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ABSTRACT

The Virtual Mass trajectory simulation program,
VMASS, is a system of Fortran subroutines designed to aid in
the analysis of spacecraft trajectories. It employs the
Virtual Mass technique for numerical propagation or integra-
tion of the spacecraft state vector. This procedure was
developed to achieve high computational speed and precision,
and is documented ianeference 1. The subroutines implementing
thé Virtual Mass technique are presented here. This imple-
mentation features user coded Fortran-like trajectory descrip-
tions and output controls. In addition, it contains an integral

link to standard JPL planetary ephemeris files.
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1. INTRODUCTION

The basic objective of the Virtual Mass Trajectory
Simulation Program is to numerically propagate a spacecraft
trajectory from an initial to a final state, subject to vari-
ous constraints. These constraints are given by an events
list and a data deck. The data deck, in Fortran NAME LIST
form, gives static constraints and program controls. The
events list, written as a set of Fortran statements called
a procedure, is compiled into Fortran programs which simulate
the trajectory under study. In this way the events list may
contain dynamic as well as static constraints; in addition,
it controls output printing and plotting.

To the analyst familiar with Fortran, this memo-
randum is intended to be a user's guide. To the programmer
experienced in Fortran, it is intended to be a system de-
scription as well as a base for further development and wider
application. Several examples are used to illustrate data
deck and events list preparation.

2. EVENTS LIST PREPARATION

In the Virtual Mass program a trajectory is simulated
as one or more subtrajectories or segments: each is character-
ized by a specific spacecraft configuration and environment,
and each has distinct input and output requirements. The pro-
gram transitions from one segment to another are called "events,”
and are indicated by calls to a subroutine EVNACC. These calls,
along with trajectory printing and plotting descriptions and
calculations specifying the configuration and/or environment,
are organized into a Fortran procedure called an events list.
The events list contains a sequence of calls to EVNACC, each
identifying one event and giving the condition under which
the event is to take place. Associated with each event there
are one-time calculations for beginning the trajectory segment,
and auxiliary calculations for each computing step taken until
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another event has been reached. The one-time calgula?ions

are useful for program initialization or for termination of
trajectory segments. AUPLOT subroutine calls (Ref. 3? for
collecting data and requesting plots are also placed in the
events list. Auxiliary equations can be used for output cal-
culations, for setting aside data for plots, and for calcula-
tions controlling subsequent events. Trajectory printing
which takes place at each event and at selected computing
intervals in between may also be indicated in the events list.
In general, any of the program COMMON variables may be printed
or plotted as desired. They may not be modified or scaled,
however, except as provided in the data deck section describgé
below. When modification is appropriate for output preparation
or for special applications, assignments should be made to VAC,
a sub-block of the COMMON block VAR. Section 6 illustrates
such storage assignments and gives events lists for sample
Virtual Mass applications.

3. DATA DECK PREPARATION

Standard input to the Virtual Mass Trajectory Simula-
tion program is entered as a Fortran NAME LIST called DATADK.
The variables listed below are among those most frequently
assigned. Other program locations may be reached as necessary
by use of a subscript on an appropriate COMMON block name. For
this purpose the user is referred to the elements COMMON and
DDREAD in the Appendix. Input data may be scaled or otherwise
preprocessed as desired by one-time calculations for the first
trajectory event or by an INITAL subroutine supplied by the

user. INITAL is called after the data deck is read into the
computer.

As a rule, VMASS variables beginning with the letters
I through N, with the exception of L, have integer values; L
is used for logical variables. All other variables are double
precision. Arrays for state vector or table use are dimensional

as shown in Table 2. The principal DATADK variables are as
follows:

RSCDDK, VSCDDK - Initial spacecraft state vector. This
state vector must be converted in INITAL
or the Events List to inertial coordi-
nates and scaled as necessary to AU and
AU/day for compatibility with the JPL
planetary ephemeris. The result must be
assigned to RSCEIN and VSCEIN, the simu-
lator locations for latest inertial
spacecraft state.
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TEPOJD

TEPOJS

LPRNOW

LPRLAT

LSTDDK

IEVREP

IEVSTR

IEVSTP

RTOPRF

Initial Julian date.
Incremental time within the day, in seconds.

Logical print-now option. Causes the program
to perform trajectory printing concurrent with
calculations.

Logical print later option. Causes the program
to write the COMMON block VAR on secondary stor-
age so that trajectory printing may be performed
as a separate program execute under control of
element PRTRAJ.

Logical last data deck indicator. The program
will process a sequence of data decks if desired;
the one submitted last should contain this indi-
cator. Data entered for one data deck will be
restored as input for the next, provided that
IEVREP has been assigned an event name. :

Repeat event option. When assigned the name of
an event, either in the data deck or in the one-
time statements of the event, the program

state given in the VAR block will be restored
prior to reading of any subsequent data decks.

Start event option. Indicates to the program the
initial event. If not assigned, the first event
encountered in the events list will be regarded
as initial.

Stop event option. 1Indicates to the program the
final event. In multiple data deck runs IEVSTP
must be assigned an event name, either in the

data deck or in a one-time statement. In single
data deck runs IEVSTP need not be assigned provided
the final event contains a CALL EXIT one-time
statement.

Position vector precision tolerance. Computation
precision throughout the Virtual Mass program is
keyed to this number. If not specified by the

user, it has a standard value of 10—15.




BELLCOMM, INC. -4 -

LPRCOM

JK

IPNOWM

IPLATM

VAR

I0U

FAC

PHC

EPH

ISW

Logical print COMMON option. Causes the program
to tabulate all of the COMMON blocks as they
appear after data deck reading. This tabulation
is automatically produced whenever a program error
termination is made. It may be requested by the
user through a CALL PRTCOM statement.

Planetary reference list. In normal interfacing
with the JPL planetary ephemeris the sun and all
the planets except earth are referenced as single
points. The earth and its moon are treated as two
separate points. The list JK may be reassigned as

‘desired for a modified ephemeris. For such pur-

poses the user should consult the program elements
COMMON and LODCOM. Section 6 gives an example with
an earth, moon, and sun ephemeris. Whenever the
list JK is reassigned, JKN should also be reassigned
to show the number of entries.

With respect to the print now option, this gives
the number of computing intervals between desired
printouts.

With respect to the print later option, this gives
the number of computing intervals between copying
of the COMMON block VAR onto secondary storage.

COMMON block for working variables. Specific
assignments should appear with a subscript as
appropriate from program element COMMON.

COMMON block for input and output unit assign-
ments. See VAR. All 10 references in the program
are symbolic (e.g., IOEPH for the ephemeris file)
in order to facilitate program expansion and
recompilation on other computers.

COMMON block for constants. See VAR. These con-
stants are initially assigned by the program ele-
ment LODCOM. They may be reassigned in the data
deck.

COMMON block for physical constants. See VAR,
COMMON block for ephemeris data. See VAR.

COMMON block for integer working variables.
See VAR.
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LSW - COMMON block for logical working variables. See VAR.

VAC - User's storage sub-block (50 locations) in the block
VAR. VAC is intended to facilitate communication
between the events list and trajectory print
procedures.

4, VIRTUAL MASS INTERNAL PROGRAM FEATURES

As indicated in Section 6, the Virtual Mass program
events lists procedures are compiled into various Fortran sub-
routines. These subroutines are then combined with other Virtual
Mass and Fortran library routines into an absolute element.
During operation on the UNIVAC 1108 computer the routine SIMXXX
retains overall control, and contains the compiled events list
and auxiliary equations. Execution follows the flow diagram
of Figure 1 and includes program initialization, trajectory
calculations, and output printing and plotting.

Virtual Mass input data is supplied in Fortran NAME
LIST form through the subroutine DDREAD. Preloading of the
program COMMON blocks takes place from storage by LODCOM or
from the intermediate roll back file by ROLBCK. Control of
these routines for the various program initiation steps is
taken by the subroutine SETUP.

Increments in the spacecraft trajectory are calculated
from the input data under control of the subroutine STEPIN.
The events list coding defines the specifications in effect
over distinct trajectory segments. Data governing the events
is placed in the IEV table by EVNACC. Control of the events
is taken by the subroutine EVNDT. EVNDT keeps a running account
of the difference between current time and the projected time
for occurrence of each event. When current and projected time
coincide for some event, that event is said to be activated.
User-supplied one-time calculations are then made. In addition,
the auxiliary and end-of-cycle equations supplied for the event
are flagged for calculation in each step of the trajectory
segment. Virtual Mass calculations appear in the subroutine
STEPIN.

Program output for printing and for intermediate
storage, as may be required in targeting and multiple data deck
runs, is under control of the subroutine RECORD. For each event,
and for selected spacing of intermediate computing increments,
RECORD calls for user-coded printing to occur. Under the "print
now" option, printing is concurrent with computing; under
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"print later," the common block KVAR is copied onto the inter-
mediate file IOPRL. Printing then takes place under control
of PRTRAJ in a separate approach to the computer. For each
event encountered, RECORD also calls for the copying of KVAR
onto intermediate file IOROL in case of need to make program
recovery to the event.

: Output for graphs may be kept under user control under
provisions of the graphical data facility, AUPLOT (Ref. 3).
Typical applications are illustrated in Section 6, with examples
of data collection and plot request calls included in the events
lists. AUPLOT prepares its own intermediate file IOPLT which is
processed into graphs in a separate computer operation.

5. ADDITIONAL FEATURES

The Virtual Mass Program is designed to operate in a
double precision mode on the Univac 1108 computer. Computational
precision is keyed to the single variable RTOPRF which is nor-
mally set to 10-15. RTOPRF may be set to a larger value, such

as 10_10, if faster-running approximations are desired.

The program normally operates in the 1108 batch mode.
However, small problems, such as those illustrated in Section 6,
are easily run from a time-sharing terminal. In either case,
several data decks may be submitted as successive inputs to an
events list simulation. For such successive inputs the program
will automatically restart at the start-up event or at any event
in which the one-time statement IEVREP = IEVCUR appears. On
restart indication by IEVREP, the program will be restored to
its earlier state. '

In order to facilitate continued development and pos-
sible conversion to other computers, use of the Fortran V pro-
cedure feature is limited to a form of program editing. 1In
addition, a program listing is provided in the Appendix, and
Tables 1 through 5 show COMMON symbols usage, subroutine refer-
ences, and references to Fortran V features.

6. TYPICAL APPLICATIONS

Two typical applications of the Virtual Mass program
are illustrated in this section, including input decks and
program printout.
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6.1 An Earth to Mars Trajectory

This example illustrates the use of the JPL planetary
ephemeris files with the Virtual Mass program to calculate an
Earth to Mars trajectory, beginning in December 1964. The
Virtual Mass program contains linkage to the JPL planetary
ephemeris files as an integral feature. Interface with the
files is through a JPL supplied subroutine READE and a pair
of Julian date variables: TEPEJD and TEPEJS for day, and frac-
tion thereof in seconds, respectively. For compatibility pur-
poses the Virtual Mass program assumes internal units of AU
(astronomical units) and AU per day. Inputs for this example,
which were taken from the JPL double precision trajectory program
DPTRAJ (Ref. 4), are in kilometers and kilometers per second.
Note that an appropriate conversion is made in the one-time cal-
culations for event 1. For convenience in comparison with DPTRAJ,
the output is converted back to kilometers and kilometers per
second.

This example is described through the following graphs
and printouts:

Figure Description
1 Univac 1108 EXEC VIII input deck
for the basic example, RUN100
2 Program printout from RUN10O
3 Input deck for the extended example,

RUN110, containing graphical output
statements from AUPLOT.

4 Program printout from RUN110

5-10 Output graphs from RUN110

Subroutine EVNACC, which is called from the procedure
QEVENT, maintains a table of trajectory events, along with the
condition which indicates to the simulator that the event has
been reached. For event startup this condition is TTRE = FO.
Midcourse and cutoff events are indicated by Al = Cl and
A2 = C2, respectively. The first three arguments of EVNACC
identify, respectively:

1. the name of an event to be placed in the table,
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2. the name of any other event which must be reached
before this event is placed, and

3. the name of any event whose being reached is to
force removal of this event.

When an event is reached, the one-time statements following
the call are executed. The final argument is used to skip over
the one-time statements as appropriate.

The variables Al and A2 are used by the simulator as
auxiliary calculations to control indication of events. They
are supplied through the QAUXEQ procedure as follows. The
auxiliary equations are evaluated for each trajectory computing
interval, and applicable entries in the events table are updated.
As an event is approached, i.e., when the difference between
Al and Cl or A2 and C2, etc. becomes small, the simulator adjusts
the computing interval for optimum agreement. Indication that
the event has been reached is then made, and the program control
will make appropriate table updates and one-time calculations
on its passage through the EVNACC calls.

Trajectory printing as shown in the QPRINT procedure
includes the spacecraft state vector relative to Earth, Mars,
and the Sun. The events list is given twice, once with printed
output and again with graphics. Of particular interest is the
series of 3-dimensional views from above the ecliptic plane.
The motion of the Virtual Mass is shown along a trajectory
passing near the dominant gravitating bodies. Note that plot
data collection is made in the procedure QEOCEQ. QEOCEQ is
called for each computing step except those taken on a prelimi-
nary basis during iteration to an event.

6.2 A Restricted Three Body Trajectory

This example simulates a spacecraft in free flight
about two gravitating bodies which are in circular orbit about
each other (the circular restricted three body problem). In
this case, a special ephemeris routine (EPH2CO) was used without
reference to the JPL files. The ability of the program to
minimize variations in the value of the Jacobi energy is illus~-
trated in Figure 19. The description of this example is given
in the following graphs and printouts:
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Figure
11

12

13

14

15-18

19

20

21

7. SUMMARY

Description

Univac 1108 EXEC VIII input deck
for the basic example, RUN300.

Program printout from RUN300.

Input deck for the extended example,
RUN310, containing graphical output
statements from AUPLOT.

Program printout from the extended
example, RUN310.

Three-dimensional trajectory plots
for reference precision values

-19 -15 -10
RTOPRF of 10 , 10 , 10 , and

10—5, respectively.
Plot of Jacobi energy variation from

starting value versus trajectory time
for the four values of RTOPRF.

Plot of computing steps versus tra-
jectory time for the four values of
RTOPRF.

Plot of final position variation from

‘JPL, results versus the four values

of RTOPRF.

The Virtual Mass technique has been implemented in a
computer program for the Univac 1108 computer. Program capa-
bility includes open loop trajectory simulation with linkage to

the JPL ephemeris files.

Considerations for further development

include incorporation of the capability to simulate thrust, drag
and solar radiation pressure; expansion to an n-body integrator:;
targeting routines, and provision of an events list translator.

The translator would enable styling the events list in the form

of a general purpose simulation language.

This program was developed in collaboration with
D. H. Novak, originator of the Virtual Mass technique.

2011-RFJ-vh

Attachments
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Figure 1

FEarth to Mars Trajectory Instructions

@ ELT»DLI RUNLIJO o ' T

EL1 PROCZSSUR LEVEL 3

000001 U0u W HOG VMASS EARTH TO MARS s K JESSUP

guuuiz uuu s USE LAUPLT r AUPLOT*RFUI

000uL3 Guu W PDPrFIL PRB1u0

souLLY uuY GEVENT PROC )

D0LULB UL { REFERENCE = DOUBLE PRECISION TRAJECTORY PROGRAM DPTRAJ, JPL, JULY &9
Jouuueb ulu CALL EVNACC (' 0%y FOou ' o'y TEPEJs FOe¢ $210)

J0uiu7 00U C CONVERT EARTH CENTERED INPUT (RSCDDKe VSCDDK) -TO INERTIAL
00UUUB Ul CaLL £PHEM

0uuUoLY vou ‘ T T RUNLIT = AUTOKM

NLVERY 00U VUNIT = AUTOKM / F8eu40u

VUuuil vou DO 201 = 1y 3

jouule Uuo RSCELN(I) = ROOEIN(SEARTH=L+I) + RSCODK(L) / RUNIT
00uUl3 00U 120 VSCEIF(I) = VOOEIN(KEARTH=14I) + VSCUDK(L) / VUNIT
QouUln uoo ¢ INITIALIZE SIMULATOR ‘

000015 Uy o LPRNOW = «TRUE.

Juuule Quu CALL VMXACT »
Guuul17? T uud T T 1EVREP = IEVCUR B

gouuls Uy 60 TO 9915

00uG1Y yui 210 CALL EVNACC (* 1%y * 0%, ' 1% Als Clr $220)

Uouu2zo Uud GO To 9915 ‘

upui2l Udd 220 CalLL EVNACC (' 2%, * 1, ' 2%, A2y C2¢ $230)

youue2 Uuu Go o 9915 ,

douues oo 230 CaLL EVHACC (Y 3%, * 21, ' 31, A5y C3r $240)

Uluved Uuu DIMENSLION RSCXUL(3) / .2526011977060793D5r =.111906450663148206,
gouues Juu 1 =~ DET75159182445349D5 /

viudzb Uy SIMENSLON VSCXU4(3) 7/ =,4216605419022551D1, =.114476728596778001,
Jouue? . Yoy i c30H648430522033800 /

Jouues 0uu DO 252 L = Ly 3 ‘ )

louuzy wiu ’ TVI(L) = RSCAO4(L) = nUNIT % RSCEOU(KMARS=1+1)

00U A0 Yuu 252 TVeli) = VSCX0U(I) = VUNIT x VSCEQO(KMARS=1+1)

JUuusl Uou TL = VALUE (TV1)

Uuuu32 oo T2 = vALUE (TV2)

Juuu3d3 Uou WRITE (IOPRT, 234) Tylr Tle Tv2, T2

06UUSY vuu 234 FORMAT (//' FINAL STATz VECTOR DISPLACEMENT FROM DPTRAJY/
000035 00Uy 1. v POSITIUN's 4G30,13/ ' VELOCITY', 4630.18)

VOUU36 guu © LPRNOW = .FALSE,

Uouus7 oy 1EVSTP = IEVCUR

Ulbuudl UuuU GO 10 9915

SuuL39 009 240 CONTINUE

UUUuHU Ulu END i

o0uUGHl " 000 GAUXEQ PROC ’ ) SR T

Vuuus2 Vuu TEPEJ = TEPEJD + TEPEJS / Fgoul0

000043 GO0 IF (IEVCUR oNE. ' 0') O Te 510

Uouu4Y Uou Al = VALUE (RVMEIN)

HIVI LS. TV RETUKRN

Uouu4b ShR! 510 IF (IEVCUR «NE. ' 1') Go 10 520

QOuUUHT 000 A2 = VALUE (RSCEOO(KMARS)) ‘ poo I

gpuUYLs uuY RETURIN

gouu49 000 520 CONTINUE ‘ T T

GUUGUbL0 Uuu END ~

Uouubsl U0  GSTORE PROC ' ' o

Y oY EQUIVALENCE (VAC (1) » TEPEJ,A3)» (VAC(2), Al Vo
60UUS3 ~ 7 00U o1 (VAC(3),"AZ 7 )% (VAC (&) v RONTT 77 IVATI(3}, VUNIT 7~
UouubY ulu OATA CL / o100 7/ C2 7 120 7 C3 / 24389506302580u2D7 /

Ubuubdbb 00V END
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PROC =~ o mme e

CALL SCALE
CaLL SCALE
SCALE
SCALE
SCALE

({RUNIT»
(VUNITe
(RUNIT»
(VUNIT»
(RUNTIT»
(VUNIT,
WRITE (IOPRT» 710)

FOURMAT ( // * R

¢+ R

* R
TEPE
TEPEJ

CALL
CALL

PRINT 720,
FORMAT (*

PROC

¢S LVMASS.COMMONC
1S LVMASSSIMXKXXeS
2 S LUMASSPRTXXXeP
W SIMXXX»SIMXXX
W PRTXXXePRTXXX

LiCLUDE aFAC

INCLUDE &TEM

INCLUDE <EPH
LVMASS e MAP r AP L

T 12701277
MAPLOU

UK .

SCDDK = =,.15521917

SCDDK = =,24260004

EPOJD = ,243873507

RTOPRF = 1.0-19,

OK

RTOPRF = 1.D0=13,

DK

LSTDODK = L TRUE. »

RTOPRF = 1,D0=17,

RSCEQO(KEARTH) »
VSCEQO(KEARTH) »
RSCEQO(KSUN )y
VSCEQO (KSUN )y
RSCEQO (KMARS ) »
VSCEQO (KMARS. )y
(TV1i(I)e I = i» 18) —
SCEO03ry 3630.18/7 ' VSCEDLTy 56G30.18/
SCE10ty 3G30.18/ ' VSCELlg*'y 3G30.187
SCEOQ4v, 3530.10/ ° VSCEO4', 3G30,18)
Jr INCNIR
Yo 53018

TV1)
Tv2)
Tv3)
TV4)
TVS)
TV6)

18xe UVINCNTR'y Io)

OMMON
IMXXK
RTXXX

0n

D7 « 1175810407,
Dl «1315131301»
’ TePJS = 14965,D0»

5465127005,
«B6732622D0,




Figure 2

Earth to Mars Trajectory Output
VIKTUAL MASS TRAJECTORY 08 JUN 70 15:36:55 '

U AT v WAYS 0 HR oy MIn 0 SECE JULIAN 2438735.0 DAYS .149650+4005 SEC (1964 DEC 5 163 9:25); COMPUTED 08 JUN 70 15:38:29

RLCEUS ~e10b219169999999998+y0)7 «117561/39599999985+007 +546512699999999935+006
voeelo ~.242600039999999997+00G1 «1815131299949999999+001 «867326219999999924+000
RSCk1u $4Ub216922642625586+u08 «1507237007759126214009 «567375381543019336+008
VsCEly =~ LHEB857630394U6437+002 .9539193932011197714001 .421809095464935946+001
RSCEQ «4B9795871644716737+4009 - 45791583919247583u+008 -.285052261211136422+008
VoCEUY ~4131440551501514505+002 £21209641951¢550728+002 «»908028458992784089+001
TePtd 2 243673517320601851+907 INCNTR Y

EVNOT  #%%* DIVERGENCE
1 1

603 11bi 14 n «544258170815814550-003 ~,107336015076064939~016
i AT & UAYS 23 HR 39 MIN 9 SEC JULIAN 2438744.0 DAYS 1571454005 SEC (1964 DEC 14 15:48:34); COMPUTED 08 JUN 70 15:38:50
RSCEDS =~ 309081922753966861+007 T T T 2603b47888686176Y8+007 L 122749937548072506+0067
VoUkDS =, 251UR4373348006574+001 .187927770021362892+4001 B94328930443651885+000
RSCELU L158BU90592662783597+008 L1365905006357029504009 .593048292702085816+008
VSCELU -~ 320£62768911615260+002 .533809080248532350+001 . .239373857162319780+001
RSCEO4 W 17B798719769476169+009 ~.304950078488106155+00¢8 ~.2173965428124264264008
VSCEDW - -e1d0738011420174581+002 ,181892023437669104+4002 .782629215593127879+001
TePEJ L2436TuM156732 25624007 INCNTR 7 163

1 AT 8 JAYS 23 HR 39 MIN §7SECT JULIAN 2438744.0 DAYS 1571454005 SEC (194 DEC 1% 15:48:34); COMPUTED 08 JUN 70 15:38:50

RSCEVS =, 339041922743966861+007 +2603547888686176984007 «122749937548072506+007

CVSCEODS -.23102G3733u80065744001 ~ L IB7957770021362892+001 7 JBG43ZB930443651885+000
RSCELU «158(L905926827683597+008 «136530500635702950+009 «593048292702085816+008
VSCELD -.323262788911615265+002 TL533869080248532350+001 T, 239373857162319780+001
RSLEO4 «178798719769476169+009 304960078488106155+008 ~.217396542812426426+008
VSCEOY =~ 1507386118201703613002 ~ 77 TUIBIBIZURI4ITEETIULFOUZ T T TEEEZYZISSISIZ 7B VIR 00T -
TePEY S 243BTHLLOBTI2425624007 INCNTR 163

© RSCEO3 = 1AR432498307061050%008 T, 17330061 7586243623F008™ 7 " I TI900%391 1568959934+ 007

- VSCEOS ~e358104858109378964+001 +509801317388704618+001 +2250913758097692304001

RSCETUO TR IZ3539669 7213 TIREF0UY T T VI UBK T 7R T IS I 32 ZF 00T T T R VUGB ZBTUS 7INSIFOUS T T T T
VSCE10 ~.241212414533276660+4002 ~.152131802153376107+002 .655776418835555163+001
RSCEO4 »T02640721957332507+009 T 154000657BB7324199+008 +“1365308015157669554+4007
v5CEOY -, 148698219333432744+002 . 2992U7102396274033+4001 «155030323455757030+001
TEPEJS ™ L243879837163260961+007 ’ TUINGNTRT s T o T T B
EVNDT  *s%* DIVERGENCE
e 2 b6US ile3 13 0 T Y753GITSUL0B302284=003 T T Tw B542101086242752217-018
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AT 185 JAYS 3 HR 36 Mliv 2 SECT JULIAN 2438918.0 DAYS .279279+005 SEC (1965 JUN 6 19:45:27); COMPUTED 08 JUN 70 15:39:42

2
RSCEOQ3 ~e1572444787803045074009 «3181177447557781554008 T .141331581980307050+008
VSCEUS =.202507691780482155+002 -2119203928541169008+002 ~,520609033907776245+001
RSCELU ~. 194bL47030055254268+009 =.103142414483644423+009 -.443896091916908894+008
VSCELG SB81L2b0B544971407444+001 -,187742890018778291+002 -.817823592962931182+001
RSCEV4 LLUBL3T7T367509151254008 TLh18324760621460142+007 T =, 742894422677959277+006
VSCEGY - 455269829227484057+001 -.149505552389570971+004 934105943661758311-001
TEPEJ 243691832324002325+007 ’ INCNTR ™ 753 ° T o ’ .

2 AT 1B3 DAYS 3 HR 36 MIN 2 SEC/ JULIAN 2438918.0 DAYS ,279279¥005 SEC (1965 JUN B 19:45727); COMPUTED 08 JUN 70 15:39:42
RSCEOS “ ADT2HULTETB036440T+009 «318117744753778155+004 .141331581980307050+008

VSCEDS =-,2U25076917804821554002 =.119203928541169008+4002 ~—~ ~,520609033907776245+001
RSCELY - LYLBHT0I0055254268+009 -,103142414483644423+009 -, 443896091916908894+008 °

VSCELG LBLl20085449T71407444+001 -, 18%742890018778291+002 = T T=,817823592962931182+001

RSCEO4 LLUBUBTTI07509151204G08 S4183264760621460142+007 -, 7428944226779592774006 e
VSCEU4 = 4552698292274BUUSTFOIVL 7 T =, Thgso58523895F0071+00T T T Y3 I05IL 3661 7EBILI-001T T -
TEPEJ $240691832524002325+007 INCNTR 753

RSCE03 ~,211506631B43935291+4009 "= 233959260251481596+008 7 T =, 9936208173227516892+007

VSCEDS - L SEEB3I664UH10722414002 -, 235027562459873850+002 ~,102374936386666371+002

RSCELU =, 1596085956814 LUTB3¥F0UT ~ 7 <1154656882658B50964F003 =6 333525690F008 o
VSCELU L1424211322085488744002 -, 143453382595632411+002 -, 626539867217079430+001

RSCEOY «958026638100172615+006 .1488U1450618769870+006 ~~ T=,11651I501896118243+006

VSCEQY = 423B56333025538467+001 ~,119u4186772060201714001 267419073 743687283+000

TLREJ . 243695409509752317+007 ’ INCNTR tooo 0 o T T -

5 AT 221 DAYS 10 HR 58 MIN 9 SEC; JULIAN 243895%6.0 DAYS .544543%¥005 SEC (1965 JUL 15 3: 7:34); COMPUTED 08 JUN 70 1B5i4D:25
RSCEUS =, 214132798350909012+009 -, 2861Y37585506105884008 «.122114087458806924+008

VSCED3 -, 125523352533545032+4002 - 241643678275T887824002 7 T =,/1UST7BBUITTI603645+002

RSCELU =, 1b6b5276921101166 /+00Y ~,1577°8886279141807+009 -.682163329505802188+008

VLCELD L 145500649481108093+002 ~,1393057867477000864002 © . ,6071598064118025364001

RSCEUS $20BbUT235996298Bbb+0 05 ~¢1119U6539094329124+006 ~.567317156276665034+005

VSCEOY — 431bH9U4BBY26683034+001 - 1144 /67717075340064000 +3056480640129062824000

TLPEJ L 245bYDbLo0L25BULLIYHUGT INCNTR 1415

Fitlhl. STAVTE VECTOR OLSPLACEMENT FROM DPTRAJ
PUSL1TLuin =ebLIL2oUZZIDLHEL2LLTHU0U
VLLOCITY = THYT7H572UbH53999036-000

. 622503395113027136+000
L OU1674501135263381~006

+123803213013502500+000
., 372509727517792572-006

«882311809245446u57=001
S431107560058471839~006




VIRTUAL MASS TRAJECTORY 08 UUN 70 15:40:26

U

AT

0 UAYS 0 HR U MIN ©

Figure 2 - Page 3

JULIAN 2438735.0 DAYS .149650+005 SEC (1964 DEC

5 16: 9:25); COMPUTED 08 JuUN 70 15:u0:33

R5CEOS “a155191699999999906+0u07 +1175081639999999988+007 +546512699999999935+006
V5CED3 ~.242600039999999997+401 .1815131299999999994001 .867326219999999994+000
RSCELY HUBZ1B922642625580+(08 «130723700772912621+009 «567375381543019336+008
VS5CELY -, 3146837030394 06437+ul2 «953919393201119771+001 L421809095464935946+001
ROCEUS £ 189795871644716757+009 ~ 4579150391924 758504008 -.283052261211136422+008
VS5CEOQ = 151440551501514505+002 «2120964195125507284002 .908028458992784089+001
ToPEJ 245067351 7320601851+007 INCNTR U

EVINOT  xx* DIiVERKGENCE

1 1 603 1161 14 0 «826917422237503080-003 -.348028897367846923~016
'S AT 6 UAYS 23 HR 89 MIN 9 SEC) JULIAN <2438744.0 DAYS .137145+005 SEC (1964 DEC 14 15:48134); COMPUTED 08 JUN 70 15540337

EviuT
¢

< 005 1103

T4 0

«534923430377383562-003

R5LEDS =e039UH1922600075380+007 .20035478R804821297+007 «<122749937520827759+007
VLCEDS =~ 2ILL2UBTIHLTI447 7o+ 001 «187997769907291665+001 .894328929948513133+000
RSCELlu «1oBUYU59265995185u+u0d +156590500635263445+009 +593048292700221587+008
Volelu - 020gb27689Y18968b2a+0l2 +«533809080102586725+001 .239373857098966016+001
_ RbLeLY «1787987197081826064009 -.304900078435132024+008 -.217396542811173873+008
Volily =ea0U738611428570043+002 «181892023423918046+002 . 782629215533866969+001
TePEJ .443b744158732“202g+007 INCNTR 115
i AT U UAYS 23 HR 39 MIn, 9 SECH JULIAN 2438744.0 DAYS 1371454005 SEC (1964 DEC 14 15:48:34); COMPUTED 08 JUN 70 185:40:37
RwlEDD e BOYLELY2260UUTOSBO+ULT »200304788Bb04821297+007 «122749937520827759+007
VLHCEUY ~.2Slu2843754173447T 0400 «147957769907291665+001 .B894328929948513133+000
Relelu «LDBUOULY2ED9YD]udu+iLS «156590500635263443+009 .593048292700221587+008
voCely =.323:6278653186938u24+uu2 .533809n80102586728+001 «239373857098966016+001
RSLEU% wd7L7987197081lueulu+ubY =-.30490007RL8H132024+008 -,217396542811173873+008
VSCEUY -2 150738B611428370584%+0N2 .181892023423918046+4002 «782629215533866969+001
Tebid CEHIOTHGLIOETI2420294007 INCNTR 115
RoCEU = LOUbLTTTE3244204017+009 L4248i28410601i6041454008 187966166934305132+008
VLCEQS —.2UbLA31u2ebBTolYsu+0le - 7713065127904 059%p+001 ~.337692229881432601+001
RoCELlY ~.2U23052330884690604009 -.820272284745426211+008 -.351954341214974320+003
Volhkle SV TUMBLIHE 721 Thotulil ~-.19979982B054093284+002 -.869645761581737779+4001
RSCEO4 fLIHTUGETIHFELSY50+U08 «591113529668727054+007 -, 785708375735651996+006
VoCaU - 409LLBLEDDBZU48THI+U0L ~+108002237H44438310+001 ~.168690369263072990-001
Tersd «243890b72¢612116B00+007 IHNCNTR 50u
ek Ul VERGLNIE

