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1.0 INTRODUCTION

This report contains the dccumentation and user's guide for the Analytical Satel-
lite Orbit Predictor (ASOP) computer program. ASOP is based on mathematical
methods that represent a new state-of-the-art for rapid orbit computation tech-
niques. The theoretical development of these methods has been carried out dur-
ing the past few years, and they are now in the form of an operational computer
program. ASOP is intended to be used for computation of near-Earth orbits
including those of the Shuttle/Orbiter and its payloads. ]

Orbit computation methods can usually be classified as:

a. Numerical methods - The calculations are carried out in a step-by-step man-
ner. High precision is possible, but computer runtime can be exessive.

b. Analytical methods - The. calculations are carried out in one step regardless

of the prediction interval. Therefore, these methods have extremely fast
computation times.

In the past, analytical methods have not been widely used because they were less
aceurate, and required much more computer coding than numerical methods. The
Poincare-Similar elements (PS$) used in ASOP overcomes these disadvantages. It
is possible to compute near-Earth orbits to within an accuracy of a few meters.
Recursive equations are used instead of complicated formulas. Execution time of
ASOP is on the order of a few milliseconds.

The theoretical foundation for the mathematical techniques used in ASCOP were
developed by Dr. Gerhard R. Scheifele {refs. 1 and 2). Scheifele developed the
Delaunay~Similar elements (DS$) based on the true anomaly and used the elements
to solve the Jp perturbation problem (ref. 3). Later, Scheifele developed
the Poincaré-Similar elements (PSd), which contain no singularities for zero
eccentricity and zero inclination.

In reference 4, Mueller describes the relationship between the PSP elements and
the Cartesian coordinates and establishes the PS¢ perturbed equations of motion.
These elements and the associated equations of motion were used by Bond {ref. 5)
to develop a nonsingular analytical solution to the Jp perturbation problem.
In 1977 the analytical solution was expanded by Scheifele (ref. 6) and Mueller
{(ref. 7) to include the perturbations due to atmospheric drag. Later, Mueller
(ref. 8) developed the higher order zonal geopotential ferms that have been
implemented and documented by Wang (ref. 9). The development of time-dependent
(tesseral) geopotential perturbation theory has been completed and is described
by Mueller in reference 10. All of the current analytical theory has been
implemented into ASOP including the zonal long periocd geopotential terms.

The ASOP program has been designed in two versions: (1) a stand-alone version
that can be used interactively to obtain immediate results to a specific problem
and (2) a user-subroutine package that can be incorporated into other software
Systems. Both versions were designed to be small and to execute quickly.
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Both versions of the ASOP program have been written in UNIVAC standard FORTRAN-
V and are available to the public on file NUMEG under the qualifier FMA-NOB569

on the UNIVAC 1110-Exec 8 system. Thiz document is intended %to instruet the
user in the operation of the ASOP program on this machine and to document the in-
dividual ASOP subroutines.
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2.0 USER'S GUIDE

This ‘section is intended to give the user all the information necessary to
operate the ASOP programs. Because the program is designed to operate in two
modes (stand-alone and subroutine package), each mode of operation is described
separately.

The first part of this section (sec. 2.1) will describe the general input pa=-
rameters and options available when using the stand-alone ASOP program. Also
described in this section are the standard default values and the typical com-
mands needed to execute the program-in the demand or the batch mode. Finally
some sample output is given to help the user if modifications are to be made to
the system.

Section 2.2 will deal with the ASOP subroutine package. This section will de-
seribe the necessary modules that are used within the package as well as. any
interface requirement that. the user must be aware of if he is to ineclude this
package in his own software. The input to and output from the ASOP subroutine
are also fully described in this section, as are the subroutine's default values.

2.1 INDEPENDENT PROGRAM

The ASOP program was designed as an interactive program capable of giving the
user fast, accurate answers to Shuttle-type orbit problems. The program may
also be run in a batch environment if a large number of cases are to be
investigated.

There are two basic methods used to control the operation of the ASOP program:
flags and direct-user interaction. The flags are used to indicate the type of
data being entered and to select certain options within the program. Direct in-
teraction allows the user to check the input data to ensure their accuracy
before continuing.

Primary data input to the ASOP program is accomplished using the NAMELIST
1$TNPUT'. The necessary input variables and user responses to program questions
are described in section 2.1.1, and the program default values are described in
section 2.71.2. Section 2.1.3 explains the printed output generated by the ASOP
program. Finally, sections 2.1.4 and 2.1.5 deseribe the commands and user re-
sponse required to run the ASOP program and give an example of the resulting
output.

2.1.1 Input Deseription

The NAMELIST is the primary method of getting data into the ASOP program. How-
ever, during normal operation, the user is expected to interact with the program
by Supplying additional information. After starting the ASOP program {sec.
2.1.4), it will ask for the NAMELIST data with the statement )

INPUT DATA USING NAMELIST '$INPUT!
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At this point, the user has three options:
a. To enter the NAMELIST data directly from the keyboard.

b. To add a data file or element containing the NAMELIST information using the
@ADD command (ref. 11). )

e. To enter @EOF to terminate program execution.

If option C is selected, the prdgram will respond with
¥#¥NORMAL PROGRAM TERMINATION%**

and the program will stop.. If option A or B is selected the program will print
out all the NAMELIST variables -and their associated values {including default),
as well as the initial conditions of the problem. The message

ENTER: X = EXYECUTE; 8 = STOP: C = CHANGE INPUT -

should then appear. Here, the user should check the input data and enter the
necessary letter. If an X is entered, the program will continue the execution
as directed by the input. When the input stop condition is satisfied, the pro-
gram will again ask for data input as described earlier. The series of instruc-
tions can be repeated as often as necessary.

If an S is entered in response to the message, then the program will respond
with *¥NORMAL PROGRAM TERMINATION¥*¥ and program execution will terminate.

Should a C, or any other alphanumeric character, be entered at this point,
then the message -

¥%CHANGE DATA USING THE NAMELIST '$INDUT!*#

will be displayed. The user can then reenter those values that are incorrect.
Once the necessary corrections have been made, the program will again display
the input data, the initial conditions, and the message

ENTER: X = EXECUTE: S = STOP: C = CHANGE INPUT

Table I deseribes the input variables that may be used in the NAMELIST '$INPUT'.
Whether keying in the information or creating a data element, a B$INPUT must be
entered first where the ¥ represents one or more spaces.- Each variable

entered must be preceded by one or more spaces, and if more than one variable is
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to appear on a line, they must be separated by a blank or a comma (,). To termi-
nate the NAMELIST input a ¥3$END or ¥$ must be the last item entered.

See reference 12, pages 6 through 13, for a complete description of a NAMELIST
statement.



Variable Type
EL DP
IEL I
3TOP Dp
ISTOP I
PRINT DP

Aefault value.

bTo be implemented.

TTFM50

TABLE I.- NAMELIST INPUT VARIABLES

No. of inputs
reguired

Description and
available options

6

Must be supplied by the user; may be
given in the following forms as deter-
mined by the flag TIEL

EL (1) =X or a or hyP
EL (2) =Y or e or hpb
EL (3) = Z or i
EL (4) =X or o
EL (5) =Y or &
EL (6) =Z or M

411 angular input is given in degrees;
all other values must be given in units
as specified by the flag IUNITS

Flag determininé the type of initial con-
ditions input .

1
2

3

Keplerian elements®
Cartesian coordinates

Apogee and perigee

" H H

Final condition that must be satisfied
in order to stop program execution
normally

Flag that specifies the type of STOP
condition -

1
2

STO?P in days
STOP in revolutions®

1t

Inerement for the printed output;

a value is not needed if IPRINT is
set to 0; PRINT = 0.0 is a valid

entry



Variable Type
IPRINT I
DATE op
IDRAG I
CD DP
AREA DP
IMASS DP

IL,ONG I
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TABLE I.~ Continued

No. of inputs

Description and

pefault value.

reguired available options
1 Flag that specifies the PRINT increment
= No PRINT increment?®
1 = PRINT is days
2 = PRINT is revolutions
6 Date of epoch given as a calendar date

of' the form

Month, day, year, hours, minutes,
seconds

Note: Computation range is from March 1,
1900 through February 28, 2100

Flag that specifies if the drag equations
are to be included in the computation

0
1

No
Yes®

Coefficlient of drag, a value is not
needed if IDRAG is set to O

Frontal surface area of the satellite; a
value is not needed if TIDRAG is set to O

Total mass of the satellite in kilograms;
a value is not needed if IDRAG is
set to O

Filag that specifies the type of poten-
tial terms to be included in the computa-~
tions

~

0 = None {two-body orbit)

1 = Jo short period, and first-order sec-
ular terms?

2 = Compute the mean energy due to

geopotential terms as defined by
NMAX and MMAX



Variable Iype

NMAX I
MMAX I
IPSPRT I
IUNITS I

@pefault value.
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TABLE I.-~ Coneluded

No. of inputs
required

Description and
available options

1

Total number of
included by the
value is needed
to 2

Total number of
inecluded by the
value is needed
to 2

zonal terms to be
geopotential model; a
only if TLONG  is set

tesseral terms to be
geopotential model; a
only if ILONG is set

Flag to determine if the PS elements are
to be included with all_printout

No?
Yes

0
1

Flag that specifies the units of the
input data and selects the appropriate
physical constants

km, sec?
nm, sec
ft, sec
m, sec
km, hr
nm, hr
E.r., min

=IOV BN -
LI L { I | B [ N T2 }1]
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2.1.2 Default Values

To help shorien the number of data values that must be supplied by the user,
the ASOP program assumes certain default values for those variables not .
explicitly mentioned on the input NAMELIST. These default values are listed
in table II and a description of the variables can be found in section 2.1.1.
Any variable not listed in table II must be specified by the user.

TABLE II.- DEFAULT NAMELIST VALUES

Variable Default &alue
IEL 1

STOP 100.0
ISTOP 2

PRINT 0.0
IPRINT 0

DATE 1.,1.,1978.,0.,0.,0.0
IDRAG 1

AREA 185.3

cD 2.2
XMASS 90700.0
ILONG ‘ 1

NMAX , 2

MMAX "0
IPSPRT 0o
TUNITS 1




2.1.3 OQutput Description

After the ASOP program_has been started with the command

6XQT *NUMEG.ASOP-PROG

TTFM50

and the input data has been added, the program will print out all of the
NAMELIST variables as shown in figure 1 and the initial conditions shown

in figure 2.

* '
FENPHT ZE4CETOSHOTA0SaSAOI+00Y .
SAfiR0H .
L oiECTOTS1000ARR00E0+08Y .
San+001 .,
’ _E11S4SOTERODRARNAN0D+R01 .
mngiaai _
ZTop = _1uaaﬁﬂaﬂﬂnnnaa@naan+ua:
I5THF =
PRINT = rﬂﬂﬂﬁﬂﬁﬂﬂﬂﬁﬁﬁﬂﬂﬂﬂﬂn+ﬂﬁ“
IPFINT =
DATE = _1nunﬂﬂaﬂauaunnauanm+uﬂ1,
GER+OE,
_197E000A000R00AGERN+00Y .
QoD+ 0no :
L OEERRONBNA0ORNDDADD+RBE,
AN+ 5800
iOrRPGE = 1
CE = L TCEANBEROANUORNAn0ND+nal
RRELD = S {8CIaoonna0naRanan+Nas
NHESS = COnTO00RERRNEARA0O00D+00T
ILOMG = +7
KR = +1
HHE = +4 -
IFSPRT = +1
IURITS = +1
FEMO
Figure 1.~ NAMELIST data output format
INITIAL COMDITIONG
61/01/1973 OD:00: CONDITIONS
_DAYS: 00600080 "I REVS: 0.0000000  ivICHE
e e e +——
A= 5 gATIEIZ+032 LR ) Ex _0@@a%ign 1 T=
OMEGR= 17 92738 DEG !MODE= 2000008 REG ! %:
GPT_ FLBUTUTESEA3 EM 1 = EU2Se1TSE4Q3F bH 1 o=
P é“EEEﬁiTI-é::} FEZ1+0 EHAR '= 2.1154E0A5+00 A SI1Y2=
SLONTEYSTHOR] (SO49SI6E-D02 - 4OI4SEIEFAHT
ciiieipiolE7ROLNH005  (BE35TeRz-001 11057447003
£ L L L L BRI e L HEH I S R e e N O
EMTER: 1= EVECUTE: 5= STOP: Gt CHAMGE IHFUT *

Figure 2.- Initial condition format.

After the initial conditions have been displayed, the program
the user to check the input parameters. Some checks that can

10

S 1aadonnaoaGaRadd
g slakadehidulaludatalzlofad ey
bl nlalaquregagaleieletfels]

[T ) o
00 =g i3
LRy Rk ]

+ +

#wﬂ
I O,
T D)
B ]

k4

will wait for
be made are

ORIGINAL ?Aﬁﬁ l§
OF POOR QUAL
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a. CHECK value should be 0.0000000.

b. DAYS and REVS should be 0.0000000.

¢. A double asterisk (*¥) will appear after the ocutput condition that is
being satisfied, i.e., after the DAYS or the REVS value. This will. agree
with input value of IPRINT or ISTOP.

d. Are the initial conditions (a, e, i, ete.) the desired values?

e. Are the units correct (km, km/s, ete.)?

Once the user is satisfied that the printed initial conditions are the ones
needed, an X should be entered. When the X is entered, the program will
continue execution and print out information as specified by the input parameters,
i.e., STOP, ISTOP, PRINT, AND IPRINT (figure 3).

CEMTEF: = ENECUTE: S= STOP: C= CHANGE INPUT
SEGF DUTFUT PAGE: BO02
O1,0%,1975 03: 38:C%_ 074 Tu43E12. 520706
DEVE: 3. 1E20726+00 I RFEVS: S_0000088+01 #|CHECKE:-8. 7947467-068
________________________ +__.-.._..___....___._-——.—.—.—...-—.-—_—.!..-1.—___-—__........._-..._.__._...__...._
A= E.58ESETI403 M ! Ex Q011554 P Iz 29 985ls DEG
OMEGA= _21.71316 DEG IMODE= 356, 9&@83% DEG | M= 30,5428 DEG
LT FLIZCOSNYH0I KM b W= GIGBiuTTE+@3 PR 2= 2l a7ivEfg+nd LA
W==8 BODTIOE+O0 FMASE WS FIGZ62523+08 PHeSIYES 107769280400 MG
PS5 ELEMENTE: :
SIDTH1LZRHO02 - BTEHYSELI-001  L619S3S1G+0R1  _2TFIIH011+086
(DIGEHETAYO0E - LSYSIRTHH000 o 11THHITTO03  CZoTrIniiiac:

01 U7A19T78 OF:17: 5158034791
DATS: & 3034791+00 ! o SSEIRE 708
________________________ + +——.—-—.—-—._--—-—.._.—-—-——._......—_—

0= 6.694al4a+03 KH | = L oOoi4830 I I=- 3. 97883 DEG
OMEGA= 48117605 DEG IWODE= 233.83545 DEE | M= 37.20867 DEG
n= DLOIMETIOLDI KM 1 Y= GOREICHE1403 M 1 2= 333875403 LM
Yiz=-6. 6BIZEIEHO0 EHeS! WS TIRESTITO4HE0 HMeSivES 310321351-91 LHes
PS. ELERENTS: :
SBIT1TEEIHO02 —  FEEEU19Q0-00L .S1SES90T+HO0Z  SHYE221 I+806
S1SSTIHE005  C2TO72A34+000 [ 10SE130I+00F | 297VVS0S+007
P bbb Trlloaani i e, bnilolabagng Dalalaleh b oD delish ]oRuchaed o soleholaek Belelshaka B b1l Lokt b
NPT DATA USING THE NAMELIST '#INPULT!

Figure 3.- Intermediate and final output format.

ASOP will always print the conditions as stated by PRINT and STOP unless it is
unable to do so because of satellite reentry. The reentry condition is defined
as the point where ASOP determines the satellite will reenter within one revolu-
tion. A sample of reentry is shown in figure 4.

"
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12 0721978 0B:-08:  _ 00 FHITIAL LON | ouy3syy COROBEDN
DEYS: B.00BG0EA  1f ! PEVS: ©.0800000 IcHECE: 0080080
M s M ll. it fuiututateio O Bt oo AN asstitootatuu
— 5. ErOiLGO+nT KM - .peO0ooR | I= =B.S00D03 DEG
OMEGAS t'g“gﬁugg B bR inoDES  Go. 00800 _DEG | M= 00000 DEG
MEPNT o 13£507h4p3 M1 = Do2300192+83 PN G T= 00000000 PN
W io_a T ZGTEAED480 RHeS!  Wis B.GLBTEEE+D0 FMASIWI= 3.THISOITHA0 FHeS
Fi ELEMEMTS: ocano N L se1_pio
L oELL S0 _7o5aassi-0R1 - IR14EISY+002 - 20844IT1-01S
Ea R e - i8i55 5000 . Q4E1174:003 130E924G31002
HE- R B I S A A .{'1W‘:?§{W:?!J}:‘FI}1W AR S B N O - FULEN T I L - e T A
ENTER: = Z'ECUTE: $= STOP: Oz CHAMGE IHFUT
a0 OUTRLT . renE: poD2
__________________ REMTPY CONDITIOMS o N
1IeD 1978 Bl:35: 15 7ED ) Ly 21 TBLY BEE1EHE
DAYS: 6. £15HSOT-@0 | FENS: 1.0SHSSIE00_ wiICHECK: 2 9384985-0%
_BRTRE s md e R R TIy IR el et et
= & ce c+0Z FM I = L O00THIY4 U Iz TE.EETIL NED
OMEGE = “a3tREAed 9% LPG iNoDES 1ggi?éqg o3 DEG | H= fiﬁﬁ§g3§g+g? DEG
- = = h':'-'::;"-' a2 1 = _t-i_'i" I = -l'.rl"_;_.__' i o , -
oo R REIsERTan 2l wbD 3 Edgoinci00 LMeSivES 30831512480 HMeS
PL ELEMERTS: i R .
Sy 7 S e000 -, 1TE4STIS-BOL - 3TIO292T4002  _S714G404+004
ERa107471000 Z 15454355080 _10505056+003 . 304 THOON
HIR DE LN ;--:-';,E;,l-: ER P I L L ,..-.:'::::zk::z:5#-::-:::::::=:'=:=: EEHRHE ¢ HES IR P T 2 S-Sl S e o T
IMPLT DATS USTHG THE NAMELIST '$INFUT

Figure 4.- Reentry format.

In some cases, ASOP may determine that the satellite will reenter within

one revolution of the initial conditions.
the initial conditions as the reentry conditions.

Therefore, ASOP would print out

In general, all output is clearly labeled, but some terms should be explained

further.
DAYS: Total number of days elapsed since the starting epoch.
REVS: Total number of revolutions completed.
CHECK:

Value indicating the accuracy of the analytical theory; although

this value is necessary as a check on the theory, it is not

a sufficient check.

PS ELEMENTS: The Poincare-Similar elements listed as

0.1 02 0'3 0'4
91 92 93 pu

" Double asterisk (¥#):

Indicates. the stopping condition being satisfied;

this flag will move between the DAYS and REVS

value as needed.

12
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2.1.4 Run Setup (Control Cards)

The ASOP program is written in standard FORTRAN V and designed to run on
the NASA/JSC UNIVAC 1110 computer using the EXEC-8 operating system. All
the relocatable and executable elements are on the file FM6~NOBS69%NUMEG.
ASOP may be executed by entering the following for demand operation.

a. 6QUAL FM56-NO8569

b. €ASG,A *NUMEG.

c. 6XQT *NUMEG.ASOP-PROG

d. Add input data

e. Enter the letter X, S, or C (see section 2.7.3)

f. @EOF or go to step d.

g. @FIN

If run in a batch mode, the following input cards are needed.

a. @QUAL FM6-NQO8569

b. @ASG,A *NUMEG.

c. @XQT *NUMEG.ASOP-PROG

d. Add data file or data ecards

€. Card containing the letter X in column 1.

f. Repeat instructions d and ¢ as often as necessary.

g. 6EOF

h. "@FIN

13
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2.1.5 Sample Computer Run

In this. section, a sample computer run is reproduced for a typical Shuttle-type
orbit. The orbit has been predicted for 100 revolutions (x 6.3 days) with the
output given every three days.

This example is intended to familiarize the user with the format of the ASQP
output and to illustrate the use of the various input options discussed in sec-
tion 2.71.1. A full description of the output is given ih section 2.1.3..

Initial parameters

Semimajor axis (a) 6699.3532 km (1.05 ER)
Eccentricity (e) .001

Inclination (i) 30 degrees

Argument of perigee (W) 18 degrees

Argument of the ascending node () 20 degrees

Mean anomaly (M) T 22 degrees

Input parameters under the NAMELIST $INPUT

$INPUT
BL(1)
EL(2)
EL(3)
EL(4)
EL(5)
EL(6)
IEL
STQP
ISTOP
PRINT
IPRINT
DATE
IDRAG
CcD
AREA
XMASS
ILONG
NMAX
MMAX
IPSPRT
TUNITS
$END

L LI L L 1 I L & O T T { I T O IO T T IO ¥ IO | N TR | B 1|

- = 00 Q0N

6599,3532

.001

30.0

18.0

20.0

22.0

1

160.0

2

3.0

1 -
(Default Values Used)
1

2.2

185.3

90700.0

14



Sample computer run.

