Z.1~30110 I 1 3  
* A @  < ~ . 3 h l i O < ~ ~ l ~ ~ f ~ # ]  ( $ 3  PeMkl  <$. 37"QN+&641 0 2  

c a ~ C 1 3  I h .  Iltllr 3t1H5, L . l l * l N ,  '43. 3 4 \ F C  J I C L I A *  u 4 T t  2 4 4 1 U L b . b h l ~ l l l 4 5 1  

VLNII, I.~NIFI(~II C I M ~ * A L  1ttt18v * T A N  C E Q T W  F n t l b T I ) ~  n b i n  F n t 8 l u 8 , r  I>+ I ~ Z O  
X 11.459h4117411 (13 V  O.hS(l lS7(311 1,' ? <!.?Z,h7h,.ih<\ 1)'. t IX-i t .* l !b4,!JQ?l> 0 1  l l V - l ~ . f ~ ~ ~ ~ l ~ l 7 7 l ~  U f l  (It 1, .S31)427%7t t  ,,I 
I( l l . h 9 7 1 2 4 * h l l  ( ' 4  OCC l l . / O l d l i b ' i h l l  1 .7  P *  l l . l . > u \  I L I > > l l  I17 V 1,.V>3/0L??U 0 1  V l U  O . i S 6 7 7 1  3 7 - 1 6  A L  l l . b I 1 5 5 1 1 1 h l l  (1) 

S 4 4  L l . 5 3 ~ ~ V ~ ~ / l ~ l #  0 5  6l.r < $ . " & ~ ~ h ~ 4 1 1 4 >  Is<\ I&,(, 0.2,~,,&2735C> Is? Lab, 1 ~ . 4 + ~ ~ ~ 1 " ~ ~ 4 t ~  t t ?  A V F  f t . t . I . '><14377*3 U /  U1.a l ~ . b ' f l 1 2 4 M A l ~  I34 
C 3 - l l . h 1 ~ 7 1 > 5 4 7 I I )  ( '1 1 ~ 4 t l - O . h 7 L O h I t i l ' - ~ ' h  cvPI11: 0.  1 ~ ~ 1 ' l 3 7 7 1 " I l  Ilh L A N  l l . 4h IL l l l )O l ) l l41  t h  ( I l r * s <  I3.?7+?,>l.,>',l, I , /  1l)tH-ll.IUI1144'11111-11(1 

V F ~ I G S  CFIIII-HII IYII~ CC.1 I P I I L  n w l l  ~,IIII*IIIX CL l l . r l t  
X  3 7 h  3 V  Ll.bl lZIIW21+h1i ( L  7 - . 3 1  3  - 1 1 . 7 7 7  I I I V  I l . h " 7 > / 7 O R ' l  UIt I I Z  0 . 3 2 H 5 5 0 C 7 ~ 1  OL 
r( 0 . h 9 7 1 . 2 4 H h l l  0 4  I ~ F ~ . - l l . 2 h 5 ~ l / 3 / Y I 1  1)) 9 4  0 . H h Z I 4 4 / 1 1 '  O ?  V O . V 1 3 ? 4 / 7 7 ~  $ ) I  ~ l U - I l . P h 7 O i l 1 O L 1 ~ ~ - U ~  A L  O . b ' l ~ b 4 V V l l l  lB2 

S l l A  0 . 5 4 4 Y V L L ' l l l  0 5  FCC I l . U h q h R L i ~ I 1  (,I1 I h l l  ( ~ . Z ~ 7 ' . Y > l l l )  0 7  I A M  1 ' .97 .11UiCI1)  I17 A P F  l l . 7 0 7 4 4 Z l ~ 7 1 ~  0 7  I I C a  I I . b Y l I Z 4 l l h n  0 4  
C 3 - O - h i J 7 0 ~ ' ~ h h l l  0 1  T H F T - l l . L 3 r t 4 7 1 1 4 l ~ - f ~ %  ltPl,C I ~ . l t i l ' P 2 7 L " n  llh W O N  1). t h i l l l l l l i l l l ~ l l  Ill P k M q  1 l 1 7 1 Y V 1 5 l l l ~ l  U Z  I P k I ( - O . L U ~ 7 1 ' 1 9 L I ~ - ~ ~ ~ ~  

