CIRE BT CGEELIOEIIT R TS AL Gy TR
¢ "

TR SN SR D B

e e R by

[V

mappna

ey

P

%,

Technical Memorandum No. 33-188

| PLOD If:
Planetary Orbit Determination Program
for the IBM 7094 Computer

“,Nwﬂ'??”' Tl

R S S
[

) Charles J. Devine
GPO PRICE $

CFSTI PRICE(S) $

T Ne5-292
Hard copy 32 I 7 5-29223

"M SO

(ACCESSION NUMBER) (YN}
° - O
. . V7, N /D /
Microfiche (MF) / /U g Y «uo? lcoon
0
653 July 65 N (/’l/ (5'3 /(/(/ ﬁ@
(NASA CR OR TMX OR AD NUNBER) (CATEGORY}

JET PROPULSION LABORATORY
CALIFORNIA IHBTITUTE OF TECHNOLOGY
‘ PASADENA, CALIFORNIA

Apid 15, 1965

o N e .
.o .y -
N .
N | ' ‘e
L I
N - .
RS
- . . .
“

g =




Technical Memorandum No. 33-188

PLOD II:
Planetary Orbit Determination Frogram
for the IBM 7094 Computer

Charles J. Devine

Hrid

H. F. Lesh, Mancger
Computer Applications Section

JET PROPUI.SION LABORATORY
CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADIENA, CALIFORNIA

April 15, 1965




- v PRI e e B P R T . e . e e
« - . e e ! “ B . .




L[N
7
JPL. TECHNICAL MEMORANDUM NO. 33-188
CONTENTS
I. introduction 1
il. Develooment . 1
A. Generai 1
B. Specific
Ill. Methed of Solution 2
Appendix I. PLOT: Il Users Manuo’ 6
A. Description . . 6
B. Operating .nstructions . 6
C. Descriptions of Input . 6
1. Orbital Input Inforr ation . 6
2. Data Deck and C' atrol Cards 7
D. Descriptions of Ov put . 11
1. The Starting Values and Control Parameters R 5 |
2. The Informa ion Printed at Each Iteration . . . . . . . . . 11
3. The Fina! ‘Jutput and the Summary Page . . . . . . . . . 12 .
E. Flow Char'; for PLOD II . .. 12
F. Main Pro,ram and Subroutine Descriptions. . . . . . . . . . 27
1. PLODMN . 27
2. FORTSZ 28
3. X{PAND. 37
4. SMULT. 37
5. SCALR . 38
6. INTRP . 38
7. TSTOP . 40
8. STINKS . 41
9. SET32 42
10. SETUP2 . 43
11. CORECT . 43
1. TRANSX 44
13. DERIV . 15 '
14. EOSER . 46
15. ERRER . 46
16. FORDV . 46
17. STPRG2 . 47
18. ELEMTS . 49 —_
19. OBLIQ . 50
20. SPHER . 50
21. ARCIN . 50 .
22. RUN . . 51
23. DPINPT . 51
24. DOUTPT . . . . 81
t
: 1l
[
L T




JFL TECHNICAL MEMORANDUM NO. 33-188

CONTENTYS (CONT'D)

Appendix . Sample of PLOD Il Output. 52
Appendix ¥%i. PLOD Il Program Listings 75
References . 145
FIGURES |
1. Program PLODMN input and starting procedure . 13
2. Program PLODMN subroutine calling sequence . 14
3. Program PLODMN convergence and tape writing chart 15
4. Flow chart for subroutine TSTOP . 16
. 5. Fiow chart for subroutine FORTSZ 17
b
—— .
y
v
%
W
v -
W‘-"— - ——— e : 5y
--'.‘: e ‘ . I



IPL TECHNICAL MEMORANDUM NO. 33-188

ABSTRACY

This Repoit describes the double precision numeriral fitting program
for the IBM 7094 used in the computation of the Jet Propulsion Lab-
oratory planetary ephemerides. The method of integration and the
least squares fitting technique is described in detail along with all
mathematical equations used in the computation.

I. INTRODUCTION

PLOD II is a double precision (DP) program designed to determine a definitive
planetary orbit by fitting known source positions for a planet in such a manner
that the residuals in longitude and latitude are as small as possible in a least
squares sense. The numerical integration used is a DP Cowell finite difference
method.

PLOD 11 is intended to be used with a large number of “observations,” i.e., a
source ephemeris, and will compute a DP solution of the normal equations for
osculating elements by linear stepwise regression, using these differential cor-
rections to correct the epoch elements. It then repeats with the improved epoch
values until convergence is obtained, i.e., the sums of squares of residuals in
longitude and latitude are as small as possible.

il. DEVELOPMENT

A. General developed in order to compute a gravitationally consistent

In the space exploration field it is often required to position and velocity ephemeris of high accuracy.

have planetary ephemerides of position and velocity of
high accuracy. The errors inherent in presently used ogs
theories prevent the obtaining of accurate velocities by B. Specific

numerical differentiation of tabulations or analytical dif- In PLOD 11, all corrections are in the ecliptic system.
ferentiation of the expansions. Therefore, PLOD II was  In the first version of PLOD (called PLODI) the residuals
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Axt =xi — xi, (£=1,2,3) in equatorial rectangular co-
ordinates (x*, observed values and x’. computed values)
were reducad by least squares. The criterion of fit was

that 5 :
3 [ b (Ax;)”:l = min
=0 =1

i.e., to fit the longitude, latitude, and radius vector in
the ecliptic system, with the option of eliminating the
influence of any one of the residuals by assigning appro-
priate values to a:, s, and a,. As an example, in fitting
observations where distance is not known, it is sometimes
desirable to eliminate the influence of the radius vector,

In PLOP 11, for purpos‘es Of. ﬂe'xlbﬂ;ty and display, it and fit only to latitude and longitude. It was also thought |
was decided to change thie criterion of fit to best to make corrections to = == Q + u, rather than to o, §
S (cos BAN) e + T (AB)? s + E( B )" o =min (1) ;) avoid difficulties with small inclinations (such as the :
p arth). .
Ill. METHOD OF SOLUTION
Given epoch conditions of either equatorial rectangular  given o, €, i, Qo, v, and M, in the ecliptic system, If
position-velocity coordinates %o, Yo, Z», o, Yo, %0, Or Oscu-  they are in the equatorial system, they are rotated to !
lating elements a, no, €, io, 20, we, M, in the ecliptic or  the ecliptic system by a solution of spherical triangles
equatorial s1stem, it is desired to determine an orbit  (see Ref. 2).
which most closely fits a source ephiemeris in che least ‘
squares sense. If the orbit determination is started with This 3 X 3 mairix, together v ith the osculating ele-
position and vclcocity as epoch conditions, they are trans-  ments, is constant throughout the integration and cor-
iormed to the ecliptic constants of the orbit, i.e, the rected at each iteration.
direction cosines PQR of the three axes and the osculat-
ing elements (see Ref. 1), A transformation is then made To obtain these elements as the independent variables )
back to equatorial position velocity coordinates for  of the integration, a transformation is performed which o
FORTSZ. converts the elements to position and velocity coordinates .
for FORTSZ, the integration routine, by a Newton- ’
If the epoch c.nditions are already in terms of the  Raphson iteration which determines a value of E good
osculating elements in the ecliptic system, then the PQR-  to full double precision accuracy.
direction cosine matrix is computed by the following
formulas: Given the first approximation to Kepler's equation,
P, = cos o, cosQ, — SiD w, sin Q, cos i, E =M+ esinM -+ %e? sin OM @)
Q: = —sinw, 05 Qo — COS w, SN Q4 €OS in and kepler's equation
R, = sinQ, sini, i
f(Ey=E —esinE—-M (4) .
P, = ¢0s v, $in Q, + sin w, €0s Q, €os i,
. . . then E is found by iterating in thc Newton-Raphson :
Q, = —sinw,sin Q, + €Os v, COS 2, COs 4y equation F
R = —cosQ,sin i, %,
’ . ® .n .nl( E..,=E -—f_(EQ (5) é‘
P, = sin u, sind, Fer T PR 1‘@;)
Q: = cosusini, aud x, y, 2, &, i, Z are found from the equations in Ref. 1 3-
R. = cosi, @  (p. 148). °
0
2 L3
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The %o, Yo, Zo, %o, Yo» %o ecliptic are now rotated to the
equatorial system by premultiplying by a standard rota-
tion matrix.

1 0 0
R=| 0 Cos ¢ ~—sine (6)

¢ sine CoS €

The equatorial pesition-velucity coordinates with the ele-
ments as independent variables are then used t~ sei up
starting values for the Gauss-Jackson predictor covre ctor
method of the Cowell integration scheme. (See Section IF
of the Aupendix for details and equations.)

The equations of motion to be integrated are the funda-
mental equations in Cowell’s method (Ref. 3, pp. 169-170).

x' x4 —x xt
¥=-kRQLl+rm=+ kzm(—i——-———r‘—)
( e ? AN CH AN CAE

(=123 ()

where

(o =3 (5= )

and where the xi are the position coordinates in the three-
dimensional system, and m is the mass of the body whose
motion is sought, while m; and x} are the masses and
positions of the perturbing bodies. The positions of the
perturbing bodies are taken from the EPHEM tape gen-
erated by the Jet Propulsion Laboratory (see Refs. 4 and
13). This calculation and the computations involving the
relativity contribution for the inner planets are performed
in the derivative subroutine, DERIV (see Appendix).

During the in.egration of the equations of motion the
residuals are computed in the subroutine TSTOP at speci-
fied time stops. The residuals are first computed as equa-
torial residuals, i.e.,

Axi =xi— x! (i=1,2,3) (8)
where ' and x! are the observed (the “observed” posi-
tions being read from the source ephemeris tape) and
cnmputed position coordinates in that order. The ax}
and v}, %} equatorial are then rotated by matrix (6) with
sine = —sine to ecliptic residuals Ax! and ecliptic posi-
tion and velocity. The ecliptic longitude and latitude,

and the quantity p are then computed and the residuals
in longitude, latitude, and p are formed from the follow-
ing equations:

pCOS BAN = — sin AAX} + cos AAx:
pAB = — sin B cos Aux? — sin 8 sin AAx: -+ cos fAXY
pAp = x2AxL + x2Ax2 + x3Ax? (9)

For convenience in setting up the normal equations,
the equations are stored in the following matrix form:

B=CR, (10)

where C is the matrix of coefficients on the right side of
Eq. (9) multiplied by 1,p, R, is the residual matrix, and
the last row of the matrix has been divided Ly p for
scaling.

cos BAA

B=| aB
Ap
3

—~sin A cos A 0 |— Ax;

:—__1_ —sinfBcosA --sinfBsinA cos@ Ax?

p 2 x x Ax';-l
p P P
(11)

The residuals in Ax! equatorial and cos B8AA, AB, Ap/p
ecliptic are now tabulated and the latter are used in set-
ting up the normal equations.

The integration yields position coordinates x* (¢, ¢) and
velocity components %, (t,c), (i =1,2,3), at time stop
points ¢, <t, <1, < -+ =¢, The computed coordi-
nates in general depend on some parameter set
c¢=(c;,¢s * ' ,Cq), the six constants of integration. In
this Report, these constants will be the osculating ele-
ments meniioned above. This parameter set serves to
fix the values of the coordinates and velocity components
at t,. The ¢ are chosen such that the sum of the squared
residuals (S,) is a minimum. As ia PLOD I,

S, = é [.: (ij)”] =min (i=123)
ok : (12)
or in the case of PLOD II,
S, = IZ a; (cos BiANg)* + é AR + ﬁ: ay (%)z = min

j=0 j=0 =0

(13)

»
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The usual method of minimizir~ S, is to calculate the  and
partial derivatives ox}/3c;, (i =~ 4,3),(k=1,2,- - - ,6),

A

for assumed values of the - .und at the points ¢;, and to x']
solve the normal equ~ . B =) ay J (18) =

i IP":; - ) Qg axtjaxi“ 282 Jua :

X \'a‘c‘j' Ax})] = }‘E LE (l}.: o3 c:)] AC and all quantities are in the equatorial system. ;

~1=1 L =a =0\l=1 ]

(m=12---,8 (14) In PLOD I, since S, is minimized, the matrix form k’

. . is slightly modified. Recalling Eq. (15), matrix A is multi- :

for corrections Acy to tne values of ¢. plied by the matrix ;

~sin A COS A 0 ;

In PLOD I the partial derivatives appeared in a single L1 i o r
equation of condition in matrix foim (see Ref. 3, Chap. 9) Cc= P —sinfcosA —sinBsind cosp | (19) b

where A is the 3 X 6 matrix of parial derivatives. This X/ p y/p z/p g

may be denoted explicitly by the following matrix where

the traditional notation x, y, z is used for the position and obtaining a new matrix of partial derivatives

velocity vectors for convenience of expression: A=CA (20)
" x 1 [~=x 3 . ]
ry Pz—Py Quz— Q. - (T + R,z — R.y) -3 tx Hx+ Kx
v - 3 . . :
A=| L Pa-Pz Qi-0Qaz —2— (—% + Rex R;z) y—5t Hy+Ky {5) fu
é 1 / Y 3 . ) 3 .
i T Pry - Pl/x er - Q:/x “"e“ 'n— + R.ry - Ry1> A 'Q' tz Hz + Kz_a,(u !

2ad a new systein of equations in matrix form

where - - i
X = i
_r—a(l+e?) AX=B @1 §
H= ae(1—e?) where X is the column vector e
and X = (AM, + ar. Ap, A 7, 2Ar, Ag/a, Ae) (22) .
) 7 r and B is now che column vt + B = (cos BAX, AB, Ap/p)
K= aznze[l + a(l—=¢e" | of the longitude and latiiu<l: :siduals in the ecliptic

system. The position and +¢'icity coordinates for ths
The actual matrix equation for one time pcat would be  Set I1I matrix, i.e., the A 1 .2::ix, are also in the ecliptic

represented by system. Hence, there : :i :,mbolic notation a 3 X 8
matrix A equal to the pio 7.1 lerivatives of A, 8, and p with
AX =B (16)  respect to the Se: 17, i ;*-ouwer and Clemence.
where - a(r B,
A. - {.:. x.'IA:lxﬂ = 3 (S ﬁIIpI) (23)
T AM, + Ar7 2 (SetIID)
Ap These partial cerivatives will be formed at each of the
aq n -+ 1 stepa.
X= A (7 -
eAr
Due to the large number of poiuts at which & is com-
Aa //a wos . .
puted, it is necessary to use a special method of solving
-T2 the system of equations obtained. {See Ref. 5.)
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Let the system of linear equations obtained after n + 1
steps be denoted by

NX=F (24)

where X is the solution vect.r and N is defined by

N =3 AN, (25)
f=0
and
AN; = KIWA; (26)

at each step. A* is the transpose of A;, and W is a diag-
onal weight matrix, ie.,

ay 0 0
W=| 0 a 0 @7
0 0 a

The matrix W plays the role ~f excluding the influence
of any one of the residuals. If in PLOD II the longitude
and latitude residuals only are minimized, then the set
ting of & = (1,1,0) annihilates the contribution of the
p residual. If a PLOD I type of fit is desired, the setting
of @=(1,1,1) will again make the p contribution sig-
nificant and STPRG2 will correct accordingly.

The matrix F is defined by

F= 3 aF, (28)

i=0
where
aF, = A'WB, (29)
at each step.

The equations NX = F are then solved by a DP step-
wise regression program cailed STPRG2 (see Section IF
of Appendix), if the value of S; as computed by

SZ = sn: «; (COS B,AA:)"' + ag (AB,)? 4. as (_A_Pﬂ (30)
§=0 ;

is too large, or if TMA!.. the maximum number of time
steps allowed for the integration, has been reached. The
final convergence test is performed va the usual con-
vergence factor

SQ = (S./N)* (31)

where N is the total number of integrated positions.

The solution column vector [Eq. (22)] will then be the
desired corrections to the osculating elements. The cor-
rections Ar, AM,, Aa, and Ae ave easily obtained in a
straightforward manner from X, the solution vector, while
n is obtained from @ unless the mean motion is held
fixed. (It should Le noted here that if the mean motion
is held fixed, then the correction to the period is ignored.
The column corresponding to As, '@ in the overdetermined
system of linear equations is set equal tv zero, and there-
fore, STPRG2 makes no attempt to solve for aa/a. The
value of a is then held fixed through Kepler's third law.)
The only dificulty lies in obtaining corrections to A%, A,
and Aw, the longitude of the ascending node, the incli-
nation, anc the argument of perihelion. This may be
accomplishied in the following manner:

Let the corections to i and Q be expressed as: (For a
derivation of these results see Ref. 3, pp. 238-239.)

Ai = Apcosw — Ag sinoe
siniAQ = Apsine + Ag cosw (32)

An expression for As may be similarly derived, but in
order to accurately determine Ao from a correction to
the longitude, it is more desiratle to find the correction
to Az = Aw + AR, and then subtract the computed value
of aq found from Eq. (32). By etamining small rotations
Ap, Aq, Ar and making trigonometric substitutions, it may
ve found that a small change in Ar may be expressed as
follows:

Am s y (sinway + coswAq) + ar  (33)

T (1 + cosi
from which Ae may be computed after AQ is found. This
brings up the inherent difficulty of what to do with sini
when i is near zero. The problem is attacked by setting
AQ=0 whenever i <-Z Z¢, or zero. Hence, from the
correctinng Ap, Aq, Ar, it is possible to obtuin Aw, AQ,
and Ai and complete corrections to the osculating ele-
ments.

The new elements are now computed ana used in
Eq. (2) to compute new direction cosines, from which
new epoch values of position and velocity (%o Yo Zo, o Yo %o)
may be computed and the integration may be started
again. The process is complete when Eq. (31) has a value
of SQ =, where ¢ is a predetermined number, or when
there are no further appreciable corrections from ilie
least squares stepwise regression solution, i.e.,

3 (cos BN oy + 3 (880 e * B (—f‘;'i) as = min
(34)
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APPENDIX 1. PLOD Ii USERS MANUAL

A. Descr:ption

PLOD I is to Je used un the standard Fortran II moni-
tor system of the IBM 7094. it is a DP program employing
DP subroutines to do most of the major computation.
The storage required by PL.OD II is consicderable and the
program uses nost of the ¢olls available in the 7000 94
merory unit uader Foitran iI. Caution is therefore ad-
vised when new subroutines are added or old ones modi-
tied. The following user’s manual is a complete description
of PLOD iI with all necossary information for ephemeris
cempitation, and includes listings of the main prograins.
The user should Le particularly interested in the data
deck and control card Section.

B. Operating Instructions

PLOD 11 is a self-cont2ined program that requires
no console monitoring. The program reads all control
information from the data deck and will call for tapes
when needed. PLOD II uses five nonsystem tape chan-
neis. The scurce and perturbing body tapes are read on
two channels while the PV tape, the preconverged residual
tape. and the conerged residual tape are written on the
remaining three channels. The user selects the channels.
The source ephe..ieris tape and perturbing bodyv tapes
are always called immediately while the other tapes are
not called unless it is necessary to write an ephemeris
or residual tap~ and the intcgration has converged. {The
exception here is tne preconverged residual tape. If this
option is used, PLOD 1I will write immediately a residual
tape for the first, n — 1, iierations.) The program prints
out on-ling, for convenience, the value of sigma and the
Julian dawe at each iteration, and if there is no improve-
ment, the program may be stopped by requesting the
operator to halt.

It is to be noted here that the average run may take
from 20 to 120 min for a 50-yr integration with three or
four iierations, depending upon the body being inte-
grated, the integration step size, and the residual step
size. An estimate of the number of integration steps per
minute weuld be 250.

The order in which the subroutines are loaded is im-
portant under Fortran II. The subroutines FCRTSZ,
YPAND, SMULT, SCALR, and INTRP must be loaded
first in that order. This insures that all DP instructions
refer to even locations. The others, including PLODMN,
may be loaded in whatever order desired.

C. Descriptions of Input
1. Orbitai Input Information

The basic hcme of reference to which all elements
and rectangular position and velocity coordinates are
teferted is the fixed cquator and equinox of 1950, Julian
date, 2433282423 PLOD 11 mayv be started with rec-
tangular heliocentric equatorial coordinates read from
cards, tape, or osculating elements, either in the ecliptic
or equetorial system read f:om cards. If the osculating
elements are in the equatorial system, a control parameter
nust be set to rotate them to the ecliptic system. Although
the integration is always carried out in (he equatorial sys-
tem, all other comp tations, corrections, and internal
starting values are in the ecliptic system.

The osculating elemsuts a, n, e, i, Q, o, M, referred to
throughout the program, are actually the independent
variables of tke differential correction procedure. In any
case in the starting procedure, the rectangular coordi-
nates are foind from these values. In fact, any unper-
turbed orbit of a planet about the Sun is comnletely
defined by six elements which may be chosen in varicus
ways and which may be referred to any reference system.
The elements used b PLOD Il are defined as ‘ollows:

the semimajor axes of the orbit.

)

n the mean daily motion. n and a are related by
n*a* = k* (1 + m), where k is the Guussian gravi-
tational constant and m is the mass of the main
body expressed in terms of the Sun’s mass.

e the eccentricity of the orbit.
i the inclination of the orbit to the ecliptic.

0 the longitude ¢” the ascending node of the crbit
on the ecliptic, measured from the equinox.

o the argument of perihelion. Even though o is in-
putted to PLOD 1I, the corrections are made
in = = Q + «, the longitade of perihelion, mea-
sured from the equinox along 1he ecliptic to the
node, and then along the orbit trom node to
per:helion.

M. the mean anomaly at epoch.
The element n is not independent since it is related to a.

It may be input by cards to the program, but more com-
monly is computed directly from a. There is an option

PP
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te force n te be the input value vhen desired. When this
is the case. a is computed from n and the SET III matrix
is computed accordingly, i.e., the ~olumn vector on which
a depends is set to zero.

The reciprocal masses of the p'anets are input to the
main programs of PLOD II. They are inverted in DP
within the program and the valu: of p and «% is com
puted in DP aiso. The gravitaional constant, k, is
compiled internally and k° is also computed in DP.

The value k == 0.017202 (098950 00000 is taken from
Ref. 1, p. 58. The mass of the Earth is immediately set
to zero along with the main hody of the integration.
There is no need for the mass of the Earth at this time,
since all work is done with the Earth-Moon barycentre.

2. Data Deck and Control Cards

The description of the data deck and contro! cards
will be outlined into four main groups. The outline in-
cludes format specifications and control information and
ail of the PLOD II options with explanations. The user
will be primarily concerned with this section, and it is
recommended that some form of data sheet be set up for
production runs, since only a few of the cards will be
changed for different cases.

The four main grocups are arranged according to the
type of input. Group one, the identification group, in-
cludes general information such as the planet to be inte-
grated, source tapes for the planet, PV write tapes, source
tape for the perturbing bodies, and BCD identification
records for the ephemeris and residual tapes. Group two
is mainly input options and printing ~ptions for the
ephemeris tape, i.e., PV tape generated by PLOD 1I, as
well as information for FORTSZ control options. Input
options include indications of what system the data are
in, ecliptic or equatorial, whether on cards or tape, and
whether the mean motion is held fixed or not. Group three
consists primarily of convergence tolerances that are
input by the programmer. This includes the main con-
vergence criterion and the step size for the normal equa-
tions and the PLOD I ephemeris. Group four is the
actual orbital information input, which includes epoch
conditions, i.e., either the osculating elements or position
and velocity coordinates. The reciprocal masses of the
planets, the mean motion, the mass increment for aug-
menting the Sun’s mass, the weight vector W, the light
constants for the relativity contribution (at th. present
time, these are not used), and the Julian datcs for which
the integration is desired are also input hw.re.

a. PLOD II data card format.
Group one (ldentification).

The first card ‘Format 214, 2A8) contains the word
JEXD, the body number NBODY, and the name of the
planet being integrated. If JEND = 0, the program will
vead only one data deck. If JEND = IX, where 1IX <0
or IX >0, IX an integer, the program will read a new
data deck. The body number, NBODY corresponds to
the numbes of the pianet which s to be integrated, i.e.,
Mercury == 1, Venus =2. Earth-Moon =3, Mars = 4,
Jupiter = 5, Saturn = 6, Uranus = 7, Neptune = 8, and
Pluto =9. PLANET (I = 1,2) are the two BCD words
of storage fo: ine planet name, ie., Mercury, Venus,
Earth-Moon, -c.

The second card contains tape information for four
tapes and the Fortran logical unit number for the precon-
verged residual tape:

1. COORD tape
. SOURCE tape

Format 4 (I3, A6, A3)
where I3 is logical
unit number, A6 is
tape number, and A3
is channel number.

(a4

. PLOD ephemeris write tape

. PLOD residual write tape

[ L S N V)

. Preconverged (r — 1) iterations residual tape logical
unit. Format (13).

Cards 3 through 12 contain BCD information and com-
ments on the PLOD run (in groups of two cards). There
will be 12A6 words on the first caru and 10A6 words
on the second card. The programmer may write a sen-
tence of information with blanks wherever he chooses, as
long as he ends in column 72 on the first card, and in
column 60 on the second card (column 1 must be left
blank on every card). The following is a specific list of
the cards taken two at a time:

1. Cards 3 and 4 contain the BCD record identification
for the PV ephemeris generated by PLOD II. The
comment must end with the words “PLANET IS,”
or words to that effect, since the p~-+ word will be
the name of the planet.

o

. Cards 5 and 6 comment on COORD tape.

3. Cards 7 and 8 comment on SOURCE tape.

4, Cards 9 and 10 contain the BCD record identifica-
tion for the PV residual tape generated by PLOD II.
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5. Cards 11 and 12 contain the BCD record identifica-
tion comment for preconverged residual tape. It is
aavisable to include dates and tape numbers in all
cases.

Group two.
Control options: Input and ephemeris print.

Card 13: Format (1414)

KAM =1} Rotates source XYZ to ecliptic, computes
p,X, 8, prints, and computes Ap, AX, AR
for check.

KAM =2 No rotation, print, or Ap, AX, A8 check.

LAM =1  Prints XJD,XYZ XYZ, and aX,aY,AZ
during iteratien.

LAM =2 No print during iteration.

NAM =1 Derivative print during dates specified
for position, velocity, and acceleration.

NAM =2 No print.

MAM =1 Load COORD tape (MTAPE) only

MAM =2 Load SOURCE tape (NTAPE) only.

MAM =3 Load COORD (MTAPE) and SOURCE
(NTAPE) tapes (usual case).

JAM=1 PROG solves normal equations after
TMAX (usual case).

JAM =2 Will be automatically set not to call
STPRG2 after convergence.

K=8 {Leave alone.)

NOBOD =10 For COORD in DERIV (will stay con-
stant). Generally not used in PLOD II,
since it does not employ old COORD

system.

KPOS =1 Position only from CCORD (usual case).
Generally not used in PLOD I, since it
does not employ old COORD system.

KrOS =2 Velocities only.

KPOS =3 Velocity and position.

MEAN =1 Mean motion is computed internally.

MEAN =2 Mean motion is inputted and remains
fixed throughout integration.

ITRMAX =  Maximum number of iterations allowed
(usually set at 8).

8

NEPOCH =1 Input by cards XYZ, XYZ (last two cards)
DPINPT DP DEC 16 Digit.

NEPOCH =2 Input by cards a,, 1o, €, is, o, o0, M, (last
two cards) DPINPT DP DEC 16 digit.

NEPOCH =3 Input by reading SOURCE tape for pu-

sition and velocity.

NDOP =1 (For PLOD II. NDOP is constaut = 1.}
Applicable to PLOD 1 only.

NDOP=2  PLOD I, NDOP = 1, normal matrix is
(3,6), NDOP = 2, normal matrix is (6, 6).
Applicable to PLOD I only.

NECLPT =1 If elements are ecliptic (no rotation). Ap-
plicable only under NEPOCH = 2.

NECLPT =2 If elements are equatorial, rotate to eclip-
tic. Applicable only under NEPOCH = 2.

KAN =1 Print XJD, XYZ, XYZ, and AX, AY, AZ on
converged iteration (last).

KAN =2 No printof X]D,XYZ,XYZ, and AX,AY,AZ

on converged iteration (last).

FORTSZ Options.
Card 14: Format (514, F12.6, E17.8)

MD =M 1= M =15. Fixed point integer direct-
ing highest order of difference to be car-
ried (usual case MD = 8).

D=] 0=J =M. Initialization point ] =0 place

at end of net (usual case J = 0.
ND =N =0 No variational equations.

NPT=0PT =¢(
Gauss-Jackson open method.

NPT = OPT =)
Gauss-Jackson pseudo predictor correc-
tor.

NPT = OPT = 2
Gauss-Jackson predictor-corrector (always
used).

IL=F=0 FORTSZ computes only position at

TSTOP.

FORTSZ computes position and velocity
at TSTOP.

= Integration step size.

IL=F=1

T e

ot oty

3 PO
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ES = —0.1 X 10-** corvergence test for
FORTSZ startin j procedure (note nega-
tive value).

Control options: Tape writing, normal equations, body
number, etc.

Card 15: (Format (1013)

MMAX =3

These remain constant for PLOD II
NMAX=6 |

MPRINT =1 Will write a preconver ged residual tape
for (n — 1) iterations.

MPRINT =2 Preconverged residual tape not writter.

NPRINT =1 Load and write PLOD :phemeris and
residual tape (LTAPE, KTAPE).

NPRINT =2 Load and write P1 OD ephemeris only
(LTAPE).

NPRINT =3 Load and write PLOD residual only
(KTAPE).

NPRINT =4 Do not load and write ephemeris or re-
sidual taper.

XPRINT =0 No STPRG2 print.

KPRINT =1 Print STPRG2 summary, final solution
only.

KPRINT =2 Print STPRG2 summary, every solution.

KPRINT =3 Full print of STPRG2.

NSTEP=1  For COORD tape only, reads two dates

from COORD tape and computes tape

step size for DERIV.

NSTEP=2  Reads BCD heading on SOURCE tape

and pusitions tape. prints on line and off

line BCD heading of SOURCE tape.

NSTEF =3  Reads BCD heading on SOURCE tape

and prints same on line and off line, and

positions SOURCE tape, then reads two

dates from COORD tape and computers
tape step size for DERIV.

NSTYEP =4 Reads neither COORD or SOURCE

(Note: Leave at 3).

NEPHM =0 Program goes through normal equations

and af-er convergence sets NEPHM = 1.
NEPHM = Some integer =0, if non-zero, simple
integration without correction of normal
equatior s.

NEARTH =1 (leave at 2)

NEARTH =2

MTEST =1  Circle test, all masses set to zero.

MTEST =2  Normal case, only principal mass = 0.

NREL =1 Compute :elativity contribution in DE-
RIV.

NREL =2 No relativity.

Group three (convergence tests).
Card 16: Format (4E17.8)

STEST=35.X19°
Test to sce if residuals are too large (set
at whatever tolerance desired).
SIGSQ=STEST Correct orbit
SIGSQ < STEST Continue to TMAX

EPSILN* = 2. X 10-°
SIG < EPSILN converge
SIG > EPSILN iterate (Set at whatever
tolerance desired; 2 X 10 is just a start-

ing guess).

CD=1.X10¢
Tolerance in STPRG2 for relative reduc-
tion in magnitude of diagonal elements
of matrix.

SDOUT = 0.005
Significance level (out) of STPRG2 (may
be set at 0.0).
STPRG2* convergence (STPRG2 will al-
ways give a solution if SDOUT = 0.0,
SDIN = 1XE-17).

*The three m.ain convergence tests of the program.
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Card 17: Format {(2E17.8, 2F12.6)

SDIN =025 > SDOUT significance level {in) of
STPRG2.

DEPSIL- = 1. X 10-*
If epsiln is small, and if successive sigmas
are not different in eleventh place con-
verge. The programmer may select his
own tolerance after a few runs.

FSTOP1 = Step size for ncrmal equations.
FSTOP1 = Step size of source tape.
FSTOP1. FSTOP2 must be greater than
or equal to integration step <‘ze.

FSTOP2 = Step size for PLOD ephemeris. At pres-

ent FSTOPE = step size of source tape.
FSTOP], FSTOP2 must be greater than
or equal to integration step size.

Croup four (innut data values for execution).**

Card 18: Format (DPINPT)

DEC x.x, ©.x, x.x
Three dimensional DP, weight vector for
normal matrix.

W = (a:, qaq), (0= ay = 10)

Card 22: Format (DPINPT)

DEC xxxxxxx.x XTE
End print date for DERIV.

Cards 23 and 2+: Format (DPINPT)

DEC (DM (I}, = 1,10)

The DPINPT reciprocal masses of the
nine planets incuding the Carih as mass
number four, i.e., there will be ten values
in the following order: Merzury, Venus,
Earth-Moon, Earth, Mars, Jupiter, Saturn,
Uranus, Neptune, Pluto. Any value may
be used for the Earth, since it will be set
to zero by the program.

Card 25: Format (DPINPT)

DEC RM Tue DPINPT inputted mass increment
for augmenting the mass of the principal
planet being integrated. This value must
be read in as zero if no variation in the
mass is planned. That is, it is computed
in the equation for u at all times as fol-

lows:
it= k"(l + m; + HM.)

where R}, is the mass increment and
m, is the mass of the principal planet.

« = 0.0 Normal case (p not significant). 'If it is desired to use this option for_an ‘
integration of the outer planets, similar
a; = 1.0 p signidcant (PLOD I type). to Ref. 6, then the masses of the four in- "
ner planets on Card 23 must be set to 5
Card 19: Format (DPINPT) o ‘
DEC 209773 CAR Card 26: Format (DPINT'™)
Constants to compute velocity of light for
relativity. DEC The DPINPT inputced mean motion
XMEAN. This may be set to any value if
MEAN = 1.
Card 20:
DEC 149598845 AU Card 27: Format (DPINPT)
(,ons.ta.nts to compute velocity of light for DEC xxxxxxxx XJD :
relativity. . . ;
Integration epoch Julian date. ;
Card 21: Format (DPINPT) Card 28: Format (DPINPT) :
DEC xxxxxxx.x XTS_ . ) DEC xxxxxxx.x TMAX :
Beginning print date for DERIV. Julian date signifying end of integration. ¥
“For foymat description of DPINPT and DOUTPT, see Section F-23 J
and F-24. Cards 29and 30, - -+ N .
10 \
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The DPINPT epoch input data. Either position and ve-
locity or the seven osculating elements of the integration.

END OF FILE.