TTFMR0

%007 cHUHES. BE0F-FPROTG
IHPUT DATR USIMG THE MARELIST *#IMPUT!
*%A0D wMUNEG. CETA-BSOPALONGZ
: FEND
FTMPUT
EL = L SE99IEI1 90099999 93N+AGY, f999999999999395
STG-003.
0005505 L F00008000R000R00080+602 ., . 1ER00eEEENN0AGEE
o 3*‘ . CEOO00RND0E0ND00NAN+BES . . 2IAOAeREONNCOGOA
.J.f" o
IE:L =
Exb = .IDDUQGﬁ&BBﬂ&GGHDDDD+DGﬁ
IsSTCr =
?RLHT = _?aauaaﬂﬂnnuuummﬂmnn+um1
PRIAT = -
JOATE = . 100000OEL000000008D+001 . L 1oAA0annoanannnD
BTG,
0000 1972000800000 06000+00Y, L O0ERcanIGonanaAnn
+ a
L O0OE0ANN0N0AB000E0D+ORT ., . O00e0O00BaE0a00G
Qon+0oe
1IOFPEL = w1
D = . 2ZOGE00E000R0E0R0BD+ER1
AFER =  1553900090000000060+68 3
HOss = . SOTO00000000G0NAE0+00E
TLONG = o
WHA:: = +5
CREE = +
IFSPRT = +1
TLRHITS = +1
FEND
IMITIAL COMDITIOWS
Ot 01,1978 OO:06: . QOO0 244 IENS_ SOO0EESD
DAYS: O.0UREE0D vt | REYS: 0.0000080 \CHECH: ©.0080000
————————————————————————— +_——_—_—_—_———_——--—._——.-—---——- ——————_—_—_—-—_—_—_—_
= £.5S93I53ISH+03 FH 1| Ex . GOIEE00 i Iz  I0.0800D0 DEG
OREGR= 15005000 DEG IMODE= >@.00800 BEG | M= oo o060D0 DEG
NS ZLCECCITH403 FM 0 = SLSEAGIAS+0F KM 1 o= 2UTSINCER+03 EH
WIS E LS8 T+00 FHeSD WY 3. 1134747+00 BEMeASIYES F_GESIG0S8+08 kHeS
PE CLEMEHTS:
J1ARTOHTE+E8] — . THOE4AE1-G0T - 4024581 3+E602 . GS0T1MTH+000
(51675611+065 | 10285595+000 _11@STHHE+0R3  23753035+002
b N N SR ERE #ii1a : PR F D il P Eg ) ekl i 44 aRE
EWNTER: ;= EXSCUTE: S= TDF, - CHANGE INPUT

15
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Sample computer run.- Concluded

EMTEF: 4= RJECUTE: 2= STOP; C= CHRHLGE INMFUT

HSOF OQUTFUT PHGE: CO&z
QiA04/1978 Q0:90: 008 2443512, SEE0000
DAYS: 3.0000000+00 =@ | PEYS: 4. 7S86E50+01 (CHECK: 1_4409285-05
________________________ e e e e ——————— e ————— e ——
H= &.5938219+02 | H | Ex __Golaovs I = 29 97867 DER
OMEGR= 313.%22B0 GEG RODE= 252.05L18 DEG ! M= 314.47238 DEG
o= ELERTHITIHAOZ BMOO L Fr=-R Ve TRA+0E kM | Z=-d 2Z90751+03 KM
Vo= ToTISEHTE+00 FHLSE W= Fo8156721-02 FMASIVIS 1 26157 16-01 t HeS
FS ELEMENTE. N
SEZSRTEINTH00Z 0 L 10185205+000 302007 10+001 (2091 G8TES Q0L
SSledilisvans 1oLV ISe+R00 (O 11TS0491+083  _ZSVVIINIFO00
TMITIALTICATION TIME = 5589 MS.

1071975 00:-00:  _Qod Sl5.5000880
OHYS: & GHEOB0R+A0 45 | REYS: B.518393% 1% Casen-as
_________________________ e e e e i e e ———— ittt 4 L b B e e et e e~ —
_ H= o o%El30E-03 PH ) E= . QQ11075 OOEvE OER
OriEGH= 8%, Ja042 OEG 'WODE= F35. 11077 22178 DEG

=4 oBSCe3ANF03 EM Y= BEoUIHGHOS FEINT+OE M
Wi=—G 218 TFIh5-80 KA ¥Y=-3.6Te8EBR3 BONIZ+00 PH#S
PS ELEMENYS:
LEOMEEZE0TO0) - B20EEE5S-001 U4 HO169+005
1271¥a0+00s  L21llse0ee+0400 ] TTOEIO02
- ER R T A R S IS - Sy B 5 CRHI P IR b SHIE S HEEE B O e L O
FIMAL COWDITIO
OLAOTAI0TE 07217 7. 301 515.8835573
DEYS: o. 303557 8+00 I PEVS: 1.088080 .9235315-08
________________________ e e e e e e e — e ——— ——
H= 514I+0F 'H E=z _._0015%8%9 Pol= 2R 0T88s DEG
OHEGR= Iled DELR IMODE= 333.93334 DEG !V H=  324.2343:3 DEG
H= <BEI+aI FH Vo L RRLHLAle+EE PM 1 J= TOFIACOO%+03 M
B Ei;— LEGE+00 FHeSD Y¥YS Z2.06300B6+00 FMeSIYIs I_02R2620-01 | Hes
bl ol By i |
FSETVSTO8S - 938ES2056-001 (L1651 TEEHQ0Z L SHYEIESSHORE
STYIIT+R05 _SVTITEICZH000 [ 18581033+Q03  _25777EEE+002
R S M S R T M SH I T EHE T RHE I HE F I S N T HE S M S el
;%E%T DATE LwIdl THE MAMELIST ‘FIMFUT'
A I
OROFHAEL rRFOLREAM TEPMINBTION

16
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In the interactive mode, the program solicits input data with the messages:
a. INPUT DATA USING THE NAMELIST '$INPUT'
b, ENTER: X = EXECUTE; S = STOP; C = CHANGE DATA
c. INPUT NEW DATA USING THE NAMELIST '$INPUT!

In the bateh mode, the data input must be followed by one card containing the
letter X as shown in the following examples:

Example (1) ‘ Example (2)

B$INPUT 8ADD filename.data element

neéessary data cards : changes to data element
(see section 2.1.1) (if any)

¥B$END BSEND

X : X

B$INPUT B8ADD filename.data element
ete. . ete.

@EOF @EQF

@FIN 8FIN

(¥ is a blank that must be included)

2.2 SUBROUTINE PACKAGE

Along with the ASOP stand-alone program, there is a subroutine package that may
be inecluded in the user's software. This package is in the form of a relocat-
able element and is located in FM6-NOB569*NUMEG. ASOP-SUB. Its operation is
identical with any user-wrltten subroutine.

This section will describe the information needed by the user to ensure proper
insertion and operation of the ASOP package within the user's software. .

17
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2.2.1 Required Subroutines

The ASOP subroutine package consists of 27 subroutines. - These are a driver
subroutine (ASOP) that controls the basic logic of the package, 10 general
subroutines that perform the functions necessary to.the analytical theory
and 17 subroutines to initialize the drag model and the computation

of mean energy.

These subroutines are

ASQP
CONST
DRAG
GEQPOT
LONGPP

POTEXP

PREPD
PSANS
PSTOX
TIMEPS
XTOPS

Driver subroutine

Planetary and mathematical constants

Adjust the PS elements to account for drag perturbations
Determine Earth's gravitational potential

Compute first-order zonal long periodic perturbations and
second order zonal secular perturbations

Compute mean energy due to tesseral and sectorial geopotential

"harmonics

Initialize the drag model

PS analytical J, theory

Transformation subroutine: PS elements to Cartesian coordinates
Time iteration stopping procedure ‘

Transformation subroutine: Cartesian coordinates to PS

elements

Initializing subroutine called by CONST:

PREPT

Initialize the geopotential coefficients for the Earth

Computational subroutines called by LONGPP

DETERM

FPRIME

Compute the first-order long-period generating function
and its derivatives ]
Compute the second-order zonal Hamiltonian and its derivatives

Initializing subroutines called by POTEXP:

COEFF

TLOG102

RECUR
TIMEXP

Compute the bincomial coefficients and the Fourier coefficients
of the powers of cosine and sine

Determine the number of terms to be included in the expansion
for the Earth's geopotential model

Compute the sine and cosine of multiples of an angle
Compute coefficients of the expansion of the time equation

4ILOG10 is also called by DETERM and FPRIME.

18
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Initializing subroutines called by PREP:

. CANFOR  Compute the canonical forces due to atmospheric drag for
the PS equation

DENSTY Compute the atmospherie density at a given altitude above
an oblate Earth

INITAL Initialize the coefficients for the Jacchia T1/Lineberry
atmospheric density model

MATIN Invert an n x n matrix and/or solve Ax = B

MTCECC Convert the mean anomaly to eccentrie anomaly and compute
its sine and cosine

PREPS. Establish the parameters needed to calculate- the position

of the Sun
SACT Determine the solar activity coefficients for a given date
SUN Compute the position of the Sun analytically

TABLE Generate the table of coefficients for the sine and cosine
of nwq for the atmospheric drag function

The subroutines listed above are fully described in section 3.3, and a diagram
of the data flow between these subroutines can be found in appendix H.

To help the user add these subroutines to his own software, a relocatable ele-
ment has been formed that includes all the above subroutines. Therefore, the
user needs only to include the element

FMb-NOA569 #NUMEG . ASOP-SUB
when forming an executable element.

2.2.2 Interface Requirements

To access the ASOP subroutine package, the programer must use the FORTRAN state-
ment

CALL ASOP (X,STOP,ISTOP,NEWX)

A full description of the argument list variables can be found in sections 2.2.3
and 3.3.3. Also, the user must initialize certain COMMON block variables before
entering the ASOP subroutine.

Table ITI gives a list of the variables that must be initialized prior to céll-
ing the ASOP subroutine and the COMMON block in which the variables are located.

A complete description of the variables and their allowed values can be found in
section 2.1.1.
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TABLE III.- COMMON BLOCK INITIALIZATION

COMMON Default
Variable block value(s)
TUNITS CPRINT o 1
IDRAG PERTRB o1
cD ~ DRAG 2.2
AREA DRAG 185.3
XMASS DRAG 90,700.0
DATE EPOCH 1.0,1.0,1978.0,
: 0.0,0.0,0.0
XJDATE EPOCH 2,443,509.5
ILONG PERTRB- 1
NMAX TESS 2
MMAX TESS 0

2.2.3 Input/Output Deseription

The argument list to the ASOP subroutine consists of four arguments given in the
following order. ’

CALL ASOP (X,STOP,ISTOP,NEWX)

On input the variables are

X An array of eight elements corresponding to the initial state vector
in the following order:

X(1): X position component
X(2): Y position component
X(3): Z position component
X(4): X velocity component
X(5): Y veloecity component
X(6): Z velocity component
X(7): Physical time (set to zero)
X(8): Total energy (set to zero)

STOP  Stop value desired; it may be given in days or revolutions.

20
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WARNING: A number must not be used in the following positions of the argument
- list. Assign the desired value to a variable, and use the variable
in the argument list. If a number is used in these positions instead
of a variable, unpredictable results may occur.

ISTOP Flag determining whether the value given to STOP is in days (ISTOP
= 1) or revolutions (ISTOP = 2).

WARNING: Only a 1 or 2 should be used as input. On output, ISTOP should be
checked to see if ISTOP was reset to 3 indicating reentry conditions.

NEWX  Flag determining if the ASOP subroutine is to be initialized
:O,YES=1

The initialization process must be done whenever new initial condi-
tions are entered.

Input to the ASQOP program is also done by means of COMMON blocks. These COMMON
‘block input variables control the internal operation of the ASOP subroutine pack-
age and should not be changed once the subroutine has been initialized.

Table ITI (section 2.2.2) gives a complete 1list of the variables that must be
initialized and their default values.

On output the variables are

X An array of eight elements corresponding to the final state vector at
the given value of STOP. The order is the same as for input. If the
value of STOP was given in days (ISTOP = 1), then the value of X(7) will
be an approximate value of STOP given in the time units specified by
TUNITS.

STOP Unchanged from the input value.

ISTOP Set to three (3) if reentry condition exiéts. Otherwise, it is
unchanged from the input value. Therefore, a variable name should
always occupy this position in the argument list.

NEWX Set to zero (0) upon return from the ASOP subroutine; therefore, a

variable name should always occupy this position in the argument
list. Otherwise, unpredictable results may oceur.
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3.0 DESCRIPTION AND STRUCTURE OF ASOP

The ASOP program was designed as a top-down structured program consisting of 33
subroutines (modules) and a main (driver) program. Within this set of subrou-
tines, a subset of 27 subroutines comprises the removable ASCP subroutine pack~
age. The package has been -designed for easy incorporation into existing user
software. )

The two sets of subroutines are described in the followihg subsections and each
subroutine is documented in section 3.3. ’

3.1 THE ASOP PROGRAM

Basically, the ASOP program, shown in figure 5, consists of four segments: a
main program or driver, an input routine, an output routine, and a removable
ASOP subroutine package. The removable package is deseribed in section 3.2 s0
that only the first three segments will be described here.

The purpose of the main program is to call all the necessary subroutines (input,
output, constants, ete.} in a specific seguence to produce the desired results.
In particular, the main program provides for the repetitive call to the ASQP
subroutine in order to produce a satellite ephemeris.

A1l input to the program is controlled by the subroutine INPUT. Its primary
functions are

a. Set all default values

b. Accept input from the NAMELIST  $INPUT

e. Convert any input values that require conversion

d. Issue normal program termination command

Output from the ASOP Program is performed only by the subroutine OUTPUT. This
subroutine contains all the FORMAT specifications used for normal® output from
ASOP. The output program will also perform any conversions required to make the .

output more understandable. This involves converting Cartesian coordinates to
Keplerian elements, radians to degrees, and time units to days.

2A11 error output is controlled by the individual subroutines.

22
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Figure 5.- Structure of the ASOP program.
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3.2 THE ASOP SUBROUTINE PACKAGE

The ASOP subroutine package has been designed as an independent segment of the
ASOP program so that it can be incorporated into existing software with little
or no modifications.

This package has seven basic parts (fig. 6):

a. A driver subroutine (ASOP)

b. Coordinate transformations (XTOPS, PSTOX)

c. A stopping routine (TIMEPS)

d. The analytiecal theory (PSANS, LONGPP, DRAG)

e. Initialization of the geopotential model

f. Initialization of the drag model (PREPD)

g. Initialization of physical and trigonometric constants (CONST, PREPT)

Along with the 11 subroutines mentioned above there are an additional 16 subrou-
tines. Subroutine GEOPOT performs computations required by the coordinate trans-—
formation subroutines XTOPS and PSTOX. Subroutines LONGPP, POTEXP, and PREPD
use the remaining 15 subroutines for initialization of their respective
perturbation models.

Subroutine ASOP performs the same task as the main program in that it calls all
the necessary subroutines as dictated by the input values. In the case of the
ASOP subroutine, however, the input values are given through an argument list
and a few COMMON blocks. Therefore, if a satellite ephemeris is desired, the
user must supply the necessary coding within his own software.

The basie input to the subroutine is:

a. The Cartesian coordinates (X)

b. A stop value (STOP)

¢. A stop flag (ISTOP)

d. A new data flag (NEWX)

This input is fully described in sections 2.2.3 and'3.3.3~

Because the analytical theory has been developed in PS elements, it is necessary
to perform transformations to and from the element set. Transformation into the

PS elements from Cartesian coordinates is performed by the subroutine XTOPS
while the reverse transformation is performed by the subroutine PSTOX.
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A time-stop subroutine has been included because the PS elements use the true
anoma;y as the independent variable and do not use time. This stopping routine
is an iterative procedure and is deseribed in section 4.3,

Subroutine PSANS updates the PS elements at a specified value of the independent
variable. The J, perturbations are computed within PSANS, the drag pertur-
bations are computed by a call to subroutine DRAG, and the long~period geo-
potential terms are computed by LONGPP. .

25
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Figure 6,~ Structure of the ASCP subroutines,
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3.3 MODULE DESCRIPTIONS

This 'section will give a complete description of the subroutines currently used
in the ASOP program. Each description will contain a brief statement as to the
purpose, or use, of the subroutine as well as a description of important vari-
ables used within the subroutine. Also included are lists of the named COMMON
blocks used, external references to other ASOP subroutines, and other ASOP sub-
routines that reference the subroutine being described. Information is also
available as to the calling sequence of the subroutine and the size of - the

subroutine. Each deseription is followed by a general fiow chart of the sub-
routine (figs. 7 through 40).

Each program is listed alphabetically, with the exception of the MAIN program,
which is described first.

3.3.1 MAIN Program (Driver)

Purpose: Driver for the Analytical Satellite Orbit Prediector (ASOP) program

Calling sequence: None

Called by: Operating system

Subroutines/functions called: ASOP, INPUT, OUTPUT

Named COMMON: /CARTC /  X(8),R,RI
/CBASIC/  PI,TWOPI,DEG,RAD,DAY,DTOKM
/CPRINT/  PRINT,IPRINT,IPSPRT,IUNITS
/END /  STOP,ISTOP
/PS / SIG(8),TAU,TAUMAX,TAUINT

/PSTIME/ CLO,FAKTS, TOL
Equivalence: (X(7),TIME)

Program data: Size = 147g (10349) words compiled.

FORTRAN Input/

variable Dimension Type output Deseription
DAY 1 DP I Conversion of days into hours,
minutes, or seconds. Its numeric
value is controlled by IUNITS
IPRINT 1 1 I/0 Flag to determine if the inter-

27

mediate printout is to be given
on days or revolutions. If re~
entry condition exists, flag

is reset to 3.
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variable

IsTop

NEWX

PRINT

STOP

STOPDT

TAU

TAUINT

Dimension

Type

bp

DP

Dp

P

bp

Input/
output

TTFM50

Description

28

I1/0

i/0

¢ no printout

1 days_

2 revolutions

= 3 reentry condition exists
(output only)

Flag to determine if the
program is to terminate
after a given number of
days or revolutions as
specified by STQP. If
reentry condition exists
flag is reset to 3

= 1 days

= 2 revolutions

= 3 reentry condition exists
(output only)

Flag to determine if the ASOP
program is to be initialized

0 no
1 yes

H 1

Inerement for which the inter-
mediate printout is desired
(valid only if IPRINT > 1)

Value at which the program is
to stop execution (units are
determined by ISTOP)

Value at which the next
intermediate printout is
desired (valid only if
IPRINT > 1 and PRINT > 0.0) .

Independent variable of
the PS elements; it is
defined such that REVS
=. TAU/2T .

Initial value of TAU for which
the force model is wvalid



FORTRAN
variable

TOL

TWOPI

X

Dimension

1

Type
DP

DP

DP

Input/
output

2%

I

TTFM50

Description

Tolerance used by the
time-stopping routine.

2%

Space vehicle- parameters
in the form:

X(1) + X(3) = _'XL
XY +» X(6) = ¥
XT) = time

X(8) = total energy



PRINT FINAL
CONDITIONS

CALL ASOP

i

YES

INPUT
DATA

INTERMEDIAT
QUTPUT

SET STOP
CONDITIONS

FOR PRINTOUT

YES

J

CALL ASOP

PRINT :
INTERMEDIATE
BUT NOT FINAL
CONDITIONS

PRINT END
MESSAGE

Final 7.- MAIN program-flow charts.
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3.3.2 AEIXYZ {Subroutine)

Purpose: Transform the Keplerian elements (a,e,i,qu,Q,M) into Cartesian coordi-
nates (X,V)

Calling sequence: CALL AEIXYZ

Called by: INPUT

Subroutines/functions used: MTOECC

Named COMMON: /CARTC / X(3),v(3),TIME,ENERGY,R,RI
/CBODY / XMU, XMUI ,SQTMU , SQTMUT ,EPS
/KEPLER/ A,E,XT,OMEGA,XNODE, XM
/RPOOL / . SINC,SOMEGA,SNODE,CINGC,COMEGA,CNODE,
B1(3),B2(3),X11,X12,V11,V12, TEMPO, TEMP 1

Equivalence: (XI,XX0(1)),(SINC,XX1(1)),(CINC,XX2(1))

Program data: Size = 302g (1941g9) words compiled
Subroutine valid only when |e| <1.0

FORTRAN Input/
- variable Dimension Type output Description

A 1 DP I Semimajor axis of the
satellite's orbit; must be
greater than 0

COSEA 1 DP T ' Cosine of the eccentric
anomaly (cos E)

E 1 DP I Orbital eccentricity (e);
must not be greater than 1

EA i bP I The eccentric anomaly of the
satellite computed from
Kepler's equation (rad)

OMEGA 1 DP I Argument of pericenter (y)
(rad)

R 1 DP 0 Magnitude of the position
vector of the satellite

RI 1 DP ] Inverse of R

SINEA Lo bP I 3ine of the eccentric anomaly

(sin E)
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FORTRAN

variable

v

LI

MU

XNODE

Dimension

3

Type
P

bpP

op

bp

DP

Dp

Input/
output

32

0

TTFM50

Description

Velocity vector of the satel-
lite with respect to the
Earth's equator

V(1) = V,
v(2) = V
V(3) = V.

Position vector of the satel-
lite with respect to the
Barth's equator

x(1)
X(2)
X(3)

oo
B g b

Orbital inclination to the
Earth's equator (i,rad)

Mean anomaly of the satellite
(M,rad)

Gravitational constant for
the central body (U)

Argument of the ascending
node (%,rad)



COMPUTE: THE
SINE & COSINE

COMPUTE: THE
TRANSFORMATION
MATRIX B

0

CALL
MTOECC

!