-.151788304147970621~017



2 AT

RSCED3
VoCEOS
RSCELO
V5CElu -
RSCEQL
VSCEDY
TEPEJ

2 AT

RSCEDS
VSCEODS
R5CELU
V5CElu
RSCED4
V5CEDG ™
TEPEJ

3 AT

RSCEO3
VSCEODS
RSCELD
V5CEL0
RSCEO4 -
VSCEO4
“TEPEY

183 DAYS

221 OAYS 10 HR 58 MIN

3 HR 36 MIN

=.157244478780736181+009
~e202507691771570985+002
-.194847030047291975+009

S812008545101397631+001
1434377367933014344+008

= 4252698291571192264+001

«243891832324002665+007

-, 1572444737807361814009
-, 2025076917715709854002
-.1948470300472919754009

LB12608565101397634+001
S L4343T7367933014344008

.243591832324002665+007

<. 455269829157119226+4001

.9 SECH
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T.318117744566055486+008
-+1192U3928550967255+002
=.103142414504429627+009
-.187742890013534400+002
TIF1B324759050%030064007
=.149595552367720080+001
TTTTINCNTRTUTS20 T ¢

T L141331581898471691+008

-+520609033950608854+001
<. 443896092007473219+008
=.817823592940431944+001

T T42894429305072021+006

».?341059““6677“9943-0@1

2 SECi JULIAN 2438918.0 DAYS .279279+005 SEC (1965 JUN 6 19:45:27y; COMPUTED 08 JUN 70 15t140:53

183 DAYS 3 HR 36 MIN 2 SECT JULTAN 2438918,.0 DAYS 2792793005 SEC T1965 JUN™ & 19751277V COMPUTED 08 JUN 70 IBTHUISS

.3151177u456605§439+gpe
-.119203928550967255+002 "
=,103142414504429627+009
= 187742890013538400+002 T
_+4183247590504030064007
~.149555552367720080+001
CINCNTR 520

.;Q;;;;581e9547;§311gos

T-.520609033950608854+001
-, 443896092007473219+008

< BI78Z3592940431 904 +00T

L _m«T742894429305072021+006
93010594R66T 49903601

JULTAN 2438956,0 DAYS +5445434005 SEC (1965 JUL 15 3@ 73 34)i COMPUTED 08 JUN 70 55341305

= 2I413279833586687814009

~-.125523332080620359+002
=, 156652769195972928%009 7 7

.1453006“993@094429&002
S 256607384 358299699+

- 431669462397406889+001
« 24 38ISEE3025BUR 1994007

« 286193758608018822+008
=.241643677882598541+002
428342 IF009

= 1221140874B0940274+4008
-.1050788436218042134+002

TETIS? S T TR BB 3329527938964 ¥ 008
.139335786355113594+002 -,607159804893824463+001
T1IT9UBSH 236930 TISFO0E — — S 557 ITTITBNIBSB TI61IF005
.114%'6767751656226+001 .3056“8079192742610+000

INCNTR 966"

FINAL STATE VECTOR DISPLACEMENT FROM DPTRAJ

POSITION
VELOCITY

.79504&482098159592-006

TR 6186521 7THSITIINSUFOV0 T

TVY3IST37BZEINE9USTESISUUTY
«391848782267320561-006

T IZBUIT3632U622 T4 T0F 00T
«357329891189760857~006

S EOE2EEEBEZTEY TR TF0U0
- I55684157129674259-006

&
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VIRTUAL MASS TRAJLCTORY I8 JuW 70 15:41:00

J AT JO2AYS U HR U MIn 0 SECT JULTAN £43BT73I5.0 DAYS 1496504005 SEC (1964 DEC 5 16: 9:25); COMPUTED 08 JUN 70 18612

RbLEUS =e1l00219109939999%yYotun? 2 1L7H016399999999%84007 «546512699999999935+006
VoukUs ~ e #2000U3999999899 740l .181533129999999999+001 +B07326219999999994+000
RoCElu HUbZ1BYe2b42025080+U00 21507°37007709120214009 .567375381543019336+008
vseely “ e SLHEB3T0IVINYBYS 40U «95391939320411977.14004 L421809095464935946+001
RoCe04 « 1097958716447 16737+Uu9 =, 45794583919:2475830+000 -.2830522612111364224+008
VoCEOu =~ 13144%ubn1501b1400n+une «212098419512550723+00¢ .9080284589927840894001
Tered eeOt 7351 702060 0b1+ul7 IHCNTR u

EVnUT %% ULVERLLNCE

i i wud 1lol 14 0 +501572642973191875-003 -.552943107967607261-017

" AT S UAVL 23 HR 59 Mlw 9 SECS JULIAN 2438744.0 DAYS 157145+005 SEC (1954 DEC 14 15:48:34); COMPUTED 08 JUN 70 15:41:16

KSLEUD =~ H29U419250 70 ToUbMe+ 007 «20030478R4014114474007 «122749937387137144+007
Voloto = 22LL243TITHIBOTTUT+UUL «187957769354158845+001 «B94328927547240147+000
Rotelu cLOBURUE9LO4114Bo%0tuN8 «136H0080BND3518N0752+009 «593048292691410024+003
Volely = 323:62T88%D3703557+002 «5338095793805865354001 +239373856785516361+001
RoCoUl e B87198719701546070+uli9 =.304900078460917084+000 ~.217396542803473035+008
voucUy =~.10U73301lh070ubblo+uli2 #131689202335018683u+00e . 782629215242100860+001
Tered 24U THULIDBTIZ4298L+uT INCHTR 3u

&

6 UMY 23 fr 39 MIn 2 SEC

JULTAN =438744.0 DAYS 1371454005 SEC (1964 DEC 14 15:4B8:34); COMPUTED 08 JUN 70 15:41:16

RHLUEUD = 039U418923LTHTouDEuHY0T 260304 78R4OLE1144T7+007 «122749937387137144+4007
VLCEUo =e23LL2643737418uT7 74 7+001 «187997769354158845+001 . 894328927547240147+0072
RoCELY «1oBLIUbY2bH1ll4bItotULD «136590500635180722+009 593048292691410024+008
VouCEly =.323:627889053763557+002 «53380907938u586530+001 . 2393738567855163A1+001
RbeEUd S L787987197015465 7o+uinl9 =e304900078466917084+00y -.217396542803473035+40053
VoCEO4 =.1007386114b7506030+0C2 .14189520233506186850+002 .782629215242100850+001
Tered v SLTHULOETE242901+U0T THCNTR 30

EVNDT  dok* JIVERGENCE

< oUb 1163 14 0 »212599659115527 762002 ~.6071532165918824863~017
4 AT 183 JAYS 3 HR So MIn 2 SZCi JULIAN 2438918.0 DAYS .279279+005 SEC (1965 JUN 6 19:45:27); COMPUTED 08 JUN 70 15:41:28
RoCEVS =274l T73796029287+ui9 2 318117743531921416+008 .141331581447467910+008 7
voievo =e2d2L07091713121v00+002 -.119203928633456936+002 -.520609034310783734+001
ROCELY = LMChT0299963519427+009 =.103142414623848255+009 ~. 443896092527882568+008




V5CELY
RSCEU4
VoCkU4
TePed

<

RoLEUVS
VoCrUo
Rouelu
Vihendu
RoCEUY
Volous
Terod

Rovruo
voLitlo
Rolelu
Vouely
Rolnus
VoLouw
Tered

N

RoCEUS
Voeedo
ROLELY

Vololiu,

RoCrUys
VatcoUs
fePed

AT

Al

183 UAYS

2l JATS 1

LB812008b46010923U5L+401
cLH3USTTII0UBISIUNTHOLS
- 405269823721685079+001
ZH309ILES25240U536T+ULT

S HR 3o Min &

~eiDTe 447079602928 /+009
~e2U2ul 7091713121 000+0l2
= 1FUHCHTUZH99651L9427+00Y
LGL20UB54bU10923Ub0+uiL
CLHEHSTTITOUOYDIBd T +yUl
= 42D 0IB237L2168B07TY+u01L
cet009185252400bdo Tyl 7

—ezlzedolovieninle2otuy
~eloUelbbui7l2Usbd 7ututi2
~e LU THOYYSE221 3V BhutuLY
140020905008 P20 Tutuli2
LS PENEIRUECL TS I TT VT
=424 ul430bk906021035+001
w24 I69DEYOLLET2030+00T7

HKK D din 9

—edah1327Y3201912037vu (9
= l2DU2332P0Y0146UT4++u02
= lobub27oY1120L33% 7+uuY
e L4D0UULL24LBDOBUBI+LLE
2 20bbUBR2O95083700b+uEY
=4 ILubILLTLD2 LU U+ UL
£ 365003025804 199y T

SECH

SECH

JULT AN ~438918.0 DAYS

JULTAN «<43890h.0 DAY
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“.137742889970421346+002
JHLIB3AUT751145471175+007
~e1495555522398005%0+001
TWENTR 359

«3iR1LT7T7H3IL31921410+000
=.1192u3028035456950+00g
—o1u31+20186256848255+009
=, 1877528699 704213%0+002

CHLBIILTSLIINHILTLLITOH0DT
= 148505552 398U03%0+4001

TNCHNTR 359

=~ 2014 /42574208161 21+000
- 23T4DZ18TU90143081+002
=~ 105727145121 7415244009

=14222900552474F020+002"

«HU1T7O8T53u1450289y+005
=e119395525576912951+004
INCiTR 50u

~.2361757585L2L6200659+000
- 2H16+t3ATH0L822810224002
=+ 15770L886300042540+009
~e139305784154790094+00¢
~.1119/6%865934279599+006
- 1Ll (E7U4S7To4y 77554001

TIsCNTR 667

FatiAl syatc vollOn JISPLACEMENT FrOM OPTRAJ
PuLiTiod
VeelCLir

=~ TL202247T0E50573921+0
e lUHOUYOUYIDIYELD LD~

auy
0o

£1103531131199013726+000
«171E16HYTOB1TY0091-u06

«279279+005 SEC (1965 JUN

5445454005 SEC

-.B17823592781141615+001
-.742394462030051163+006
+934105950706054625-001

L141331581447467910+4003
=.520609034310783734+001
=~ 3B96092527882568+008
-.B17423592781141615+001
=, 742894462030051163+006

«934105950706054625-001

-.105999689306137767+n09
-.103421940961186272+002
-.675252045748644564+008
-.621200401959359494+001
~.9652303356932313190+005

. 268567669557245319+000

(1955 JuL 15 3:

-.12211408757376895%5+008
~+.105078842759119999+002
-.682163329620762179+00%3
=-.607159796266956413+001
-.567317271233726R93+005

«30B04B1654613344444000

«135298919199442480+000
«»271061299354953544~006

6 19:45:27); COMPUTED 08 JUN 70 15:41:28

COMPUTED 08 JUN

. 724765763196019207+000
»1091731625510673968-005



YMASSERFJIKRUnILL
@ ripe VIRTUAL MASS 110 EARTH TO MaRs wlTH GRAPHICS s R JESSue
@ PuPsFL] GEVENT/RUNLLU

20
21
22
23
24
25
26
27
28
29
au
31
32
33
a4
35
34
37
38
39
40
41
42
43
44
45
46
47
448
49
50
.51
52
53
54
55
56

QEVENT PROC

Figure 3

Earth to Mars Trajectory with Graphics

d EARTH TO MARS FLIGHT #1TH EPHEMERIS FILE
CALL EVNACC (* U', FU, v uv, TEPEJ, FOs s21n0)
C CONVERT EARTH CENTERED INPUT (RScDDK, VSCDDK) To INERTIAL
CALL EPHEN
IF (enNOT. LOGOYT) GU Tn 110

xR

ITE (IOMESs 100)
CALL PRTVAR

CALL EXIT

160 FORMAT (¢ EPHEM CALLED BY SIMXXX?Y)
In RUNIT = AUTOKM

VUNIT = AUTOKM / F8a40n

DO 120 1 = 12 3

RSCEINM(I) = ROOEIN(KEARTH=1+I) + RSCDDK({1) / RUNIT

129 VSCEIN(I) = VOOEIN(KEARTH=1+1) + VSCDDK(I) / VUNIT

CALL PLTITL ('sPACE CRAFT anD VIRTUAL MASS DEPARTING EaRTHU}

REAL

YU =

EYE(3)
EYE /
PRJEYE
-2e¢300
e 700
=-12200
1800

s ORIGIW(I)
e0s =319, 916 7 ORIGIN / 3#0. /
{tEYE, 1)

C INITIALTIZE SIMULATOR

CALL
LPRHO
G0 TO
210 CALL EyN
CatL
GO TO
220 CAaLL EVN
Capy
CALL
G0 TO
230 CALL EyN
Cacp
CALL
CALL
CALL
241} CONTINUE
Enp

viiXAaCT

W = JTRUE,

9915
ACC (°
PLOT

99156
ACC (°
PLTITL
PLOT

2918
ACC (°*
PLTITL
PLOT
PLTEND
EXIT

I, » Do, v 1%, A1, Ci, $220)

2%, v 1%, v 2%, A2, C2, %230)
(*TRANS MARS MOVEMENT®)

3v, v 2v, » 30, A3, C3, $240)
(*SPACE CRAFT AND VIRTUAL MASS APPROACHING MARS®)

W PODP FLI QAUXEQ/RUNLILD

GAUXEQN PROC

TEPEJ = TEPFJD + TEPEJS / F86400

IF (1EVC
Al =
RETUR
510 IF (IEVC
A2 =
RETUR
520 CONTINUE
Enp

UR o NE
VALUE

N

UR W NE
VALUE

N

« P U*) g0 Tpo 510
(RVMEIN1

s ' l®) GU TO 520
(RSCEQO(KMARS))

@ POPIFLI REQCER/RUNLLD

REOCEW PROC
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57 ) DO 530 1 = 0, 2
58 CAL | COLECT (¢ X* » 3, SNGL (RSCEIN{(I+1}))
59 CALL COLECT ('RVMEEIX® & I, SNGL (RVMEIN(I+1)})
60 CAlLL COLFCT (KEARTH s Lo SNGlL (ROQEIN(KEARYH+I I}
61 CALL COLECT (KMARS 4 1s SNGL (ROQEIN{KMARS +I))}
2 830 CALY COLFCY {(KSUN o J, oNGL (ROOEIN(KSWUN. 11} } . R
63 IF (MOD (INCNTR. IPLOTHM) .NEe. 0n) RETURN
b4 1 {INCNTR .NE. (O) GO _TO. gH0 B
65 CALL PLTOUT
hé CALL PLTICS (¢ Xe, SnGL {xb 3y, SNeL (Xidyy
67 - CALL PLTICS (¢ Y*, SnGL (YL)s SNGL (YU))
48 sS40 CALL PLOT
69 ENp
70 @ PpP,FL] QSTORE/RUNI1LQ ‘ B .
71 QSTQRE PROC ;
72 EQUIVALENCE (VAC Ly TEPEJ LAY, (VAC(2)s A} 3
73 2 . (vactads a2 ) (VAC(4), RUNIT )3 (VACt5) s VUNIF )
714 [ 3 {VAC{7), XL da ) I
75 4 {vacial, XU ), {vaCt9), YL Yo (VAC(10), YU ]
76 C NOTEe THE DATA STATEMENT MAY NoT BE USED FOR ASSIGNMENTS TO COMMON
77 € ' SEE LopCoM WHICH CLEARS coMMOnN To 0O ON PROGRANM STARTUP
78 DATA €1 / o10D0 / €2 2 oinB 7 3 / o242895663p25804207
79 i IXP (x) s IFIX (1024 ® SNGL ((X = XL) / (XU = xL)))
aa IYP (Y) = IFIX (1024 # SNGL ((Y = YL) / (YU = yi}1))
81 END
a2 @ PDPsFLI QPRINT/RUN11O
83 QPRINT PROC
84 CALL SCALE (RUNIT, RSCEOQ(KEARTH)y TVI)
85 ‘ - CALL SCALE (VUNIT, VSCEOO(KEARTH)Y, TV2)
86 call scALE (RUNIT, RSEEOD(KSUN 1, TV3)
87 CALL SCALE (VUNIT, VSGEOQOO(KSUN 19 TV4)
Y] CALL SCALE (RUNIT, RSCEOQOO(KMARS )}, TVS5)
89 CALL SCALE (VUNIT, VSCEOO(KMARS ), TVé)
90 WRITE (JOPRT. 710) (Tyl(f)e 1 = 14 18) '
91 710 ,FORMAT ( // * RSCE@3'§ 3630.18/ ' VSCED3', 3630+18/
92 i * RSCE40%, 3G6a0.08/7 ¢ VSCE10%, 3630.i8/
93 2 * RSCEQ4') 3G30,187 * VSCEO4', 3G30e18)
94 B PRINT 720 TEPEJ, INCNTR _
95 720 FORMAT (v TEPEJ 9, G30.,l8, 18X, 'INCNTR®, $4)
96 RETURN
97 ENTRY pLOT
98 750  CALL PLTSEM (1) e
99 , CALL PLCHAR ('s*%) ‘ )
100 CALl, Q3DPER (°? Xt, ¢ ye, ¢ - Ze)
101 ' CALL PLCHAR (ty?)
io2 CALL Q3IDPER (*RVYMEpX®*: *RVYMEIY®, 'RyMEIZ®)
103 . CALL PLCHAR ( 0 ) ‘ :
. 104 CALL QIDPER (KFARTH., KFARTHel, KEARTH¢2)
108 CALL Q3DPER (KMARS , KMARS ¢l i KMARS +2)

106 CALI Q3IDPER (KSUN , KSUN 1, KSUN +2) _ o
107 CALL AURITE (IXP (ROOEIN(KEARTH)®el), IYP (ROOQEIN(KEARTH®1)],
_ios ~__J__,_~__Lﬂ23¢_2ﬂ4~054__£A3*y’l e
109 CALL AURITE (IXP (ROOEIN(KMARS )we5), IYP (RPOEIN(KMARS #1131},

110 . i 1023: 90, 04 "MARG®) .
111 CALL AURITE (IXP (ROOEIN(KSUN )#*el), IYP (ROOEIN(KSUN +1)),
112 1 1023, 90, 03, *SQUNTY . e

3 ] END

o A e e A A o Tt R et = i =+ i
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i

B COPYsS LVMASSeSIMAXXsSIMAXX
118 . @ CoPYsS LVMASS<PRTXXXoPRTXXX ... . _.
116 W COPY S LVMASS.COMMON,COMMON
WJALZo R FORsw SIMAXX.SIMAXX . e
iia fa FOH.N PRTXXX.PRTXXX
119 =23,43 . RS R
12 INCLUDE gFAC
121 INCLUDE 9TEM e
122 INCLUDE QEPH
123 B MAP LVMASSsMAPaMARYIIO
124 W XaT MAP110
125 s0ATADK , I e e e
126 RSCDDK = =s18521917D7, +11758164D7, e544651270n0b
127 _ VSCDOK 2 wo2426000401] ¢18151313D1, . 98¢?32&32§ﬂ4
12a TEPGOJD =@ «243B73507, TEPDJS = 14965,.,D00,
129 LSTDOK = sTRUE., I
130 IPLOTH = 16,
131 $END
132 @ FREE 12.
133 W ASGsTM PLOTFILE,TSPLOT

134 ROXav LAUPLTaPHASEZ




VIRTUAL MASS TRAJECTORY 25 SEP 70

18:uB848

Figure 4

Print-out from Earth Mars Trajectory with Graphics

o AT 0 VAYS 0 HR 0 wln 0 SECS JULIAn 2438735.0 DAYS +149650+005 SEC (1964 pEC 5 143% COMPUTED 25 sEp 70
RSCEga =21552)9169999999998+0p7 01175881639999999988+007 $546512699999999935+4004

VSCEOn ~e242600039999999997+0501 *181513129999999999+00n1 e167326219999999994+000

RSCE1IN *HU6216922642625586+008 *130753700775%12621+0u9% W567375381543019336+008
CVSCEn =e314683763039406437+U02 °953919393201119771+0n1 «421809095494499359446+00

RSCEU4 #1897958B7146447147237+009 ~*457915839192475830+4008 -.783052261211136422+008

vsCEu4 =e131440551501514505+002 *212038419512550728+002 .9080284589927840389+400}

TEPEJ *243873517320601851+007 INCNTR 0

1 AT 8 LAYS 23 HR 39 MIN 9 SEC: JubIaN 2438744,0 DAYS 4137145+0Q08 SEC (1964 DEC 14 15748334)F COMPUTED 2% SEF

RSCEUR =+339041929273824328+u07 0260364781445131577+0n7 122749934381 066057+007

vsCena =+231024381159084105+001 *18795775673R488906401 _eB94328872781588364+00p

RSCELD 158090589a38a813432+008 *1365305005841412584009 2593048272492335094+008

vSCELN “+32326278974736AR843+002 «5338690630028480436400% 223937384967547)1p89+00}

rRSCENY «1787987194613137236%u09 ~*304960078067549465+0n8 -.217396542634683844+008

vSCENy ~e15U738612358263212+UN2 +181B320218179724444002 .782629208615123540+00

TEPEY +243874415873250818+007 INCNTR a9

1 AT 8 UAYS 23 HR 3% HIN 9 SEC; JubTAN 2438744.0 DAYS ,137145+006 SEC (1964 DEC 14 15548:39)% COoMPUTED 25 SEP 70 16i18106
RSCEOA =0339041929273824328+007 +260364781445131577+007 . ..»122749934381066057+007

vsCens ~e231024381159084105+001 ¢187957756738488906+0n1 «894328872781588364+00¢

RSCE10 *158090589R8R8134324008 *136530500586141258+009 L593048292492335094+008

VSCELN =+323262789747368843+002 *533869063002880436+0n1 .239373849675471889+00)

RSCEDA *1787987194613137236*009 «*30496007806754994654008 -.2173965492634683846+008

VSCEN4 ~»190738612358263212+002 *181A32021817972444»002 i782629208615123540+00)

TEPEJ +243874415873250818+007 CINCHTR. o 3% e

EVNDT @ss DIVERGENCE

1EVE 1) 2 2 605 1173 14 -0 +51589908=~002 o 173472255017
2 AT 183 DAYS 3 HR 36 MIN 2 SEC: JubIAN 2438918.0 DAYS 279280+p0s SEC (1965 JUN_ 6 12:45:27)7 COnPUTEDR 25 SEP 70 1831832y
RSCEDA = 1572444790981349794009 *31811772041678560540n8 L1413231571367142137+008

LMSCEDA. "e2U250769043517019.6+002 we1192029303924189034002. . =.52060904919916881336%00y . ..

RSCE1N =e19484702R8782946496*007 «*10314241727836770540n9 ~sy43896104095630021+4008

VSCELD «3l2608568754160410+001 =*187742889172192646¢002 «.R178235089329647885+00]

RSCENA4 «143437741842034969+008 «418312457216361357484gn7 -, 742895204847060535+004

vsCEu« =9455269819136649691+001 -*149655549409733672+an1 . .a934106083838519278~004

TEPEY *243891832324063290+007 INCNTR i71
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TTVIRTUAL MASS 110 EARTH TO MARS wITH GRAPHICS 7 R JESSUP

RSCEQA
VSCEO3
RSCE1N

¥SCEn,

RSCED4
vsCenw
TEPEY

3

rR$CEQA
VSCEQ A
RSCELN
vsCein
RSCEDq4
VSCED4
TEPEJ

AT

AT

183 DAYS 3 HR 36 MIN

=e157244479098136979+009
~e202507690435170196+002
“»194847023R78296496+009
+312608565756160410+4001
+143437741842034969+0D8
=e455269819136649691%001
+2438918323240623290+007

2 SECE JULIAN 2438918,0 DAYS .279280+005 SEC (1965 JUN

«31811772041678560540n8
~*11920393039241890340n2
-*10314241727836770540n9
w1 BZ74208%91721926464002.

¢41832457216361357440n7
-*1495555494097334724001

INCNTR 171

L1413315713671421274008
-.520609041991881236+00)
~.44389610409563002)+008

. =.R37823589329647885+00
-, 742895204847060635+005
.934106083888519278~00)

6 1974512713

COMPUTED 25 SEp 70 835320

221 DAYS 10 WR 58 MIN 9 SEC? JuLJAN 2434956.0 DAYS .sqqsﬂa*uos‘sec (1965 Jul 15 3% 7:34)¢ ComMPUTED 2% SEP 7D 1831513t

~e214132796112941517+009
~e125523261213441699+002
=e156652766973040836+009
*14530072nR01269252%an2
025662961364557ﬂ7360005
~e43166875372R688159+001
*2438956413025804199+u07

-*2686193760688064060%4008
241 4436092873994524002
«e157768886511543777+009
*139355717759905850+002
w*111904771495006057+006
w1 144760818296084744001

INCNTR 317

~.122114088372728523+008
-, 105078815435830248+00;
~a48216333049;9719304+4008
-, 407159523034%047324+00)
~e567318070187339497+005

+305650897790385680+00¢




SPACE CRAFT AND VIRTUAL MASS DEPARTING EARTH

MARS
EARTH
T,
SUN
X  -2.300 . 000
— L0000 -31.90 91.350 Yy -1.200 1.800
l_wtaln «2.500 -1,200 L3790 b4 .3790 L3090

FIGURE 5 - EARTH TO MARS TRAJECTORY: VIEW 1
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TRANS MARS MOVEMENT

MARS

SUN

X -2.390 . aan
ewd o000 -31.90 91.30 v -1.200 1.800
P -2.300 -1.200 L2500 7 L2500 L4300

FIGURE 7 - EARTH TO MARS TRAJECTORY: VIEW 3




S2ACE CRAFT AND VIRTUAL MASS APPROACHING MARS

MARS
EARTH
4 X -2.3030 . N
gy naon 24 ;s as -0 2% PRS- W\ Ve § T Yo Ve |
l_)ll&l" -2.300 -1,200 -, 4000 7 - .423D0D FER A

FIGURE 8 - EARTH TO MARS TRJAECTORY: VIEW 4




S2ACE CRAFT AND VIRTUAL MASS APPRBACHING MARS

4 X -2.300 L 00D
EV Ao Ea B0 a4 ¥, | 3 12300 P B T )
[ ImTsIN -2.300 -1,200 -.4500 b4 -. 4500 .4100

- FIGURE 9 - EARTH TO MARS TRAJECTORY: VIEW 5




SPACE CRAFT AND VIRTUAL MASS APPROACHING MARS

\? MARS x  -2.300 . 000
E' F.v.7.%. 1 B4 y .. W £3

2 40200 L A00

L_on;!n 2,300 -1.200 .. 4500 F 4 -.4500 L4100

FIGURE 10 - EARTH TO MARS TRAJECTORY: VIEW &




Figure 11

Restricted 3-Body Trajectory Instructions

VMASS®3F JC« RUNSOD

1 3 D6 V VMASS EARTH-MO0N wITH ZP4sCd s R JESSU?

2 3 PIP,yFLI QEVENT/RIN3Z00

3 QEVENT 2ROC

4 c REFERENCES D 4 NOVAK, '!VIRT|jAL MASS TECZHNIQUE FOR COVPUTING
5 c SSACE TRAJSCTORIES,'! ZR 14045, CONTRACT NAS 9-4370,

6 c VARTIN COMPANY, JANUARY 1956, -

7 CALL EVNACC (*START', FO, 'STaRTt', TTRE, FOs $310)

8 o EVINT START ONE TIVE cALCULATTONS, CONVEIRT INPUT TO DIMENSIONLESS
9 c UNITS SOR COMPATASILITY WITH 5-300Y ZPHEMERIS

10 602 = 01214328920

11 501 = F1 = 502
12 RUNIT = 207747.220 \

13 TUNIT = RT0D / .54901493D0

14 VINIT = RINIT 7/ TUNIT

15 CALL SCALE (F1 / RyNIT, RSADIKs RISCEIN).

16 CALL SCALZ (F1 7/ VyNIT, V3e23K, VSCEIN)

17 < INITIALIZE SIMULATOR

18 TEE = - 93,5911772n / TUNIT

19 TJTODA = TUNIT / Faob

20 CALL EZPHEM

21 CALL VMXACT

22 LPRNOW = «TRUE.

23 50 TO 9915 o ‘
24 310 CALL EVNACC (*MDCORS', 'STARTes 'VMDCORS', 70,00, TTREHR, $320)
25 60 TO 9915 ‘ B ‘

26 320 CALL EVNACC ('CUTOFF?!, 'MDCORg'r 'CUTOFFY, A2, FO, $340)

27 ITysTP = IEVCUR

28 LPRNOW = +FALSE,

29 0 TO 9915

30 340  CONTINUE

31 END

32 3 PIPYFLI SAJXER/RIN300
33 IAJXEQ PROC

34 " TTRE4R = TTRI & TUNIT

35 ENERGY = (F2 * (801 / RSCDO0L + 802 / RSC)H02) .
36 1 - F2 % (RSCEIN(2) * VGCIIN(1) = RSCEIN(1) * VSCEIN(2))
37 2 - DOT (VSCITIne VSCEIND) # VUNIT & VUNIT

38 c AUXILLIARY ZQUATIONS FOR CALCLATIONS CONTROLLING EVENTS M2C0RS
39 c AND CUTOFF

40 IF (IEVCUR LEQ@. 'START') RITURN \

41 IF (IZVCUR .ZQ. '¥DCORS') A2 = JOT (RSCED2, VSCED2)

42 A'b)

43 3 PDPyFLI QEOCER/RUN300

44 REICEQ PROC

45 END

46 3 PIPyFLI QPRINT/RJIN300

47 QPRINT PROC .

48 c PRINT SPACE CRAFT STATE IN INouT UNITS

49 NAME LIST / PRTOD1 / yNONTRs TTREHRy ENERGYs RSCXINs VSCXIN
50 CALL SCALEZ (RUNITy RSEEINs RSeXIN)

51 CALL SCALE (VUNIT,» VSEEIN, VSeXINY
52 WRITZ (IDPRTs PRTO01)

53 IN)

54 3 PIOPYFLI 3S5TORE/RUN3O0

55 35TORE PROC A , .

56 SQUIVALENCE (VAC(1y» TTREHR),  (VAT(2), A1 Vo




57
58
59
50
51
52
53
54
55
b6
57
68
59
70
71
72
73
74
75
76
77
78
79

3R-S-S -V DA-PAL-B - -3

Figure 11 - Page 2

1 (VAZ(3), A2 Yo (VAT(4y» RUNIT Do (VaC(5),
2 (VAC(B), VUNIT )¢ (VAT(7y» TEE  )»  (VAT(8)
3 (VAC(9), RSCXIN)»  (VAT(L2)r VSCXIN),
4 (500 , 801 )  (BDOO(22) » 502 )
5  (RSCEZ00, RSCEOL1)e  (RSCEDN(22)s RSCED2)
&  (VSCEDD, VSCED1)s  (VSTEOA(22), VSCED2):s
7 (R5CD0D, R5CI01)s  (RSCDOA(22) s RSCD02)
DIMENSION RSCXIN(3)s ySCXIN(3)
ZND
COPY»S LVMASS,COMMON, COMMQN
COPYrS LVMASS,SIMXXX,SIMXxX
COPYrS LVMASS.PRTXXX,PRTXxX
COPY»S LVMASS,EPH2C0,ZPH2,0
FORpW  SIUXXXeSIMXXX
FORyW  PRTXXXePRTXXX
FORpW  EPH2COrEPH2CD
vAP LVVMASS VAP, MAP300
XaT MAP300
$JATADK |
35C0< = -1125,088D0, =-5433,09512n,  195,972730,
VSCII< = 18354,87920, 3152.5321dns 10524,883010,
L3TIIK = ,TRUE,.»