51 lN C I N T I H I - 1 1  l u l l 6  F C I  I U l I I ,  nut, C l ~ o l u n X  1.6 P n l t  
X - l l . i h / 1 f ~ / n l ~ l  1," Y - 1 + . l 0 7 ? 3 L ) h S l 3  ll* 7 I ~ . A ~ . / ~ I ~ Q I , . , ~  I r h  13X l a . L 4 l h 6 h ~ h R t J  117 q l V - c l . l l l ~ ~ 7 V 4 7 ~ ~  I,? 1,L ~ l . l ~ 3 l ~ l ? ~ l l ~  01 
L 0.  I O H 2 5 7 t l 9 l l  n 9  l16C (1. i 4 V 7 r ' j h l f "  ! I l k  " a - 0 .  l ~ ~ r G N * l > I t  0 3  V l, .Lh4L> 1 7 1 7 0  117 P T r  (1.57 1 4 L H 5 7 1 1  1 i 1  f i Z  l , . # 7 3 h 3 7 7 3 l l  812 

S+IIM?LI( ' I F  b ~ t r \  I \ rt. 2 1  /IWUI,U+~ 0 3  

v + n l l >  L I ~ l r u r 8 t  ~ e u l u n l  I>II~IV rtnr t s v r -  r - n e ~ a r n *  b v n  * ~ W ~ I W I ~ X  #IF I~,II 
X - U . j 9 4 V H h 9 h l ,  114 V - l ) . ' i 7 ~ 7 4 ~ h U ' i  0 5  - 1 l 5 1  1 5  SIX < 1 . b I l h ' l 4 l R U  IIi' #BY 11.1 7,."7Vh%ll 011 l > 2 - t ~ . 1 ~ l ~ 1 l ~ V 1 1 1 ~  ( $ 6 8  
H l I .~ '4*1111119h l~  0 5  ~ ~ C - O . 2 1 ~ 3 H 7 ~ V I  1 -7  9 4 - ( > . * ~ " 3 5 7 h V l *  t l /  v l ~ . h ~ l l l ~ b l ~ ~ l  I t i t  P l ~ 4 - l ~ . i l ~ ~ ~ ~ l 5 ~ ~ ~ ~  AL l ~ . l i l h ~ / A 7 t ~  tn+ 

SHA t 1 . 5 3 ~ 1 5 1 ~ w 1 1  0 5  FCC 1 1 . ~ 6 9 1 i > n ? n  on I * ~ C  O . % U I I Z ~ Z I ~ ~  or' t a w  i , - b 5 , t q v r ) 3 ~ ~ t  ( 9 )  O . ~ G U ~ L I / ? ~  11) u c u  ( I . ~ L ) ~ . H ~ \ U A O  I,L 
C3- I I -h !101(7 '41n  n l  1 * k i - I l . i l V 7 Y b h % ~  $43 I P I ' C  O . I ~ l ~ l ) h l r ' C ~ )  8th -I%*' ~ ~ . 1 ' 4 1 l ~ V ~ s l & ,  0 7  P I + U  t l . ~ 7 Q I ' 4 l ~ * l  &>> l l ~ + K - 4 b . l ~ ~ t ~ l / ? ~ . ~ f ~  I M I  

VCP~III C F N l t h ~ . l ~  IPII). :<.I IPIIC a r t )  ~ . ' I ~ I * I ~ x  ,'F n n r k  
X-LI. 3 4 / V I ~ ~ ~ l l  114 V - ' 7  5 7 ~ ~ . 3 h ~ ~ ~ 9 " f i l s n  O L  11% 1 1 - 0 1 4 ~ 7 4 l l U  00 I I V  l l .*10L11V9l1l1-U1 l)Z-O.C3+l+17H?O 00 
H 0 . ~ 9 1 ~ l l 0 2 1 1 ~ 1 l  115 O.20USO/V5'1 0 )  U ~ - 1 ~ . U 1 9 7 0 1 7 1 0  117 V l I . l > h 4 l l 5 0 l C . l l  ( M I  P 1 ~ 4 - 1 1 . l 1 ) 5 5 U t % 1 1 0  11, A[ l I . l l t 4 7 1 3 1 7 t ~  (33 