D. Descriptions of Qutput

PLOD II output may be separated into three main
categories:

1. The Starting Values (Epoch Values) and Centrol
Parameters

Here the position and velocity coordinates are listed
along with the direction cosine matrix and the osculating
elements. The osculating elements and the direction
cosine matrix are generally printed in the ecliptic system
and the equatorial system at the beginning of every run
and at each iteration. For a typical case where the epoch
position and velocity coordinates were read from the
source tape, there would be the following general vut-
line of identification.

The first value printed is the resiaual weight vector,
defined by Eq. (27). followed by a printed tape identifi-
cation of the main tapes that are loaded, the perturbing
bodies tape and the source tape, and the BCD heading
from the source tape. The masses of the planets are then
printed in DP in the following order: Mercury, Venus,
Earth-Moon-Barvcentre, Earth (this will be zero for
PLOD II), Mars, Jupiter, Saturn, Uranus, Neptune, and
Pluto. These are the actual masses of the planets, i.e., the
inverse of the inputted reciprocal mass. Next. the control
parameters for PLOD II will be labeled. They are de-
fined in the input section of this Appendix, Section C-2.
After the control parameters, the BCD record of the pre-
converged residual tape is printed if the tape is to be
written. The epoch values are then read in and prinied
out in DP, and a comment is printed to the effect that
all input data have been read in by PLOD II. The epach
values will in general be either the position and velocity
read from cards or tape (the particular case being herein
described is of two lines of DP words representing XYZ,
and XYZ), or the seven oscillating clements a,, n., e, i,
Q., w,, M, in the order read from the cards. A comment
will be printed indicating what procedure was used and
whether the mean motion is inputted and held constant
or computed internally.

2. The Information Printed at Each Iteration

The amount of output at each iteration is largely deter-
mined by the user, but there are a few values that are

sutomatically printed at every iteration including the
first. The beginning of the iteration will be signified by
the comment “BEGIN ITERATION.” Then the position
velocity coordinates at epoch are printed in two lines of
three DP words each—first XYZ and second XYZ. In the
first iteratiun, these will be the same as the input coordi-
nates, but in all subsequent iterstions they will be the
coordinates actuallv given to the integration routine, i.e.,
they will have the osculating clements as the independent
variables.

The next line ~f print will be the equatorial csculating
elements computed by the subroutine ELEMTS from the
position velocity coordinates in DP in the following order:
G, Ny, €., Lo, Do, wa, Mo, followed by the computed equa-
torial DP direction cosines matrix, PQR. The P vector
forms the first row, while the Q and R vectors form the
second and third rows, respectively. The osculating ele-
ments and the PQR direction cosines matrix are then
repeated in the ecliptic system, followed by, for the first
iteration only, ecliptic position and velocity coordinates
with the osculating elements as independent variables
that are rotated to equatorial position-velocity coordinates
and given to FORTSZ to start the integration. In all
subsequent iterations, the ecliptic position and velocity
coordinates will not appear at this point. but will appear
just before the comm=nt “BEGIN 1 TERATION.”

A comment is now prinied identifying the ephemeris
format to be us>d. An ephemeris consisting of two lines of
information is printed on option at each iteration. The first
line will always be Julian date, equatorial XYZ, XYZ,
and residuals AX, AY,AZ of observed minus-computed
rectangular equatorial coordinates in single precision. fol-
lowed by ecliptic XYZ, XYZ, and residuals Ap, cos 2AA,
and AB. The residuals will have a fixed format of TPF14.4.
An additional check may be computed and printed by
setting the iaput parameter KAM = 1, thus printing inde-
pendently computed Ap, A3, and A residuals directly.

When the integration stops either by exceeding TMAX,
or by exceeding the residual tolerances set beforehand by
input, the normal equations are solved by STPRG2 and a
summary is printed by STPRG2 indicating the order of
solution and the significance of each coefficient in the so-
fution vector. For KPRINT = 0, 1,2, or 3, there will be
no print of STPRG2, a summary of the final solution, a
summary of every solution, or a full print of the matrix
and a summary of every sclution printed.

This concludes the options allowed at each iteration,
with what follows printed at every iteration of PLOD IL

11
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The subroutine CORECT which computes the correc-
tions to the osculating elements now prints the following
information: The DP value of = = o + Q is printed first,
followed by the unccrrected PQR matrix and the uncor-
rected elements all in the ecliptic system and with the
same order as above, Next, the DP solution vector from
STPRG2, the new corrected PQR matrix, the elliptical
corrections to the elements, and the new ecliptic DP ele-
ments are printed, again in the same order as above. The
final value of x from Kepler's third law is printed for
reference.

A comment is now printed indicating whether the inte-
gration has converged or not, the Julian date, the elapsed
time in days, the number of integration steps, and the
value of sigma and the sum of the squared residuals.
A brief summary of statistical analysis is also printed
here, The mean deviation, the sum of the squared residu-
als, the standard deviation, and the maximum and mini-
mum of Ax, Ay, and Az are printed, plus the same
statistics for Ap, cosAA, and AB. This enables the user
to have some idea of the least squares fit at each itera-
tion. These values are also pri:ited on the summary page
of the final converged iteration,

3. The Final Output and the Summary Page

The final and most important output is the ephemeris
output after convergence. PLOD II will output at the
user’s option an ephemeris tape and a residual tape after
convergence is signified by a printed comment similar

. to the one described above. PLOD II can write two tapes,

one of which will be a residual tape containing a BCD
heading of 24 words (supplied by the user in input data),
followed by one binary record of 7 words with subse-
quent records consisting of the DP Julian date at each
step, plus the corresponding equatorial residuals of AX,
AY, AZ and Ap cos BAA, AB, in single precision, making
an eight-word Fortran binary record at each step. The
other tape will be the PLOD II position-velocity (PV)
tape which will again have a BCD heading of 24 words
followed by a binary record of 7 words and will consist
of a DP Julian date, X,Y,Z and X,Y,Z, all in DP, mak-
ing a Fortran binary record size at each step of fourteen
words. Simultaneously, at the user’s option, the program
will print for observation at each step, the Julian date,
the position and velocity equatorial coordinates with
equatorial AX,AY,AZ residuals, and ecliptic position-
velocity coordinates with the A8, Ap and cos BAX resid-
uals, These values may also be printed through each
iteration, in order for the programmer to observe the
integration and its effect on the residuals. The numbers

12

of the tapes used are printed for identification and easy
verification. For complete detail of printing options, the
user is advised to consult the data deck and control cards
Section (C-2 of this Appendix).

The summary page printed by PLOD II is a reference
record to indicate the information recessary for dupli-
cating a PLOD II run. It may be torn off after each
PLOD 1I run and kept in the access file for future ref-
erence. The summary page consists of a BCD comment
on the PLOD II run and a BCD comment on the COORD
tape used for the perturbing bodics, followed by most of
the input options necessary to restart PLOD II. These
are followed by BCD headings on the converged ephem-
eris and residual tapes, if these were written, or the
comment “NO TAPES WRITTEN,” if they were not.
The inputted inverse mcsses are then printed, followed
by the weight vector described in the input Section and
the angle of obliquity. The converged epoch values are
then printed in DP, ie., the osculating elements, the
PQR matrix at epoch, and the epoch positions and ve-
locities are printed, each in the order described above.
The last printed output is again the summary of statistical
analysis of the converged ephemeris. This concludes the
output of a typical PLOD II run.

E. Flow Charts for PLOD 1i

The program PLODMN is the primary directing and
controlling program of PLOD II It serves to controi
input, output, and the order in which the subroutines are
called. All parameters will be set in PLODMN with the
exception of a few convergence tolerances, and all sub-
routines except FORTSZ related subroutines will be
called by PLODMN. The one exception is the subroutine
STINKS, which is called at each step by the subroutine
TSTOP, and which calls the subroutine SPHER.

The program PLODMN starts the integration and ends
the integration. The flow charting will be in three major
sections: the input and starting procedure of the inte-
gration (Fig. 1); the subroutine calls and the order in
which they are executed (Fig. 2), and the convergence
flow and tape writing and output control of PLODMN
(Fig. 3). A supplement flow chart of TSTOP is shown
in Fig. 4. The flow charts are not complete, and are
intended only to give the user an idea of the flow of the
program PLOD IL

Figure 5 is a complete flow chart of the subroutine
FORTSZ.
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CALL OBLIQ

y

CALL ELEMENTS
COMPUTE
OSCULATING
ELEMENTS AND

P @R MATRIX

o TMAX ;
OSCULATING
ELEMENTS READ SOURCE
AT T TAPE  \ g _ _ _ _ 3
- % %2
X h 2
CALL SPHER COMPUTE
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ECLIPTIC 1 MATRIX 'Li"‘:?oop
STORE
FLEMENTS : POINT
— b
-——-—’
CALL TRANSX \) To
FORDV
DSCULATING ELEMENTS
—»POSITIGN VELOCITY
CALL STINKS
omP ROTATE TO
OMPUTE EQUATORIAL
IDENTIFICATION
PRINT/OUTRUT
Fig. 1. Program PLODMN input and starting procedure
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4

B S

SUBROUTINE FORDV

COMPUTES STEP SIZE
DRIVES FORYSZ

> <> <> o>

!

i

]

FORTSZ XPAND
ORTS
f)— ! INTEGRATION SMuLT
ROUTINE SCALR
INTRP
DERIV
L B .
f COORD

WRITE EPHEMERIS

EPHEMERIS]

DISK

TSTOP
ﬁ COMPUTE
RESIDUALS fcaLL stinks]
COMPUTE
STATISTICS

NORMAL EQUATION

Y

SET 32

INCREMENT
NEw JOB, TIME NORMAL MATRiIX ]
READ SOURCE DECK |
['} [ | SETUP 2
ZA* wa
NO SOLVE SOLVE ouT
5162 : JAM
T < TMAX/}\T > TMAX
\( STPRG2
EOSER NORMAL EQUATION
o END OF STEP SOLUTION
ERRER ouT CORRECT
£ - 600 0
~#» FORTSZ ERROR COMPUTES
Ao, e, An, A7,
AR, Aw, OM,
TO CONVERGENCE
woT COMPUTE e e
STATISTICS STATISTICS
OUT RETURN FROM CONVERGENCE
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Fig. 2. Program PLODMN subroutine calling sequence
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N STEP
2] =4
j 22 { =3
T
REWIND AND REWIND RENIND AND
Rc%‘g';“g POSITION ONLY 1 POSIT.ON
TAPE ONLY SOURCE SOJRCE, , COORD,
TAPE COORD TAPES i SOURCE TAPES
| [ o COMPUTE e | ]
STATISTICS
SOLUTION << 8 STPRG2
== CONVERGENCE SOLUTION > 8
TEST
/ ~
NUMBER n<? EPSILON €< SIGMA
oF CONVERGENCE
(TERATIONS TEST
(SIG, - S1G, 1<8 TEST
[ 720 ] 1 O
CONVERGENCE ! 5
BEGHIS EPHEMERIS | 0<] (516, - S1G,,.y)
INTEGRATION J
4
750 n< ITRMAX MaX
REPEAT {TERATION
INTEGRATION | TEST
™~
) PRINT SIGMA 2 > ITRMAX
LOAD 1 f LOAD { LOAD ( "VALUE
RESIDUAL AND | EPHEMERIS i RESIDUAL
EPHEMERIS | : WRITE | wRITE
WRITE TAPES TAPE ONLY TAPE ONLY
S | L WOT SIGMA 600 out
'R y 7~ Ty, DATE

woT
CONVERGENCE
INFORMAT ION

SET
COUNTERS

SET

EPHEMERIS WRITE

RESET
COUNTERS

WwoT
STATISTICS

RETURN TO MAIN LOOP PQINT

RETURN TO MAIN LOOP POINT
FOR EPHEMERIS INTEGRATION AND WRITE

woT
STATISTICS, \
SUMMARY /

Fig. 3. Program PLODMN convergence and tape writing chart
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5
’ ENTRY READ
COMMON
FOR XYZ, XYZ
585305 4) NO TAPES
¢
TAPE
<:> N PRINT <:>‘
- R N5
DATE d ¢
TEST
WRITE
WRITE
L TAPE
K TAPE K TAPE
COMPUTE
ax’
WRITE
T
Y | L TAPE
e
CALL
ROTATION > -
SUBROUTINE
: KAN ,§°
: =1
YES
COMPUTE
| Bp, D), AB
CHECK PRINT -
‘ PRINT [ il
, "
't 7 WRITE CONVERGENCE
< WRITE TAPES
32
NO CONVERGENCE 1
EE%UFN —

Fig. 4. Flow chart for subroutine TSTOP
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Fig. 5(c). Flow chart for subroutine FORTSZ
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F. Main Program and Subroutine Descriptions

PLODMN is the main controlling program of PLOD 11,
while the main integration routine is FORTSZ. FORTSZ,
with its related subroutines XPAND, SMULT, SCALR,
and INTRP for PLOD II has been modified for the
IBM 7094. That is, DPARTH and the macros for the 7090
versions are no longer used.

1. PLODMN

Multiple precision driver for tl. special perturbative
integration technique. C. J. Devine, JPL

Machine: IBM 7090/94, Language: Fortran II

a. Purpose.

PLODMN serves as an input/output program and
driver for the subroutines used by .PLOD II. The pro-
gram computes the needed constants for the integration
procedure, controls the subroutine execution order, tests
for convergence and number of iterations, and controls
the input/output. PLODMN is the primary logical frame-
work or outline of the integration procedure and calls
the subroutines for special computation when needed.
All of the major computation on the ephemeris integra-
tion is done in subroutines called by PLODMN.

b. Method.

The method of PLODMN is essentially that of PLOT II,
and is described in the general outline of PLOD II
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¢. Usage.

Given an ephemeris of a body to be integrated and a
source tape of perturbing bodies (generally the other
eight planets! PLODMN reads the orbit input informa-
tion and starts an integratiou by calling appropriate sub-
routines. It is to be used with an input deck (described
earlier) and the other general programs that make up
PLOD II, which are described below.

d. Remarks.

PLODMN is the logic of PLOD II and was designed
so that if there is a future need to change the control of
PLOD 1I it can be done easily. Similarly, if there is a
need to change the method of computation of PLOD II,
thic inay be done in the ;ubroutines called 5y PLODMN,
and thus leave the logic of PLOD I untouched. The
above description of PLODMN is necessarily brief, since
all of PLODMN is essentially outlined in detail in the
flow charts and description of PLOD II. PLOD II is
defined as PLODMN and its related subroutines.

e. Subroutines required.

FORTSZ The Gauss-jackson DP equations of
motion integration routine.

XPAND The DP coefficient generator for
FORTSZ.

SMULT The DP series multiplier for FORTSZ.

SCALR The DP inner product routine for
FORTSZ.

INTRP The DP interpolation routine for
FOR[SZ.

TSTOP The DP residual computation and
ephemuris printing routine.

STINKS The DP systera increments rotation
raatine.

SET32 The DP routine which computes the
matrix of partial derivatives.

SETUP2 The DP accumulation of normal equa-
tions routine.

CORECT The DP routine which corrects the
osculating elements

TRANSX The DP transformation routine from
elements to rectangular coordinates.

DERIV The DP acceleration routine.

28

EOSER ‘(he end of step routine.

ERRER The error routine called by FORTSZ.

FORDV The commaunication routine for
PLODMN and FORTSZ.

STPrRG2 The DP stepwise solution ot normal
equations routine.

ELEMTS The DP transformation routine from
rectangular coordinates to elements
a4, n,eiQ,o,l

OBLIQ The DP routine which computes the
obliquitr given the Julian dsate

SPHER The DP routine used to compute lati-
tude, longitude and p. given rectangu-
lar coordinates.

ARCTN The DP arctangent routine, used as a
driver for FORTRAN library subrou-
tine.

RUN Rewind and unload tape routine.

DOUTPT The DP output routine 'ibrary tape).

DPINPT The DP input routine (library tape).

DCOS, DSIN, Fortran library routines.
DSQRT

f. Storage.

All computable quantities are stored in DP. The pro-
gram communicates with FORTSZ through common
storage, and the description of this storage may be found
in ‘he following Section. The main quantities communi-
cated by PLODMN in common between its subroutines
and FORTSZ are time, integration step size, and position
and velocity coordinates

2. FORT'SZ

Gauss-Jackson DP equations of motion integration
routine. J. H. Beeman, Computer Sciences Corporation,
August 1, 1962

Machine: IBM 7080/94 FAP

a. Purposc.

FORTSZ is a closed subroutine designed to solve the
equations of motion (in rectangular coordinates) of a
body in a gravitational fieid, and, if desired, to calculate
the first-order variational coefficients of the computed
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frajectury. The integration is accomplished by either the
Gauss-Jackson open formula or by utilizing the open
formula as a predictor and then applying iws closed coun-
terpart as a correctar. [he formulas are in terms of back-
ward differences. The order of the differences employed
is optional within the limits 1= order of the highest
retained difference == 15. The routine employs 7094 com-
patible DFP, and is intended for computation with the
1BM 7094 as well as the 7090. Provision has been ma-le
for interrupting the computution at prespecified values
of the independent variable, as well as after each step.

b. Restrictions.

1. FORTSZ will not integrate backward in the inde-
pendent variable (the step must be positive).

[

. Change of step size is limited to doubling or to
halving.

3. Underflow and overflow are not <'iecked internally.

N

. The user must provide the desired interruption sub-
routines, a prograr to compute the dewred step size.
and a derivative subroutine to compute the second
derivatives of the equations of motion (and of the
variational equations, if required).

5. FORTSZ is a FAP coded subroutine which is not
Fortran comv.atible.

6. FORTSZ is intended for use with the IBM 7090
and, \ith minor modification, the IBM 7094.

=1

. The class of differential systems this program will
solve is limited in four basic respects. First, the
Gauss-)ackson equations are valid only for systems
of second-order differential equations in which the
first derivative term is absent The serond limitation
concerns the starting procedure. A single precision,
modified Taylor series solution to the two-body
problem is employed to obtain a first guess to com-
mence an iterative procedure for obtaining DP
difference lines. If the solution of a set of equations
in the region of the initial conditions is not “suffi-
ciently close” to that of the two-body problem, the
starting procedur= will not couverge. A third restric-
tion is that only three primary and 18 secondary
differential equations may be solved by this routine.
Finally, the three primary equations may not involve
the secondary variables. The restrictions contained
in this paragraph will have little meaning for the
user as long as this program’s application is limited
to the problem area ‘or which it was desigd.

e

2. Method.

A Gauss-Jackson procedure is employed to acenmplisk
the integration*, Step size is controlled by a user-coded
subroutine, but step size changes must be limited to
doubling and halving. The following options are available
to ne us v:

1. Integration method.
Gauss-Jackson open formula.

Gauss-Jackson open formula and improvement of
the coordinates by one application of the Gauss-
Jackson closed formula (note that no improvement
to the difference lines is accomplished).

Gauss-Jackson oper formula as a predictor and
the Gauss-Jackson closed formula as a one-cycle
corrector to improve both the coordinates and the
difference lines. A more detailed description of
the numerical procedures is contained in the Section
devoted to formulas.

2. Order of integration procedure.

The order of the difterences to be used may
bz specified by the user between the limits of
1= M =15, where M is the highest difference re-
tained in the calculation.

3. Starting procedure.

If Mth differences have been chosen by the wuser,
then the starting procedure must gensrate a net of
M + 1 points by utilizing the given initial position
and the differential equations. The locaticn of the
initial position in this net may be controlled by
the user t~ maximiz: the accuracy of the starting
procedure.

All calculations are performed in IBM 7094 com-
patible DP. The DP is accomplished in the 7090
version by a special set of macros which sirulate
7094 DP instructions couplc : with a DP arithmetic
subscutine.

&

Usage.

1. It is expected that this program will be embedded
in a system of the following general character: A
“driver” will call FORTSZ. Control will return io
that program only if an error condition occurs. Prior
to integrating each step, FORTSZ will suriender

*facksom, J., “Note on the Numerical Integration of d’z/d¢ = f(x,1),”

Royal Astronomical Astronomy Society Monthly Notices, Vol. &4,
pp. 602-608, 1824, o
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control, first to one of a set of subroutines described
below as T stops, and next to a user subroutine
called the “end of : :ep™ program. The first transfer
is made only at prespecified values of the independ-
ent variable, while the second transfer is made each
time a step is completed. In this manner, the user
is allowed to make use of the results of the integra-
tion in several ways if he so desiics.

. All numerical data used by this program are ex-

pected to be in FORTRAN 1+ compatible form. This
means that arrays are forward stored, that the low-
order part of a DP word is stored directly above its
high-order part, and that fixed-point quantities are
expected as full-word integers.

. The quantities M, J, N, OPT, ES, T. X. Y, Z, XD,

YD, and ZD must be stored in the communiration
region prior to execution of FORTSZ. A detailed
description of the form and meaning of these quan-
tities is contained in Section 5.

If N=1; ie., if the variational cuedicients are
to be computed, the user must also supply initial
conditions for these coefficients. Thus if N =1, the
user must also initialize the storage vectors V and
VD. 1t is noted that once FORTSZ has been entered,
the user may not change any of these parameters
without restarting the integration routine.

. Calling sequence:

CALL FORTSZ or TSX $FORTSZ, 4

PZE DER, ,EOS

PZE RLIST

TRA ERROR

PZE TSTOP1, F1, TS1
PZE TSTOP2, F2, TS2
PZE TSTOPN, FN, TSN
PZE 0

where the symbols are defined a: follows:
DER The entry point address of the user sub-
routine to compute the second deriva-
tives of the dependent variables x, y,
- and z (and those of the variational coeffi-
cients v(i),i = 1(1)18, if N =1), This
subroutine must compute these quanti-

EOS

RLIST

ties from the data in T, X, Y, and Z (and
V{i),i=1{1)18, if N =1). The com-
puted values of these derivatives must
be stored in locations XDD, YDD, and
ZDD (and VDD (i), i=1(1)18,if N=1).
In the event N =1, the following con-
vention is to be observed. If S = —1 (see
Section 5 for location), then DER need
compute and store only the second de-
rivatives of the positional variables. If
S = +1, DER must store the elements
of the matrix dznoted as th¢ A matrix
(in the later Section entitled “Variational
Equations Starting Relations”) in the
communication region array MATRIX.
If S =0, DER must compute and store
both the positional and variational sec-
ond derivatives in XDD, YDD, ZDD, and
VDD (i), i=1(1)28. Whenever S#1
(S =1 only while generating the initial
variational difference lines), the amray
MATRIX may be viewed as temporary
storage allocated to the subroutine DER.

The entry point address of the user’s
“end of step” routine. This program is
called after each full integration step in
order to return control to the user. See
the discussion of DTAPE in Section 3.

The entry point address of the user step
size control routine. The program must
leave the desired DP step size in the AC
and MQ each time it is called. The most
significant part of the step size is to be
placed in the AC. The step size currently
being vsed by FORTSZ (except for the
first entry after execution) may be found
in location H. Step size may be changed
by halving or doubling the current step
size only. !{ the step size is changed,
FORTSZ will be unable to double the
step size within the next M steps. Re-
peated halving is permissible. FORTSZ
will continue to halve the step size, with-
out advancing the calculation, until
RLIST no longer signals a desire to re-
duce the interval.

NOTE: FORTSZ will not detect an at-
tempt to change step size to
some interval other-than twice

b+ s 3

I AR OIS e A AT Y S 1

ot e oy e,

. - N
R AN ET I - e A s T SR R S

TN e s i b e L it combm A g ot 5 ¢ e

*




)

e e EATRIINIR e PTETRACE T A '3?'?,

T L IR

-

B i s o

or half the current step. If the
users RLIST routine makes
such a step size change, an ua-
detected error will result.

ERROR The address to which the user wishes
control transferred if an error condition
occurs in FORSTZ. The retum from
FORTSZ will be TRA 3, 4 with the 2's
complement of the location at which the
error condition was detected in the ac-
cumulator and a fixed point error n~ode
number in the MQ. The error code is as

follows:
Error
code Error condition
1 X=Y=2Z=0 are illegal initial
conditions.

o

Either M or J is out of bounds.
1=M=150r0=]J=<M

3  The starting procedure for the
equations of moticn failed to find
a difference line which satisfies
the convergence test specified by
ES in 50 iterations.

4  Same as 3 except applies to vari-
atioral equations.

5  Tliegai T stop time. INTRP will
not allow extrapolation.

The final strings of locations in the calling se-
quence are all of the form PZE TSTCP, F, TS and
are defined as triggers. These triggers are the linkage
controls to user subroutines which allow the user
to take action at a preset value of the independent
variable. These triggers are also known as T stops.
The triggers each state that control is to be trans-
ferved to location TSTOP when the independent
variable equals T,, the DP contents of address TS.
If F =0, FORTSZ will compute the values of the
coordinates x, y, and z corresponding to T, and
store them in X, Y, and Z prior to the transfer. If
F =1, FORTSZ will also compute x, y, and z and
store these quantitics in XD, YD, and ZD. T will be
set to T, in either case. No procedure is available to
provide intermediate values of the variational coeffi-
cients.

JPLL TECHNICAL MEMORANDUM NO. 33-188

The logiz used to execute the T stops is as follows:

Let t,,,t,,t, - * * ,ta be a set of values of the
inuependent variable for which interruptions are
desired. FORTSZ sets t, = min (t,1, 4.z, * * * ,ta).
Integration continues until the independent vari-
able, t,, reaches a value such that

tn—l < tmét:’

The value of t. is placed in T. The subroutine
INTRP is then used to obtain the values of the
coordinates (and the velocities, if F = 1) at t,,. Con-
trol is then transferred to address TSTOP. Aiter
control is returned from the user’s interruption rou-
tine, the values of X, Y, Z, and T are restored to
the values corresponding to ¢, and the next value
of t, is determined as before.

Comments on triggers.

a. Any nember of triggers may be employed. The
variable length list is terminated by PZE 0.

b. Whenever a T stop interrupt subroutine is exe-
cuted, it must update the corresponding time, T,,
or inactivate the trigger to avoid an obvious
logical loop. A trigger may be inactivated by
changing the PZE to an MZE. A negative sign
bit signals that a trigger is to be ignored when
scanning the list of T stops.

c. INTRP does not allow extrapolation. Let ¢, be
the initial value of the independent variable. If J
is defined as in the next section, and if the value
of any T stop, T,, is such that

t_,>T,,

an error return will result as soon us initialization
has been completed. Similarly, if the T stop val-
ues are being updated, an error will result if any
T stop is recomputed so that it takes a new value
smaller than ¢ — M*H, w/here t is the current
value of the independer¢ variable.

NOTE: The linkage to ail user subroutines is
TSX SUBROUTINE, 4.
Return is expected to be of the form
TRA 1,4

5. Communications region.

The communication region is an absolutely lo-
cated storage block established for the exchange of
data between FORTSZ and the user’s routines. All
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parameters needed for the initialization (see Sec- is indicated below. As the origin of this region is
tion 3) must be located in this block before control easily changed, the user must determine what abso-
is transferred to FORTSZ. The status of each cell lute location is currently being employed for the
when either a T stop or an end-of-step exit occurs definition of the program location COMMON.

Location
COMMON

+1

+2

+3

+5

+6

+16,18,20

32

Program
name

M

OPT

DTAPE

ES

X,Y,2

Description

The fixed-point integer denoting the highest order of difference to be retained
by the integration procedure in which 1 =M =15,

The fixed-point integer conirolling the location of the given initial coordinate
in the net of positions generated by the starting procedure in which 0 =] =M.
] = 0 places the initialization point at the end of the net away frora the direc-
tion of integration. ] = M places the initializatior: point at the position for
which the backward difference lines are to be generated. Intermediate values
of J position the given point between these extremes in an obvious manner.

This fixed-point integer flags the user’s choice in regard to the variational equa-
tions. N =0 means integrate only the three positional differential equations.
N =1 means integrate both the positional and the variational differential
equations.

This fixed-pcint integer contrals the integration method. OPT =0 denotes
Gauss-Jackson open method, =1 denotes Gauss-Jackson pseudo-predictor-
corrector method, and =2 denotes Gauss-Jackson predictor-corrector method.

This cell is set by FORTSZ as a signal to the user’s end-of-step routine If the
user desires to save a covering set of difference lines, the end-of-step program
must save all desized lines every time DTAPE = 0.

This cell is set to a fixed-point integer by FORTSZ as a flag for the user’s
derivative routine (see Section 4).

The single-precision floating-point convergence test factor for the starting pro-
cedure (discussed in detail later). Note that ES may be either positive or
negative, giving two types of convergence test. ES is used by both the posi-
tional and the variational equations.

The DP floating-point value of the step size currently being employed by the
integration procedure is located in H. This cell may not be altered by the user.

Storage for the DP floating-point value of the independent variable. Initially
it must contain the initialization value of this variable, #,. At any later time, this
cell will contain the current value of the independent variable corresponding
to X, Y, and Z. This cell will correspond to the velocities located in XD, YD,
and ZD initially, but thereafter only for a T stop with F =1 (see Section 4).
The value of this cell will correspond to the difference lines located in XDL
and VDL for end-of-step exits.

Storage for the DP floating-point values of the rectangular coordinates x, y,
and z of the body whose trajectory is being computed. Initially, these cells
must contain the x, y,, and z, corresponding to ¢, in T. These cells always
contain the coordinates which correspond to the vaiue of ¢ contained in T.
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Location
422, 24, 26

+28,30,32

+34-68

+70-104

+106-140

+142-158

+160-194
+196-230
+239-266

+268-914

+916-3100

Program
name

XD,YD,2D

XDD,YDD,ZDD

VD

VDD

MATRIX

XDL
YDL
ZDL

VDL

BUFF

e. Space required.

Description

Storage for the DP floating-point values of the velocities %, y, and z of the
body. These cells must originally contain the %,, §., and Z, corresponding to f,.
These cells are updated only if a T stop is executed with F = 1 (see Section 4).

Storage for the DP floating-point values of ¥, ¢. and Z which must be stored
in these cells by the user’s derivative subroutine as outlined in Section 4.

Storage for the 18 ™P floating-point values of the variational coefficients
v (i),i =1(1)18. Thesz cells are unused if N =0. Initially, V must contain
the v, (i), i = 1(1) 18, which corresponds to t,. V will contain the values of v
corresponding to toe ¢ contained in T only for the end-of-step exits.

Storage for the 18 DP floating-point values of the first derivatives,
U, (i),i = 1(1)18 corresponding to t,. These cells are used only during the
intialization procedure and if N = 0, are not used at all.

Storage for the 18 DP floating-point values of the second derivative,
B(i),i = 1(1) 18, whick are computed by the user’s derivative routine. These
cells are unused if N = 0.

Storage for the nine DP floating-point elements of the 3 X 3 A matrix described
in Section h-3. These elements are to be computed by the user’s derivative
subroutine during the starting procedure for the variational equations. The
derivative subroutine may use this space as necessary at all other times.

The M + 3 DP values of the differences V%, V%, 1, V%, - - -, V¥%.
Same as XDL except that it contains the i difference line.
Same as XDL except that it contains the Z difference line.

This block of the communication region contains the 18 (M + 3) DP values of
the 18 difference lines V-6, V-8, 6, V&, - -, V¥, i =1(1)18. The
amay is not packed, ie., the V-?#;., term is always 18 DP locations above
the term V-2,

Working space required by FORTSZ. It is noted that the block of storage
actually used by this program will be smaller than indicated if OPT 2. In
this case the user may provide for a smaller sized buffer region. If N =0,
the upper limit 3100 may be replaced by 2408. If N = 1, the upper limit may
be replaced by 2408 + 18M.

f. Coding.

The IBM 7090 version of FORTSZ requires 2768 This program has been coded for use with the IBM
(5320,) storage locations. The user must allow for the 7094 as well as the 7090. The following changes must
communications region described under USAGE, Sub-  be made in the source program to implement the 7094
routine SCALR. The 7094 version is smaller (475%) as  capability: Remove all macro definitions from FORTSZ,
one instruction will replace each two-instruction DP  SMULT, XPAND, INTRP, and SCALR. Check that the
‘macro in the 7090 version.

DP storage in these routines (and the communication

33

-

L e e s e s P PR . e L e B Lt el - it




B m’"’"*“ T

R R - TR

JPL TECHNICAL MEMORANDUM NO. 33-188

region) is compatiblé with the final specifications for
7094 DP storage. It is expected that this will involve no
more than adding a spacer to insure that the DP storage
starts in an even cell. No other changes should be needed.
The subroutine DPARTH will not be required by the
7094 version of FORTSZ.

g. Subroutines.

FORTSZ uses the auxiliary subroutines DPARTH,
SCALR. XPAND, SMULT, and INTRP. These programs
have been documented separately. In addition, the user
must provide a subroutine to evaluate the derivatives,
one to compute the step size, and an appropriate end-
of-step routine. The presence of T stop subroutines is
optional. The requirements for these user-coded programs
is detailed under USAGE.

h. Basic formulas.
1. Gauss-Jackson integration formulas*

a. The Gauss-Jackson method is usually described
in terms of a single central difference formula
(Ref. 8). The primary idea which sets this pro-
cedure apart from other similar integration
methods is the definition and use in computation
of two inverse difference functions. For the pur-
nose of this discussion, any integration formula
which makes use of this inverse difference tech-
nique will be referred (0 as a member of the
Gauss-Jackson family, thus enlarging the scope
of the more normal definition.

These inverse functions are defined by the
relations

Vin — V Upoy = Uy (A-1)
V-2, — V-2, = Y-y, (A-2)

The operators V- and V-2 are called the first
and second sums.

b. Two basic Gauss-Jackson formulas are employed -

in this program. These are:

B(tay) = -}‘l_‘i—(}l% i)

=h 3 & V'ii(t,) (A-3)
fa-1

—

*The notation employed in this Section is defined in detail in Ref. 7.
A familiarity with this reference will be assumed throughout. Sec-
tion 5.5 contains a development which is very much like that
needed to obtain the above fonaulas.

34.

h*(1— V) ..
u{te-x) = _1;’((1_—_7)7.“(‘")

=k S f.Viilt) (A-4)

i=-2

where Vi = i, 2 is the step size, and n and k
are integers. Equations (A-3) and (A-4) are easily
derived by combining the methods of Ref. 7 and
the properties of the first and second sums. ~

It should be noted that k = —1 produces an
open integration formula, k = 0 gives a closed
integration formula, and values of k such that
1=k provide formulas for computing past values
of the variable u in terms of a difference line at ¢,.

The coefficients d; ; and f; x exist in this pro-
gram as prestored constants for all i such that
—2=i{=15 and all k such that —1 <k <15.