COMPUTE:
rx'v'

RETURN

‘Page 1 of 1
Figure 8.-AEIXYZ flow chart.
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3.3.3 ASOP (Subroutine/Driver)

Purpose: Driver for the analytical section of the ASOP program; it controls all
the cperations required by the analytical program PSANS

-Calling -sequence: -GALL ASOP (X,STOP,ISTOP,NEWX)

Called by: MAIN

Subroutines/functions used: CONST®, POTEXP, PREPD, PSANS, PSTOX, TIMEPS, XTOPS

Named COMMON: /CARTC /  XIN(8),R,RI
/CBASIC/  PI,TWOPI,DEG,RAD,DAY,DTOKM
/GED / RE
/PERTRB/  IDRAG,ILONG
/PS /  SIG(8),TAU, TAUMAX, TAUINT

Program data: Size = 256g (1744g) words compiled

FORTRAN Input/

variable Dimension Type output Description

DAY 1 DP I Conversion of days into hours,
minutes, or seconds

DTOKM 1 DP I Converts distance into kilometers

IDRAG 1 I I Flag to determine if the drag
caleulations are to be included
= 0 no
= 1 yes

ILONG 1 I I Flag to determine the type of

geopotential terms to be included

0 none (two-body orbit)

1 Jo short period, and first-order
secular terms

2 Compute the mean energy due to
geopotential terms as defined
by NMAX and MMAX (see table I for
a deseription of NMAY and MMAX)

#Called only in subroutine package.
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FORTRAN Input/

variable Dimension Type output _ Description

ISET 1 I . I Flag to determine if the force model
must be updated
= no (Force model still valid)
= 1 yes (Update state vector to

Tmax 2and reinitialize force
model)

ISTOP 1 DP I/0°  Flag to determine if the value of
STOP is given as days or revolutions;
if reentry conditions exist, flag
is reset to 3
= 1 days
= 2 revolutions
= 3 reentry

NEWX 1 I 1/0 Flag to determine if the ASOP program
is to be initialized
= 0 no
= 1 vyes

R 1 DP I Magnitude of position vector

RE 1 DP I Equatorial radius of the central body
(Earth)

RI 1 DP I Inverse magnitude of the position vector

STOP 1 DP I Value at which the final stabte vector
is required; units are set by ISTOP

TAU 1 DP 0 Iﬁdepandent variable of the PS elements

TAUINT 1 DP I1/0 Initial value of T for which the
force model is valid; initially set
to 0

TAUMAX 1 Dp 1/0 Range of validity for the force model;
when T exceeds this value (Tp..),
the force'model must be reinitialized

TWOPTL 1 DP I 2m
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FORTRAN
variable

Dimension

Type

Input/
output

TTFM50

Description

X

XIN

8

DP

Dp

I/0

I/0

Initial/final

X(1) > X(3)
X(%) > X(6)
X(7) = time

n ot

state vector

=i~

X(8) = total energy

If initializing (NEWX = 1), then

X(7) and X(8)

will be set to 0

Identical to X but allows the
ASOP subroutine to be removed
from the stand alone program
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INITIALIZATION
CALL XTOPS

YES
| CALL POTEXP
)
| caLL psans }
CALL PREPD
NEWX = O
: page 1 of 2

Figure 9.- ASOP flow chart.
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| COMPUTE: [

(ol >« Yes

CALL TIMEPS

NO

max

NO

| CALL PSANS

#‘———@

[ CALL PSTOX

TRANSFER FINAL STATE
VECTOR TO THE OUTPUT
VARTABLE

RETURN

CALL PSANS
CALL PSTOX
INCREMENT T,

Mo

Figure 9.~ Concluded,

38

SET REENTRY
STOPPING
PARAMETER

RETURN

Page 2 of 2
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. 3.3.4 CANFOR (Subroutine)

Purpose: Compute the canonical forces due to atmospheric drag for the PS equa-
tion used with the ASOP program (refs. 6 and 7)

Calling sequence: CALL CANFOR (CFORCE)

Called by: PREPD

Subroutines/functions used: None

Named COMMON: /CBODY /  XMU,XMUI,SQTMU,SQTMUI,EPS
/DBETAS/  B,BSQ,B3,Bl
/DTABLE/ T(12)
/GMTROT/  WE,THETAQ
/PS  / 81,82,83,S4,R1,R2,R3,XL,TAU
/PSANS1/  SSIG1(2},TWOL,XIQL,FAK
/PSANS2/  SUM2,SUM3,DIFF2,DIFF3,GC,HC,PSSQRT,PS, QS
/RETRO /  IRO

Program data: Size = 524g (34045) words compiled

FORTRAN Input/

variable Dimension Type output Description

B 1 op I B

BSQ 1 DP I B2

CFORCE 8 DP 0 Drag force defined in PS elements

DIFF3 1 DP I P32 ~ 032

GC i DP I G

HC _ 1 Dp I H

IRO 1 I I Flag to determine if regrograde orbit
= =1 yes
= 1 no

PS 1 DP I p

R2 i oP I P

R3 1 DP I P3
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ORTRAN Input/ -
ariable Dimension Type output Deseription
uM3 1 DP I (a§ + 63) /2
2 1 DP I 0
3 1 DP I a3
12 DP I ‘ Table of averaged Fourier
"series in O,
WOL 1 DP I 2L
E 1 DP I Rotational rate of the Earth
L 1. I Py
Ll 1 DP I u
MUz 1 De I 1/4

ko



(  BEsIN

COMPUTE
CANONICAL
FORCES

RETURN

Page 1 of 1
Figure 10.- CANFOR flow chart.
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3.3.5 CDTOJD (Subroutine)

Purpoge: Compute a Julian date corresponding to a given calendar date

Calling sequence: CALL CDTOJD (CDATE,XJDATE)

Called by: INPUT

Subroutines/functions used: None

Named COMMON: None

Program data: Size = 176g (1264g) words compiled

FORTRAN ) Input/
variable Dimension Type - output Description
CDATE 6 DP I A calendar date given in the form
CDATE(1) = month
CDATE(2) = day
CDATE(3) = vear
CDATE(4) = hours
CDATE(5) = minubtes
CDATE(6) = seconds
Computation range is from March 1, 1900
through February 28, 2100
XJDATE 1 DP 0 Julian date corresponding to the given

calendar date CDATE

42



BEGIN

COMPUTE :
JULIAN DATE

RETURN

Page 1 of 1
Figure 11.- CDTGJD flow chart.
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3.3.6 COEFF (Subroutine)

TTFM50

Purpoge: Compute the binomial coefficients A{ ) and the Fourier coefficients
B( ) of the powers of cosine and sine

Calling sequence: CALL COEFF

Called by: POTEXP

Subroutines/functions used:

Named COMMON: /EXPCOF/

None

4(200),B(200),NDEX0,NDEX(18), IEXPFL

Program data: S8ize = 322g (2104p) words compiled

FPORTRAN Input/
variable Dimension Type output Description
A 200 op 0 Array containing binomial coefficients
B 200 DP 0 Array containing Fourier coefficients
for cosine and sine raised to a power
IEXPFL 1 I 0 Flag to determine if the A, B arrays
have been computed
= 0 no
= 1 yes
NDEX 18 I 0 Array of pointers to A and B coefficientg
NDEX0 1 I 0 Zero Index of table NDEX

1y



COMPUTE :

BINOMIAL

AND FOURIER
.COEFFICIENTS

OF THE POMWERS

OF SINE AND COSINE

RETURN

Page 1 of. 1
Figure 12.- COEFF flow chart.
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3.3.7 CONST (Subroutine)

Purpése: Initialize the mathematiéal and physical constants needed to execute
the ASOP program (refs. 13 and 14).

Calling sequence: CALL CONST

Called by: ASOP2, INPUT

Subroutines/functions used: PREPS,PREPT

Named COMMON: /CBASIC/  PI,TWOPI,DEG,RAD,DAY,DTOKM
/CBODY /  XMU,XMUT,SQTMU,SQTMUI,EPS °
/CPRINT/  X,I(2),IUNITS

/DRAG /  CD,AREA,XMASS,CDRAG

/END /  STOP,ISTOP

JEPOCH /  CDATE(6),XJDATE

/GEO / RE,CJ2,CS(187),5S(187),IGEOFL
/GMTROT/  WE,THETAO

/PERTRB/  IDRAG, ILONG

Equivalence: (DT2,DT1),(THETAO,GMST),(XJDATE,XJED)

Program data: Size = 406g (262¢g) ﬁords compiled

FORTRAN Input/

variable Dimension  Type output Description

AREA 1 DP I Cross sectional surface area of
the satellite (m®) (needed only
if IDRAG > 1)

cD 1 DP I Cq coefficient of drag-(needed
only if IDRAG > 1)

CDRAG 1 DP 0 Drag coefficient = C4 gw (m2/kg)

- m

cJ2 1 DP 0 Jo coefficient of the central
body

DAY 1 DP 0] Value to convert days into

seconds, minutes, or hours

8Called only by subroutine package.
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FORTRAN  Input/
variable Dimension Type output Deseription
DEG 1 DP 0 180 /m
DTOKM 1. Dp 0 Converts distance into kilometers
EPS 1 DP 0 3/2 (M J2 Rg2)
GMST 1 DP I Initial hour angle of Earth
IDRAG 1 I I = "Flag to determine if the drag -
calculations are to be included
= 0 no
= 1 yes
ILONG 1 I I Flag to determine the type of
geopotential terms to be used
= 0 none (two-body orbit)
= 1 Jp short pericd, and first-order
secular terms
= 2 Compute the mean energy due to
geopotential terms as defined
by NMAX and MMAX
IUNITS 1. I I Flag to determine what units are to be
used for the calculations
= 1 km,sec
= 2 mm,sec
= 3 f't,sec
= 4 m,sec
= 5 km,hr
= 6 nm,hr
= 7 B.r.,min
PI 1 P 0 |
RAD 1 DP 0 m/180
RE 1 DP 0 Equatorial radius of central body (Earth)
SQTMU 1 DP 0 Y
SQTMUI 1 DP 0 /YT
TWOPI 1 P 0] 2%

by



" TTFM50

Input/

FORTRAN .

variable Dimension Type output Description

WE . 1 Dp 0 Rotational rate of Earth

XJED 1 DP I ‘Julian date

XMASS 1 DP I Total mass of the satellite (kg)

My 1 DP 0 Gravitational constant for the
central body (u)

XMUI 1 DP 0 1/u

48



DETERMINE
UNITS

G

SET MATH
CONSTANTS AND
CONVERSION
FACTORS

!

SELECT DESIRED
PLANETARY
CONSTANTS

FROM TABLE

CALL PREPT

SET J, VALUE
COHPUTE:

_3.. .2
E—z.ﬂdzRe

i

*COMPUTE DRAG
COEFFICIENT

G

CALL PREPS

!

COMPUTE
GREENWICH
MERIDIAN
ROTATIONAL
PARAMETERS

RETURN

] Page 1 of 1
Figure 13,- CONST flow chart,
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1,3.8 DENSTY (Subroutine)

TTFM50

urpose; Compute the atmospheric density at a given altitude above an oblate

Earth (ref. 15)

alling sequence: CALL DENSTY (ALT,RHO)

alled by: PREPD

ubroutines/functions used: None

amed COMMON: /CARTC / X,Y,Z,V(3),TIME,ENERGY,R,RI
/CBASIC/ PI,TWOPI,DEG,RAD,DAY,DTOKM
/DATMOS/  FBAR,XKP,SLDAY,SADAY
/DATMO1/  SRAB,CRAB,SDEC,CDEC,RB,TC,7G
-/DCOEFF/  A(3,3,3),B(3,9),C(3,9),D(3,4)

rogram data:

Size = 672g (Ul24y) words compiled

ORTRAN Input/
ariable Dimension Type output Description
(3,3,3) DP I Parameters for determining the
base altitude
LT 1 op I Altitude above an oblate Earth
(3,9) DP I Parameters for determining the T,
density profile
(3,9) DP 1 Parameters for computing annual
variation
DEC 1 DP I Cosine of bulge declination
RAB 1 Dp I Cosine of bulge right ascension
(3,4) DP I Parameters for computing the seasonal
latitudinal variation
T'OKM 1 DP I Converts distance into kilometers
1 Dp I Magnitude of the position vector
of the satellite
3 1 P I Magnitude of the diurnal change in
the exospheric temperature
10 1 P o]

The computed atmospheric density

(kg/m3)
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FORTRAR Input/

variable Dimension Type output . Desceription

RI ‘ 1 DpP I Inverse R

SADAY 1 DP I Magnitude of the semiannual
density variation

SDEC 1 DP I Sine of the bulge declination

SLDAY 1 DP I Magnitude of the seasonal

. latitudinal density wariation

SRAB 1 DpP I Sine of the bulge right ascension

TC 1 DP I Nighttime minimum of the global

. exospheric temperature (%K)

G 1 DP I Variation in the exospheric
temperature due to geomagnetic
activity (°K)

X 1 DP I
Cartesian coordinates for the

Y 1 op I position of the satellite

Z 1 DP I

51



‘CALCULATE
ATMOSPHERIC
DENSITY
USING A
SIMPLIFIED
DENSITY
MODEL

COMPUTE

EXOSPHERIC
TEMPERATURE RETURN

Y

FIND CORRECT

ALTITUDE BAND
AND DETERMINE
BASE ALTITUDE

Y

COMPUTE :
TINF DENSITY
VERTICAL PROFILE,
SEMIANNUAL
VARIATION,
SEASONAL
LATITUDINAL
VARTATION

{

COMPUTE THE
ATMOSPHERIC
DENSITY

RETURN

Figure 14,.- DENSTY fiow chart.

Page 1 of 1
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3.3.9 DETERM (Subroutine)

TTFM50

Purpose: Compute the first-order, long-period generating functions and its

derivatives (ref. 8)

Calling sequence:

Called by: LONGPP

Subroutines/functions used: ILOG10

Named COMMON:

Program data:

/DETE /
/ECC 7/
/EXPCOF/
/GEO  /
/PSANS2/
/RETRC /
/RPOOL /
/S13TAV/
/TESS /
/XIPST /

CALL DETERM

SHAT ,SHATP,SHATE2,SHATB,SHATXY ,SHATPI
ES,ESSQ
A(200),B(200),NDEXO0,NDEX(18)
RE,CS2,CS(187),55(187)

SUM2, SUM3, DIFF2,DIFF3,GC,HC,PSSQRT,PS,QS

IRO.

X0,X(18),Y0,¥(18) ,PESSQO,PESSQ(9) ,KMMB2 , KMMB2 1
GIN,HOG,GPH,BS,FS,GINSQ

NMAX ,MMAX

X11,PSI1

Size = 148678 (8231¢) words compiled

FORTRAN Input/

variable Dimension Type output Deseription

A 200 DP I Array containing the Binomial coefficients

B 200 DP I Array containing the Fourier coefficients
for cosine and sine raised to a power

B3 1 Dp I b=1-H/G

cs 187 DP I C coefficients of the geopotential model
in the unnormalized form

EB 1 DP 0 e Vb

Es 1 DP I e

ESSQ 1 DP I e

IESSQ 1 I I
Number of terms to be generated for

IMMAX 1 I I the expansion of the Earth's geopotential

. model
INMAX 1 I I
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FORTRAN

Dimension

rariable

(RO

DEX

IMAX

iMAXZ
5
ST
iE
iEOP

SHAT

JHATB
HATE2
HATP
HATPI
HATXI

I

1

18

Iype
I

P

DP

DP

Dp

op

DP
DP
Dp
DpP
DP

op

TTFM50

|

Input/
output Description

1 Flag to determine if the orbit ié
retrograde
= =1 yes
= 1 no

I Array of pointers to the A and B
coefficients

I Maximum number of zonal terms to be
ineluded by the geopotentizl model;
maximum value of IMMAX and INMAX

0 Maximum value of IESSQ; (NMAX + 1)/2

I p

I e 3in I cos g

I Central body equatorial radius (Rg)

0 R./P

I1/0 First-order, long-period generating
function

1/0 )

1/0

Derivatives of first-order, long-perlod

I/0 > generating function (SHAT)

1/0

I/0 }

I

e gin I sin g'
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COMPUTE FIRST ORDER
LONG PERIOD GENERATING
FUNCTION § AND ITS
DERIVATIVES

A A Fa3 Fa A
aS 35S 35 S 38
3p® ab? 5e2’ 3917 2% .

RETURN

Page 1 of 1
Figure 15.- DETERM flow chart.

35



3.3.10 DRAG (Subroutine)

TT7FM50

Purpose; Adjust the PS elements fo accoﬁnt for the atmospheric drag pertur-

bations {(refs. 6 and 7)

" Calling sequence: CALL DRAG

Called by: PSANS

Subroutines/functions used: None

Named COMMON: /DRAG1 /  CFORCE(8),TH,TEMPO

/PS SIG(4),RHO(4),TAU

Program data: Size = 1158 (77qp) words compiled

FORTRAN Input/

variable Dimension Type output Description

CFORCE 8 DP I Drag force defined in PS elements

RHO ! DP 1/0 PS elements P1,02,03,P4

31ig ! DP 1/0 PS elements 01,05,03:0y

TAU 1 Dp I Independent variable of the
PS elements (T)

TEMPO 1 Dp I Second-order correction for
density due to drag

TLINER 1 Dp I Chanéé in time due to drag

™ 1 DP I Magnitude of the quadratic variation

in the mean anomaly

56



BEGIN

ADJUST PS
ELEMENTS
Oy AND P

RETURN

Page 1 of 1
Figure 16.- DRAG flow chart.
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3.3.11 FPRIME. {(Subroutine)

TTFM50

Purpose: Compute the second-order zonazl Hamiltonian and its derivatives (ref. 8)

Calling sequence:

Called by: LONGPP

Subroutines/functions used:

Named COMMON:

Equivalence:

Program data:

FORTRAN
variable

A

BS

Cd

ES3Q
FHAT
FHATB

FHATE2

FHATP

/ECC [/
/EXPCOF /
/FP /
/GE0  /
/PSANS2/
/RPOOL /
/S18TAV/
/TESS /

Size = 11778 (6391g) words compiled

Dimension

200

200

187

CALL FPRIME

ILOG10
ES,ESSQ

A{200),B(200) ,NDEXO,NDEX(18)

FHAT,FHATP,FHATE2 ,FHATB
RE,CJ2,CS(187),SS(187)

SuM2,SUM3,DIFF2,DIFF3,GC,HC,PSSQRT,PS, QS
¥YY(30),PESSQO,PESSQ(9),KMMB2,KMMB21

GIN,HOG,GPH,BS,FS,GINSQ

NMAX , MMAX

Type
DP

Dp

DP

DP

op
bp
op

Dp

DP

58

(C3(1),¢J(1)),(85(1),SJ(1))

Input/
output

I

1/0
1/0
I/0

1/0

Description

Array containing the binomial
coefficients

Array containing the Fourier
coefficients for cosine and
gine raised to a power

b =1~ HAG

C coeffiecients of the
geopotential model in the
unnormalized form

&2

Second-order zonal Hamiltonian

Derivatives of second-order
zonal Hamiltonian



TTFM50

FORTRAN Input/

variable Dimension Type output Description

IESSQ i I . X Number-of terms to be gen-
erated for the expansion of

INMAX 1 I I the geopotential model

NDEX 1 I ) I Arrzy of pointers to the A
and B coefficients -

NMAX 1 I I° Maximum number of zonal terms
to be included by the
geopotential model; maximum
value of INMAX

NMAX2 1 I 0 Maximum value of IES3SQ;
(NMAX + 1)/2

PS 1 DP I p

RE 1 DP I Central body equatorial ra-
dius (Rg)

REQP 1 Dp 0 Ry/p

59



COMPUTE SECOND
ORDER ZONAL
HAMILTONIAN F
AND ITS
DERIVATIVES
oF oF  oF

ap sel ab -

RETURN

Page 1 of 1

Figure 17.- FPRIME flow chart.
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3.3.12 GEOPOT (Subroutine)

Purpos¢: Compute the Earth's geopotential in a recursive manner (ref. 16)

Calling sequence: CALL GEOPOT (POT)

Called by: PSTOX, XTOPS

Subroutines/functions used: None

Named COMMON: /CARTGC / X,¥,2,VX(3),TIME,ENERGY,R,RL
T /cBASIc/ PI,TWOPI,DEG,RAD,DAY,DTOKM

/CBODY / XMU,XMUT ,SQTMU, SQTMUI ,EPS

/GEC  / RE,CJ2,C3(187),SS(187), IGEOFL

/GMTROT/ WE,THETAO

/PERTRB/ IDRAG,ILONG

/RPOOL / P00,P0O(19),P10,P1(19),P20,P2(19),CTILO,CTIL(19),

STILO,STIL(19),R2I,R3I
/TESS / NMAX ,MMAX ~

Equivalence: (CTIL(1),CTIL1),(STIL(1),STIL1)

Program data: Size = 430g (2801g) words compiled

FORTRAN . Input/

variable Dimension Type output Deseription

cs 187 DP I C coefficient of the
geopotential model in the
unnormalized form

EPS 1 DP I = 3/2 (4 Jp R2)

ILONG 1 I T Flag to determine the type
of .geopotential terms to be
ineluded

= 0 none {two-body orbit)

= 1 Jo short period, and
first-order secular
terms

= 2 Compuie the mean energy
" due to the geopotential
terms as defined by NMAX
and MMAX

61



TTFM50

FORTRAN Input/

variable Dimension Type output Deseription

MMAX 1 I I Total number of tesseral
terms. to be included -by-the
geopotential model (value is
needed only '‘when ILONG = 2)

POT 1 DP 0 Magnitude of the Earth's
gravitational potential

R 1 bp z Magnitude of the position
vector of the satellite

RE 1 oP I Equatorial radius  of the
central body (Barth)

RI 1 DP I Inverge of R

SS - 187 DP X S coefficients of the
gecpotential model in
the unnormalized form

THETAQ 1 bp I Initial hour angle of the
Earth

TIME 1 [)) 4 I Elapsed time

THOPI 1 DP I or

WE 1 DP I Rotational rate of the Earth

X 1 DP I X-Component of the Earth
inertial position vector

MU 1 DP I u

b4 1 P I Y-Component of the Earth
ihertial position wvector

z 1 DP I Z-Component of the Earth

inertial position vector
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BEGIN

COMPUTE THE
POTENTIAL
DUE TO 4

2

ROTATE VECTOR
TO EARTH FIXED
COORDINATES

!

-| RECURSIVELY,
COMPUTE THE
LEGENDRE
POLYNOMIAL
p0
n

!