\MA 0 . 2 3 5 1 ~ I O J ~ l  ( I 5  F1.C I I .Rh ' i l75 l l1 , '  00 1 - i  O . 7 O " I 3 7 ( ~ ' i l h  0 7  Ln* C ~ . V r 5 / 5 l * 5 l ,  0 7  A V F  0 . 1 5 7 S L ~ l h U P  "1 Y C a  O . n V h h 9 5 Y 7 0  ( I S  
C1-~ l .h110t4144111 Ill l I * F T - O . I 7 H 4 V h h Y ~ l  I,? (lIJ'lC. 0 . l ( r 0 0 h 1 7 h l ~  Oh * A % ,  i f . 1 Q l 9 3 9 A 7 U  4k3 VF*b8 t % . 7 7 Q l z . & l 6 e ~  0 7  1 v ~ ~ - ~ ~ . 1 4 ~ 1 1 ? ? ~ ~ ~ k  < M #  



R. KAUFMAN 

CASE 3: Printout a t  Exact Intervals? 

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

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

c(762)* 3 t $ 4 and therefore TRIP gives a final printout after 4 days, which is at 
the requested stop time. 

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

?DO not request exact printout and printout a t  apoapsis o r  per iapsis  in the s a m e  run. 
TRIP  can not handle this multiple type output. 
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B. KAUFMAN 

CASE 4: Printout At Approximate Intervals 

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

The differences in input are: 
(1) c(761) is set  equal to the total time of 4 days. 
(2) c(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 printout of the number of integration steps taken is cumulative and repre- 
sents the number of total steps taken from epoch, whereas in the exact printouts of cases 
1 through 3 it represents the steps taken from the last printout. 
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B. KAUFMAN 

CASE 5: F i r s t  and Last Point Printout 

This case represents the most efficient type of run but also the one that gives the least 
information, being useful only when the final point is all that is desired. Note that the 
total steps taken will be the same a s  for  case 4. The differences in input from case 4 
a re :  
(1) c(763) is again se t  to  100 000. 
(2) c(764) is se t  to 0. 
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B. KAUFMAN 

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 ear l ier  in the section on 
known Sugs, the satellite was in shadow a t  the s tar t ,  and therefore the f i r s t  shadow times 
a r e  incorrect. This is obvious since the t imes show the spacecraft entering umbra first!  
The second sequence of shadow t imes is correct. Note also, that the oblateness effects 
of the Earth were included here. The input data differences from the previous cases  
are:  
(1) ~ ( 7 5 0 )  through c(755) a r e  now state vector components. 
(2) ~ ( 7 5 8 )  shows that the state vector is referenced to the t rue Earth equator and 

equinox of date. 
(3) c(761), c(762) (built-in value), c(763), c(764) indicate that only the f i r s t  and last  

points a r e  requested. 
(4) c(765) indicates that shadow times a r e  requested from the outset. 
(5) ~ ( 7 6 6 )  is the built-in value indicating the Earth is the central body. 
(6) ~ ( 7 7 5 )  is the built-in value indicating input is cartesian state vector. 
(7) c(777) is the built-in values fo r  output options. 
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This is a final report on one phase of the problem. 
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8a. C O N T R A C T  OR G R A N T  N O  

NRL Problem No. B01-10 
L. P i i O ~ E c r  NO 

c .  

d .  

96. O T H E R  R E P O R T  N O i S l  (Any other  numbers that  may be assigns 
th i s  report )  

This report describes a numerical integration computer program (called TR 
based on Encke's method of integrating only the perturbations in the cartesian 
coordinates. The mathematical model can include Venus, Earth, Mars, Jupiter, 
Moon, and the Sun a s  either central o r  disturbing bodies. In-addition, full gravit: 
field potentials a r e  included for th2 Earth (7x7) and Moon (4x4) and J z  only for 
Mars. Modification to expand the gravity models for the other planets is simple. 
Solar radiation pressure may also be included a s  an option in the input. The pro 
gram uses the latest exported J P L  double-precision planetary ephemerides (DE 

TRIP has the option of calculating shadow times of penumbra and umbra; prj 
out may be obtained at  specified times or,  in the case of a planetary orbiter, a t  
apoapsis o r  periapsis. Input data is very simple and there is a variety of coordi 
nate systems :or printout. 

TRIP is available from the Goddard program library under numbzr l300140. 
is an IBM 360/95 and 91 program which has proven over the years to be accuratc 
and very fast. 
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