2. Taylor series solution of the two-body problem

It may be shown (see Ref. 3, Chap. 1, Section 30)
that

R=R, £ a;(t—t)' + R 3 b; (t — t.)
ji=0

a (A-5)
x
where R=| y | isa solution of R = :f—f:—a ,
z

r = |R|, and p is the gravitational constant. Capital
letters are employed to represent vectors and
matrices in this section.

By truncating this series with j =6 an approxima-
tion to R is obtained. The coefficients a; and b; are
computed as follows:

(RoRo) _

'0'1 To

a. p=

where (R,, l'io) is the inner product of R, and i%o.

»

b. p,:p?:-’.-‘—%
o pp=Bobd W Vi %
- Pa 2 r,oon r

d. ao=b1=1, a,=bo"=b3=o

Q. ay
e.a;=—§%- as=‘—aﬂ) b1=_32‘ b.=‘§"
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f. CQ = _Mz
C]_ = —Ga,
C2 = 15710; - 3o, (202 - Pz)

C3 = —0Oy (35} .+ 32a, - 157’2)

[

Cs = ) (P (157 Sp, — 105pz) — 233a,)
— a,(a; (18a, — 15.5p,) + 3.75p3)
1
g a = —"IE(C"a’ + ¢))

-2 +cia, +
) (Cotts + Cra, + ¢3)
1 1
8s = — 75 (Cos + €185 + €202 + ¢))
b =1 (cobs + c2)
5 = 30 Cobx T C2

b¢ + Clbg + 03)

1
b= —ﬁ(c«:

3. Variaticral equations starting relations

a. The first-order variational coefficients oR/dw;,
where {w;} = {x, Yo, Zo, %o, Yo, 20}, May be writ-
ten as the 3 X 6 matrix

W= SR\ _ (2R 3R 2R _?;E 8R °R
- - 31\:.-.’ ayo: az°) 31'0’ Ei-), '5'2_0
It is demonstrated in Ref. 9 that there exists a
symmetric 3 X 3 matrix A such that
W = AW (A-6)

where A is not a function of the elements of W.
It is noted that A is the matrix which the user’s
derivative subroutine must compute and store in
the array MATRIX during the variational equa-
tions starting procedure.

b. Consicer Equation (A-5). It follows that

8R _°R, &
3w,, awk

aRo

E a; (t"to)j + 2 bo(f )

tR 323 S (= o)

ob;

+R, 2 (t—to)
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or

oR ;) £
— T At — M
Jun, awk,%a’( )

”‘" *3bie-t)+D (A7)

A first approximation to the matrix may be ob-
tained by computing only the first two terms of
Eq. (A-7)..No attempt is made to justify neglect-
ing the term D. D is deleted only to simplify the
computation, It is intended that any first approx-
imation will b. improved by a subsequent itera-
tive scheme. This computation thus need only be
close enough to the actual solution to make the
iteration converge.

4. Starting procedure convergence test

An iterative procedu e is employed by this pro-
gram to generate an initial set of difference lines
Vii; i= —2(1)M, j=1(1)3 or 21, where the 3
will be used if the variational equations are not to
be solved. The dummy variable u; is thus defined
as 4, =x, U, =y, us; =z and uy; = v;; i =4(1)21
to simplify the notation.

After each iteration, compute for each difference
line generated, the factor

El‘ = max (V'unew - V‘uold)

cemizy | MAX  (Viigew) ,
| -2sisy

over all applicable j. Then let

E = max (E,).
j

This routine decides that a sufficiently accurate set
of differences has been generated in one of two
ways:

a. ES positive. The iteration will be terminated as
soon as E < ES, where ES is the input parameter
defined earlier.

b. ES negative. The iteration will be terminated if
E<|ES| and if Eu,q— E,w =0. The ‘second
condition permits the user to obtain, in most
cases, the best difference lines possible withov*
needing to precisely specify ES.
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SR T ey

5. Change of step Once these new differences hav¢ heen computed,

e

a. Doubling

This routine doubles the integration step size
by saving enough of the previously computed
second derivatives to allow a straightforward
computation of the double interval differences
Vi, i=1()M, and all j, by differencing.
This means that the last 2M + 1 second deriva-
tives of each variable must be available before
a step size increase can be made. As M + 1 sec-
ond derivatives are implicitly contained in the
difference lines, this implies that M steps must
be taken after the initialization or after each step
change before the step doubling procedure may
be executed. Any attempt to double the step
will be ignored until the requisite derivatives
have been computed.

Once the double size differences Vi, ii;(t,),
i=0(1)M, all §, have been obtained, the first
sums are computed using Eq. (A-3) and the fact
that the first derivative of a variable at £, must
be the same when expressed in terms of either
the old differences Vi (¢,) or the new differ-
ences Vi, i;(t,). The actual relation is

. 1 .
Vi (t) = 3 Vi il (t)
d 1 . .
+ ,Eo dk_q(g V’;’u,- (t,‘:: - vk u;t,.)

Finally, the second sums are computed using
Eq. (A-4):

a scheme identical to that used in doubling is
employed to obtain the new first and second
sums. The tormulas are

Vi, i, (t) = 2 V32 i (¢,)

M
+ 3 dio (2 VE;(t) — VE, ts)
k

s 4 t" .
V;‘,;",._. u; (t.) = U;f ) E fra V h/: u; (tn)

k=-1

i. Method.

1. Fisst approximation

Equation (A-5) is used to obtain a first approxima-
tion to the positional coordinates and variational
coefficients on a net of M + 1 points. The varia-
tional coefficients ave generated under the approxi-
matinn noted w Section h-3 by replacing R, and R,
in Eq. (A-3) by 2R,/0w; and ¢R,/ow,

2. Coordinate improvement

The first approximations to the M + 1 vaiues f
x, y, ard z allow the compatation of the second
derivatives of these quantities at these M -+ 1 puints.
T second derivatives are used to compute the
required ‘ifferences Vid; i=1(1)M, j=1(1)3.
Jet 2 - . .uitial values be denoted by u; (¢,) and
Uu; '\ty,".

The first and second sums of u; (£,) are then given
by Egs. (A-3) and (A-4) as

’ M
) Vo ) = 2§ 4L v, =109
I j t,. i=0
V:,’: U; (tn) = u;hz ) - RE f’h n Jh “1 ( w) 4
==1 an
. lvi . I ,
b. Halving et = 20 3 p ), =103

Halving is accomplished by computing the haif
step differences,

vliu,".' U" (tﬂ),

i=1(1) M, all {, from the following subtabula-
tion formula (see Ref. 7, Section 5.7):

i=-1

Thus a complete set of differences is obtained for
each coordinate. Equation (A-4) is next employed
with k = 0(1) M to generate a next approximation
to u;, i =1(1)3 at each of the M + 1 net points.
The convergence test described above determines
whether the iteration is to be terminated, If the itera-

* . 1 1°3 tion is not to be terminated, a new iteration is com-
o Vi.u = (—2- Va + 5o ! Vi+ oAl \% menced. If it is to be terminated, the program will
£ begin to generate the difference lines for the varia-
i o135 1+3+5 I W tional equations or, if they are not required, begin
3 Tear Vit el the integration procedure,

i
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3. Variational coefficient improvement.

The user’s derivative s.broutine is called to pro-
vide the matrices A, discrssed ir; Section h-3, for
each of the M + 1 points 0 the net. As the matrices
depend only on the coordinates and the time, and
as these quantities are, at this point in the compu-
tation. well known on the net, this procedure has
been adopted to prevent the generation of these
matrices more than once. The relation (Eq. A-6) and
the first approximations to the variational coefficients
generated are used to obtain the values of the sec-
ond derivatives of the 18 elements of W. The itera-
tive improvement procedure for the variational
coeflicients difference lines is, from this point, iden-
tical with that used to obtain the difference lines
for each of the coordinates. When the convergence
test indicates that the difference lines are sufficiently
consistent, the integration is commenced.

4. Integration procedure.

The integration is accomplished by one of three
methods:

a. Gauss-Jackson open procedure.

Equation (A-4) is used with k = —1 to advance
the calculation. The new values of the dependent
variables are employed to update the difference
lines.

b. Gauss-Jackson pseudo predictor corrector proce-
dure.

Equation (A-4) is applied as above. No further
change is made to the diffcrence lines, but an
improved value of each of the variables is calcu-
lated by Eq. (A-4) with k = 0. This procedure
requires only one entry to the user's derivative
subroutine per step.

¢. Gauss-Jackson predictor corrector procedure.

Equation (A-4) is used with k=1 and k=0
as a standard predictor-corrector scheme. The
corrector is applied only once. This procedure
requires two entries to the user’s derivative sub-
routine per step.

3. XPAND

John Van de Wouw, Computer Sciences Corporation,
April 26, 1962.

a. Purpose.

This subroutine generates the first (i + 1) coefficients
in the expansion of (1 — V)* using DP arithmetic

b. Method.
The expansion of (1 — V)* is given by
1-vyr=1-av+2g
afe —1)(«—2)
— __3!f‘____ (V2 IERE

Let this be written as
(1-- V)@ =84 8V + BV +8,V+ -
Then
g.=1

c. Usage.

Calling sequence:

Y CALL XPAND or TSX $XPAND,4
vy+1 PZE ALPHA, ,N
y+2 PIE BETA
y+3 Return
where

ALPHA = the location of « (Hoating-point, DP).
N = number of coefficients in series BETA.

BETA. = the first of 2N locations where 8o, 81, * - , 8;
will be stored as DP numbers.

o
d. Storage.

104, locations.

4. SMULT

John Van de Wonw, Computer Sciences Corporation,
April 26, 1962,

a. Purpose.

This subroutine generates the coefficients of the first n
terras in the product of two series of % terms each using
DP arithmetic,
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b. Method.'

Let series
A = (ayc,, ' * ,a,), and series
B :: (by,b,, - * * ,by,). Tken A*B = C, where
C={(c1,Cs * ~* ,Cn)
¢ = a;b,
c. = ab, + a,b,
cw=Xab, over all i, j such that
i+j—1=n
c. Usage.
Calling sequence:
a CALL SMULT or TSX $SMULT 4
a+1l PZE A LB
«+2 PZE C, ,N
«+3 Retum
where

A = the first location of a block of 2n locatious con-
taining @,,a,, - - * ,a, in DP.

B = the first location of a block of 2n locations con-
taining by, b, - - - , b, in DP.

C = the first location of a block of 2n locations where
the series ¢;,¢,, - - * , ¢, will be stored in DP.

N = n, number of coefficients in A, B and C.

d. Storage.

52, locations.

5. SCALR

DP Innerproduct Routine. J. H. Beeman, Computer
Sciences Corporation, August 8, 1962,

Machine: IBM 7090/94.
a. Purpose.

This subroutine computes the innerproduct of two vec-
tors in DP.

b. Method.
Let

A= (aya, ,@n) and
B= (bhbia e abn)

38

be two vectors. Then the innerproduct of A and B is the
number

(AB) =3 ab (A-8)

This program forms (4, B) by summing the DP products
a;b; intheorder i = N(—1) 1.
c. Restrictions.

This is a FAP-coded sub-outine which is FORTRAN IV
compatible. Acrrays must be forward stored. Fixed-point
variables and constants are stored in tne address of their
storage location. The low-order part of 2 DP floating-
point quantity is stored directly above the high-order
part in an array.

d. Usage.
Calling sequence.
CALL SCALR (A4, B, N, ANS)
where '

A = the first location of 2N cells which cnntain the
DP floating-point vector A.

B = the first location of 2N cells which contain the
DP floating-point vector B.

N = the fixed point integer giving the number of
elements in vectors A and B.

ANS = the DP floating-point storage location assigned
to the quantity (A, B).

e. Storage.
IBM 7090 version: 40 (50s) Iocations.
IBM 7094 version: 32 (40,) Jocations.
f. Coding.

The IBM 7094 compatibility of this routine uiay be
implemented by removing the six DP macro instructions
from the 7090 version.

g. Subroutines required.

IBM 7090 version: DPARTH, a 7094 DP arithmetic
subroutine.

IBM 7094 version: None required.

6. INTRP

DP Derivative Interpolation Routine. R. J. Krekemeyer,
Computer Sciences Corporation, August 10, 1962.

Machine: IBM 7090/9%4.

.
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a. Purpose.

Let V-24i,, /-, - - -, V¥, be a set of DP Gauss-
Jackson Mth order backward differences in terms of the
second derivatives of a variable u. If £, "5 the value of
the independent variable corresponding to this difference
line, the routine will employ these differences to inter-
polate for the value of w (t), 1t (t), i (t), or U (t) for any ¢
such that ¢, =>¢t>¢, ,.

b. Method.

The differences, Viti,, i = —2(1) M are provided by
the user. The difference interval is undcistood to be A, i.e.,

Vi, = Vi (ts) = Vi (2, + nh)
It may be verified (see Refs. 7 and 8) that

fuwa = Ftn = ah) = (L = VFu = 3 pule) 4,

(A-9)
where « is a real number.
h? . % .

u, = m_—v_)-g'un = k%:- akvkun (A'lo)
A e A-11)
“TRE-w T2 b @
ty = i (A-12)
iy = — 3 In(1~ V)il = kfv. Vi, (A-13)

Multiplying Eq. {A-9) by Egs. (A-10), (A-11), (A-12) and
(A-13) produces interpolation formulas for ..a, tin-e,
U,.o and ,_, in terms of the available differences of the
second derivatives of u. The coefficients ax, by, and c;,
k= —2{(1)15 exist within INTRP as prestored constants.
Subroutine XPAND is employed to generate the coeffi-
cients of Eq. (A-9). Subroutine SMULT multiplies the
coefficients of Eq. (A-9) by the coefficients of the user-
selected series Eqs. (A-10) throvgh (A-13). Subroutine
SCALR multiplies each computed coeflicient by the cor-
responding difference and sums the resulting series to
give the interpolated value of the desired variable, All
calculations are made in DP.

¢. Restrictions.

1. This is a FAP-coded subroutine which is FORTRAN
IV compatible. This implies that arrays are forward
stored, that the low-order part of & DP word is stored
directly above the high-order part, and that fixed-
point quantities are stored as full-word integers.

2. Extrapolation is not allowed. If ¢, n, and M are as
defined under PURPOSE, ¢ must be such that
ba==t2t,_y.

3. This program has been coded for use with both the
IBM 7090 and 7094.

d. Usage.
Calling sequence:
CALL INTRP (T,TS,D,H,N, M, ANS, ERROR)
where

T =t,. the double precision floating point
{DPFP) value of the independent variable
corresponding to the difference line D.

TS = t, the DPFP value of the independent vari-
able for which the dependent variable
designated by N is to be computed.

D = DPFP array of at least 2M + 6 locations
containing V¥i,.= V*i(T), k = —2(1) M.

H = h, the DPFP value of the interval on which
the differences D have been computed.

N == Fixed-point integer designating the variable
to be computed by INTRP,

N =0 computeu(TS)
N =1 computeu(TS)
N =2 compute i (TS)
N =3 compute % (TS)

M = Fixed-point integer giving the order of the
differences contained in D.

ANS = DPFP value of the variable returned by
INTRP.

ERROR = Name of the user’s error subroutine. This
subroutine will be called if TS does vot fall
in the range T=TS>=(T — M+H). Note
tha* an F card must be included in the call-
ing program to define ERROR as a sub-
routine,

e. Storage.
IBM 7090 version: 340 (524.) locations.

f. Coding.

This routine has been designed for use with the IBM
7094 as well as the 7090. The 7090 version may be altered
to a 7094 program by:

1. Removing the macro definitions from the program.
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2. Insuring that the DP storage (TEMP and below, c. Usage.
including the prestored coefficients) is compatible
with the final specification for 7094 DP storage. This
should involve no more than relocating the prograin CALL TSTOP (NTAPE, LTAPE, KTAPE, DELTA,

Calling sequence:

address TEMP to an even cell. TIME, DELT, COSOB, SINOB CMAT, XLB,
XJDO, XYZ, VXYZ, K: M, LAM, KAN, NWRITE,
g. Subrcutines required. NPRINT) )
IBM 7090 version: ERROR, SCALR, SMULT, where ]
XPAND, DPARTH
—_ IBM 7094 version: ERROR. SCALR SMULT NTAPE = the user’s logical tape unit number for the
XPAND ’ ’ ’ source ephemeris tape. ""he subroutine ex-
pects the following tape format: READ
ERROR must be provided by the user (see Usage). The TAPE NTAPE, JD,xi (i =1,9.3), ki (i =
remaining subroutines are documented separately. » 1,2,3) where all quantities are DP, with
the most significant part fi=st.
7. TSTOP LTAPE = the user’s logical tape unit number for the
DP time stop routine for the computation of residuals ephemeris write tape. The format is the
and ephemeris printing and tape writing. C J. Devine, same as above.
JPL. . KTAPE = the user’s logical tape unit number for the
Machine: IBM 7090/94. Language: Fortran II. residual write tape. The format of the
’ tape is JD (DP), ax,.\Y, and AZ (SP),
a. Purpose. Ap, cos BAM, and AR (SP).
This subroutine is intended to obtain the integrated DELT = the 3 X 1 matrix of ecliptic longitude, lati-
coordinates of an ephemeris from common storage, read tude, and p f:e:fuals, Le., cos BAX, AB, Ap
a source tape for source coordinates and compute resid- supplied by T5T OP This ‘l}lantlt)’ 1s com-
uals of observed minus computed coordinates. It 7l also puted by the rotation matrix STINKS.
call a subroutine to compute residyals in latitude, longi- TIME = the total elapsed time, t, — ¢, (DP), com
tude, and p from the coordinate residuals After the abrve puted by TSTOP.
computation, the subroutine is used to write a converged ) ) ]
ephemeris tape and/or a residual tape, TSTOY will also DELTA = the 3 X 1 DP matrix of faquatonal resid-
write a preconverged residual tape of n — 1 iterations, uals of rectangulur coordinates computed
corresponding to n — 1 files of information. by TSTOP.
COSOB = the DP cosine of the obliquity supplied by
b. Method. the user.
- Let z, be the observed ephemeris coordinates SINOB = the DP sine of the obliquity supplied by
(i=1,2,3). the user.
Let x be the computed ephemeris coordinates CMAT = 3 X 3 DP matrix supplied by the rotation
(i=1,23). matrix STINKS for n.ultiplication by SET
ITI matrix.
Then the residuals in rectangular coordinates are X".B = the 3 X 1 matrix of ecliptic p, longitude,
formed by and latitude from  mputed XYZ.
Axi=xi—x  (i=1,2,3) (A-14) XJDO = DP starting intec ation date supplied by
o the user.
b The residuals in longitude, latitude, and p are formed by _ . - o ¢
& calling the subroutine STINKS, which also rotates XYz = 53,35 ! matm: gfbec};,gt,ll%gosmon co- .
§ position-velocity coordinates to the ecliptic system. rainates computed by '
e TSTOP will also print the ephemeris and residuals as VXYZ = DP 3 X 1 matrix of ecliptic velocity co-
“:; outlined in Section D-2. ordinates computed by TSTOP.
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KAM = integer flag supplied by user for separate
computation check of Ap, AX, AB.
KAM =1 Yes
KAM =2 No

LAM = integer flag supplied by user for priuting
of ephemeris during iteration.
LAM =1 Yes
LAM =2 No

KAN = integer flag supplied by use. for printing
of _phemeris on final converged iteration.
KAN =1 Yes
KAN =2 No

NWRITE = interna! integer flag set by driver program
for tape writing. NWRITE =2 during
iterations, NWRITE = 1 for convergence,
tape writing may proceed.

NPRINT = integer flag supplied by user for choice of
tape writing.
NPRINT = 1 Wiite ephemeris and
residual.
NPRINT = 2 Write ephemeris only.
NPRINT = 3 Write residual only.
NPRINT = 4 No tapes to be written.

The quantities in the calling sequence rust be dimen-
sioned in the driver program as follows:

D DIMENSION DELTA(3), TIME(1), DELT(3),
COSOB(1), SINOB(1), CMAT(3,3), XLB(3),
XJDO(1), XYZ(3), VXYZ(3)

The position and velocity and time must be stored by
the user’s program at each tim: stop in common in the
followinz order:

TIMENSION DUMMY(4972), VZL(1),
VIM(Q1) - - -, VXM(L), ZL(1), ZM(1), - - -,
XL(1), XM(1), JDL(1), JDM(1)

i.e., starting with velocity in descending storage order,
with the least significant part first.

d. Remarks.

A flow chart of the TSTOP logic may be found in
Section ¥ of this Appendix.

¢. Sul outines required.
STIN § Described below.

SPH. 3 Called by subroutine STINKS (described
below). '

JPL TECHNICAL MEMORANDUM NO. 33-188

8. STINKS

DP system increments rotation subroutine. C. J. Devine,
JPL.

Machine: IBM 7090/94; Language: Fortran IL

a. Purpose.

This subroutine obtains DP rotation of pusition-velocity
coordinates, residuals, and computes p, longitude and
latitude from the rotated coordinates. STINKS will
also compute the 3 X 1 residual matrix (cos A, AB, Ap)
and the special C-matrix described in Section III of the
descriptive text of this Report.

b. Method.

Given position-velocity coordinates x, x* and residuals
Axi (i=1,2,3), they may be rotated by the following
matrix multiplication:

) 1 0 0 x!
2 }=| 0 cose =sine x| (A-15)
\i“ 0 xsine cose £

where ¥ are the transformed gnantities.

Then the matrices (cos BAX, AB, ap) and the C-matrix
may be computed by the following; equation:

cos BAX
A
Ap/p
—sin A COos A 0 Axt
=% —sinBcosA —sinf sinA cosfB Ax?
x/p x/p  X/p axt /
(A-18)

where the Ax’ are the rotated residuals, and A, 8, and p
have been found from the subroutine SPHER by the
usual spherical coordinate methods.

¢. Usage.
Calling sequence:

CALL STINKS (XYZ, X1DOT, DELTA,
XLB, CMAT, COSOB, SINOB, NROT)
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where
XYZ = the DP position vector supplied by the user.
X1DOT = the DP velocity =ctor supplied by the user.
DELTA = the DP residual vector supplied by the user.

XLB = the DP veélor of p, R, and A, computed by
SPHER.

CMATY = the DP 3 X 3 C-matrix descnbed in Eq.
{A-16).

COSOB = the ' cosine of the obliquity.
SINOB = the DP sine of the obliquity.

NROT = 2, the integer flag for rotation oniy; or
NROT = 1, rotation and matrix computa-
tion.

The user must provide DP storage capability .in the
driver as follows:

D DIMENSION XYZ(3), XIDOT(3), DELTA(3),
XLB (3), CMAT (3,3), COSOB (1),
SINOB (1) -

If it is desired only to rotate position and,or velocity,
then-all that is required is to set NROT = 2, and supply
the desired coordinates, including appropriate dummy

- dimensions for the rest of the calling sequence.

d. Remarks.

The rotated values of the position and velocity coordi-
nates anc the new residual vector- cosBAX, AB,Ap are
returned to the user in the sane storage locations, i.e.,
in XYZ, XIDCT, an’ DELTA, respectively.

e. Subroutines required.
SPAER. Descnbed later.

9. SE'I‘ 32

Th~ DP SET III matrix of partial derivatives of the
oscul: ‘ag elements. C. J. Devine, JPL.

sachine: I3M 7090,94; Langnage: Fortran I1.

a, Purpose. -

To compute in DP a modified form of the SET III
partial derivatives of the osculating elements of Brouwer
and Clemence (Ref. 3, p. 241), i.e.,, to computc 2 3 X 6
matrix of ps-tial derivatives of A, 8, and p with respect
to the SET III of PLOD I, -

b. Method.

Given the ecliptic osculating elements aq, n,, €, i, Qs,
wo, and M, along with ecliptic position-velocity coordi-
nates und . PQR-direction cosine matrix, it is desired to
compute the following matrix:

0 (L’ B, P)
FSET I

(A-17)

Ki. =2 CMAT: . * (SETIIL};.. =

or as in Eq. (23) of the text,

A=CA (A-18)
wherc C is the C-matrix described in STINKS and A is
the SET III matrix of Ref. 3 and Eq. (15) of the text.

¢. Usage.
Calling sequence:

CALL SET32 (PQR, XYZ, X1DOT, A,
E, XN, SET, TIME, CMAT)

where

PQR = the DP 3 X 3 direction cosine matrix sup-
plied by the user. The P vector is the first .
row, the Q vector is the second row and the
R vector is the last row."

XYZ = the .DP ecliptic position vector supphed
by the user.

X1DOT = the P ecliptic velocity vector supplied
by the user.

= the DP semimajor axis of the ¢lipse.
= the DP eccentricity of the ellipse.

+ . ¥N = the DP mean motion of the osculating ele-
ments.

SET = the DP matrix A computed by SET32.

TIME = the DP elapsed time t, — t., supplied by the
user. ’

CMAT = the 3 X 3 DP C-matrix described above.

The arguments in the cailing,sequence must be dimen-

sioned as follows:

D DIMENSION PQR(3,3), XYZ(3), X!DOT(3),
A1), E(1), XN(1), SET(6,6),
TIME (1), CMAT (3,3).

d. Remarks.

SET32 is a modification of the original SET I matti‘x
of PLOD I, called RED 3. Essentially, the diffe: ence tor
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PLOD II is that all quantities are now in the ecliptic
system and there is a last 1aultiplication by the C-matrix.
Additionally, RED 3 had an acceleration capability that
SET32 does not have, making it a possibie 6 X 8 partial
derivative matrix.

e. Subroutines required.

None.

10. SETUP2

DP accumulation of the normal equations. C. J. Devine,
JPL.

Machine: IBM 7090,94; Language: Fortran I1.
a. Purpose.

This subroutine accumulates the equations of condition
obtained from the SET32 matrix, and tests for solution by
STPRG2.

b. Method.

Let the system of linear equations obtained after n + 1
steps be denoted by NX = F, where X is the solution
vector and N is computed by SETUP2 as follows:

N
N =3 AN; (A-19)
i=o
where
AN, = K; WA i (A-20)

at each step, A% is the transpose of A;, and W is a diagonal
weight matrix,

a0 0
W={ 0a 0 (A-21)
\ 0 0 a
The matri». F is computed as
N
F = 3 AF, (A-22)
j=1
where
AF; = A} WB,

at each step, and where B; is the residual vector. A test
is made at this point to determine whether

=2 S [ (cos B;ANs)* + ay (Aﬁ:)’ + a(Bp;f] =8

(20=k=n)

If it is, a solution is called for immediately.

(A-23)

IPLL. TECHNICAL MEMORANDUM NO. 33-188

c. Usage.
Calling sequence-

CALL SETUP2 (SET, DELTA, XNUM,
SIGSQ. AMAT, BMAT, MMAX,
NMAX. NGOSOL, STEST, WT)

where

SET = the DP matrix computed by SET32 (SET
TIT matrix.

DELTA = the DF residual matrix (cos 21X, Ag, Ap).

XNUM = the floating point DP number of integra-
tion steps.

SIGSQ = Ya, (cos BAN)? + a2 (AB)* + as (Ap)?, the DP
test value.

AMAT = the DP matrix, AMAT = N, in Eq. (A-19).
BMAT = the DF matrix, BMAT = F, in Eq. (A-20).

MMAX = the number cf rows of the normal matrix,

SET.

NMAX =: the number of columns of the normal ma-
trix. SET.

NGOSOL = the solution parameter set by SETUP2 on
the STEST, if NGOSOL = 1; no solution,
= 2 solve.

STEST = the DP number. §. in Eq. {(A-23).

WT = the DP weight vector WT = (1,1, (l) for

PLOD II type ruus, (1,1,1) for PLOD I
type runs.

" The above quantities must be dim:nsioned as follows:

D DIMENSION SET(6,6), DELTA (3), XNUM(1),
SIGSQ(1), AMAT (6, 6), B“IAT(G)
STEST (1). WT(3)

d. Subroutines required.
None required.

11. CORECT

The DP computation of corrections to the osculating
elen.ents from the solution vector of the normal_equa-
tious. C. J. Devine, JPL.

-

Machine: 1BM 7090/94; Language: Fortran II.

] R
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a. Purpose.

This subroutine is intended to compute corrections to
the oscuiating elements given the solution vector to the
normal equations. CORECT will then ccmpute new oscu-
lating elements and a new PQR direction cosine matrix.

b. Method.

Given the solution vector X = (AM, -+ ar, Ap, Ag, eAr,
Aa/a, Ae), and osculating elements ¢, n., €, fa, Qs, 00, M,
with a directicn cosine matrix

P. P, P.
(BQR)={ Q. Q, Q. (A-24)
R R, R.

computed from the osculating elements, CORECT will
obtain corrections A, An, A<, Ai, AQ, Aw, AM, from the
vector X and add them to the osculating elements. These
new elements are then used to form a new direction
cosine matrix.

c. Usage.
Calling sequence:

CALL CORECT (XSOLVE, MEAN,
XMEAN, ELM, FQRN, XMU)

where

XSOLVE = the DP solution vector supplied by the
user.

MEAN = the mean motion integer cortrol flag.
- MEAN = 1; mean motion computed (An
is computec from x = n%g?).
MEAN = 2; mean motion held fixed (Aa
is computed from p = n%a?).

XMEAN = the DP value of the mean motion supp‘ed
by the user for MEAN = 2.

ELM = the DP seven osculating elements (in-
cludes mean motion) supplied by user in
the following order: 4, n, ¢, i, Q, «, and M.

PQRLN = the DP direction cosine matrix PQR.
XMU = the DP value of .

The 3 X 3 matrix PQRN is used to supply the old
PQR matrix and to return the new one, similarly the
vector ELM. The dimensions must be as follows:

D DIMENSION XSOLVE(6), XMEAN(i), ELM(7),

PQRN (3,3), XMU (1)

d. Subroutines required.

DOUTPT DP output. At JPL, this is a library sysic.ui
subroutine.

12. TRANSX

The DP transformnation from: elliptic elements to rectan-
gular coordinates using a solution of Kepler's equations.
C. }J. Devine, JPL. Machine: IBM 7090/94; Language:
Fortran 1I.

a. Purpose.

This subroutine provides a DP transformation from
elements a, n, ¢, i, 0, v, M,, aud direction cosines PQR to
rectar:gular position-velocity coordinates using a solution
of Kepler's equation.

b. Method.

Given the elliptic elements of the orbit, a, e, M, and
b = acos® = a(1 — €)% and direction cosines PQR, then
the position-velocity coordinates are obiained frowi t»
following eguations:

Xo = aP.(cosE — ¢) + bQ,sinE
Y, = aPy(cosE — ¢) + bQ,sin E

Z, = aP.(cosE — e) + bQ,sinE (A-25)

X, = [(bQ: cos E —~ aP, sin E)/ra%] p¥%

Y, = [(bQ, cos E — aP, sin E)/ra%] u%

Zy = [(bQ:cosE — aP,sin E)/ra%] u%  (A-26)
where E is determined from Kepler's equation.

by a Newton-Raphson iteraticn.

c. Usage.
Calling sequence:
CALL TRANSX (PQR, DPXYZ, ELEM, XMU}

where

PQR = the DP direction cosine matrix .»pplied by
the user (P, Q, and R are row vectors of the
matrix).

DPXYZ == the DP position-velocity vector computed
by TRANSX.
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ELEM = the DP elliptic element vector supplied by
the user, i.e., ELEM = (a, n, ¢, 1, Q, u, MJ).
AMU = the DP p supplied by user for the scaling

factor in the velocity solution u = k*(1 + m),
where k is the gravitational constant and
m is the mass of the body. Quantities are
dimensioned as follows:

D DIMENSION PQR(3.3). DPXYZ(6),
ELEM(7), XMU(1)

13. DERIV
The DP acceleration routine. C. J. Devine, JPL.
Machine: IBM 7090/94; Language: Fortran II

a. Purpose.

This subroutine provides a DP numerical evaluation
of the fundamental equations of motion in Cowell’s
method of integration.

b. Method.

Given the DP position-velocity coordinates of the main
body, xf, x' (i = 1,2,3) and the DP mass (m) of the main
body, with the position coordinates x', and masses m;
(i=1,23) (i=1,2, - - - ,8) of the perturbing planets,
then the equations of motion are evaluated as

=~k (L +m) o + ke {xj'_"i x']
SRR el v N O

(i=1,2,3), i=12 --,8) (A-28)

2 {x))*,and (P:)’ = 2 (=} — =

On option, the equations are modified for the relativity
contribution by modifying Eq. (A-28) in the following
form:

i
ae'+"—:—+c.xi/r‘=a—n-

— (1=1,2,3)

(A-29)

where p = k*(1 + m) and 2R/0x’ is the last term in the
right hand side of Eq. (A-28). {This option is no longer
in use, and will be replaced by equations in Ref. 10 in
future versions of PLOD.)

¢. Usage.
Calling sequence:

CALL DERIV (MTAPE, NOBOD, KPOS, XDS,
XDE, DM, XLITE, XMU, AKS, NAM, NREL,
XDSA, XH)

where

MTAPE = logical tape number of tape supplying

COORD, the perturbing body tape.

NOBOD = the number of bodies on the COORD-
EPHEM tape, which will be 1€ (not used
in this version).

KPOS = integer flag for COORD (when old version
of COORD was used).
KPOS = 1; position coordinates only from
COORD.
= 2; velocity coordinates only from
COORD.
KPOS = 3; position-velncity coordinates
from COORD.
XDS = DP starting print date for DERIV if print-

- ing is desired.

XDE = DP end print date for DERIV if printing
is desired.
DM = the DP masses of the main body and the

Earth, with the main body and Earth set
to zero before entering.

KFOS

DM(1) = Mercury DM(6) = Jupiter
DM(2) = Venus DM(7) = Saturn
DM(3) = Earth-Moon DM(8) = Uranus
DM(4) = Earth = 00 DM(9) = Neptune
DM(5) = Mars DM(10) = Pluto

XLITE = DP value <;f the velocity of light supplied
by the user in AlJ per dav.

XMU = DP value of u for the solar term.

AKS = DP value of the gravitational constant
(squared) supplied by the user.

NAM = 1; print acceleratiow

=2 print flag set by user.
no print
Printing will occur only at time ¢,
XDS =<¢<XDE.
NREL == Relativity flag set by user.
= 1; relativity
= 2; norelativity.
48
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XDSA = DP date set equal to zero by user before
entering DERIV.

XH = DP step size of COORD-EPHEM tape
computed by MAIN.

d. Storage.