PEND

?UVI? )e
TNERSY) ¢



V MASS EART4=MDON WITH E£PH2{D / R JESSUP

VIRTUAL vASS TRAJECTORY 15 SEP 70 10:17:34

START AT

$PRTODL
INCNTR
TTRIAR
ENERGY
RSCXIN

"N

VSCXIN

$END
MICORS AT

$PRT001
INCNTR
TTRIHR
ENERGY
RSCXIN

ot

VSCXIN

$END

MOCORS AT

$PRT0O01
INCNTR
TTRIHR
ENERBY
RSCXIN

N

VSCXIN

$PRT001
INCNTR
TTREHR
ENERGY
ISCKIN

HmHAH

VSCKIN

$END

D JAYS 0 4R 0 MIN 0 5Eci JULIAw

+0
»00000000000000000074000
«703398973B78472B152+007
~+1126088000000000000+004,
«1959727000000000002+003
»18364878999999999904005,
»1062488900000000002+005

2 JAYS 22 4R 0 MIN 0 5Z¢% JULTAw

+482
»70000000000000000904002
«7033989687369809310+007
=~ 77866675233466635024003,
«156425026016198535D+003
«17460820392B7719110+004,
~.4018807069918156473+003

2 DAYS 22 4R 0 MIN 0 SEgF JULIAN

+482
+70000000000000000104002
+70339B9687359809310+007
~. 7786667523346663502+003,
2 1564250260161985950+003
«17460820392B7719112+4004,
~+4018807069918156470+003

+533
+70338752740658504020+002
«7033983688938498430+007
+5562582108917108350~001,
+1547238142843228602-001
«2693238092763662162+004,
= 504434140333037887)+003

Figure 12

Restricted 3-Body Trajectory Printout

«0 DAYS ,0000004000 SEC (**%«& NOV 24 ¢2: O

~.54330950999999999874+004,
.3152532099999939990+004,

0y3 COMPUTER 45 STP 7n 10217:35

+0 DAYS ,000000+000 SEC (x¥«% NOV 24 12% 0% 043 COMPUTEY 15 SE° 70 10317:45

.20503372430005123304+006,
.16283180285994071404+004,

.0 DAYS ,000000+000 SET (**ax NOV 24 123 0: 043 COMBUTED 15 8T8 70 10:17:45

.2060337243000512330+006,
.16283180285994071404+004,

.206373036471956116D4+006,

.8843950205506454500-001,




Figure 13

K Restricted 3-Body Trajectory with Graphics
VMASS5 %37 JK '« RINB1D

1 3 425 V VASS EARTH-MOON yITH EP45C0 AND OVERLAYS / R JESSUP
2 ? PIPyFLLI IEVINT/RUN3L0
3 RTVENT PR0C ‘ ‘ )
4 c REFERINCET D o NOVAKL, 'T'VIRTjAL MASS TECANTQUE FOR COVPUTING
5 o S2ACZ TRAJZICTORIZS, 't IR 14045, CONTRACT NAS 9-4370
6 z MARTIN COMPANY, JANUARY 1955,
7 CALL EVNACC (*START®, 70, *STaRT®, TTRE, 70+ 3310)
8 o EVINT START ONZ TIMZ £ALCULATYONS. CONVEIRT INPUT TO DIMENSIONLESS
9 c JNITS FOR COMPATASILITY WITH »=-30)Y ZPHEVERIS

10 502 = .012143289)0

11 501 = F1 = 502

12 RUNIT = 207747.220

13 TUNIT = RTDD 7/ ,5490149320

14 VINIT = RINIT 7/ TUuNIT ,

15 CaLL SCALI (F1 7/ NIT, R529Jk, RSCEIIN)

15 CALL SCALIZ (F1 / ViNIT, V5+22<, VSCIIV)

17 o INITIALIZE SIMJLATOR

18 TEZ = = 93,5311772n / TINIT

19 TJTODA = TUNIT 7 Fol

20 CALL EPAEM

21 CALL VMXACT

22 IZVREP = IEVCJR v

23 IZNVA = TEINVARTY + TRUN

24 ISTEP = *STEPSY + TRUN

25 ITTRE = *TTRIHR' + IRUN

26 IRUN = IRJIN + 1

27 D2 112 I = 1y 3

28 CALL CJLOUT (FRYMEUW® + I)

29 CALL CULDJT (fRa2ZUN' + I)

30 112 CALL CULOUT (*RSCEUWT + T)

31 LPRNOW = .TRJIE,

32 50 TO 9915

33 310 CA-L EVNACC (*VMDCORS', 'STARTe, *MICORS5', 70,030 TTREHR, $3203
34 CALL ZOCER

35 &0 TO 9915 , o N

35 320 CALL EZVNACC (PCUTOFF!, 'MITORc'y 'CUTOFFY, A2, FO, $340)
37 CALL ZDCER

38 IZysT? = IEVCUR

39 CLPRNOW = .FALSE,

40 o CPLOT RISJLTS

41 CALL PTX ('RSCEJX®, PRSCEJyY) ‘ ,

42 RIAL ZTYZ(3) / ,1Z6, »15Z8y 127 / ORIGIN(3) / 3%0. /
43 CaL. 3320RG (ORIGINve 1)

44 CALL 33DZYE (ZYEZ, 1)

45 CAL- 3325+A (.0, 3)

46 CaLL PLTSIM (1) ,

47 CALL PLTICS ('RSCZ X'y =20nDes o15ES)

48 CAL. PLTICS ('RSCE, Y'Yy =-.155r ,21E6)

49 CALL PLTICS ('RSCZ; 2% =10n.r 9100,)

50 CALL 93DPER ('RSCTI X'y 'RSpTJYY, 'R3CIVUZY)

51 CaLL 23254A (8.0 Oy .

52 CAL. 33IPIR (PRVMI X', *RVUIJY', 'RVMZYZY)

53 CALL Q3IDPIR ('RO2I X'y 'RO2ZJyv, 'RO2zZyYZY)

54 15 (IRUN ,NZ, 1) 3pn TO 314

55 X0 = RBPCIINCL)

58 YO = RSCIIN(2)




105
105
107
108
109
110
111
112
113

T O

Figure 13 - Page 2

120 = RSCEZIN(3)
, G0 TO 315 ‘
314 T1 = (X0=-RSCEIN(1))%%2 + (y0=RSC EIN(2)) %%2 + (Z0- RSCEIN(3) ) k%2
CALL COLECT (*DEV', SNGL (GIRT (T1) % RINIT) % 1.Z+04)
CalLl COLECT (*P *, SNGL (RTOPRF) % 1,E+15)
caLL 2LTOJT
CALL-PLrOVP
315 IE1,90Y, LSTDIK) 0 TO 9945
CALL PLTSIM (1)
CALL PLTLOS (IENVA + 1 - IRUNY 1) o
CALL PLTICS (IENVA + 1 - IRUNy 1.E+00r 1,E+10)
20 324 I = 1, IRUN
ENCODZ (<, 322) I
322 FORMAT (13)
uALL BLTAGS (<)
CALL PXY (ITTRE+I=-IR(Ns IENVA+I=-IRUN)
324 CALL XY (ITTRE+I-IRN» ISNVA+I= IRJV)
CALL AJRITE (12, 500+ 1n2%, 180, 15, °SCALED BY 1,E12%)
CALL PLTSIM (1)
CALL PLTLOG (ISTEP +
CALL PLTICS (ISTEP +
20 326 I = 1, IRJIN
ENCODZ (Ko 392) I
CALL PLTABS (K) o
CALL PXY (ITTR +I-IR)Ne ISTEP+I=-IRUN)
325 ~ CALL XY (ITTRE+I-IRyN» ISTEIP+I-IRUN)
CalLlL PLTAGS (0)
CALL PLTSIM (0) A
CaLlL PLTICS ('22V?, 1,E00 1.28)
CaLy PLTICS ('2 ¢, 1,EDr 1.510)
CaLL PLTLOS ('DEVY, 1)
CALL PLTLOG (P v, 1)
CALL aXy (tpt, t3=y)
CALL AJRITEZ (12, 500s L1n24, 180, 15, "SCALED BY 1.E04°)
CALL AURITE (5509 12» 1n24%, 090, 15, 'SCAL D BY 1.,E15")
CALL PLTEZND
CALL EXIT
340  CONTINUE
ZND
D PIPYFLI QAUXER/RUN3LD
JAUXIR 2R0C
TTREHR = TTRE * TUNIT
ENZRGY = (F2 % (501 / RSCD01 + 502 / *5CI02) _
1 - F2 % (RSCIIN(2) * VoCIINC1) = RSCEIN(LY = VSCTIN(2))
2 = DOT (VSCEZIIur VSZEIN)) % VUNIT % VUNIT
I (INO .ZQ@s FO) END = ENERGY »
AJXILLIARY EQUATIONS £0R CALCHLATIONS CONTROLLING SVENTS 4ICORS
AND CUTOFF o
I (IEVCUR 23, 'START') RITURN ‘ \
IF (IZVCUR «EQe 'MDCZORS') A2 = JOT (RSCED2s VSCED?2)

- IRUNy 1)

1
1 - IRUNY 1.E+00¢ 1.E404)

END ,
3 PIPyFLI 9EOCIQR/RUN3LD
9E0CER 2R0C
20 410 I =1, 3
CALL COLECT (¥RSCEW' + I» SNBL (RSCEIN(I) % RUNIT))
CALL COLECT (*RWMZ W® + I.» SVGL (RVMEIN(I) % RUNIT))
410 CALL COLECT (*RO2ZyN* + I, SNGL' (RO2EIN(I) % RUNIT))
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11y CALL COLECT (ISTZP, FLOAT (INANTR))
115 CALL COLECT (ITTRE, SySL (TTR=HR))
116 CALL COLECT (IZNVA, A3S5 (SNBL ({(ZNERGY = ENO) 7/ ENO)) % 1.512)
117 END
118 3 PIOPYFLT 3PRINT/RUN3LD
119 QPRINT PR0C e . S
120 NAME LIST / PRTO01 / TNCNTR, TTREAR, ENERGYs RSCXIN» VSCXIN
121 CALL SCALE (RUNIT, RS£EIN, RSexXIN)
122 CALL SCALE (VUNIT, VSRZING VSAXIN)
123 WRITZ (IDPRTy PRTO01)
124 ZND
125 9 POPsFLI ISTORI/RUN3LO
125 35TORZ 20 ‘ \ N
127 TQJIVALENCE (VAC(1ye TTREZAR), (VAT(2), Al Yo
128 1 (VAZ(3), A2 ) (VAC(4ys RUNIT ) (VAC(5)e TUNIT )o
129 2 (VAC(8)s VUNIT ). (VAC(7yo TS )y (VAC(B)» ENERGY) s
130 3  (VAC(9)» RSCXIND (VAT(12)¢ VSCXIN),
131 % (300 o 801 )y (600(23) » 502)9 (RODEIN(22) s RO2EINI
132 5  (RSCEIDr RSCEI01) (RSCEDA(22)s RSCED2)»
133 &  (VSCEDO, VSCIO1)s (VSCEDN(22) s VSCED2) e
134 7 (RSCDOO» RSCIDL) (RSCD0A(22)s RSCDD2)
135 DIMENSION RSCXIN(3)e» ySCXIN(3ys RO2EIN(3)
1356 END ,
137 3 COPYeS LVMASS,COMMON,COMMpN
138 3 COPYrS LVMASS.PRTXXXsPRTXxX
139 2 COPYsS LVMASS,ZPH2C0,E242¢0
140 2 COPYsS LVVASS,.SIMXXX,SIUXxX
141 3 FOReW  SIMXXXeSIMXXX
142 ? FOReW PRITXXXsPRTXXX
143 9 FORyW EPH2CDpEPH2CD
144 3 VAP LVMASS . MAP, MAP31D
145 2 ASGeTH 31, ToTAPE
146 ? XaT VaP310
147 $IATADK ‘ ‘ S
148 RSCIDK = =1126,088)0s =5433,0951Dn0 195,972730,
149 VSCIDK = 18354,87920, 3152.53212ns 10624,889020,
~iE5 T TRTORRE = T.9-18; _wis5ze002liny o
151 $ZND
152 $DATADK
153 RTOPRF = 1,D=15y
154 $ZND
155 BJATADL
155 RTOPRF = 1,0-10¢ i
JAS7 0 BEND
158 $OATADK
159 _ LSTDIK = ,TRUE.s
150 RTOPRF = 1,D-05
151 $END
152 3 A5G5+TV PLOTFILE s TePLOT
163 9 X@T_ LAUPLT.PHASEZ2




Program Printout Restricted 3-Body Trajectory with Graphics

TTVIRTIRCTVASS TRRJZTTORY 15 SEP 707 I5IU4T00°

START "AT

$PRTO0L
TTINCWTRT
TTREYR
ENERSY
SCXIN

1"

"o

VSCXIN

1}

$END

$PRTOOL

INCNTR
_ITREAR

0 JAYS

0 4R 0 MIN D0 SEgt JULIAw

+0
«0000000000000000002+000
«7033989738784728140+007
=-.1126088000000000002+00%,
»195972700000000000J+003

.1835487899999999930+005»

", 1052488300000000002%005

+500
+99781548271583130812+001

ENERBY
RSCXIN

i nan

VSCXIN

SENDT
$PRT001
INCNTR
TTREHR
ENZRGY
L_RBTXIN

RIN I

VSCXIN

"

$END
$PRT00L
TINGNTR
TTRZAR
ENERGY
- RSCKIN

I

E36Y
RSCXIN

"o E" i

VSCXIN

1]

N LN

»7033983738749377250+007
«1235454727331490852+005,
+9029834723950083100+004%
-, 456363418751156502334002»
«4045954343537637633+002

+1000
47922595235131735674002
+70333897387161972524007
+242701495157UT4UE1D+00k,
4u501795883254813,0+004

~.298009078734098785+003¢

-.1733550253990320700+003

T 741500

»55361934711301909404002
+7033989738554B043574007
=+18708602790894956050+4004,
£126149979756522215404004
~e1091455946199195772+4003,
«,2007875804332912517+003

+2000
»53658981970957704332+002
»7033989738567510142+007
~e1229291945275529742+004,
«27779500231560452410+4003
»99188284941023896R2+003
=.3202295018132790312+003

Figure 14

«0 DAYS ,0000004000 SEC (#%&k NOV 24 123 0 Dy3 COVPUTEN 15 SZR 70 15:06eUB

~.5433095099999939982+004,
.3152532099999999995+004,

.50168130609317233904005,
J44095713844145966104004,

+16670508519592921804006,

+1958185404175201900+004,

 .1978962264504271010+006,

.1685599271469121707+004,

L20542337448882161604006,
.18540681744537357904+004,




V MASS EARTH-MOON

Fiéure 14 - Page 2
WITH EPH2C0 AND OVERLAYS 7/ R gessup ™ o

$END

e SOHY3404134789417434003

EVNDT  #y¥ JIVERGINCE T e o ) o
IEV( 1) MIZORS  MICORS 1301 601 1 o .50846147=004 o ~.11102230=015 )
MDCORS AT 2 DAYS 22 4R 0 MIN 0 SE¢t JULIAN 0 _DAYS ,0000004000 SEC (%kx= NOV 24 121 D: 0,3 COMPUTED 15 SER 70 15:n7:27 .
$PRTO01
INCNTR = +2154 . . L e _ _
TTRIHR = +700000000000600001J+002
ENZRGY = +70339897385663854352+007 o .
RSCKIN = =. 7786571834275625952+003 .2060337240408850040+006,
e 415B42501569990478aJ+003 ) e
VEEXIN TS L 1745081693502575140+004, J162B318262595714460+004,
-, 4018806266350590317+003 o )
FEND _ §
_MITORS AT 2 DAYS 22 4R 0 MIN_ 0 SZgs JULTAN _+0 DAYS ,000000+000 SEC (*¥*ex NOV 24 121 0: 043 COMPUTEN 15 sER' 70 ¢
$PRT001 B
INCNTR +2154
TTREAR = .700000000000000001D+002
ENERSY = o 70339897386638549804007. . _ o
RSCKIN = ~,77865718942756625950+003, .205033724040885004D+006,
+15542501563990478a2+003 e o
VSOXIN = W 17460816939029751504004, +162831826259571446D4004,
-,401880525656350590310+003 _ [
LBEN N — e e e e e e
EVNIT  #gk DIVERBENCE - T . . ’ R
IEVC 1) CJUTOFF  CJTOFF 505 -115 13 0 ~.12810293-00% = 17300741019
SUTOFF ar 2 JAYS 22 4] 20 MIN 19 SEe3 JULTAW +0 DAYS .000000+000 SEC (+&x# NOV 24 323 0: 0\3 COMPUTED 15 SEB 70 ¢
$PRTOOL
INSNTR = #2400 v o N ) )
TTRE4R = +7033875285751197097+002
LENERSY = ...~7033989738556801900+007 " SN —— -
RSCKIN = +55419316467823294,5-001" L2053 730363999001760+006,
+1543725018157747543~001 o o T .
VECXIN = «2593238215560974520+00%, L BB3Z25B1890109B00385~001,




Figure 14 - Page 3
Y HRSE EARTHVO0N WITH £PAZZ0 AND OVERLAYS / R JESSUP

TVIRTURLTYRSS TRRJECTURY I5 SEP 70 15907333 — — 7 T ” T e e

TETEIT AT T O IAYS O UO4RD VIV UUSEET JULTAN

w0 DAYS 000000000 SEC (##ik NOV 2 13Y U: 07V

LOMPUTED 15 SE® 7a 15207133

$PRT001 o i
INCNTR = +0
ITREAR = »0000000000000000002+000 e
ENERGY = .703398973878472814+007 .
. _RSCKIN =  _ -.1126088000000000000+004%y -, 543309509999999998D4+ 004,
: »1959727000000600007+003 o
YSCXIN = +183648789999995959)+005, +3152532099999999990+004, o
.10524889000000000p7+005
RN T T - T ) -
TUTUWOCORS AT 2 JAYS 22 AR D MIN O SER® JULIAN " .0 DAYS 0000004000 SEC (kkx NOV 28 123 0: 045 COMPUTED 15 SE3 70 15507:46
. $PRTO01 .
INCNTR = +482 )
TTREHR = »7000000000000000000+002
ENEIGY = +70339B95873698225600+007
RSCXIN = -, 77856667523345124452+003, __,206033724300051238D+006, o

MSCXIN

#

«1564250260161924250+003

«1746082039287767420+004, .162831802859939110D+004,

-.401880705991820281D+003

SEND
WOCORS AT 2 DAY5S 22 AR 0 VIV 0 SErRT. JULTAW JOUHRYS T0000004000 SEETRRE WOV
B} $PRT0O0L .
INCNTR = 482
TIRIAR = +7000000000000000003+002 e
ENZRGY = 70353989687369822600+007 o ’
RSCKIN = - 7786567523346124450+003, ,2060337243000512382+006,
+1554250260161924227+003 ‘

VSCXIN =z +17460820392B7767450+004% .16283180285993911004+004,

-, 4018807069918202812+003
— e e e e e e e e
3PRT001
INCNTR - +500
TTREAR = .7014311375465198652+002
£NERBY = «70339896879150242024007 )
RSCXIN = = 494229554B7408344204003, L, 2062%17440054331360+006,

L 9516964 2BB45074458 04002 T
X VSCKIN = «2240683611783937720+004 .1221556466665518230+004,

-, 4554287753206905642+003
$END T
SUTIFE LT 27 IAYS ZE AR ZOVIN 19 5ERT Jultay v

¥R 0T 03T covBUTER 15 sER 70 1Bi07ius

TTUV0THAYS 0000004000 SEC {xkks NOV 24 3T O 04T £OMPUTEN 15 §EB 70 15107 ul
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©V MASS EARTA=MOON WITH =PH2C0 AND OVERLAYS / R JsSsuP

$PRTO0T o
LINCNTR = | 4533 L
TTREHR = +7033875274058502570+002
__ENERSY = +7033989588938520740+007 o |
RSCXIN =z +5552582112400982253-001, +2053730354719550970+006,
+15472581427619753932-001 e | -
VSCXIN = +26932380927535690150+004, .8843350202875383112)-001,

-+ 50443414033803999504003
$END




. . o Figure 14 - Page 5
TV MASS EARTA-MDON WITH EPH2C0 AND OVERLAYS / R JEBSUP

TTTTVIRTURL YASS TRARJETTORY 15 SEP 7D 158073169

TTTETART AT 0 DAYS 0 4R 0 MIN 0 5Zp% JULTAw «0 DAYS ,0000004000 SEC (#%sk NOV 24 122 0f 0,3 COMPUTED 15 SE= 7n 15:07:uD

e
«0000000000000000002¢000

unn

ENERGY +7033989738784728150+4007 )
_RSCXIN -,1125088000000000003+00k4, -.5433095099999999980+004,
+1959727600000000002+003 ‘ .
VSCXIN =  .1835487899999999990+005,  »3152532099999999992+004,
.10624889000000000p0+005
TTREND
THITORS AT 2 DAYS 22 4R 0 MIN 0 SEg JULIAN «0 JAYS ,0000004000 SEC (%*&«x NOV 24 12 O: 043 COWPUTED 15 553° 70 1527251
_$PRTO01
INGNTR = +87
CTTREHR =z .70000000000001332024002
ENERBY = .7033975551928388893+4007 '
. BSCXIN = =.778515093995517420J+003, +2060339850369646830+006,
.1554682720536726652+4003
__VSEXIN = L174614704B324207250+00%, .16281570882624445804+004,
-, 4019321896189185992+003
THED
TTTTWOTDRS AT UUUEUSAYSTZZ AR 0 VIN 0 SEST JULYan «0 DAYS 0000004000 SEC (#%¥ek NOV 24 12% 0: 0,3 COMPUTED 15 5B 70 15:07:51
_ $PRTO01
INENTR = +87
TTREAR = +7000000000000133202+002 i
ENERGY = T T0F39 75551928 3888504007 T
_RSCXIN = -.7785160939955174202+003, .2050333850369646830+006,
+1554682720536726550+003
VSCXIN =z S1746147048324207264004, +16281570882624446B804004,
«,40193218961891859474003
gy e . L - o . . B
TUTTTEITORE AT 2 DAYS 22 4R 20 MIN 19 S5Z¢¥ JULIAN «0 DAYS ,0000004000 SEC (%%&% NOV 2% 12: D: Dy COMPUTEN 15 $ER 70 15107152
$PT00L . .
INENTY 7z -1
_TTREAR = +70338713852752008404002
ENEIGY = +703398297735892491 34007 )
__RSCXIN +5747121426673038537=001, .20537323435974241624+006,
.5614390354402552107=001
VSCXIN = +2692907294428607257+004, +3631412370176547402+000,

= 50451375330183819724003
TsEND
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V VMASS ZAITH=VDON WITH ZP4200 AND OVERLAYS / R JESSUR

VIRTUAL wASS TRAJZCTORY 15 33° 70 15:07:54

START 4y 0 JAYS D 4R D MIN 0 5Ici JULIAy
537001
INCNTR = +0
TTREAR = .0000000000000000000+000
ENERGY =z +7033989738784728150+4007
RSCXIN = “.11256088000000000000+004,
.1953727000000000007+003
JSTXIN = +1835487899999999953+005,
+10524889000000000024005
$END
MDCORS AT 2 JAYS 22 4R D VMIN O SEci JULTIAw
$PRTOOL
INCNTR = +23
TTRIAR = .700000009250056056340+002
ENERBY = »7014419347735413752+007
. ...RBCXIN = =+5352135800555752042+003,
.173831996214953321 04003
VSCXIN = +1822000202597742857+004,
-, 4358215910185485747+003
$END
7T UVDTORS At 2 JAYS 22 4R 0 VMIN 0 3%¢3 JULTIAY
$PITO0L
INCATR +23
__YTREAR +7000000092500605634)+002
TNERSY L 70164419547735413753+4007
IBCXIN = ~.53521359005557520534003,
.1738319952149533214003
VSCKIN = +1822000202697742853+004
~.43582159101854857474003
e s T —
“EUTIFF AT 2 JAYS 22 4R 18 MIN 4 3Ic% JULTAy
$PIT001
TVEVTY T 357 -
TYREAR = L 7030114754545397852+002
ENERGY = «7015592991234619982+007
_RSCXIN = +3751318634581082573+4002,
+2439649905315025173+002
_VSCKIN = +25170472078894728,3+004,

=, 54268B7926852040920%003
SEND

+0 DAYS ,000000+000 SEC (kkex NOV 24 12: 02 043

=.5433095099999999380+004,

+31525320999999993304+004,

+0 DAYS ,000000+000 SEC (*%&x NOV 24 12: 0z 043

+2052051407861079530+006,
«1496194691578577855+004,

+0 DAYS ,000000+000 SEC (#%xx NOV 24 123 0: 043
+205205140736107953D+006,
L14961946916785778504004,

+0 DAYS ,000000+4000 SEC (%k&kx NOV 24 121 0: 0,3

«2054856345040345470+006,

L 1406548210692773570+003,

COVPUTEY 15 SI% 7n (5107154

COMPJTEY 15 5I2 70 15:07:55

£OMPUTEY 15 2% 70 15:07:55

£OMPUTER 15 SE% 70 15:67:55
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FIGURE 15 - RESTRICTED 3-BODY TRAJECTORY (RTOPRF = 10
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BELLCOMM, INC.

Table 1

Virtual Mass Program Symbol Conventions

Most of the VMASS program symbols are formed in
accordance with the following conventions. The general
intent of the conventions is to convey information about
physical quantities, indicating what body or system they are
referred to and what coordinate and/or time system they are
measured in. As shown in Table 2, some combinations suggested
by the convention are not used in the present version of VMASS,
but are reserved for future expansion of the program.

Position Character Physical Quantity

1 A Acceleration
D Deflection or angle
E Eccentricity
G Mass times Universal Gravitation Constant
H Angular Momentum
Q Mass rate fimes Universal Gravitation

Constant

R Position
T Time
v Velocity
W Angular rate

Position Character  System Corresponding to Physical Quantity

2,3 AT Atomic time
sC Spacecraft
VM Virtual Mass

EP Ephemeris




BELLCOMM, INC.

Table 1 (Contd.)

Position Character System Corresponding to Physical Quantity
2,3 TR Trajectory

RC Reference conic

UN Universal time
01 or ME Mercury
02 or VE Venus
03 or EA Earth
04 or MA Mars
05 or JU Jupiter (Numbers indicate non-rotating

planetocentric systems; letters
06 or SA Saturn indicate rotating planetocentric
systems.)
07 or UR Uranus
08 or NE Neptune
09 or PL Pluto
10 or SU Sun
11 or MO Moon
Position Character Point at Which Quantity Evaluated
4 E End of computing interwval
B Beginning of computing interval

D Magnitude corresponding to E

A Magnitude corresponding to B

0 Program start-up

I Increment




BELLCOMM, INC.

Table 1 (Contd.)

(Numbers indicate non-rotating
planetocentric systems; letters
indicate rotating planetocentric

Position Character Reference Coordinate System
5,6 IN Inertial
VM Virtual Mass
01 or ME Mercury
02 or VE Venus
03 or EA Earth
04 or MA Mars
05 or JU Jupiter
06 or SA Saturn
systems.)
07 or UR Uranus
08 or NE Neptune
09 or PL Pluto
10 or sU Sun
11 or MO Moon




BELLCOMM, INC.

Definitions of VMASS COMMON Symbols

Table 2

Symbol Dimension Egquivalence Definition
AU - IETBLl1 Astronomical
unit expressed
in desired
READE output
units
AUTOKM - FAC Kilometers
33
per AU
CT2 - VAR, Taylor's se-
ries term
DANEOO 1 EPHl7 1 Right
’ ascension
DLNEOO 1 EPH19 1 Longitude of
' node at refer-
ence time
DOBEOO 1 EPH Obliquity
18,1
DTAT - VAR15 True anomaly
increment
DTAIDN - VAR Decrement
16
factor for
DTAI changes
DTAIMN - VAR17 Minimum value
for DTAI
DTAIUP - VAR Increment
18
factor for
DTAI changes
DTOR - FAC4, Radians per

degree

*See also elements COMMON and PRTVAR

. DDREAD,

Appearances®*

DDREAD, LODCOM,
READE

RUN100, RUN110,

KEPLER

PLANET

PLANET

PLANET

LODCOM,
STEPIN

DDREAD,
STEPIN

LODCOM,

DDREAD,
STEPIN

LODCOM,

DDREAD,
STEPIN

LODCOM,

LODCOM




BELLCOMM, INC.

Symbol

Dimension

Table 2

(Contd.)

Equivalence

Definition

EMRAT

EPH

ERCAVM

ERCBVM

ERCEVM

EVN

FAC

FINTES

FTTOKM

GOO

4,21

IETBLl7

IEV

FAC
FaAC

FAC,
J

EPHlS,l

Earth-Moon
mass ratio

Ephemeris
data array

| ERCBVM |

Back walue
of ERCEVM

Eccentricity
vector of
reference conic
relative to

V.M. at begin-
ning of interval

Events table

Multiplying
factor data
array

Small number

Kilometers
per foot

Floating point
constant i,
i=20,1, 2,
.+., appearing
throughout the
VMASS system

Array of gravi-
tational con-
stant times
masses

Appearances

DDREAD, LODCOM,

EPHEM
PRTIME

DDREAD,
EPH2CO,

CONIC, CONICT,
KEPLER

CONIC, CONICT,
KEPLER

EVNACC, EVNDT,
INDEX

DDREAD

CONICT, EVNDT,
KEPLER, LODCOM

LODCOM

EPH2CO, LODCOM,
RUN300, RUN310,
VMXACT




BELLCOMM, INC.

Symbol

Dimension

Table 2

(Contd.)

Definition

GOOR

GVMB

GVME

HRCAVM

HRCBVM

HRCEVM

Icw

ICENT

IDTRAJ

IEV

1

EPHlG,l

VAR24

VAR27

VAR95

IETBLZl

IETBL22

ISW42

EVN

Array of GOO
data ratio to
total mass

Back wvalue of
GVME

V.M. magnitude
times Univ.
Grav. Const.
at beginning
of interval

| HRCBVM |

Back value
of HRCEVM

Reference conic

angular momen-

tum relative to

V.M. at begin-

ning of interval

Indicator for
initial call
to ephemeris
files

Indicator for
central body

in ephemeris

data

Input trajec-
tory identifi-
cation

Events table,
integer form

Appearances

EPHEM, LODCOM

CONICT,
KEPLER,

CONIC,
INDEX,
PREPAR

CONIC,
KEPLER

CONICT,

CONIC,
KEPLER

CONICT,

EPHEM,
LODCOM

GETTA,

EPHEM, LODCOM,

" READE

DDREAD, PRTRAJ,
SETUP

EVNACC, EVNDT,
INDEX
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Table 2 (Contd.)
Symbol Dimension Equivalence Definition
IEVCUR - ISW3 Current event
IEVFLG - ISW4 Events table
update flag
IEVM - ISWl Events table
maximum size
IEVN - ISW2 Events table
current size
IEVREP 2 ISW45 Events inter-
val to be
repeated
IEVRUN 2 ISW47 Events inter-
val to be
simulated
IEVSTP - ISW6 Stopping event
IEVSTR - ISW7 Starting event
INCNTR - ISW, Computing
increment
counter
IOCDR - IOUl Input card
reader
IOEPH - IOU4 Ephemeris
file
IOMES - IOU5 Diagnostic
message
printer

Appearances

EVNACC,
PRTRAJ,
RUN10O,
RUN30O0,
SETUP

EVNACC,
PRTRAJ,

EVNACC,
EVNACC,
INDEX

DDREAD,

RUN310,

DDREAD

DDREAD,
RUN100,
RUN300,
SIMXXX

DDREAD,
SIMXXX

PRTIME,
ROLLIO,
RUN1LO,
RUN310,

EVNDT,
SIMXXX,
LODCOM,

EVNDT,

RUN1GO,
SETUP

PRTRAJ,
RUN1LO,
RUN310,

PRTRAJ,

INDEX, RECORD,
RUN100, RUN110,
RUN300, RUN310

DDREAD, LODCOM,
SETUP

DDREAD, GETTA,
LODCOM

CONICT, DDREAD,
EPHEM, EVNACC,
EVNDT, KEPLER,
LODCOM, PRTRAJ,
SETUP, SIMXXX
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Table 2 (Contd.)
Symbol Dimension Equivalence Definition
IOPCH - IOU3 Output card
: punch
IOPRIL - IOU7 Print later
file
IOPRT - IOU2 Output printer
JTOROL - IOU8 Roll back file
IOSCR - 10U, Scratch file
I0U 25 RVAR Input-output
951 .
file name
array
IPLATM - ISW10 Computing
increments
between writes
to IOPRL
IPLOTM - ISW12 Computing
increments
between calls
for plots
IPNOWM - ISW, 4 Computing
increments
between calls
to PRTOUT
IREQ 13 IETBLZ3 READE table

of output
requests

Appearances

DDREAD, LODCOM

DDREAD, LODCOM,
PRTRAJ, RECORD,
ROLLIO

EPHEM, LODCOCM,
PRTIME, RECORD,
ROLLIO, RUN10O0,
RUN110, RUN30C,
RUN310, SETUP,
STEPIN

DDREAD,
ROLLIO,

LODCOM
SETUP
DDREAD, LODCCM

DDREAD

DDREAD,
RECORD

LODCOM,

DDREAD,
RUN110

LODCOM,

DDREAD,
RECORD

LODCOM,

EPHEM, LODCOM,
READE
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Symbol

Table 2

(Contd.)

Equivalence

Definition

TRTIME

ISW

ITEPOG

ITRAT

IVAR

JK

JKN

JKPTSN

JKSPEC

KEARTH

KEMB

3

50

1000

100

ISW

24

KVAR, 41

ISW15

VAR

KVAR75l

ISW16

ISW18

ISW20

ISW32

ISW41

Current trajec-

tory identifi-
cation

Integer vari-
ables data
array

Initial ephem-
eris time in

Gregorian units

STEPIN itera-
tion counter

Array VAR in
integer form

Array of
indices to
gravitating
bodies

Current size
of JK

Number of
gravitating
bodies given
mass point
distributions

Ephemeris
data block
size

Index to earth
data in ephem-
eris blocks

Ephemeris
index to
Earth-Moon
data

Appearances

PRTRAJ, SETUP

DDREAD

. DDREAD

PREPAR, STEPIN

DDREAD,
EPH2CO,
LODCOM,
VMXACT

EPHEM,
INDEX,
PLANET

DDREAD,
EPH2CO,
LODCOM,

EPHEM,
INDEX,
VMXACT

EPHEM, PLANET

LODCOM, PLANET

LODCOM, RUNL1OO,

RUN110

LODCOM
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Table 2 (Contd.)