RECURSIVELY,
COMPUTE

¢ AND s

'

RECURSIVELY,
COMPUTE THE
ASSOCIATED
LEGENDRE
POLYNOMIAL

m

P

!

COMPUTE THE
TOTAL POTENTIAL

RETURN

Figure 18.- GEOPUT flow chart.
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: RETURN
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3.3.13 ILOG10 (Subroutine)

Purpose: Determine the number of terms to be included in the expansion for the
Earth's geopotential model

Calling sequenceé: CALL ILOG10 (X,MAX,IMAX)

Called by: DETERM,FPRIME,POTEXP

Subroutines/functions used: none

Named COMMON: none

Program data: Size = 106g (701y) words compiled

FORTRAN Input/

variable Dimension Type output. Description

IMAY 1 I 0 Number of terms, between 1
and MAX, to be included in
the expansion for Barth's
geopotential model

MAX 1 I I Maximum value of IMAX

X 1 DP I Small parameter used in

determining number of terms
to be inecluded in the
expansion

64



IMAX = 1

==~ RETURN ' |

g RETURN

RETURN

Page 1 of 1
Figure 19.- ILOGI0 flow chart.
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3.3.1% INITAL

Purposef Initiglize the coefficients for the Jacchia T1/Lineberry atmospheric
' density model ;

Calling sequence: CALL. INITAL (TIME)
[ | !

_Called by: PREPD

Subroutines(fgnctions used: SACT, SUN

Named COMMON: /CBASIC/  PI,TWOPI,DEG,RAD,DAYSEC,DTORM
S /DATMOS/  FBAR,AKP,SLDAY,SADAY
/DATMO1/  SRAB,CRAB,SDEC,CDEC,RB,TC,TG
/DCOEFF/  A(3,3,3),B(3,9),6(3,9),D(3,4)
/EPOCH /  C€DATE(6),XJDATE
/SUNPOS/  X1S,X28,X3S,RS,RAS,DEGS

Program data: Size = 2558 (1731g) words compiled
TR T

FORTRAN Input/
vagiable Dimensipn Type output Description
A (3,3,3) DP 0 Parameters for determining
the base altitude
AKP 1 ‘ DP I Averaged value for the
geomagnetic index
B (3,9) DP 0 Parameters for determining
the Ty density profile
¢ (3,9} DP 0 Parameterg for computing an-
) nual variation
CDEC 1 DP 0 Cosine of bulge declination
CRAB 1 DP 0 Cosine of bulge right
ascension
b (3,%) DP 0 Parameters for computing
the seasonal latitudinal
yariation .
DAY 1 DP 0 Julian day number for
’ which the solar activity
T coefficients are desired
DAYSEC 1 DP I Converts days into seconds,

minutes, or hours
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FORTRAN

variable

FBAR

RAD

RAS

RB

RS

SADAY

SDEC

SLDAY

SRAB

TC

TG

TIME
TWOPI
XJDATE

X358

Dimension

1

Type

DP

P,

DP
P
DP
op

DP

P

DP

DP

op

Dp

DP

PP

DP

67

Input/
output

-

TTFMSO

Description

Averaged value for_the solar
flux coefficient, Fqg 7

180/m

- Right ascension of the Sun

; Magnitude of the diurnal
" change in the exospheric

temperature

Magnitude of position vector
of the Sun

Magnitude of the gemiannual
density variation

Sine of bulge deeclination

Magnitude of the seasonal
latitudinal density variation

Sine of bulge right ascension
Night time minimum of' the
global exospheric temperature
(°K)

Variation in the exospheric
temperature due to geomagnetic
activity (°K)-

Elapsed time of epoch

2m

Julian date of epoch

Position vetor of the Sun

in the Earth's inertial

equatorial system (X18,
x2S, X33)



SET COEFFICIENTS
FOR JACCHIA 71/
LINEBERRY
ATMOSPHERIC
DENSITY MODEL

J

CALL SUN

I

CALL SACT

y

INITIALIZE
THE SLOWLY
VARYING
FUNCTIONS
OF THE
ATMOSPHERE

RETURN

Page 1 of 1 -

Figure 20,- INITAL flow chart.
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3.3.15 INPUT (Subroutine)

Purpose: Read the input data from the NAMELIST statement, set the default
values, and initialize all required COMMON block variables.

Calling sequence: CALL INPUT ($20)

Called by: MAIN

Subroutines/functioﬁs'used: AEIXYZ, CDTQJD, CONST, QUTPUT, XTOPS

Named COMMON: /CARTC /  X(6),TIME,ENERGY,R,RI
/CBASIC /  PI,TWOPI,DEG,RAD,DAY,DTOKM
/CPRINT / PRINT,IPRINT,IPSPRT,IUNITS
/DRAG /  CD,AREA,XMASS,DRDR
JEND /  STOP,ISTOP
/BEPOCH { DATE(6),XJDATE
JKEPLER 7/  EL(6)
/PERTURB/  IDRAG, ILONG _
JTESS /  NMAX,MMAX

NAMELIST statements: /INPUT/  EL,IEL,STOP,ISTOP,PRINT,IPRINT,DATE,IDRAG,CD,
AREA, XMASS, ILONG, NMAX ,MMAX , TPSPRT , TUNITS

Program data: Size = 407g (2631g) words compiled

FORTRAN Input/
variable Dimension Type output Deseription

AREA 1 Dp I Cross sectional surface area
of the satellite (needed only
if IDRAG > 1) (1)

o 1 pP T Coefficient of drag (needed
: only if IDRAG > 1)

DATE 6 DP I Calendar date of epoch

DATE( 1)
(2)
(3>
(4)
(5)
(6)

month

day number
vear

hour
minutes
seconds

W ooan
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FORTRAN Input/

variable Dimension Type outpup Description

EL & DP 1/0 Initial conditions of the sat-

) ‘ellite given in Keplerian ele-

ments of Cartesian coardinates;
on output it will contain the
Keplerian elements
EL(1) =X or a
(2) =Yore
{(3) =Zor i
() =X orm
(5 =Y or Q
(6) = Zor M

ENERGY 1 DP . 0 Total energy of the satel-
lite; initially set to O

1DRAG 1 I I Flag to determine if the drag

. caleulations are to be

included
= 0 no
= 1 yes

TEL 1 I I Flag to determine if the
input values of EL are given
as Keplerian elements or
Cartesian coordinates
= 1 Keplerian
= 2 Cartesian

ILONG 1 I I Flag to determine type of

geopotential terms to’
he included

0 none (two-body)

1 Jo short pericd, and
first-order secular Lerms

2 Compute the mean energy
due to the geopotential
terms as defined by NMAX
and MAX .
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FORTRAN
variable

IPRINT

IPSPRT

ISTOP

JUNITS

MMAX

NMAX

PRINT

Input/
Dimension Type output
1 I I
1 I I
1 I I
1 I I
1 I I
1 I I
1 DP I

71

TTFM50

Deseription

Flag to determine if the in-

termediate printout is to be

done at a PRINT value of days
or revolutions

0 no intermediate-printout . .
1 days
2 revolutions

noiE

Flag to determine if the PS
elements are to be included
with all output

0 no
1 yes

Flag to determine if the STOP

condition is days or revolu-
tions )

1 days
2 revolutions

[ 1]

Flag to determine what ecalcu~
lation constants are to be
used

1 km, sec

2 nm,sec

3 ft,sec

4 m,sec
5 km, hr

6 num, hr-

7 E.r.,min

It W oy o

Maximum number of tesseral
terms fto be included (needed
only if ILONG > 2)

Maximum number of zonal terms
to be included (needed only
if ILONG > 2)

- Increment at which the inter-

mediate printout is desired
(needed only if IPRINT > 1)
{days or revs)



FORTRAN
variable Dimension
RAD 1
STOP 1

\\’:
TIME 1
X 6
XJDATE 1
XMASS 1

Type
DP

DP

DP

bp

Dp

Dp

Input/

output

72

I

I

TTFM50

Deseription

/180

Final stop value at which
output is desired (days or
revs)

Physiecal time; initially set
to 0 (hrs or min or sec)

Initial Cartesian state
vector

x(1) + X(3)
X(4) + X(6)

]
<} »d)

Julian date

Initial mass of the satellite
(kg)



| SET DEFAULTS | .

READ SINPUT
PRINT $INPUT
CALL CDTOQJD
CALL CONST

x(4)
)

b u
m

»
——

-,
et

DEG. TO RAD.
CALL AEIXYZ

TIME =
ENERGY

i

CALL XTOPS
CALL OUTPUT

!

INPUT

0
= 0

lxl’ lcl, or 'S

SOLICIT FOR
CHANGES T0
INPUT

A

NO

e RETURN 1

Figure 21.- INPUT flow chart.

Page 1 of 1
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'3.3.j§‘ JPTOCD_(Subroutine)

Purpose; Determine the calendar date corresponding to a given Julian date

Gﬁl}ing;sequence: CALL JDTOCD (CDATE,XJDATE).

Called by: OUTPUT

Subroutines/functions used: None
e El bt

Named COMMON: None

famec LPOITEN

P?ogram data: Size = 160g (11245) words compiled

FOBTﬁ&N . Input/
xgriab%e Dimension . Type output : Description
CDATE 6 DP 0 The calendar date
corresponding to XJDATE,
given in the form
CDATE(1) = month
(2) = day
(3) = year
(4) = hours
(5) = minutes
(6) = seconds
XJDATE 1 Lp I A Julian date

T4



COMPUTE:
CALENDAR
DATE

RETURN

'\‘

. ) Page 1 of.1
Figure 22.- JDTOCD flow chart.
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3.3.17 LONGPP (Subroutine)

Purpose: Comppte the first-order, zonal, long periodic perturbations and
second-order zonal, secular perturbations (ref. 9)

Calling. sequence: CALL LONGPP(NN)

Called by:

' by :  PSANS

Subroutines/functions used: DETERM, FPRIME
1 y T

Named COMMON: /CBODY / XMU,XMUT,SQTMU, SQTMUI,EPS
' ' /CONSTW/ TWO3,BY3,BY6,CN

/DENS / B(10),Ds1,Ds2,DC1,DC2,00,0C2,082,0C1,081
/DETE / SHAT,SHATP ,SHATE2,SHATB,SHATXI ,SHATPI
/ECC  / ES,ESSQ )
/FP / FHAT,FHATP ,FHATE2 ,FHATB
/HAMDS /  DSF(4),DSB(4)
/PS / SIG(4),RHO(4),TAU
/PSANSV/ FACTOR(Y4),SIGINI(8) .
/PSANS1/ ETA1,ZETA1,TWOL,IQL,FAK
/PSANS2/ SuUM2,SuM3,DIFF2,DIFF3,G,H,PSSQRT,PS,Q8
/PSANS3/ QcC
/RPOOL / XX(30)
/S1STAD/ GC(8),P(8),0(8),HC(8),QCV(8)
/S1STAV/ GIN,HOG,GPH,BS,FS,GINSQ
/TESS /  NMAX,MMAX
/XIPSI / XI1,PSI1

Euivalence: (L’RHO(H)) ] (DSBB( 1} sxx( 1) ) ) (DSD{‘I ) ,XX(S) ) ’ (DSP( 1 ) ,XX(Q) ) ] (DSE(1 ) y
i XX(13)),(D3Q(1),XX(17)),(DSDEL(1),¥X(21)),(DSDEL1(1),XX(25))

Program data: Size = 1705g (96544) words compiled

A descniptiqg of the mathematical symbols used and their relationship to one an-
other is given in references 8 and 17; a brief description ean also be found
ip Appendices E and F. Therefore, only a brief mathematical description will be
given. .

FORTRAN Input/

Ygriable Dimension Type output Description

BS 1 DP I " b=1-HG

CN . 1 P I +1 depending on value of NN .
DSB 4 DpP I /B k=1,2, 3, U

DSF . 4 DP I ar/aBy k=1, 2, 3, U
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FORTRAN

variable Dimension
EPS 1
ES 1
ES39 1
FACTCR L
FaK 1
FHAT 1
FHATB 1
FHATE2 1
FHATP 1
FS 1
GC 8
GIN 1
GINSQ 1
GPH 1
HC &
HOG - 1
L 1
NMAX 1
NN 1

Type

op
)3

DP

bp

Dp
DP

DP

Dp

Dp

op

op

P

op

Dp

DP

op

DP

Input/
output

1/0

I1/0
1/0

I1/0

T7

TTFM50

Description

E = 3/2 (WoRe?)
e

e?

Derivatives of the DS
Hamiltonian and its combina-
tions (A1, Ag, A3 and AH in
Appendix F)

(2L)'3/2

Second-order zonal

Hamiltonian

Derivatives of second-order
zonal Hamiltonian

f = 1/pg

3G/9o, , aG/apk k=1,2,3,4
G—1

o2

G+ H

8H/ 80y, oH/3p
k=1, 2, 3,

H/G

L =py = 0g

Maximum number of zonal terms
to be included

Flag determining if
initializing or computing.

0 initializing
1 computing



TTFM50

FORTRAN Input/
variable Dimension Type output Deseription
0oCc1 1 op ] Coefficients of Fourier
series describing density
031 1 DP 0 due to long-period Js
changes in height?
P 8 DP I 3p/doy, dp/dp
k=1,2, 3, ﬁ
Ps 1 bp I p
PsSI1 1 bp 0 Uy =e sin I cos g
PSSQRT 1 . DP I +p
Q 8 DP I Bqlaok, 8q/9p
. k=1,2,3,
Qc 1 DP I Q )
Qcv 8 DP 1 3Q/30y, 3q/9p
k=1, 2,3, E
Qs 1 DP I q
RHO. } DP 1/0 Pis «-+y Py (see L)
SHAT 1 Dp I/0 First-order, long-period
generating function
SHATB 1 j))4 I/0 Y
SHATE2 1 DP I/C
Derivatives of first-order,
SHATP 1 DP /0 long-period generating
function
SHATPI 1 DP 1/0
SHATXT 1 bp I/0 )
SIG y DP I/0 G4y »v-3 Oy
SQTMU 1 DP I v
SQTMUI 1 DP I 1/
THO3 1 Dp I 2/3

@Reference 7, pp. 18-22.
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FORTRAN
variable

THWOL
XT1
MU

XMuI

Dimension

1

1

DP

DP

DpP

DP

Input/
Type output

79

I

0

Description

TTFEM50

2L

X1 =e sin I s8in g
M

1/



e COMPUTE DS

CRITICAL
INCLINATION

RETURN

CALL DETERM

DERIVATIVES

CALL FPRIME

COMPUTE SECOND ORDER
HAMILTONIAN AND
ITS DERIVATIVES

COMPUTE LONG PERIOD
GENERATION FUNCTION $¢*

*

2S
AND PS DERIVATIVES 1 and

*
35.i

ap

%

ADD LONG PERIQD
CONTROBUTION TO
o AND »

RETURN

Figure 23.- LONGPP flow chart.
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3.3.18 MATIN {Subroutine)

Purpése: Invert an n x n matrix and/or solve the matrix equation Ax = B

Calling sequence: CALL MATIN (A,N,B,M,KEY,DETERM)

Called- by: PREPD

Subroutines/functions used: -None

Named COMMON: None

Program data: Size = 573g (37949) words compiled

FORTRAN Input/

variable Dimension Type output Description

A (10, 10) DP I Matrix to be inverted

B 10 bp I Column matrix to be
multiplied by A

DETERM 1 Dp 0 Determinant

KEY 1 I- 0 Flag for singular matrix

M 1 I I Flag to determine if the B
matrix is to be used
= 0 no
= 1 yes

N ) 1 I I Size of A matrix and length
of B

3L



INVERT MATRIX
COMPUTE DETERMINANT

SOLVE Ax = B

Figure 24.- MATIN flow chart. Page 1 of 1
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3.3.19 MTOECC (Subroutine)

Purpose: Convert mean anomaly to eccentric anomaly and compute its sine and
cosine

Calling sequence: CALL MTOECC (XM,E,EA,SINEA,COSEA)

Called by: AETXYZ, SUN

Subroutines/functions used: None

Named COMMON: None

Program data: Size = 163g (1154p) words compiled

FORTRAN ' Tnput/

variable Dimension Type output Description
COSEA 1 DP 0 Cosine of the eccentric
ancmaly f{cos E)

E 1 DP I Orbital eccentricity (e)

EA 1 DP o] Eccentric dnomaly (rad)

SINEA 1 DP 0 Sine of the eccentric anomaly
. {(sin E)

M 1 ; DP I Mean anomaly (M)(rad)

83



SOLVE:
KEPLER'S
EQUATION

RETURN

Page 1 of 1
Figure 25.- MTOECC flow chart.
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3.%.20 OUTPUT (Subroutine)

Purpose: Print all desired output during the execution of the ASCP program; it
contains all output formats and does all unit conversiorns required for -
output.

Calling sequence: CALL OUTPUT (IFORM)

Called by: INPUT, MAIN

Subroutines/functions used: JDTOCD,‘XYZAEI

Named COMMON: /CARTC / X(6),TIME,ENERGY,R,RI
/CBASIC/ PI,TWOPI,DEG,RAD,DAY,DTORM
/CPRINT/ PRINT,IP,IELPRT,IU
JEND / STOP, ISTOP
/EPOCH / CDATE(6) , XJDATE
/KEPLER/ XKEP(6)
/PS / SIG(4),RHO(Y),TAU, TAUMAX, TAUINT

Equivalence: (SEC,CDATE(6))

Program data: Size = 7108 (45649) words compiled.

FORTRAN Input/
variable Dimension Iype output Description
CDATE 6 DP I Calendar date of output in
the form
CDATE(1) = day number
(2) = month
(3) = year
(4) = hours
(5) = minutes
(6) = seconds
DAY 1 DP I Value to convert days into
hours, minutes, or seconds
DEG 1 DP I . 18o/m
ENERGY 1 Dp I Total energy of the physical
system
IELPRT 1 I I Flag to determine if the PS
. elements are to be printed
= 0 no
= 1 yes
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FORTRAN

variable
yar-abv.e

IFORM

Ip

ISTOP

Iu

-RHO

SIG

TAU

TAUINT

TIME

TWOPL

Dimension

1

TTFM50

Description

86

Input/
Type output
I I
I I
I I
I I
DP I
DP I
DP I
DP I/0
DP T
DP I

Plag to determine if the ini-
tizl or final condition mes-
sage is to be printed.

1 initial condition message

2 no message (intermediate
print)

3 final condition message
or reentry condition
message

Flag to determine what print
condition is being used

1 days
2 revolutions
3 reentry

Flag to determine the final
stop condition

1 days
2 revolutions
3 reentry

i n

Pointer to the VEL and DST
character arrays

PS elements pq > py

RHO(1) = p4 RHO(3) = P3
RHO(2) = pp RHO(Y4) = oy
PS elements Gq{ > Oy

S1G6(1) = o S16(3) = 03
SI6(2) = 05 SIG(Y) = o]

-Independent variable of the

PS elements set (rad)
Initial value of TAU for
vwhich the force model is
valid. Initially set to 0.°
Physical time

2%



FORTRAN
variable

X

XJDATE

XKEP

Dimension

6

i

TTFM5C

Description

Input/
Type output
Dp I
DP I
DP 1/0

87

Cartesian state vector
(1) + X(3) = X

X(4) + X(6)

v
Julian date

Keplerian elements

JKEP(1) = a
(2) = e

(3) = 1
(4) = w

(5) = Q
C{6) = M



BEGIN

CALL XYZAEI
IXp = 1P

WRITE
INITIAL fecolfr—ace
MESSAGE
WRITE
FINAL
MESSAGE
= IXP = ISTOP
RAD—=DEG
COMPUTE & PRINT
DATE OF OUTPUT
REVS.
DAYS
CHECK
PRINT
aeiuaM
Xyziy2
PRINT
P1 Poa P3Py
91 9 93 9
Figure 26.- OUTRUT flow chart. Page 1 of 1
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3.3.21 POTEXF (Subroutine)

Purgosei Compute the mean energy due to tesseral and sectorial geopotential har-
monies {ref. 10) ’

Calling sequence: CALL POTEXP

Called by: ASOP

Subroutines/functions used: COEFF,ILOG10,RECUR,TIMEXP

Named COMMON: /CBASIC/ PI,TWOPI,DEG,RAD,DAY,DTOKM

/CBODY / XMU,XMUI,SQTMU,SQTMUT ,EPS

/EXPCOF/ A(200),B(200),NDEX0,NDEX( 18) , IEXPFL -

/GEO  / RE,CJ2,Cc(187),55(187),IGEOFL

/GMTROT/ WE, THETAO

/PS / 81G(4),RHO(4),TAU

/PSANS1/ SSIG1,CSIGY, TWOL,XIQL ,FAK

/PSANS2/ SuM2,SUM3,DIFF2,DIFF3,GC,HC,PSSQRT,PS,QS

/PSANS3/ QCAP

/RETRO / IR0

/RPOOLA/ FNO(24),FN(19,19),FN10(20),FN1(19,19) ,FM20(20),
FN2(19,19),BETA0,BETA(18) ,DELTAO,DELTA(18),
ETA(20),ZETA0,ZETA(20),ALPHO,ALPH( 36) ,GAMMO, GA
XI0,XI(38),PS10,PSI(38),GCAPO,GCAP(17)

/TESS  / NMAX ,MMAX

Program data: Size = 221Y4g (116443) words compiled

FORTRAN Input/

variable Dimension Type output Deseription

A 200 Dp I Array containing binomial
coefficients

ALPH 37 DP I/0 Array generated recursively,

. where ALPH(1) = P P3

B 200 DP I Array containing Fourier
coefficients

BETA 19 Dp I/0 Array generated recursively,

where BETA{(1) =
cos(WE - Oy + THETAO)

BS 1 pP 0 Vi - (15/6)2

cC 187 DP I C coefficients of the geo-
potential model in the
unnormalized form

8¢9
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FORTRAN Input/

variable Dimension Type output Description

C31G1 1 DP I cos Oy

DELTA 19 DP I/0 Array generated recursively,
where DELTA(1) =
sin(WE - Oy + THETAQ)

ECC 1 DP 0 e

ECC2 1 DP 0 e

ETA 21 DP I/0 Array generated recursively,
where ETA(1) = -Q 05

GAMM 37 DP 1/0 Array generated recursively
where GAMM(1) = ~P o3

GC 1 P I G

HC 1 DP I H

IEXPFL 1 I I Flag to determine if A and B
arrays have been computed
=0 no
=1 yes

INMAY 1 I 1/0 Number of terms to be
generated in BETA, DELTA and .
XM

IQMax 1 I I/0 Number of terms to be
generated in ALPH and GAMM

IRMAX 1 I I/0 Number of terms to be
generated in ZETA and ETA

1RO 1 I I Flag to determine if the’
orbit is retrograde
= =1 vyes
= 1 no

ISMAX 1 I 0 Number of terms to be
generated in PSI and XI

MAX 1. I 0 Maximum value of IRMAX

a0



FORTRAN
variable

Dimension

MMAX

NDEX

NDEX0
PS

PSI

QCAP

QS
RE

REQP

RHO

SIG

SS

—

SSIGI

SuM2

THETAQ

WE

.