The above quantitizs must be dimensioned as follows:
D DIMENSION XDS(1), XDE(L}, DM(10),
XLITE(1). XMU(1), AKS(1), XDSA(1), XH(1)

The subroutine reads from common storage the value
of the DP Julian date and the position-velocity supplied
by the user. It must be dimensioned and stored in com-
mon as follows:

DIMENSICN DUMMY(4966), XL(3),

XM(1), - - -, ZL(1), ZM(1), XL(1),
XM(1), - - -, ZL(1), ZM(1), XJDL1),
XJDM(1)

DERILV, after computing Xi(i=1, 2,3), will store the
value in commen in the above location for the user.
e. Remarks.

The analytic relativity contribution is not included in
this Report. The next version (PLOD III) will be pub-
lished in the near future, and will contain this information.

f- Subroutines required.

DOUTPT DP precision library output routine.

14. EOSER
End of step test for TMAX. C. J. Devine, JPL.
Machine: IBM 7090,94, Language: Fortran II

a. Purpos;.

This subroutine is called after every time step and tests
for TMAX, indicating this by printing a statement that
maximum time has been reaclied. EOSER then sets a flag
for the end of integration.

b. Usage.

Calling sequence:

- CALL EOSER (TMAX, 1)
where - '

TMAX = DP end date supplied by user:

] = flag set by EOSER for MAIN program.

c. Storage.
Common storage:
DIMENSION DUMMY (4984), T2(1), T1(1)

where the current Julian date is ottained from T2, T1,
the least and most significant parts of the DP number.

Storage for TMAX:
D DIMENSION TMAX(1)

15. ERRER

Error indication subroutine for FORTSZ. C. J. Devine,
JPL. :

Machine: IBM 7090,94, Language: Fortran II

a. Purpose.

This subroutine provides an error print routine for
FORTSZ.

b. Method.

At any time FORTSZ indicates an error, ERRER is
called and a summary of possible errors is printed. The
integration is then stopped and the program is halted.

c. Usage.

Calling sequence:

CALL ERRER

16. FORDV

Driver for FORTSZ and subroutines used by FORTSZ.
C. J. Devine, JPL.

Machine: IBM 7090/94, Language: FAP

a. Purpose.
FORDV acts as a logical link between PLODMN and

its subroutines and the integration routine FORTSZ. It .

also computes the step size for FORTSZ.

b. Usage.
Calling sequence:
CALL FORDV (IFLAG, IFL, TS(2)
where ) v

IFLAG = integer ﬂag set by FORDV for calling of
subroutines in PLODMN. ;
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IFLAG =1 CALL DERIV
IFLAG =2 CALL TSTOP
IFLAG =3 CALL EOSER
IFLAG =4 CALL ERRER
IFLAG =5 HALT

IFL = integer flag for FORTSZ to indicate whether
velocity is desired at the time stop.
= 1; position-velocity computed by FORTSZ.
= 0; pasition only computed by FORTSZ.

TS(2) = most significant part of starting date sup-
plied by user, i.e., user must set up the fol-
lowing instructions in his program (in this
case the program PLODMN would have
instructions):

TS{2) = XJD(1)
TS(1) = XJD(2)
DIMENSION TS{2),

D DIMENSION XJD(1), where TS is stored
in common to insure an even location.

Several cother quantities needed by FORTSZ are proc-
essed in FORDV. Because of the discrepancy between
Fortran II and FAP, several integer constants are stored
ir. com.non by PLODMN, shitted to B35 by FORDV, and
restored in common. They are stored in the following
order:

COMMON BOOL 65652
M EQU COMMON
] EQU M+1
N EQU M+2
OPTION EQU M+3
DTAPE EQU M+4
S EQU M+5
ES EQU M+8
H EQU M+12

where quantities are those defined in the subrcatine
FORTSLZ. H is the DP step size supplied by the user, and
will remain constant for each integration. When FORTSZ
calls the step size routine, FORDV simply glves it the
value of H stored-in common.

‘

17. STPRG2 B -

Double precision stepwisé solution of normal équaﬁon;.
C. Lawson, W. Thomas, JPL, January 1, 1963.

Machine: IBM 7090; Language: Fortran II

a. Purpose.

This subroutine provides a DP solution of the normal
equations of a linear least squares regression problem
using the stepwise procedure of M. A. Efroymson.

The subroutine is particularly intended for use in least
squares problems in which the user is aware of a large
number of basic functions which might bear a linear
relationship to the object function but expects that only
some of these basic functions make a significant contribu-
tion to the determination of the object function.

b. Method.

In an n-parameter problem, this subroutine provides
successively a l-parameter fit, a 2-parameter fit, - - - , a
k-parameter fit, where the new parameter introduced at
each step is the one which will make the greatest reduc-
tion in the sum of squares of residuals. This criterion is
equivalent to the requirement that the new parameter be
selected as the one which will have the highest statistical
significance in the sense that the ratio of its magnitude
to its standard deviation will be largest, or equivalently,
its “F” value will be largest.* The termination level, k,
which will be =%, is determined by the subroutine on the
basis of tolerance parameters SDIN, SDOUT, and CD
provided by the user. )

For an expnsition of this procedure, see Ref. 1?. For a
complete single precision regressionu package which incor-
porates this procedure in its system solving subroutine,
see Ref. 12. Lawson alsc discusses the procedure, includ-
ing details of its implementation in this program.*

c. Usage.

Let the overdetermined system of linear equations
which expresses the linear regression problem be de-
noted by

Ge=f

where G is an m by n matrix (m > n), ¢ is an n-vector,
and f is an m-vector. The elements of G and f are known
and the coeflicient vector ¢ is to be computed as a
weighted least squares sclution.

The normal equations Ac =D are formed from the
overdetermined system by premultiplication by G*W

(* denotes transposition), where W is an m by m non-

negative definite weighting matrix {W may be the iden-
tity matrix), )

*Lawson, C. L—F;nzputath of the Most Significant Coefficients
in Least Squares ..stimation, Jet Propulsion Laboratory Internal
Docunient, August, 1932,
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This computation, as well as the computation of the
scalar quantity s = f*Wf, is to be done by the user’s
program. STPRG2 may then be called as follows:

D DIMENSION A (8,8), B (6), S (1)
DIMENSION INOUT (6)
CALL STPRG2 (%, B, S, N, M, SDIN,
SDOUT, CD, NIN, INOUT, KPRINT)

The parameters are defined as follows:
ALDI=1,N;J=]1N

On entry: The matrix A, computed by the user as
A = G*WG, Onreturn: A if NIN = N. If NIN < N,
then only an NIN by NIN submatrix of A will have
been inverted and the elements of this inverse will be
in the locations A (I, J) corresponding to thos= values
of I and J for which both INOUT (I) = +1 and
INOUT (J) = +1. The other A(L]) locations for
I=N, J=N will contain zero.

B(I),I=1N

On entry: The vector b, computed by the user as
b = G*WE On return: The solution vector ¢ if
NIN =N, f NIN < N, then only NIN components
of ¢ will have been computed and they will be those
in the locations B(I) for which INOUT-(I) = +1.
The other B (1) locations for I = N will contain zero.

On entry: The scalar s, computed by the user as
s == f*Wf. Op return: The weighted sum of squares
of residuals:

{f — Ge)'W (f — Gc) = (f — Ge)*'Wf
= PWF — (Ge)*WF
= fWFf —¢'b
N The dimension, n, of the normal system.
M The dimension, m, of the f vector.

SDIN, SDOUT. If SDIN > 0, these two numbers will
be used by the “significance” logic of the program.
A coefficient will be permitted to enter the solution
if the ratio of its magnitude to its standard devia-
tion will exceed SDIN. If thiz ratio subsequently
drops below SDOUT, this coefficient will be removed
from the solution. To avoid looping, SDIN should
exceed SDOUT. Typical values for SDIN and
SDOUT might be SDIN =1.96, SDOUT =164,
which could.be interpreted as meaning that a coeffi-
cient will be permitted to enter the solution if there
is a 95% probability that it is different from zero and

will later be removed from the solution if this prob-
ability falls below 90%.

If SDIN =0 all significance tests will be skipped.
This permits use of the program with meaningless
data in B and 8, as may be the case when only matrix
inversion is Jdesired.

CD Tolerance for relative reduction in magnitude of
diagonal elements. The ith coefficient will not be
entered into the solution if the ith diagonal element
becomes smaller than CD times the original ith diag-
onal element of the matrix A. If, eg, CD = 10.**
(—12), then: a potential pivot element will not be
used if it has lost more than its first 12 significant
decimal places.

NIN On return: The number of coefficients in the
final solution.

INOUT(I),I = {,N On return: Flags to indicate final
status of each coefficient:
+1; included in solution.
--1; rejected by diagonal test.
—2; rejected by significance tests,

KPRINT Flag for control of printing:
0; no printing.
1; print summary, final solution only.
2; print summary, every solution,
3; full printing.

The summary printing is all single precision. Listed
for each coefficient in the solution is its value, its standard
deviation, and the ratio of these two quantities. Listed
for each coefficient not in the solution is its predicted
ratio of value to standard deviation or the word DE-
PENDENT if it has been rejected by the diagonal test.
Also printed is the sum of squares of residuals and the
unbiased estimate of the standard deviation of the resid-
ual function.

The full printing includes all of the summary plus the
full augmented symmetric mutrix* in DP for every
solution.

d. Remarks.

The internal output of this subroutine, namely A, B, S,
NIN, INOU'T, was provided in case the user chose to
incorporate this subroutine into a more complete regres-
sion package. I"or many applications this is not necessary
and the user's program can ignore the internal output,
employing the lag KPRINT to obtain the external output.
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This subroutine uses storage rather extravagantly in
that the given data is moved to locations which are lncal
to the subroutine before processing and finally moved
back to the user’s storage locations. This could be
changed if storage becomes a problem.

The first version of this subroutine was called STPREG.
STPRG2 was written to provide more complete and
flexible printing.

e. Storage.
2947,,, = 5603, locations.

f. Subroutines required.

DOUTPT for DP output under the full printing option.
Otherwise only standard Fortran 1I library subroutines
are called.

18. ELEMTS

The DP calculation of the elements from the position-
velocity coordinates at a given time. Specified and pro-
grammed by N. Block, JPL. Subroutine description by
C. J. Devine, JPL.

Machine: IBM 7090,94; Language: Fortran II

a. Purpose.

This subroutine provides a DP transformation of the
position-velocity coordinates at a certain time, ¢, to the
elements g, n, ¢, i, Q, o, and M, where a is the semimajor
axis, n is the mean motion, e is the eccentricity, i is the
inclination, @ is the longitude of the ascending node,
w is the argument of the perihelion, and M is the mean
anomaly. The (3 X 3) direction cosine matrix PQR is also
computed.

b. Method.

Given the DP position-velocity coordinates of the body,
X,Y.Z X,Y,Z, the numerical value of Kepler's third law,
p = k?(1 + m) (where m is the mass of the body), and
the sine and cosine of the obliquity, then ELEMTS will
compute the seven DP osculating elements of the orbit
along with the direction cosine matrix PQR. The formulas
and the explicit method used are outlined on pp. 48-49
of Ref. 3.

¢. Usage.
Calling sequence:

CALL ELEMTS (COSOB, SINOB, DPOS,
XMU, DPQR, ELEM, MEAN, XMEAN)

where

COSOB* = the DP value of the cosine of the obliquity
supplied by the user for rotation to the
ecliptic.

SINOB* = the DP value of the sine of the obliquity
supplied by the user for rotation to the
ecliptic.

DPOS = the DP posltion-velocitv vector, supplied by
tho user DPOS 1) = ,DPOS (4) =
X, -, DPOS(6) =

XMU = the DP value of n supplied by the user.

DPQR = the DP (3X3) PQR direction cosine
matrix computed by ELEMTS, where
(P, P,P.) is the first column vector,
(Q.,Q,,Q:) isthe second column vector,and
(R.,R,,R.) is the third column vector.
ELEM = the DP (7 X 1) osculating elements vector
computed by ELEMTS in the order a, n,
e i 0 0 and M,
MEAN = the mean motion integer flag supplied by
the user. MEAN = 1; a is computed by the
equations in Ref. 3, p. 48. MEAN = 2; a is
computed from the DP XMEAN value cf
the mean motion supplied by the user.

XMEAN = the DP valae of the mean motion supplied
by the user (used primarily when the mean
motion is held fixed in PLOD II).

d. Storage.

The quantities in the calling sequence must be dimen-
sioned as follows: -

D DIMENSION COSOB(1), SINOB(1), DPOS(6),
XMU(1), DPQR(3,3), ELEM(7),
XMEAN(L).

e. Subroutines required.
ARCTN (Section 21).

*If no rotation is desired, i.e., if the position-velocity coordinates

are in the equatorial system and equatorial elemenis are desired,
or if they are in the ecliptic system and ecliptic element: are de-
sired, then setting COSOB = 1, and SINOB = 0 will suppress
the rotation,

‘|'
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19. OBLIQ

The DP computation of the angle of the obliquity.
Specified and programmed by N. Block, JPL, Subroutine
description by C. ]. Devine, JPL.

Machine: IBM 7090,/94, Language: Fortran II

a. Purpose. )

This subroutine computes the angle of the obliquity
given the Julian date.

b. Method.

Evaluation of polynomials in T, the Julian date.

c. Usage.
Calling sequence:
CALL OBLIQ (XJD, EPSLN)
where

XJD = DP value of Julian date supplied by the
user.

EPSLN = DP value of obliquity, computed by
OBLIQ, which must be multiplied by 2=
by the user.

d. Storage.

D DIMENSION XjD(1), EPSLN(1)

e. Subroutines required.

None required.

20. SPHER

The DP solution of spherical coordinates. Specified and
programmed by N. Block, JPL. Subroutine description by
C. J. Devine, JPL.

Machine: IBM 7090,/94, Language: Fortran II

a. Purpose,

This subroutine computes the radius vector, the longi-
tude, and the latitude given the position coordinates
x4, 2.

b. Method.

Given x, y, z in DP, then p, A, and 8 are found by the
usual trigonometric relations. An interval reduction is
also performed, with tests for zero values.

%0

c. Usage.
Calling sequence:
CALL SPHER (x,y,2,p,A,8)

where

x,y, %z = the DP values of the position coordinates sup-

plied by the user.

p = the DP value of the radius vector computed by
OBLIQ.

A = the DP value of the longitude computed by
OBLIQ.

B =the DP value of the latitude computed by
OBLIQ.

d. Storage.

D DIMENSION x(1),y(1),2(1), p(1), A(1), B(1)

e. Subroutines required.
ARCTN (Section 21).

21. ARCTN

Interval reduction of the argument for calli .g the in-
verse tangent function. Specified and programmed by
N. Block, JPL. Subroutire description by C. J. Devine,
JPL.

Machine: IBM 7080/94, Language: Fortran IT

a. Purpose.

This subroutine provides interval reduction of the argu-
ment for calling the inverse tangent function. The func-
tion subroutine al-o tests for zero, negative, or positive
x and y for an expression of the type Arctangent (y,x).

b. Method.

Sets up the interval reduction logic and calls the For-
tran II library subroutini: ATANF (Y/X) and returns the
value of the function in a function type statement.

¢. Usage.

Calling sequence:

VALUE = ARCTN (Y, X)

P
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where ARCTN is defined in the function subroutine as
ARCTN = ATANF (Y/X).
d. Subroutines required.

Fortran library function ATANF.

22. RUN
Rewind and unload tapes. Programmer: G. Orozco.
Machine: 1BM 7094

a. Purpose.

This subroutine rewinds and unloads tapes by a For-
tran 1I type calling sequence.

b. Usage.

Calling sequence:

CALL RON

23. DPINPT
DP input.

a. Purpose.

This subroutine reads DP decimal information from a
BCD tape, converts to binary and stores the results in
core storage.

b. Restrictions.

Input is from tape A2 (logical tape 5) and is limited to
a complete singly subscripted array (i.e., if X is dimen-
sior.ed X(20), then all 20 values of X must be computed at
once). Ouly the first 17 significant digits are converted.

¢. Usage.

Calling sequence:

CALL DPINPT (X,N. - )

where

X is the location of an array to start storing DP
numbers.

N is the number of DP numbers to be stored sequen-
tially starting at X (and the dimension of X).

The number of arguments in the calling sequence is
variable, consisting of ordered pairs (X, N).

Fxample: CALL DPINPT (X,10,Y,3,Z.1,4,2, - - - )

This would cause the subroutine to read in 10 DP num-
bers and store them in array X (the Fortran program
could refer to them as X(1),X(2), - - - ,X(10) in any
statement in the DP mode). Then the subroutine would
read in three DP numbers and store them in Y(1), Y(2),

Y(3), and then one number in Z, and then two numbers
in A(1), A(2), etc.

Data card format:

Each card must have DEC in columns 8, 9, 10, with a
blank in coluran 11. The data field starts in column 2.

Several numbers may appear on one card separated by
commas, but the first number called for by a new pair of
arguments (X, N) must start a new card.

E-type numbers are permissible, i.e., 0.100, 1.0E-01 are
equivalent.
Space required:

1331 8) Or 729(1") .

24, DOUTPT
DP output.

a. Purnose.

This subroutine outputs DP numbers in a fixed format.

b. Restrictions,
Output is to tape A3.

c. Usage.
Calling sequence:
CALL DOUTPT (X,N,LY,M,], - - )

Each triplet of arguments is examined separately. The
first aumber of the triplet, X, is the name of the array to
be written on tape for printing. ‘ihe second, N, is the
name of a fixed-point vaii.ble or constant indicating the
number of double precision numbers to be outputted
from the array Y. The third, I, is the product of the
dimensions of X.

If N is positive, N double precision numbers X(1)
through X (N) will be written on tape A2 for printout in
floating point form, four to a line, ending in columns 30,
60, 90 and 120. The numbers when printed out are in
the fcllowing form:

SXXXXXXXXX XXXXXXXXPEE

a5 1 o 2 o et 3 e 12 g
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where
X is the characteristic.

$ is the sign of the number either blank (for positive)
or ~ (for negative).

P is the sign of the exponent either blank (for posi-
tive) or — (for negative).

E is the exponent.

If N is negative, the numbers will be printed i a fixed-
point format, four to a line ending in columns 30, 60, 90

and 120. The format would be similar to using a Fortran
format 4F30.12 (except, of course, the Fortran format
would not give the results with the DP accuracy).
Each new triplet (X, N,I) begins a new lire.
Accuracy:

The output is correct to 17 significant decimal digits.

Storage requirements:
1566(3)0!' 886(10) .

APPENDIX i. SAMPLE OF PLOD 1l OUTPUT

WEIGHT FACTOR
1.0000900000000000 00

€9604 CHAN B84
E9003 nu CNAN M

BCO FROM SCURCE TYAPE HEADING

1.0030060007900000 00

1.0000700060090000 00

SOURGE TAPE=JUPTER FROM AP.VOL.12 AND AP.VDL.13,PT.SSUSING OATA FROM TA
PES N-6542,N-6137 WRITING DUTPUT ON N~6601 WITH NXBO25 DATE 09/29/63

CONPUTED MASSES MITH, MAIN 800Y AND EARTH SET

2.4509803721568626-C6
0.0030029000000000 ¢O
2.7TITIITTITTITNIT-0

1.6666660868866606-07
3.2325844312687394-07
5 1775913844879342-058

0.09993999E-10

oEPSIL
:EMI ROTION  INPUT 0+10361496E-03
AN

=
CMNG O NG > W

FIRST ARECCAD BHCO RESIDUAL  TAPE HEADING

To  ZIERQ

0.009000000.000000 00
4.3T27316454509100~05

3.03591418729449625-06
2.855837.3315055975-04

PRE-~CONVERGED PLODII RESIDUAL TAPE,IN U!UAL FORMAD GWILL BE |N-u FiLes

OF INRQ CMIHP. TO (N=1) ITERATIONS FOR THE PLANRY
N9 ¢ ECOR

ID\H‘!S 1-0 TAPE TYPE 4,0 START 2433280.5 TNAX 2477840.3 STEP SIZE 40.0

INPUT DATA FROR SQUATE TAPE EPOCH

3.M9354476T914812 CO ~3.4T3TE395AIMILS Q0

C BGOY NO. S.0 STEP SI2E 40,0

=~15721611877352988 00

5.5054437769059086~03 4.962264364T199448-03 1.9¢22574737078313-02
N 0¥ INPUT DATA
WEAN  NCTION 1S COMPUTED
' B % DR ' b
s o 3, R o A 5T PR ki Bl - Ty 1 PR e o e




o8

BEGIN  [TERATION

EPOCH  VALUES EQUATORIAL

3.3493556767918812 00
%.5958657700059006-03

, ELENENTS CHECK FROW sust
5.2028657014285056 00
$5.6931813444923797-02

TRANSPOSE PQR  MATRIX CHECK
P.7156544455614131-0)
=2.3570307304279314-0)
2,2464374202254042-02

ECLIPYIC ELEMENTS

5.2028657014285056 00
1. T446796417665389 20

ECLIPTIC PGR  MATRIX
F.7156544465614131-01
«2.3570307304279314-01
2.2464374202254042-02

ECLIPTIC EROCH  POS- 'EL

/ 3.3493566767919192 00

5.5858657700059006-33
EPOCH  VALUES EQUATORIAL

3-3493566767918792 5O
5. 5058857700059386~03

EPHERERLS
JUL=DATE EWA, Vv

EQUA. X
ECLP, X &P, v

2433240.50

=3.47376595904306103 Cu
4.962246356A7199965-~0)

ELENTS

1.4501894721101014~v3
1.8568722943840124-01

2.2527293087.18948-01
8.9100618067075155- "t
~3.9415744048619983-01

1.450189472i142214=03
4. 7T64645082602447 UG

235674 6463810928-01

9.71824021327%36995-01

3.9400301938964437-03
26332802.5

~3.8124946131893180 J¢
5.3452302914440853-0)

2433280,50

';. 4T37659590436092 Cu
4.96226630471994591-43

FORMAT FOR  EACH JULIAN DATE I§

EQUA. L  F ooy
ECLP, 2 Eu.. ADOY

2433200,5 3.34933665-3,47376594-1,37216118 0.00558586 0.00496224 0.00199226
1249461-0-9 021264 0.00538500

0.00527120

EQUA YOOTY E£QUA 00T
EGLP YDOT ECLP 2007

«00534523-0.00014661
+00526098 0,30213154

~1.972161 1877352936 02
1:99225714737076313-03

4,89137403754/8132-02
3.280523%.97808180 00

7.2'3!?251403.!59.-01
3.8801037017675749-01
918-01

76823819

4.99137803754T8132-02
03235191830140 00

~2.2761509916862849-02
1.4604550299793795~03
9,9973985653139297-01

=0.,0212646793349259-02
~1.4661355958027743-04

~1.5721811877352948 00
1.9922578737076283-03

3.34935665~
2433320.5 3.56697150-2.20908717=1. '“315
3, 18903 96429
24333860.9 !.710154!3—3.0!!012"-[.&0“2'9‘
N 3.77076423-3,35617230-0.0714751"
2433400.5 3.96100758-2.82462068-1.30863467
3.96108758-3
2033480.5 4,13073657-

002327120 C.00566206-0.00014007

0437493490 C.00555079 0.00226409

000493490 0,00600048-0,00013457

0. “4STT791 0.00583022 0.00238927

€,00457791 0.056.1950-0.00012773

0.006!“31 £e0G608189 0.00250444
042313

4 136T3,5T- 0.9 i +00657701-0.000420%%
2473400.5 4,29693386~2 0.00383657 0.00631240 0.002+1498 ~427.273%
4,29693386-2 4277-0,08634590 0.00300637 C,00683169-0.04011250 ~75.0511
T433520.9 4.44103903~2 2367-1.001816 5 0.00339501 0.0U63205% 0.C02T1434 ~516.5114
4,44103903-2,30028264-0.09068067 0.00339501 1,00706217-0.0uci 414 “94,2107
2433560,5 4,36035175-1.01TU2858-0.09121604 0.00296821 0.00670519 0.00280399 «608.4339
4,56838175-2,021407230.69467304 0.00295821 0.00726723-¢.00009938 ~114.5124
2473600,% 4.67831582-).54353440~0.77743220 0.032252783 0.00666534 0.00200344 ~704,0%03
4.67831582-1,72725412+0.09830601 0,0229 210! 0.00744579-0.0000861 . ~136.1697
2433440.9 451,260 082 07438 0700043 0,00295230 =804,3337
37 0739675-G. 00007463 ~158.8030
2433600, % +98 710838 0.0 0)0100’ ~910.3643
ol 06672 ~1802.4139
2433720.% ~1023.1137
[} 0. 2 =206.8772
2035760,3 4 00724347 O 333 ~1143,673¢
2 07875350, 4 ~232,3720
24330008 4, 724932 0 40 'IZ'I!.D."
Py 079081 5-0
203384043 & 0726807 ©, 48 ‘lhl!oi.l'
4 102 21,1442
2439.,00,5 4 8| 6-0 36; 34 =1562.6318
4 . 9-0.0t 8l 3 «310. T80
T 2433920.3 A 23 . 1-040) D071 72, “1TIEDT8
A.0082 17670409240« 0250400, 25769 3. 13y =337,619:
s 4 42066 | 727-0.00173277 0.00709" A ~1899.25
4,82042666 1.07021704-0.1% A +001 73277 0.Q0 44
2 3 ATA972320 1.31545298 0.4 093~0.00229110 0.00497804 ¢ (3 «2007.!
A, 74372320 1.38517850-0.11219771-03,0022011) 0.0076311 4 «391.30W
24340408 4,65245740 1.59170233 0.569%09143-0.9 38 0 3 0.002994 22381
4,65245740 1.08671738-0,11120272-0, 95 0.00746102 0 18,078
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B

sy SHPVISE RECRLSSILT PROCRAR
« nToTaL S0k Loout 1214
. 9 19.000000C-18 O, 12.90C000E—0%

. OF (JEFFS (M RECAESSIORM » & SUR 0¥ SOUARED RESIDNSLS » I;xsn;e—co

(CEFFS 16 AZQESSION

100€x €0 3.0, COEFF/S.D.

- FATASDW IS SSIFT A s

NG, OF COEFFS (M AECAESSION = Sum OC SOUMARED RETIDUALY =

LIEFFS In AELAESSION

Ta0EX _CDEFF g.e. COEFFIS.0.

.
-4.€IDE S8 i -

s ~1.182257T3 -3 2.38v6-04

INTRODUCING CSEFF WL &
-G, CF TGEFFS 1% RECAESSION » 2 SN OF SQUIRED RESIDUALS = 2.148CTE-3T

CUEFFS TN REGAESSION

180X . COEFF 3.9, CDEFF/S.D.
.

* 1304 7026-39 1.24316-08 9. T906E CO

s =2.48237742-23 2-8767E-08 ~9.3Y97€ ¢

INTRODAC ING COEFF 8. 1@

W0. OF COEFFS IN RECRESSITM » " Sum OF SQULRED RESIOUMLS = T.C2225€-12

COCFFL Im XESRESSIOM

soex oEFF s.0. COEFE/S.0,
t 4.159%508¢-05 s.17rrE-0Y 11985 38
. 4.3530449€-05 4.44176-07 .. 82228 €1
s -3.e01vTeee-0S RoACANE-2T 28358 92

INTROOUCING COEFF WO. 6

»O. OF COEFFS IN REGRESTION = 4 S OF SOUMRED RESIPULLS = ~.45131E-13

COLFFS iR REGRESSION -

IXDEX COEFF 1.0, COEFF/S.D.
1 3. 7992999603 2.847TE-07 1,332 G2
4 4. 489845 7¢-05 1.4009€-07 3,172 02
3 ~4.04104106-0% 2.4103€-07 ~1.0764€ 02
(] =3.0952430E-04 2.0600¢-07 ~1. 5019 O

INTROCUCINS COOFF X0, 3

WD, OF COTFFS IN REQRESSION « 5 SUR OF SQUARED RESIDUALS = &.37540E~ie

COFFFS TN REGAESS 10N

IMOEX COEFF $.0. COEFF/$.D.
1 3. 79921006 -C2 $.90526-08 4. 2142€ <2
3 =1, 7250404€~07 1.4350¢-08 -1.2227€ &1
4 4699433635 “.4304£-08 1.0021€ 13
3 =808 10579 = T.63CoE-08 =5, 2959F 02
. ~3.6952236€ 6.52404E-28 =4 TOD9E oL

INTROUUC ING COETF N0, 2

NC. OF COEFFS % RECRESSION o & UM OF WUARED RESIDUALS « 1.011608-1%

COEFFS IN MEGRESSION

1NOEX - CNEFF $.0. COEFF/S.0.

1 3. 1992100E-05 1.41978-08 2467006 23

2 1.1853201€-27 4077308 2

3 =2.2343001E~07 Fe1304€-09 ~T.1881€

. 44830430603 [

s 410577€~35 +2237E=09 29€

. =3.09522226-G6 L.02T3E-08 ~3.Cl2s€

LITTILE  OMEGA TILTA

9.1301930248343331 04

™IS IS PCA  RATRIX
9. 7158544463414131-0" ©e35674564561610920-C1 ~2.27815099
~2.35703C 73062793 14~C1 9. 718240 2132754995~51 - 1.46043302
2.2004374202234042-32 3.94603, 193038443703

-+ ELLPTS

1.4501094721101214-53
S TTARR5203602407 TC

3,202845701428%05¢ 00
12744479641 7655339 00

82521609 -

4. 8913780375478132-02
%3.2005233197808140 00

S.0. GF DATA =  2.3854%-0%

COEFFS NOT Iu afGRESSION
PREPICTER {URFF/S.0.1

1 S.1489-01
2 1.2383€-22
3 . 2.40816E-02
. 32642 -01
s 4. 170 80
. 3.2942C 00

100CATE~GS

OATA »

COEFES MOV INM BESH ESSIOM S
INCET  PREDICIED (COEFF/S.0.)

& rwnNm
w
h
-
g
o
~

3-2. OF QITA = 1.59242€(-33

CUEFFS WMOT IN RECRESSION

INSEX  FAEDICIED (TDEFF/S.D.]
-1 < T.a9mE N
2 2.0887¢-02
3 3 1915602
¢ 7.3149¢ 0O
5.0. OF GATA = &.427386-C7

COLFFS mOT (M mEGALSIION

INOEX  PREDICTEG *SOEFE/S.D.)
2 4.57816-C8
3 1.0198: GO
. 1.301% 01
S.D. OF DATA =  1.705316~GY
COLFFS MOT §M RECAESSION
INGEX  PREDICTED (COEFF/S.0.)
2 1.9072 00
3 1.2627¢ o1
$.0. OF DATA = 5.39776£~08
COEEFS 5T 1M RECAESSION
INOEX  PREDICTED (COEFF/S.0.1 -
2 2.4207€ 01
S.0. OF OATA =  5.50C43E-09

COLFFS MOT IN REGRESSION

INGEX  PREDICFED {CUEFF/S.D.}

195-03
9. 997398%053139297-01

2.20102936462822913-02




o

LAdl

bk

RSOLVE
3. 799210192 2522726-C5 1.195%330258% 212747 ~2. 25430054507 12480 -7 R.4896431015933324-0%
~C.041CSTTIIST S90S -2.095222225004% NS-14
L1
9.T7134943I713 2447308 2 5625 ~2.2
< 3591380420141 N T1608251 7”2&!1HI I..H l"l‘?l“"‘lt!-‘)
2.2004 183104902724 -C2 3943881 843842742333 299790610 8702397-02
ELLIPTICAL CORRECTIONS b
<2, 1025500082020+ ¥ -€4 ©. IGO0 &v 0952222250641745-86 - 21739680237 10247207
~5.82043725238635 44326 F. 19439348738 -8. 91803
e ELEFENTS
3.292455450 6194953 CO 272 3310428311-33 2. 23

3o T4ndTIITITOIIEND IT
REPLERS ) RC LAk MY

TITATTIINITI S8

2.901947411500707¢~04

LED MAS EECEECED TOLIAAMCES oIV WILL %O0W CORRECY

EPOCH TALUES AND SECIN & NEW VTERATION.

ALK CATE..cvsssancncncancass 24)4043.50

ELAPSED TINE IX OAVS..co..o.. ?63.00
ROFSER CF IATECRATION 3TEPS.. 8.
S1oma.. .. ea €2 O

- S1CM3 SCUSRE X Macccccaensess  Q.11393253E-07

x - T A.4%245T48 7 o .5 L -

oses STATISTECAL ANMAYSIS FOR RESIMMLS IN
SEMM  CEVIATIONS .
Sy
SYANDARD CEVIAIICS,..c0nn
maezlme  AESIOUAL ..

FIRIRS® RESIOUAL

A, 2
2.2TRAATLYIDITILY OT

9.5490%163

ceman DELIA X DELYS ¥ DELTA 2
<RE=3UN (DELTAI/N “5.901049182~04¢ C.B1733333E-25 C.)3TNNLE-DS
o 23/% t.l)"'lW-ST 2.1201599%£-0%
A 08SSE L4 0. TIN5
Te26424906E~1¢  0.19041174€-04
~C.22634379€-33 ~R.15543122E-24 ~C.9VI20072E~13

esese ITATISTICAL AKALTSIS FOR AGSIDURS IV ..... ®ADJUS VECTOR coss

mEAN DEVIATION ...
SUmS CF SCIAKES l(SINll’
STANDARD OEVIATION..
PETIMUR  2ES(DUAL
PIRIAUS  RESICUAL

ECLIPTIC PIS-VEL FaGet  TRANSK AND EQUATORFAL POS-VEL AFTER ROJATION FROK ECLiPTIC

3 IAVLIENC 1A 1045 0O
5.”5053!0&31!“11-‘71
¥

=3.8124944903835343 3D
5.3435235314877988T-2)
=3 4TITESNAL1521553 OO
4. 042248514% 02552303

SEGIN  ITERATION

EPOCH  VAMLUES EGUATORIAL 2433287 .50

3343 3568921407465 02 ~3.473T4584415210%3 (S

5.5850551030747422-03 4. 96220031 45023023-0)
ELEMENTS CreCu FACPr LUBR  ELEMYS -

3. 2922554 2 bikne 92 0O 1.4532773812428450-L3

5.493130744587215%-C2 1.5680151499311343-01
TRANSPOSE POR  MATRIR FHECK -

. T1a~v45371523124-C1 2.2600°95779901269%-C1

835803976601 8.9079992293200430-01

l ZAM.I.)IOI'A"')-CZ =3.94157¢02954487%~C01
ECLIPYIC ELEWEATS

$.202655455L100002 CO 1.4522773822424450-C3

1.744673871 13923% 6 4. TTTISCLATTINO0I22 CO

ECLIPTIC PCR  PATOIX
2.3034256002692421-01

9.71608251 713322913-5)
3.9430810494427333~C 3

2,2064183134942873~02

“vaALAOTASLE- 24

-6.0212653331319934-52
~2. 464368771 295593004
“~1.57214.243252504% 00

1. #92466003,696155-0)

~1.5721611452525885 00
1.9922640031€9%6155-03

4.8910485153251,:6-02
S.27264T4910592482 00

T.3202973849954152-02
3.87943710132794%4-01
2. 187402 7578381404-01

+.8910685153251024-02
$.27960T6910592482 00

=~2.2739940318647345-02.
1.4813726738207733~0
9. 9973900102982291 01

0.49031109E-10
3.51513231E43
0.13390438E-0¢

o DLAT=DS
ennscunas MOUSURIOEL¥E) /N ~(.18500263€-04 0.1¥9712136-03 0.10007939€-04
SELTACOZI/N  C.51206637E-CY 3.566152081-10 C.31013849¢-13
G 1ICMO2INE-04  0.T25443275-93 0.7218313528-07
C.SPA229T8E-15  0.20382TACE-UA  0.31833006%-08%
~0.623374136-03 -2.31790003E-18

4.0384714657008350-01

2.2810076266090%31-02
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[P REET

Sensuiriae

vreo-

nrenns

A.IC!SID.! 4.92502448 ch"ﬂ 0.:1"‘”5—0-000”."
-

EPNEREAIS FORMAT FOR EACH JULIAN DATE 13

JOL-DATE  tCUA. X (1Y v oua, 1
- TUP. 1 [0 208 J mr. 2

£QuA  XDOT
€CLP XDOT

24332004 3, run-s.snluu-x.snulu 0.00358543
3 3568 12094498

06825265 9.30338545
2.0052704% 0.