Symbol Dimension Equivalence Definition Appearances

KEPMAX - ISW Maximum number KEPLER, LODCCOM
of terms in

KEPLER series

17

RJUP - ISW Ephemeris LODCOM
34 :
index to
Jupiter data

KMARS - ISW33 Ephemeris LODCOM, RUN10O0,
index to RUN110
Mars data
KMERC - ISW Ephemeris LODCOM
30 -
index to
Mercury data
KNEP - ISW37 Ephemeris LODCOM
index to
Neptune data
KPLUTO - ISW38 Ephemeris L.ODCOM
index to
Pluto data
KSAT - ISW Ephemeris LODCOM
35 :
index to .
Saturn data
KSUN - ISW39 Ephemeris LODCOM, RUNL10O,
index to RUN110
Sun data
KURAN - ISW36 Ephemeris LODCOM
index to
Uranus data
KVAR 1000 COMMON Working data DEVAR, LODCOM,
COMMON array RECORD, ROLLIO
KVENUS - ISW Ephemeris LODCOM
31 :
index to

Venus data
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Table 2 (Contd.)

Symbol ' Dimension Egquivalence Definition Appearances

LIMPEV - LSW2 Flag showing EVNDT, KEPLER,
iteration to SIMXXX, STEPIN
an event

LINTDN - LSW18 Flag showing EVNDT, STEPIN
reduction of
computing
increment

LLDCOM - LSW, 4 Flag showing PRTRAJ, SETUP
COMMON is to SIMXXX
be loaded

LOGOUT - LSW, Flag showing CONICT, DDREAD,
subroutine EVNACC, KEPLER,
log out on ROLLIO, SETUP,
error SIMXXX, STEPIN
condition

LOOP - LIMPEV See LIMPEV KEPLER

LRESKP - LSW, ¢ Flag showing EVNACC, RECORD
by-pass of
trajectory
recording

LSTDDK - LSW, Flag showing DDREAD, RUNL1O0O,
last data deck RUN110, RUN300,
of a series RUN310, SETUP
has been read

LSW 50 KVAR Array of . DDREAD

901 ;

logical flags

LXECEV - LSW3 Flag showing EVNACC, EVNDT,
execution of PRTXXX, RECORD,
an event STMXXX

MONTH 12 COMMON Table of names PRTIME, RTCLOK

of the months
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Table 2 (Contd.)

Symbol Dimension Equivalence Definition
MVAR - ISWlo Maximum size
of array KVAR
NMAX - Isw Maximum number
22 .
of terms in
CONICT
PHC 50 COMMON COMMON array
for physical
constants
QVME - VAR36 Current value
virtual mass
rate
RE - IETBLl3 Earth radius
RETOKM - FAC Kilometers
34
per RE
RMNEOO 1 EPH17 1 Planetographic
! mass point
position
ROOD 1 EPH Gravitating
21,1 .
body radius
ROOEIN 1 EPHl 1 Array of cur-
! rent gravi-
tating bodies
inertial
positions
RRCAVM - VAR, g | RRCBVM |
RRCBVM 3 VARllO Reference

conic posi-

tion vector

relative to

the V.M. at

beginning of
computation

interval

Appearances

LODCOM, SETUF

CONICT, LODCOM

DDREAD

INDEX, PREPAR,
STEPIN, VMXACT

DDREAD, LODCOM,
READE

LODCOM

EPHEM, EPH2CO,
PLANET, RUN1OO,
RUN110, RUN310,
VMXACT

CONIC, INDEX,
PREPAR, STEPIN

CONIC, CONICT,
INDEX, KEPLER,
PREPAR
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" Table 2 (Contd.)
Symbol Dimension Equivalence Definition
RRCDVM - VAR, | RRCEVM |
RRCEVM 3 VAR116 Reference
conic posi-
tion vector
relative to
the V.M. at
end of compu-
tation interval
RRCIVM 3 VARlOl RRCEVM incre-
ment (RRCEVM -
RRCBVM)
RSCAOO 1 EPH13 1 Back values of
’ RSCDOO
RSCAVM - VAR |RSCBVM |
RSCBIN 3 VAR122 Back value of
RSCEIN
RSCBVM 3 VAR110 Back value of
RSCEVM
RSCDDK 3 VAR137 Spacecraft
position from
data deck
RSCDOO 1 EPH), 4 |RSCEOO |
RSCDVM - VAR, | RSCEVM |
RSCEIN 3 VAR128 Inertial
spacecraft

position at
end of com~-
puting
interval

Appearances

INDEX, KEPLER,

PREPAR,

STEPIN

INDEX, KEPLER,

PREPAR

CONICT,

INDEX

INDEX

DDREAD,
RUN110,
RUN310

KEPLER

RUNL1GO,
RUN300,

INDEX, RUN300,
RUN310, VMXACT

INDEX, STEPIN,

VMXACT

DDREAD,
RUN10O,
RUN300,

INDEX ,
RUNL110,
RUN310,

STEPIN, VMXACT
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Symbol

Dimension Equivalence

- 11 -

" Table 2 (Contd.)

Definition

RSCEVM

RSCEOO

RTO

RTOD

RTOPRF

RVMBIN

RVMEIN

SPLEOO

SVy

3

EPH.7’l

RTOPRF

FAC30

VAR4.7

VAR

158

VAR o4

EPHZO,l

TEM

TEM

Spacecraft
position
relative to
the V.M. at
end of com-—
puting
interval

Array of space-
craft positions

Appearances

RUN100, RUN11O,
RUN300, RUN310,

relative to the VMXACT

gravitating
bodies at end
of computing
interval

See RTOPRF

Degrees per
radian

Position

tolerance
precision
reference

Back wvalue of
RVMEIN

Inertial
Virtual Mass
position at
end of com-
puting interval

Sidereal rate

Temporary
vector storage

Temporary
scalar storage

CONICT

LODCOM, RUN300,
RUN310

DDREAD, LODCOM,

RUN100, RUNL110,
RUN310, STEPIN

INDEX, PREPAR

INDEX, PREPAR,
RUN100, RUN1LO,

RUN310, VMXACT

PLANET
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Symbol

" Dimension ©Egquivalence

- 12 -

‘Table 2 (Contd.)

Definition

TABOUT

TEE

TEPB
TEPE
TEPEJD

TEPEJS

TEPI

TEPOJD
TEPOJS
TEVI

TPD

6,12

IETBL4l

TTRB
TTRE
VAR

VAR

TTRI

VAR

VAR

VAR

IETBLl5

Ephemeris
output from
READE

Initial ephem-
eris time,
giving orien-
tation of
2-body gravi-
tational
system

See TTRB
See TTRE

Current Julian
day

Current Julian
day fraction
in seconds

See TTRI

Initial Julian
day

Initial Julian
day fraction
in seconds

Time increment
to nearest
event

Simulation
time units
per ephemeris
day

Appearances

EPHEM, READE

EPH2CO, RUN300,
RUN310

INDEX
INDEX

EPHEM, PLANET,

'PRTIME, RUNLOQ,

RUN110

EPHEM, PLANET
PRTIME, RUN10O,
RUN110

KEPLER, STEPIN

DDREAD, EPHEM,
PLANET, PRTIME,
RUN100, RUNLLO

DDREAD, EPHEM,
PLANET, PRTIME,
RUN100, RUNI10

EVNACC, EVNDT,
STEPIN

DDREAD, LODCOM,
READE
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- Symbol

' Di

- 13 -

Table 2 (Contd.)

Definition

- TTO

TTRB

TTRE

TTRI

TUTODA

vV

VAC

VAR

VOOEIN

50

300

VAR

53

VAR

VAR

VARll

VAR54

TEM.
I

TEM

KVAR

EPH4,l

Time tolerance
precision
reference

Back value of
TTRE

Elapsed tra-
jectory time
at end of
computing
interval

TIRE increment

Ephemeris days
per simulation
time units

Temporary
vector storage

Temporary
scalar storage

COMMON storage
for user-coded
trajectory
descriptions

COMMON storage

for program
working
variables

Inertial
velocities of
gravitating
points at end
of computing
interval

Appearances

CONICT, EVNDT,
KEPLER, STEPIN

STEPIN

EPHEM, EPH2CO,
PRTIME, RUN300,
RUN310, STEPIN

KEPLER, STEPIN

EPHEM, LODCOM,
PRTIME, RUN300,
RUN310

DDREAD, RUNLOO,
RUN110, RUN300,
RUN310

DDREAD, DEVAR,
EVNACC

EPHEM, EPH2CO,
PLANET, RUN100,
RUN110, VMXACT
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Table 2 (Contd.)

Symbol Dimension Equivalence Definition Appearances
VRCBVM 3 ~VAR113 Back value of CONIC, INDEX,
VRCEVM KEPLER, PREPAR,
STEPIN
VRCEVM 3 Reference

conic velocity
vector relative
to the V.M. at
end of computing

interval

VSCBIN 3 VAR125 Back value of INDEX
VSCEIN

VSCBVM 3 VAR149 Back value of
VSCEVM

VSCDDK 3 VAR140 Spacecraft DDREAD, RUN100,
velocity from RUN110, RUN300,
data deck RUN310

VSCEIN 3 VARl3l Inertial DDREAD, INDEX,
spacecraft RUN10C, RUNL11O,
velocity at RUN300, RUN310,
end of STEPIN, VMXACT
computing
interval

VSCEOO 1l EPHlo 1 Spacecraft RUN10G, RUNL11O,

f velocity rela- RUN300, RUN310,

"tive to gravi- VMXACT
tating body
at end of com-
puting interval

VSCEVM 3 VAR155 Spacecraft INDEX, PREPAR,
velocity rela- STEPIN, VMXACT
tive to the
V.M. at end of
computing
interval

VVMBIN 3 VAR161 Back value of INDEX, PREFAR

VVMEIN
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Table 2 (Contd.)

Symbol Dimension Equivalence  Definition Appearances

VVMEIN 3 VAR167 Inertial INDEX, PREPAR,
virtual mass VMXACT
velocity at
end of
computing
interval

XVi 3 TEM. Temporary -
J vector storage

Xi - TEM. Temporary -
J scalar storage
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Table 3
VMASS Error and Diagnostic Printouts

CONICT =*»** TIME SERIES DIVERGENT

This error message indicates a divergent series
calculation in subroutine CONICT (z > 1). It usually results
from a too tight precision requirement or from gross error in
input data.

CONICT *** TIME SERIES TERMS EXCEEDING i

This diagnostic printout indicates slow convergence
in CONICT. The maximum permissible number of terms may be
raised by a change in NMAX. Increasing the value of RTOPRF for
looser precision may also be appropriate.

DDREAD ##*% DATA DECK LOGOUT

This printout results from a data deck setting of
LOGOUT to time. See subroutine SETUP for applications.

EVNACC *x%x EVENTS TABLE OVERFLOW

More than IEVM events are scheduled for placement in
the events table IEV. Simplify the trajectory description, that
is, recode with fewer events, or recompile system. On recompi-
lation it is necessary to increase IEVM in LODCOM and to increase
IEV dimensions in COMMON.

EVNDT %%x» EVENT DIVERGENCE

On iteration to an event the program has taken more
than 12 steps, or the event appears to have been passed. An
event is passed if TEVI is negative. Execution of the event is
initiated, and a printout is given for the table entries of
the event.

KEPLER #%%% CONVERGENCE NOT UNIFORM

This error message indicates non-uniform convergence
in the series calculation of subroutine KEPLER. It usually
results from too tight precision requirements or from a gross
error in input data.
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Table 3 (Contd.)

KEPLER %x% TERMS IN SERIES EXCEEDING i

This diagnostic printout indicates slow convergence
in KEPLER. The maximum permissible number of terms may be
raised by a change in KEPMAX. Increasing the value of RTOPRF
for looser precision may also be appropriate.

PRTRAJ #*#* END-OF-FILE

Processing of the print later file has reached an end
of file condition before the specified stopping event. This
message may also appear if the search for specified trajectory
identification or starting event is not successful. In such a
case check the input data values of IDTRAJ and IEVSTR.
" READE %% DATE TOO EARLY FOR EPH

Current Julian date-time group (TEPEJD, TEPEJS) is for
later date than that covered by the assigned ephemeris file.

READE =*+*% IMPROPER OUTPUT REQUEST

The array IREQ does not contain proper entries for
gravitating body positions and velocities. Check for modifica-
tions following calls to LODCOM.
READE *%#%* INVALID CENTRAL BODY

The variable ICENT does not contain proper entry for
central body selection. Check for modifications following
calls to LODCOM.
READE =**% ICW OUT OF RANGE

The variable ICW does not contain proper entry for
indicating type of record to be read by READE. Check for
modifications following calls to LODCOM.
ROLBCK *#** REQUESTED EVENT NOT ON ROLL BACK FILE

A search for an earlier event recorded on the roll
back file is not successful. Check calling sequence.
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Table 4

VMASS Program Storage Requirements

Element Storage Requirements
Code Data "~ COMMON

COMMON

CVAR 0 0 1160

CEPH 0 0 420

CFAC 0 0 58

CPHC 0 0 50

CTEM 0 0 100

CMON 0 0 12

CETBL1 0 0 8

CETBL2 0 0 15

CETBL3 0 0 1836

CETBL4 0 0 148

CETBL5 0 0 156

CETBLY 0 0 7

REC1 0 0 24

REC2 0 0 25
Subtotal 0 0 4019
CONIC 41 9 CVAR, CTEM
CONICT 153 31 CVAR, CTEM, CFAC
CROSS 66 34
DDREAD 20 152 CVAR, CEPH, CPHC,

CFAC, CETBL1, CETBL2Z,
CETBL3, CETBL4, CETBLS,
CETBLS
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Element

DEVAR
DOT
DTJITOG

EPHEM

EVNACC
EVNDT

~GETTA

INDEX
INITAL
KEPLER

LODCOM

PLANET

PREPAR

PRTCOM

Code

27
24
236

182

196
174

16l

71
10
151

359

195

125

195

Table 4 (Contd.)

Storage Requirements

Data

9
9
40

54

24

29

32

11

33

117

30

11

65

COMMON

CVAR, CTEM

CFAC, CTEM

CVAR, CPHC, CTEM,

CEPH, CFAC, CETBL1,
CETBL2, CETBL3, CETBIL4,
CETBL5, CETBL9

CVAR, CTEM, CFAC
CVAR, CTEM, CFAC
CVAR, RECl, REC2,
CETBL1, CETBL2, CETBL3,
CETBL4, CETBL5, CETBLS

CVAR, CEPH

CVAR, CFAC, CTEM

CVAR, CEPH, CFAC,

CPHC, CTEM, CETBLIL,
CETBL2, CETBL3, CETBL4,
CETBL5, CETBLY

CVAR, CEPH, CTEM,

CFAC, CPHC, CETBLI1,
CETBL2, CETBL3, CETBL4,
CETBL5, CETBLY

CVAR, CTEM, CFAC

CVAR, CTEM, CFAC,
CPHC
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Table 4 (Contd.)

Element Storage Reqguirements
Code Data * 'COMMON
PRTIME 113 50 CVAR, CTEM, CFAC,
, CMON
PRTRAJ 77 36 CVAR
PRTFAC 41 299 CVAR, CEPH, CPHC,

CETBL1, CETBL2, CETBL3,
CETBL4, CETBL5, CETBLS

PRTVAR 144 449 CVAR, CEPH, CETBL1,
: CETBL2, CETBL3, CETBL4,
CETBL5, CETBLY

READE 537 164 CETBLl1, CETBL2, CETBL3,
CETBL4, CETBL5, CETBLY

RECORD 40 5 CVAR

ROLLIO 103 24 CVAR

RTCLOK 49 13 CMON

SCALE 30 14

SETUP 79 25 CVAR

STEPIN 174 20 CVAR, CFAC, CTEM

UNITV 33 12 CTEM

VALUE 26 10

VMXACT 150 19 CVAR, CFAC, CPHC,
CTEM, CEPH

Subtotal 3982 1835

RUN100

SIMXXX 232 80 CVAR, CFAC, CEPH, CTEM

PRTXXX 89 38 CVAR, CFAC, CEPH, CTEM
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Element

RUN110

SIMXXX

PRTXXX

RUN300
SIMXXX
PRTXXX
EPH2CO

RUN310
SIMXXX
PRTXXX
EPH2CO

Subtotal

Total

Code

321
. 87

190
27
82

583
27
82

1720

5702

Table 4 (Contd.)

Storage Requirements

" Data

163
38

53
194
11

178
239
11
1005

2840

- COMMON

CVAR, CFAC, CEPH, CTEM

CVAR, CFAC, CEPH, CTEM
CVAR, CFAC, CEPH, CTEM

CVAR

CVAR, CFAC, CEPH, CTEM

CVAR
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Table 5

VMASS References to Fortran V Special Features

Procedure, under
control of the
EXEC VIII PDP sys-

tem. Use is limited
to defining Fortran

card sets to be
edited into VMASS

subroutines. Applies

to COMMON and tra-

jectory descriptions.

- Identification Definition Program Appearances

ENTRY Location of sub- DTJTOG, LODCOM, PRTCOM,
routine starting PRTVAR, ROLLIO, SIMXXX,
point other than PRTFAC
at its beginning.

Used mainly to
combine several
small subroutines
into one element.

INCLUDE Edit a Fortran CONIC, CONICT, CROSS,
Procedure into an DDREAD, DEVAR, DOT,
element. Used to DTJTO6, EPHEM, EPH2CO,
edit COMMON ele- EVNACC, EVNDT, GETTA,
ments and user INDEX, KEPLER, LODCOM,
coded trajectory PLANET, PREPAR, PRTCOM,
descriptions into PRTIME, PRTRAJ, PRTVAR,
appropriate sub- PRTXXX, READE, ROLLIO,
routines. Permits SCALE, SETUP, SIMXXX,
maintenance of one STEPIN, UNITV, VALUE,
copy of the COMMON  VMXACT
cards.

PROC Define a Fortran COMMON, RUN100, RUNL110,

RUN300, RUN310
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APPENDIX

VMASS Program Descriptions

This appendix provides a description of each program
element in the VMASS system. The description includes element
names and calling seqguences, purposes, lower level elements,
programming language, computations, flowcharts, and listings.
Of the 32 elements in VMASS as implemented on the UNIVAC 1108
computer, 30 are written in Fortran V, and two are written in
UNIVAC Assembler code. The other elements include a Fortran V
procedure for convenient representation of COMMON storage
and an EXEC VIII Map element for composing executable elements.

Error and diagnostic printouts produced by each pro-
gram are tabulated in Table 3, which also suggests possible
remedial actions the system user may take. Each printout begins
with originating program name. Program storage requirements are
given in Table 4. As an aid to making conversions to other com-
puters, Table 5 sets forth VMASS references to UNIVAC Fortran
special features.
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ViASS*RF UK « COMMON

1 QTYPE FROC

2 C .

3 c VMASS SYMBOL CONVENTIQNS

4 o A= tHe O =2 DOUBLE PRECISION

5 c L LOGICAL

) C 1 - Ke M =N INTEGER

7 C

8 IMPLICIT LOGICAL (L)

9 IMPLICIT DOUBLE PKRECISION (A=ye 0=2)

10 END

11 QVAR  FROC

iz C
13 C ‘THESE FORMALLY NAMED yARIABLEg ARE MAINTAINED AND UPDATED THROUGH=
14 c CUT THE VIRTUAL MASS pROGRAM, THEY AKE AVAILABLE TO BOTH PRINT NOW
15 C AND PRINT LATER OPTIONS (I. E.» THEY ARE COPIEC ON THE ROLL=BACK
16 c AND PRINT LATER FILES AS APPROPRIATE FOR *LATER? PROCESSING
17 C

18 COMMON / CVAR / KVAR(1160)

19 c
20 DIMENSION VAR(300), IyAR(600), VAC(050)
21 EQUIVALENCE (KVAR: VApes IVAR), (KVAR(601), VAC)
22 END
23 EVARLI PROC
24 c
z5 DIMENSION ISW(50)» Jr(100) JKPTS(2r12)

26 EQUIVALENCE (KVAR(701ys ISW)e (KVAR(T7S5L1), JK), (KVAR(851), JKPTS)
27 C
28 EQUIVALENCE (ISW(01)r IEVM ), (ISW(02)s IEVN o
29 1 (ISW(03)r IEVCUR)s (ISW(On4)r IEVFLG), (ISW(US), IEVSTE].
30 2 (ISW(06)» IEVSTP)e (ISW(07)r IEVSTR).
31 3 (1SW(09)» INCNTR)» (ISW(1ln)r IPLATM),
32 4 (ISW(12)s IPLOTM)» (ISW(13)r IPNOWM),
33 5 (ISW{15)s ITRAT )» (ISW(1lg)*r JKN Ye  (ISW{17)» KEPMAX),
34 6 (ISW(18) s JKPTSN)» (ISW(la)er MVAR ), (ISW(20)s JKSPEC):
35 7 (ISW(22) 7 NMAX ).
36 8 (IsW(24), IRTIME)

37 EQUIVALENCE (ISW(3n)r KMERC )y (ISW(31), KVENUS),
38 1 (ISW(32)» KEARTH)» (ISW(33)¢ KMARS ), (ISW(3u4)s KJUP 1},
39 2 (ISW(35)s KSAT ) (ISW(3g)? KURAN )y (ISW(37)e KNEP s
40 3 (ISW{38)s KPLUTO)» (ISW(3g)r KSUN ), (ISW(40)s KMOON )
41 4 (ISW(41)y KEME )y (ISW(4p)r IDTRAJ), (ISW(45)s IEVRER),
42 5 (ISW(47) s IEVRUN)

43 DIMENSION IDTRAJ(3), [RTIME(3y, IEVREP(2), IEVRUN(2)

4y END

45 EVARL PROC
46 o
47 L IMENSIOHN LSW(50)
48 EQUIVALENCE (KVAR(901)s LSW)
49 o
50 EQUIVALENCE (LSW(01)» LOGOUT)s (LSW(02)e LIMPEV),
51 1 (LSW(03) s LXECEV), (LSW(Oy)r LSTCDK),
52 2 (LSW(CB)s LPRPHC), (LSW(07)» LPRFAC),
53 3 (LSW(09)r LPRVAR)y (LSW(1lg)? LPREKP), (LSW(11}s» LPRNOW).,
54 4 (LSW(12)es LPRLAT), (LSW(13z)e¢ LPRTEM), (LsW{14)s LLDCOM),
55 5 (LSW(15)s LPRCOM), (LSW(1lg)e? LRESKP), (LSW(17)}¢ LPREPH),
56 6 (LSW{(18)+ LINTDN)» (LSW(1g)r LINIT )
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57 END

58 EVARIO PROC

59 C

60 DIMENSION [0U(25)

61 EQUIVALENCE (KVAR(951)» I0U)

62 o

63 C I0CDR ON=-LINE CARD READER

64 C 10PRT ON=LINE PRINTER

65 C 10PCH ON=LINE CARD PUNCH

66 C 10PRL PRINT LATER

67 o I0ROL UNIT CONTAINING EVENTS STATES FOR '"'ROLL=-BACK'' PURPOSES
68 C 10EPH EPHEMERIS DATA FILE

69 C 10MES ERRUR AND PRpGRAM CONTRCOL FLOW MESSAGES

70 c I05CR SCRATCH FILE = AVAILABLE FOR ANY LOCAL USE

71 o

72 EQUIVALENCE (IOU(L1ys IOCDR)» (IoU(2)» IOPRT):
73 1 (IOU(3), IOPCH)» (I0U(4yy ICEPH)» (IoU(5)s IOMES)»
74 2 (IOU(E)y I0SCR) (I0U(7yy IOPRL)» (IoU(8)s IOROL)

75 EnD

76 EVARS PROC

77 C

78 EQUIVALENCE (VAR(1ys TEPEJD)» (VAR(Z)e TEPEJS) ¢
79 1 (VAR(3)» TEPOJL)» (VAR(4)es TEPOJS)»

80 2 (VAR(6)» TTRE ) (VAR(7ye TTRE )

61 3 (VAR (9), TEVI )y (VAR(1n)r TRCI ) (VAR(L1)y» TTRI Jo
82 4 (VAR (12)y CT2 ) e

83 5 (VAR(15)» DTAI )» (VAR(1lg)e DTAIDN)» (VAR(17)e DTAIMNI,
8y 6 (VAR (18)» DTAIUP),

85 7 (VAR(21)r ERCAVM)

86 8 (VAR(24)y GVMB )¢ (VAR(285)r GVME ),

67 9 (VAR(27)» HRCAVM)

&8 EQUIVALENCE

&9 1

90 2 (VARK(35)» QVMB ) (VAR(3g)r QVME ),

91 3 (VAR(38)» RRCAVM)» (VAR(3g)* RRCDVM), (VAR(40)s RSCAVMI,
92 4 (VAR(41)s» RSCDVM),

93 5 (VAR (44)» RTOPCM),

94 6 (VAR(47) 9 RTOPRF)»

95 7 (VAK(50)» RUTOAU)»

96 8 (VAR(53)y TTO Yo (VAR(S54)r TUTODA),

97 9 (VAR (56)» VUTOAD)

98 EQUIVALENCE (TEPI» TTRI), (TEpEr TTRE)s» (TEP8, TTRB)

99 1 (RTO» RTOPRF)

160 END

101 EVARV PROC

102 EQUIVALENCE

103 1

104 2

105 3

106 4 (VAR(92)» ERCBVM)y» (VAR(95)r HRCEVM),

107 5 (VAR(101)» RRCIVM),

108 6 (VAR(110)» RRCBVM), (VAR(113), VRCBVM)» (VAR(116): RRCEVM),
109 7 (VAR(119)r VRCEVM), (VAR(122), RSCBIN), (VAR(125)¢ VSCBIN).
110 8 (VAR(128) ¢ RSCEIN), (VAR(131), VSCEIN),

111 9 (VAR(137)» RSCDDK), (VAR(1y0), VSCDDK)

112 EQUIVALENCE (VAR(146) s RSCBVYM)y» (VAR(149)¢ VSCBVM)
113 1 (VAR (152) ¢ RSCEVM), (VAR(155), VSCEVM), (VAR(158)¢ RVMRIN),
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114 e (VAR(161)r VVMBIN), (VAR(1lgH4)e RVMEIN) e (VAR(167)e VVMEIN]
115 C , '

116 DIMENSION RSCBIN(3)s RSCEIN(3)s RVMBIN(3), VSCBIN(3)e VSCEIN(3),
117 i VVMBIN(3)e VVMEIN(3)s RVMEIN(3)»

118 2 RSCBVM(3)» ySCBVM(3)e RSCEVM(3)p VSCEVM(3)e RRCBVM(3)»
119 K] VRCBVM(3)» QRCIVM(33» HRCBVM(3)» ERCBVM(3)}s RRCEVM(3} .
120 4 VRCEVM(3)r» RSCDDK(3)s VSCDPK(3)

121 END

122 QEPH PROC

123 C

124 C THESE LABELS GIVE THE INSTANTaNEQUS EPHEMERIS OF THOSE

125 c BODIES HAVING SIGNIFICANT EFFECT ON THE SPACECRAFT

126 C

127 COMMON / CEPH / EPH(21:20)

128 C

129 EQUIVALENCE (EPH(n1r1)es ROOEIN) e (EPH(O4e1)r VOOEIN),
130 1 (EPH(07,1) s RSCEQO)¢ (EPH(10¢1)s VSCEOO)¢» (EPH(13¢1)s RSCAOQ),
131 2 (EPH(14,1) s RSCDOOye (EPH(315r1)s 6GOO )o (EPH(1&¢1)¢ GOOR )0
132 3 (EPH(17,1)» DANEOCO)» (EPH(18r1)s DOBEOO)» (EPH(19+1)s DLNEOCC)
133 L (EPH(20s1) s SPLEQOO)» (EPH(2171)s ROOD o

134 5 (EPH(17+1) ¢ RMNEOOQ)

135 DIMENSION ROOEIN(3) s VOOEIN(3)s RSCEQO(3), VSCEQCO(3},

136 1 RSCA00(1)» RSCDOO(1)s GOO(1) » ROOD(1) , DANEQGO(1),

137 2 DOBEOO(1)» DLNEOO(1)r» SPLEQO(1)s GOOR(1)r

58 3 RMNEOQOC (3)

139 C

140 C EPHEMERIS LAYOUT

141 C

142 C EACH GRAVITATING POINT 1 (SEE. READE: I = 1s seep 11 FOR SOLAR SYS)
143 c

144 c EPH(O1,I) ROOEIN INpRTIAL PoSITION

145 c EPH(O4,1) VOOEIN INgRTIAL VELOCITY

146 c EPH(07+,1) RSCEQOO SPACE CRAFT POSITION RELATIVE TO 1

147 c EPH(10,I) VSCEOO SPACE CRAFT VELOCITY RELATIVE TO I

148 c EPH(13,I) RSCAO00 PRpVIOUS D3STANCE BETWEEN SPACE CRAFT AND I
149 c EPH(14,I) RSCDO0 CURRENT 0DJSTANCE BETWEEN SPACE CRAFT aND I
150 C EPH(15,1I) 60O GRAVITATIONAL CONSTANT TIMES MASS OF 1

151 C EPH(16¢I) GOOR MAGS RATIO OF I TO ALL THE PLANETS

152 C

153 c EACH PLANET

154 C

155 c EPH(17,1) DANEOO RIGHT ASCENSION

156 C EPH(18,1) DOBEOO OBIQUITY

157 c EPH(19,1) DLNEOO LONGITUDE oF NODE AT REFERENCE TIME

158 c EPH(200,I) SPLEOO ANGULAR ROTATION RATE (SIDEREAL)

159 c EPH(21,1) ROOD RA;IUS OF (ASSUMED SPHERICAL) I

160 c

161 C EACH MASS POINT FROM PLANET MASS POINT REPRESENTATION

162 C

163 c EPH(17+,1) RMNEOO PLANETOGRAPHIC POSITION

164 C

165 JKLOC(I) = 1 + JKSPEC % (I - 1)

166 c :

167 C NOTE: LIST JK OF JKM ENTRIES GIVEN SUBSCRIPTS I OF GRAVITATING
168 c POINTS CONTRIBUTING TO CURRENT COMPUTATIONS

169 C

170 Eivu
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171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
. 223
224
225
226
227

EEPH
END
QMON

END
GQFAC

GOO0

[}

END
EFAC
Enb
QILV

END
QPHC

(o NeNe]

[}

END
EPHC
EnND
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PROC

PRGC

COMMON / CMON / MONTH(12)

DATA MONTH / 'UANGO1FFBRO2MARNOSAPRAOUMAYROSJUUNRAGE? s
1 'JULGO7AUGROBSERL0Z0CTRIONOVRLIDECRL2

FROC

THESE NUMERICAL FACTORS AND CoNSTANTS ARE FOR SPACE SAVINGS AND
FOR ASSURING MAXIMUM pRECISION IN DOUBLE PRECISION REPRESENTATIONS

COMMON / CFAC / FAC(53)

EGUIVALENCE (FAC(1)r FO)» (FAC(2)s FOTNTH) .
1 (FAC(3)r F1)o (FAC(y)e F2) (FAC(5)e F3)o»

2 (FAC(6)» FH4)o (FAC(7)r F5)» (FAC(8)» FB)»

3 (FAC(9Ye F7) (FAC(10), F8), (FAC(11)» F9)»

4 (FAC(12)r F10), (FAC(13), Fil)» (FAC(14)» F12),

5 (FAC(15)r F13) (FAC(16), Fi4), (FAC(17)» F15),

<] (FAC(18)s F2u4 o (FAC(lg)r F60 (FAC(20)¢ F1440 ).
7 (FAC(21)s F3600 )» (FAC(22)r F864LOO (FAC(23)» FINITY),
8 (FAC(24)e FPT15 )» (FAC(25)r FPTU (FAC(26) e F1IPT5 Jo
9

EQUIVALENCE (FAC(3p)r RTOD (FAC(31)e DTOR )&
(FAC(34) e PETOKM)
(FAC(37)e FOOO0O0L)»
(FAC(40)s» FRTO 1},

1 (FAC(32) s FU3200)s (FAC(33)r AUTOKM
e (FAC(35)s FPTS )» (FAC(3g)r FOO1
3 (FAC(38)s F1PT1 JY» (FAC(39)» FTTO
4 (FAC(41)e FINTES)» (FAC(4p)r FTTOKM)

Yo
Yo
|
(FAC(27)9s F2PTS )» (FAC(28)r F20 Y (FAC(29)s F30 )
Yo
) e
Yo
Yo

FROC
PROC
TABLE OF '"tACTIVE'®' EyENTS ==-. SEE EVNACC FOR LAYOUT

DIMENSION IEV(8r20)r EVN(4,20)
EQUIVALENCE (KVAR{1001)e¢ IEV, EVN)

FROC

THESE FHYSICAL CONSTANTS DO NoT CHANGE DURING THE COMPUTER RUN
COMMON 7 CPHC / PHC(5p)

EQUIVALENCE (PHC(01)r 6S Yo (PHC(O2)» GMSUN 1},
1 (PHC(03) s PIMASS)

DIMENSIOMN PIMASS(12)

FROC

QREADE PROC

c
(o
Cc
ol
CHx

READ JPL EPHEMERIS AT THE JULIAN EPHEMERIS DATE
GIVEN BY (JED+TSEC/86400.D0)

1TEMS COMMUNICATED THROUGH THE CALLING SEQUENCE *x*

READOOSE
READCO70
READOOSD
READOOY0O
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228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284

WITH «0 OR 5
ICRR ERROR FLAG
0=NO ERROR
ON TAPE

ON TAPE
3=SOME IREQ(7) IS NOT 0,1, OR 2

5zICW IS NOT 152s OR 3

Xk ¥
* COMMON BELOCK CETBL1 =*

PESIRED OUTPUT UNITS AS FOLLOwS-.