1

18

187

39

TTFM50

a1

Input/
Type output Description
I I Maximum number of tesseral
terms to be included by the
geopotential model; maximum
value of INMAX; 2#¥MMAX is
maxinum value of IQMAX
(Needed only when ILONG = 2)
I I Array of pointers to the A
and B coefficients
I I Zero Index to the NDEX array
DP I p
DP 1/0 Array generated recursively,
where PSI(1) = cos 04
DP I Q
DP I q
DP I Eguatorial radius of the cen-
tral body (Re)
DP 0 Re /D
DP 170 P3 elements p1,p2,p3,pu
Note py = energy
DP I PS elements 01102:03,0y
Dp I S coefficients of the
geopotential model in
the unnormalized form
DP I sin 04
1g.2 2
PP I 5(02 + Po )
DP I Initial hour angle of the
Earth
DP I Rotational rate of the Earth
DP I/0 Array generated recursively,

where XI{1) = sin 0,



FORTRAN

variable

_XIQL

M

MU
XNU

ZETA

Dimension

1
(7,18)

21

Type

DP

" DP

DP

op

- DP

9z

Input/
output

I

"0

/0

TTFM50

Description

UAZL

Fourier coefficients of the
time expansion

u

Ratio of the frequency of ro-
tation of the satellite %o
the rotation rate of the
Earth

Array generated recursively,
where ZETA(1) = Q po



COMPUTE INITIAL
VALUES IN
ARRAYS T0O BE
GENERATED
RECURSIVELY

|

CALL RECUR
TO GENERATE
ARRAYS

|

CALL TIMEXP TO
COMPUTE
.COEFFICIENTS OF
THE EXPANSION
OF THE TIME
"EQUATION

¥

CALL COEFF
T0 DETERMINE
NEEDED
COEFFICIENTS

COMPUTE
RECURSIVE
FORMULAS FOR
ECCENTRICITY
AND INCLINATION
FUNCTTONS “

i

COMPUTE:
TOTAL ENERGY

Py

RETURN

' -

Page 1 of 1
Figure 27.- POTEXP flow chart.
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3.3.22 PREFD (Subroutine)

Purpose: Initialize the ASOP atmospheric density model coefficients
(refs. 6 and 7)

Calling sequence: CALL PREPD
Called by: ASQP

Subroutines/functions usged: CANFOR,DENSTY,INITAL,MATIN,PSTOX,TABLE

Named COMMON: /CARTC / X(6),TIME,ENERGY,R,RI
/CBASIC/ PI,TWOPI,DEG,RAD,DAY,DTOKM
/CBODY / XMU, XMUI,SQTMU,SQTMUI,EPS
/DBETAS/ BETA1,BETA2,BETA3,BETAY
/DENS / B{10),Ds1,DS2,bc1,DC2,00,0C2,082,0C1,081
/DRAG / CD,AREA,XMASS,CDRAG
/DRAGT / CFORCE(8), T4, TIL, TEMPO
/END 7/ STOP,ISTOP
/FORSAV/ %(6),zc(9,6),%23(9,6),DZ(6),DZC(9,6),DZ3(9,6)
/GEO  / RE, CJ2 csc187) SS(187) IGEOFL
/GMTROT/ WE, THETAO )
/PERTRB/ IDRAG,ILONG
/PS / SIG(4),RHO(Y4),TAU, TAUMAX
/PSANSV/ FACTOR(Y4) ,SIGINI(8)
/PSANS1/ SIN1,C0S1, TWOL,XIQL ,FAK
/PSANS2/ SuM2,SUM3,DIFF2,DIFF3,G,H,PSSQRT,PS,QS
/PSANS3/ Qc
/RETRO / IRO
/SUNPAR/ XNS
/SUNPOS/ XS, Ys,2S,RS,RAS,DECS

Program data: Size = 2212g (11621) words compiled

FORTRAN Input/

variable Dimension Type output - Description

ALT 1 bp 0 Calibration altitude for the
density model

ALTO 1 DP 0 Reference altitude for the
density model

B 1 Dp 0 Coefficient of the density
model (ref. T)

BETA? 1 DP 0 R

BETA2 1 P 0 g2

BETA3 1 DP 0 g3
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FORTRAN

variable

BETAY
CDRAG

CFORCE

COS1

e
DC2
DECS
DIFF3
D31
D32

DTORM

bz
DZC
DZS5

FACTOR

FAK

IDRAG

Dimension

Type

1
1

(9,6)
(9,6)

DP

DP

DP

DP

DP

Dp

DP

Dp

P

op

DP

DP

DP

DP

DP
DP
DP

op

95

Input/
output

0
I

/0

I/0

TTFME0

Description

Bﬂ
Drag coefficlent

Drag force defined in BS
elements -

cos O

Coefficients of the Fourier
series describing the
diurnal bulge (ref. T}
Declination of the Sun

932 . 032

Coefficients of the Fourier
series deseribing the

diurnal bulge (ref. 7)

Converts distance into

kilometers

X3 Coefficients of Fourier
Ai series expansion of

Xj the disturbing

Ai function in PS

Yj elements (ref. T)

Derivatives of DS Hamiltonian
and its combinations (Aq,A5,
Az and Ay in appendix F)

(21)-3/2

G

H

Flag to determine if drag cal-
culations are to be ineluded

¢ no
1 yes



FORTRAN

variable

IRO

JCc1
JC2
2351
)82

0
>SSQRT
hle

B

t

AD
As -

iE

tHO

HOD1

iROD2

31G
1IN
QTMU -

iTCP

Dimension

1

Type

op

DP

DP

DP

" DP

DP
DP
op
bp

P

Dp

op

DP

Dp

Dp

Dp

DP
op
DP

op

96

Input/
output

I

I/0

1/0

/0

I/0

TfFMSO

Description

170

1/0

Flag to determine if the
orbit is retrograde.

-1 yes
1 no

Coefficients of the Fourier
series deseribing density
variation due to J, changes
in height (ref. 7)

B
Q
q

Magnitude of the position
vector of the satellite

180 /%
Right ascension of the Sun

Equatorial radius of the cen-
tral body

PS elemen?s‘ P1sP2,P3,Py

Density at the ealibrated
altitude

Density at the reference

‘altitude

PS elements 01,02,03,0y

sin 04

i

Final stop value at which
output is desired



TTFM50

FORTRAN Input/

variable Dimension Type output Description
1

SUM3 1 DP I 5(032 + p3?)

TAUMAX 1 DP 0 Range.of validity for the
force model .

TEMPO - i DP 0 Second order corrzection for
density due to drag

TIME 1 DP I ~ Elapsed time of epoch

TTL 1 . Dp o Change in time due to
drag (At)

TWOL 1 DP I 2L

TWOPT 1 714 I 2m

T4 1 DP 0 Magnitude of the quadratic
variation in the mean anomaly

WE 1 Dp I Rotational rate of the Earth

XIQL 1 DP I u/ 2L

XMU 1 P . Gravitational constant of the
central body (1)

NS 1 Dp I Mean motion of Sun

YA 6 DP 1 X% " Coefficients of Fourier
i series expansion of

Zc (9,6) DP I X3 the disturbing function
1 in PS elements {(ref. T)

ZS (9,6) DP I gt .

J

a7



CALL INITIAL

TO INITIALIZE
JACCHIA 71/

LINEBERRY ATMOSPHERIC
DENSITY MODEL ~

!

GOMPUTE
POWERS OF B

e > .3
OR PERIGEE
ALTITUDE

> 750 km

] SET
IDRAG = 0

EVALUATE ATMOSPHERIC
DENSITY MODEL
AT DIFFERENT
POTHTS IN THE ORBIT

¥

CALL MATIN TO
CALIBRATE ANALYTICAL
ATMOSPHERIC DENSITY
MODEL

COMPUTE LINEAR

PERTURBATIONS:
CALL DRAGIN
CALL TABLE
CALL CFORCE

%

SET DRAG TERMS
CFORCE, T4, TIL,
TEMPO

CONPUTE RANGE OF -
DENSITY MODEL VALIDITY {vyypy)

RETURN

Figure 28.~ PREPD flow chart.

Page 1 of 1
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3.3.23 PREPS (Subroutine)

TTFM50

Purpose: Establish the parameters needed to calculate the position of the Sun
(ref. 18)

Calling sequence:

Called by: CONST

Subroutines/functions used:

Named COMMON:

Equivalence:

Program data: Size = 276g (1901g) words compiled

FORTRAN
variable

/CBASIC/
/EPOCH /
/SUNPAR/

(Co,B1(1))

Dimension

A

AEROOT
B1

B2
B3

DAY

DTOKM

RAD
TWOPI

XJDATE

XLSO

INS

1

CALL PREPS

none

PI,TWOPI,DEG,RAD,DAY,DTOKM
CDATE(6) ,XJDATE
¥NS,XLSO0,A,E, AEROOT,B1(2),B2(2),B3(2)

Input/ )

Type output Description

P 0 Semima jor axis of the Sun's
orbit

DP 0 Argument of perigee of the Sun .

DP 0 Coefficients to transform the
position of the Sun from the

DP 0 orbital plane to the mean-of-
epoch equatorial reference

DP o system.

" DP I Converts days into hours,

minutes or seconds

P I Converts distance into
kilometers

Dp 0 Eccentricity of the Sun's
orbit

DP I 180/w

Dp I 2m

DP I Julian day number of the
desired epoch

DP 0 Mean anomaly of the Sun

DP 0 Mean motion of the Sun

99




INITIALIZE THE
SUN'S POSITION

~ RETURN

Page 1 of 1
Figure 29.- PREPS flow chart.

100



TTFM50

3.3.24 PREPT (Subroutine)

PurgoseE Initialize the geopotential coefficients for the Earth (ref. 13)

" Calling sequence: CALL PREPT

Called by: CONST

Subroutines/functions used: None

Named COMMON: /GEO /  RE,CJ2,CS(187),85(187),IGEOFL
) /RPQOL / FACO,FAC(36)

Program data: Size = 1031g (5374p) words compiled

FORTRAN Input/

variable Dimension Type output Description

cs 187 DP 0 C coefficients of the
geopotential model in
the unnormalized form

IGEOFL 1 1 I/0 *Flag to determine if the
C and S arrays are set
= 0 no
= 1 yes

S3 : 187 DP 0 S coefficlients of the

geopotential model in
the unnormalized form

101



BEGIN

INITIALIZE:
GEOPOTENTIAL
COEFFICIENTS

RETURN

Page 1 of 1
Figure 30.~ PREPT flow chart.
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3.3.25 PSANS (Subroutine)

Purpose: Analytical theory of the ASOP program.

Calling sequence: CALL PSANS (NN)

Called by: ASOP, TIMEPS

Subroutines/functions used: - DRAG,LONGPP

Named COMMON: /CBASIC/ PI,TWOPI,DEG,RAD,DAY,DTOKM
/CBODY / =~ XMU,XMUI,SQTMU,SQTMUI,EPS
/CONSTH/ TW03,BY3,BY6,CN’

/DENS / B(10),DS1,DS2,DC1,DC2,00,0C2,082
/HAMDS / DSF,DSB

/PERTRB/ IDRAG, TLONG

/PS / SIG(Y4),RHO(Y4),TAU

/PSANSV/ FACTOR(Y4),SIGINI(8)

/PSANS1/ ETA1,ZETA1,TWOL,IQL,FAK

/PSANS2/ SUM2,SUM3,DIFF2,DIFF3,G,H,PSSQRT,PS,QS
/PSANS3/ QC,ERQOT, X3R00T

/PSTIME/ CLO,FAKTPS, TOL

/S1STAD/ GC(8),P(8),Q(8),HC(8),QCV(8)
/S1STAV/ GIN,HOG,GPH,BS,FS,GINSQ

Equivalences: (LS,SIG(4)), (L,RHO(¥)), (PHI,RHO(1)), (DSF(1),W(1}),
(DSB(1),W(5)), (81(1),GAM3(1)), (Y(1),GAM2(1)), (Q(1),GAM(1)),
(HC(1),DEL3(1)), (GC(1),DEL2(1}}, (P(1),DEL(1))

Program data: Size = 1712g (97045) words compiled

A description of the mathematical symbols used and their relationship to one an-
other is given in reference 17; a brief description can zlso be found in
Appendixes E and F. Therefore, only a brief mathematical description will be

T given.

FORTRAN Input/

variable Dimension Type ocutput . Deacription

BS 1 DP 0 b=1-H/G

BY3 1 DP 0 - 1/3

BY6 1 _ Dp 0 . 1/6

CN _ 1 DP ¢ * depending on value of NN
DIFF? 1 DP 0 Pof - 02

DIFF3 1 DP 0 P32 - 032

103



FORTRAN
variable

DSB
DSF
EPS
ETA1

FACTOR

FAK

FAKTPS
FS

GC

GIN

GINSQ
GPH

HC -~

HOG

IDRAG

IqL

Dinension

]
4

Type

DP
DP
op
Dp

op

Dp
Dp

Dp
Dp

Dp

DP
DP
Dp
DP

Dp

op

DP

op

Input/
output

0
0
I
0

I/70

1/0

104 -
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Deseription

ab/ak k = 1, 2, 3, u
9f/3By k=1, 2, 3, 4

€ = 3/2 (K Jp RP)

gin Cy

Derivatives of the DS
Hamiltonian ‘and its combina-.
tions (A1, A5, Ag and Ay in
appendix F)

(2L)*3/2

Derivative of the DS
Hamiltonian (Ay in appendix
F)

f=1/pq

G

k=1, 2,3, 5

a1
a2

G+ H

"H

9H/30y,, BH/BpE

-k =1, 2, 3,

H/G

Flag to determine if drag cal-
culations are to be included

0 no
T yes .

w20

L = py = Og
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FORTRAN Input/

variable Dimension Type . output Description

LS 1 DP I/0 1 =0y

NN 1 I I Flag determining if‘initial—
izing or computing
= 0 initializing
= 1 computing

00 1 DP 0 Coefficients of Fourier
series describing density

oc2 1 DP 0 variation due to J, changes

. in height (ref. T)

082 1 DP 0

P 8 DP 0 ap/30), op/ap
k=1, 2, 3, 5

PHI 1 Dp "1/0 ¢ = Py = Og

- PS . 1 DP 0 +]

PSSQRT 1 DpP 0 VYT

Q 8 DP 0 3q/3a),, 9q/3p
k=1,2, 3, ﬁ

QC 1 Dp 0 Q

Qcv 8 DP 8] BQ/BGK, 9Q/3p
k=1, 2, 3, ﬁ

QS 1 DP 8] q

RHO i DP 1/0 P1ye<<2Py (seE 3IG)

S1G b DP i/0 . Oqs...,0y; note the location,

' ) of SIG and RHO in COMMON.

This location makes the equiv-
alence
Pl = Ogyee.,Py = 08

SIGINI 8 DP 0 ’ The initial values of the O's
and p's

SQIMU 1 Dp I 1

SQTMUT 1 P I 1/ Y0

SuM2 1 DP 0 172 (052 + £5%)

105 -



FORTRAN

variable

SUM3
TAU
THOL
TWO3
Mg
IMUI

ZET1

Dimension

1

Type
DP
Dp
DP
DP
DP
Dp

DP

Input/
outpug

106

0

I

TTFM50

Desceription

1/2 (032 + p32)

P3 Independent variable T
2L

2/3

-1

cos 04



SET:
IMARK = 0
CH =11

SET: CN-= -1
SOLVE EQUATIONS
OF MOTION FOR
a"s AND p"s

{

COMPUTE:
6,H,p.q.0

RECOMPUTE:
8,H,p,9,0

Figure- 31.- PSANS {low charts,

107
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COMPUTE:

COMPUTE:
s AND ¢

f

CLEAR
WORKING
ARRAY AREA

!

COMPUTE :
81, 82, 83
AND
T] . "(2. Y3

!

COMPUTE;
DERIVATIVES OF

0,5,c,62-342
§1,82,83,M1,%2,%3,

f

COMPUTE:
sin AND cos

oF
201, 301

Page 2 of 4

Figure 31.- Continueq.
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COMPUTE :
WY AND THE
DERIVATIVES
OF ¥

]

CLEAR WORKING
ARRAY AREA

i

CCMPUTE:
DERIVATIVES OF
G,H,P,st

CALL LONGPP

COMPUTE:
DERIVATIVES OF
THE GENERATING
FUNCTION S}

{

. COMPUTE:
e's AND p'sFROM

as AND ps

¥

RECOMPUTE:
G,H,P,Q=Q

Figure 31.- Continued.
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SET:
IMARK = 2
SAVE:
os AND ps

COMPUTE:
DS DERIVATIVES
OF f AND b

- RETURN

CALL LONGPP

COMPUTE: DS
DERIVATIVE OF
THE HAMILTONIAN

RETURN o

COMPUTE DRAG
COEFFICIENTS

Figure 31.~ Concluded.

110

RETURN
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TTFMB0
3.3.26 PSTOX (Subroutine)

. ’ . .
Purpose: Transform the P3 (Poincare-Similar) elements into the Cartesian coordi-~
nates (X,V); the subroutine will also compute the physical time for
the time iteration stopping procedure.

Calling sequence: CALL PSTOX (ITIME)

Called by: ASCP, PREPD, TIMEPS

Subroutines/functions used: GEQPOT

Named COMMON: /CARTC /  X1,X2,X3,V1,V2,V3,TIME,ENERGY,R,RI
—  /CBODY /  XMU,XMUI,SQTMU,SQTMUI,EPS
/PSS /  SIG(4),RHO(Y),TAU
/PSANS1/  SSIG1,GSIG1,TWOL,XIQL,FAK
/PSANS2/  SUM2,SUM3,DIFF2,DIFF3,GC,HC,PSSQRT,PS,QS
/PSANS3/  QC,EROOT,X3RO0T
/PSTIME/  CLO,FAKPS,TOL
/RETRO /  IRO _
/RPOOL /  ECOSPH,ESINPH,ROP,EMINPH,GCIN,RCAP,RDOT,RCAPDT,XXX(6)

Program data: Size = 331g (2171g) words compiled

FORTRAN Input/

variable Dimension Iype output Description

CS1G1 1 DP I cos 04

ENERGY 1 DP 0 Total energy of the system
ERCOT k DP I Y2Lp/y

FAK 1 P I (21)~3/2

Gc 1 DP I P - 172 (022 + p2) = G
IR0 1 DP I Flag to determine if the

orbit is retrograde

-1 yes
1 no

TR

i1
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FORTRAN Input/
variable Dimension Type output Deseription
ITIME 1 I I Flag to determine which terms
are to be compubted
=0 Compute all Cartesian co-
ordinate elements
=1 Compute only physical
time
=2 Compute only position
vector
Note: ITIME is assumed to be
0 if it is not 1T or 2
POT 1 ' DP I Magnitude of the Earth's
gravitational potential
PS 1 DP I p (see section 4.2)
Qc 1 DP I * Q (see section 4.2)
Qs 1 DP 1 q {see section 4.2)
R 1 DP 0 Magnitude of the position
vector of the satellite
RHO 4 DP I PiseeesPy
RI 1 . DP 0 Inverse maghitude of the posi-
tion vector of the satellite
SI1g 4 Dp I O13--.,0y
SSIG1 1 DP I sin oy
SUM3 1 DP I 032 4+ p3®
TIME 1 DP 0 t
TWOL 1 DP I 2py
Vi 1 DP 0] Components of the veloeity
) | vector :
vz 1 DP 0 V1 = X component
V2 = ¥ component
V3 1 ) 4 0 V3 = Z component

112



FORTRAN
variable

X1,

X2

X3
X3R00T

MU

XMUT

Dimension
1

1

Type
Dp

DP
op
op
op

Dp

Input/
output

0

o

113

TTFM50

Description

Components of the position
vector
X1 X component
X2 = Y component
= Z component

(Vie - 032 - p32)/a



COMPUTE:

J NO

COMPUTE: TIME

RETURN

COMPUTE: N
POSITION VECTOR X

-RETURM

1

COMPUTE: N
VELOCITY VECTOR V

9

CALL GEQPUT

!

COMPUTE: ENERGY

RETURN )

Figure 32.- PSTOX flow chart.