ZUUd Y0OT EQua 2COT
ECLP YOOY ECLP 2007
0.00496226 0.0019922¢

€.00534323-0,000146061
0.00213154

.
1433320.3 3.56438320
3

3 >0 8.02327099
24333%.3 1. TTATAVIT-3.05247236~1.4C172683 0.00493448

)-’"Oh1!1-!.‘“!7\19—0.01“'"‘! 0.304 93448
2433400.3 3.94106 2432 ©.00437TTR

6.0C333380 §.00220413
oom . 80813454
[ 3 9.002.

3851062433, u.m“-o.nu'rnn $.00457778
24334405 4.136TI204~2.586347151. J1L4P11R 0.00420R15
4.13670204~2.03449413-0. 501683489 0.00420115
2433480.5 4 .:uuuz—z.;unwn—!.xuuzu 0.0338063%
9691143-2,38824011-0 .28A34454 0.03382435

2437520.%

38927
©.00629¥32-C. 00012773
6.00408190 0.00250643
$.0043T703-0.08C 12834
604431242 0.06281582
Z.00683171-0.00015 249
0.80452056 0.“1110)6

ACITES-2.0816 1623 Mlbl“l L.0033%78

A8 7852306210 12-0.CH0LTI0T O,
ZATYSA0.T ASME29119-1.31705563-0.971212T1 0.00/%NTHE
a33i¥-2.52805383-5.55447123 bl

B24572-1.54353019-0, 77242814
S.ATI245. 271, T2325074~0. mzo:u

2433000.3

0200570322 0.00290301
<. SLT23723-3.28051337
©.U0625337 0.CC2E83AS

2433440.5 2.77035128-1.16413303~0.

b.N'“SI)—O-MI'
!

32

4. 71334128~) .l'al“l)! o
2433030.5 4.84413880-0.93507414-D. 54134930 o.amm
4.84413080-1.11983790-0. 10442917 0.0C14130)
TAIITR0.5 40992788 4~0.009821 19842001837 3.09114287
AL09227844-4 ! muu;-o.»m o.ocluu‘r

0.007!“0! 0.00361012
C.00TTI20-0.000064 71
0.0C716974 ©.00305651

2433760.3 4.'”6112!-0-6!

a.uznzz'-o.ml
2

Kitl [
2433803, 5 Q.OSIQZNH lurusz—o.num 0.005 38393
4. 932ITIVS-L.1TISIONT- 6.11057683 0.22018593
24338403 4.95032269 5.17311057-3.04804069-0.03019431
8,95.3220% C.13094320-0.3 11776452 .CX0 29431

30 9
> & T 0.70145282-0.0¢3.25011
‘.umut 5-1.1“100-0. 11200340-0.0C1 25820

0.32957127-0.501 T332
n.cunuc x.orum 112769 9-0.001 73322
s 3-0.23227138
l -.uzmw—c
SOIT22C7 0.349:3694-0.05266106
8674161-0.11 4$1-0.00266106
1.301TS46% 0.68777522-C.C031I978
1.90169537-0. I0926674-0.5C 3155
2.1 0.50226295-0

2434840.5

2634080.3

.,
IQ)‘lZﬂ.S

£.00T20937 O0.E031140%
£.007T90821-0.00000339
6.00724701 €.00312483
3.0C 7910340, 00002456
0.00 723032 0-”.“!!05
-0C7881463-0.0000!

0.0L717728 D-ﬂll“ﬂ
0.00782204-0,000002 : 0
£.00709CCS 0.0030843
%.CCTITS B,80000842
0.0C497508 0.003KA17
6.06782121 0.00001942
C.0068329
748101 0.,00003033

1+ 0Coe8A33
C.30T20191 G.00D0+112

9 2.26891342-0.1
2434160.5 ‘.153!1)!0 2.379C2477 O.QI“I'NH.GOIMI‘I
$.25131724 2.54T210U5-0.10343047-0.22390487
2434280.5 4.08649037 2.6242017% 1.0239139%-(.J0437133
4.08049057 2.815804063-0.10294177-0.00437233%
243424C.5 3.90303571 Z.45937375 1.13123475-0.20475802
3.9C 3571 3.07339218-0.09983445-9. 504 73602
2034280.5 3.70611218 3.0342940 1.23219012-0.9051247)
- 3.73611213 3.3191i734-C.09630178-0.005124T3
20,5 247413806 329363174 1o.2800078-0.00347629
349413884 3.55208314-0.U9253863-3.0034702%
2434340.5 3.24878622 3.09322049 1.4193%4313-0,00579338
3.20078822 3.77145382-0.03034115-0.20579338
2034400, 3.03098454 3.68149406 1.50527512-0.C2409213
301598464 3.9THAS310-0.CAIETEZ-2.00409275
2434440.5 2.78169773 5381967 1,30529343-0.0C63473%
149775 66395010, .0263473%

-

E.M’M 9.00200234
0. 174

n.mtsm 0.00277846
€.00684039 000006213
.006305.0 0,0026843%
7.00458012 £.0000722%
G.0C3TA28S 0.00230805
9.06829327 0.0W00820%
2.00545451 0.0024441%
£.05598124 0.00039151
©.0031504¢ 0.06234331
€.0L543754 0.00010053
300482607 0.00221208
%.0053077° 0.00010922
0.004483C7 0.00207103
%.00493v33 0.00C11 740
2.06412487 2.001 92699
¢ $ 0.0001250%

2.
ZA34400.5 2.52193552 4.GLIA2TIS 1.45934478-0.03661640
- 252113532 4.36083763-9.07300675-0. 00641640
2434320.5 2.25273526 4.15441930 1.72718320-C. 0003919
2.25273528 G68381T4~C. 2268391

»4

€.00375943 0.001 77438
00415311 G.00013226
00337838 0.0014185%
0.00374244 D.C0053809

2634540.5 1.975(5723 +.28176439 1. 33701520

- 735 0.00143363
P 3.

197515723 4.6399%0.57-0.
2434600.5 1.69028172 2.39329787 l.lQ’bHZb—c.oﬁf:D‘N
1.69028172 4.76403459-0.0%679140-0.34T723400
2435640.3 1.39920451 A.438721G1 1.09147121-0.07734523
1239920451 4.87049935-0.95047206-0.0373452)
20346805 1.1G303314 4.56TH054" 1.93264024-0.00745870
1.103C3314 4.95963484~0,04434838-0.52: “50T0
2434320.5 0.80287782 4.63039184 1.94482846-0.0075444%
0289207782 $.030656TC=-0,03790451-0.0° "54444
TAJATHC.S 0.49904420 4.67538493 x.umowo.m.uuu

049984420 S 60254 ©

Co0C 238800 0,001294642
€.00238623 0.00013047
2.00218215 2.00111574
C.00244592 O.MISSSI
G.U01TTIAL G, NOOM,

0.06200008 0-000!!!19
0.0C135751 0.00074683
5.06155054 0.00014339
C.00094212 0.00059005

2434800.3 0.19303101 4.70576203 t-Dlm.lo—O-W’l&J!l!

0 0.0001%448
0.000526T7¢ 0.00041361

0.195C3701 S. llli.!ll-ﬂ-ﬂll”!“—ﬂ 00763333 0.00L44T44 0.00016L0¢

£0.3-0.1 918-0.30743707 0.00011297 0.0002351%
~0.110460%% !SMIIH.OI‘I"‘I.—O.WY!)”! 0.0C019722 0.00017082
2634880.5-0.4135T )43 1454113 2.03204845-0.00761415-0.60029774 0.00003843
~0.4195734) 3440168-0.01093430-0.03761415-0.00024991 0.00017207
2434929.5-0.71924442 9479436 2.03147123-0,.02756510-0,00070392+0.03014T02
=0.71926442 $5.11553794-0.00403851-0.4573451¢0 969236 0.00013271
4.45660039 2.023512%0-0.00749082-0.00110418-0.00029056

$.07909330
.50635093
3.025M4419
4,.93893322
4.95602433

=1
2435080,5-1
-1

*>o

10)5“0.5 1-"0““! 435847887

88382 4.74380%07 O

180

2838160, l-!-i!!l‘lﬂ] 4.24543039

~2,45526803 4.64461811
2433200.5-2. 72162777 4.12042401

=2 TLOTTTIT 4,31024932
2835240, 5=2. 27014066 3.90140496

«2.97916648 4.35126840
2433280.9-3.22712791 3.8293393)

=3.22712781 26518
2435330, 53,444 T9487

~R:464 79487
IQI!“O-!—: 90

-

2438400,
243%440.5

4,
2425400, 54,2091 550
~4.29%42539
2433320.3-4.47034%98 2 9304
=4, 47454998 2.94294332 0.
2035560, S-Q.biv’ll'll 2,43903492
=4.42975912 2.720%0557
2035800.3~4 VA4S 2.22787347
-4, 70004488 2.47086273 ©
IOMQW.S-Q 22343233 1.98932952
«9234323) 2.21273322
26!‘6”.!-’-0&!"525 1.74543040
3.04319525 1.94032306
lC)D?ID.!-S.NIIl’"l 1e49605986

%

~

-
I

2038780, l—!-!)"lQ”O 1e3022%17

1.07002767 O,

€.C0287305-0.00749062-0, 95112062 0.0001711‘
2.00845927~0.00739142-0.0014973C-3. 00044182
0.00977481-0.60739142-3. 00135736 0.00017223

1.98462132-0.00726024-0.00108210~0.00062972 -

0.01664344-0.09726024-0.00197726 0.00017112
1.95012769-0.00712182-0.03225744-0,00079433

30099 0,02345484~0.00752182-0.00238711 0.00016944

i .1!)!2"0—0-0“!’300—0. 00101!] H.M”Q’l
0.

lJll"?lkO-m‘“l'l-ﬂ-00!07!!0-0.001“107
0.03682780-0.000 T6271~C. 00317171 0.00016447
1.834310791-9.00655194-0.00331575-0.00126228
£5.04334307-0.00455 94-0.00354423 0.00006121
z.nonou—o.ooonuz-o.onsuzuo—o.omwul
0.CA9T71793-0.006 32} 748
1.u|nooa-o.ooocmu-o.wausu-o.uluw;
0,03593302-0. mouzs—o.mum 0.00015322
143707 00168202
0.04194974-0.00580T27~0. 004371094 0.0001483)
i 0453389-0,001 §1084
00438190 0.00014241
00480195-),0019322¢
WSI7Q!’ 0.00013767
3051 23~0. 0020440

l- 3486473 7-0.00459040-0 20
i3
l.lm.!l"-D-QOQII!II-D.N”'?IO-O-MI H

14160303220, 00!90!)!—9.00!0“0)-0.“-N7I.
04093950424-0.00390533-0.00 T86 0.00011206
l- T276441~0,00334737-0.00 0,
+O9THA434~0,00394117=0.00433491 ©
0- T7349895-0.003 180430, 7+0.
0.10168614-0,00318043-0, 00433163 O
0.87210223~0.002 806293 0CoRTL31-0,002%'
0.10962129-0.00280679-0. 00643789 0.00008944
0-1070'10!-0»00!#!”] Qe 006292468-0. 00264021
000682343 0.0000014)
0-6“”!2!-0-0010).’0-0.096!9“.‘0»0“0“#1

~12.1723
=0.1052
~11.T7761

£.0076
~12.756%

=$.4088




‘

e

A v  —— e

=5.2371439C 1.40272519 0,.112.3332-0.00203876-5.03493820 0.00507320

2433889, 5-5.)' 3

301 S.98ATI85T 0.3352.

932-0.00184733-0.00641715-0,003 73045

233208500 1.12325168 0.11489355-0.00164753-0.00703193 0.00006478
lt)i!b{..-l 3539015% C.T24303707 0.44202760-0.02125279-0.0C434034-0.0027752)
~5,3609C135 0.88945083 0.11731359-0.0G125279-C.0G 710453 0-000053"

203°49..5-.411C793) 2.46183104 0.33042193-0

~5$.41167353 C.35516953 01193874

2‘)9'?’.5‘5.6!')?“7 o l“'ldll 0.21784473-C. 2024549 0. 00462826~
1 ¥370.12111004-0.00045694-0,0C 118420 OOW
- 0.10442827-u.30005791-0.006413C4-0,00233563
0.12247739-0.02005191- -

- u;uo.s—s.
~£.44T62767-0.01%
2434009.5-5.44197C25-C.33) 33-C.0088935¢C
~3,44197232-0.30709092 2.12348407
2436040.35-5,42040124-C.59420059-0.1223%270
~5.§l’l¢l’!-1 39383933 5 12413385

=5.3

l"‘llﬂ.!—5«)l’l')!1 1.11¢89221-0.3AT
*5.328893T7-1.16129994 2.12434047
2436160.5-%3.28224204=-1.37CT34GE-0 . 459
~3.26134229-1.44535913 0.12)
2436500.5-3.17724358-1.02255313-3.30753477
~3.17724250-1.71521854 0.12309?78
2436240.5-5.07013934- 1862690510, 57795348
=S.97813934~1.90527622 0.12193447
2‘“1.0.&-—6.1&&1'020‘! 11135441-0.78441279
66129626-2.24913T64 0.12041892
Zilﬁlzaoﬁ-ﬁ..)ﬂl’l. 2-386834)9
4.035 2.55492917 0.11034%05
3‘)0)“-5-’0.‘0!&0010—2 57563546-0.99013394
~A.493C9CT4-2,75-75532 0.11433123
2036400.5-4.53687194-2.79_47222-1.50876333
~%.53867194-2,99 . 79387 0.1137731¢
2636440.54,.36809766-3,." 122415~1.1842202¢
~4,36483764~3.732C0327 0.11087959
2438480.5-4.18032824-3.21319535~1.27617841
0 18422824-3.4554T074 0.1G763458
2439520.5-3.9)915923-3.437594 89138434303
98915923-3. 66910027 0.10033843
2436560.5-3.78222024-3.59135922~1.44843334
~3.78222424-3.07261472 0.1832e86C
2436800.5-3.56292241-3.74539000-1.5282347¢
=3.56399241-5.062570:0 3.09611934
2435040.5-3.33538742-3.92763450-1 60342337

~3.335{6742-4,24133563 0.52168106 0.C

2436680.5-3.09600513-4.07673720-1.67382 .38
=3.,09800513-4.4523136Y 0.L8636796
2436720.5-2.34771451-4.216078 10~ 399157
~2.84T71483-4.5%993010 2,00199039
lb"’lh.ﬂ‘}."d“ﬂ."i-)il2&7]7—1- 39, 53
~2.59366069-4 . 66043 0,374
zuuoo.s-:-ns 33-6.453142(5-1.8335
~2432566133-4.02297240 0.07129048
243568%0.5-2.95348757-4,55127555~1.90231037
~2.05344757: 9324019C C.Co591T08

2438000.5-5 .7 493T78-4.61527513-1. &65!5‘“ 0.

~1.77493778-5.32052378
2436920.9-1.5900376¢~4,70474320~
=1.43081766-5.10491047 0.
2434986C.5-1.20203327-4.T5947732-2.0124455C
=1.202L3927-5.26723434 0.047415C8
2437000.5-0.90942392-4.79307250-2.0365050C
—Ue9J942392-5.21316528 £.541.22342
2437040.5-0.561289919-2.82332685-2.{5421466
=0.51389919-5.24243146 G.C3449850
2437080.5-0.31L19650-4.83204234-2.06522635
=0431.3965C-5.2540089C 0.22786274
2437120.5-0.01738625-4.825G8925-2,06953257
~0.01786525-5.25312487 0.0211385%
2637160.5 $.2857237T-4.852302¢4~2.56T726419
0.28272377~5.22025611 C.01434424
2437200.5 0.57832877-4,78363472-2.05T1749¢
2.57830877-5.1891321% 0.00750251
2437240.3 C.8T412913-4.T0921614-2.34163844
J.87412913~5.13273770 0.00063582
2437280.%5 1.166333567-4.43854147-2.31844394
1.16693367-5,0%3911 756~ 3.
2437320.5 1.43578683-4,55236826~1.
1.45578660-4.96837699~0.01 35
2437380.5 1.73966983-4.45165780-1.95221505
1.739646933-4.86768153~2,019
2437400.3 2.01758660-4.334626246-1.90888692
2.01756668-4.734625548-0,32661715
2437440.5 2.20848130-4,2027405)-1.85893185
2.20946130~4.99538895-0,03325900
2437480.3 2.551344146-4.0581522¢8 0246831
257134418 3843222~ 3978434
2437520.5 2.89521742-3.89523929-1.73964158
2480521 742-4.26580709-0.04616902
2137560,5 3.0491C296-3.72C465708~1.6T062443
3.04910296-5.07800281-0.0523892¢
2437600.3 3,2820470C-3.5323+865-1,5956154%
3.2820673C-3.87557256-0.05842149
2437640.5 3.50312313-3.33164372-1.51403499
3.50312313-3.63913385-0.06424253

0.00085534-0.0 1135%¢ 0. CWM‘NY

34 0.00002971
©.93034058-( . 0065705 7~0, 00293914
0.00C34034-0.0071 8347 2.00GKCH
0.00073734-0,00854478-9,00243 +34
0.5!“91!150—0 007133558 0.0000110%

.00 2N H4-C, 258
0.00152273~ .ocu) 51- 06279997
0.00152273-¢.00702223~0.00000848
2,071 90901 -0.0,634921-0.00277051
391 90901-C. 0Ue92734-3.00001553
2.02228983-0, 008240080 00271302
0.03720943-3,0C631229+2.00002453
0.03260434-2.00011265-0.0026874¢
2.09260A34-C, 0006 1729-0.0009335
O.Uﬂ)cllﬂ‘hﬂul’llll‘ﬁ.Wlb’los

303151~ $32733-0,0000423%
Ve ..!3%31- «00582391~0.00257279
0.03339037-0.0C+34439-2.C0235111
0.3C373991-C.00562329-0.03250385
0.GI373991-3.60013525-0.00005972
040407925 -0. 005425 T4~0, 9024 274K
2.0340T925-0, 0059428, -0. 00004010
0.20443793-C. 005211 71-0.00234360
0.00442733-0.00571389-0.000C 7644
0.0.4T2387-2.00498159-0,.00225262
0.03472387-0,00544457-0.00003455

0531102-0. 00492143-0.00010003
f: J0359204-C.HT419953-0,001 93853
3a53539204-2,004524C3-9.00C1u 730
0.C:595199-5.0{391723-0.00182C5«

G305155-2.00431176~0.00011444
€.32609477-2,00350763-0.0014 7649
3 I 0R4T Y- ,398485-0.0001211%
32u80- 320236-0.00156494
320800, 00344400-0.C0012782
©52¢ "0, 00 296515-2, 00143187
Vo, ' Lo 2=0.02320998-0.00013369
s -, 00L202681-0.00129114
. T7i793~0.00292365-0.00013%39
D.23684743-0,00227022-0.C0L1ASTA
0. 226 88T43-7, 0L254803-5.000 14468
UL7036481-2.00192325~2.00099581
0.027C3661~0.00215793-0.0001495¢6
3716404-0,00155300-0.00084174

&
0.59721140-2,00135441-0.0021500%
0.3{735558-0.00079903-0.00052261
0.33735558-5,0C594100-0.000:6154
0.0 T418676-0.00,41204-0.0C035842
9.,03741676~5.00052137-6.000164%6
0.3274544020,06002231-0, 00919179

0.20746807 a.oounuo- 00016904
H.L0745732 0.000T47LS 0.00024601
0.0I745732 J,00074222-0.00017054
0.CC742176 0.00116367 0.00031779
0,33742176 0.0G119404~0,0001714%
0.34736103 0.00155964 0.00048915
0.00738103 $.00182549-0.000617173
0.00727496 0.00195385 0.000606329
0.CCT276% 0,6C205506-0.00017154
0.CIT716344 0,0C234433 083062
0.00716344 0,00248127~3.00017072
0.037024649 5.00273C29 0.00099954
0.00702669 G,00290256-0.0001693)
0.35668412 £,00311345 0.00116848
0.00686412 C.00331749+0.00016730
0.03667640 0.00348244 0.00133078
0.(3607640 C,00372441-0.00016469
0.2364563537 0.00304362 0.0014917%
2648357 J,00412167-0.00018147
0.53622600 D.00419811 0.00164882
0400622600 G.00450753-0.00015765
0.00394429 J.00433841 0.00180120
0.03596429 £.00408037-0.00015325
0.0056790% C.004064%C4 0.00194830
0.00567904 C.0052385.-0.0001482¢
0.C0537103 0.00517657 0.002089+8
0.G0537103 0.00558054~0.00014289

243T640.52437540.5 HOLD YOUR MAT, TMAX HAS BEEM REAGHED

0.4020
-5.319

v.6260
~2.1484
Sanadl
~1.5319
O.b6479
- A\ ]

~0.1312

2.7523
~1Z.6727

JPL TECHNICAL MEMORANDUM NO. 33-1£8
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»~ NTOTAL $0In
& 110 10.0000005-18
NG, OF COEFFS [N REGRESSION ¢ O

COEFFS IN REGRESSION
In0EX COEFF - s

NC. OF COEFFS Ik REGRESSION » 1

COEFFS IN NEGRESSION

JPL TECHNICAL MEMORANDUM NO. 33-182

STPRG2 S1EPRISE RESRESSITON PROGRAR
30nur [J 8
0. 12.00CC00E~0S
SUK OF SQUARED RESIOUALS = 3.91118&-12 5.0. OF
e COEFF/S.0.

INTRCOUCING COEFF MO,

1

SUR GF JQUARED MESTOUALS =  2.C2340E-i2 $.0. OF

180EX COEFF S.0. COEFF/S.0.
) 1 1. 3G48909€-07 142940608 1.0284E &1
- INTRODUC MG COEFF MO. &
N0. OF COEFFS [N REGRESSION » 2 SUm OF SLUARED RESIDUALS « &.4T7135E-13 S.0. oF
COEFFS 1N REGRESSION
- - TEX COEFF S.0. COEFF/S.D.
- 1 12324 TCO9E-LT T.A654€-09 1.7745F 01
é T.J142778E-D8 4. TILE-DD 1.4818E L
INTRODUCING CODEFF NO. -
%0. OF COEFFS [N REGRESSI(N = 3 SUN OF SJUARED RESIDUALS = 2.28799E-14 3+D. OF
COEFFS Ix REGRESSION
INDEX COEFF s.0. COEFF/S.0.
1 1.3929682€-47 1.3048E-09 7. 9386F L
4 4.8597804E-(8 6.8721€~10 5.4889E 11
[ 6,9778352E-0 8.8CTSE~1) T.9226E D1
INTRODUC ING COEFF NO. 5
NG. OF COEFFS IN AEGRESSION « & SUM OF SQUARED RESIOUALS = 3.448176-13 $«D. oF
COEFFS IN REGRESSION
ENDEX COEFF S.0. COEFF/S.D.
1} 1.13222546-37 1.1975E-0% V. 455GE 21
& 4.2852175E~38 4,2086€~10 1.CLTE (2
L] =3, 6617989€~.9 2.383E-10 =2.4441E Q1
L 7.3399841E-. 6 3.T412E-10 1.9619F 02
INTRODUCING COEFF ND. 3
MO0, OF COEFFS IN REGAESSION « 5 SUM OF SQUARED KESIDUALS = 3.39628E-1% 5.0, OF
COLFFS IR REGRESSION
INDEX LOEFF $.0. CDEFF/S5.D.
1 1.1222253E~27 1.1941E-09 U410 €L
3 ~9,T4408126~1C 1.6937€~i0 ~1.26656E (O
- 4,2852164E-08 4.1946E-10 1.C218€E 22
s =5,664175906~u9 2.30188~10 =~2.4310€ (1
6 T4 13990428 ~38 1. 7I0hE~-10 1.9{37’5 BH
INIR;JDUCING COEFF ND. 2
NJ. OF COCFFES IN REGRESSION ¢ & SUM OF SQUARED RESIDUALS = 3.3982%E-1% oD, OF

- B COEFFS IN REGRESSION
TNDEX COEFF S

0. COEFF/$.04

1 1.13222536=07 1.19986-0% 9.4365€ (1

N 2 ~2+264T87048E~11 T.8814€~10 2, 9264E-02
! 3 =9.1416877E-10 T.7312E-1) ~1.2600E (D
A 4,208521h6€-08 4 214 TE-1N 1.0167€ 22

s ] =5.66175898-uY 2.3128&-11, ~2.4193€ )1
v L] T.33998426~08 3,7485E~1) 1.25818 02

LITTLE OMEGA TIL1A

8,7613051414073049-07
. THIS 1S PQR  MATAIX

9.7134985371524473-01

~2,3659080850034201-01

2,2464183104942910-02
ELeHTs

5..2024554506180953 00
58 1.7444738217092883 00

2436552543024688%u4~y)
2. 71608251 73¢24323~C1
3.9458618694427403-3

1.4552773810436411-v3
S TTTIBSLATTIINIG Co

=2.275394031864148)-02
L.4B13/26730695742-0Y
9.9773986140982397-01

4.8910688153253045-02
$.27964 16910393069 00

DATA =  1.30584£-G7

CUEFFS WOT Ik REGAESSION

INCEX PUEDICTED {COEFF/S.0.)

1.0004E 0L
1.3267C-03
3.6C586-02
38573 00
8,2464€ 0O
T.3830E VO

LR Y AWy

DAYA = L. 38247€-07

COEFFS MOF 1IN REGHMESSION
In0EX PREDICVED {COEFF/S.D}

1.82i3€-03
5.2697€-02

rvrwn

OATA «  7.839326-G8

COEFFS NOT IM REGRESSION
1NDEX PRECICVED (COEFF/S.0.0

3e1741E~03

vewn

1.0118% o1

DATA = 1.46229€-03

COEFFS NOT IM REGRESSION
INDEX  PREDICVED {CUEFF/S.0.}

2 1.7953e-02
3 4.9078E-01
5 2.4441t 01

CATA = £.70317E~09

COEFFS NOT 1. REGRESSION
INDEX  VREDICVED (CUEFF/S,.0,)

4.5701k-C2
1.2668€ 0

wea

DATA = 5.68731E-39

CUEFFS NDT IN REGRESSION
INDEX  PREQICTED (CUEFF/S.0.)

2 2.9264£-02

OATA = 5.7545TE-09

CUEF*S | OT IN REGRESSION
INDEX  PAEDICTED (CUEFF/8.0.)

2.2810076266090341-02

et




e

XSOLVE

1.3322252726615783-7
~3.6417589210332865-09
NEW

9. 7134944645221899-C1

~2.3659163961027670-C1

2.2464122153386140-02
ELLIPTICAL CORRETTIONS

~2.9352127005752599-08
~1.79081182034935187-0%
NEW ELENENTS

5.2024554212655674 00
1. T44£TININGLILTe2 OO
KE“LERS 3 RD LAM wmy

2.9619474115007876-04

~2.2418706264424809-1}
T.3399342895349804-00

2.76586339128671049-C1
9.716080 444 10CL1¥2-C1
3.94586154083139%5-C)

©.0000€33300000C00 €O
8.1792112602908058-07

1.4537713933138044-03
L. TTTIRBIZSAESL 145 O

~9.761687872410¥5C7-10

=2.2759930046847006-02
1.4813921920040750-03
9.997398615120292201

T.3399842896349204~08
~1.6293885272946398-07

4,.8910758553095936-02
L 279656920 15:8542 00

PLOD MAS EXCEEDED TCOLERAKCES 17 NILL NUM  CORRECT
EPCCH  VALUES AND BEGIN A KEW ITERATION,
JULIAN OATE.c.snsanncaascsosss. 2637883.50
ELAPSED VIME [N DAYSceecc-caaa 4400.00
KUPBER OF INTEGRATION STEPS,. 1:0.
SIGMAcessccacarancecrson nanee 0.10858351E~06
SICHA SDUAZE X Mevecsscasveos D.I9111818E-11
X e 3.5331201% ¥ = =3.33146372 1 = ~1.51483899
esese STAVISTICAL AAALYSIS FOR RESIDUALS TN ..... oLLTA X DELTA ¥

PEAN DEVIATION

SUrS GCF SQUAPES RESIOUALS

eeoe  STATISTICAL ANALYSIS
MEAN ODEVIATION

#AXIAY™  RESIDUAL .
MINTMUR  RESIDUAL ..

ECLIPTIC PCS-VEL FROM

3.3493548527842447 30
5.50548549721316345-C3
3.34923566527042447 00
5.505u549721216345-03

BEGIN ITERATION

EPOCH VALUES EQUATCRIAL

3.3493566527842447 00
5.9956549721316345-03

ELEREATS CHECK FRCM SUBR

5.2026554212665¢12 00
$.692130521062649¢~02
TRANSPOSE  PQR
F.T1349445645223650~C1
~2.3659163961933357-01
2.24641821533656097-02
ECLIPTIC ELEMENTS

5.2024554212665¢12 €O

1.7446738199106780 00
ECLIPTIC PCR  MATR1Y
9.7134946645225650-01
~2.3639165961033357-01
2.2464182153366097-02

cesosscsvevsens NORSUNIDELTA)/N
<SRESUMIDELTA®® 2 /N  (.AB3S34BTE-12

FOR  RESINDUALS

TRANSX AND EQUATDRIAL

MATRIX CMECK

«SRaSUM(DELTAsa2)/N
«SU=SQRTFLSR-M0w

=3.812+9455500064718 0O
$.34523549CT4TTS1IT CG3
=3.¢ 3765998596274 C
4.9022486T725019481-¢3

2433282.50

=3.4737659980596274 0O
4.9622486725019641-03

ELEMTS

1.65)2771933158150-C3
1.84660239336151729-01

2.2608774787313937-C1
8.9079970485873000~01
=3,941576031347°115~C1

1.4502773923158159-G3
4. TT738540254851578 Q0

2.3656339128676479-01
9.7160804446999915-41
2.94%86164083180%0-C3

% s-a2e RADIUS VECTIR
+RCaSUMILELTAL/N ~*,5R373863E-08
C+35911198E-14
2} 0. 59640965E-LT
se LaT94T6A28E-0T
ee =G ACULLTORE-06 -0, 4T48B721E-DT ~I. 2

POS~-VEL AFTER

0.431CTT744€~12 .7

JSDuSQRTF{SR-MDea2) (.53560866E-l0 0.4el0i9L6E-06 (.2
2. 2595T265E-06 D.1414 4BE-C& T
o =Co13515969E-05 ~0.127564T77€-C5 »5

<oss oL
0.13634359€-06 L.}
0.3i956570E-13 DO.8
0. L153T943E-G6 0.2
0.30u98661E-06 .6

ROTATION FHOM ECLIPTL

=6.0212645156136956-02
~1.4662686851307285-04
=1.5721612.28T15143 GO

1.99226608106487130-03

~1,5721612020713143 00
1.9922660810487130-03

4.89107585530v4361-02
5.27964592815C7972 00

T.3263314634463375-02
3.8794364594155441-01
9. 18T66LT570118497-01

4,8910753553094341-02
5.2796469281507972 00

=2, 27899180 +6846964-02
1.48113975920852955-03
¥.99739:.6151202870-01

RN R — e e -

JPL. TECHNICAL MEMORANDUM NO. 33-188

“©.28571665155000684-08

=9.73571L6477375838-10

2.2810075292518675-02

DELTA I

—2.46346103E-06 -G, 3L0T542E-06 ~0.18273833E~06

TITLELTE-LD
G TICTIE~vb
I594987€~-CT
G547 59E-ub
OLAT=08
1533G54E-C8
SUAAIULE-1T7
6T92356E-C8
J4658992E-08 -
8360631E-08

[

4.0584714672930344-01

2.2810075292518647~02

39




.

Anh.