* CCMMON BLOCK CETBL2 =*

TRANSLATION AS FOLLOWSe.,

2 POGITION AND VELOCITY
J RUNS FROM 1 TO 11 aAS FOLLOWS.,
1 MERC 5 JUP 9 PLUTO

OO0 O0CONCO00OCaO0O00000D000000

JED REFERENCE JUi_IAN EPHgMERIS DATE, .

TSEC SECONDS OF EpHEMERIS TIME PAST JED.
ANY COMBINATION OF vaLUES OF JED AND TSEC
IS ACCEPTABLE AS LONG AS (JED+TSEC/B6400,D0)
IS WITHIN THE RANGE oF THE EPHEMERIS TAPE
BEING USED, HOWEVER TO OBTAIN THE
FINEST POSSIpLE RESOLUTION IN INTERPOLATION
THE NUMBER JpD MUST pE AN EXACT MACHINE
NUMBER. FOR pXAMPLE _JEU COULD BE A DATE ENDING

1=(JED+TSEC/26400.D0) LESS THAN FIRST DATE

U=ICENT IS NOT IN THE RANGE 1 THRU 11

THE FOLLOWING ITEMS ARE INPUT THROUGH COMMON **

SUGGESTED VALUES FOR pU AND Rg DEPEND UPON

1 MERC 5 JUP g PLUTO
2 VENUS 6 SAT 1 SUN
3 EARTH 7 URANUS 11 MOON
4 MARS a NEP
IREQ() IREQ(J) SPECIFIES OUTPUT DESIRED FOR
BODY NO, Jo
IREQ(J)=0 NO OUTPUT
1 POgITION

2=(JED+TSEC/g6400,D0y GREATER THAN LAST DATE

EMRAT EARTH MOON MaSS RATIC. SUGGESTED VALUE=81.3D0

FOR OUTPUT IN EARTH RpADII AU=23454,794001225117D0s RE
FOR OUTPUT IN KILOMETERS AU=149508640.D0
FOR OUTPUT IN A.U. Ay=1,00, RE =4,2635207111508500D~5

RE

Page 6

AU A.U. EXPRESSED Iy DESIRED OUTPUT UNITS

RE EQUATORIAL RADIUg OF EARTH IN DESIRED OUTPUT UNITS
RE IS USED TO SCaLE THE LUNAR EPHEMERIS

TPD DESIRFD NUMBER OF TIME UNITS PER DAY

=1.D0
=6378.16900

SET TPL=86400,D0 FOR yELOCITY IN LINEAR UNITS PER SECOND.
SET TPD= 1.00 FOR yELOCITY IN LINEAR UNITS PER DAY.

ICw FLAG INDICATING STAT)S OF COMMON BLOCKS REC2 AND CETBL3
1 MEANS NEITHER BLOCKS CONTAIN VALID DATA
2 MEANS BOTH BLOCKS CcONTAIN VALID DATA
3 MEANS REC2 IS VALIpe CETBL3 IS NOT
USER MUST SET ICW=1 pEFORE INITIAL CALL
ICENTR SPECIFIES CENTRAL BOpY FOR COORDINATE

READOLOO
READOL10
READ0120
READO130
READCL4O
READOLS0
READQL160
RE&DOL70
READOLBO
READO190
READG200
READOZ10
READO220
READCZ30
READO240
READOZ250
READOZ260
READOZ70
READOZ80
READO290
READO300
READO310
READO320
READO330
READO340
READQ3B0
READO360
READG370
READG380
READO3S0
READCH0O
READO&4LO
READORZO
READO430
READG4HO
READC450
READO460
READOGTO
READO4B0
READO4S0
READCE00
READGB10
READOS20
READOS30
READOBHO
READOBS0
READCS60
READOSTO
READGS80
READGSS0
READO&0OD
READO®10
READGG20
READOE30
READOGHO
READOESO
READOGGD
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285
266
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313

Page 7

C 2 VENUS 5 SAT 1p SUN READD&TO
C 3 EARTH 7 URANUS 11 MOON READOGED
C 4 MARS g NEP 12 ERTH~MN=BARYCENTER READOGS0
C 13 NUTATION READOT700
¢ * COMMON BLOCK CETBL3 * READDT7L0
¢ TAB3 829 DOUBLE PREC. WoRD BUFFER TO ACCOMODATE J.D. AND EPHEMERIS,READO720
¢ NUTAT 204 SINGLE PREC. y4ORD BUFFER TO ACCOMODATE NUTATION DATA, READOT730
C CKSUM 1 $.P. WORD FOR CHECKSUM, READQOT740
C#% THE FOLLOWING ITEMS ARE OUTPUT THROUGH COMMON *x READOTS0
C * COMMON BLOCK CETBLY4 * READOT760
c TABOUT( » ) PLANETARy AND LUnAR QUTPUT» SCALED AND READOT77O
C TRANSLATED WITH RESPECT TO cENTER. READGTSO
c TABOUT (1eJ) CONTAINS OUTPUT FOR READOT790
c BODY NO. Jo (1 o Ee J (LEe 12) READOSOO
C THE INDEYX I IDENTIFIES COMPONENTS AS FOLLOWS,. READDB1D
c 1=X 2=y 3=z READOB20D
c 4=XDOT 5zYDOT  6=ZDOT READOB30
c nUTC ) NUTATION OUTPUT READOBLO
o NUT(1)=DgLTA LONGITUDE READOESE
C NUT(2)=DgLTA OBLIQUITY READOBGD
c NUT(3)=TIME DERIVATIVE OF NUT(1) READGE70
C NUT(4)=TIME DERIVATIVE OF NUT(2) READDBSAO
C * COMMON BLOCK CETBLS % READOBSO
c BIVECT( ¢ ) WORKING pRRAY, CoNTENTS ARE INTERPOLATED READOSO0
C AND SCALED BUT WNoT TRANSLATED. 15T INDEX RUNS READO9LO
c OVER X»Y,ZeXDOT,yDOT,2ZDOT AS IN TABOUT READ0920
c BUT 2ND INDEX IS DIFFERENT AS FOLLOWS.. READO930
c BODIES 1 THRy 9 ARE HELIOCENTRIC, READD94D
o 1 MERC 5 JupP 9 PLUTO READ0950
o 2 VENUS 6 SAT 10 MOON REL TO EARTH READOS50
c 3 ERTHMN 7 URANUS 11 ERTHMN REL TO EARTH READOGTO
c 4 MARS 8 NEP 12 ERTHMN REL TO MOON READOSED
c 13 SEE 4092+ READOO9D
c READ100D
c THE COMMON BLOCK *CET5L9¢ IS pOR COMMUNICATION READ1010
c BETWEEN RDEP2 AND GETR2. READLO20

COMMON / CETBLL / IETL1(8)

1 / CETBL2 / IETgL2(15)

2 / CETBL3 / IETpL3(1836)

3 / CETBLY4 / IETpL4(148)

4 / CETBLS5 / IETgL5(156)

5 / CETBL9 / IETRLY(7)

INTEGER IREQ(13)

REAL NUTAT(204), NUT(4)s CKSUM
DOUBLE PRECISION AU, D1, JDIF» EMRAT, REe TPDs TDAY:
1 TAB3(829)+ TABOUT(gr12), BIVECT(6:13)

EQUIVALENCE

CUF O

c

END

EREADE PROC
-END

(IETBL1 (1), AU): (IETBL1(3)s RE)s

(IETBL1(S)» TPD)y (IETBL1(7)s EMRAT),

(IETBL2(1)s ICW)» (IETBL2(2), ICENT), (IgTBL2(3)s IREG),
(IETBL3(1)» TAB3), (IETBL3(1659)¢NUTAT)» (IETBL3(1863),CKSUM),
(IETBL4(1)»TABOUT), (IETBLy4(145), NUT), (IETBLS(L)}e BIVECT),
(1IETBLO(1) s JD1)» (IETBLo(3), TDAY)e (IETBLI(S)e JDIFI,
(IETBL9(7)e IERR1) » .
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342
343
a4y
345
346
47
348
349
350
351
3be
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369

370 .

371
372
373

QTEM

OO0

o

END
ETEM
END

VN OUTEUWUN =

~NOOUIE LGN e

1
2
3

FROC
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THESE TEMPORARY VARIApLES ARE FOR CONVENIENCE AND SPACE ECONOMY,
THEY ARE NOT NECESSARILY MAINTAINED FROM ONE SUBROUTINE TO ANOTHER

COMMON / CTEM / TEM(100)

EQUIVALENCE (TEM(1)r T1)» (TEM(2)» T2)e
(TEM(3)r T3)o (TEM(g)r TH)» (TEM(S5)s TS)»
(TEM(E)r TO) o (TEM(7)? T7)» (TEM(8)s T8
(TEM(SG)e T9)» (TEM(10), T10)» (TEM(L11), T1iL)»

(TEM(12) e S1)» (TEM(13)r S2) (TEM(14)s S3)
(TEN(15) s SU)» (TEM(1g)? S5)» (TEM(17)s S6&)»
(TEM(18)y ST7) (TEM(1lg)e S8} {TEM(20) ¢ ST}
(TEM(21)» X1) (TEM(22)r X2) (TEM(23)e X3)»
(TEM(28) e X&) (TEM(25) ¢ X5)» (TEM(26)r X&)
(TEM(27)e XT7)o (TEM(28)r X8)» (TEM{29), X3)

EQUIVALENCE (TEM(30) TV1), (TEM(33)e TVZ2) s
(TEM(36)s TV3)» (TEM(39)r TVH4), (TEM(42)e TVDI]
(TEM(45)s TVE)» (TEM(4g)r TV7), (TEM(D1)s TVB},
(TEM(54)y TV9)oe (TEM(57)r TV1O0)» (TEM(60) TV1iide
(TEM(63)s SV1)» (TEM(66)r SV2), (TEM(E9) s SV3)s
(TEM(T72)r SVU&) (TEM(75)r SVB), (TEM{78)Y: SVEL,
(TEM(81)r XV1).» (TEM(8y)r XV2), (TEMI87)Ye XV3),
(TEM(S0), XVi), (TEM(9%)r XVS)» (TEM(96) ¢ XV6)

LDIMENSION TVL(3)Ye  TV2(3) TV3(3)e  TVUH(3), TVS(5), TYH(3)»
TV7(3)e TVB(3)e TVI(3)e TV10(3)y TV1IL(3),
SV1(3)e SV2(3)s gV3(3)e SV4(3)» SV5(3), SV6(3),
XVLI(3)e XV2(3)e xV3(3)e XV4(3)}e XV5(3), XV6(3)

FROC
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Program: CONIC

Purpose: Compute the vector orbital elements of the reference
conic section, given the position and velocity vectors relative
to the virtual mass.

Calls: CROSS, VALUE

Called by: STEPIN

Erros and Diagnostics: None

Language: Fortran subroutine

Computations: (See Table 2 for definition of symbols):

HRCBVM = RRCBVM x VRCBVM

HRCAVM = |HRCBVM|

_ _ RRCBVM _ HRCBVM x VRCBVM
ERCBVM = - RpcavM ~ — GvMB
ERCAVM = |ERCBVM|

CONIC

PERFORM COMPUTATIONS

Y
( RETURN )
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COMPUTES THE VECTOR ORBITAL E£LEMENTS OF THE REFERENCE CONIC
SECTIONs GIVEN THE POSITION AnND VELOCITY VECTORS RELATIVE TO THE

MASS. OUTPUTg THESE yECTOR ELEMENTS IN THE VIRTUAL MASS

CENTERED INERTIALLY ORIENTED cOORDINATE FRAME,

PRODUCT OF UnIVERSAL GRAVITATION CONSTANT AND THE VIRTUAL
MASS MAGNITURE B

THREE COMPONENTS OF THE REFERENCE CONIC

POSTION RELATIVE TO THE VIRTUAL MASS

REF CONIC VELOCITY gELATIVE TO THE VIRTUAL MASS

REF CONIC OD1STANCE gROM THE VIRTUAL MASS (MAGNITUDE OF
RRCBVM)

ANGULAR MOMENTUM (AREAL RATE) VECTOR OF REFERENCE CONIC
ORBIT RELATIVE TO THe VIRTUAL MASS

MAGNITUDE OF ANGULAR MOMENTUM VECTOR (HRCBVM)
ECCENTRICITY VECTOR oF CONIC ORBIT RELATIVE TO THE V MASS
MAGNITUDE OF ERCBVM'

SUBROUTINE CONIC

QTYPE
QVAR
GTEM
EVARS
EVARV
ETEM

CALL CROSS (RRCBVMp VRCBVM, HRCBVM)
HRCAVM = VALUE (HRCBVm)
CALL CROSS (HRCBVMy VRCBVM, Tyil)

= 1e 3

ERCBVM(I) = =RRCBVM(I) / RRCAVM = TV1(I) / GVMB

VMASS*RF UK « CONIC

1 c

2 C PURPOSE

3 c

4 C

5 c

6 c VIRTUAL
7 c

8 c

9 C  LNPUT

10 c

11 ¢ GVMB

12 C

13 C KRCBVM
14 c

15 c VRCBVM
16 c KRCAVM
17 c
18 c

19 C  OUTPUT
20 c
21 c HRCBVM
22 C
23 c HRCAVM
24 c ERCBVM
25 C ERCAVM
26 c
27 ,
28 C
29 INCLUDE
30 INCLUDE
31 1NCLUDE
32 INCLUDE
33 INCLUDE
34 INCLUDE
35 c
36
37
38
39 Lo 10 I
40 10
41 ERCAVM
42 c
43 KETURN
4y END

VALUE (ERCBVy)
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Program: CONICT

Purpose: Compute the reference conic time of flight from initial
position vector and incremental vector to desired final position
on orbit.

Called by: KEPLER
Calls: CROSS, DOT
Errors and Diagnostics: The CONICT result is based on a time
series calculation. If the series is found to be divergent, a

subroutine log out is initiated. If found to require an exces-
sive number of terms, a diagnostic printout is initiated.

Language: Fortran subroutine

Computations:
v. = RRCIVM  HRCBVM
3 HRCAVM ~ HRCAVM
T, =1 - ERCAVMZ
T, = T, - GVMB - HRCAVM 2
T, = V5 o (ERCBVM + T, - RRCBVM)
_ . 2
T, = |T,| (T, + GVMB # HRCAVM)
T = GUMB - T,>
6,0 4
T7’0 =1
To,0 = T2
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TRCI, =V

0 3 ° RRCBVM

T8 = T6 . T7' + (2n+l)
Toon = To,n-1 " T2
TRCI_ = TRCI_ _, + SIGN (Tgy, Tg)

CONICT

INITIALIZE SERIES

i

DIVERGENT YES

!

CALCULATE NEXT

A

N

TERM IN SERIES

l LOGOUT

YES

NEGLIGIBLE

ot
NO MAXIMUM PERMITTED
NUMBER OF TERMS

'RETURN

N
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VisASSkRF UK e CONLCT
1 C
2 C PURPOSE
3 c
4 C THIS PROGRAM COMPUTES THE REFFRENCE CONIC TIME OF FLIGHT FROM
5 C INITIAL POSITION VECTHR AND INCREMENTAL VECTOR TO DESIRED FINAL
6 C FOSITION ON ORBIT. THE REFERENCE CONIC ORBIT IS SPECIFIED 8Y THE
7 C VECTOR ORBITAL ELEMENTS.
8 C
9 C INPUTS
10 C
11 c HRCBVM REFERENCE COnIC ANGULAR MOMENTUM (AREAL RATE)
12 C HRCAVM  MAGNITUDE OF THE ANGULAR MOMENTUM
13 c ERCBVM  REFERENCE COnIC ECCENTRICITY VECTOR
14 C ERCAVM MAGNITUDE OF ECCENTRICITY ‘
15 c RRCBVM REFERENCE COnIC INITTAL POSITION VECTOR
16 c RRCIVM REFERENCE COwIC POSITION VECTOR INCREMENT
17 o NMAX MAXIMUM NUMBZR OF TEgRMS IN SERIES EXPANSION FOR EVAL TIME
18 C GVMB PRODUCT OF UNIVERSAL GRAVITATION CONST AND VIRT MASS MAG
19 c KTO TOLERANCE DEFINING AcCURACY OF COMPUTED POS INCREMENT
20 c
21 C  OUTPUT
22 C
23 C TRCI REFERENCE. COMIC INCREMENTAL TIME
24 c
25 SUBROUTINE CONICT
26 C
27 INCLUDE QTYPE
28 INCLUDE QVAR
29 INCLUDE GTEM
30 INCLUDE GQFAC
31 INCLUDE EVARS
32 INCLUDE EVARV
33 INCLUDE EVARIO
34 INCLUDE EVARI
35 INCLUDE EVARL
36 c
37 Lol1i1i=1,3
38 TV1(I) = RRCIVM(I) / HRCAVM
39 1 TV2(I) = HRCBVM(I) / HRCAVMm
40 CALL CROSS (TVis TVZ2, TV3)
41 TRCI = DOT (TV3, RRCBYM)
42 c
43 T2 = F1 - ERCAVM *x* o
Ly T3 = GVMB * T2 / HRCaVM xx 2
45 LO 29 1 = 19 3
) 29 TV5(I) = ERCBVM(I) + RRCBVM(I) % T3
47 T4 = DOT (TV5, TV3)
48 T5 = ABS (T2) % (GVMB * T4 / pRCAVM) x* 2
49 o
50 C CHECK FOR DIVERGENT TIME SERIFS
51 C
52 IF (15 +LE. F1) 60 TO 5
53 WRITE (ICMES, 2)
54 2 FORMAT (' CONICT #*%x TIME SERIES DIVERGENT *% ARG GT., 1%
55 LOGOUT = .TRyE.

56 RETURN
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57 5 T6 = GVMB * T4 *x%x J

58 17 = F1

59 79 = v2

60 DO 20 N = 1» NMAX

61 T7 = 77 = T7 /7 (N + )

62 T8 = 76 % T7 /7 (N + p + 1)

63 IF (ABS (T8) .LE. TTo) RETURN

b4 IF (ABS (T8) oLE. FINTES x TRCI) RETURN

65 T9 = 19 % T2

66 TRCI = TRCI 4 SIGN (78! T9)

67 20 Te = 76 x T5

68 c

69 C TIME SERIES REQUIRES MORE THAn NMAX TERMS FOR CONVERGENCE
70 ¢ .

71 WRITE (IOMES» 30) NMAYX

72 30 FORMAT (' CONICT **% TIME SERIES TERMS EXCEEDING', I6)
73 RETURN ~

T4 END
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Program: CROSS (a, b, c©)

Purpose: Calculate vector cross product.
Called by: CONIC, CONICT, KEPLER

Calls: None

Errors and Diagnostics: None

Language: Fortran subroutine

Computations:
Cp = ap by = a3 by
C2 = ag bl - aq b3
C3 =a; by -aby

CROSS

PERFORM COMPUTATIONS

RETURN
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VASSHRF JK « CROSS

1 c

2 ¢  PURFOSE

3 c :

4 c CALCULATE VECTOR C THg CROSS PRODUCT OF VECTORS A AND B (3 COMP)
5 C

& SUBROUTINE CROSS (A gs C)

7 ¢

8 INCLUDE QTYPE

9 DIMENSION A(3)s B(3)s C(3)

10 c

11 DO 10 I = 1+ 3

12 J = 1+ MOD (I , 3)

13 K=14+MOD (I + 1, 3)

14 10 C(I) = AWJ) * B(K) = A(K) * B(J)
15 c

16 RETURN
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Program: DDREAD

Purpose: Read input data deck via Fortran Name List

Called by: SETUP

Calls: None

Errors and Diagnostics: Log out initiation from the data deck
18 acknowledged.

Language: Fortran subroutine

Computations: None

DDREAD

READ iN ACCORDANCE
WITH NAME LIST DATADK

RETURN



VMASS gUBROUTINE DDREAD

VMASS*HRF UK « DDREAD

C
C
C
c
C
C

10

PUR

CUFWN-

FOSE

Page 18

KEAD DATA DECK = SOME LOCATIONS BY NAME - OTHERS BY COMMON BLOCK

SUBROUTI

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

NAME LIST / DATADK / gPHy FAC,
DTAIUP,
IPNOWM,
I1TePUG,
IOROL []
JK

DTAI»
IEVST
RTOPR
I0EFH
RSCOD
IOPCH

READ

NE DDREAD

QTYPE
QVAR
QEPH
QPHC
QFAC
QREADE
EVARI
EVARIO
EVARL
EVARS
EVARV

DTAIDN,

Re IPLATM,
Fe TEPOJD
» IOMES
Kr VSCDDK>»
y IOPKRT

DTAIMN,
IPL_OTM,
TEpOJS,
I0pRL »
LPRNOW .,
I0gCR

(ICCDR» DATADK)

IF (LOGOUT) WRITE (IOQMES,

FORMAT (* DDREAD x*% nATA DECk LO0OG

RETURN
END

10)

ISWe LSWe PHCoe

IDTRAJ.
LPRLAT
AUr RE,
LOGOUT»
JKN ¢

ouT?")

VAC: VAR
FEVRUN, IEVSTP,
LSTDDK »

ICENTR

IEVREP,
LPRNOW
TPDe EMRAT,
LINIT »

RSCEIN, V&ECEIN,
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Program: Xx = DEVAR (m, n)

Purpose: Obtain difference between two variables for which are
given subscripts relative to some common symbol.

Called by: EVNACC, EVNDT, INDEX

Calls: None

Errors and Diagnostics: None

Language: Fortran function

Computations:

DEVAR

PERFORM'COMPUTATIONS

RETURN
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VMASS*RF JK « DEVAR
1 c
2 C PURPOSE
3 c A
4 c OBTAIN DIFFERENCE BETWEEN TWO DOUBLE PRECISION VAR LOCATIONS
5 C FOR WHICH SINGLE PRECISION INpICES HAVE BEEN COMPUTED
6 ¢
7 FUNCTION DEVAR (Ms N)
8 c
9 c WRITE
10 c
11 c X = DEVAR (Mr¢ N)
12 c
13 c RATHER THAN
14 c ‘
15 C X = VAR(M) = VAR(N)
16 o /
17 Cc WHICH AT OBJECT CODE | EVEL BECOMES
18 c
19 C X = VAR(2%M) = VAR (2%N)
20 o
21 INCLUDE QTYPE
22 V . INCLUDE QVAR
23 INCLUDE QTEM
24 EQUIVALENCE (T1e IT1), (T3, IT2)
25 CIMENSION IT1(2), IT2(2)
26 IT1(1) = KVAR(M)
27 1T1(2) = KVAR(M+1)
.28 IT2(1) = KVAR(N)
29 IT2(2) = KVAR(N+1)
30 . DEVAR = T1 - T3
31 RETURN

32 ENO
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Program: x = DOT (y, z)

Purpose: Calculate vector dot product

Célled by: CONICT, KEPLER, PREPAR, STEPIN, VMXACT
Calls: None

Errors and Diagnostics: None

Language: Fortran function

Computations:

X = ¥12; t ¥y2Z,) + Y323

PERFORM COMPUTATIONS

RETURN
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VMASS*RF JK « DOT
1 C
2 c
3 c
4 c
5 C
6
7 C
8
9

10 c
11
12 c
13
14

PURFOSE

CALCULATE DOT PRODUCT OF TWO z COMPONENT VECTORS

FUNCTION DOT (A» B)

INCLUDE QTYPE
DIMENSION A(3), B(3)

poT =

RETURN
END

A(1l) * B(1l)

+

A(2) x B(2)

+

A(3) x B(3)

Page 22
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Program: DTJTOG (Jd"J , G)

t

DTGTOS (G, Tqr T¢)

Purpose: Convert date-time group from Julian to Gregorian form
and vice versa.

Called bx: PRTIME
Calls: None

Errors and Diagnostics: None

Language: Fortran subroutine

Computations: (See for reference Fliegel and Van Flanders,
Communications of the ACM, October 1968)

Gy = 100 (n - 49) + i + j/11
G, = 3 + 2 - 12 (j/11)
Gy = m - 2447 3/80
where
i = 4000 (m1 + 1) / 1461001
j = 80 m / 2447
m=m + 31 - 1461 i / 4
m o=m, - (146097 n + 3) / 4
m, = Jd + 68569
n=14 m., / 146097
and
G4 = (3200 + Jt) / 3600
t = Jt - G4 . 3600

Gg = (43200 + t) / 60

G, = 43200 + t - G-.60

5
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On the reverse calculation for Gregorian to Julian

J, = .5 + k - 32075

a
+ 1561 (i + 4800 + (j - 14) / 12) / 4
+ 367 (3 -2 - (3 - 14) / 12) / 12
-~ 4 ((i + 4900 + (3 - 14) / 12) / 100) / 4
Jt = 3600 G4 + 60 G5 + G6
where
i= Gl
J =G,y
k = G3

|

DTJTOG COMPUTE GREGORIAN DATE-TIME JB-]

DTGTOJ COMPUTE JULIAN DATE-TIME e

'RETURNj
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VMASS)RF U « DTJTOG
1 C LTJTOG R JESSUP = BpLLCOMM . 21 JAN 69
2 C
3 C PUKFOSE
4 C
5 C CONVERT DATE - TIME FRrOM JULIAN TO GREGORY (DTJTUG) OR
6 C VICE VERSA (DTGTOU)
7 C
8 C REFERENCE
9 C
10 C FLIEGEL AND VAN FLANDzRS COMM{NICATIUNS ACM OCTOBER ©8
11 C
12 ¢ CALLING SEQUENCE
13 C
14 SUBROUTINE DTJ106 (DJ, TJr 16)
15 C
i6 ¢ InNPULTS
17 C
is8 C Ld JULIAN DATE
19 c TJ TIME IN SECONDS PAST JULIAN DATE
20 C
21 C OUTFUT
22 C
23 C 16 GREGORIAN DAye MONTH, YEAR» HOUR, MINUTE, SECOND
24 C (24 HOUR CLO¢K)
25 C
26 INCLUDE QTYPE
27 INCLUDE @QFAC
28 INCLUDE QTEM
29 o
30 INTEGER I1G(6)
31 C
32 C NORMALIZE DJ + TJd TO READ D1l.5 + T1 (T1 POSITIVE FRACTION OF DaY)
33 C
34 D1 = IFIX (FPTS + DJ 4 TJ 7 Faé400)
35 10 TL = TJ + F86400 * (Dy = D)
36 C
37 C COMPUTE GREGORY DATE
38 C
39 70 M = D1 + 68569
49 N = 4 % M/ 146097
41 M= M= (146097 * N + 3) / &
42 I = 4000 * (M + 1) / 1461001
43 M = M- 1h6l x I / 4 4 31
44 J = 80 x M / 2447
45 K =M= 2447 % J / 80
L) M= Jd /11
47 J=z J 42 =12 % M
48 1 = 100 % (N = 49) + 1 + M
49 I6(1) = 1
50 16(2) = J
51 16(3) = K
52 IGi4) = (F43200 + T1) 7/ F3600
53 T1 = 71 - 16(4) * F3eq0
54 IG(S) = (F43200 + T1) / Fé0
5% TL = T1 - I6(5) * F60
56 IG(6) = (F43200 + T1)
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57 KETURN

58 C

59 C

60 ENTRY DLTGTOJ (1IG1le DJie TJ1)

61 C

62 C

63 o COMPUTED JULIAN DATE GIVEN AS DJY,5 + TJ

64 C

65 I = I61(1)

66 J = IG61(2)

67 K = IG1(3)

68 DJl = 0.5 + FLOAT (K - 32075

€9 1+ 1461 * (I + 4800 + (J = q4) s 12) / 4
70 2+ 367 % (J =2 = (g=14)/ 12 x 12) / 12
71 3 = 3 (I + 4900 + (J = 14) /s 12) / 100) / 4)
72 O TJL = I61(4) % F3600 4 IG1(5) * F60 + IG1(6)
73 RETURN

74 END
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Program: EPHEM (element EPHEM)

Purpose: Determine positions and velocities of gravitating bodies

Called by: STEPIN

Errors and Diagnostics: Error returns from the subroutine
READE are indicated. A log out is initiated.

Language: Fortran subroutine

Computations: READE is called to obtain sun-centered planetary
state vectors. The following type transformation is then made
to obtain inertial coordinates.

ROOEIN

Il

TABOUTi . =V

k rJ 1

VOOEIN TABOUT. v

k i+3,3 ~ ‘2

where

TABOUTi 5 = position vector, jth planet relative to sun
14

= velocity vector, jth planet relative to
sun

Tj'-\BOUT:i_+3,j

and V. is sun vector relative to the inertial frame of reference
and i§ given by

Vl = § GOORk TABOUTi’J
V2 = ; GOORk TABOUTi+3,j

J
where

ratio of mass of planet j to sum of masses of
solar system.

GOORk

k

JKLOC (3)
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GET SUN CENTERED VECTORS

< READE ERROR

PERFORM CALCULATIONS

|

YES

LOG OUT jrmmmmmscsmmmmmemen,

YES

MASS POINTS

l

RESOLVE MASS DISTRIBUTIONS
INTO INERTIAL COORDINATES

< ALL PLANETS SINGLE

N

PLANET

RETURN
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VIMASS*RF Ui o EPHEM

1 o EPHEM R JESSUP = BpLLCOMM . 09 JAN 69
2 c
3 C PURFOSE
4 C
5 C UETERMINES FROM JPL EpHEMERIS FILES THE POSITIONS AND VELOCITIES
6 o OF THE GRAVITATING BOpIES
7 o
8 ¢ INPUTS
9 c
10 C TTRE ELAPSED TRAJECTORY TyME FROM FIRST EVENT
11 o TEPOJD  JULIAN EPH DATE AT FYRST EVENT
12 c TEPOJUS  JULIAN EPH TIME AT FIRST EVENT
13 c TEPEJD  CURRENT JULIAN EPHEMgRIS DATE (DAYS)
14 o TEPEJS  CURRENT JULIAN EPHEMgRIS TIME (SECONDS)
15 C TUTODA  MULTIPLIER FoR CONVERTING TRAJECTORY TIME TO DAYS
16 o
17 C OQUTPUTS
18 c
19 o JK LIST OF CURRENT GRAVITATING MASS POINTS
20 o JKN NUMBER OF ENTRIES IN JK
21 c RJKEIN  CURRENT INERTIAL POS VECTOR OF MASS PT JK
22 C VJKEIN  CURRENT INERTIAL VEL VECTOR OF MASS PT uJK
23 o GJKR RATIO OF MASs OF GRAy PT UK TO MASS OF ALL THE GRAV PTS
24 c
25 c
26 SUBROUTINE EPHEM
27 C
28 INCLUDE QTYPE
29 INCLUDE QVAR
30 INCLUDE QPHC
31 INCLUDE QTEM
32 INCLUDE QEPH
33 INCLUDE GQFAC
34 INCLUDE QREADE
35 INCLUDE EVARIO
36 INCLUDE EVARS
37 INCLUDE EVARI
38 c
39 DIMENSION , 1EPERL1(2)s IEPER2(4,5)
40 LDATA IEPER1 / * READE *%% ¢ /
41 1 IEPER2 / 'DATE TOO EARLY FoR EPH ' »
42 2 'DATE TOO LATE FoR EPH ' »
43 3 * IMPROPER OUTPUT gEQUEST' »
Ly 4 "INVALID cENTRAL pODY ' »
45 5 "ICW OUT oF RANGE '/
46 o
47 c
48 C INITIALIZE
49 C
50 c .
51 c READ SUN-CENTERED EPHEMERITIEs VIA JPL READE
52 c
53 80 T1 = TTRE * TUTODA
54 I = T1
55 T2 =1
56 TEPEJD = TEPOJD + T2
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57
58
59
60
61
62
63
oL
65
66

OO0

OOaO0

(9]

104

110

120

130

140
150

TEPEJS = TEPOJS + (T1 = T2) * F86400
1 = TEPEJS / F86400

T3 =1

TEPEJS = TEPEJS = F86400 % T3

TEPEJD = TEPEJD + T3

CALL READE (TEPEJDe TePEJS» I
IF (I .EQG. 0) GO TO 14
WRITE (IOPRT» 82) IEPERj» (IEPER2(JsI)s U
WRITE (IOMES» 82) IEPER1ie (IEPER2(JeI)s J
FORMAT (12A6)
WRITE (IOMES. 102)
FORMAT (' READE CpLLED BY EPHEM')
LOGOUT = +TRUE.,
RETURN

1e 43
1o 43

CONVERT TO INERTIAL CoORDINATES (CENTER AT SOLAR BARY=CENTER)

Lo 110 I = 1r 3
TVi(l) = FO
Tv2(I) = FO

LO 130 J = 1r 12 :

IF (IREQ(J) «NE. 2) GO TO 130
K = JKLOC (J)
DO 120 I = 1, 3
TV1(I) = TV1(¢I) + GOoR(K) * TABQUTI(I,J)
TV2(I) = TV2(I) + GOoR(K) * TABOUT(I+3sJ)
CONTINUE
DO 150 J = 1»r 12
IF (IREQ(J) oNE. 2) GO TO 150
K = JKLOC (J)
0O 140 I = 1, 3
ROOEIN(I+K=1) = TABOyT(I,J) - TVIi(I)
VOOEIN(I+K=1) = TABOUT(I+3,J) = TV2(I)
CONTINUE

KESOLVE PLANETS INTO INERTIALLY BASED COMPONENTS PER LIST JKPTS
IF (JUKPTSN NE. 0) CALL PLANET

RETURN

CEND
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Program: EPHEM (element EPH2CO)

Purpose: Determine position and velocity of two gravitating
bodies in circular orbit about each other.