Page 1 of -1
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3.3.27T RECUR {Subroutine)

Purpose: Compute, recursively, the sine and cosine of multiples of an angle

Calling sequence: CALL RECUR (COS,SIN,MAX)

Called by: POTEXP

Subroutines/functions used: .None

Named COMMON: None

Program data: Size = 163g (1151p) words compiled

FORTRAN Input/
variable Dimension Type output Description
cos MAX Dp I1/0 COS(1) = cosine of initial
angle
€0S = ‘The array cos{(n®),
n=1,MAX
MAX 1 I I Number of terms to be
generated
SIN MAX DP I/0 SIN(1) = sine of initial
angle
SIN = The array sin(nf),
n=1,MAX

115,



BEGIN

COMPUTE,
RECURSIVELY,
THE SINE AND
COSINE OF
MULTIPLES OF
AN ANGLE

RETURN

Page 1 of 1
Figure 33.- RECUR flow chart.
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3.3.28 SACT (Subroutine)

Purpose: Determine the solar activity coefficients for a given date (ref. 19)

Calling sequence: CALL SACT (DAY, F10BAR, AKP)

Called by: INITAL

Subroutines/functions used: HNone

Named COMMON: None

Program data: Size = 5458 (35T1g) words compiled

FORTRAN Input/

variable Dimension Type output Description

AKP 1 5] 0 Averaged value for the geomag-
netic index

DAY 1 P I " Julian day number for which the
solar activity coefficients are
desired

F10BAR 1 Dp 0 Averaged value for the solar flux

coefficient, Fig 7

117



LOCATE DATE
IN TABLE

¥

COMPUTE :

F 10.7 AND Kp

RETURN

- . Page 1 of 1
Figure 34.- SACT flow chart. :
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3.3.29 SUN (Subroutine)

Purpose: Compute the Sun's position analytically (ref. 18)

Cdlling sequence: CALL SUN (TIME)

Called by: INITAL

Subroutines/functions used: MPQECC

Named COMMON: /CBASIC/ PI,TWOPI,DEG,RAD,DAY,DTOKM
/SUNPAR/ XNS,XLSO,A,E,AERCOT,B1(2),B2(2),B3(2)
/SUNPOS/ ¥S,YS,7S,RS,RAS,DECS

Program data: Size = 153g (1074g) words compiled

FORTRAN . Input/

variable Dimension Type output Deseription

A 1 DP I Semimajor axis of the Sun's orbit

AERQOT 1 DP I Argument of perigee of Sun

B1 2 DP I- Coefficients to transform the
position of Sun from orbital

B2 2 DP I plane to mean-of-epoch
equatorial reference system

B3 2 Dp I

COSEA i DP I Cosine of eccentric anomaly

DECS 1 DP 0 Declination of Sun

E 1 Dp I Eceentricity of Sun

EA 1 DP I Eccentric anomaly (rad)

RAS 1 DP 0 Right ascension of Sun

RS 1 DP 0 Magnitude of the position
vector of Sun

SINEA 1 DP I Sine of eccentric anomaly

TIME 1 DP I Elapsed time of epoch

TWOPT . 1 314 I 2r

XL30 1 DP I Mean anomaly of Sun

XM 1 DP 0 Mean anomaly (rad)

119
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DESCRIPTION

FORTRAN Input/
variable Dimension Type output
%NS 1 DP I
xS 1 DP 0
s 1 DP 0
A 1 DP 0

120

Mean motion of Sun

Components of the Sun's position
vector in the Earth's  inertial
equatorial system



CALL MTOECC

¥

ANALYTICALLY
DETERMINE THE
SUN'S POSITION
ITS MAGNITUDE,
THE RIGHT
ASCENSION OF
THE SUN AND
THE DECLINATION
OF THE SUN

Figure 35.- SUN flow chart.

121
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3.3.30 TABLE (Subroutine)

Purpose: Generate the table of coefficients for the sine and cosine of
¥, for the drag disturbing function (refs. 6 and 7)

Calling sequence: CALL TABLE .

Called by: PREPD

Subroutines/functions used: HNone

Named COMMON: /DBETAS/ B1,B2,B3,BY
/DENS / COEFF(10),DS1,DS2,DG1,DC2,HM,HC2,HS2,HC1T,HS51
/DTABLE/ TT(12)
/FORSAV/ 2(6),%ZC(9,6),25(9,6),DZ(6),DZC(9,6),DZ3(9,6)
/PS / SIG(4),RHO(Y4),TAU

Program data: Size = 14234 (78710) words compiled

FORTRAN Input/
variable Dimension Type output Deseription
B1 1 DP I "B
COEFF 10 P I Coefficients of the density
model (ref. 7)
DC1 1 DP I
DC2 1 Dp I Coefficients of the Fourier
series describing the diurnal
DS1 1 DP I bulge
D32 1 DP I
DZ 6 DP 0 ‘Xi Coefficients of the Fourier
. .. series expansion of the
DZC (9,6) DP 0 i disturbing funection in
. 3 PS elements (ref. T)
DZS (9,6) bP 0 -11;3
HCY 1 DP T
HG2 1 DP I " Coefficients of the Fourier series
describing the density variation
H3T 1 DpP I due to J2 changes in height
HS2 1 DP I
RHO 4 DP I " PS elements Py, Py, P3; Py
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FORTRAN

variable Dimensieon
SIG 4

TT 12

Z 6

Zc (9,6)
VA (9,6)

Type
DP

pP

DP
DP

DP

TTFM50

Input/
output Description
I P3 elements 09, Op, U3, Oy
0 Table of the averaged Fourier
series coefficients
0 X% Coefficients of the Fourier
X series expansion of the
0 X§ disturbing function in
- PS elements (ref. 7)

123



GENERATE TABLE
OF COEFFICIENTS
OF no; FOR THE

DRAG DISTURBING
FUNCTTON

RETURN

Figure 36.- TABLE flow chart.

124 7

Page T of 1 .



TTFM50

3.3.31 TIMEPS (Subroutine)

Purpose: Iteration procedure to stop the PS elements at a desired value of
the physical time

Calling sequence: CALL TIMEPS (TFIN,ISET)

Called by: ASOP
Subroutines/functions used: PSANS,PSTOX

Named COMMON: /CARTC /  X(6),TIMEP,ENERGY,R,RI
/CBASIC/  PI,TWOPI,DEG,RAD,DAY,DTOKM
/PS  /  SIG(8),TAU,TAUMAX
/PSANS1/  SSIG1,CSIGI
/PSANS2/  'SUM2,SUM3,DIFF2,DIFF3,G,H,PSSQRT,PS,QS
/PSTIME/  CLO,FAKT,TOL

Program data: Size = hﬂ&g (2§210) words compiled

FORTRAN Input/
variable Dimension Type output Description
CLO 1 DP I Initial value of Oy
cSIGt . 1 DP 0 " cos q4
DAY 1 DP I Value to convert days into
hours, minutes, or seconds
FAKT 1 DP I FAKTPS from PSANS = Ay (see
appendix F)
ISET 1 bp 0 Flag to determine if the
foree model must be updated
= 0 no (Force model still valid)
= 1 yes (Outside range of
validity for force model;
update state vector to
Tmay and reinitialize
force model
QS 1 DP I g (sec. 4.2)
RI 1 DP I Inverse of the magnitude of the
position vector of the satellite
SSIG1 1 DP 1 sin g,
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FORTRAN - Input/
variable Dimension . Type output Description
TAU 1 oP 0 New wvalue of the independent
variable (T)
TAUMAX 1 e I Range of validity for the force
~model . .
TFIN 1 DP I Final time desired for stopping
the iteratiop
TIMEP 1 DP I Computed value of the physical time
TOL 1 DP 0 "Allowable TOLerance bétween TFIN
: and TIME that will stop the
iteration
|TPIN - TIME| < TOL
THOPI 1 DP I - 2%

126 -



SET: ISET =1
COMPUTE: TOL

i

DETERMINE EOWER AND UPPER BOUNDS (-r-t,"cz]
FOR ITERATION AND THEIR PHYSICAL
TIMES (t-l, tz) SUCH THAT t7 < o < %

INTERPQLATE +
COMPUTE t{<)
6L = o - t{1)

PRINT ERROR
MESSAGE
LERR = IERR + 1

PRINT
TERMINATION
MESSAGE

Figure 37.- TIMEPS flow chart.
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STOP
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3.3.32 TIMEXP (Subroutine)

Puréos : Compute coefficients of the expansion of the time equation

Calling sequence: CALL TIMEXP (XNU, ECC2,XMCAP, NMAX )

Called by: POTEXP

Subroutines/functions used: None

Named COMMON: None

Program data: Size = 200g (1284g) words compiled

FORTRAN Input/

variable Dimension Type output Description

ECC2 1 DP I e?

NMAX 1 I i Number of terms to compute

XMCAP (7,18) DP 0 Fourier coefficients of the
time expansion

XNU 1 - DP I Ratio of frequency of rotation
of satellite to rotation of
Earth

128



BEGIN

COMPUTE
COEFFICIENTS
OF THE
EXPANSION

OF THE TIME
EQUATION

RETURN

Page 1 of 1

Figure 38,- TIMEXP flow chart.
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3.3.33 XTOPS (Subroutine)

TTFM50

: ’
Purpose: Transform the Cartesian coordinates (X,V) into the PS {Poincare-
Similar) elements (0,p)

Calling sequence:

Called by: ASOP, INPUT

Subroutines/functions used:

Named COMMON:

Equivalence:

Program data:

FORTRAN
variable

/CARTIC /
/CBODY /
/P3 /
/PSANS1/
/PSANS2/
/PSANS3/
/PSTIME/
/RETRO/

/RPOOL/

CALL XTOPS

GEQOPOT

X1,X2,X3,Vv1,v2,V3, TIME,ENERGY,R,RI
XMU, XMUI, SQIMU ,SQTMUL,EPS

SIG(4),RHO(Y4),TAU

S5IG1,CS1G1,TWOL,XIQL,FAK

SUM2,SUM3, DIFF2,DIFF3,GC,HC,PSSQRT,PS,QS

Qcaep

CLO,FAKTPS, TOL

IRO

G13Q,G25Q,ESINPH,ERCOT ,EMINPH,SQTGHI ,RCAP, RDOT,
ZCAP1,%CAP2,ECOSPH,XXX(4)

(HC,G3), (PHIC,RHO(1)), (XL,RHO(4))

Size = 576g (38249) words compiled

Dimension

Input/

Type output Description

(A1l equations are described in section 4.1)

CLO
cSIC
DIFF2
DIFF3
ENERGY
FAK

ac

HC

IR0

1

1

DP 0 Initial value of Oy
DP 0 cos O
DP 0 pof - 0,2
DP 0 032 - 032
DP 0. Total orbital energy
DP o (a3
2 2 2

P 0 G:JGX+GY+GZ
DP o - H = Gy
I 0 Flag to determine if the orbit

is retrograde.

= =1 yes

®-1no
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FORTRAN Inpug/
variable Dimension Type output
POT 1 DP I
P3 1 Dp 0
PSSQRT 1 bP 0
QCAP 1 P o
Q3 1 DP 0
R 1 DP 0
RHO k4 DP 0
RI 1 DP 0
S5IG q DP 0
S5IG1 1 DP 0
SQIMUI 1 DP I
SuMz 1 DP 0
SuM3 1 DP 0
TAU 1 DP 0
TIME 1 DP I
TWOL 1 DP 0
V1 ‘1 P I
V2 1 DP I
V3 1 DP I
XL 1 bP 0
X1 1 Dp I
- X2 1 DP I
X3 1 op I

131
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Deseription

Magnitude of the Earth's
gravitational potential

p
Yb
Q
q

Magnitude of the position vector
of the satellite (r)

p1 + oY in RHO(1) + RHO(Y)

Inverse magnitude of the position
vector of the satellite (1/r)

gq + Oy in SIG(1) » SIG(Y)
sin 04

/YW

172 (05° + p2?)

1/2 (032 + 032)

PS independent variable;
initially set to-zero (rad)

Initial physical time
2L = 2py = 20g

Components of the veloecity vector

¥1 = X component
V2 = Y -component
V3 = Z component
Py

Components of the position vector

X1 = ¥ component
X2 = Y component
%3 = Z component
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FORTRAN Input/

variable Dimension Type output Deseription
XIQL 1 DP 0 W V2L

MU K . DP I w

132



SET t =0
COMPUTE: r AND
ANGULAR MOMENTUM
VECTOR G

|

ROTATE COORDINATE
SYSTEM FOR
RETROGRADE ORBITS

!

CALL GEOPOT
COMPUTE: py

COMPUTE:
ENERGY

COMPUTE:
oz AND pg

y

COMPUTE:
T1s P3s-
p>4q.0Q,

]

COMPUTE:
Tz AND Pz

COMPUTE:
on

RETURN

133

PRINT ERROR
MESSAGE

Figure 39.- XTOPS flow chart.
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3.3.34 XYZARI (Subroutine)

TTFM50

Purpose: Transform the Cartesian coordinates (f}?) into the Keplerian elements
(a,e,i,w,Q,M)

Calling sequence:

Called by:

Subroutines/functions used:

QUTPUT

Named COMMON:

Program data:

/CARTC /
/CBASIC/
/CBODY /
/KEPLER/
/RPOOL /

CALL XYZAEI

None

X1,%2,X3,V1,V2,V3,TIME,ENERGY,R,RI
PI,TWOPT ,DEG,RAD,DAY,DTOKM

XMU, XMUI ,SQTMU, SQTMUT ,EPS

A,E,XI,OMEGA,XNODE, XM
vSQ,RRDOT,ECOSE, ESINE, P, H,WX, WY, WZ , EA , RCOSF , RSINF,
COSWF , SINWF , TEMP, RCOSL , RSTNL , XXX(7)

Size = 406g (2624p) words compiled

Considers only ellipbtic motion

FORTRAN

variable Dimension Type
A 1 Dp
E 1 DP
OMEGA 1 DP
R 1 Dp
SQTMUL 1 DP
Al 1 DP
v2 1 DP
V3 1 Dp
X1 1 DP
X2 1 DP
X3 1 DP
™M 1 DP

134

Input/
output Desceription
0 Semimajor axis of the orbit
0 Orbit eccentrieity (e)
0 Argument of pericenter (W)
0 Magnitude of the position vector
of the satellite -
I (VAR TY
I Components of the velocity vector
I ¥1 = X component
V2 = Y component
I V3 = Z component
I Components of the position vector
I X1 = X component
X2 = Y component
I X3 = Z component
0 Mean anomaly {rad)



FORTRAN
variable

U

XNODE

TTFM50

Description

Input/

Dimension Type output
1 Dp I
1 Dp 0

135

Central body gravitational
constant (i)

Argument of the ascending
node (9) (rad)



BEGIN

JCOMPUTE :
r, a, e, P, Hj

Heo My Uy

COMPUTE: §
SET: @ =0

COMPUTE: E, M,
rcos f, r sin f,
cos wf, sin wf

RECOMPUTE:
gin wf
cos wf

Page 1 of 2

Figure 40.- XYZAEI flow chart.
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- -1 fsin wf
@ = tan (cos mf)

--1‘.an'1 (sinf/cosf)

SET:

COMPUTE: ™
rsinl, reos L
_ -1 fr sin L
M= tan (r cos L)
-G

RETURN

Page 2 of 2

Figure 40.- Concluded.
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3.4 LABELED COMMON:

Notation: R - Real variable

I - Integer variable
S ~ Single precision.
D - Double precision

Type

Precision

TTFM50

/CARTC/; Cartesian coordinates of' the satellite's position

Location Name Dimension
1-3 X 3
4-6 v 3
7 TIME 1
8 ENERGY 1
9 R 1

10 RI 1

Type/
precision Description
R/D Cartesian coordinates for the
position of the satellite;
XY,z
R/D Velocity vector of the satel-
lite; vk,vy,vz
R/D Elapsed time (hr, min, or sec)
R/D Total orbital energy
R/D Magnitude of the position
vector of the satellite
R/D Inverse magnitude of the posi-

tion vector of the satellite

In subroutines: MAIN, AEIXYZ, ASOP, DENSTY, GEOPOT, INPUT,
QUTPUT, PREPD, PSTOX, TIMEPS, XTOPS, XYZAET

/CBASIC/; Conversion constants

Location Name Dimension
1 PI 1
2 TWOPI 1
3 DEG 1
L RAD - 1

Type/
precision Deseription
R/D T
R/D 2%
R/D /180
R/D 180/%
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Type/
Location Name Dimension precision Deseription
5 DAY 1 R/D Converts days into hours,
minutes, or seconds
6 DTOKM 1 R/D Converts distance into

kilometers

In subroutines: MAIN, ASOP, CONST, DENSTY, GEOPOT, INITAL, INPUT, OUTPUT,
POTEXP, PREPD, PREPS, PSANS, SUN, TIMEPS, XYZAEI

/CBODY/; Gravitational wvariables

Tuype/
Location Name Dimension precision Description

1 MU 1 R/D Gravitational constant of
the central body (u)

2 XMUT 1 R/D 1/

3 3QT™MU 1 R/D Vi

y SQTMUI 1 R/D V17

5 EPS 1 R/D € =3/2 (1 Jp Re2) where
J2 =_J2 geopotential '

coefficient

Re = Equatorial radius of

the central body

In subroutines: AEIXYZ, CANFOR, CONST, GEOPOT, LONGPP, POTEXP,
PREPD, PSANS, PSTOX, ¥TOPS, XYZAEI
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/CONSTH/
Type/
Location Name Dimensgion precision Description
1 TWO3 1 R/D 2/3
2 BY3 1 R/D 1/3
3 BY6 1 R/D 1/6
H CN 1 R/D +1 depending cn NN
= +1 initializing (NN=0)
= -1 computing (NN#0)
In subroutines: LONGPP, PSANS
/CPRINT/
Type/
Location Name Dimension precision Description
1 PRINT 1 R/D
2 IPRINT 1 I Input parameters, see section
) 2.1.1; Note: IPRINT is set
3 IPSPRT 1 I to 3 if re-entry condition
) exists
4 IUNITS 1 i

In subroutines:

/DATMOS/; Atmospheric parameters

MAIN, CONST, INPUT, QUTPUT

Type/
Location Name Dimension precision Description

1 FBAR 1 R/D Averaged value for_the solar
flux coefficient, Fqg 7

2 IKP 1 R/D Averaged value for the geo-
magnetic index, Kp

3 SLDAY 1 R/D Magnitude of the seasonal
latitudinal density variation

i SADAY 1 R/D Magnitude of the semiannual

In subroutines:

DENSTY, INITAL
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/DATMO1/; Atmospheric paraméters

Type/
Location Name Dimensicn pracision Description

1 SRAB 1 R/D Sine of bulge right ascension

2 CRAB 1 R/D Cosine of bulge right
ascension

3 SDEC 1 R/D Sine of bulge declination

4 CDEC 1 R/D Cosine of bulge declination

5 RR i R/D Magnitude of the diurnal change
in the exospheric temperature

b 7C 1 R/D Nighttime minimum of the global
exospheric temperature (%K)

T TG 1 R/D Variation in the exospheric
temperature due to geomagnetic
activity (°K)

In subroutines: DENSTY, INITAL
/DBETAS/; Powers of beta
Type/
Location Name Dimension precigion Description

1 BETA1 1 R/D B

2 BETA2 1 R/D B2

3 BETA3 1 R/D B3

4 BETAY 1 R/D B4

In subroutines: CANFOR, PREPD, TABLE

/DCOEFF/; Coefficients for the Jacchia 71/Lineberry atmospheric density model

Type/
Location Name Dimension precision Description
1=-27 A (3,3, R/D Parameters for determining the

base altitude
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Type/
Location Name Dimension precision Description
2854 B (3,9 R/D Parameters for determining
the Tw density profile
55-81 C (3,9 R/D Parameters for computing
the annual variation
82.93 D (3,8 R/D Parameters for computing the

In subroutines:

/DENS/; ASOP atmospheric density model parameters

DENSTY, INITAL

seasonal latitudinal variation

Type/
Location Name Dimension precision Description
1-10 B 10 R/D Coefficients of the atmo-
spheric density model?®
11 » D31 1 R/D
12 D32 1 R/D Coefficients of the Fourier
series describing the diurnal
13 DC1 1 R/D bulge®
14 DC2 1 R/D y
15 00 1 R/D
Coefficients of the Fourier
16 0cz 1 R/D series describing the density
variation due to short period
17 0s2 1 R/D , Jo changes in height?
18 0C1 1 R/D
19 031 1 R/D )

In subroutines:

LONGPP, PREPD, PSANS, TABLE
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/DETIE/; First-order long period parameters

TTRMRN

Description

First-order, long-period
generating function

Derivatives of the first-order,
long-period generating function
wigh respect to p,ez,b,X1 and

b1

Deseription

Input parameters, see section
2.1.1

Description

Type/
Loecation Name Dimension precision
1 SHAT 1 R/D
2 SHATP 1 R/D
3 SHATEZ2 1 R/D
It SHATB 1 R/D
5 SHATXT 1 R/D
6 SHATPT 1 R/D
In subroutines: DETERM,LONGPP
/DRAG/; Input parameters
Type/
Location Nane Dimension precision
1 Cb 1 R/D
2 AREA 1 R/D
3 AMASS 1 R/D
H CDRAG 1 R/D
In subroutines: CONST, INPUT, PREPD
/DRAG1/; Drag functions
Type/
Location Name Dimension precision
1-8 CFORCE 8 R/D
9 T 1 R/D

3Reference 7, pp. 18-22,
Reference 8.

13

Drag force defined in PS
elements

Magnitude of the quadratic
variation in the mean anomaly
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Type/
Location Name Dimension precision Description
10 TLINER 1 R/D Linear change in time due to
drag
11 TEMFO 1 R/D Second order correction for
density due to drag
In subroutines: DRAG, PREPD
/DTABLE/; Averaged drag functions
Type/
Location Name Dimension precision Description
1-12 TT 12 R/D Table of averaged Fourier
series in 04 :
In subroutines: CANFOR, TABLE
/ECC/; Eccentricity parameters
Type/
Location Name Dimension precision Des¢ription
1 ES 1 R/D e
2 ESSQ 1 R/D e?