X
¥
3
¢
5 JPL TRCHNICAL MEMORARNDUM NO. 33-188 —_—
A
%
o
o
N EPHEPERIS FORMAT FGR EACH JULIAN DATE IS
JUL-DATE  EQUA, X EQUA. ¥ EQUA. 2 €QUA XDOT EQUA YDOT E(uk ZDOT TPFDX TPFOY TPFDL
‘ ECLP, X ECLP. ¥ L. 2 ECLF XDOT ECLP YDOT ECLP 2007 TPFDP TPFCOSBOL TPFOR
. 2433280.8 3.349385265-3,47376597-1.57216120 0,70350555 0.00496224 0.00199226 042401 0.3902 0.1514
3.34935665-3.81249964-0.06021204 0.0055856% 0.005345] -0.00014661 ~0.0306 0.0899 -0.0036
2433320.5 3.566563C4~3.269CB711~1.48956344 0..3527L99 0.00526898 C.00213154 0.1343 0.5155 0.1895
2.56656304-3.39189036-0.06596402 (.00%27099 C.00568207-0.00014087 -0.0511 0.1022 ~0.0088
2433340.5 3.77074730~3.0527253-1.40172687 0.0C49346d C.OC555880 0.10226410 0.1C87 0.5309 0.194%
3.77074T3C-3,3581T185-0,0714T484 0.C2493468 0.00600069-0.0C013456 ~0.2585 0.0975 =0.0073
2433400.5 3.96106219-2.82462826-1,3C8463363 C.COASTTTO 0.0u583023 0.00238927 ~0.0388 Va0082 0.165¢
3.961C6219-3.112099C5-).C 7672238 (.03457770 5.Q00629952-0.00012773 =0.0667 0.0725 ~0.007%
2433440.5 4.13670254-2.58631727-1.21069123 0.0%20115 0.006C81%0 0250645 =0.1398 De3%40 f.1184
4213870254-2.05449430-0.06163588 0.0742C0115 D.00677703-0.00012038 -0.3597 0.0377 ~0.0334
2433480.5 4.29491118-2.236358C1-1,10023224 0.0C383633 L.J0631242 0.00261300 -0.1822 D.1149 0.0808
4.29691118~2.50626083-0,086344586 0.0C349635 0.00683171~0.00011249 ~0.0547 0.0204 ~0.0032
2433520.5 A.44098761-2.00162171-2.3G101344 0,00339478 C.00652037 C.0G271438 -0.1730 0.1210 0.03%4
4.44098T41-2.30827981-0.59067906 0.0°339478 0.007C6220-G.0001041% -0.0423 0.0065 ~0.0032 -
€433560.5 4.5687G089~1.B1752571-0.89121273 0.02296798 C.JC6T70522 0.00280401 -0.0822 0.0846 0.0270 Li
4.56929G89~2.02144332-0.09467119 0.02296798 0.0C726728-0.00009537 ~0.3167 Q.0119 -0.0021
243360).5 ¢.67026563-1.5455047-0.T774281% 0.00252761 C.00886537 0.00268348 043417 0.1011 0.034%
4 6TE2A%43+1.T7725000=0,09830304 0.00252761 C.00744583-0.00008419 0.0008 0.6229 =-0.0017
2433640.3 4. TTP36090-1.266135C9-0,46606T58C 0.03207533 C.00700G07 0.00295232 0.3620 0.1301 040520
4.77034098-1,42532448-0,1G15613C 0.00267533 0.00759679-0.000076862 0.0029 0.0293 -0.0007
“<33680.5  84413853-C.91587618-0,54130952 0.0CG161303 0.00710843 £,30301012 n.o131 0.2539 0.1049
4036413850-1,11988792-0.10442916 0.071461303 C.04T771920-0.0000647¢ ~0.0099 0.0544 ~0.0012
2433720 5 4.69927614-0.49982120~0.42001837 0.62114267 $.00718976 0.00305651 ~0.2661 0.3384 241229
4.89927614=0,00915924-~0.10689467 0.U2114267 0.00781228-0.(0005651 =0.0248 0.0892 ~0.0049
2433760.5 4.93547189-0.45106297~0.29702434 0.00066629 C.0G724352 0.00309122 ~0.1539 0.2078 0.09359
| 4,93547109-0.49830476~0.10294688 0,02366629 C.03787541~0,00004606 =0.0368 0.0573 ~0.0062
2433800.5 4.95252675-0.12071150-0,17207888 0.03218595 0.0072693T 0.0031140% ~0.1832 G.1409 0.0412
6,95252675-0.17953044~3,11057664 0.00018595 C.0G790021-0.00003539 ~0.0379 0.0280 ~0.,004¢
2433840.5 4.95032223 C.17G11061~0.06808066-0.00329631 . 00725701 0.00312483 ~0.1897 -0.0387 ~0.0276
4.93332223 0.13694333+0.11177644~0.53029631 ©,00791034-0.00002456 ~0.0285 ~0.,6082 ~0.002%
26433800.5 4.92802457 £.46027217 0.(7694589-0.00C 77838 C.00723622 0.00312345 -0.1897 =0.2079 ~Ce0969
4.92802407 0.45288602~0.11254043-0.CC) 77838 C.00788163-0.00001362 ~0.0424 -G.0430 ~0.0020
2433920.5 4.00808264 (.74863854 0.20165287-0,031256811 C,007L7726 0.0031098% =0.1364 041093 ~0.0804
4488808244 0,76706254~0,11286539-0.00125811 0.00762204-0.00000261 =0.9337 -0.0368 ~0,0009
2433360.5 4.82823676 ..C4G7812 0,32557135-C.00173322 0.04709005 0.00308405 =0.3603 ~0..7%9 ~0.0650
4,828236T6 1.07024019~0.11274906-0.00173322 0,0C773176 0.00000842 -0.9180 =0.0250 ~0.002¢
2434000.8 4.74951452 1.313547230 0,44821580-0.00227150 0,0(6975G8 0.003044617 0.9102 ~0.0823 ~0.03%¢%
4.74951652 1.38519961~C.11219198-0.002201%6 C,00761121 0.00001942 «0.0031 -0.0160 ~0.0001
B 2434040.5 4.65222859 1.59172219 0.56910703-0.02266107 C.00683294 0.00299643 =0.0424 -0.0037 ~0.0052
: 4,65222899 1.60674174~0,11119630-0.03266107 074611 0.00003033 =0.0084 0.0019 ~0.0008
2434000.5 4.53677285 1.R6175482 0,68777529-0.03310975 0.00668433 0.00293506 -0.1979 0.0197 0.0033
. %453677205 L.9B169552~0,10976674-0.0031397% G.00728191 0.00004112 0.0196 ~0.0018
2434120.5 4,40361905 2,126452573 0.80376102-2.00354564 0,008470300 0.00286238 ~0.352¢2 0.0023 ~0.0024
4.433619CS 2,26891980-0.107900874-0.05035456& 0.0CT07470 2.00005174 ~0.0630 0.0327 ~0.0020
2434160.5 4.25331664 2.37902489 0.91661754-0.03396687 0,00625090 0.00277866 -0.4285 ~0.0350 =~0.0269
- 4,25331054 2.54731023-0.10863045-0.C3396687 " 00484039 0,00006213 -0.0804 a.C338 -0.0023
2434200,5 4.08668992 2,62428194 1,32391314-0.00437155 L. 0us00810 0.0026843% ~0.3949 ~2.1604% ~0.0834
4.08568992 2.8158U478-0.10294174-0.004371%. 5.00658012 0.0000722. ~0.0028
2434240.5 3.90383500 2.55937390 1.131£3484-0.00475802 0.005742288 0.00258005 ~0.1484
3.9G383500 3.07334233-0.09985443~0,006475802 C.00029527 0.00008208 -0.0018
' 2434280.% 3,7C811180 3.08342952 1.23219021-0.00512473 0.005455851 0.00248616 ~0.1930
3.70611160 3,21911749-0.09638177~0.05512473 0.0C598724 0,00009151 =0.0034
2434320.5 3.49413803 3,29563186 1.32840879-0.09547029 0.005150644 0.00234331 ~0.1987
3.49413403 3,55208331-0,.09253860-0.0354702¢ (.00565756 0.00010058 -0.0024
2434360,5 3.2687873% 3.49522060 1.419%4321-0,09579338 C.00482607 0.00221206 -0.1372
3.26378735 3,77145407-3.08834112-0.00579338 0.0¢530775 0.00010922 0.0003
2434400.5 3.03098372 3.68149498 1.50527020-0.07609273 C.00443500 9.0020730% ~0.0976
3.03298372 3,97645822-0.08380710-0. 03609“75 0.00493953 0.00011740 ~0.0012
2634640,5 2.78169677 Q. oou;_o_a_g -0.0156
2.78163677 §~16639'§l!—0. . 00012 =0.0022
- 2434480.5 2.52193451 4.011827290 l.bi’)QQDG—O-vOOGIG‘O Q,00375943 0.90171#5! ~0.0792
2.52193451 4.34{63715-0.C7280673-0.C0661640 0.00415511 0.00013226 =0.0023
2434520.5 2.25273421 %.15441930 1.72718326-0.00683919 G.00737837 0..0161455 =0.1130
2.25273421 4.49853231-0,06838171-0.00683919 C,0C374264 0.00013889 =0.0023
2434%60.5 1.97515614 4.28176439 1.78060368-G.92703520 G.00298735 0.00143360 =<0.1107
1.97515614 4,63990062-0.06270239-0.05703520 0.00331907 0.07014497 ©.0n08
2434800.3 1.690200%9 4.39329767 1.84341726-0 00720400 0,05258806 0.00128642 =0.1194
1.69020059 4.76403463-0,05679136~( . 00720400 0.0C268623 0.00015047 ~0.0000
2424560,5 1.3992033) #4,48872095 1.89147121-0.,00734523 0.00218215 0.00111374 -0.1378
1.39920333 4.87069929-0,05067203-0.03734523 0.00244592 (.00015538 =0.0031
2434600.5 1.10303193 4.567005%53 1.93264022-0,00745870 Q.0C17714% 0.00094230 =0.12%9
1.10303193 #.95963472-0,04438633-0,02745870 0.00200008 0.00015972 -0.0089
2424720,5 0.80287658 4.630239166 1,96682863-0.00754444 2,00235751 0.00076683 ~0.0947
0.87287658 5,03065652-0.03790448-0,00756444 0.00155354 0.00016339 ~0.0058
2624760.5 Vv 86492 4,67638671 1.993969460-0.00767256 0.00094212 0,0005900% ~0.0379
C.AG 84452 5.08365297-0.03130490-G,00760256 0.00109910 0.00016648 =0.0037
2434800.5 7., ."035T1 4,70576173 2.01402408-0.00763335 Q,00052676 0.000¢1261 0.0380
«s19503571 5411850201-0.02459396-0.00763335 (.00064744 0.0001689¢ -040031
2434840,.5-0,11006220 A,TLA54872 2.02697909-0.00763707 C.00011297 0.00023519 0.0287
=0.11046228 5.13546783-0.01779625-0.00763707 0.00019722 0.0C017082 “0.0049
2434R20.3-0. 61"57-017 A.TIAB40T7 2.03284833-0.03T761415-0,00029774 0.00005843 -0.0172
41597477 S.13440126-0,21093627-0.007561415-0.00024991 J.00017207 ~0.0047
2434920, 5-0.‘”925576 4069476993 2,05167106-0.05756510-C.00670392+0,00011702 -0.0599
=0.,719245786 5.,11553744~0.C0403848-0.00756510~0,000L69236 0.00017271 -0.0019
2434960,5-1.02044377 4,65860011 2.02351213-0.00749062=0,00110418-0.00029036 “0s1266
~1.02344377 5,07907433 0,00207308-0.0)742062-C.00112862 0.00017276 ~0.0032
2435000.5-1.31816581 4,60655040 2.00843909-0.00739142-0.00149731~0.000456183 ~0.1815
~1.31614381 5,0253476% 0,00977485-0.07739142-0,0C155736 0.00017223 +~Q.0043
2435040.5-1,61143772 4,53893262 1,98662110-0.03726824-0.0010821¢-0.00062972 -0.0934
~1.61143772 4,95482370 0.01664369-N.00726824-0.00197724 C.00017112 =0.0032
243%000.5-1.89931543 4,45510809 1,95812744-0.00712182-0,06225745~0.00079433 -0.0774
-1.89931543 4.86750033 0,023454689-0.00712182-C.00278711 0.00014944 -0.0062
Zﬁl!l!ﬂ-’-z \90!!511 4,35847793 1.92212713-0,G0495300-£.00262219-0.00095493 =0.0291
888517 4,76380513 0.03019214-0.00695300-0.00278565 0.00314722 «0.0037
2435140, 9 2.55526032 4,24548748 1.88179105~0.00676271~0.00297529-0.00111107 0.0236
45526931 4.044A1428 0.03682784-0.00876271=C.00317171 0.00016447 =0.0039
2435200, 5 Z 72162909 4,12062317 1.83430730:0.00655198-0.0C331575-0.00126228 0.0176
T2162903 &,51024848 0.04334310-0,00655196-0.00354423 0.00016121 -0.00590
- 2439240, 5-2 97914797 3.98140809 1.78087931-0.00632182-0.00364220-0.00140821 0.0073
i «9T916T91 4,36126745 0.04971790-0,00632182-0.00390234 0.00015745 ~0.0087
i 1#352.0‘!-3 21111915 3,82928859 1.72172384-(.00607325-0.00393565-0.00154850 =0.0402
' 3022712913 4.19026484 0.03593305-0,00607325-0.00424518 0.00015322 ~0.0026
- 2433320, ! !.Qit‘".(‘? 3.86515306 1.65707863-0,00980727-0.0G425354~0.00144282 -0.1127
“3.40479607 4,02186728 0.06196977-0,0058)727~0.00457194 0.00014853 -0.0035
ZQ!!IQO.! 3 69145190 3,48331006 1.36718371-0.00552487-0.00653390-0.00191084 ~0.1322
69149190 3,83273253 0.,06781017-0.00952487-0,00488190 0.000143432 «0.9033
2433400, 5-3-'0050211 3.3024979% 1.51229912-0,00522721~C.00480165-0.0019322¢ ~0.126¢
3.90458271 3.63154903 0.07343730-0.09522721-0.00517429 ©.00013787 -0.0051
2435440, 5-4-!09#796‘ 310537738 1.43209394-0.00491435-0,00508123-0.00204683 ~0.0631
~4,10847949 3.41902995 0.07883813-0.004915335=0, 00!#‘!!' 0,00013198 =G.0032
- 2435480, 3-4.29963660 2.89862034 691~0.00459040~0.0 0.00215432 0.01%6
0 «4,29963660 3,19391048 u-e GOA“D&D‘0.00!TOQI! 0.00012368 0,000}
“c 2435520.5-4.475655088 2.68294948 +00425337+0,00549770~0.00225453 0.052)
g ~4.6TGSSONE 2,96294427 “0-0 00#!!!!7-0 00’9#0.6 0-00011'03 =0.0034
N 24338360.9 °§-i!970002 2,43905373 1,16830272-0.0039083 02347 0.063)
T6C02 2.72090426 0-09!50026-0»0019053!‘0.0003"06 0.00011206 =~0.0043
uHOOOd"QJNlOi‘O 2,22767228 1.01276390~04G0354737~0.00587193-0.00243238 0.0818
4.78084548 2.470590144 0,09784436-0.00354737~0.00635491 0.00010479 »N.005%
16)’&40«3-‘ 92343330 1.98954924 D.97389043-2,00316065-0,00603107-0 ’ -0.012%
~4.92343%30 2,21278184 0.10189618-0.00318065~0.006531483 0.00009725 ~0.0087
243%680.5-5.04319596 1.74543838 0,87210171-0.00280629~0.0C617131-0.00237891 =0.0433
~%.04319596 1,94332250 0.10502125-0.09203629+0.00664789 §.00008944 ~0.0028
2435720.%-5.141784837 1,495609861 0.76769240-0.00242531~0.00629248~0.00264021 ~0.0912
-5.14704637 1.67002650 0,10903989-0.00242531~0.00682345 0.0000814) ~0.0038
so 2435760.5-5.21714840 1,2422949) 0.66999269-0.00203873-0.00639449-0.00269341 ~0.0848
g e e — " v
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1 JPL. TECHNICAL MEMORANDU NO. 33-188
E =9,237148650 1.40272382 0.11213334-0.00202673~C.00693820 0.00007320 0.3062 0.0331 ~0.0044
y 243589( . 5~5. 3!-1“555 C.QOQ‘I‘HH 0.55232777-0,00164153-0,00647715-0.00273845 =0.7426 =0.0432 ~0.0299%
=5.31098555 1.12325020 0.11489358-0.00164753-0.0C 793195 0.00006478 0.2957 0.0109 ~0.0019
2435840.5-5. 3009420! 0.72438252 0.44202606=0,00125279~0.0065403%~0.030277521 ~0.0152 0.0708 0.023%
r‘ =5.36890203 0.84044947 0,11731360~0,20125279-0,00710455 0.00005619 0.0049 «0,0131 ~0.0012
2435880.5-5.4110759% 0.46182%970 0.33042140- 00 35557~0.006584C3 €. 00200367 ~0.3298 2.2095 0.4836
~5.41107595 0.55%16817 0,11938742-0.07.85557-0."0T15596 0.00004747 0.2096 -0.0407 ~7.0C24
2439920.5-5,43732983 (.19791903 0.21784420-0.30045696~ 660826~0.C0282380 ~0.1349 0.2558 0.1082
-5,63732983 26825435 0.12111065-0.50045696=0.00718620 0.00003864 0.0272 ~0.0475 ~0.0016 .
2435960, 3-5,44T62737-0.06657273 0.10462774-0.20005791-0.CC061309-5.00283563 -0.2535 D.23°0 0.0822
& ~5.64T62737-0.031944686 0.3224774C~0,0L005791-C.00719534 0.00062971 0.04063 ~Q." ~0.004)
2436000,5-5.44197059~C,33087054~0.00889552 0.LCO34050-9.L0659857~0.00203914 -0.3162 Oelbev 0.0327
l ~%,44197059-0.30709223 0,12348608 0,050340%8~0.00718342 0.00002071 0.3561 ~0.03%4 -0.0043 -
2436040.5-5.42740122~0.59420178-0.17239321 0.00073755-C.00656477~0.00283435 =0.3106 C.p021 0.0153
=5.42560122-0.59384062 0.12%13385 C.20°73755-C,00715051 C.00D00L165 0.0549 ~0.0210 ~9.00°7
2436080.5-5.3835C103-".85579708-0.23553332 D,0C113194-C.00651180-0.00262127 ~0.175%9 -0.0372 =0.0407
~5.383C0103-0.8788%415 0.12441858 0.00113,%4~0,0GT09669 0.00000258 0.3332 0.0039 ~0.0049
2436320.5-5.32989383-5.11489336-0.34798534 0.0C152273-5.00643987-0.00279997 ~0.0447 =0.0822 ~0.,0423
-5.32989383-1.16132118 2434047 21522733 0.0101 £.0082 -0.0043
24636160,.5-5.26124209-1 3TC73718-0,45942207 Q0.001939Q 0.020% «0.0276 -0.0127
5.26124209- 1440307345 0412389975 0.0.15.901- =-0.002° 0.00064 “0.9001
2436200, "-5.17724556~1.62258424-0.56951923 0,20228983-..006240C8~-2.0027333¢C Q3417 J.0518 0.0266
5.17724556~1.71521972 0.12309/75 0.002289083-0.00681229-0.0000245%5 ~0,0114 =0.0074 ©.0010
2636250.3-5.07313931~1.0696995%~0.67795591 0.00266434-9,000611265-0.0026875 ~0.047% 0.1657 N.0848
~5.07813931-1,98507T37 0.12193647 0.00266434-0.00667728-0.00603350 “0.J042 ~0.0349 0.0023
i 2436230.5-4,96419615-2.11135542-0.73441323 0.7230315 QJ536716-0.00263405 =3.171s 0.1762 0.0734
H =4,96419615-2,2491°8T4 J2.120418%1 0.00303151-C.05652253-0.00004236 0.0142 ~0.0449 =0.0008
3 2436320.5-4.83572906-2.34413537-0,88857615 0..3139337-0.0C568C°91-2.00257279 =-0.27%8 0.1019 0.02711
!‘ =4.83572906-2.50662121 0634838-0.00035111 0.2367 ~0.0408 ~«0.0037
i 2436360, 5-4.4693C9262-2.575438630~ «00562328-0.99250385 =0.3782 ~0.0556 =0.6197
¥ ~4,65329062-2.7567563¢ 0,12633185 0.00373992-0.NL6i5525-0.00005972 0.2654 -0.0259 “0.0007
¥ 2436400.5-4,53667176-2.79647312-1.08878422 0.00407926-0.05542576-0.00242740 -0.3639 -0.184; -0.0753
# ~4.53667176~2.99879453 D.L1377317 0.C2407926-0.00594361-0.90006818 0.2762 =0.0061 ~0.0007
£ 2436440.5-4.365689740-3.00927699-1.18422883 0.55443753-0.00521171-0.00234340 ~0.2315 =0,2526 ~0.1188
E ~4,36689740-3.23200420 0., 1087459 0 07442753-0.00571389-0.00007646 0.0647 2.0159 -0.0028
E 2636400.5-4.18422800-3,21319616=1.2261T677 ( 03472387-0,00698159-0.00225262 =0.1395 -0.2297 -0.1330
YY ~64.18422800-3,45567101 0,10765857 0.09472387~0.00546657-0.00008455 0.2452 0.0230 -0.0018
¥ 2636520 .5-3.98915699-3.40759566-1.36234419 0.035027)5 =0.0L473581-0.00215450 0.3373 -0.2077 -0.1022
& -3.98915499-3.66%101Cs 2411843 0 0520208~0.00009241 0.0238 00380 -0.002%
5 24636560.5-3.T8222400- 9185994-1.440453¢5 -0C44T493-0,00204978 0.9942 ~v.1052 -0.0484
3 =3.78222490+ .87161753 0,1002685%9 +05349210.-0.00010003 0.2031 0.0274 ~0.0008
& 2436600.5-3.56399214~ .76539666~-1.528237008 +00419953-0.00193833 0.0434 ~3.0207 0.0157
~3.56399214- .048257361 0.09611934 «00462422-0.00010738 -0.0037 3.0079 0.0043
2436040.5-3.33506715-2.927463716~1.60343561 +00391023+-0.00182056 =-0.2223 0.1048 040481
] ~3.33506715-4.241336:9 0.09168185 «00431176-0.00011444 ~0.2142 -0.018% 0.0007
. 2436600.5-3.09608389-4.07803780-1.67380065 «00360763-0.00169649 =0.1532 2.1371 0.0526
t ~3.09608489-4.40731633 0.08696795 +00398455-0.00012119 ~<0.0060 =0.0389 =0.001%
‘I, 2436720,5-2.84771454~6,21607870-1.73909281 00329236-0.00156696 ~742304 0.0402 0.0139
& -2 55993872 0.C8199038 +00012762 0.0164 ~0.0405 =0.0000
i: 4126765-1,799008377 2 $296515-0.00143167 ~0.2364 =0.0799 ~0.0489
+69866097 0.37676281 0. 30652!92 C 00326998-0.00013369 0.0364 «“0.0302 =0.0030
2636800.5-2.32566106-4.45314250~1.85355706 0.0C671793+C.00262681-0.00129114 =-0.20%53% -0.1699 -0.005%2
. =2.32566126-4,62297301 0.07129987 0.C2671793-0.00292365-0.00013939 Ued485 =0.0191 =0.002&
E 2436840.5+2.0534873C-4.55127597-1.90231058 0.00688743-(.00227822-0.00114574 ~0.3949 =J.1200 =0.0601
~2,05348730-4.93240237 0,06561708 0.00688743-C.00254600-0.00014468 0.2300 -0.0068 ~(1.0018
. 2436880,5-1.77493753-4,0635271554-1,94515637 €,00703661~0.0C192025-0.00099581 0.0602 0.0124 -0.0062
i ~1.77693753-5.02651417 0,05973060 0.02703681-0,05215793-0.00014956 “0.905¢ 0.0101 -0.0019
S 2436920.5-1.49083742~4,70473356-1,98192094 0.00716484-C.00155380~0.00084174 0.1059 0.1495 0.0598
? ~1.49783742-5.10491139 5365738 0.07716484~0.00176042+(,00015602 «0.0348 3.0106 =0.0005
® 2436960.5-1.20203903+4,75947762-2.C1244515 0.05727140 -5.0C117971-0.00068386 d.1182 0.2322 2.0651
3 =14202v3993-5,16723472 0.04741506 «0u135440-0.0001580) -0.3511 9.0110 -0.0008
i 2437000.5-0.9.942371~4.79907280-2.036' 8515 +00079903-0.0005226 0.312¢ D.3119 0.11%0
3 ~0.90942371~5.21316564 0.G4102231 -0.0622 ~0.0085 =0.003¢0
2437040.5-0.613898959~4,02272695~2,5421478 “0.1434 242719 0.1020
§ ~G.81387899-5,24243176 0.03449850 ~0.2514 ~0.0334 -0.,0024
i 2437080.5-0,31039632-4,83204257-2,08522450 “0el751 052282 0,0842
N =0.31639832-5.254AC920 0.,027883T4 =0.0442 ~Q.0360 =-0.0020
5‘ 2437120.5-0.01786608~4.82576943-2.06953269 0.21748007 -0.150%6 0.1370 Q.0481L -
i ~0.01786¢38~5.25012511 2113359 0.0J746807 ~0,3213 ~2.0307 ~0.0022
2437160.5 0.28u72392-4.80230204~2.06726488 0.00745732 » ~0.5957 ~0+0000 -0.0130
- 0.28072392-5.22025629 0.0143482% 0.00745732 C.00076222-~0.00017054 0.0000 -0,0183 ~0.0023
H 2437200.5 0.57838891~4.76368684~2,0577750% 0.0U742176 C©,00118367 0.00031779 Cl21 ~Q0.01.,72 =0.0300
; Ge57838891~5,18913233 0.6075025) 0.00742176 C.0ull9404-0.00017145 0.3047 0.0018 ~0.0044
4 2437240.5 0.87412925-4,70921636-2.06163£50 0.00736103 C.00155964 0.070483)5 0.4801 0.0538 0.,0062
z 0,87120258-5,132737€2 0.00063582 0.007361C3 0.00162549-0.00017178 -2.0088 G.0183 ~0.0034
11 2637280.5 1.16693377-4.63894159-2.0186460C 0.00727496 $.00195365 0.00066029 Usloul O.ldew 0,038 .
E 1.16693377-5.05911773-0.00623214 0.0CT27496 ©.Q0205506~0.000171%¢ -0.2296 0.0404 -0.0010
£ 2437320.5 1.45578669-4.55296026-1.98882408 0.03716344 0.0u234433 C.0002306¢ 0.2215 043431 0.1377
§ 1.45578669-4,96837711~-0.01308C24 0.0072634. C.00248127-0.00C.7077 ~0.0565 3.0611 -0.0021
1 2437360.5 1.73966990-4.45145792-1.95221%09 C.00702649 0.0%273029 0.000999>~ 0.1148 0.4520 0.17T13
b 1.73966990~4.86068185-0,01988290 5.07702849 J,00290256~0.00016931 ~0.2805 G.0%524 =0.0047
246374600.5 2.01756674-4.334562632-1.370808695 J).00680412 0.00311015 0.00116648 =0.0485 0.4077 0.1389
2.01756674-4.73625680-0.028861715 0.0.686412 0.00331769-0.00016730 ~0.0804 0.0240 -0.0072
2637440.5 2.28046133-4.20274657-1.85093187 0.0066Y640 C.00348244 0.00133075 -0.2059 0.3450 0.1041
2.28346133-4.59528941-0,03325900 0,00667640 V,00372441-0.00016462 -0.2803 0 .0048 ~Q.00858
2437480.5 2.55136419-4.05815234~1.080246333 0.00646357 (.00384582 0.0014917% -0.2819 Ce2129 0.065:6
24551364109-4,43843228-0.03978434 0,00646357 0.00412167~0.00018147 =0.0647 ~0.0263 ~0.0088
2437520.5 2.80521744-3.89523932-1,739:41%8 0.60622600 C.00419811 0.00184882 ~0.1896 Ge1024 0.0790 —_
2.80521744- 6585T15-0.04£16902 0.00622600 0.0u450753-0.00015765 ~0.3370 =0.0201 ~0.0)4%
2437560.5 3.04910298=-3,72046878-1.67062443 0.00596429 v.00453841 0.00180121 ~0.0808 J.0A14 -0.0080
4 2,04910296-4,07800201-0.05238926 0.00594429 0.00488037~0.00015325 ~0.0148 -0.0088 “0. 048
2437600.5 3.28204697-3,53234868-1.59561542 0.00567904¢ 0.00486504 0.00194830 =0.2190 0.0019 -0.0198
P 3.28204497-23,87557256-0.05042148 0.00567904 0.00523856~0.00014826 =0.3014 ~0.0036 =-0.,0037
2437640.5 3.50312310-3.33146366~1.5.483898 0.0C537103 C.00517657 0.00208948 =0.0068 0.0510 0.004%
3 3.50312310-3.65913382-0.064242%3 0.03537103 C.00558054-0.0001426% ~J3.3078 0.0057 “}e0032
¢ 2437640.52437640.5 HOLD YOUR AT, TMAX HAS BEEN HEACMED
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JPL TECHNICAL MEMORANDUM NO. 33 188

I

STPRGZ STEPWLSE R:uRESSION PHUGRANM
N HIQTAL SOIN Soout o1AG
Y 110 10,0000Q0€=14 0. 13,000002¢" -09
0. OF COEFRS IN REGRESSION = D SUM OF SOQUARED RESIDUALS = 3,47916E-15 $.0. UF DATA = 5.82395E~09
COEFFS IN REGRESSION COEFFS NO7T IN KEGRESS(OMN
IADEX COEFF S.0. COEFF/S,0. INDEX PAEDICTED (COEFF/S.D.)
1 .0261€-01
2 2.4268€-03
3 2.0372€-03
4 1.1233€ 00
s 3.4961E~01
& 3.6005€-C2
INTROOLE I™e LOEFF NO. 4
NO. OF CCEFFS [N REGRESSION = | SUM OF SQUAREC RESIOUALS =  3.43935E-15 $.0. UF DATA = 5.61727€-09
COEFFS IN RFGRESSION COEFFS NOT IN k. LESSION
INDEX COEFF 5.0, COEFI /8.0, INDEX  PREDICTED (COEFF/S.D.)
1 4.04026-01
2 2.44806~03
3 2.05426~03
. -3.8129113€-10 3.34%4E-10 ~1.1233€ (0
5 1.0336€~01
® 4.6230€-02
. INTRODUCING CUEFF NO. 1
N3, OF COEFFS L&+ REGRECLICN » 2 SUM OF SQUARED RESIDUALS = 3,43416E-1% S.D. OF DATA = 5.63895F-99
Cith-S IN REGRESSION COEFFS NOT IN REGRESSION
INDEX COEFF AN+ Y COEFF/S5.0a INDEX PREDICTED (COEFF/S.D.)
i ~T.1728221C~10 5.3709E-10  -4.0403E-01 {
2 2.43b4£-03
3 2.0650E~03
4 ~3.9363039%~10 3.4212E~10 ~1.1506€ 90
s 5.15516-01
6 3,9.54E-02
INTRODUCING COEFF NO. 5
N0. OF COEFFS IN REGRESSION »« 3 SUM OF SQUARED RESIGJALS »  3.42367€-1% S.De 4F DATA = 5,.658236-09
COEFFS IN REGRESSION COEFFS NOT IN REGAESSIOR
INDEX VO FF 5.0, COEFF/S.0. INDEX PREDICTEC rCOEFF/S.0.)
1 ~7.1962281 310 11147609 =6, 4555E-C]
2 2.438%€-03
3 2,0435€-03
- -5.0531716 ~10 4.0604E~10 ~ 14 2445€ GO
s -1.082934L -10 2.1G286-10 =5.15C1E-0%
6 2,63686-01
INTRODUCING CUEFF NG. L
NO. OF COEFFS IN REGRESSION = 4 SUM OF SJUARED AESIDUALS » 3.423426-15 $.0. OF DATA = 5.0830GE-0°
COEFFS IN REGRESSION COEFFS NOT IN REGRESSION
TNOEX COEFF S.0. COEHF/S.D. ENDEX PREDICYED {CUEFF/S.D.)
1 -8.2338248E~10 1.1932€-09 5. 9426€6-31
2 2.42706-03
3 2.0355¢-03
& =%, 30834555-10 4.191608~10 =1.2665E w0
s ~1.3231349E-1¢ 2.3000€~10 -5, T526E~01
. 9.82929¢3E~11 3.7277€- 10 2.6388E-01
INTRODUCING CUEFF NO. H
NO. OF COEFES IN RCGReSSION = 3 SUM OF 2QUARED AESIDUALS »  3,42342€-15 $.0. OF DATA = $.70999€-09
COEFFS [N REGRESSION COEFFS MOT IN REGRESSION
INDEX COEFF 5.0, CODErF/5.0. INDEX PREDICTEC (CUEFF/S.D.) 1
) ~8.2818250E-10 1.1989€-09 -8, 9098E-01 .
2 1.8625869E~12 T.6746€~10 2.h213E-0Y H
3 2,051%-03 ;
. -5.3083457E-10 4.2114E 10 -1,2608€ Q0 ;
5 ~1.32313850E-14 2.2110F-10 -3, 720 4E-01 i
s 9.8292047€- 11 3. T455E-10 2.62436-u1 i
INTRUDUF ING COEFF ND. 3 H
NO. OF COEFFS IN REGRESSIOM = o SUM OF SQUARED RESIDUALS = 3.423428~15 $.De 07 "ATA = 5,73738E-C9 &,
§
COERES IN REGRESSION COEFFS NOT IN REGKESSION .
1nDEX coEFs $.0. COEFE/S.0. INDEX  PREDICTED {COEFF/S.Da) §
1 -8.28762538 -4, 122046609 -b.8768E~C1 ¥
2 1.88344816-12 1.71296-10 2.44226-03 1
3 -1.39724746-12 LT621E- 10 -2,05776-33 ,
. -5, 3003458€~ 10 +.2315€-10 - 1. 2563E 0D i
s -1.3231351E-10 2.32214-10 vl F
6 9.0292950€-11 3.T634E-10 206110€-01 ]
LITILE ORMEGA TILYA g
~1.0853167331657632-08 1
THIS IS PAR WATRIX :-
i
9.7134940445221899-01 2.3656339120671549-01 =2,275993804684 708602 M
-2.3639148%81027870-01 9.7160834447001192u! 1. 1813925920840758-03
2,206410215336 14902 3,9430616408313955-0) 9,9973986151202932-01 .
eLenrs 3
$.2036554212063074 00 1445)2773933198044-03 4,8900150553095936-02 2.28100752925.18675-02 f
62 1.7465138199186742 90 4.7773859256381343 G0 $.2795469281503840 00 '
i,
-
s

Moo .