Called by: STEPIN
Calls: SIN, COS

Errors and Diagnostics: None

Language: Fortran subroutine

Computations:
ROLEIN, = - GO2 cos (TTRE - TEE)
ROlEINy = - GO2 sin (TTRE - TEE)
VOlEIN. = - ROlEIN
X y
VO1EIN. = ROLEIN
Y X

ROZEINX = GOl cos (TTRE - TEE)

ROZEINy = GOl sin (TIRE - TEE)
VO2EIN_ = - ROZEIN

X y
VO2EIN_ = RO2EIN

Y X

¥
< TTRE: O >___.> INITIALIZE INDICES

PERFORM CALCULATIONS
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VMASSHRF UK e EPH2CO

1 c EPHEM D NOVAK AND r JESSUP BELLCOMM 01 APR 69
2 C

3 C PURFOSE

4 c

5 C CETERMINE POSITIONS AnD VELOCITIES OF TWO GRAVITATING POINTS IN
6 c CIRCULAR ORBIT ABOUT pACH OTHER. NORMALIZED SYSTEM WITH TCTAL
7 o MASS 1 AND ANGULAR ROTATION 1 IN INERTIAL COORDINATES.
8 c

9 C INPUTS

10 c

11 C TTRE CURRENT VALUr TRAJECTORY TIME (NORMALIZED ELAPSED EPH T)
12 c TEE INITIAL VALUp NORMALTZED EPHEMERIS TIME
13 c 600 TABLE OF GRAyITATIONAL CONSTANTS

14 o

15 C OUTPUTS

16 c .

17 C KOIEIN POSITION ITH POINT inERTIAL

18 C VOIEIN  VELOCITY ITH POINT INERTIAL

19 c
20 SUBROUTINE EPHEM
21 C
22 INCLUDE QTYPE
23 INCLUDE QVAR
24 INCLUDE QTEM
25 INCLUDE QEPH

26 INCLUDE QSTORE
27 INCLUDE EVARI
28 INCLUDE EVARS
29 INCLUDE GFAC

30 C ;
31 IF (TTRE «NEs FO) GO 70 10
32 JK(1) = 1
33 JK(2) = 2
34 JKN = 2

35 Ko1 = JKLOC (UK(1))
36 K02 = JKLOC (JK(2))

37 10 T1 = TTRE - TEE

38 12 = COS (T1)

39 T3 = SIN (T1)

40 T4 = T2 * GOO(KO1)
41 15 = T3 % GOO(KO1)

42 T6 = = T2 x GOO(K02)

43 T7 = = T3 * GOO(KO2)

Ly c

45 ROOEIN(KO2 ) = T4
46 ROOEIN(KO2+1) = TS5

47 ROOEIN(KO1 ) = Té
4g ROOEIN(KO1+1) = T7
49 VOOEIN(KO2 ) = = T5
50 VOOEIN(KO02+1) = T4
51 VOOEIN(KOL ) = = T7
52 VOOEIN(KOL1+1) = Té
53 KETURN

54 END
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Program: EVNACC (

Purpose: Build and maintain table of trajectory events.

Called by: SIMXXX

i, 3, k, a, ¢, m)

Calls: DEVAR, INDRS, RECORD, ROLOUT

Errors and Diagnostics:

causes an error indication and program log out.

Language: Fortran

subroutine

Computations: None

NO

EVNACC

ACTIVATION CYCLE >

l

'ACTIVATE EVENT i

s —— W— —— A— ——— —.  pi—— oo

ROLOUT

l

An overflow of the events table,

<R ECORDING TRAJECTOR‘>

!

RECORD TRAJECTORY STATE

e e —— — ———— —— S— —

RECORD

l

$- UPDATE EVENTS TABLE

RETURN

IEV,
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VuASS*RF UK « EVNACC
1 c EVNACC R JESSUP - BgLLCOMM . 0p JAN 69
2 C
3 C PURPOSE
4 C ,
g C VMASS USER CODING IN THE SIMULATOR (SIMXXX) CONSISTS OF SUCCESSIVE
6 C CALLS TO EVNACCs ONE cALL FOR EACH TRAJECTORY EVENT. ON EVENT
7 C ACTIVATION (IEVFLG I R 0) EvnACC RETURNS CONTROL TO ONE TIME
8 C EVENT CALCULATIONS FOLLOWING THE CALL, ON TABLE UPDATES (IEVFLG 1
9 o AS SET BY THE SIMULAToR AFTER EVENT ACTIVATION AND BEFORE MOVING
10 c ON TOWARD NEXT EVENT) EVNACC RETURNS CONTROL TO NEXT Call OR T¢
11 C THE SIMULATOR AFTER ALL CALLS HAVE BEEN MADE,
i2 C
13 C
14 C CALLING SEQUENCE
15 C
lée C CALL EVNACC (I, IACT,» IDACTe cRIT, AIMPT, $MISS)
17 C -
18 C INPUTS
19 c '
20 c I ANY EVENT DEGCRIBED [N THE SIMULATOR (EVENTS LIST)
21 C IACT "PACTIVATINGs ' EVENT FOR I (JACT MUST **QCCUR®? BEFORE I)
22 c 1DACT **DE-ACTIVATING** EV FOR I (THE *'OCCURRENCE®®' OF IDACT
23 C PRE=EMPTS FURTHER CONSIDERATION OF Iy
24 c CRIT EVENT CRITERION
25 C AIMPT AIM=POINT OF THE CRITERION
26 C ¢ MISS CALLING PRG gTATEMENT NUM TO RECEIVE CONTROL ON EV MISS
27 C
28 c " TRCI REFERENCE CONIC TIME INCREMENT FOR NORMAL COMPUTING STEP
29 c 1EVFLG ~NAME OF EVENT EXPECTgD TO BE DECLARED (AS SET BY SEYNDT®)
30 C OR FLLAG SET 70 0 BY THE SIMULATOR FQR TABLE UPDATES
31 c ‘
32 ¢ OUTFUTS
33 C
34 C TEVI TIME REMAING FOR OCCURRENCE OF APPARENT NEAREST EVENT
35 C IEVCUR  LATEST OR CURRENT DECLARED EVENT
36 c
37 C EVENTS TABLE LAYOUT
38 c
39 C EVN(1,1) CRITERION DEyIATION pROM AIMPT IN LAST COMPUTING INTERVAL
40 c IEV(3,1) EVENT I
%Y C IEV(4,1) DE~-ACTIVATING EVENT fFOR I
42 C IEV(5,I) VAR INDEX POINTER TO CRITERION FOR I
43 C IEV(6,I) VAR INDEX POINTER TO AIM=POINT FOR I
4y C IEV(7,1) STEPS TAKEN N ATTEMpT TO CONVERGE TO THIS EVENT
45 C IEV(8+1) FLAG FOR EVENT INITATION THROUGH PROGRAM CONTROL
46 C
7 SUBROUTINE EVNACC (I, IACT, IpACT, CRIT» AIMPT, MISS)
48 C
49 INCLUDE QTYPE
50 INCLUDE QVAR
51 INCLUDE QTEM
52 INCLUDE GFAC
53 INCLUDE @IEV
54 : INCLUDE EVARIO
55 INCLUDE EVARS

56 INCLUDE EVARI
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57
58
59
60
61
62
63
o4
65
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
o4
95

(g}

OO0

[eXeN gl

[eEsNe]

30

32

34
40

50

60

70

20

INCLUDE EVARL
IF (IEVFLG -,EQ, 1) GO TO 30

EVENT ACTIVATION (1EVFLG I OR 0), NOTE EVENT AND MAKE RECORD
OF PRESENT PROGRAM STATE.

IF (IEVFLG ,NE. I ,AND. IEVFLG NE. 0) RETURN &
LXECEV = .TRUE,

IEVCUR = I

CALL ROLOUT

IF (.NOT. LRESKP) CALL RECORD

RETURN

TABLE UPDATING (IEVFLg 1). RgMOVE INHIBITED (DEACTIVATED) ENTRIES

IF (IEVCUR NE, IDACT) GO TO 50
DO 40 K = 1¢ IEVN
IF (IEVCUR .NEe IEV(ueK)) GO TO 40
DO 32 M = 1, 8
IEV(MeK) = 0O
DO 34 M = IEVM, Or =1
IEVN = M
IF (IEV(3sM) NE, 0) RETURN 6
CONTINUE
RETURN 6
IF (I JNE. IACT .AND. IEVCUR _NE, IACT) RETURN 6

INSERT ENABLED EVENTS (WHICH cAN LOGICALLY FOLLOW I IN TIME FLOW)

DO 60 K = 1» IEVN
IF (I .EQ. IEV(3:K)) RETURn ©
0O 70 K = 1» IEVM
IF (IEV(3rK) JNE. g) GO TO 70
IEVN = MAX (IEVye K)
IEV(8/K) = 0

IEV(7+K) = O
IEV(6¢K) = INDRg (AIMPT)
IEV(5,K) = INDRg (CRIT )
IEV(4sK) = IDACTY
IEV(3sK) = I
EVN(1/K) = DEVAR (IEV(5,K)s IEV(6¢K))
RETURN 6
. CONTINUE

LOGOUT = .TRUE,

WRITE (IOMES» 90)

FORMAT (' EVNACC *#*%* gVENTS TaBLE OVERFLOW®)
RETURN 6

END
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Program: EVNDT

Purpose: Apply linear interpolation to estimate time differences
between present trajectory state and each event in the events
table. If the predicted time for an event is less than the
normal computing interval, iteration to the event is initiated.
An adjusted computing interval is taken in an attempt to reach
predicted time accurately. On reaching predicted time, event
activation is initiated. o

Called by: SIMXXX
Calls: DEVAR

Errors and Diagnostics: A diagnostic is given whenever it
appears that an event has béen passed, or whenever iteration
to reach an event accurately is not successful.‘ Activation of
either such évent is initiated.

Language: Fortran subroutine

Computation: The predicted time, TEVI, to an event is given by
the linear extrapolation

TEVI S 4
TRCI 8=

where

TRCI normal reference conic computlng 1nterval

increment

r, s = present and previous differences, respectively,
between the event controlling variable and its
expected value, sometimes called aim point or
crlterlon.
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. CONTROLLING VARIABLE

TEVI

EXPECTED VALUE

-+

- .

TTRB

TTRE

INITIALIZE

L/

‘PERFORM COMPUTATION
FOR EACH EVENT

\

r AND s+ HAVE
DIFFERENT SIGN

YES

INITIATE EVENTS
ITERATION

]

/

\

MINIMUM ESTIMATE:
TEVE: O

v

"SIGN CHANGE COUNT \

OVERFLOW

\

NO

EVENT ITERATION

L

N N AN N N

V

EVENT DIVERGENCE

o~

’ EVEVNT REACHED >
/

e

v

Py

v

( RETURN )

INITIATE EVENT
ACTIVATION
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VMASSHRF UK « EVNDT

1 C

2 C INPUTS

3 o

4 C TRCI

5 C LINTDN
6 C

7 ¢ OUTPRUTS

8 c

9 C JEVI
10 C IEVFLG
11 C LIMPEV
i2 C LXECEV
13 C

14 ¢ PURPOSE
15 C

ié6 C FIND S
17 C AND PR
18 c _
19 SUBROU
20 Cc
21 INCLUD
22 INCLUD
23 INCLUD
24 INCLUD
25 INCLUD
26 INCLUD
27 INCLUD
28 INCLUD
29 INCLUD
30 C
31 TEVI =
32 IF (IE
33 IF (N
34 LIM
35 LIN
36 205 DO 280
37 IF
38 IF
39
49
41 210 Ti
L2 IF
43 T2
44 IF
45 IF
46 220
47 222

48
49
50 224
51 226
52 230

53

S4

85

56 240 IF
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REFERENCE COnNIC TIME INCREMENT OVER COMPUTING INTERVAL
LENGTH OF COMP INTERyAL IS DOWN FROM EARLIER VALUE

TIME TO 60 Tp NEAREST EVENT

IF SOME EVENT WILL OCCUR IN CUR COMP INT THIS IS ITS NAME
FLAG FOR INDICATING IMPENDING EVENT OCCURRENCE

LOGICAL EVENT EXECUTION FLAG = WE ARE THERE

MALLEST TIME TO GO FOR +*NEAREST'' EVENT AS BASED ON EARLIER
ESENT CRITERION = AIMPOINT DEVIATIONS

TINE EVNDT

E GTYPE

E QVAR

E QTEM

E GFAC

E QIEV

E EVARI

E EVARL

E EVARS

E EVARIO

FINITY

VN oEQs 0) RETURN

0T, LINTDN) GO 1O 205

PEV = +FALSE,

TON = oFALSE,

K = 1s IEVN

(IEV(3+K) EQ. g) GO TO 280

(IEV(8¢K) .EQ. g) GO TO 210

TEVI = TRCI : -

GO TO 230 '

= DEVAR (IEV(S;K)o IEV(srK))

(SIGN (F1ls EVN(1rK)) oNpe SIGN (Fly, T1)) IEV(7+KIZIEV(7sKI+1

= EVN(1,K) - T1

(T2 NEo. FO) TEyI = MIN (TEVI. TRCI * EVN(1,K) / T2)

(TEVI .GT. FO) gO TO 249

WRITE (IOMES, 2322)

FORMAT (// ' EVNDT

DO 224 I = 1, IEVN
Ti = DEVAR (1EV(5,K), LEV(6:1))
WRITE (IOMES, 226) I, (IEV(JsI)eJ=3e8)s EVN(LeI)s T1
FORMAT (° IEV('.IB.')"2A9.419'2630 8)

*xx DIVERGENCE?)

IEVFLG = IEV(3sk)

LXECEV = .TRUE,

LIMPEV = .FALSE,

RETURN

(IEV(7¢K) .EQ. g) 60 TOQ 250
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57 LIMPEV = .TRUE.

58 IEV(7oK) = IEV(7¢K) + 1

59 IF (IEV(7¢/K) oGT. 12) Go TO 220

60 250 IF (oNOT. LIMPEV) 5O TO 28p

61 T3 = ABS (TEVI - TRCI)

62 IF (T3 JLE. TTO) GO TO »30

63 IF (T3 JLE. FINTES % (TgVI + TRCI)) GO TO 230
o4 280 CONTINUE

65 ~ RETURN

66 END
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‘Program: GETTAP

Purpose: Get current record from ephemeris tape

Called by: READE

Calls: None

Errors and Diagnostics: Initiates READE error return on

faulty ICW flag setting or on current date out of range
of assigned tape.

Language: Fortran subroutine

Computations: None

Flowchart: (Omitted: This program was furnished by JPL)
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Program: INDEX

Purpose: Update back values of certain program and trajectory
state variables.

Called by: STEPIN
Calls; None

Errors and Diagnostics: None

Language: Fortran subroutine

Computations: None

UPDATE COMPUTING
INTERVAL COUNTER

" | MOVE CURRENT STATE
VARIABLES TO BACK LOCATIONS

RETURN
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VMASS*KF UK « INDEX

1 ¢

2 C PURPOSE

3 c

[N C THIS PROGRAM INDEXES THE APPROPRIATE VALUES AT THE END OF A

5 C COMPLETED COMPUTING INTERVAL TO COMPRISE THE BEGINNING VALUES FOR
6 C THE NEXT INTERVAL,

7 o

8 C INPUTS

9 C

10 C RSCEIN

11 o VSCEIN

12 C KRCEVM  REFERENCE CONIC FINAL POSITION REL TO THE VIRT MASS
13 C VRCEVM VELOCITY vy

14 c RVMEIN  VIRTUAL MASS FINAL PoSITION RELATIVE TO INERTIAL FRAME
15 c VVMEIN "y VELOCITY

16 C GVME G TIMES FINAL VIRTUAL MASS MAGNITUDE

17 C GVME MAGNITUDE RATE

18 C TEPE FINAL EPHEMERIS TIME (AT END OF OLD INTERVAL)

19 C KRCDVM  REFERENCE CONIC FINAL DISTANCE FROM VIRTUAL MASS
20 C KSCDJUK  DIST FROM SPACECRAFT TO MASS PT JK AT END OF COMP INT
21 c
22 C OUTPUTS
23 c
24 c FSCBIN
25 C VSCBIN
26 c RRCBVM  REFERENCE CONIC INITTIAL POSITION REL TO THE VIRT MASS
27 c VRCBVM VELOCITY
28 C RVMBIN  VIRTUAL MASS INITIAL POSTION REL TO THE INERTI&L FRAME
29 c VVMBIN 'y VELOCITY
30 C GVMB G TIMES INITIAL VIRTyAL MASS MAGNITUDE
31 C GVMB MAGNITUDE RATE
32 c TEPB INITIAL EPHEMERIS TIME (AT START OF NEW INTERVAL)
33 C KRCAVM  REFERENCE CONIC INITyAL DISTANCE FROM VIRTUAL MASS
34 c RSCAUK  DIST FROM SPACECRAFT TO MASS PT UK AT BEG OF COMP INT
35 C
36 SUBROUTINE INDEX

37 c

38 INCLUDE QTYPE

39 INCLUDE QVAR

40 INCLUDE QEPH

4 INCLUDE QIEV

42 INCLUDE EVARI
43 : INCLUDE EVARS

4y INCLUDE EVARV
45 C

be INCNTR = INCNTR + 1

47 DO 10 I = 1» JKN
48 J = JKLOC (JK(I))
49 10 RSCAO0(J) = RSCDOn(J)
50 DO 20 I = 1s 3
51 RSCBIN(I) = RSCEIN(I)
52 VSCBIN(I) = VSCEIN(I)
53 RRCBVM(I) = RSCEVM(I)
54 VRCBVM(I) = VSCEVM(I)
55 RVMBIN(I) = RVMEIN(I)
56 20 VVMBIN(I) = VVMEIN(I)
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o7 DO 30 I = 1, IEVN

58 30 IF (IEV(3e1) o NE. g) EVN(1,I) = DEVAR (IEV(Ssl)e IEVI(6,1))
59 KRCAVM = RSCOVM

60 GVMB = GVME

61 GVMB = QVME

62 TEPB = TEPE

63 RETURN

64 END
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Program: INITAL

Purpose: Perform user coded calculations just after the data
eck 1s read into the computer.

Called by: SETUP
Calls: None
Language: Dummy Fortran subroutine

Computations: None

INITIAL -

RETURN

VMASS SUBROUTINE INITAL

VMASS®RF UK INITAL

1

2 C PURFOSE

3 c

g g PROVIDE FOR USER CALCULATIONS ON DATA DECK JUST AFTER READ I
6 SUBROUTINE INITAL
7 C

8 C

9 C

10 'RETURN

11 END
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Programé KEPLER

Purpose: Given the initial position and velocity vectors and
the vector orbital elements relative to the virtual mass,

this program computes the final relative position and velocity
vectors for an arc of the reference conic section.

Called by: STEPIN
Calls: CONICT, CROSS, DOT, UNITV, VALUE
Errors and Diagnostics: Indicates log out from CONICT. Initiates

log out on non-uniform convergence of the computation series or
on failure to converge after several terms.

Language: Fortran subroutine

Computations:
- 2 .

8, x = CT2y_; » TTRI® + TTRI

Vi,x = VRCBVM - S, .

Vy x = RRCBVM + Vy o

S = HRCAVM? : GVMB

4,k i

Sg x = Sy, ¢ (ERCBVM o V, , + |V, )
RRCIVMy = V) + V, + (S5 ,' - 1)

CT2, = S . TrRe1"? - TRCITT

k 2,k

RRCEVM = V, | - Sg 1
RRCDVM = |RRCEVM|
VRCEVM = HRCBVM x |ERCBVM + —SRCEVM } . o

| RRCEVM | 4.k




L

NO

CALCULATE RRCIUM

l

ESTIMATE TRCI.

CONICT

!

CALCULATE CT2

!

INTERATING TO
AN EVENT

!

SERIES CONVERGING
UNIFORMLY

4

SERIES CONVERGENCE

I

N N AN N

LAST PERMITTED'TERM

x

LOG OUT

> NO >
> NO
\ A yes
/
)

v

CALCULATE RSCEVM
RSCDUM, VSCEVM

RETURN
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VMASS*RFJK o KEPLER
1 C
2 ¢ PURPOSE
3 C
4 c GIVEN THE INITIAL POSITION ANp VELOCITY VECTORS AND THE VECTOR
5 c ORBITAL ELEMENTS RELATIVE TO THE VIRTUAL MASS, THIS PROGRAM COM=
6 c FUTES THE FINAL RELATIVE POSITION AND VELOCITY VECTORS FOR AN ARC
7 C OF THE REFERENCE CONIc SECTION. DEPENDING UPON A FLAG SETTING THE
8 c FROGRAM OPTIONALLY WILL ITERATE ACCURATELY TO A DESIRED FINAL TIME
9 c ORy IN A SINGLE PASS, WILL OBTAIN FINAL CONDITIONS WHICH ONLY
10 c APPROXIMATE THE SPECIFIED FINaAL TIME.
11 c
12 ¢ INPUTS
13 c
i4 c LOOP FLAG SET .TRyUEe IF FINAL TIME TO BE ITERATED ACCURATELY
15 c TO THE PRESCRIBED VALUE
16 ¢ RRCBVM INITIAL POSITION ON REF CONIC RELATIVE TO VIRT MASS
17 C VRCBVM INITIAL VELOCITY
i8 C HRCBVM  ANGULAR MOMENTUM VECTOR OF REF CONIC REL TO THE VIRT MASS
19 c ERCBVM  ECCENTRICITY
20 c HRCAVM = MAGNITUDE OF THE VECTOR ANGULAR MOMENTUM
21 c ERCAVM ECCENTRICITY
22 c GVMB PRODUCT OF UNIV GRAVIT CONST AND VIRT MASS MAG
23 c TEPI DESIRED (EPHEMERIS) TIME INCREMENT
24 C 170 TOLERANCE ON ACCURACY OF COMPUTED TIME INCREMENT
25 C cT2 COEFICIENT OF SQUAREp TERM IN BIASED TIME EXPANSION,
26 c THIS IS COMPyUTED INTERNALLY IN THIS SUBROUTINE: BUT AN
27 C INITIAL VALUE (OF 0) MUST BE PROVIDED FOR THE STARTING
28 c COMPUTATION INTERVAL, AFTER THIS THE LAST VALUE OF THE
29 C PRECEEDING STEP IS USED AS A CURRENT FIRST GUESS,
30 C KEPMAX  MAX ALLOWABLg NUM OF ITER IN THIS PROG FOR FINAL COND
31 C
32 C OUTPUT
33 C
34 c RRCEVM  REF CONIC FInAL POSITION REL TO VIRT MASS
35 c VRCEVM  REF CONIC FInNAL VELOcITY REL TO VIRT MASS
36 c RRCDVM  REF CONIC FINAL DISTANCE FROM VIRT MASS
37 C KRRCIVM  REFERENCE COnIC POSITION INCREMENT RELATIVE TO V MASS
38 c cT2
39 C
40 SUBROUTINE KEPLER
41 C
42 INCLUDE QTYPE
43 INCLUDE QVAR
Ly INCLUDE QFAC
45 INCLUDE GTEM
4e INCLUDE EVARI
47 INCLUDE EVARIQ
48 INCLUDE EVARL
49 INCLUDE EVARS
50 INCLUDE EVARV
51 C
52 S1 = FINITY
53 DO 50 K = 1¢ KEPMAX
54 S2 = (CT2 % TEPI + F1) * TePl
55 DO 10 I = 1, 3
56 SV1(1) = VRCBVM(I) % S2
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57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
&9
90
91
92
93
94
95
96
97

10

30

40

50

70
75

80

110
120

SV2(I) = RRCBVM(I) + SVi(I)

S3 = VALUE (Sv2)

S4 = (HRCAVM / GVuB) * HRCAVM

S5 = S4 s/ (UOT (ERCcBVM, Sv2) + S3)
Se6 = 85 = F1

DO 20 I =1, 3
RRCIVM(I) = SV1(I) + Sva(I) % Sé

CALL CONICT
IF (+NOT. LOGOUT) 5O TO 30
WRITE (IOMES» 25)
FORMAT (* CONICT CALLED BY KEPLER?)
RETURN |
CT2 = ($2 / TRCI - F1) / TRCI
IF (+NOT. LIMPEV) gO TO 70
S7 = ABS (TTpl = TRCY)
IF (S7 +LE, S1) GO TO up
WRITE (IOMES, 110)
LOGOUT = TRUE,
RETURN
IF (S7 .LE., TTOy GO TO 70
IF (S7 .LE. FINTES %= (TTRI + TRCI)) GO 7O 70
S1 = §7
WRITE (IOMESe 120)s KpPMAX
RETURN

LO 75 I = 1v 3
RRCEVM(I) = SV2(I) * S5
RRCDVM = VALUE (RRCEVwy)
CALL UNITV (RRCEVMs Sy4)
DO 80 I = 1s 3
SVe(I) = (ERCBVM(I) + SV4(1))/ S4
CALL CROSS (HRCBVMs Sy6s VRCEYM)

RETURN

FORMAT (' KEPLER *%% cONVERGENCE NOT UNIFORM?)
FORMAT (' KEPLER #*x%% TERMS IN SERIES EXCEEDING'. I4)

END
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Program: LODCOM
UPDCOM

Purpose: Clear working COMMON storage to zero and load standard
constants and calculations. '

Called by: SIMXXX, SETUP

Calls: None

Errors and Diagnostics: None

Language: Fortran subroutine

Computations: As shown in program

e~ 'CLEAR COMMON
LoDCOM 'BLOCK CVAR

LOAD STANDARD
'VALUES P>

PERFORM CALCULATIONS
FOR STANDARD VALUES .

UPDCOM

aser o————— s v

RETURN




VMASS SUBROUTINE LODCOM . Page 50

VMASS*RF J « LODCOM
1 C
2 C PURPOSE
3 c
L C IN THIS PROGRAM *'LODCoM' CLEARS ALL VARIABLE LOCATIONS TO ZERO AND
5] C LOADS VALUES SHOWN FOR LOCATIONS MORMALLY REGARDED AS CONSTANT
6 c '
7 SUBROUTINE LODCOM
8 c
9 INCLUDE QTYPE
10 INCLUDE G@VAR
11 INCLUDE QEPH
12 INCLUDE GQFAC
13 INCLUDE QPHC
14 INCLUDE QTEM
15 INCLUDE QREADE
i6 c
17 INCLUDE EVARI
18 INCLUDE EVARS
19 INCLUDE EVARIO
20 C
21 DO 10 I = 1. 1160
22 10 KVAR(I) = 0
23 IEVM = 20
24 MVAR = 1160
25 KEPMAX = 6
26 NMAX = 30
27 C
28 IOCDR = 5
29 I0EPH = 12
30 IOMES = 6
31 IOPCH = 7
32 IOPRL = 9
33 IOPRT = 6
34 I0ROL = 8
35 I0SCR = 11
36 IPLOTM = 1
37 IPLATM = 10000
38 JKSPEC = 21
39 IPNOWM = 500
40 e
41 c
42 Fo = .0D0
43 Foo1 = .001D0
4y F00001 = .00001D0O
45 FPTS = 5D0
46 FIPT1 = 1.,1D0
47 FPT15 = .15D0
48 FPT4 = .4D0
49 F1 = 1,0
50 FIPTS = 1,5
51 Fe = 2.0
52 F2PTS .= 2.5
53 F3 = 3.0
54 Fu = 4,0
55 Fs = 5,0
56 Fé = 6,0
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57
58
59
60
61
62
63
64
65
€66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
&8
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

eNeRe)

210

F7

F8

Fo9

F10
F11
Fiz
F13
Fid
F15
F20
Fa24
F30
F60
F1440
F3600
Fa3200
F8o400
FINITY
FINTES
FTTO
FRTO

RTOD =
FTTOKM
RUTOAU
TUTODA

KTOPRF
DTAIDN
UTAIUP
LTAIMN

FOR JPL READE AND FOR GRAVITATING BODIES REFERENCING

1CENT
ICw
TPD
AU
Lo 210

vKN =
KMERC
KVENUS
KEARTH
KMARS
KJUP
KSAT
KURAN
KNEP
KPLUTO
KSUN
KMOON
KEMB

FOLLOWING DATA FROM JpL COMPUTER PROGRAM DPTRAW

L L T L O T R T T L I O F O R T O I O R I AT

57.29577951308232D0

"o u

I IR I N IO T AR T IR IR IR TR A ]

20,00
24,000
30.D0
60,000
1440,000
3600,00D0
43200,D0
86400,0D0
1,0E37
1.D-18
FPTS

F5

« 30480=3
F1
Fl

1.D-15
FPT5
F1PT1
Fi

10
i

F1
Fi

JKLOC (UK (1))
JKLOC (JK(2))
JKLOC (JK(3))
JKLOC (UK (4))
JKLOC (JK(5))
JKLOC (JK(6))
JKLOC (JK(7))
JKLOC (JK(8))
JKLOC (UK (9))
JKLOC (JK(10))
JKLOC (JK(11))
JKLOC (JK(12))

AUTOKM = 149597893,.D0

Page 51
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114 RETOKM = .63781492D4

115 RE = RETOKM / AUTQKM

116 EMRAT = 81.301D0

117 T = F86400 ** 2 , AUTOKM ** 3
118 GOO(KMERC ) = T1 * ,221815976p5
119 GOO(KVENUS) = T1 * .3,4860103p6
120 GOO(KEARTH) = T1 * ,398601200p6
121 GOO(KMARS ) = T1 * ,48284438p5
122 GOO(KJUP ) = T1 x ,12670771838D%
123 GOO(KSAT ) = T1 % ,379265257n8
124 GOO(KURAN ) = T1 * ,57877234ep7
125 GOO(KNEP ) = T1 * ,689057627n7
126 GOO(KPLUTO) = T1 * ,732408934p5
127 GOO(KSUN ) = T1 #* ,132712499p12
128 GOO(KMOON ) = T1 * ,490278348pl
129 GOO(KEMB ) = GOO(KEARTH) + GoO(KMOON )
130 KETURN

131 C

132 c

133 ENTRY UPDCOM

194 C

135 ¢ THIS SECTION FOR COMPUTED VALUES OF COMMON, THE ABOVE CONSTANTS CAN
136 c BE REPLACED VIA DDREAp IF DESIRED,
137 o

138 ' DTAI = F1 / RTOPRF

139 DTOR = F1 / RTOD

140 T1 = Fo

141 DO 402 I = 1» UKN

142 IF (I .6T. 11) GO TO 404

143 K = JKLOC (JK(I}y)

iuu 492 Tl = T1 + GOO(K)

145 404 DO 412 I = 1r JKN

146 IF (I «GTe. 11) GO 7O 414

147 K = JKLOC (JK(I})

148 412 GOOR(K) = GOO(K) / T1

149 414 CONTINUE

150 RETURN

151 END
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Program: PLANET
" Purpose: Transform to inertial coordinates the planetographic

state vectors of aspherical mass point representations of
designated planets.

" Called by: EPHEM
Calls: SIN, COS

Errors and Diagnostics: None

Language: Fortran subroutine

Computations: Each mass point has inertial state vector

ROOEIN

k ROOEINq + Vl,k

VOOEIN

k VOOEINq + Vv

2,k

where ROOEINq and VOOEINq give the inertial state vector of the
the planet itself.