In subroutines: DETERM, FPRIME, LONGPP

/END/; Input stopping parameters

Type/
Location Name Dimension precision Description
1 STOP 1 R/D Input parameters, see section
2.1.1; Note: ISTOP is reset
2 ISTOP 1 I to 3 if reentry condition

exists

In subroutines: MATN, CONST, INPUT; OUTPUT, PREPD
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/EPQCH/; Input dating parameters

TTFM50

Type/
Logation Name Dimension precision _.Description
1-6 DATE 6 R/D Input parameter, see section
2.1.1
7 XJDATE 1 R/D Julian date corresponding to

DATE

In subroutines: CONST, INITAL, INPUT, OUTPUT, PREPS

/EXPCOF/; Binomial coefficients and Fourier coefficients of the powers of cosine

and sine
Type/
Location Name Dimension precision Deseription
1-200 A 200 R/D Array containing the binomial
coefficients
201-400 B 200 R/D Array containing the Fourier
coefficients for cosine and
sine raised to a power
401 NDEXO 1 I Zero Index to the NDEX array
402~419  NDEX 18 I Array of pointers to the A and
- B coefficients
5290 IEXPFL 1 I Flag to determine if the A and

In subroutines: COEFF,

DETERM, FPRIME, POTEXP
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arrays have been computed

0 no
1 yes
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/FORSAV/; Fourier series expansion coefficients

TTFM50

Type/
Location Name Dimension precision Descrip@@on
1-6 Z 6 R/D xg
7-60 7.C (9,6) R/D x%
; Coefficients of the
61-114 YA (9,6) R/D w; Fourier series expansion
Y of the disturbing
115-120 DZ 6 R/D X5 function in PS elements®
1
121-174  DIC (9,6) R/D x%
175-258  DZS (9,6) R/D W%
In subroutines: PREPD, TABLE
/FP/; Second-order zonal parameters
Type/
Location Name Dimension precision Desaription
1 FHAT 1 R/D Second-order zonal Hamiltonian®
2 FHATP 1 R/D Derivatives of the second-order
gonal Hamiltonian with respect
3 FHATEZ 1 R/D to p, e and b ?
i} FHATB 1 R/D

In subroutines: FPRIME, LONGPP

/GEQ/; Geopotential coefficients for the Earih

Description

Type/
Location Name Dimension precision
1 RE 1 R/D
2 CcJ2 1 R/D

8Reference T, pp. U43-45,
Reference 8.

146

Equatorial radius of the
central body (Earth)

Jo geopotential coefficient
of the central body (Earth)
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Type/ .
Location Name Dimension precision Deseription
3-189 cs 187 R/D C coefficients of the
geopotential model in the
urmormalized form
190-376 88 187 R/D S coefficients of the
geopotential model in the
unnormalized form
377 IGEOFL 1 " R/D Flag to determine if C and
S arrays are set
= no
=1 .yes

In subroutines: ASOP, CONST, DETERM, FPRIME, GEQPOT, POTEXP, PREPD, PREPT

/GMTROT/; Greenwich Meridian rotational parameters referenced to.a desired epoch

Type/
Location Name Dimension precision Descripiion
1 WE 1 R/D Rotational rate of the Earth
2 THETAQ 1 R/D Initial hour angle of the Earth

In subroutines: CANFOR, CONST, GEOPOT, POTEXP, PREPD

JHAMDS/; Hamiltonian derivatives

Type/
Location Name Dimension precision Description
1-4 DSF 4 R/D 3f/3Bg k=1, 2, 3, 4
5-8 DSB 4 R/D ap/8By - k=1, 2, 3, 4

In subroutines: LONGPP, PSANS
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/KEPLER/; Keplerian elements of the satellite's orbit

Type/
Location Name ~°~ Dimension precision Description
1 A 1 R/D Semima jor axis of the orbit
(a)
2 E 1 R/D Eccentricity (e)
3 iI 1 R/D Orbital inclination to the
Bquator (i)
it OMEGA 1 R/D Argument of pericenter (W)
5 INODE 1 R/D Argument of the ascending
(8) node
6 XM 1 R/D Mean anomaly (M)
In subroutines: AEIXYZ, INPUT, QUTPUT, XYZAEI
/PERTRB/; Input perturbation flags
Type/
Location Name Dimension precision Degeription
1 IDRAG 1 I Input parameters, see section
2.1.1
2 ILONG 1 I

In subroutines: ASOP, CONST, GEQPOT, INPUT, PREPD, PSANS

/P3/; PS elements and independent variable

Type/
Location Name Dimension precision Description
1-4 sSIG b R/D PS elements Oy, Oy, O3, Oy
5-8 RHO ! R/D P3 elements 04, Pp, P3, Py
9 “TAYU 1 R/D Independent variable of
the PS elements (T)
10 TAUMAX 1 R/D Range of validity for the force

model; When T exceeds this
value (Ty.,), the force model
must be reinitialized
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Location

11

In subroutines:

Name

Dimension

TAUINT

/PSANSV/; PS formulation variables

Location

1-4

5-12

In swbroutines:

1

TTFM50

Type/
precigion Description
R/D Initial value of T for

which the force model is
valid; initially set to O

MAIN, ASOP, CANFOR, DRAG, LONGPP, OUTPUT, POTEXP,

PREPD, PSANS, PSTOX, TABLE, TIMEPS, XTOPS

Name Dimension
FACTOR 4
SIGINTI B

/PSANS1/; PS formulation variables

Location

1

2

In subroutines:

Name

LONGPP, PREPD, PSANS

Dimension

S3IG1
C3IG1
TWOL
£IQL

FAK

1

1

1

1

1

Type/
precision Deseription
R/D Derivatives of the DS
Hamiltonian and its combin-
ations (44, 45, A3 and
Ay in appendix F)
R/D Initial values of the T's
and p's
Type/
precision Description
D/P sin 0--1
D/P cog Oy
/P 2L
D/p u/ vaL
D/P (21)~372
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/PSANSz2/; PS formulation variables

TTFM50

Type/

Location Name Dimensicn precigion Description
1 SuM2 1 D/P (022 + pp?)/2
2 SUM3 1 D/P (032 + p32)/2
3 DIFF2 1 D/P ps? - 0o
y DIFF3 1 D/P 032 - 032
5 G 1 D/P G
6 H 1 D/P H
7 PSSQRT 1 D/P V&

8 PS 1 /P P
9 Qs 1 D/P q

In subroutines:

TIMEPS, XTOPS

/PSANS3/; PS5 formulation variables

CANFOR, DETERM, FPRIME, LONGPP, POTEXP, PREPD, PSANS, P3TOX,

Type/
Location Name Dimension precision Description
1 Qc 1 R/D Q
2 EROOT 1 R/D Y2L p/u
3 X3ROOT 1 R/D (WiG - 03% - p3°) /@

In subroutines:

LONGPP, POTEXP, PREPD, PSANS, PSTOX, XTOPS
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/PSTIME/; PS parameters used for stopping on a specific final time.

Type/
Location Name Dimension precision Description
1 CLO 1 R/D Initial value of oy (set
when initializing, NEWX = Q)
2 FAKTPS 1 R/D doy/dt
3 TOL 1 R/D Tolerance criteria for the

iteration stopping procedure

In subroutines: MAIN, PSANS, PSTOX, TIMEPS, XTOPS

/RETRD/; Retrograde parameter

Type/
Location Name Dimension - precision Description
1 IR0 1 I Flag to determine retrograde

orbit

-1 yes, i} is a retrograde

orbit
= 1 no, it is a retrograde

orbit
In subroutines: CANFOR, DETERM, POTEXP, PREPD, PSTOX, XTOPS
/RPOOL/,/RPOOLA/; Temporary variables

Type/

Location Name Dimension precision Deseription
Variable - 1393 R/D Temporary real variables;

this COMMON block is used
to help save storage within
the ASQP program

In subroutines: AEIXYZ, DETERM, FPRIME, GEOPOT, LONGPP, POTEXP, PREPT, PSTOX,
ITOPS, XYZAEI

151



T7rM50

/SUNPAR/; Orbit parameters of the Sun

Type/
Location Name Dimension precision Description
% . - B
1 XNS 1 R/D Mean motion of the Sun
2 XL30 1 R/D Mean anomaly of the Sun
3 A 1 R/D Semimajor axis of the Sun
b E 1 R/D Eccentricity of the Sun's orbit
5 AEROOT 1 R/D Argument of perigee of the Sun
6T B1 2 R/D Coefficients to transform the
position of the Sun from the
8-9 B2 2 R/D orbital plane to the mean-
of-epoch equatorial reference
10-~11 B3 2 R/D system

In subroutines: PREPD, PREPS, SUN

/SUNPOS/; Sun's position referenced to an input epoch

. Type/
Location Name Dimension precision Deseription
1 X3 1 R/D

Position vector of the Sun
2 13 1 R/D in Earth's inertial equato-
rial system (XS, ¥S, Z8)

3 Z5 1 R/D

4 RS 1 ‘R/D Magnitude of the position
vector of the Sun

5 ‘ RAS 1 R/D Right ascension of the Sun

6 DECS 1 ' R/D Declination of the Sun

In subroutines: INITAL, PREPD, SUN
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/S18TAD/
Type/
Location Name Dimension precision Deseription
1-8 GC 8 R/D 3G/30k, 9G/0py, k=1,2,3,4
9-16 P 8 R/D dp/doy, 3p/dpy  k=1,2,3,4
17-24 Q 8 R/D 9a/30y, 3a/3p, k=1,2,3,4
25-32 HC 8 R/D 3H/3oy, 3H/3py  k=1,2,3,4
33-40 Qev 8 R/D 3Q/30y, 9Q/30x  k=1,2,3,%
In subroutines: LONGPP, PSANS
/S18TAV/
Type/
Location Name Dimension precision Description
1 GIN 1 _ R/D el
2 HOG 1’ R/D H/G
3 GPH 1 R/D G+H
iy BS 1 R/D b=1-H/G
Type/
Loecation Name Dimension precision Description
5 FS 1 R/D f = 1/pq
6 GINSQ 1 R/D G2

In subroutines: DETERM, FPRIME, LONGPP, PSANS

/TES3/; Input parameters for the geopotential model {(zonal and tesseral terms)

Type/
Location Name Dimension precision Description
1 NMAX 1 I Input parameters; see section
2.1.1
2 MMAX 1 I

In subroutines: GEOPOT, INPUT, POTEXP
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inelination

/XIPSL/
. Type/
Location Name Dimension precision Deseription
-1 X1 1 R/D X1 =€ sin I cos g
I = inelination
g = argument of perigee
2 PSIM R/D ] e sin I sin g
’ 1
g

In subroutines; DETERM, LONGPP
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4.0 PS ELEMENT FORMULATION

The PS (Poincare-Similar) element formulation is described in the following

subsections. An exact development of this element set is deseribed in reference’
5, and a description of the variables can be found in Appendix E.

4.1 TRANSFORMATION FROM CARTESIAN COORDINATES TO PS ELEMENTS (XTOPS)

The transformation into the PS element set (o,p) from a given set of Cartesian
coordinates (X,V,r) is accomplished within the subroutine XTOPS. It is
assumed that these coordinates are the initial conditions so that the physical
time t and the independent variable T both equal zero. The PS elements
are then computed using the equations

*
¥+ + RO "
-1 (™ 3 {2 2 !
01 tan —r 01—G.. + 2r V + =z

g, = 22 cos g, - Z1 sino, Py = 22 sin o, * 21 cos g,
Oy = -20/Y2(G + Gp) p3 = 2y/N2(6 + Gy)
u w2 yr V ;
Oy = ¢ = —37 CE - ¢) Py = = - = V- -V, where is the
) (204) r 2 . perturbing potential
r !'_
p

The other required relations are:

Gy = XYVZ - XV

y ’ Gy = X Vy - LV, , Gy= XXVY - Xka
G =\JGXZ + Gy2 + GZ2
2
p =14 (G -pqg + u/\fzpu) s Q=G -1/2p, "’11/21’294

R' = rR/26  , R = 26X;/r\2(G + Gyp)

1=/ -00Q , I,-= rp/[a(2q - @]

]
n
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Q= 1/ [p11 (2u/4[2p,, + G, - @] 1/2

X'V V_z
P e, Vi = e~ =. \/.?p u

r P u
E~¢=-2 tan"1[ZZQ/(1 + V1 - e2 + Z1Q)]

This transformation is performed only once for a given set of Cartesian
coordinates unless the desired valus of T is greater than the maximum value
for which the force model is still valid. This transformation is repeated
whenever the force model is reinitialized.

4.2 TRANSFORMATION FROM PS ELEMENTS TO CARTESIAN COORDINATES (PSTOX)
This transformation is performed when any intermediate printout is desired
or when the final condition is met. Therefore, this transformation is coded

with emphasis on the speed of calculation.

The Cartesian coordinates defined in terms of the PS elements are given by
the squations:

* . G . *
¥, =rcos o, -R 03 ; Vx =r cos 0, - : sin 0, - R 03
=r sin 0, - R*p YV =r sino, - § cos O, - ﬁ*p
Xy 1 3 o+ Yy 173 1 3
X =R V26 + B . vz=ft*me_+§5

The other necessary relationships are

p/(1 +ecos¢) , R =rprR/2G"

a3
]

b 0}
n

e sin q)/p[Zq -0y + 172 (922 +022):|

* % . h * G

R" = {(Rr + Rr)/26 , R = -—(p, cos 0, -0, sin 0,)
NERE! 1 -9 1

R = P3 sin 0y + 05 cos 0, , G = Py - 1/2 (p22 4-022)
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= - 2 2 - _ 2 2 _ TS
H=G-1/2 (03 + 0'3 ) y Q= =1/2 (p2 + 0, Py u/ apu)
= 14 [ /\12 - 1/2 ( 2 +0 2)
P = H | 94 92 >

e sin ¢ = Q(p2 sin o, + 0, cos gq)

e cos ¢ = Q(p2 c0s G, - 0, sin 01)

Q= 1/p {pu[2].1/'\/2p]‘l - 172 (pz2 + 022)]} 172

The physical time t is computed using

_¢_Ees;l_n¢v ) (4.26.)

t=c ———re |

where the expression for E - ¢ is given by

E-¢=-2 tan”™" [e sin /(1 + V1 - e° + e cos cp)]

4.3 TIME TERMINATION PROCEDURE

Because the PS element set uses the true anomaly T as the independent vari-
able, an iteration procedure is necessary to stop at a specific time tey nal*
Within the ASOP program, this iteration is performed by the TIMEPS subroutine
in the following manner:

dn expression for the derivative of time with respect to the ftrue anomaly =T
is given in the PS theory as

dt 2
— =r/q
dt

This expression can be linearly approximéted by

8t r2q (4.3a)
AT
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where At = tejp.1 - bty and AT = T4 - T, Equation U4.3a then ¥yields a re-

cursive formula for refining an initial estimate of T of

T
n+1

T - A /e (4.3b)

Using equation 4.3b, an initial estimate of T is refined until the associated
value of t equals the desired final time %Tping3-

In order to start the iteration, a suitable initial value of T 1is necessary.

This value is determined by first assuming that a circular orbit is being
used. With this assumption, equation 4.2a reduces to

Uﬂ = £

and an initial approximation for T can be written as

ag
cuw-—”
oT

To © (tfinal -

The value of 30y/3T is taken from the analytical theory (ref. 5) during the
initialization procedure.

Therefore, the full algorithm is

a. Set the iteration counter n %o zero, and compute the initial approximation
for Tz = T,-

b. Determine the PS elements at T,.

¢. Determine the time t, at Tj,.

d. If |tpipal - tpl < TOLerance, then STOP; otherwise n =n + 1
e. If n > np.y, then print a diagnostic message and STOP

f. Compute a new approximation for Tn using

T =7 - (t )q/r2

n-1 " Yrinal

g. Go to step b.

Valuengor TOLerance and ny,, have been preset within the TIMEPS subroutine
to 107" and 15, respectively.
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APPENDIX A

AVATLABLE UNITS AND PHYSICAL CONSTANTS

Within the ASOP program, there are a number of options for the input units.
The compatibility of the input values with the selected physical constants
is the responsibility of the user and is controlled by the input flag IUNITS.
The following constants are listed in order according to the value assigned
to IUNITS. If no value for IUNITS is explieitly given, then 1 is assumed.

R, = Earth radius (eqﬁatorial)
= 6378.1%0 km (IUNITS = 1,5)
= 3443.920 nm (IUNITS = 2,6)
= 2.092566 x 107 ft (IUNITS = 3)
= 6.378140 x 100 m (IUNITS = &)
= 1.0 B.r. (IUNITS = T)
@ = Gravitational constant of the Earth
= 3.986013 x 10° km3/sec? (IUNITS = 1)
= 6.275029 x 10" nm3/sec? (TUNITS = 2)
= 1.407647 x 1076 ££3/sec? (IUNITS = 3)
= 3.986013 x 101 m3/sec? (IUNITS = 4)
= 5,165873 x 1012 kn3/hr2 (IUNITS = 5)
= 8.132438 x 1011 nm3/nr2 (IUNITS = 6)
= 5.530432 x 1073 E.r.3/min?  (IUNITS = 7)
DAY = Time conversion
= 8.64 x 10% sec/day (IUNITS = 1,2,3,4)
= 1.44 x 103 min/day (TUNITS = 7)
=-2.80 x 107 hr/day (IUNITS = 5,6)
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do coefficient of the Earth's geopotential

Jy =

= 1.082637 x 1073
€ = EPS = 3/2 (M Jp R2)
T = PI = 3.14159 26535 898

If Keplerian elements are input (IEL = 1), then the semimajor axis must be input
in a distance compatible with the selected value of IUNITS, i.e., if TUNITS = 2,
then EL(1) must be given in nautical miles; if IUNITS = 4, then EL(1) must be in
meters, ete. All angles must be given in degrees.

For Cartesian coordinates, the input unit must be

IUNITS EL(1) * EL(3) EL(4) * EL(6)
1 km km/sec
2 no n/ see
3 ft ft/sec
Y m n/sec
5 km km/hr
6 m ni/hy
¥ E.r. E.r./min

A11 computations within ASOP are done using the input units.
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REQUIRED CONTROL CARDS

1.

>8QUAL FMbH-NOB8569

>8ASG,A *NUMEG.

>8XQT *NUMEG. ASOP-PROG

INPUT DATA USING NAMELIST '$INPUT'
>B$INPUT

Necessary input parameters;

see section 2.1.1. All or
parameters must be preceded

by at least one space.

>ESEND

Initial output

TTFM50

>@ADD filename.element name

> Input the necessary correction
if needed.

>BSEND

ENTER: X = EXECUTE; 8 = STOP; C = CHANGE INPUT

>

If an X is entered, the program will printout the desired information,
and the sequence will begin again at line 4.

If an S is entered in response to the prompt '>', then the message
**NORMAL. PROGRAM TERMINATION*¥* should appear.

If a C is entered, the program will respond with **CHANGE DATA USING
THE NAMELIST '$INPUT'¥*¥ and the sequence will begin again at line 5.

>@EQF
#ENORMAL PROGRAM|TERMINATION**

system prompt;
necessary space

iHhon

>
B
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APPENDIX C

ASQOP DEFAULT VALUES

IEL = 1 (Keplerian elements)
EL = None; must be input by user
STOP = 100.0D0
ISTOP = 2 (STOP value is in revolutions)
PRINT = 0.0DO0.
IPRINT = 0 (No-printout; PRINT value ignored)
IDRAG = 1 (Drag terms desired)
AREA = 185.3D0 (u?)
cD = 2.2D0 ) Shuttle average
¥MASS = 90700.0D0 (kg)
ILONG = 1 (J, and short period secular terms)
NMAX = 2 (Include Jo o zonal term)
MMAX = 0 (No tesseral terms)
IPSPRT = 0 (Do not print PS elements)
IUNITS = 1 (Input and output values are given as
distance = km
velocity = km/sec
time = day
angles = deg)
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APPENDIX D

SUBROUTINE STORAGE REQUIREMENTS

FORTRAN compiler: SOE3

MAP processor :+ 28R2 RL71-3

Subroutine Storage requirements, words
name Octal Decimal
MAIN 171 121
AETXYZ 302 194
ASQp2 235 46
CANFOR® 524 340
CDTOJD 176 126
COEFF2 322 210
CONST2 406 262
DENSTY2:b 672 uy2
DETERM® 1 467 823
DRAG? 115 77
FPRIME® 1177 639
GEOPQTZ 430 280

. ILOG102 106 70
INITALB,D 255 173
INPUT - lo7 263
JDTOCD 160 112

2ASOP subroutine package programs.

These subroutines are models that may or may not be found in user's own
library.
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Subroutine Storage requirements, words
name Octal Decimal
LONGPP2 1 705 965
MATIN® /D 573 379
MTOECCE 163 115
OUTPUT 710 456
POTEXP® 2 214 1 164
PREPD? 2 212 1 162
PREPS2 P 276 190
PREPT2 P 1 031 537
PSANS? 1 712 970
PSTOX® 305 197
RECUR® 163 115
SACT® D 545 357
SUN@ - 153 107
TABLEZ 1 423 787
TIMEPS® 502 322
TIMEXP2 200 128
XTOPS® 576 382 -
XYZAEI 406 262
Subtotals

ASOP program 30 745 12 773
ASOQP subroutine package 25 T47 11 239
COMMON block storage requirements )1§_Q§1 5 687

2ASOP subroutine package programs.

These subroutines are models that may or may not be found in user's own
library.
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Totals Octal Decimal
ASQP program 4y 034 18 460
ASQP. subroutine package 41 036 16 926
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The subroutines labeled with a '¢' are models that may or may not be found in

the user's own subroutine library. They also may be subject to change depending
on the user's needs or requirements. For instance, PREPT initializes the coeffi-
cients of a very accurate but extremely large geopotential model (18th order x
18¢h degree). If such accuracy is not required a. 4 x 4 model, for example, may
be inecluded to reduce storage requirements. The storage requirements for these
standard library routines are 42113 or 2185qp words. Therefore, the storage re-
quirements without these standard library routine options are:

QEEEl, Decimal
Totals
ASOP program 37 623 16 275
ASOP subroutine package 34 625 4 T4

Some common blocks may also be reduced if, for instance, a smaller geopotential
model was used. This would further reduce the storage requirements.