A ¥

P

XSOLVE

=B .2838254023376065-10
~1.3231350955377536-10
NEW #GR

9.74345445902001408-C1

=243655154906805782-C1t

?.246418215226.270~02
ELLIPTICAL CCRRECTIONS

~6.8838159778675600~10
~8.69519,819%007163-11
NEW ELEMENTS

5.2026554205/81H48 00

1.744473619R8317220 20
KEPLERS 3 HD LAW MU

2.9619474115007876-0U4

e

1.88344615 B30B04TE~12
9.82929510T3790360~11

243656338CT4173157-01
9,7160804703747183+01
3.94586146386235652~03

0.%62005:6020000uL0 GO
“1.0766195863462624~08

1.4502773936036420-C3
A TTTIBSIL4HABO0TTY SO

~1.9972474087214103-12

~2.2759938061327992-02
1.48139234695(5486-03
9.99739861512.6284~01

9.82929510/3793383-11
1.C024742671871039-08

4.8910758651348886-02
5.219L369301755564 05

PLCD HAS EXCEEDED

TOLERANCES LT WiILL NOW CORRECT

EPCCH  VALUES AND BELIN A NEW ITERATION.

JULEAN CATEresaisesnsacscanrens 243708..50

ELAPSED TIME IN CAYSeeseuwaas 5452.00

N MBER CF INTEGRATION STEPS.. 110,

SIOMAueevevessanrnasanavsasassrs 0.56239460£-08

SIGMA SCUARE X Hescusoavanass D.367316+TE~14

X = 3.52312310

wees STATISTICAL ANALYSIS
MEAN DEVIATION .aess

SUNS OF SOUARES ~RCS|DUALS

STANDARD CEVIATION.
MAX[MUM RESTOUAL
MEKINUP  RESIOUAL

eees  STATISTICAL ANALYSIS
MEAN DEVIATION
SUPS CF SQUAF'S
STAKDARD OEVIA) ION. ...
MAXINUM  RES{DUAL
M(NIMUF RESIDUAL cevvveee

ECLIPTIC PCS-VEL FrOM  TRANSX AND EQUATORIAL  POS-VEL AFTER

A.3459356646757.567 Q0

5.5856549787778927~%3
3.349356648757,567 CO
5.5856549787776927-23

BEGIN [TFRATIOMN

EPOCH VALUES EQUATCRIAL
3.349356648757C567 CO
5.5856549787778927-03

ELEMENTS CHECK FRCM SUBR

5.2026554205761617 00
$.6931305207536455-02

FOR  RESIOUALS !N

JPL. TECHNICAL MEM2RANDUM NO.

~5.3u85458679574171~10

~1,471544572/4609813~12

L.2820075281047026~.

Y » ~3,33146360 1 = =1.51683598
FOR  RESIOUALS IN o4uus DELTA X DELY. ¥ DELTA 1
ceeMORSUM LY LTAM/N =1+52230789€~6 J.20318047E~0U8 -0.51625238€6-09

ceees vearean

«<MD=SUMDELTAI/N
«SR=SUM{OELTA

coees

=3.8124946543230418 90
5.3452354899176120~03
=3.4737C59974664148 Cu
©.962266867179 Iu66-C3

243328L. 50

~3.4737659974664 .48 G
©.9622486T17913.,64-03
ELENTS

1.4502775936036521-u3
1.86602382511218689-31

TRANSPOSE PQR MATRIX CHECK

9.7134944902000936-C1
~2.3659164906810010~01
2.2664182152260 19002

ECLIPTIC ELENENTS

3.2026554205781617 oC
1.7446738198317209 20

ECLIPTIC PQR  MATRIX
9.7134944302000436~C1

=2.3859164906810010-C1
2.2454182152260190-02

2.261677382045365%~u1
8.9C79570731174918-(1
~3.941578031.674999-u1

1.4502773936036321-03
4.7173857148089512 OV

2436563380 7417733101
9.71608347037458173-L 1
31.964586163462355 44~03

RADIUS VECTOR coss oL
Se167765T€-00 —0.209662264E-09 -0.28634171E~y9
2Y/N T, 1BB6A396E~16 0.12637914E-16 0.12643915E~-18
+SDRSQRTFISR-MDe#2) L, 4UC62495E-08 0.35487944E-08 0.2100%5655E-09
L. T6L668U0E-U8 U.152158406-07 J.42539226E-09
“Ls9LIT240AE~CE ~C.66443(50€-08 -u.85314930E6-C9

~6.0212645073052764-02
~1.4660686864115090-04
~1.572.61202523¢840 00

1.9922660856009134-03

-1.5721612025236840 02
1.99226608C00u9134~03

4.8910758651387408-02
5.2796469381753511 00

7.3263310425524427-02
3.87942646730820692-C1
9.187682757C033681-01

4.891C758651387408-02
5.2796459381745511 Q0

~2.27157938061327867-02
1.4813923469515489-03
9.99739861512L6179~01

ROTATION FRUM ECLIPTIC

ASRESUMIDELTA®®2) /N 0.33405570E-15 C,.43.86G93E-15 J.7490T642E=16
«SD=SQRTF{ 3R-MDwe2) L .1T757T199HE=LT C.2L657509E~07 C.66395095E-08
Ce39475589€~C7 0.53091193E-07 J.19449362E-07
“veh2B527T26E-07 ~C.44T712155E-07 -).19873080£~-07

OLATHDR

4.0584714673.45061~31

12812673 91047003-02

33-188

63

wd




FEes

s R

P re e ey

e

3
2034400.%

3
2834440.3
2.731694T7
2434630.5 2.5219345]
2.52193451
24V4520.5 2.25273421
2.25273421
2434560.3 1.97315614
3 515614
243009.5 ) 328.59
1.49J2895¢
2434840.5 1.39920333
1.39920333
2434680.% 1.145303193
3.10303193

2434720.5
s
2434740.%

24340023 0."5 3571
5.19923571

2434840.9% -9 11048228
Q11346229

2434880, S-G.uss'u'n
“se41957427

243 122.5+0.7192697¢

dndadni.5-1.32044177
=1.02244077
243%000.5-1.%101A531
~l.31830581
243504C.5-1.81143772
=l.61143772

253%080. 5-!.'1'315&)
131543
517
IRONRSLTY

243%°60, 5 2.45526931

Z"”llﬂ-i 2.

.6“11010 I-A 1954321-0.32579338
29834112-C. 207 VI3

l «53527020~0.0 2009275
-2.30380710-0.5000¥273

4.14839513-0.57495554-0.C2638739

4.C1262720 1.8%5934484-0,02861640

4.34743715-0.073€7873-0.00661440

4.15441930 1.72719526-0.2764391¢
hY

- 171-0.0338391¢
. $3368-0.02733520
- veu6270239-0.03733520
. R 1.3¢341774.0,3)722400
. $IS6I-0.5557F  -0.I2723400

4.48872095 1.a91° 1-6.53734523
A BTC49929-3.055. 41203-9.3773452%
4.50780553 1,93264022-0.22743R70
©.959430T2-D.04434833-0.21745270
23 166 1.96602043-C. 072754344
48-0.L2754444
71 1.99396960-0.0074325¢
5 291-0,33132490-0.07743256
4.70576173 2.01402408-0.27743335
5.11859201-0,22459396-0.3776133%
©. 71054872 2,52697909-0, *I763707
3.13540783-0,517796425-0.L3743707

2400530775 0.00016922
0.,0044850C 0.00297305
C.Gua 93953 0.20011740
£ 90512687 9,00192699
2,06455449 0.00012509
€.00375943 J.001774%0
C.0u415511 0.00C13226
€.00337837 J. 00\0!.55
€.00374284 0.08
+.00298735 0.0014%26. 3
00231907 9.00014467
€.0325085% 2.00128642
C.CU288423 0,90C15047
Celraiteld D.00111574
©.00264592 0.00L15538
2.80177141 0.00094232
2.0C220008 0,00015975
2.00135751 C.00074483
€.02155054 0.20016339
Le0.L%4212 0.00059005
<+CL139920 0.00016640
J.05.52676 3.00C41

CadiossT44 L. D00 10896
8.007131237 0.D0023519
0.6(..[91’?2 2.00017082

~ TI4BA0TT 2.53204833-0.0,703415-C.00(29074
5.13440120-0.C1093627-C. . T41415-0,00524991

0.9C20584)
2.00617207

4.60655040
9.3293-765
4.53093%62
4.95402,70
4.456100¢9

2,33167109-0.C5750513-0.006(70392-2.00011702
0.90403848-L.%07556510-+ . 00069236 0.00CL72T1
2.2233)21%-0,02749062-6.00110418-0.000290%6
Q.00287398-0.C3749042-+.00113462 0.00017274
2.U0845909-0.03739142-2,00149731-0,00046143
J.00977485-0.02737142-0.03195736 0.00017223
1.98682110-0.0°726824-C.0.188210~0.00062972
0.01664389-0.75726824-0.00197726 0.000171122
1.95012734-0,03712182-,00225245-0.00079433
ST12182-2.00238711 0.00016944
7831 L695300-C.0v2 19-0,00095493
0.33019214-0. 1J694300-C.0C27056% 0.00016722
1.88179186-0.00676271-¢.00297529-0. 20111107

“2,45526931 &,04401428 5.030827

+0+ 000 76271-C.0C3171 71 0.00016447

2435200.5-2.721629%5
~2,12162905

2435209.5-2.97916791
“L,97916781

2425280.5~),.22712913
~3,227

2\“!20.5-‘
2435380, !-

15“600-1 ) wuun
=3.90458271
3034tl°-§-6.l°!6700!
~4,1C9 1948
2435480.5-4.20943060
-4, 43640
ZQH“DJ-Q.QV 591

=4 708040
2435443, s-..vnu,u
492100
lQ)SGIO-P 204319596
3.04314394
umzo.s-s um»v

4784837
64 2035760.5-3 .nmue

©. 12062307 1.83630750-0,5)655196
4.51024048 0.04334310-0,00635196

0.00331575-0.00126228
0e0v35442% 0.00510121

3.98140609
“.36126745
3.82930

l.l!l"!”
3.30249798
3.831949C3
3.108371741
3.41902995
2.89802886

i 16294427 9,

2.43905373
l.'l?\)W‘lb
2.2278228
2e7038144
1.98934928
2.21270128
1.74543037
1.94332252
1.49409041)
l.b?lb”ﬂ

1.20229492

1.28087933-0.03632102-0.00356280-" 30140828
0.04471796-0.23632182-3.00391234 4.90013743

59 1.72172%64~0,04607525-y,00395" 55-0. 00154850

0.09393305-0.306G7325-0.00424318 0.30015322
1.05707068-0.2)380 27-C.0u425353-0.001068282
0.IC196977-0,3258C727~u,GC45T7196 S
6 1.560716371-0.03552407~5,00433393
0evb721017-0.0)552407~1, 00449190 0, 00514341
1.51229912-0..°522721~C. 004203 95-0.00193226
0.07343735-0.92522721-0. 00517429 0.00013787
1.43269394-0.CU491935-0.0u505121-0. 30204683
0427383513-C,00691335-0,00%44850 v.Q0L1? ¥8
13480049140, 40499040 . 095287280 00243432
[ 90861-0.20459040-C. 00570423 0.00012568
te 4479-0.02425337-0.0C 56497700, 00223458
350-0.30425337-2.00594084 0.00011902
1. 16430272-3.33399533-0,0u56%v3-0_0033472¢
0.39350626-0.62393533-0.00615784 0.00012204
1.67276390-6.00354737-0.00587193-0.0024323%
0469786436-0.03384737-6.00635491 0.00010479
0.97389843-0.03314)63-0,0.623107-0,0025095%
0.12140618-0.03318063-0,00657165 0.00009723
D.87210.74-0.05200629-3.00 61 T131-0,00297891
0.10362129-0.03280029-0.00664789 0.0000894¢
0.76269240-0.622425%1-3.00029248-0.00264021
04 10903909-0.00242531-C. 00082345 0.0000814)
0.66099209<0.07203673-0,00439449-0, 30249341

“0.187)
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JBL TECHNICAL MEMORANDUM NO. 33-188
EPHERERIS FORMAT FOR  EACM JULIAN DATE 1S
SUL-DATE  ECuA. ¥ EQUA, ¥ EQus. I  EQUA XDOT EGuUA YDOT EQUA ZDOT IPFLX TPFDY 0L
£CLp. X ECL?. ¥ ECLP. 2 ECLP XDOT ECLP VDOV £CLP 2007 Licd 4 TeFCOSAOL TPFON
243328C. 3.34935662-3.67376597-1.57216120 3,02558565 C.00A6224 2.00199226 0.2203 0. 3842 0.1479
3.34935662-3.01249464-0.06021244 C.0L558565 0.£0534523-0.00014642 ~3.0244 0.0950
7633520.% 3.54r56306=),269CH721-1.48968344 C.3J527099 (.0.526098 0.0021315 C.3097
3.58358304-3,59189034-1.€6534632 0.52527099 C.005682C 7-C. 40714087 0.1067
1433340.% )- v w30 3.0524T253+1.4C172 0,004 93448 C.0C555880 0.00226410 C.5251
577303, )5.17“5—0 J71aT D.00493460 $.00£00069-0,00013456 g8.1012
243%400.2 3 301 J.6265T770 T.0C533023 0,00238927 0.4823
2.0045T770 G.0C£29952-0.00012773 0.0755
TATBAAD,9 4.138T7C294~2.53631727-1.2¢ G.00420115 2.00630192 0.00250845 0.2983
4.1367C234~2.05449430-0.08 2.0742021% T.00e57703-6.00512036 ~08.23939 0.0400
2433483.5 4.29693120-2.33833801-1.10023224 J.02387635 L.00831242 C.00T615G0 “0.1238 9.2080
A.29691114-2.588240L0-0.06434436 0.35380835 C.00683171-0.00011249 ~0.J490 0.9220
2433520.3 4.54)98741+2.981621 71~ 1.eounu 0.03333478 v.00652057 C.00271434 =0.2445 0.113%
A.edTIITAIAT 3002 Y08 2.87339478 9.0L7US220-0.00310415 <0.3348 0.0075%
2433540.3 4.58829009-1.01702571-0.8% C.C2298798 &.0usT0522 0.0C2004C) ~0.3274 0.0764
4.5602908%-2.32160332-C. 09867115 0.92294798 G.0GT26224-0.00049537 ~0.3114 c.0124
2433800.5 824563+1.54553045-0.77742817 0.00252781 {.00L86537 Z.00245348 0.0¢48 Q.092%
4.67826543+~1.72725083-0.07032384 C.C2252741 C.0(144503-0.C0000619 0.3085 0.0228
2423840.5 4.T7:36098~1.268135,9-0.4806758C 0.C0207533 +.0AT0000T L.00295232 f.2838 9.1202
AL TTIINCS1.42630046-0.1015613G 0.03207533 5.00759479-0.00007662 9.3097 “<02%
2433630.5 4.04413850-2.98587618-0.54138952 0.07131303 3.CI710843% 0.00301012 0.3337 0.2431
A.lhhl!l‘,}-l 11988793-0.10442914 0.021€1303 0.0CTT1920-0.00006871 ~0.3053 0.0330
243272C.5 4 0.05114267 L. 71097¢ 0.C0305652 ~0.)56% 0.3287
4.09927614-2,.80915924-2.13487447 0.03114247 C.0C781228-0.00005651 -0.220% 0.0673
243374C.¢ 56T169-G.41134296-0.297G2434 0.030465629 L.00724352 3.0030v122 -0.1352 0.2751
34710%-0.49530476-0.10894¢00 0.037856629 C.00787541-0,00004604 ~0.3328 0.0851
24338025 232675-0.12071150-9.17287 0.05C 18595 5.00728937 0.00311405 ~0.1452 0.1274
252075-0.179530464-0.11057 0.03210%95 1.0C790821-0.0000333% ~0.3342 0.0252
2+33840.3 332337 €.17211081-C.CABLA 0.G:029631 0.0ub228701 0.00312483 ~G.1722 -0.0531
232227 5.13894333-C.11177 0.a0029631 £.00 79103 4~C.00002450 =0.3350 -0.0114
2433880.5 4.92882407 S.S0327218 G.5Te%458%-0.53077938 J.CIT723832 0.003:2348 “0.1727 -0.2450
“ 292802457 0.AS29BEC2-0.11254063-2.02377838 2.0 788163-0.00001342 =0.3393 =0.3048
24339253 A 8070244 T.74863854 G.20145207-0.02125611 S.02T17726 0.00210985 ~0.1197 -0.2051
4.30808244 5. T4T08254-0.11206539-0.00125011 (.0C0762204-2.00000261 =0.23909 ~0.0408
243396 .5 1.534C7814 D.32557233-C.C0123322 G.O0LT09308 0.00308405 ~0.0438 ~0.1413
~ 1.07824C2C-0.11274904-0.031 73322 ©.00773176 0.00330842 ~0.2154 =0.u293
2433303.5 ¢ 1.31547230 G.44821580-0.0322C135 S.0C06975C8 0.00304817 0.0268 ~0.09¢2
. 1#!516‘2 1.38319961-0,11219195-0.0:225158 J.0CT51121 0.00001942 -0.3010 ~0.022%
2433540.5 4.852220%9 72219 0.58913703-C.4024612% C.0CA93294 0.00299643 ~0.3262 =-0.0210
4.A5222059 1 T4174-0.11115657-C. 51248107 <.0CTA6101 0.00003033 =0.0246 =0.0028
2434080.5 4.33477205 1.86172452 0.087TT529-C.3I31L975 C.0C68643) 0.20293508
4.5367720%5 1.98169551-0.1097667¢-0.023X3975 L.GOT28191 0.00004112
2434120.5 440381703 2.12452573 2.8%376102-0.I3354564 C.0084T0u0 0.00286235
4.45361903 J.26891989-0.1CTHETS-C.CI334584 G.OCTCT42D 5.009351
2434140.5 435331664 2.3T902492 0.916561754-0.03394607 0.0. 625090 3.00277860
4.25331664 2.54T731023-0,10363045-C.C2I964E7 0.00484029 0.00004213
2434230.5 402640992 2.62428197 1.00591318-0.02437155 L.00400R13 0.00268439
4.08 2.8138C481-0.10294174-0.03437155 <.00653012 0.0000722%
2434240.3 3.92 O 2.8993739C 1.13123484-0.C07475052 C.03574286 0.0025800%
3.9G383500 3.07339233-0.09455443-0.0475802 J.05629527 0.00008205
2634200.5 3 T361114C 3.C8342952 1.23219G21-0,07512473 C.05545651 0.00246616
3.70611140 3.31911749-0,29638171-0.55512473 {.D.598724 0.0G007151
2434370.35 3.45413805 3.2954318% 1.32043879-0.37547029 5. u51.244 0.00234331
3.49413003 3,55208331-0.39253660-0.37547229 0.00565756 0.03310058
2634343.5 -Z.CII‘ISS $.00482637 0.00221206
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.
. ~9.2371465C 1.40272382 0.11213334-0.00203873-0.00625820 0.00007370 0.0043 0.0420 -0.0043
. ZQ”IO’-’ ! )l 95 90479731 0.5%52327TT-0.00144753-0.00847715-0,00273845 =0.2437 ~0.0493
1080538 1.12325028 0.11489358-0.20144753-0.0070319% 0.0004478 0.0040 -0.0019
lhlSi‘vO.’ ’-50'9020! 0.72438252 D.44202687-0.00125279-0.00854034-4,00277921 -G.31%1 0.00%7
-5.36890203 0.84044947 0. 117)1300‘0-0211‘279-0.0071"655 0. ﬂNOS‘\‘ 0.3034 -0.0012
4 2433830.5-5.4110759% J.46182979 D.33042140-0 T=-9.0 -0, -0.2283 0.0430
~5.411075935 0.55516817 0.11938742-0.00095357-2 .00‘"”" Q. 000061‘7 0.0084 «0,0014
* 243%920,5 43732987 0.19791904 0.Z1764420-0.20045696-C.0064608246-0.00282380 -0.1320 0.0844
43732983 0.26825435 0.12111005-0.32145596-C. 06713620 J.0000%6e4 Q.3262 ~9.,0013
243%9960.5-3.40762737-0.,004472T2 0.10462775-0.00005792-0.00661309-0.00283563 ~3.,2491 0.0811
~5.44742737-0.0194¢64b D.12I07740-0.03005791-0.0LT19534 §,000029T1 2.2483 ~0,0041
2438000.5-5.46197052-0.33067054-0.000889552 0.00)34058-C.00859857-0,30203914 =2.3104 0.0314
“5.44197059-2,.20709212 0.12348608 0.00C34058-0,05719342 7.00002071 0.3:%6 ~0.0042
2438040.9-5.42540128-0.59420177-0.12239321 0.3%2073755-0.00656477-0.0028343% “Q.3432 ~0.0081
~5,42340128~0.59384064 0.12413365 2.07073795-0,00715051 £.00001145 0.9546 ~0.0046
2416000.5-5,39300103-0.455797C7-D.23553332 C.00113194-G.0548%1190-0.00282127 -0.1671 -0.0821
=5.38300103-0.8788544 0.12441858 £.C3113194-0.007096469 0.0D0GC2SS 0.2332 -0.0049 .
s ZA36120.5-5.329u9383-1.11489335-D.34798534 1,03152273-0,0066~3927-0,0027 37 =J.3344 ~0.0637
~5.329L9383-3,16130118 D.124340¢7 0.20152273-0.06702223-0.0L0002648 0.3103 -0.0043
‘3 2430160.5-5.46174203-1.3T0T73718-0.45542237 C.20150901-0.00834921-2,20277052 2.2322 -0.0340
=5.26124209~1.44C38054 0.1238997% 0.00193901-C.0C492734~0.00001553 =0.J018 -0.0001
2436200.5-5.17724556-1.62258422-0.56351923 0.GC228983-0.00624008~6.00273300 6.2807 0.00%4
“5.17724556~1.7T1521972 2.12339775 0.0°228983~0,00681229-0.00002455 -0.3108 0.0009
- 2438240.5-5.07611936-1.88949955-0.8779%391 0.02266434~-G.00611265~0.00268749 -0.3332 7.0630
=5.07823936~-1.98507135 2.12193647 0.G0266434-0,05687728-0,00003353 -0.3532
2436280.5-4.96419615-2. 1!1!5!62-0 78441323 09.333C3151~ 596716~ ~0.1561
~5.964:9615-2.2491)074 D.12041891 0.03303151-2.0L652253~, 0.01%56
2436320.5-4 $72936-2.34883537-0.30857615 0.00333037-(, 00560391~ -3.2031
~4,835729v5-2.50562121 V.1185490% 0.00339(37-0, 006348 0.3383
24363060.5-4.69109C62-2.575434630-0.99013435 0.00373992-0,00562 9.00250385 ~0.3606
-4.69309262-2.75675834 0.11633185 (.32373992-0,00015225-0.00003972 8.3673
2638405,5-4.53567170-2.79647312-1.58878422 D.73401926 00542576-0.00242740 =L.3455
~4.5306T176-2.99879453 9.11377317 0.0C407926~0.00594361-0.00006012 0.9T63
2438440.5-4.3688S7AT=2.00927699-1.18422863 1.07440753-0.05521171-0.00234300 -0.2123
~4.36689742~3.,2320C420 0.110.7958 G.02443753-0,007713089-C. 007646 0.00T2
* 24364M0.5-4.18022306-3.21319616~1.27617677 0.03472387~ v *159-0,0022%262 -D.)698
~4.18422800-3.45547181 0.10785857 C.G.4T2M7 C544657-0.00008453 D079
2&)‘!20.‘-1 969158993 .40759566-1,38434418 7.C0302735-0.004T73581-3.0021%44) 0.0573
915899-1.66910106 0.1041144Y J.00502735 -C.005207C8~2.000G 4241 0.)268
24348560. 5 3.T8222400-3.591859v4-1.44845365 0.07931702-3.04447493-0.00224976 0.1143
-3.TH3242C-2. 27161750 0.10026859 0.G(535702-0,00492163-0.00019003 0.3%2064
2436000.5-3.56395214-3.7653964A-1.52623206 .00559206-0.0(4).953-0,00193933 J.0838
=3.56399214-4,06257001 0.29511934 0.02559204~3,00402402-0.600.0728 -0.2002
2430640.5-3.3.50671%-3.92763T13-1.60343561 0.00505155-3.0,391023+-0,00182856 =2.2u21
~3,33836715-4.24133629 J.CI168105 0.0CH85155-0.50431176-0.00011444 =2.2104
24)6880.5~3.09808489-4.07023780-1.67382065 0.32609477~0.0C360763-0.00169689 ~0.1332
~3.09608489-5.40731633 0.08694T7935 0.076594T7~0.00398485-3,0001221% -0.3219
ZA3872¢C. !'2 BAT71454-4.21607670-1.7390928]1 0.03632C80-0.0L329236~0,00156090 =0.2110
4TTIS54-4.55993073 D.0R199038 D.u2632080-0.00344400-0.00012782 0.2203
2&)6750.5 2.59066C42-4.34126T65-1,.79%308377 0.G2652802-L,00296515-0.001431567 ~0.2175
~2.597566042-4.690646097 0.0T767628) 2.076%528082-0.05328998~0.00013369 0.0409
2436000.5-2.32566106-4.45316252-1.85355708 P.006T1T93~4,0{2462661~0.00129114 ~0.1873
=2.32568104~4.82297351 0.071297P: 0.004671793-0.002923¢5-0.0001393% 0.353 -0.0027
2430840.5-2.05346733-4,55127597-1.9021.057 5.0C688743-(.03227822~0.00116574 =2.2179 =0.0745
~2.09348733-45.93240237 0.C056.708 0.00688743~71, 0£254500~0.0001 458 0.33530 -0.0018
2436080.5-1.T77693753-4.635275%4-1.945154637 0.92703881-C.00192925~2.00094581 D.3762 -0.0202
=1.71493753-5.02651417 0.0397306C 0.0.7353661-C.0C215793~0.000245%%6 -0.222? ~0.0020
243692C.5-1.49083742-4.T70573358-1.98192094 0,327 16484-2.C0155382~0.000041 7 0.1208 0.0481
=1.49293742-5.104691139 0.05365738 0.5 716484=3,001786042-0,00015602 -0.0292 «0.000¢
2438960,.5-1.20203905-4.T594TT62~2.312464515 0,22727140-0,0. 117971 G. 000608348 0.1315 B.0014
~1.202C3925-5.16723472 0.04741506 0.G2727140-0.0,3i35440~0.00015801 ~0.2455 -0.0004
2437000.5-0.9034237 1 -4, T9907280~2.03465851% 0.uCT25558-4.006CT9903-0.0005226) 0.2238 0.1017
=0.90942371-5.21316564 9.04102231 0,5L735550-5.00094120-0.00014154 ~3.3564 ~0.0031
2437040.5-C.01389897-4,82332695-2.0%421478 0. CT41875-3,00041294~0.00035842 «0.1331 0.0889
=2.6138949.-5,24243176 0.C03449850 0,0274)6T76-L.00052137~0,00L16456 ~0.0454 -0.0028
2437080.5-0,314539632-4.05200257-2.746522647 0.22745449~0.00002231-0.000:917%9 -D.1685 0.0731
~.31839632-5.2548C920 J.027856374 J.00745440-0,00029678~0,00016708 -0.0381 -0.0020
2437120,5-0.517846608-4.82506943-2.06953269 C.0)745807 G,00037143~0,000C2322 ~0.1537 0.032¢
—0.01786628-5.25)12511 2.121138%59 C,0746407 $.000%3150-~0.00010908 ~0.2210 -0.0022
2437140.5 0.28572392-4.80220284-2.06T726485 0,u7745732 C.00C76715 0.00014801 =+3904 -0.0262
9.28272392-5.22025629 0.)1434425 0.00745732 0.00076222-~0.00017054 0.0965 ~0.0043
2437200.5 0.57638891-4,T5360634-2.35777505 0,00742176 J.00116367 0.00031779 0.3157 ~0.0435
0.5T838491~-5.18913233 0.00752250 G.03T421T6 J.00119404~0.0001714% 0.2113 -0.0043
2437240.5 J).87612925-+.70921036~2.34163650 0,)0736103 J.00155964 0.00C4891% 8.0899 -0.0093
DeHTa12925~%.13273782 0.30062582 7.02735103 C.00162549-0.00017174 -0.3001 =0,0033
2437280.5% 1.16693377-4.63894159-2,01864800 0,00727496 ({.0G193385 0.00C86029 0.1699 0.0%%a
- 1.16693377-5.939101773-0.040623284 0,03727498 0,00265%506~0,0001715%4 ~0.2228 ~0.000¢
2437320.3 1.49578e69-4.5529630-1.98882408 O, 00716344 0,00231433 0.00083067 0.2202 G.1230
1.4557T0669~4.98837711-0.51308024 0.03716344 ,00268127-0.80517072 =049 -0.0020
2437360.5 1.73966990-4 1&5791"[1“221509 0.027021 %6 2.00273029 5.COC99954 0.1120 0.1561
1.739669590~4 S8B185-0,G198829C 0.03702¢49 v, I0290256~% Lu016931 -0.0738 =-0. 13
2437400.5 2,01756674~4.93462612-1.908988695 0,22604412 0.0%311015 0.00116644 =0.3526 C.1230
2,C17566T4=4.73825660-0.0266171% C.ul686412 G, 0CIBLTA0.00016730 =0.3714 ~0.0071
2937440.5 2.28346133-4.202V4657-1,05893187 L.00667440 .00 48244 0.00133078 =0.21:1 0.0882
2.28346133-4.59538901-0.033259CC $,0J447640 0.00372441~G.L0016469 ~0.2733 - 0084
2437480.5 2.55136619-4.054615734-1.80266831 0.07546357 (,55386562 0. 00L491TY ~G.2001 0.0481
2.55134419~4.43443228 031978434 £,59046387 C.00412167<0 00016847 -0.3577 -0.0087
2437520.% 2.80521744~3,89523912-1,71964158 0.00622600 U.00419811 0,00164082 =0.1968 0.0008
2482621 744-4.269B0715-1.C6516902 0.01622620 0,00450753-0.0001576% =0.2300 -0.,0048
2437880.5 3.04910296-23.720465T5-1.467062443 0.67596429 D.00453841 C.001873121 -0.0882 -0.0273
3.04910296~4.07800201-0.0%2387926 2.07590420 C.C.488037-3,00015325 -0.9080 -0.0047
C431600,5 3.28206697-3.53234865-1.39561543 0.00567904 u, 0486504 0.00194K30 ~0.3267 ~0.040%
3.20204697=-3.87557253-C.u5842148 £,00567904 . 02523856-6.00C14000 0.3054 -0.0036 -
2437640.5 3.53012310-3,331463606-1.51483876 0,00537103 5.0uS17657 (,00200980 ~2.0148 -0.0164 !
3.50312310-3,65913379-0,26424253 0.00537103 (.0C>58054-0.00018249 ~3.2011 =-0.002% -0.0030
243T7640.52637640, % HOLN YILUR HAT, TMAX HAS BFEN REACHED
o /a
[Ty
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L] NTOTAL soin
. 110 1¢.000000E~18
NC. OF COEFFS IK REGRESSION » O

sTrac2 STEPHISE ALCRESSION PROGRAN
soour 01AC
Q. 3C.UOGCOIE-0Y

SUA DF SQUARSD RESIDUALA «

COEFFS N WEGAESSI0N

LMDEX COEFF

MC. oF COEFFS 1X MEGRESSION « 1

$.0. COEFF7/S.0,

3.42268E-15%

D. OF DATA « $.STAC9E-09

COEFFS NOT IM RECRESSION
InNDEX PREDICTED (CUEFF/S.D.)

3.4295(-03
3.09%8¢-05
2.3294¢ 03
2.26486-03
5. %616-0)
6. 9452£-0)

Y IS

INTROOUL ENG CUEFF NO. 4

SUM DF SQUARFD RESICUALS =

ZUEFFS "N RECRESSION

iNDER COEFF $.0.

L] —-2.3324972€-12

NC. OF COEFFS ¥ RECRESSION o 2

3.3745E-10

COEFF/S.0.

~8. 9S53E-L*

INTRUDUC ING COEFF %0.

Sum OF SQUAREL RESITLALS =

COEFFS [N REGRESSICH

InOEX COEFF S.0. COEFF75.0.
s ~4.4582084E~1) 1.9078E-10 ~4.A25TE-%3
. ~2.0451130€~12 3.489E-10 ~5.911%-33

%0. OF COSFFS [N REGRESSIUN = 3

COEFFS IN REGRESSION

1%TAO0UC ING COEFF wO.

SUM OFf SQUARLL RESIOUALS =

INDEX COEFF $.0. CUEFF/S.D.
. 4.6860263F-13 3.51126-10
S =&, 140201 1E~13 1.C397C-10
. -2.0711521€-12 3.48126-13

NC. OF COEFFS IN REGRESSION » 4

COEFZS IN REGRESSION

INTRODUC ING COEFF NO.
SUM OF SUUARED RESICUALS = 3,42.65€~1%

3.42765E-15

Y.4226%E-15

S.D. OF DATA = S.40361E-09

COEFFS NOT 1M REGRESSION
IRDEX PREDICYED (COEFF/S.0.)

3.2900t-63
3.07586-03
2,31045-03
24319603
L AZSIE-02

[T

5

3.42263E-15 5.0. OF DATA = 5.62950E-0%

COEFFS wOT IN RECRESSION
1NDEX PREDICTED (COLFF/$.0.7

S 173E-04
3.,0808E~2%
23084803
1.3348:-03

Py

«

2eC. OF DATA = 9,6357¢E-09%

COEFFS nOT 1M RECRAESSION

INCEX PRECICIFD (CUTFF/$.0.)