Vl,k = W - ROOEIITIq
V2,k,i = SPLEOOq (Wi,Z . ROOEINq'2 - Wi,l . ROOEINqﬂl)
i=11, 2, 3

W = transformation matrix as given in program listing.
See array Xl.
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PLANET GIVEN AS NO
MASS POINTS

CALCULATE
TRANSFORMATION MATRIX

CALCULATE MASS POINT
INERTIAL STATE VECTOR

|

NO - LAST MASS POINT

NO

LAST PLANET

'RETURN
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VMASS*RFUK « PLANET
1 c FLANET D NOVAK AND r JESSUP BELLCOMM 17 MAR 69
2 c
3 ¢ PURPQSE
4 c
5 c TO TRANSFORM TO THE RgFERENCE INERTIAL COORDINATE SYSTEM THE
6 c FLANETOGRAPHIC STATES (POS ANp VEL) OF COLLECTIONS OF MASS POINTS
7 ¢ KEPRESENTING ASPHERICsL POTENTIALS OF DESIGNATED PLANETS
8 c
9 ¢ INPUTS
10 c
i1 C TEPOUD  REFERENCE EPGCH OF EpHEMERIS TIME (JULIAN DAY COMPONENT)
12 C TEPOJS  REFERENCE EPQCH OF EPHEMERIS TIME (JULIAN SEC COMPONENT)
13 c TEPEJD  CURRENT DAY
14 C TEPEJS  CURRENT DAY gRACTION IN SEC
15 c
16 C UKPTSN  COUNT OF ALL POINT MaSSES IN USE
17 c JKPTS PLANETARY MAgS POINT LOCATORS
i8 C '
19 C JKPTS(1,1) FOR PLANET I SUBSCRIPT IN RMNOJK OF FIRST POINT MaSs
20 c JKPTS(2,1I) FOR PLANET I COUNT OF POINT MASSES
21 c
22 c FOR EA PLANET UK (JK = Olreessril) AT SETUP OR RECONFIGURATION TIME
23 C
24 C KMNOJK  PLANETOGRAPHIC POS VECTOR OF MASS PT MN OF PLANET JK
25 c
26 c DANEJK  RIGHT ASCENSTION OF AgCENDING NODE OF EQUATORIAL PLANE
27 c MEASURED FROmM X REF pIRECTION IN BASE INERTIAL SYS XY PL
28 ¢ DOBEUK  OBLIQUITY OF EG@ PL To BASE INERTIAL XY PLANE
29 c DLNOUK  LONGITUDE OF NODE AT REFERENCE TIME = (TEPOJD. TEPOJS)
30 c SPLEJK  ANGULAR ROTATION RATE (SIDEREAL)
31 c
32 c FOR EA PLANET AT CURRENT TIME
33 C
34 C RUKEIN  INERTIAL POS VECTOR oF CENTER OF MASS (JK = DOis coer 11}
35 c VJKEIN  INERTIAL VEL VECTOR oF CENTER OF MASS (JK = Ole ccee 1)
36 c
37 ¢ OQUTRUTS
38 c
39 c RJKEIN  INERTIAL POS VECTOR oF EA MASS PT (UK = 11 + JKPTS 4 .
40 c VJKEIN  INERTIAL VEL VECTOR oF EA MASS PT (JK = 11 + JKPTS 4 e}
41 c
42 c '
43 C EPHEMERITIES STORAGE LAYQUT (SEE ALSO JPL READE)
4y c
L5 C RO1EIN  CURRENT INERTIAL POS 01 MECURY 05 JUP 09 PLUTO
46 c RO2EIN 02 VENUS 06 SAT 10 SUN
47 c 0o 03 EARTH 07 URANUS 11 MOON
48 ¢ R12EIN o4 MARS 08 NEP 12 EM B CEN
49 c
50 ¢ RJKEIN  RMNOJK AS LOCATED VIa LIST JKPTS (JK = 11 4 cee)
51 C s 00
52 c
53 C KeoEIN CURRENT INERTIAL POS PLANETARY MASS PTS
54 C
55 SUBROUTINE PLANET
56 c
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57 INCLUDE QTYPE

58 INCLUDE QVAR

59 INCLUDE QEPH

60 INCLUDE GTEM

61 INCLUDE @QFAC

62 INCLUDE QPHC

63 INCLUDE QREADE

o4 INCLUDE EVARI

65 INCLUDE EVARS

66 c

€7 CIMENSION X1(3,3)

68 C

69 K1 = JKSPEC * (12 + JkPTSN)

70 T1 = TEPEJD = TEPOJD 4 (TEPEJg = TEPOJS) % F86400
71 DO 40 J = 10 11

72 IF (JKPTS{1,J) EQ, 0) GO TO 40

73 T2 = DLNEOO(J) 4+ T1 % SpLEOO(J)

74 T3 = COS (DANEOQ(J))

75 T4 = SIN (DANEOp(J))

76 TS = COS (DOBEOQg@p(J))

77 T6é = SIN (DOBEOq(J})

78 T7 = COS (T2)

79 T8 = SIN (T2)

80 X1{1p1) = T3 x T7 = T4 % T5 % T8

81 X1(1,2) = =T3 * T8 - T4 % TS5 % T7

82 X1(1,3) = T4 * T6

83 X1(2s1) = T4 * T7 + T3 * T5 % T8

84 X1(2¢2) = =T4 * T8 + 713 % T5 % 17

85 X1(2,3) = =-T3 * T6

86 X1(3,1) = Té6 % T8

87 X1(3,2) = Toe % T7

88 X1(3,3) = T5

89 N = JKPTS(2¢d)

90 K2 = JKSPEC * 1

91 DO 30 M = 1» N

92 : DO 20 I1 =1, 3

83 TVi{I1) = FO

94 DO 10 12 = 1, 3

95 10 TVLI(I1) = TVL(11) + X1(I1,I2) % ROOEIN(KZ+I2-1)
96 Tv2(I1) = SPLEOO(k2)

97 1 * (X1(11s2) % ROOEIN(K2=1) = X1(Ilsl) % ROOEIN(KZ2))
98 ROOEIN(K14I1=1) = ROQEIN(K2+I1-1) 4 TV1(I1)
99 20 VOCEIN(K14I1=1) = VOOEIN(K2+I1=-1) + Tva2(Il}
100 Kl = K1 + JKgPEC

101 30 K2 = K2 + JKgPEC

102 40 . CONTINUE

103 RETURN

104 END
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P‘r‘o‘g‘r’am ¢ PREPAR

" Purpose: Make first estimate of final state of the Virtual Mass
and initialize perturbation equation calculation.

Called bz: STEPIN
Calls: DOT

" Errors and Diagnostics: None

Language: Fortran subroutine

Calculations:

2

T TRCI . VRCEVM o RRCEVM . RRCDVM

1

T = GUMB - RRCDVM >

T. = QVMB - RRCAVM ™ >

= 2, :
T, = TRCI Ty + 12

T7 = TRCI (Tl +2) T, ¢+ 4

4
T. =1 - TRCIZ + T, * 12
8 4
T = TRCIS . T_ ¢ 20
9 5
T =1 + TRCI2 T T, (1.5 + T, * 10)

10

= 3. :
T,y = TRCI T, * 30

SVl = RVMBIN + TRCI * VVMBIN

+ T9 * RRCBVM + T10 * RRCEVM

- Tll ¢ VRCEVM
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SV2 = VVMBIN - T6 * RRCBVM + T7 * RRCEVM

+ T8 * VRCEVM
SV3’0 =
RSCEVMO = RRCEVM

VSCEVMo = VRCEVM

GVME_ = GVMB + TRCI < GVMB

o}
QVMEO = QVMB
Sp = TRCI2 + 20
5 = s
S4 = TRCI2 : 4
2 .
S, = TRCI® + 12

S, = TRCI * (.4}

S, = TRCI -+ (.5)

_|PREPAR

. PERFORM CALCULATIONS
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VMASS*RF Jk « PREPAR
1 o PREPAR D NOVAK AND R JESSUP BELLCOMM 04 FEB 69
2 C
3 C PURPOSE
4 c :
5 C TO MAKE FIRST ESTIMATE OF FINaL STATE OF VIRTUAL MASS AND TO
6 - c COMPUTE FIXED QUANTITIES FOR THE ITERATIVE SOLUTION OF THE
7 C FERTURBATION EQUATION
8 C
9 C PREPARE FOR ITERATION OF INTERVAL COMPUTATIONS, ESTIMATE END OF
10 c INTERVAL VIRTUAL MASS STATE. gOLVE VIRTUAL MASS PERTUBATION
11 C EQUATIONS,.
12 C
13 C INPUT
14 o
15 C RRCBVM  INITIAL REFERENCE CONIC POSITION RELATIVE TO THE V MASS
16 c VRCBVM  INITIAL REFERENCE CONIC VELOCITY RELATIVE TO THE V MASS
17 o RRCEVM  FINAL REFERENCE CONIC POSITION RELATIVE TO THE V MASS
18 c VRCEVM  FINAL  REFERENCE CONIC VELOCITY RELATIVE TO THE V MASS
19 C KVMBIN  INITIAL VIRTyUAL MASS INERTIAL POSITION
20 C VVMBIN  INITIAL VIRTyUAL MASS INERTIAL VELOCITY
21 c GVMB INITIAL VIRTyAL MASS MAGNITUDE
22 c QVMB INITIAL VIRTyAL MASS MAGNITUDE RATE
23 c RRCAVM  INITIAL DISTANCE BETWEEN REF CONIC AND V MASS
24 c RRCDVM  FINAL DISTANCE BETWEEN REF CONIC AND V MASS
25 c TRCI REF CONIC TIME INCREMENT FOR COMPUTING INTERVAL
26 c
27 C' OUTPUTS
28 C
29 c ITRAT ITERATION COUNTER (SET TO 0)
30 c KVMEIN  FIRST ESTIMATE OF FInAL V MASS INERTIAL POSITION
31 c VVMEIN  FIRST ESTIMATE OF FINAL V MASS INERTIAL VELOCITY
32 C GVME FINAL VIRTUAL MASS MAGNITUDE
33 C QVME FINAL VIRTUAL MASS MAGNITUDE RATE
- 34 o
35 SUBROUTINE PREPAR
36 C
37 INCLUDE QTYPE
38 INCLUDE QVAR
39 INCLUDE QFAC
40 INCLUDE. QTEM.
41 INCLUDE EVARS
42 INCLUDE EVARV
43 C ‘
Ly C FIXED QUANTITIES FOR gTEPIN HAVE S PREFIX
45 C : :
46 T1 = TRCI %_DOT (VRCEyMs. RRCEyM) / RRCDVM %% 2
47 T2 = TRCI *x%x 2
48 T3 = TRCI * T2
49 T4 = GVYMB / RRCDVM ** 3
50 T5 = QVMB / RRCAVM xx 3
51 76 = T2 * TS5 / Fi12 .
52 I7 = IRCI x (F2. + T1) * T4 / g4
53 T8 = F1 -~ T2 * T4 / Fp2
54 T9 = T3 % TS / F20
55 Ti0 = F1 + T2 = T4 x (FPT15 + T1 / F10)
56 Ti1. = T3 = T4 / F30
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57 DO 20 I = 1, 3
- 58 SVL1(I) = RVMBIN(I) + TRCI x VVMBIN(I) = T9 # RRCBVM(I)
59 1 + T10 * RRCEVM(I) = Tl1 % VRCEVM(I)
60 SV2(I) = VVMBIN(I) = T6 % pRCBVM(I) + T7 * RRCEVM(I)
61 1 + T8 * VRCEyM(I) :
62 RSCEVM(I) = RRCEVM(I)
63 VSCEVM(I) = VRCEVM(I)
64 20 SV3(I) = FINITY
65 GVME = GVMB + TRCI 4 QVMB
66 QVME = QVMB
67 $5 = Tz / F20
68 . S4 = T2 / F4
69 §3 = T2 s/ F12
70 $2 = TRCI * FPTu
71 S1 = TRCI / F2
72 o
77 : RETURN

e END
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.Program: PRTCOM
Purpose: Tabulate program COMMON by block name and subscript.
Called bz: SETUP, SIMXXX

Calls: PRTBLK, PRTINT (internal subroutines)

Errors and Diagnostics: None
Language: Fortran subroutine

Computations: None

‘ TABULATE ISW
PRTCOM
PRTINT
TABULATE VAR, PHC, FAC, TEM, VAC
{ RETURN )
PRTBLK

( PRTINT ) P \CHECK FOR LINE OF ZEROS YES

-y

TABULATE INTEGER
LINE

7

‘ No LAST LINE AN YES
< _ /

(rTBLK ) > <cuscx FOR LINE OF ZEROS Yty

Y

TABULATE FLOATING
POINT LINE

-

v

6&—< LAST LINE > w{ RETURN )
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VMASS*RF JK « PRTCOM

1 C

2 C PURPOSE

3 o

4 o PROVIDE COMPACT FEATURE FOR PRINTING COMMON BLOCKS
5 C

6 SUBROUTINE PRTCOM

7 c

8 C INPUT

9 C

10 C COMMON BLOCKS (WITHOUT EQUIVALENCES)
11 c

12 C OUTPUT

13 c

14 c PRINT OF EACH BLOCK Ag SUBSCRIPTED ARRAY
15 C

16 INCLUDE QTYPE

17 INCLUDE QVAR

18 INCLUDE QTEM

19 INCLUDE GPHC
20 INCLUDE GQFAC
21 INCLUDE EVARI
22 INCLUDE EVARIO

23 c
24 WRITE (IOPRT: 100)
25 CALL PRTINT (?*ISW', IgWs 300)
26 CALL PRTBLK ('VAR'» VpRs 300)
27 CALL PRTBLK ('PHC's PHCe 50)
28 CALL PRTBLK ('FAC's» FpC» 58)
29 CALL PRTBLK ('TEM'y TEMy 100)
30 CALL PRTBLK ('VAC'y VapC» 50)
31 RETURN

32 C
33 100 FORMAT (///' PRTCOM *x% PRINT OF COMMON?')
34 C
35 SUBROUTINE PRTBLK (NAMEe BLOCks NUMBER)
36 C
37 DOUBLE PRECISION BLOCk (NUMBER)

38 o
39 GO 30 1 = 1+ NUMBER» 4
40 DO 10 K = 0r 3

41 10 IF (BLOCK(I+K) _NE, F0) GO TO 20
42 , G0 T0 30
43 20 WRITE (IOPRT, 110y NAMEs 1» (BLOCK(I4K)» K = O
Ly 3u CONTINUE
45 WRITE (IOPRT» 130)
46 RETURN

47 c

48 c

49 ENTRY PRTINT (NAM» IBI.OCe NUM)

50 c

51 INTEGER IBLOC(NUM)

52 o ‘ t
53 ‘ DO 80 I = 1, NUM, 8

54 DO 60 K = 0y 7 :
55 60 IF (IBLOC(I+K) ,NE. 0) O TO 70
56 60 TO 80

Page 62
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57 70 WRITE (IOPRT» 120) NAMy I, (IBLOC(I+K)» K = 0¢ 7)o
58 1 (IBLOC(I+K)y» K = 0¢ 7)» (IBLOC(I+K)y K = 0o 7)
59 80 CONTINUE

60 WRITE (IOPRTe 130)

61 RETURN

62 C

63 o

64 110 FORMAT (A7s (%9 I3, ¢)', 4G3pn.18)

65 120 FORMAT (A7, '('s I3, )%, 8015/ 12X BAL15/ 12X, 8115)
66 130 FORMAT (///)

67 END




BELLCOMM, INC.

Program: PRTIME
Purpose: Print out various date-time groups
Called by: PRTXXX

Calls: DTJTOG, RTCLOK

Errors and Diagnostics: None
Language: Fortran subroutine

Computations: Convert current trajectory time to calendar units.

OBTAIN GREGORIAN
DATE-TIME
DTITOG

l

PERFORM CONVERSIONS

‘ tkTmﬁimmmUnm

DATE-TIME
RTCLOK

l

PRINT RESULTS

RETURN
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VASS*RF UK « PRTIME
1 C FRTIME R JESSUP = BeLLCOMM - 1g JAN 69
2 C
3 ¢ PURPOSE
4 C
5 C FRINT OUT DATE TIME GROUP
6 C
7 ¢ IWPUT
8 c
9 C TTRE CURRENT TRAJECTORY TIME
10 o TEPOJD EPH DATE CURRENT AT FIRST EVENT (JULIAN DATE)
i1 C TEPOJS EPH TIME CURRENT AT pIRST EVENT
12 C TEPEJD CURRENT EPH pATE
13 C TEPEJS CURRENT EPH TIME
iy C IEVCUR CURRENT EVENT
15 C
16 C OUTPUT
17 C
18 C IOPRT DATE TIME STATEMENT (TRAJECTORY = EPHEMERIS = SIMULATOR)
19 C
20 SUBROUTINE PRTIME
2l o
22 INCLUDE QTYPE
23 INCLUDE QVAR
24 INCLUDE GFAC
25 INCLUDE QTEM
26 INCLUDE EVARI
27 INCLUDE EVARS
28 INCLURE EVARIO
29 C
30 INCLUDE QMON
31 INTEGER IGREG(6)y ITpAJ(4)p 1STIME(3)
32 EQUIVALENCE ( ITRAy» ITRDAy» (ITRAJ(2)s ITRHR}
33 1 (ITRAJ(3Ys ITRMN)» (ITRAJ(n)* ITRSC)
34 C
35 Ti = TTRE % TUTODA
36 ITRDA = T1
37 T2 = ITRDA
38 ITRHR = (T1 = T2) *x Fp4
39 T3 = ITRHR
49 ITRMN = (T1 = T2 = T3 / F24) x Fiuy40
Li ITRSC = (T1 = T2 = T3 /7 F24 - ITRMN / F1440) % F&6400
42 CALL DTJTOG (TEPEJD, TEPEJS, 1GREG)
43 CALL RTCLOK (ISTIME)
44 c
45 J = IGREG(2)
46 IGREG(2) = MONTH(J)
47 WRITE (IOPRTe 100) IEYCUR, ITpAJ, TEPEJD, TEPEJS, IGREG, ISTIME
L 33] 100 FORMAT (/ A7» v AT®, 15¢ " DAYS's I3¢ ' HR'» I3¢ ¢ MIN',
49 1 I3, ' SECé JULIAN', F10.,1, ' CAYSYy, G12.6, ¥ SEC (%,
50 2 Iy 1Xe Ade 213, 2(':%'212), ')5 COMPUTED ', 3A6//)
51 RETURN

52 END
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Program: PRTRAJ
Purpose: Process a trajectory stored on the "print later" file,

IOPRL, to obtain extra output in the event interval (IEVSTR,
IEVSTP) .

Called by: Separate computer execution
Calls: LODCOM, SETUP, PRLIN, PRTVAR, PRTOUT
Errors and Diagnostics: A diagnostic message is given whenever

the event interval or the requested trajectory, as given by the
trajectory identification, IDTRAJ, cannot be found on the tape.

Language: Fortran main program

Computations: None

P e i et e e —— — ]

LOCATE START POINT

e i — i — — — —

PRLIN

L ]

< START POINT LOCATED [‘ NO S

PROCESS RECORD

v

e e~ — —— — —— —

PRTOUT

GET NEXT RECORD
PRLIN

@—'L< STOPPING POINT EXIT 4
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ViASSHRFJK « PRTRAJ

1 C PRTRAJ R JESSUP BELLCOMM 20 JUN 69
2 C

3 ¢ PURFOSE

4 o

5 C FROCESS A TRAJECTORY gTORED Op A SECONDARY FILE FOR EXTRA OUTPUT
6 C IN THE EVENT INTERVAL (IEVSTR, IEVSTP)

7 C

8 C INPLT

9 C .

i0 c IDTRAJ IDENTIFICATIoN OF TRAJECTORY TO BE PROCESSED
11 C 1EVSTR EXTRA OUTPUT STARTINg EVENT

12 C I0PRL THE PROCESS {ATER FIL E

13 C IEVSTP EXTRA OUTPUT STOPPINg EVENT

14 C

15 C OQUTFUT

16 c

17 (o AS PROGRAMMED IN THE pRINT SURROUTINE PRTXXX
18 c

i9 INCLUDE @TYPE

20 : INCLUDE GVAR

21 INCLUDE EVARL

2 INCLUDE EVARIO

23 INCLUDE EVARI

24 C

25 2 LLDCOM = .TRUE.

26 c

27 CALL LODCOM
28 RE#IND IOPRL
29 5 CALL SETUP

30 C
31 C SEARCH FOR TRAJECTORY AND STARTING EVENT (START AT BEGINNING IF
32 C NO STARTING EVENT IS GIVEN)

33 C

34 Il = IEVSTR

35 12 = IEVSTP

36 10 CALL PRLIN

37 IF (IEVCUR .E@Q, =1) Ggo TO 50

38 IF (IDTRAJ(L) LEQ. 0) GO TO 3p

39 Do 12 I = 1, 3
40 12 IF (IDTRAJ(I) .NEe IRTIME(I)) GO TO 14
bi GO TO 22
42 14 WRITE (IOMES. 100)

43 CalL PRTVAR

iy GO0 TO 10

L5 22 IF (I1 .EG@, 0 y GO TO z0

46 IF (11 .EQ. IEVCURy GO TO 30

47 GO 70 5

48 C

L9 C FROCESS INFORMATION THROUGH SUBROUTINE PRTXXX
50 C

51 30 CALL PRTOUT

52 CALL PRLIN

53 IF (IEVCUR .EG, =1) Gg TO 50

54 C

55 C TERMINATE AT STOPPING EVENT (oR AT END OF TRAJECTORY IF NO
56 C STOPPING EVENT IS GIVeN)
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57
58
59
60
61
62
63
64
65
66

c

50

100
110
120
130

Page 68

IF (IEVFLG .EQ, I2 .AnDe. I2 .nEe IEVCUR) GO TO 5
G0 TO 30 .

PRINT 130
GO0 TO 10
FORMAT (*
FORMAT (°*
FORMAT (*
FORMAT (°*
END

PRTRAJ
PRTRAJ
PRTRAJ
PRTRAJ

**%%x cANNOT FIND SPECIFIED TRAJECTORY )
*%%x cANNOT FIND SPECIFIED START EVENT?)
*%%x ~ANNOT FIND SPECIFIED STOP EVENT )
*x% gND=OF=FLE")




BELLCOMM, INC. - 69 -

Program: PRTXXX (element name)
PRTOUT

Purpose: Provide structural element for user coded trajectory
print statements.

Called bz; RECORD, PRTRAJ

Calls: PRTIME

Errors and Diagnostics: None
Language: Fortran subroutine

Computations: As coded by user in element QPRINT.

AN EVENT BEING NO.
ACTIVATED

SHOW CURRENT TIME

P m— — — — C———  S— a— —

PRTIME .

A

PERFORM USER CODED
COMPUTATIONS AND
PRINTOUTS

QPRINT'

RETURN:
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VMASSHRF UK « PRTXXX

1 c F JESSUP = BELLCOMM = 3 JUAN 609
2 c

3 C PURPOSE

4 c

5 c PRESENT THE COMPUTED TRAJECTORY VIA THE SYSTEM PRINTER
6 c

7 C INPUTS

8 C

9 c ALL FORMALLY NAMED PROGRAM VARIABLES
10 c

11 C  OUTPUTS

12 C

13 c AS PROGRAMMER
14 c

15 SUBROUTINE PRTOUT

16 c

17 c

18 INCLUDE QTYPE

19 INCLUDE QVAR

20 INCLUDE EVARI

21 INCLUDE EVARL
22 INCLUDE EVARV

23 INCLUDE EVARS

24 INCLUDE EVARIO

25 INCLUDE QSTORE

26 c

27 IF (LXECEV) CALL PRTINE
28 c
29 INCLUDE OPRINT, LIST

30 C

31 RETURN

32 END
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Program: PRTVAR
PRTEPH
PRTFAC
PRTPHC
PRTTEM

Purpose: Tabulate program COMMON by symbol name using the
Fortran name list feature.

Called by: SIMXXX
Calls: None

" Errors and Diagnostics: None

Language: Fortran subroutine

Computations: None

PRTVAR ) - PRINT VAR SYMBOLS >

i PRTEPH ” PRINT EPH SYMBOLS >‘

PRTFAC ) PRINT FAC SYMBOLS e

C PRTPHC PRINT PHC SYMBOLS L

PRTTEM . PRINT TEM SYMBOLS ——

"RETURN
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VMASS*RF Ui « PRTVAR

O

PU

C
c
C
c
c
c

SIS ~.L W

30

N

NE PRTVAR - Page 72
RFOSE
TABULATE COMMON BLOCKg BY NAME
SUBRCUTINE PRTVAR
INCLUDE QVAR» LIST
INCLUDE QTYPE
INCLUDE GEPH
INCLUDE QIEV
INCLUDE QREADE
INCLUDE EEPH
INCLUDE EVARI
INCLUDE EVARL
INCLUDE EVARS
INCLUDE EVARV
INCLUDE EVARIO
NAME LIST / VARS / TEPEYD, TEPEJS: TEPOJD, TEPOJS:
1 TTRB» TTRE» . TEyIe TRCI» TTRI» CT2s
2 DTAL» DTAIDNs DTAIMN, DTAIUP, ERCAVM,
3 GVuBo GVMEY HRCAVM
4 QVMB o QVME
5  RRCAVMe¢ RRCDVMe RSCAVMy RScDVM,
6 RTOPCM» RTOPRF RUTOAU, TT0,
7 TUTODA» VUTOAD
NAME LIST / VARV /
1 ERCBVMr» HRCBVM»
2 RRCIVMs RRCBVMy VRcBVMy RRCEVM, VRCEVM»
3 RSCBINy VSCBINy RScEINs VSCEIN, RSCDDK, VSCDDKe
i RSCBVMs VSCBVMe RSCEVM, VSCEVMo RVMBIN, VVMBIN, RVMEIN. VVMEIN,
NAME LIST 7/ VARI / IEYCUR, IEVFLG, IEVM
1 IEVN » IEVSTP» IEySTRs INCNTR,
2 10CDR, IOEPH, IOMES. I0pCH, IOPRL, IOPRT, IOROL:
3 IPLATM» IPLOTM, IPNOWM, ITRAT, JKN» KEPMAX,
4 KEARTHe, KEMB ¢ KJyP. » KMgRS o KMERC. » KMOON , KNEP. » KPLUTO.
5 KSAT » KSUN » KURAN » KVAR » MVAR , NMAX
NAME LIST / VARL / _
5 LIMPEVe LINTDNs LLpCOM, LOGOUT, LPRBKP¢ LPRCOM, LPREPH,
6 LPRFAC» LPRLAT, LPRNOW, LPRPHC, LPRVARs LRESKP, LSTDDK, LXECEV.
.. WRITE (IOPRT: VARI)
WRITE (IOPRT» VARL)
WRITE. (IOPRT: VARS)
WRITE (IOPRTe VARYV)
, WRITE (IOPRT» 25) (DTRAJr IRTIME: IEVREP¢ IEVRUNs IEVCUR®
1 IEVSTR» IEVSTP
... FORMAT (' IDIRAJ ', 3A6s ', IRTIME ', 3A6. %o JEVREP®, AT, =%,
A6y 'y IEVRUN', A7, "=ty Agy 1,/
- ... ® IEVCUR®"s AT7s ' YEVSTR's» A7, "¢ IEVSTP': A7}
WRITE (IOPRTe 30) ((IEV(Je1)? J = 39 7)e EVN(LeIle I = 1o IEVH)
...FORMAT (' EVENTS TABLE'/ (2A8, 318, 626.18))
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57
58
59
60
ol
62
63
o4
65
66
67
68
69
70
71
72
73

74

75
76
77
78
79
60
81
82
83

OO0

(g]

c

RETURN

PRINT BLOCK EPH BY NAME
ENTRY PRTEPH
NAME LIST / RDEPRT / AU, RE, TPDe EMRAT, ICW, ICENT, IREQ, JK

WRITE (IOPRT» RDEPRT)

WRITE (IOPRT» 152)

0O 150 I = 1+ JUKN

K = JK(I)

150 WRITE (IOPRT» 154) Ke¢ (EPH(J?K)» J = 1» JKSPEC)»

1 (EPH(JrK)e J = 37¢ 19)
152 FORMAT ('OGRAVITATING POINT DESCRIPTIONS?®)
154 FORMAT (IS5, ' ROOEIN',G30.18¢2636,18/ 6Xs *VOOEIN'9»G30,18,2G36,18/
6Xs 'RSCEOO'» G30,18¢ 2636,18/ 6X» TVSCEOO'y 630.18, 2636,18/
6Xe 'RSCAQOO's» G30,.,18s ' RScDOO's» G29,18¢ ' GOO 'y G29,.18/
6Xs "GOOR 'y G30,18» ' DANEOO's» 629,18+ ' DOBEQOO's 629,18/
6Xs 'DLNEOO'y G30,18s ' SPLEOO'» 629,18, ' ROOD ‘¢ G29.18/
6X» 'RMNEOO*» G30,18r 2636,18//)
160 CONTINUE

U F OGN

LPREPH = .FALSE.
RETURN
END
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VMASS*TPF g« PRTFAC

VEeNOURFLUNE

oo o000

OO0 OO0

c
c
c
c
C
c

- PUR

POSE

TABULATE COMMON BLOCKg BY NAMg

SUBROUTINE PRTFAC

INCLUDE QVARe LIST
INCLUDE QTYPE
INCLUDE QIEV
INCLUDE QPHC
INCLUDE QTEM
INCLUDE QFAC

. INCLUDE EVARI

[0 S S \VE

OV EWUNE

INCLUDE EVARL
INCLUDE EVARIO
INCLUDE ETEM

NAME LIST / FACPRT /

FRTO ¢ FTTO » FTTOKM,
FIPTS » F10 e F13 ’
F2 v F2PT5 » F2q ’
F43200s F5 » F6 ’

FOTNTH» DTOR » RETOKMo,
WRITE (IOPRTe FACPRT)
LPRFAC = .TRUE,

RETURN

FRINT BLOCK PHC BY NAME
ENTRY "PRTPHC

FINITYv

FO
Flo
Fa2y
Féq
RTpD

NAME LIST / PHCPRT / gS¢ PIMASS

WRITE (IOPRTe PHCPRT)
LPRPHC = .FALSE.
RETURN

PRINT BLOCK TEM BY NAmE
ENTRY PRTTEM

NAME LIST / TEMPRT /

TV6, TV7, TVsge
SV3e SV Svge
XV5y XVé6, T,
T7, T8 T9,
Sk, S5 sé,
X3 X4 XS,

WRITE (IOPRTe» TEMPRT)
LPRTEM = .FALSE.
KRETURN

END

4

4
¢
?
4

FINTES
F00001
F13

TV2e
TV10,
XV1ie
T3,
Til»
S8,
X7

FPT15
Fool
Fiu
F30
F8

V3,
TVii,
XV2y
Ty,
Si,
S9,
X8,

® @ ®» B B
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TVh,
SVis
AXV3E,
T5e
S2o
XL
X9

FRTS
FiPTs
Fi5

Fe

T8,
SV2e
Xylie
Tée
S3e
X2

wowm o B W
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Program: READE (JED, TSEC, IERR)

Purpose: Obtain selenocentric positions and velocities of
planets at current time.

Called by: EPHEM
Calls: GETTAP

Errors and Diagnostics: Gives error return on invalid central
body, output code, or current time out of range of assigned
ephemeris tape.

Language: Fortran subroutine

Computations: Interpolate as necessary when current time lies
between ephemeris tape records.

Flowchart: (Omitted: This program was furnished by JPL)




76

BELLCOMM, INC.

Program: RECORD

Purpose: Control trajectory recording on the on-line printer
or print later file.

Calledybx: EVNACC, SIMXXX

Calls: PRLOUT, PRTOUT

Errors and Diagnostics: None

Language: Fortran subroutine

Computations: None

RECORD

RECORDING TO BE \ YES
SKIPPED /

i

PRINTING NOW >___"2__..

EVENT BEING ACTIVATED >

NN TN

N

YES

B YES / COMPUTING INTERVAL
I \ PRINTABLE NOW
/

PRTOUT

I Bt et

Y

NO

PRINTING LATER

N

[

N N

% YES ‘\EVENT BEING ACTIVATED
_ YES / COMPUTING INTERVAL
o \ PRINTABLE LATER

PRLOUT

\

(RETURN )
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VMASS®RF Uk « RECORD

WERNOOFLUNDE

[9] OO0

RECORD R JESSUP = gpLLCOMM . 0p JAN 69

PURPOSE

MAKE RECORD OF THE RUy

INPUTS

LRESKP RECORDING BEING SKIPpED (DURING TARGETING FOR EXAMPLE)
LPRNOW PRINTING (VIap PRINT={ IST) OCCURRING DURING RUN

LPRLAT PRINTING (VIp PRINT { IST) TO OCCUR LATER

IPLATM INCREMENTAL cOMPUTING STEPS PER PRINT LATER FILE WRITE
IPNOWM INCREMENTAL COMPUTINg STEPS PER CONCURRENT PRINTOUT CalLL

OUTPUT

IOPRL (PRLOUT) THE V MASS pROGRAM VARIABLES BLOCK = KVAR
IOPRT (PRTOUT) EDITED PRINT OF THE PROGRAM RUN
INCNTR  INCREMENTAL CcOMPUTINg STEPS COUNTER

SUBROUTINE RECORD

INCLUDE QVAR

INCLUDE EVARI
INCLUDE GTYPE
INCLUDE EVARL

IF (LRESKP) RETURN

IF ((LXECEV sOR. MOD (INCNTR, IPNOWM) .EQ. 0) ,AND. LPRNOW)
1 CALL PRTOUT

IF ((LXECEV +OR. MOD (INCNTR, IPLATM) +EQ. 0) ,AND. LPRLAT)
1 CALL PRLOUT

RETURN
END
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Program: ROLLIO (name of element)
ROLOUT |
PRLOUT
ROLBCK (i)
PRLIN

PurEoée: Transfer program state as represented by the array
KVAR from internal to6 secondary storage or vice versa.

Called by: ROLOUT: EVNACC; ROLBCK; SETUP; PRLIN: PRTRAJ ;
PRLOUT: RECORD, SETUP '

Calls: None

Errors and Diagnostics: Program log out is initiated on in-
ability to find roll back event state.

Language: Fortran subroutine

Computations: None




PRLOUT

>

ROLBCK.