Values given for the storage requirements of the individual subroutines are
values returned by the FORTRAN compiler when forming a relocatable element. The
final, executable program will require more space because of the system library
modules that must also be included.

The ASOP program, with system routines and load tables, occupies over 28 00049
words of storage. This has been reduced to approximately 21 500qp words by a
simple overlay structure. Most of the program remains available at all times.
Only three sections overlap each other: (1) input subroutines, (2) initi-
alization of the drag model, and (3) computation of mean energy due to tesseral
and sectorial geopotential harmonies. This overlay structure does not increase
execution time significantly because the initialization routines are overlayed
with updating routines. The core is swapped out only once unless more input is
brought in.®

aFor_long prediction'inﬁervals (STOP 3 days) or for conditions near reentry,
the initialization is performed more than once to account for second order
perturbations.
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Two test cases were run to compare the total CPU time needed to initialize
and update an orbit prediction. Both were orbit predictions for 1 day with
stop options on time and revolutions. The first test case consists of four
sets of conditions:

a.

b.

C.

d.

An 8th order 8th degree (8 x 8) geopotential model and a diurnal atmospheric
drag model

An 8 x 0 (no tesseral) geopotential model and a diurnal atmospheric drag
model

A 5 x 2 geopotential model and a static atmospheric drag model

An B x 0 geopotential model with no drag

The second test case consists of three sets of conditions. There is no drag
because of the high eccentricity.

a.

b.

c.

An 8 x 8 geopotential model
An 8 x 0 (no -tesseral) geopotential model

A 5 x 2 geopotential model
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Initialization is the time spent in accepting input data, transforming the

state, and preparing to update the state. Updating is the process of actually
propagating the state to a desired condition. Thus, if a particular problem
requires 50 ms to initialize and 8 ms to update, then the total execution time is
50 + 8 = 58 me. If nine intermediate states are desired,. then the total -execu-
tion time required to determine the nine intermediate states and one final state
is 50 + 9 ¥ 8 + 8 = 130 ms. Note that the initialization usually requires more
ﬁthnmmtowmm,mtﬁismwkwoﬁymma.

8For long prediction intervals (STOP > 3 days) or for conditions near reentry,
the initialization is performed more than once to account for second-order
perturbations.
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Test Case 1: Small eceentrieity (0.02) orbit

Initial conditions: A = 6712.39 km e = .02 i = 30°
W= 30° Q = 20° M = 20°
Stop on time1 Stop on revs1
a, 8x8 Initialize 350 ms 350 ms
Update 17 ms 8 ms
b, 8x0 Tnitialize 50 ms 50 ms
Update 17 ms 8 ms
c 5‘x 2 Initialize 25 ms 25 ms
Update 15 ms 7 ms
d. No drag Initialize 300 ms 300 ms
Update 17 ms 8 ms
Test Case 2: High eccentricity (0.72729) orbit
Initial conditions: A = 24407.29 km e = .72729 i =28,6°
W= 0° Q = 20° M = 0°
Stop on time1 -Stop on revs
a. 8x8 Initialize 750 mg 750 ns
Update 30 ms 30 ms
b. 8x0 Initialize 18 msz 18 ms
Update 30 ms 10 ms
c. 5x2 Initialize 30 ns 30 ms
Update 25 ms T ms

Ta1a times refer to the execution of a FORTRAN V programon a UNIVAC
1110-EXEC 8 system. The execution time will also depend on the computer
environment at the time of execution.
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APPENDIX E

GENERAL, VARIABLE ABBREVIATIONS AND DEFINITIONS

PS elements:
Coordinates gy, Op, O3, Oy
(Note: Og = Pq, Og = Pp, Uy = P3, Og = Py)
Momenta P1, Pps P3, Py

Independent variable T (true anomaly)

PS Hamiltonian:

u . . .
here q = G - 1/2 ® + ——, and V is the perturbi otential.
where q ZWQE’ D ng p

DS elements:

¢ = true anomaly
= argument of perigee
= argument of the ascending node

= time element

L= = 5 .
|

= conjugate to ¢, related to the two-body energy
G = total angular mcomentum

H = Z component of the angular momentum

L = total energy (two-body plus perturbing potential)

(Note: For a complete deseription of the relationship between the DS and the PS
elements, seé reference 5.) .
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Cartesian coordinates:

X - (Xys Xy, X,) = position vector
V = (Vg» Vy, V3) = veloeity vector
r = magnitude Qf the position vector
t = physical time

Keplerian elements:

a = gemimajor axis

e = ececentricity

i = inelination to the equator

W = argument of pericenter

£ = argument of the ascending node

M = mean anomaly

Planetary variables: (see appendix A for the numerical values used)

-
H

e = equatorial radius
U = gravitational constant
General:
km = kilometers min = minutes
nm = nautical miles rad = radians
't = It deg = degrees
i = méters t = time
E.r. = Earth radius — = denotes a vector as X
sec = seconds
hr = hours
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APPENDTX F

EQUATIONS OF THE ANALYTICAL THEORY

A complete first-order solution for the motion of a satellite perturbed by
oblateness has been developed (ref. 5). A brief outline was given in reference 17
and- is reproduced in this appendix.

The Hamiltonian for the J» perturbed case can be written as

u
F=pi- == +¢F
1 20, 1
where
2
Fqa =1/ |:(X3) 1]
1= \w) 73
and

€= 3/2 (Jy U R2)

R, 1is the mean equatorial radius of the central body; U 1s the gravitational
constant of the central body, and J, is the dJ, oblateness coefficient.

The differential equations are solved by a method of Von-Zeipel. The elements
undergo a canonical transformation through a determining function S; so that
the short periodic terms are eliminated from the Hamiltonian. The equations
of motion in the transformed system O' may then be solved with an accuracy
of order €.

The solution algorithm can be divided into three steps:

a. Canonical transformation to eliminate the short periodie terms:

as

o! =0 (O

i,0 k,0 + € Bpk,o ( o’ po)
35,

' - -
Pe0 = P 0~ S (9 Pp)
X,0
Kk =°1,2,3,4
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b. The analytical integration of the transformed equations of motion:

| - T
01 = 01,0 + A1T

| - 1 - 1 1
0p = 0p o ©08 (AZT) pp,0 sin (AzT)

- 14 1 >
oé = 03 o cos (A3T) p3 o sin (A3T)

- t
Ga = cu + AMT

,0

1 - 1

P1 = P10

Dé = pé,o oS (AZT) + Gé,o gin (AzT)

Dé = Dé o ©OS (A3T) + 0'3 Osin (A3T)
7 ]

o) = o}

4 4,0

¢. The back transformation:

381
- | B — ' t
%% T % (@07
331
-— ] 1
pk-pk+ea-——0' (o',p")
k
k =1,2,3,4
If one defines
881 1
S1k = — where Sq = - =Wy
then
-1 2wy G
= e _——.—.—.u.__k
Sk G26"ky+wyk 5 )
where
Q
W 2
2pq
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1
W, = 2—132—-;2 I:Dq Qk -Q (qu + qpk)]

3

Vv = ;g; (Gg N+ Y ER)

w
.
1

3
= gg; 2 (8y &g = vg M) + Sy oy + Y&y

3
Yy = ;2; (8,0 *+ Yyubg) K = 23,8

G = 05 - (02 + O¢ )

Gk =0 fork=1,3,4,7,8
G2 = —02

G5 =1

G6 = -0‘6

Here p, Pys s G Q, Qk’ 62’, Mgs Y,Q.’vgﬂ, and ng, 'ng are displayed

2
p_1 l: (1 02+02)+ u]
= - Ll B 2 6 ———
u 2 1/208
Vip
Py = =2=— 0,
u
p-g_l‘l_‘['.)o'
6 u 6
Yup
-2 M
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16

H]

0 for k = 1,3,4’5:7

1 2 2
-5'(0'6 +62'05)+_E—

-02
1
2

1

L
2 (204)3/2

2y 20g

0 for k = 13334’617

1/2
0g 21
= )8 R
{“2[ 20g 2 2 ) 6)]}
6802
2qu?
080G
2qu?
VID
2que
0 fOI’ k = 1,3,14,5,7
B 1
5 g - 5 (060 ~ 0,8)
s Tg a 1(
= = - - - =
23 273 %% " %Y
B ¢ 06 B 1
T e e o —— - - (O -
37305 %5 6% - %)
_ 9%
- -3-- Bk - 5 (Uﬁck -— U2Sk) fDI’ k = 1,3;415!7’8

6‘lk
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_ B 1
Y1—§UZ+E(063+020)
B €\ a 1 )
e *\3% ;)5 Pa vy U6t
5,.%s5 ! (o8 ; g.e.)
Y16-5"‘§' 67566 26
92 ! ) for k= 1,3,4,5,7,8
Y1k = 5_ Bk + 5 (Ussk + 0'20k or = 1,3,4,5,7,8
s :_(_3_
2 2Q

1 c
62!{ - Ea (‘“ Qk - ck) for' k - 1,2,3,-.-,8

T (s
Y2k = - éa (a Qk - Sk) for k = 132:3;-"58

63 Z - - (028 + 060)
8 21 (0,5, + O.c, + 8)
327 g 202 672
1
636 = -z (0,86 + Uglp + ec)
1 .
631{ = - -é- (0281{ + Uﬁck) for k = 113:“435:7!8
= 4 (g3 - o.¢)
Y3 6 6 2
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{i—

732 p (0652 - 0202 - )

=1 o )
Y36__ 6 0686 - 206 + S

1

o 7 g (06sk_~ ge,) for k= 1,3,4,57,8
n£ = gin 201
‘52 = ¢OS 201 for % = 1,2,3

Here e, =, B, Bk’ H and H are displayed

Cr? Sy Kk

2 2
G + H) (?Z__éﬁgi.)

c =
H,c
G, = ——2 - (G +H o
37 (¢ + H) 3
A
= -+ + o3
7 (G + H) T
. G, + H
- K k -
¢ = G ¢ for k= 1,2,4,5,6,8

5 = -(G + H) 03 07

s :._Eif_ﬁﬁ'(c + H) o

3 (G +H)
Hys © « 1
- -+ a
57 (G + H) 3
(G, + H,)
5 = _fg_:_ﬁ%- s for k = 1,2,4,5,6,8
B =G - 3H°
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Bk = 2(GGk - 3HHk) for k= 1,2,3,...,8

]

1 2 2

H=G - - -a, %)

; ; (03 + 0y

H,L = -

37 7%
H = -0

7 T
Hk = GI-C for k = 1,2’435’628

Abbreviations used in the integration of the primed systen

€ 2 M
A, = Ef (b - 5) 4 cebar
2 y{ 3 " (2%)3"2

A:gfb
3 = ;fP3

-
(M
i
1m
[ ———|
m"b
/_\
o
t
AT
e
+
|—b
(=2
(M)
L
+
=
W

Fe
pq
£ (1
£= = (-UP + 2q Vllp)
B \2
2
f, = - = (¥p + 2q VIip)
u

2
£ 1
£y = o) (EUP + 2q VIJp)
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STANDARD FORTRAN VARIABLES USED IN ASOP

FORTRAN
variable

AEI(6)

ANG(3)

B(3,3)

B3
BY3
BY6
C(8)
CHECK

CIKNC

CN

CNCDE

COMEGA
COSEA
COSFC2
COSFC3
]
DAYS(T)
DAYS

DAYS

Program

location

QUTPUT

QUTPUT

AETXYZ

/S1STAV/
/CONSTW/
/CONSTW/
PSANS
QUTPUT

AETXYZ

/CONSTHW/

AEIXYZ

AETXYZ
AETXYZ
PSANS
PSANS
PSANS
CONST
QUTPUT

TIMEPS

Desecription

Character array fto accompany Kepierian element
output

Character array to accompany any angular output

Keplerian elements to Cartesian coordinates
transformation matrix

1 - H/G

1/3

1/6

de/ 30y , 3/3py , k = 1,2,3,4
Energy check value

Cosine of the orbital inclination with respect
to the Earth's equator (cos i)

+1 depending on value of NN

Cosine of the argument of the ascending node
(cos Q)

Cosine of the argument of pericenter (cos w)
Cosine of the eccentric anomaly (cos E)

cos (AoT) (see appendix F)

cos (A3T) (see appendix F)

(1/2) (G + H) (P32 + 03%) = small 'e!
Storage array of possible values of DAY
Print value (DAYS = TIME/DAY)

Total days elapsed
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FORTRAN
variable

DELTA1
DELTA2
DELTA3

DEL1(8)
DEL2(8)
DEL3(8)
DSB{(4)
DSF(4)

DST(7)
EA
EAO

ECOSE

ECOSPH

EL(6}

EMINPH

ERQOT

EROOT

Progranm

location

PSANS
PSANS
PSANS
PSANS
PSANS
PSANS
PSANS
PSANS

OUTFUT

XYZAET

{AEIXYZ}

AETXYZ

XYZAET

{PSTOX}
XTOPS

{

INPUT

PSTOX}
XTOPS

/PSANS3/

XTOPS

TTFM50

Description
S
82
83
38,/80, 881/30, k = 1,2,3,4
88,730y, 88,/8p, k = 1,2,3,4
383/30y, 383/3p, Kk = 1,2,3,1

1,2,3,4

3b/ofy, K
8£/08, k= 1,2,3,4

Character array to accompany any distance
output

The eccentric anomaly of the satellite computed
from Kepler's equation (E) (rad)

01d value of EA; used when iterating to solve
Kepler's equation (rad)

E cos e
E cos ¢
Initial conditions of the satellite given in

Keplerian elements or Cartesian ccordinates; on
output, it will contain the Keplerian .elements.

EL{1) X or a
(2) ¥ or e
(2) Z or i
(4 X or w
(5) ¥ or 8
(6) 2 or M

E-©

V2Du p/u

Y1, - 20(¢ - @)
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FORTRAN
variable

ESINE

ESINPH

ETA2
ETA3

FACTOR(H)

FN(19,19)
FS

FSSQ
GAMMA1
GAMMA2
GAMMA3
GAM1(8)
GAM2(8)
GAM3(8)
GC(8)
GCAP(17)
GCIN
GesQ
GIN
GINSQ
GM3H
GPH'

G3Q

Program
location

XYZAEI
PSTOX
XTOP3
PSANS

PSANS

PSANS

POTEXP
/818TAV/
PSANS
PSANS
PSANS
PSANS
PSANS
PSANS
PSANS
/S13TAD/
POTEXP
PSTOX
XTOPS
/S18TAV/
/S1STAV/
PSANS
/S1STAV/

PSANS

Dezeription

TTFME0

E sin e

E sin ¢

sin 201

sin 30'1

Derivatives of the DS Hamiltonian and its

combinations (A4, A5, A3, Ay) (see appendix F)

Inclination function

9y4/90y, dyq/dp, k
9Yo/30y., 9Yoa/op) k
873/30k, 3Y3lapk k
3G/90y,” 3G/3p k

Eceentrigcity function

G-30"

G+ B
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FORTRAN
variable

G1
G1sQ
G2

| G230
G3

H
HC(8)
HMS(4)
HOG
HSQ
IA(3)

IEL

IERR

IFORM

IMARK

Program

loecation

XTOPS
XTOPS
XTOPS
XTOPS
XToPs
XYZAET
/S1STAD/
OUTPUT
/SISTAV/
PSANS
OUTPUT

INPUT

TIMEPS

QUTPUT

PSANS

TTFM50

Description
Y, - ZVy = Gy
G2
Wy - XV, = Gy
Gy2

XVY-~ w, = G,
Total angular momentum

dH/ 30y, dH/3p, k = 1,2,3,k

Character array to accompany any time output
H/G

52

Character array of blanks and asterisks

Flag to determine if input values of EL are given
as Keplerian elements or Cartesian coordinates

1 Keplerian

2 Cartesian
Error counter

Flag to determine if initial or final condition
messages is to be printed

= 1 1initial condition message

2 no message (intermediate print)

3 final condition message

Flag determining if one or two passes have been
made

= 1 18t pass

2 2nd pass

185



TTFM50

FORTRAN Program

variable location Description
ITER TIMEPS Total number of iterations allowed
IXP QUTPUT Pointer to the IA array
IFORM # 3. > IXP = IP
IFORM = 3 » IXP = ISTOP
L PSANS
L =py =0g
LC XTOPS
LS PSANS L =0y
NEWX { MAIN Flég to determine if ASOP program is to be
ASOP initialized
=0 no
=1 yes
NN PSANS Flag to determine if initializing or computing
= 0 initializing
= 1 computing
P XYZ AET 1 - e&?
P(8) /S1STAD/ dp/ B0y, 3p/3p, k = 1,2,3,4
PHI PSANS
. @ = p1 = 0'5
PHIC XTOPS -
GEQPOT
POT { PSTOX Magnitude of Earth's gravitational potential
XTOPS
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FORTRAN
variable

P5

Q(8)
QCIN
QcsQ

QCV(8)

Qs

RCAP

RCAPDT

RCOSF

RCOSL

RDOT

RES(7)
REVS

ROP
RRDOT
RSINF
RSINL
RSQ
R2I
5(8)

SINC

Program

location

PSANS}

PSTOX
/S1STAD/
PSANS

PSANS

/S18TAD/
/PSANS2/

PSTOX}
XTOP3

PSTOX
XTOPS

XYZAET
XYZAEY
PSTOX
CONST

OUTPUT

PSTOX

XYZAET
XYZAET
XYZAET
XTOPS

GEOPOT
PSANS -

AETXY?Z

TTFM50

Description
1/2
3a/90, 9a/3px k = 1,2,3,4
Q-1
QZ
9Q/%0y, 8Q/3p k = 1,2,3,4

172 (L _
2L
R (see section 4.2)

9R/9t (see section 4.2)

r cos 3 £ = true anomaly, r
r cos L; L = mean anomaly, r

Magnitude of veloeity vector

Storage array of possible values of RE

Total number of revolutions predicted

(REV3S = TAU/27)
r/p {see section 4.2)
X-v

r gin f, £ = true anomaly, r

n

r sin L, L = mean anomaly, r
R
1/R2

3s/d0), 3s/3p  k = 1,2,3,U

1)

1

Sine of the orbital incdlination with respect

to the Earth's equator (sin i)

187



FORTRAN
variable

SIGINI(8)
SINEA
SINFC2
SINFC3

SINWF

SNODE

SOMEGA
SQTGHL
33

STOPDT

SiM2
SUM3
S1(h)
TFIN
THO3

VEL(T)

V1(3)

¥SQ

W(8)

WS

Program

location

PSANS
AEIXYZ
PSANS
P3ANS

XYZAERT

AETXYZ

AETXYZ
XTOPS
PSANS

MATN

/PSANS2/
/PSANS2/
PSANS
TIMEPS
/CONSTW/

QUTPUT

AETXYZ

XYZAET

PSANS

BSANS

TTFMR0

Description

Initial values of o's and p's
Sine of the eccentric anomaly {(sin E)
sin (45 1) (see aﬂpendix F)

sin (Ag T) (see appendix F)

sin {0 + £} ® = argument of perigee,
f = true anomaly '

Sine of the argument of the ascending node
(sin &) )

Sine of the argument of pericenter (sin w)

-VZ/(G + H)

-

Value at .which next intermediate printout is
desired (needed only if IPRINT > 1)

1/2 (022 + 922) ®_-¢

1/2 (032 + p3%) = 2 (G - H)

Derivatives of the generating function S,
Final time desired for stopping the iteration
273

Character array to accompany any velocity
output

Veloeity vector with respect to the orbital
plane (V.', Vy', v,' = 0)

Maﬁnitude of the velocity vector, squared
(V9

dw/aoy, w/dp,  k = 1,2,3,4

W

188



FORTRAN
variable

WX
WY
Wz
XMUS(T)

XIN(8)
XYZ(6")
X1(3)
X3ROOT
¥S
ZCAP1
ZCAP2

ZET2

ZET3

Program

location

XYZAET

CONST

ASOP

OUTPUT ,

AEIXYZ

/PSANS3/
PSANS
PSANS
XTOPS
XTOPS
PSANS

PSANS

T7FM50

Description

' Components of the total angular momentum

(WX, WY, WZ) (distance®/time)

Storage array of possible values of XMU

Identical to X but allows ASOP subroutine to
be removed from the stand alone program

Character array to accompany output of the
Cartesian state vector

Position vector of the satellite with respect
to the orbital plane (X', ¥', Z' = 0)

(VMGrm 032 - p32) /G (see section 4.2)

9y/80y, 3y/3p,  k = 1,2,3,4
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APPENDIX H
DATA FLOW IN ASOP

MAIN

ouTPuT

JDTOCD e

XYZAE] [t

-PRINTED
QUTPUT

—

CONST

PREPT

PREPS

ASOP

!

%

i

4GEOPOT subroutines are the same

b

ILOGTO subroutines are the same

190

Figure 41.- Data flow in ASOP-general s-.ubroutine Tinkage.

! XTOPS POTEXP PREPD TIMEPS l
GEOPOT? - COEFF DENSTY |emdimd  PSTOX PSANS
=1 COTOJD o 1) 06700 MATIN = |eatien +
GEOPOT? DRAG
' RECUR TABLE [~
LONGPP
Lt TIMEXP CANFOR
AEIXYZ * '
— DETERM *FPRIME
b
SACT ILOG1O
SUN
! MTOECC



ASOP

|

!

!

POTEXP PREPD TIMEP_S
e COEFF DENSTY |[=—wlfpelns~1 PSTOX PSANS
o ILOG'IOb MATIN ooy *
GEOPOT®
—3e=1 RECUR TABLE |l v
DRAG | commm XTOPS
TIMEXP CANFOR  |roustif v
LONGPP  jeiiifmed - GEOPOT®
INITAL | ; %
DETERM FPRIME
SACT et ’ g
ILOGIO™
PREPS et
% Page 1 of 1
MTOECC

Figure 42.- General subroutine Tinkage in
removable ASOP subroutine package.

3GEOPOT subroutines are the same

bILOE:‘.‘IO subroutines are the same
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