79

KVAR TO

IOROL

KVAR TO

IOPRL

IOPRL

TO KVAR

REWIND
IOROL

IOROL TO-

KVAR

DESIRED PROGRAM
STATE

4——Ng—-< END OF TAPE >

LOG OUT

REWIND
IOROL




VMASS SUBROUTINE ROLLIO Page 80

VMASS®RFUK ¢ ROLLIO

1 C ROLLIO R JESSUP = BeLLCOMM - 06 JAN 69

2 o

3 C PURFOSE

4 c

5 o IN THIS PROGRAM YROLOyT®' AND +PRLOUT® PLACE CURRENT V MASS SYSTE
6 C STATE 'KVAR' ON SECONpARY FILES IOROL AND IOPRL, RESPECTIVELY.
7 c 'ROLBCK®' AND *PRLIN' READ SUCH A STATE BACK INTO THE COMPUTER.
8 C

9 ¢ INPUTS

10 C

11 C 10PRL. (PRLIN) KVAR
i2 T I0ROL (ROLIN) KVAR

13 C

14 C OUTFUT

15 o

16 C 10PRL (PRLOUT) KVAR AT EVENTS AND SELECTED COMPUTING INCREMEN
17 c BETKEEN EVENTS

18 C 10ROL (ROLOUT) KVAR AT EVENTS

19 C
20 C
21 SUBROUTINE ROLOUT
22 C
23 INCLUDE QVAR
24 INCLUDE QTYPE
25 INCLUDE EVARI
26 INCLUDE EVARL
27 INCLUDE EVARIO
28 C
29 WRITE (IOROL) KVAR

30 HETURN
31 C
32 C

33 ENTRY PRLOUT

34 WRITE (IOPRL) KVAR

35 RETURN

36 C

37 c

38 ENTRY ROLBCK (I1)

39 12 = 1

49 13 = IEVCUR

41 REWIND IOROL

42 10 READ (IOROL) KVAR

43 IF (IEVCUR (NE, I2) Gg TO 20

by REWIND IOROL

45 RETURN

46 20 IF (IEVCUR .NE. I3) 6o TO 10

47 WRITE (IOPRT» 30)

48 LOGOUT = +TRUE,

49 RETURN

50 30  FORMAT (' ROLBCK **x pEQUESTEp EVENT NOT ON ROLL BACK FILE®)
51 C ‘
52 C
53 ENTRY PRLIN
54 KEAD (IOPRL) KVAR
85 RETURN

56 END
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Program: RTCLOK

RTCLOK (a)
Purpose: Obtain current value of computer real time clock
Called bz: PRTIME, SETUP

Calls: None

Errors and Diagnostics: None

Language: 1108 Assembler subroutine

Computatiqns: Convert clock readings to printable form.

OBTAIN CALLING PROGRAM
NAME AND CALL LINE

l

.OBTAIN AND CONVERT
'DATE-TIME VALUES

l

<CALLED WITH ARGUMENT

!

‘PRINT FINDINGS

YES'

RETURN
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VMASS*RF UK « RTCLOK
1 .
2 . PURFOSE
3 N
4 ° OBTAIN CURRENT READINg OF THE COMPUTER **REAL TIME?*CLOCK
5 .
6 . CALLING SEQUENCE
7 o
8 . FOR PRINT=OUT INCLUDING cALLING pROGRAM NAME AND CALL LOCATION
9 R CALL RTCLOK
10 R
11 . FOR 18 CHARACTER RETURN yIA A IN THE FORM ?'DA MON YR HR:MIZSE"®
12 ° CALL RTCLOK (A)
13 o
14 (1) LIT
15 R . +0, +1, +2. +3, +4, +5. +6, +7, +8, +8
16 MSG TRTCLOK *%%x PRGNAM | INE NUMpER DA MON YR HR:MI:SE.ONDS ¢
17 .
18 $(2)
19 RTCLOK* EQU $
20 S B11+(*SAVB1lv)
21
22 [ Al:0.811 . INSERT LINE NUMBER CONVERTED T0 FIELDATA
23 Lo XM A2¢5
24 LSSL. ADe 3
25 LDSL AGe3
26 Ar XM A0 060
27 JGO A2 3=3
28 S AQ P MSG+4
9 sz AQ . INSERT PROGRAM NAME (RERERE FOR MAIN PR}
30 SZ M5G+2
31 TNEsHZ A0»O0eB11
32 J $4+3
33 L AQ»*0,B11
34 S AQ s MSGH+2
35 ER DATES
36 L - A2, (0530000530000) o SMISSE
37 DsL - Alsl2
38 S5C A2, 6
39 DSL Alel2
49 SsC A2¢6
41 S A2 MSG+8
42 L A2, {0050000050000) e YR HR
43 DsSL Alr12
Ly SsC A2»6
45 Dsh AQe2l4
46 SShL Alel2
47 DSL Alesl2
43 SsC A2+6
49 S A2eMSG+7
50 L B11l:{1,0)
51 TEerH2 AO¢MON»%B11
52 J $=-1
53 L A2 MON~-1,B11
54 LoeXM A3e5
55 LDSC A2¢:66
.56 DSL Alel2
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57 S A2sMSG+6

58 L Bils(*SAVB11)
59 TnNZeH1l OsBI11

60 J ONE

61 PSRINT MSGe8s1 e« PRINT COMPOSED MESSAGE AND RETURN
62 L B11s (*SAVBI11+)
63 J 1,611

64 .

65 ONE L. AOrOyB11

66 L AlrMSG+06

67 S Al»,0,A0

68 DL AlsMSG+7

69 DS Als1sAQ

70 J 2:B11

71 $(3)

72 CMON INFO 2 3 e COMMON / CMON / MON(12)
73 MON RES 12

74 .

75 AQ EQU 014

76 Al EQU AQ+1

77 A2 EQU AD+2

78 Ad EQU AD+3

79 Bl1 EQU 013

80 Cc3 EQU 013

81 H1 EQU 02

82 H2 EQU 01

&3 RO Eau 0100

&4 XM EQU 017

85 .

86 END
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Program: SCALE (s, u, V)

Purpose: Form product of a scalar and a vector
Called by: None
Calls: None

Errors and Diagnostics: None

Language: Fortran subroutine

.Computatipns: For the vectors u and v compute

i i

SCALE

PERFORM COMPUTATIONS

‘RETURN
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VMASS*RFJK « SCALE
1 c
2 ¢ PURPOSE
3 c
B c FORM PRODUCT OF A SCA_AR AND A VECTOR (3 = COMPONENTS)
5 C
6 C INPUT
7 c
8 c SCAL SCALAR _ '
9 c VEC1 VECTOR INPUT
10 c
11 C OUTPUT
12 c
13 C VEC2 VECTOR RESULT
14 c
15 SUBROUTINE SCALE (SCALes VEC1, VEC2)
16 c
17 INCLUDE QTYPE
18 DIMENSION VEC1(3)s VEc2(3)
19 C
20 GO 10 I = 1, 3
21 10 VEC2(I) = SCAL * VEC1(I)
22 KETURN

23 END
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Program: SETUP

Purpose: Read the data deck and perform program initialization
-and termination functions.

Called by: SIMXXX, PRTRAJ

Calls: LODCOM, PRLOUT, RTCLOK, DDREAD, UPDCOM, PRTCOM, INITAL,
EXIT

Errors and Diagnostics: None
Language: Fortran subroutine

Computations: None




87’

PRINT LATER MODE
INITIAL ENTRY

SET TRAJECTORY END
ON FILE IOPRL

SET PROGRAM END
OF FILE ON IOPRL

PRLOUT
;

LOAD COMMON REQUESTE

OBTAIN CLOCK VALUE
FOR TRAJECTORY
IDENTIFICATION

ROLL BACK REQUESTED

ROLBCK LOG OUT

READ DATA AND
UPDATE COMMON

DDREAD, UPDCOM

PRINT COMMON REQUESTED,

DATA DECK LOG OUT
INITAL
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VMASS*RF JK « SETUP
: 1 c

2 ¢ PURFOSE

3 c

4 C THIS PROGRAM READS THp INPUT +'DATA CECK'® AND SETS UP THE

5 o PROGRAM FOR A COMPUTER RUN,

6 c

7 C INPUTS

8 C

9 o THE '*DATA DECK'' VIA FORTRAN IOCDR (USUALLY THE ON=LINE

10 C CARD READER)

11 c IDTRAJ  IDENT FOR PRgVIOUSLY DET TRAJ TO BE PRINTED BY THIS RUN
12 c

13 C OUTFUTS

14 o

15 c IRTIME  REAL TIME CLoCK READING AS DA MON YR HR:MISSE FOR TRAJ ID
16 o

17 SUBROUTINE SETUP

18 c

19 INCLUDE QTYPE
20 INCLUDE QVAR
21 1NCLUDE EVARI

22 INCLUDE EVARL

23 INCLUDE EVARIO

24 C

25 c FOR THE PRINT LATER OpTION (LpRLAT TRUE) PROVIDE SOFTWARE TERMINAL
26 C - KECORD (IEVCUR 0) FOR THE LAST EVENT OF EACH TRAJECTORY SEGMENT.
27 c MVAR 0 INDICATES TRAJgCTORY BrGINNING,
28 C
29 5 IF (.NOT. LPRLAT) GO 10 7
30 IF (MVAR +EQ. 0) Go TO 7
31 IEVCUR = 0
32 CALL PRLOUT
33 C

34 c STOP PROGRAM IF ALL DATA DECKg HAVE BEEN PROCESSED (LSTDDK TRUE)
35 C

36 7 1F (,NGT. LSTDDK) GO 70 9

37 IF (LPRLAT) CALL PRLOUT

38 CALL EXIT

39 C

49 c PRELOAD COMMON FROM STORAGE (| LDCOM TRUE)., THE CALLING PROGRAM,
41 c USUALLY THE EVENTS LIgT, SETS LLDCOM TRUE ON INITIAL CakL TO SETUP
42 c LLDCOM, SET FALSE BY | ODCOM» pEMAINS FALSE THROUGH SUBSEGUENT

43 C INITIALIZATIONS UNLESg CHANGEp By THE VMASS USER.

by C
45 9 IF (LLDLCOM) CALL LODCoM
46 c

47 C OBTAIN COMPUTER SYSTEM DATE~TIME GROUP FOR 18 CHARACTER IDENTIFI«
48 c CATION (IRTIME) OF THg TRAJECTORY SEGMENT .TO BE CALCULATED. SEE
49 C ALSO IDTRAJ IN THE PRINT LATEr PROGRAM PRTRAJ,
50 c ‘
51 CALL RTCLOK (IRTIME)

52 WRITE (IOPRTr 20) IRTIME

53 20  FORMAT ('1VIRTUAL MASg TRAJECTORY ', 3A6)

54 c

55 c ON INDICATION IEVREP nOT 0 REL_OAD COMMON TO VALUES HELD ON THE
56 c PROGRAM ROLL BACK FILg FOR THE EVENT GIVEN BY IEVREP., THE ROLL
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57
58
59
60
o1
62
63
64
65
66
67
68
69
70

oo

OOOOO0

OO0

22

34

40

130

EACK FILE (IOROL) TRAJECTORY gEGMENTS MAY BE FROM THE CURRENT OR
SOME PREVIOUS COMPUTER RUN,

IF (IEVREP(1) .E@. 0) 60 TO 3p
CALL ROLBCK (IEVREp)
IF (.NOT. LOGOUT) GO TO 30
WRITE (IOMES, 22)
FORMAT (' ROLBCK CALLED BY SETUP')
RETURN

CALL DDREAD
CALL uPDCOM

LPRNOW SET TRUE IN THg DATA DgCK CAUSES PRINT OF COMMON AFTER
INPUT READING. ROLL BACK OR PRELOADING OF COMMON CAN BE CONTROLL=
ED FROM THE DATA DECK BY THE APPROPRIATE INDICATORS PLUS LOGOUT
TRUE.

IF (LPRCOM) CALL PRTCoM
IF (.NOT, LOGOUT) GO TO 100
WRITE (IOMES» 40)
FORMAT (' DDREAD CALLED BY SETUP")
LOGOUT = FALSE,
G0 70 5

PROGRAM USER CAN EXTEND SETUP BY WRITING HIS OWN INITIAL ROUTINE
CALL INITAL

RETURN
END
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Program: SIMXXX

Purpose: This program controls spacecraft state vector propaga-
tion from a starting to a stopping event. It is designed to
contain user coded events descriptions and events associated
calculations. ‘ ‘

Called by: Separate computer execution.

Calls: SETUP, EVNACC, EVNDT, PRTCOM, STEPIN, PRTVAR, RECORD,
‘internal subroutines AUXEQ and EOCEQ.

Errors and Diagnostics: Acknowledges log out from SETUP
and STEPIN. ' ’ ‘

Language: Fortran main program

Computations: User coded as indicated in elements QAUXEQ and
'QEOCEQ, - ‘ :




INITIALIZE PROGRAM

e e e e — s ]

SETUP

YES| /

SETUP LOG OUT >

\

SCAN EVENTS FOR ACTIVATION
OR TABLE UPDATE ‘

‘QEVENT

EVENT ACTIVATED JES

/

[

ESTIMATE EVENT TIMES

EVNDT
YES / ANEVENTTOBE
\ | ACTIVATED

‘COMPUTE TRAJECTORY INCREMENT

AUXILLIARY CALCULATIONS

b o e — — ———— o—— 2—

QAUXEQ

v
\ Yes

<ITE»RATING TO AN EVENT /

END OF CYCLE CALCULATION

RECORD

NO / . RECORD PROGRAM STATE AUXILLIARY CALCULATIONS
STOPPING EVENT s o e o e e — e e
RECORD — GAUXEG




VMASS SUBROUTINE SIMXXX Page 92

VmASSRTPF$ ¢ SIMXXX
1 C SIMXXX R JESSUP = BpLLCOMM . U6 JAN 69
2 . C
3 ¢  PURFOSE
[ c
5 C COMPUTE A VIRTUAL MASg TRAJECTORY (PROPAGATE A SPACE CRAFT INITIAL
6 c STATE FROM A STARTING TO A SToPPING EVENT)
7 C
8 ¢ INPUTS
9 C
10 C (LODCOM) VALUES FOR FLLAGS AND CONSTANTS REFLEC ING PROGRAMMED
11 C CONVENTIONS FOR TYPIcAL RUNS
12 c (SETUP) THE DATA=-DECK GIVING THE INITIAL SPAC+ CRAFT STATE AND
13 C THE STARTING AND STOopPING EVENTS (IEVSTR AND IEVSTP)
14 C (STEPIN) COMPUTATIONS FOR INCREMENTAL STEPS IN SC STATE PROGATION
15 C (EVNACC) EVENTS ACCOUNTING ANp RECOGNITION
16 C (AUXEQ) EVENT ASSOCIATED AUXILLIARY COMPUTATIONS
17 c (EOCEQ) EV ASSOC AUX EQ FOR pNORMAL COMPUTATION STEPS ONLY
18 C
19 C OUTFUTS
20 C
21 c (RECORD) PRINTOUT = GRAPHS = +'PRINT LATER'' TAPES
22 C
23 INCLUDE QTYPE
24 INCLUDE QVAR
25 INCLUDE GFAC
26 INCLUDE GEPH
27 INCLUDE EVARI
28 INCLUDE EVARL
29 INCLUDE EVARS
30 1INCLUDE EVARV
31 INCLUDE EVARIO
32 INCLUDE "QSTORE
33 INCLUDE QTEM
34 C . :
35 C ON FIRST DATA DECK INITIALIZE FOR RUN WITH PRELOAD OF COMMON,
36 C INITIALIZE IN ACCORDANCE WITH DATA DECKS AND USERS CODING THERE=
37 c AFTER,
38 C
39 LLOCOM = .TRUE,
40 9000 CALL SETUP '
41 IF {.NOT, LOGOUT) GO 7O 9020
42 WRITE (IOMES» 9010)
43 9010 FORMAT (* SETUP CALLED BY MAIN PROGRAM!')
4y CALL PRTCOM
45 GO TO 9000
4g 9020 CONTINUE
47 9300 CONTINUE
48 INCLUDE QEVENT» LIST
49 C
50 C AFTER UPDATE OF EVENTg TABLE cHECK FOR NEXT EVENT AND RESUME
51 o CALCULATIONS
52 C
53 9911 CALL EVNOT
54 1F (LXECEV) GO TO 930¢
55 C :
56 c OBTAIN INCREMENTAL STgP IN TRAJECTORY SEGMENT
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57
58
59
60
61

C

9914

OO0

9915

OOOO0O0

OO0

9920

OO0 0 a0

(2} OO0 o0

9913 CALL STEPIN
IF (.NOT. LOGOUT) GO TO 9915

WRITE (IOMES, 9914,

FORMAT (' STEPIN CALLED FRoM EVENTS LIST®)
CALL PRTVAR

GO TO 9000

AFTER EACH INCREMENTAL STEP,» wHICH MAY INCLUDE ACTIVATION AND ONE
TIME CALCULATIONS OF AN EVENT, PERFORM USERS SUPPLIED AUXILLIARY
EQUATIONS.

CALL AUXEQ
IF (.NOT, LXECEV) GO 70O 9920

ON ACTIVATION OF AN EVENT RECORD TRAJECTORY STATE AND. UNTIL
STOPPING EVENT IS REACHED, UPDATE EVENTS TABLE AND CONTINUE
INCREMENTAL STEPS,

CALL RECORD

LXECEV = +FALSE.,

IEVFLG = 1

IF (IEVCUR .NE. IEYSTP) GO TO 9300
GO TO 9000

AFTER INCREMENTAL STEPS NOT UNDER ADJUSTMENT TO REACH AN EVENT
(LIMPEV TRUE) PERFORM USERS SUPPLIED END CYCLE EQUATIONS. PROCEED
TO NEXT STEP.
IF (LIMPEV) 6O TO 991
CALL EOCEQ
CALL RECORD
60 TO 9911
SUBROUTINE AUXEQ
PURPOSE
USERS SUPPLIED AUXILLTARY EQUATIONS
INCLUDE QAUXEQ, LIST
RETURN
ENTRY EOCEQ
PURFOSE
USERS SUPPLIED END OF CYCLE EQUATIONS
INCLUDE QEOCEQ, LIST

RETURN
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Program: STEPIN
Purpose: Compute an increment in the spacecraft state vector.
Called by: SIMXXX

Calls: INDEX, CONIC, VALUE, KEPLER, EPHEM, DOT, VMXACT, SORT,
PREPAR

Errors and Diagnostics: Acknowledges log out from KEPLER and EPHEM.

Language: Fortran subroutine

Computations:

TTO = RTOPRF + FTTO + RRCAVM / VRCAVM

TTRI = min (TEVI, TTO - DTAT)
TTRE = TTRB + TRCI
RSCDVM, = IRSCEVMkl
— L[] — ( [ ] o P 2
T3’k = |S; * QVME, - GVME, . (S, + S, °* RSCEVM, oVSCEVM, « RSCVDM_ }§
. Rrscpvm, 3
k
— [ L] L] _3 ]
Vl,k = T3’k RSCEVM, + S, °* GVME, - RSCDVM,_ VSCEVM,,
Vo, x = SV3 1
— [ * * _3 L ] .
sv3’k =8y * Vy y + Sg * GVME, RSCDVMk RSCEVM,_
RSCEIN, = SV, + sv3’k
VSCEIN, = SV, + Vi ,x
_ _ -1
RTOPCM = ‘Vz,k sv3'k] . RSCDVM




FAR EXCEEDS
REQUIREMENTS

‘COMPUTATION

95

STOP

ITERATION'

TEST

FAIL

2 PRECISION

INCREASE ‘

COMPUTING PASS

INTERVAL

SIZE
~ZTEST

MINIMUM COMPUTING.
e ————— 5 R
ALLOWABLE _INTERVAL

. SIZE

@

NOT TOO SMALL
RETURN
DECREASE
STEPIN COMPUTING
—— INTERVAL
SIZE
'NEW._ NO
‘STEP TEST > -

INDEX END VALUES
OF PREVIOUS
INTERVAL TO START

COMPUTE ORBITAL

Loor

MONITOR

CONTINUE

COMPUTE
VIRTUAL MASS
STATE, MASS
AND MASS RATE

VMXACT

COMPUTE
RSCEIN
VSCEIN

|

‘ELEMENTS OF REF.
CONIC RELATIVE
TO VIRTUAL MASS

COMPUTE TTRI

INITIALIZE
ITERATION

PREPAR

!

RETRIEVE STORED
EPHEMERIS DATA ON
GRAV. BODIES AT
FINAL TIME

COMPUTE
REFERENCE
CONIC END
CONDITIONS

KEPLER

COMPUTE TTRE
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MASSXTPF$.STEPIN

1 (o STEPIN D NOVAK AND r JESSUP BELLCOMM 03 FEB 69

2 C

3 C PURFOSE

4 C

5 C TO ORGANIZE A GROUP OF SUBROUTINES FOR PROGATING A SPACECRAFT
6 C TRAJECTORY ACR(OSS ONE COMPUTATIONAL INTERVAL,

7 C THIS TRAJECTORY SATISFIES THE VIRTUAL MASS EQUATIONS OF MOTION
8 c ALONG WITH VARIOUS HIGHER DERIVATIVES THEREOF, ALSO

9 C

10 ¢ INPUTS

11 C )

12 Cc LIMPEV RECOMPUTE INTERVAL WITH PRECISION ITERATION T¢ FROJECTED
13 C END POINT NQw THE TIME OF SOME EVENT

14 (o TEVI ESTIMATE OF TIME INCREMENT TO NEXT EVENT

15 c TRCI REFERENCE CONIC TIME INCREMENT FOR INTERVAL

16 (o TTRB TRAJECTORY TIME ORIGIN OF INTERVAL

17 C OTAIDN MULTIPLIER FoR DECREASING THE TRUE ANOMALLY STEP=SIZE
18 C DTAIUP MULTIPLIER FgR INCREASING THE TRUE ANOMALLY STEP=SIZE
i9 C

20 C OUTPUTS

21 C

22 C RSCEIN POST INTERVAL SPACE cRAFT POS REL TO INERTIAL COORD FRAME
23 C VSCEIN v VEL Ve

24 c TTRE TRAJECTORY TIME TERMINATION OF INTERVAL
25 C CTAL TRUE ANOMALLy STEP-S7ZE DEFINING COMPUTING INTERvAL
26 c LINTDN COMPUTING INTERVAL Ig DOWN FROM EARLIER VALUE
27 c

28 SUBROUTINE STEPIN
29 C

30 INCLUDE QTYPE

31 INCLUDE QVAR

32 INCLUDE QFAC

33 INCLUDE QTEM

34 INCLUDE EVARL

35 INCLUDE EVARIO

36 INCLUDE EVARS

37 INCLUDE EVARY

38 C

39 CIMENSION ICALL(4)

40 DATA ICALL 7/ ¢ CALLED By STEPIN ' /

41 C '

u2 LINTON = oFALSE.

43 IF (LIMPEV) GO TO 10

4iy CALL INDEX

45 CALL CONIC

46 T70 = RTOPRF % gTTO * RRCAVM / VALUE {(VRCBVM)

47 C

48 o INCR ok ok

49 C

50 C PURPOSE

51 C

52 C ESTABLISHES THE NORMAL COMPUTATION TIME INCREMENT ON THE BASIS OF
53 C A TRUE ANOMOLY INCREMgNT, COMPARES THIS STEP SIZ2FE WITH THE

54 (o ESTIMATED TIME TO THE NEXT EVENT AND SETS THE SMALLER OF THE TwO
55 C AS THE DESIRED TIME INTERVAL, ALSO SETS COUNTER ITRAT T0O ZERO,
56 o
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57 ¢ INPUTS

58 C

59 c OTAIL REFERENCE - CONIC TRUE ANOMOLY ANGLE OVER INTERVAL
60 c TEVI ESTIMATED TIME INTERyAL TO NEXT EVENT
61 C TTO TOLERANCE ON ACCURACY OF COMPUTED TIME INCREMENT
62 C

63 C OQUTPUTS

64 c

65 C TEPI DESIRED COMPyUTING TIME INTERVAL

66 c ITRAT COUNTER CONTROLLING THE COMPUTATION INTERVAL CHANGES
67 c ‘

68 10 TTRI = MIN (TEVI, TTO * DTAI)

69 ITRAT = 0

70 20 CALL KEPLER

71 IF (,NOT, LOGOUT) GO TO 30

72 ICALL (1) = YKEPLER®

73 G0 TO 500

74 30 TTRE = TTRB + TRCI

75 CALL EPHEM

76 IF (.NOT, LOGOUT) GO TO 40

77 ICALL(1) = *EPHEM!

78 GO TO 500

79 40  CALL PREPAR

80 c

81 C UPDATE #**%* S LOCATIONg FROM PREPAR

82 C

83 60 T1 = DOT (RSCEVM, RSCEVM)

84 KSCDVM = SQRT (T1)

85 T2 = RSCDVM * Ti1

86 T3 = (S3 * QVME = GVYME * (S1 4 S4 x DOT(RSCEVMsVSCEVM) / Ti)) / T2
87 T4 = S3 % GYME / T2

&8 15 = S5 ¥ GVME / T2

89 'T6 = FO

90 DO 62 I = 1» 3

91 TVI(I) = T3 * RSCEyM(I) + T4 % VSCEVM(I)
92 TV2(I) = SV3(I)

93 SV3(I) = S2 % TVi(1) + T * RSCEVM(I)

oy Te = Te + (Ty2(I) = gV3(I)) %% 2

95 RSCEIN(I) = SVi1(I) + Svz(Il)

96 62 VSCEIN(I) = Sv2(I) + TVLI(D)

97 RTOPCM = SQRT (T6) / rRCDVM

98 IF (ITRAT .GE. 2) GO 7O 70

99 ITRAT = ITRAT + 1

100 CALL VMXACT

101 A GO TO 60

102 70 IF (RTOPCM 6T, RTOPRg) GO TO 80

103 IF (RTOPCM % FRTO LT, RTOpRF) DTAI = DTAI * DTAIUP
104 RETURN

105 80 1IF (DTAI +LE. DTAIMN) RETURN

106 DTALI = DTAI * DTAIDN

107 LINTDN = «TRUE,

108 GO TO 10

109 500 WRITE (IOPRT» 510) ICaLL

110 510 FORMAT (1X, 4A6)

111 RETURN

112 END
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- Program: UNITV (a, b)

Purpose: Calculate b the unit vector of a.
Called by: Kepler

Calls: None

" Errors and Diagnostics: None

Language: Fortran subroutine

Calculations: b = =

UNITV

'"PERFORM CALCULATIONS

RETURN




VMASS SUBROUTINE UNITV

CALCULATE B THE UNIT yECTOR OF A
SUBROUTINE UNITV (As g)

INCLUDE QTYPE

INCLUDE QTEM

DIMENSION A(3)» B(3)

T1 = VALUE (A)

VMASSHRF UK« UNITV
1 C
2 C PURPOSE
3 C
4 C
5 C
©
7 o
8
9
10
11 C
12
13 Co 10 I
14 10 B(I)
15 C
1é RETURN
17 END

= 1, 3
= A(I)Y / T2

Page 99
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Program: s = VALUE (a)

Purpose: Calculate s the magnitude of the vector a.
Called bz: CONIC, KEPLER, STEPIN, UNITV

Calls: None

Error and Diagnostics: None

Language: Fortran function

, _ 2 2 2
Calculations: s = al + a2 + a3

VALUE

PERFORM CALCULATIONS

RETURN.

VMASS SUBROUTINE VALUE

VMASS#*RF JK o VALUE

1 c

2 ¢ PURFOSE

3 c

g c CALCULATE MAGNITUDE Op A 3 COMPONENT VECTOR
C .

g FUNCTION VALUE (A)
C

e INCLUDE QTYPE

9 DIMENSION A(3)

10 c L e e

i1 VALUE = SQRT (A(L) sk 2 4+ A¢2) #% 2 & A(3) ww 2)

12 RETURN

13 END
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Program: VMXACT

Purpose: Compute the Virtual Mass inertial position, velocity,
mass, and mass rate. Compute spacecraft position and velocity
relative to the Virtual Mass and to each gravitating body.

Called bx: STEPIN
Calls: DOT, SQRT

Errors and Diagnostics: None

Language: Fortran subroutine

Computations:
RSCEOO, = RSCEIN - ROOEIN.
RSCDOO, = |RSCEOO, |
VSCEOO, = VSCEIN - VOOEIN
ROOEIN, * GOO,
RUMEIN = g— & L2
1 | RSCEOO, |
1
. GO0,

= 1 -
VVMEIN = £= 5— (VOOEIN; - Tg - ROOEIN,)

1 \} | RSCEDO, |

RSCEVM = RSCEIN - RVMEIN
VSCEVM = VSCEIN - VVMEIN
RSCDVM = | RSCEVM|
GVME = T, - |RscEvM | 3
» . t
QVME = GVME - 3 - RSCEVM ° VSCEVM . “4

|IrRscEVM |2 t1
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Where
LT - GOO4
1ot IRSCEOOi|3
. s GOO; .
4 * lRSCEOOi|3 6
3 « RSCEOO; , VSCEOO,
t6 = 1 1

|RSCEoo.|2
1

i = l’ 2' I..' JKN

VMXACT

PERFORM CALCULATIONS

RETURN'




VMASS gUBROUTINE VMXACT

VMASS*RFuUK « VIMXACT

OWONOUWE GNP

o
[V VR Sl

OO0 OO0 000CGOO0O0

@)

PURPOSE
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COMPUTES THE VIRTUAL MASS POSTTION, MASS, VELOCITY. AND MASS RATE,
GIVEN THE INERTIAL POSITIONS AND VELOCIIIES OF THE SPACE CRAFT AND

ALL THE

GRAVITATING MpSS POINTS. OUTPUTS THE VIRTUAL MASS DaTa IN

INERTIAL COORDINATES AND GIVEg THE SPACECRAFT POSITION AND
VELOCITY RELATIVE TO THE VIRTUAL MASS,

INPUTS

vk
JKN
GJK

RJKEIN

VUKEIN
RSCEIN
VSCEIN

OUTPUT
- RVMEIN

VVMEIN
KSCEVM
VSCEVM
GVME
QVME

RSCDVM
RSCEJK
VSCEJK
KSCDJK

LIST OF POINT MASS SUBSCRIPTS

NUMBER OF SURSCRIPTS IN LIST JK

PRODUCT OF UNIVERSAL GRAVITATION CONSTANT AND MASS OF THE
GRAVITATING pOINT JK

POSITION VECTOR OF MaSS POINT JK RELATIVE TO AN INERTIAL
COORDINATE FRAME

INERTIAL VELQCITY VECTOR OF MASS POINT oK

INERTIAL POSITION VECTOR OF SPACECRAFT

INERTIAL VELQCITY VECTOR OF SPACECRAFT

POSITION VECTOR OF THE VIRTUAL MASS RELATIVE TO AN
INERTIAL COORDINATE gRAME

INERTIAL VELQCITY VECTOR OF THE VIRTUAL MASS

POSITION OF gPACECRAFT RELATIVE TO THE VIRTUAL MASS
VELOCITY OF gPACECRAFT RELATIVE TO THE VIRTUAL MASS
PRODUCT OF UNIVERSAL GRAVITATION CONST AND VIRTUAL MASS
PRODUCT OF UNIVERSAL GRAVITATION CONST AND RATE OF CHANGE
OF THE VIRTUAL MASS MAGNITUDE

DISTANCE OF gPACECRAFT FROM VIRTUAL MASS POINT

POS OF SPACECRAFT RELATIVE TO MASS POINT JK

VEL v

DIST FROM SPACECRAFT TO MASS POINT UK

SUBROUTINE VMXACT

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

11 = FO

T4 = FO

QTYPE
QVAR
QFAC
QPHC
QTEM
QEPH
EVARS
EVARV
EVARI

Loz Mm=1,3
TVi(M} = FO

Tva (M)

Lo 10 1
K =

= FoO

= 1s JKN

JKLOC (JK(I))
DO &4 M = 1r 3
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57
58
59
€0
61
62
63
64
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RSCEOO (K4M=1) = RSCEIN(M) = ROOEIN(K+M=1)

4 VSCEOO (K4M=1) = ySCEIN(M) = VOOEIN(K+M=1)
T2 = pOT (RScEQO(K)» RSCEQO(K))
RSCDOO(K) = g@RT (T2)
T3 = g00(K) / (T2 % RSCDOO(K))
TL =11 + T3
T6 = g3 * DOT (RSCEOO(K), VSCEOCO(K)) / T2
Ty T T4 - T6 5 T3
DO 6 M = 1o
TVLI(M) = TVI(M) 4 ROOEIN(K+M=1) % T3
6 TV2(M) = TV2(M)
1 + T3 % (VoOEIN(K+M=1) = ROOEIN(K+M=1} #* T&)
10 CONTINUE
DO 12 M = 1, 3
RVMEIN(M) = TVi(M) / Ti
VVMEIN(M) = (TV2(M) = RVMEIN(M) * T4) / T1
RSCEVM(M) = RSCEIn(M) = RyMEIN(M)
12 VSCEVM(M) = VSCEIN(M) = VyMEIN{M)
15 = DOT (RSCEVM, RSCEVM)
RSCDVM = SQRT (T5)
GVME = T1 * RSCDVM 4 T5
GVME = GVME * (F3 % DOT (RScEVM, VSCEVM) 7/ T5 + T4 / T1)
KRETURN
END
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