1 t.1601€-vs
2 3.54866-03%
3 2.2974€-03

1

$.D. OF DATA = 3.48236E~09

COCFFS NOT (N RECRESS (OW

WOEX COEFF - $.9. aorrese INDEX  PREQICTED {COSFF/S,0.)
1 ~1.3041012€-13 1.1931&-G8% =1.16C1E-04
2 3.2340c-05
3 .2843€-03
§.4243404E-13 4.17208~10 1355 7E-0)
3 ~4.377933%E-13 2.2998:-10 ~1.9336E~23
. -2.0%62039€-12 3.7273¢-10 ~5.5166€-C3
INTRUDUC ING COEFF NO. 2
N0, OF COEFFS IN RcGRESSION = 3 SUM OF SQUARED RESIDUALS =  3.42265E-13 5.0, OF DATA =  5.70935£-G9
COEFES [N AEGRESSION CUEFFS NOT IN REGRESSION
INDEX £OEFF S0, COEFF/S.0. iNGca  PREDICTED (COEFH/S.D.)
3 ~1. 3042963613 1.19876-09 =1.1546E~04 N
2 ~2.3201983E~14 7.47376-10 -3,338°2-43
¢ 3 2.3150-0%
4 4.4243431E-13 4.2109E-10 1,930 76433 '
s -4,3779:4LL-13 2.31¢7€-10 ~1.0946E-3)
'Y -2.0542039€-12 3.7450€-10 -5, 4909603
INTRODUC ING LUEFF NO. 3
Ne. OF COEFFS {N REGRESSION = & SUN OF SQUARLD RESIDUALS » 3.42245E-1% 3.0. OF DAYA = 3,73073E-09
COEFFS .~ RECALSSION COEFFS NOT IN REGRESSION
thOEX COEFF $.0. COLHF/S.D. INDEX  PREOICTED {COCLFF/S.0.)
1 ~1.3840904E-13 1.2048€-09 ~1.14C1E- L0
2 ~2.3516648E-14 T.71126-10 ~3.0697E-15
3 14 29707006~ 14 JoTel28-10 2.3154€ IS
. 6,424 3448E-13 4,2311€-10 1.0457€-03
s ~4.37793408-13 2.32188-10 =1.0858E-03
s ~2,0562039€ 12 3,763GE-10 ~$.4643E-03
LITILE OMEGA TILTA
9.0466307027823443-12
RIS 1S POR  MATRIX
9.7134744902001408-01 2.5656330074173157-61 ~2.27599300613279%2-02
~2.3659164904805782-01 9. 71608G4703 T4 716D~ 1,48139238649,5485-03

2.24064182152260270-02
ELENTS

$.2024350205701048 00
1.T444735198317220 00

3.94506146386235652-03

1.4502773936036420-03
A.TTT3053148889, 77 CC

9.99739861512,0280-01

A.8910758651 30000002

2.26100 /" 191u47126-02
$.27964093817559¢4¢ 20
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RSOLYVE

=1A3040944 1411309650
~4.3TTFIQTIVILLISTT-1D
NEv  PC2

9.TLICINENITETIN-C}

~2.365914493 760436301

2.2604182152272101-02
ELLIPTICAL COPRICTIONS

~2.2770030408295807-12
1.0803635524748514-12
NEM ELEMENTS

$.2026554205T59965 GO
1.7446730198320020 30
REPLERS 3 AD 4w W

2.98194741150078T6-04

—2.3516cA8GCS32139%~16
—2.05420)9045940230-12

2.38%633807505191)-C1
9. T160804703533210-C1
3.94508183080506590-03

$.000060006uC00500 OC
T.96594T1501026548-12

1.9502773936C4594%-03
4.7173050148%8133 Ov

PALCD HAS EXCEEDED T

OLERAMCES +IT olil NOw COPRECT

EPCCh YALUES ANC SECIN 4 NEw JTEZATION,

JuLIan  CATE.

ELAPSED TIRE IN  Dav

. 2037806.50

$ena

cene 440%.0¢

WrSER CF  INFECHATION STEPS.. 110.

SISMBees-ctesssnnsanan
SIGNA SGUARE X M...

X = 3.503123:C

. STAVESTICAL ANALYSIS

REAN  DEVIATION .. 0.caacsense
SuUm$ CF SQUARES RESIOUALS
STANDARY DEVIATION, con
PAXIWUR  RESIDUAL .
KIRIMUE  QLSIOUAL ....

esse  STATISTICAL AKALYSIS F
PEAM DEVIATIMM cocacevevnoon
SUNS  OF SQUARES RESIOUALS
STANDARD PDEVIATION.
FARIMUF  RESIDUAL .
MINIWUP  RESIDUAL .

ECLIPTIC PCS-VEL FAOM TRANSK AFD (QUATORIAL PO3-VEL AFTER ACTATION FROW ECLIPTIC

T72541C 09
$3%$310~33
3. & TT2G41C GO
S5.5858549787635310~03

B.GIN  ITERATION

EPOCH  VALUES EJQUATCRIAL
3. 349356648TT2(H1C M)
5.5856549787635310~C)

ELEMENTS ChECK  FRCR  SUBh
5.202655¢25°Y58799 00
$.69313C520¢369¥57~02

TRANSPOSE PGR  MATRIX CHECK
9.71349449C1786313-01
~2.36591649C 768911851
2.264641221522721%2-22

ECLEPTIC ELEREMTS

$.2626554205758793 00
1. T446738298328013 00

ECLIPTIC PCP  mATAIX
9.7134944901784313-01

~2.365%9164907689118-01
2.2464182152272152-02

sesesscses N.S5T8IBGEE-O8

ssccrancss O VA2IH55SE-14

17706995836 V0960 - 14

~2.2759938061332337-02
1.4813973471928943-0)
9.9973984131206251-01

~2.0562039440948230-12
~9.1841591 78295144512

A 81075064 13324TT-02
3.2790%6v30,. cv 13T G&

JPL. TECHNICAL MEMORANDUM NO. 33-188

4.4243448219L 7T045-13

1.4A05341300830006-14

2.281007529:043532-02

A -3.33148286 I = ~3.514830%
FDA  RESTDUALS (N ..o LA X OELIA ¥ DELTA I
o oMU=SURLDELTAY/N ~LoA2892414E-00 -0.837914326-0% 2. 17494TOLE-D0

OR RESIDUMS IN ...

~3.A1209465431 70761 CL
5.34523540 9419940003
—3.473765997600085 GG
4.9622486717954020-33

2433203.959

=3.473765997450088¢ O
4.9622405717934020-063

ELENMTS

1.4%32773936046043-C3
1.8660238282023592-31

2.2678773021260530-41
B.4CTI9T2TRIIVILTOL
~3.9615763313672529~-01

1.4502773936C44260-03
4. TTT2857148969212 U0

2.3656338075256636-C1
9.7150804701532111-G1
3,943 4396500273-03

. C.3%070722¢

RADIUS VECIOR
oo MDaSUN(DFLTAIIN ~2.13345264F-08
SReSUNEDSL TA0a2)/N (. LBLISTISSE-1G
SOwSQATFISR-MOe02) (.39689183E-C8

~6.07120645073352494-02
=1-44604868064104874-04
~1.5721612023312875 00

1.9922640C.8019335-03

-1.5721612025212675 00
1.9922640806019335-03

4. 8910758649330700 02
5.2794459301663611 00

T«32423310429010715-02
3.8794364473752266-01
1376827570034775-01

4. 851075844913G705-02
5.2796449301843411 OD

~2.2759938061332453-02
1.4813923471340140-02
973986181206207-01

SReSUMIDEL Tase2) /% B.322221T9~13 0.42701132E-i3 G.776994535-16
SO=SORTFISR-KDes2) S LTA305546-CT 0.Z0666320E-07 C.864530136-08
G.525134566-07  C.I91192926-07
L282B0RE-3T ~v.44489TB2E0Y -0, 204 FTT16E-07

DLAT2 08
~5.28716111€-CY
0.12553TME-18
£.20747492€-2%
CaT8335823E-08 G.1COSITZSE-DT C.41672321E-3%

“Ve913IATIVE-GE ~0.6IBCTEIGE-DS ~5 00156644509

4.05887146T73142414-01

2.2810075291063%04-02

67
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EPHENERES FORNAT FOR  EACH MM JAY DATE 1%

EQUA. 2
[I4 T 3

EQuA xDOT
ECLP XDOT

JUL-0FTE EQua. x EQuA. ¥

ECLP. X ECL?. ¥

2433200.5 3.34923662-3,47376597-1.57218120 0.00334545
3.34935662-3..1249464-0.060212464 0.0335855%
2433320.5 3.30836304-3.26908711-1.68968344 0.03527099
3.56656304-3,59109036-0.065%402 0.00527C99
20339360.5 1.7TOT4T30-3.05247253-1.40572422 $, 500934080
3.T7074730-3.55017105-0.0T1ATASA 0,)0493488
2073400.5 3.96104214~-2.82 6-1.30843383 0.00437770
3.946104216~-3.12209905-0.07672238 0,004517170
2433440.5 6.13‘7015*—2 SESIL1T2T-1.21049123 0.03422115
4. 2.05449430-0.08188588 0.0L020515
2433480.3 4.29891118-2.3383%001-1.10823224 0.00382035
4.29491118-2.58624080-0.C84634435 0.00I8835
2433320.5 4.44090741-2.001452171-1.60161344 0.C2339478
4 44098741-2,3C027981-0.09067906 0.00339478
2433580.5 4.56829089-%.01702571-0.89121273 V.00293798
4.56829089-2.0216C332-0.09467115 0,00296798
82454 254553045-0.77742017 0.02252761
4.0T824343-1,7272508C-0.09830384 0.62252761
2433640.5 4 TTO34098-1.26813509-0. 6 0.032C7523
4.770340%0-1.42630444~0.10134130 0.65207533
2433600.5 4.54413850-0.90587418-0.54138952 0.03161303
4. 84413850-1.11998793-0.10442914 0.00161303
24337709 A.85927414-0.49982120-0.42051837 0.00114267
4.89927414~0.80915924-0.1068%487 C.05114287
2433760.5 4.93567189-0,41108296 029702434 0.0.064829

2433800.5

v
-
o

£.93547189-0.49930476-0. 10894 C.JGs 80629
24330005 4.¢5252475-0.12071150-0.1 72 0.35018598
4.95252673-0.17953044-0.11057 0.33218595

2433860.5 4.95032227 6.17011061-0.24806066-0.05075%631

4,95532227 0.13694333-0.11177644-0.000 29631

2473440.5 4.92862407 0.44027218 0.07494509-0.00077238

4.92802407 0.45288492-0,11254063-0.030277038

00244 C.74843854 0.20163287~0.00125811

488808244 0.74704254-0.11206339-0.0C125811

2433930.5 4.8282347¢ 1.03407814 0.3I557133-0.00173322

€.82823676 1.07628020-0.11274904~0.001 73322

24340005 4.74951452 1.31547238 0.44821580-0.00220158

4.74951452 1.38519961-0.11219198-0.00220158

2434040.3 4.6522285% 12219 9.36910703-0.002 66197

%.852221 T4374-0.1111965C-0.00264107

2434000.5 4,5367728S 175482 0.48777529-0,00310975

4.53877205 1.98169552-0.109764674-0.00310973

2434120.5 4.40361%08% 2., 11052513 0. 00310102-0.003“5“
4.40361905 107908750

24341.3.5 4.25331664 2. 3790!4‘)1 0 91641754~0.003 98687

4.25331564 2.54731023-0.10563045-0.C0396587

2434200.5 4.00643992 2.62428197 1.02591318-2,00437155

L3 2.81500481-0.10294176-0.C0437155

o 9! 295937296 1.13123484-0.004 75822

3.90383200 2.07339233-0.C9985443-C. 00475802

2034280.5 3.70611140 3.08342952 1.23219021-0.00512473

2.70811140 3.31911749-0.09638377-0.C3512473

2434320.3 3.49413803 1.29563189 1.32840879-0.03547029

3.49413803 3.55200331-0.09253880-0.00347C29

2434360.5 3.20079735 3.49522060 1.41954321-0.00579338

« 281 13! 3.77145407-0.00834112-0.00579338

2434400.5 3.03 3.68149498 1.5)327020-0.03699275

-0309!11] 3.97445822-0. 710-0.036C9275

2434440,3 2.73169877 l. 976 1.58529350-0.00836739

2.70169677 513-0,07093554-0.02636739

2434480.5 2.52193431 4. 01[.1110 1.565934484-0.00561040

2.321334%1 4,3404371%-0.07380673-0.20661640

2434520.5 2.25273421 4.15441930 1.72718526-0.00683916

2425273421 4.49863231-0.06820171-0.00683019

2434580.% 1.97515614 4.281764359 1.780603468-0.00703520

1.97515614 4.65990042-0.06270239-0,007033520

2434600.5 1.69023059 «,39329747 1.04341724-0.00720400

2433920.5

-
h

-

gy
"

28342-0.5

il

1.69028059 4.76403443-0.05679138-0.0072C400 v

2434640.5 1.39920333 4,48872095 1.89147121-0.02734523
1439920333 4.87049929-0.05047203-0,00734523

2434480.5 1.10303193 4.54730553 1.93284022-0.03745870
1.10303193 4.93963472-0.04434833-0.03745370

2434720.5 0.8C207658 4.63039166 1.96402863-0.0775444¢
0.80287858 5.03065652-0,03790448-0.00754444
049934492 4.6T638671 1.99394960-0.00700256
0.49984492 3.003465297-0.0313049C-0,0CT69256
2434800.5 0.19503571 4.70576173 2.01402408-0.00763335
0.19503571 5.11358201-0.024%9396-0.00763335

2434340, ’-0 11048228 4.71054872 2.02697909-0,00743707
0.11245228 5.13348783-0.01779625-0.00763707

2434740.5

EQUA YDGT EQUA 1007
ECLP YDOT ECLP IDGY

000496224 0.00199228
0.10534323-0. 00014661
Ce04521898 0.00213154
C.00542207-0. 00014087
0.0055588¢ 0.00226410
2.00600069-0.00013456
€.00583023 G.0023892"
0.0L629952-0,00012773
0.0C608190 0.CD250445
0.006577¢3~0.00012036
0.00531242 0.5026150¢
0.9C683171-0.07011249
G.00632057 0.00271436
C.0CTC6220-0.00010413
0.06670522 0.00280401
G.00726728-0.00009537
0.0C646537 0.60208348
G.0GT44583~0.00008619
C.LCT70000T 0.00295232
9200759679-9,0000T462
£.0C710863 0.00351012
€.00271920-0.0000687)
0.0C718976 0.00305651
¢.00781228-0.00C05651
C.007243%2 0.00309122
G.00787541-9.00004306
€.00726931 0.00311405
0.00790821+0.00003539
0.00726701 0.00311483
SaGOTILEI4-0.00202450
0.00723632 0.00312345
0.00708163-C.00001 342
0.00717726 0.00310985
€.COT82204-0,00000261
.00 709005 0,00308405
C.0CT31T6
2.00697508
¢.ouTeli)
4000083294 0.00299643
G.00746101 0.C0093033
0.008868433 0.00293506
C.0C7283191 0.00004112
0- 00647000 0.90206236
C.00TQTATO 0.10005174
000025090 Q.00277866
J.00684039 0.00006213
G.00630810 0,092
5.00853012 0.000:
0.00574226 0.00258035
0.0¢62952T7 G.00008205
C.06. 45651 0.00208818
C.0C598774 0.00009151
©. 00515004 0.00234331
C.06565756 0.L0010058

0.004026C7 ~.00221206
«03530778 0010972
v 0U44 8500 0207308

400493953 0.0001:740
0.00412087 0.00192690
€. 00455469 0.00017509
0.00375943 0.00177e58
0.00415511 0.00013226
0.00337837 0.00161655
0,00374284 000073889
C.0029873% 0.001433560
G.0G331907 0,30014497
G, 00258806 0.00128642

00280623 0.00015047
¢.00210218 0.00111574
0.00244592 0.00015538
C.00177241 0.00094230
4,00200008 2.00015970
©.00135751 0.00074443
0.00155054 0.50016339
€.00694212 0.00059005
0J16448
06041261
0 00064744 0.00018896
0.00011297 0.00023519
0,00019722 0.00017082

2434000, 5-0.615!"17 4. T1484077 2,03204833-0.00761415-G.00029774 0.00005643
~0.41557477 5,13440126~0,01093627-0.00741415-0.00624931 0.00017207
2434920.5-0.71924376 4.694T6995 2.0316710.-2.00756510-0.00070392-0,00311702
=0,71924576 5,11553746~0,00403048-0.00755510~0.00069234 0.00917271

2634960.5-1.02044377 4.65060611 2.62351213-0.J0749082~

OCLivAlE:

60029056

=1.02044377 3.07909403 0,00207308-0.00749062-0,00112062 0.00017276

2433000.5-1.31812581 4.50655040 2,00845909-0,00739142-0.00149731

0.00046163

~1,31816%81
2433040.5-1.81143772
~1.61143772
Itl!ﬂln.!—l 89731543
+89931543

2433120, S-Z.llbllﬂ'l

2495180, 5-3-555209)!

~244552693"
2435200,5-2,72162908
72182905

by

2035240,5~".97918791
«2.97918791
IQ!SIIO.S-!.ZI'IIINI
22712914

2435320, 5—1 666‘"601

2435400, !-) 006!

27
«3.90858271
2435840,5-4,10947949
=4, 10947948
2&35‘.0.!-‘ 29963660
4. 299463660

438520, |-~.o1ssso

474%

4 02
2433600.5-4, 10084548

4,

2433440, !-0 92343330
92343330
ltl!l“-!"-@‘.l““i
04319596

2435720, l-l NY“I"
4784837

2639760, ! !.)HMMD

804544 l

5.02534748
4.53893262
4,95482370
6.4%610009
4.06730033
A.35847795
4.77.900%15
4.24048708
o441 420
4,12062317
4.31024840
3.70140609
4.30126745
3,829300%9
Q.IWIlihlh

3.46515308
4.02108728

3 3.
271 3.30249798 1

3.63154903
3.10837741

3.41902993 0,
2.39862006
3.19391048
2.,48294943

2-“37"
170243037
1.94932282

2422492

0.00977«85-0.00739142~-2,00155736 G.00Q17223
1.98682110-0.00726824-0,00138210-0.00062972
0.01664389-6.00726024-0,00197726 0.00017112
1.95912  4-9.00712102-0.0022374%-0.00G79433
0.02345¢.9-0,00712182-0,0u238711 0.00016944
1.92312783-0.00695300~0,00262219-0.00095493
0.0IMOZN-O‘OM’S!WC 0017!505 a. 000\6721
1060, 6271~ 297529+

»0# 84-0 .oonnn
1.83430758-0.2693196~0.0 uuu-a 00126228
0.04334310-0.00635196-0, 06354423 0.0001612¢
87938-0.00832182-0.00364200~-0.00140821
9.04971794-0.00632182-0.0C390234 0.00015745
1.72172564+0.00807325-0,00395583-0,00154850
0,0559330%-0.00607325-0.00424316 0.00015322
1.£5707868-0.02580727-0.00425358~0.00168282

Q0580727=0.0C45719¢ 0-000".5)
ﬂs,“l"- 04!!590- L]

00150‘1

-
.
~

10
. uanu-o.oosunx 0 00650“!- .00!912!6
0.07343730-0.00522721~0.0052 7429 0.000137487
1.43209394=0.00491535-0,00505123=0,00204683

07883313-0,00491535-0,00544058 0.0001319%
1.34884491-0,00459040-0.00528328-0.00215432
0.08398861-0.00457040-0,0057042> 0.000125606
l.uo«uo—o 00428334=0,00340770=-.00225435
35040.00425337-G,0059408- 0,00011902
T2=0.20. 0569403=0,00234720
0615786 0.00011206
+00507193-0.0024223%
00633491 0.00010479
1+ 00693107+0,00250959
+0C653145 0,00009723
«0081711-0.00257891
«00488709 0.00000948
00629248-0,0026402)
0682345 0.00000143
2 006394490,0020934)

9
0.10108618-0.09310065~
0.87210171-0,0020062
0.104862129~0,0028042
0. 5un~o-o.ooauul-
090398 42331~
. OOWIQO- .0010“1!—

1PFDX
TPFOP

2.2802

1PFOY
TPFCOSADL

0.38462
2.0952
0.5097

~0.0992
-C.0225
=G.0210

TP¥0L
IPEDD

0.147%

e S

R

PR




~5,23714650 1.402723€2 0.41213334-C,C0203873-0,00693820 0.00007320
2435000.5-5.31288555 0.98679731 0,45232777-0.00164753-0.00647715-0.00273845
=5.31004555 1.12325023.0.11489358-C,001564753-0,00703195 0.00006478
2433840.5-5.36090203 0.72438252 0.44202687-0.00125279-0.00654034-0.00277521
~5.36890203 0.86244947 0.11731360-0.00125279-0.00710455 0.0U004%619
2435880.5-3.411CT595 C.46182979 0.33042:4~0.G0085557-.00638403-0.00280367
~5.41107595 C.53516817 ©0.11938742-0,00085%57-0.00715596 0.00004T4T
2035920.5-5.43732983 C.19791904 0.21784420-0.02045696-0.005060826-0.00282380
~5,43732983 0.2002%435 0.12111005-0.00045696-C.00718620 0.030003864
2435963,5~5.64T762737-0.06657272 0.10462775-C.0C005791-5.00661309-0.00283563
~5.447¢2737-0.G2944686 0,12247740-0.00505791-5.00719534 0,0000297!

24386000.5-5.44197659~0.33007954-0.00839552
“5.44197059-0.30709222 0.12348608
2436040.5-5.42260128-0,%9420177-0.1223"321
=5.42540128-C.59384062 2,126413305

C.00659857-0,00203%14
0.00034058-0,00714342 0,00002071
9.00C73755-0.00656477-0.00283435
0.30073755-3.00715051 0.00001165

2436080.5-5.383C0173-0.85579707-C.23553332° 0.C0113194~-0,006511080-0,00282127

~5.393C0103-0.870385414 (.1244)8%8 0.02

2438120.5-5.32909383-1.11489335-0.34770334
=~5.32989382~1.16130138 0.12434CeT

2436160, 5- .th & 37073718-0.45942207
6124209-1.44036034 0.12389975
20)‘2’0.5 5 nrus»-x.uzsahzz-o 56951923
§.177265%6-1.71521972 0.1230977<

2436240, 9 ! 07813936~1,06969955-0.,67795531
~5.07613%36~1.98507735 0.12193647
2636280.5-4.96619615-2.11137542-0,78441323
~4.96419615-2.24913874 9.12041891
2436320.5-4.83572906-2.34683537-0.88857615%
~4,83572906-2.50662121 0.11854905
2436360.54,673C9962-2.57543038-0.99013435
+4.69309C62-2.75675634 0.11633185
2436400.5-4.53067176-2.79647312-1.00870422
~4.53687176-2.99879453 0.11377:17

2436469 .5-4,36089740-3.,00927699-".18422063 0.

~4.36689743-3,23200420 -1087859
2436400.5-4.18422000-3.21319616-..2T7617677
~4.18622800-3.45567261 0.1076S5657
2436520.5-3.98915899-3.407595606-1,26424418
=3.98915899-3.66910106 C.10411843
2436560.5-3.78222400-3.59185994=] 44845365
~3.78222400-3.87181750 0,10026859
2436600,5-3.56399214-3.7¢337668-1.52023706
~3.556399214-4.06257081 0.09611934
2435640.5-3,33506715-3.92763713-1,63343561
=3.33506715-4.24133629 0.09168135
2438680.5-3.095608489-4.078C3780-1.67360065
=3.09608439-4.4073.633 0.08698795
2436720.5-2.84771454-4,21607870-1.73939281
~2.6847714%54-4.55993873 C.38199038
2436780,5-2.59066042-4.34126765-1.T79938377
=2.59068042-4.69866097 0.07476231
2436800.5-2.325661L6-4.49314252-1.85355708
-2.32566106-4.82297391 0.07129987
2436840.5-2.05348732-4.55127597-1.90231057
—2.05348733-4.93240237 3.06561708
2436880.5-1.77493753-4.63527554-1.94515637
=1.77493753-5.0265%417 C.05973060
2438920, 2-1.49083742-4,70478356-1.90192094
~1.49283742-5.10691139 0.05365738
2435960,5-1.20203905-4.7594 7T62-2,01244515
=1.20203905-5.14723472 0.04741506
2437000, 5-0.909‘2311-#.19901200‘2.3365!515
0.90942272-5.21316564 0.04102231
2&31(‘60.5 0.613089899-4.82332695-2.5542"478
=0.613896Y9-5,24243176 0.034498%0
2437080.5-G,31639632-4.03204257-2.08522667
=C«31639632-5.25480920 0.02786374
2437120,5-C.01786802-6.82506943-2,06933269
17066408-5.25012511
28572392~ 0230244~
0.28372392-5.22025629 0.
2437200.5 0.57830891-4.76368684-2,05777505
0.97832691-5.12913233 D.C0750250
2437240.5 0.87412925~4.70921638-2,04163650
0.87412925-5.13273782 0.00063582
2437280.5 1.16693377-4,63894159-2,018644800
1.16693377-5.05911773-0.00623284
JA5578669-4,.55296838-1.9042240L
1.45578669-4.96837711-0.013C8024
b 5221509
.C198829C
+97888695
«C2651715
+85893187

24371060.5

2637320.5

2437350.5

2437400.5
2.317566T4-4.73625660-
2437640.5 2.28466133-4,20274657~
2.20846133-4.595389G 1~
2437480.5 2.55134410-64.05615234~,
2.55134419-4.43843223-0.,63978434
26437520.5 2.80521744-3.85"23°32+1,73984158
2.805217444,2858C715-0.14816902
2437560.5 3.04910296-3,72046573-1.67062443
3.04910294-4.078C0281-0,v5238926
2437600.5 3.2A204697-3,53234866-1.59551543
3.20204697-3,87557253-0,55842148
2437640.5 3.50212310-3,33146386~1.51"83898
3,50312310-3.65913379-3.06424253

2037640.524370640.5

113194-0.007C9669 0.00000258
0.09152273-0.00643987-0,00279997
6.3019227)- qOONN!h0.0WMﬁAl
901 939S1-Ca0083092] - 271“31
0.00195901-0.00692734~ .0 31
0.00228983-0,00524008-0. 002131
2.00223983-3.00681229~0.00002455
€.00266434-0,00611265-0.00268749
0.C266434~0.00667728-0.0000335C
0.07303181~0.00596716-0.00263405
0.0039.151-2.006522% 3-0,00004236
3.97339037-0.00580391-0.0025727%
0.00339037~0.006348308-0.00005111
3562120 0.00250385
615525-0.00005972
0.3 aonu-c DQMIS'M -C. 00242740
0.vCe07926~C.00594361-0.06056818
$3440753-0.00521171~0.00234363%

0.00440753-0.00571389-0.00" 37648
0.00472387~3.00498159-0.00225262
0.00672387-0,00546657-0.00008453

0.00502735-0.00473361-0.00212465
0.{0502735~5.00520208~0.00009241
0.00531702-0.00447493~0.00204978
0.60531702-0.004°2103~
0.00359204-C.J0419953~
0.00559204-0.00462402~3. 03010738
0.20583155-0.00391C23-0.001 32056
0.00505135-C.00431176-0.00011444
©0.02609477~0,003 1763-0.00169669
©0.0060947 7~
0.30632280~
0,506 32080~
«30652882~
0.00652882~

200014958
0.33716484-0.00155380-0.0038 .1 74
0.00716484-C.00176042-0.00015402

0.0073555 -0059‘1&0-0 00016154
0.0074187: +00341284-0.00035842
0.03741676-0,00952137-0.0001045¢
0.04T45440-C,00022231-0.00019179
0.07745440~0.00029678-0.C0016708
0.00746807 0.00237143-0.00002322
0.02746807 0.0Cu33150-0.00016908
0431745732 0.0C0THTLS 0.00014881
0423745732 0.00uT76222-0.00017054
0.00742176 0.(G116347 0.00031779
0423742176 0.00119404-0.00017145
000736103 0.0C0155984 0.00048915
0.23736103 $.00161549-2.00017178
$.0)7274986 C.0L1953E5 0.00066029
0.0,727495 J,03205506-0.00017154
0.00716344 $.00234423 6.00083062
9.00T 10344 C.00248127-0.00017072
0.03702649 C.00273029 0.00099954
©.0T702649 3.00290254-0.00016931
©.02688612 C.00311015 0.00116848
0.4C686612 0.00331749-0.00016730
0.03867640 0.00368244 0.00133078
Qe 667640 J.0(372441-0.00016469
0.026486357 G.00384562 0.00149179
0.35646387 5.00412167-0.000156147
0.63022600 C.0C419811 0.00164462
0.03822000 U.00450753-0,C0015765
0403596429 J.0C453841 0.00180121
G.00596429 0.00488037-0.0G015325
€.0)567904 J,0C4885C¢ 0.00194830
0.03567904 0.0.523856-0.00024826
0.00537103 C.N{517657 0.00208945
£.025371C3 J.00552054-0.00014269

#OLD YOUR HAT, THMAX HAS BEEN REACHED

2.0043
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PRy

S PRG2 STEPWISE REGRESSIDN PROGRAM
N MTOTAL SDIN SoouT 01AG
s 110 10.0C0000C-18 O, 10.002V00E-09 R
NO. OF COEFFS IN REGAESSION = 0 SUN OF SQUARED RESIDUALD =  3.42265E-15 5.0. UF DATA = 5.57809E-C9 .
COEFFS IN REGRESSION COEFFS NOT IN REGRESSION
IRDEX COEFF 5.0. COEFF/5.D. INDEX  PREOICTED (COEFF/S.O0.)
1 3.1096£-08
2 3.1860E-07
3 1.58556-07 '
. 1.5005¢-03
5 T.1163E-06
3 1.3139C-08
INTRODL.ING COESF MO, -
WO, OF COEFFS IN REGRESSION = 1 SUM Or SQUARED RESIDUALS = 3.42265E-15 S.0. OF DATA = 5.40352€-09
COEFFS [N REGRESSION COEFFS MOY IN REGRESSICN
IN9EX COEFF 5.0, COEFF/S.0. INDEX  PREDICYED (CUEFF/S.D.)
1 1.84816-0¢
2 3.1689E-07
3 1.57636-07
. 5.08088256-15 3.3861E-10 1. 563 HE~08
s 1.0881E-05
. s 1.2943t-03
'NTRODUC ING CUEFF ND. &
NO. OF COEFFS IN RECRESSION = 2 SUM OF SQUARED RE5IDUALS = 3.42265E-15 $.0. OF DATA = 5.62950€-09
COEFFS I8 REGRESSION COEFFS NOT IN REGRESSION
N INDEX COEFF S.0. COEFE/S.D. INDEX  PREDICYED (COEFF/S.0.}
1 1.6187E-06
2 3.1541€-07
3 1.56896-07
. S.04CTR3IE-13 3.40196-10 1.4817€-05
5 8.18432-08
6 403879131615 3.39026-10 . 2743E-08
INTROLICING COEFF NO. %
NO. OF COEFFS IK REGRELSION = 3 SUM OF .G 'RED RESIDUALS « 3,42265E-1% Sel. UF CATA = 5.65574E~09
'y
COEFFS IN REGRESSION COEFFS NOT [N RESRESSION
INDEX COEFF 5.0, COEFF/S.0. INOEX  PREDICTED (COEFF/>.D.)
1 1.23526-0¢
2 3.1388E-u 7
. 3 1.5631E~07 :
4 5.6961299€-15 3.51126-10 1. 6223E-08
s 8.4678435E- 18 1.03976~10 8.1043E-C6 s
0 3.8219348E-15 3.48126-10 1. COZLE-08
INT.0DUCING COEFF NO, 1 !
NO. OF COEFFS IN REGRESSION = & SUM OF SQUARED RESIDUALS = 3,42265€-1% 5.D. OF DATA = 5.86236€-09
COEFFS IN REGRESSION COEFES NOT [N RECRESSION
INDEX COEFF $.0. COEFF/S.D. INDEX  PREDICTED {CUEFF/S.0.)
t 1.4T36584E-14 1.19316~09 1.23526-¢5
2 3.1225¢~97
3 1. 7526€-07
4 8.49082416-1> 4.1910€-10 2.0263€~08
s 3.37752664-18 2.29986-10 1. 4680E-C3 :
s 2.2103935€-15 3.7273€-10 5.9362E-Gé
INTRUBUCING CUEFF NO, 2 .
NO. OF COEFFS IN REGRESSION = 5 SUM OF SQUARED RESIDUALS =  3.42265E-13 SeD, OF LATA = 5.T0935£~09 ‘
COEFFS IN REGRESSION COEFFS NOT IN REGRESSION
1NDEX COEFF $.0. COEFF/$.D, INDEK  PHEDICTED (CUEFF/S.D.) .
1 1.47363806~14 1.19E7E-09 102294E-08 :
2 2.39612226-10 7.67376-10 3. 1229847
3 1.5862-C7 -
. 8, 4908214E-15 4.2109E-10 2,01 4E-05
s 115287€-15 2.31CTE-10 1.4617€-35
6 1CIPALE-15 3.7450€-10 5.93226-08 ‘
5
INTRUDUCING CUEFF NO, 3 :
NQ. OF COEFFS N REGRESSION a & SUM DF SOUARED RESIDUALS = 3.42263€-15 5.0 OF DATA = S.73674€-G9 =
COEFFS IN REGRESSION COEFFS NOT IN REGRESSION B
INDEX COEFF S.0. COEFFIS.D. INDEX  PREDICTEU LCOEFF/S$,D.)
i 14736578614 1.2445E-09 1,3238¢-03 :
2 2.4121979E-16 147112610 3.12826-07 .
3 ~1,2310783€-1¢ T.7612E~10 ~1,9862€-07 LN
: A $.4908203€-18 4.2311€-10 2. 0060E~CS
. s 3,3775253€-15 2.32186-10 LoasaTE~C -
s 2.2103943E-13 3.7630E-10 S8 IA0E=CH i
' LITILE OMEGA TILTA ]
1.7359537764347776-114 §
o THIS IS POR  FATRIX A
9,7134944901707390-01 236363380 75051911-01 2.2759930064332457-02 14
~2,3639104907684363-01 9.7160804703533210-01 1.4813923471320543~03 i
2,2464182152272161-02 3.9450616706304590-03 9.9973988151206,31 -0t .
’ ELENTS
o
Cow 5.2026354205759064 00 1,4502773936048945-C3 4.6910798449332077-02 2.2010075291303532-02
LB 70 1.7444734190326020 60 4. 7773833140968733 Cu 5.2796462381664 117 00

-
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haad o

XSOLVE

1.4736578275349C59-14
3.377525286142.515-15
NEW  PQR

9.T7134944901703260~01

=2.3659164907701308~C1

2.2664182152272093-02
ELLIPTICAL CCRRECTIONS

1.7572103241202286-14
~1.0904299553399210~14
NEW ELEMENTS

$.2C26554205759239 00
1.7446738198327909 CO
KEPLERS 3 RD LAW MU

2.96194761150CT8T6-04
RMS  DIFFERENCE NEGLIGIELE

RNSUI+1}s  0,55780857E-08
RMS{I) = U.557808b6E-08

PLOD  HAS CONVERGED AT

2.4121977118558718- 16
2.2103943163704232-1%

2.3656338075068¢58~01
9.7160804703529102-C1
3.9458616360504067-03

©.0000009000000CL0 €O
1.8449967717600669.~13

1.45)2773936045872-C3
4. TT738501 48970576 OO

S ITERATIANS

AND & SIGMA VALUE OF......s 0.35T80B59E-08

JULIAN CATE..ccocovunecccsevers 2437680,50

£LAPSED TIMF Ir, DAYS.

. “400.00

NUMBER UF INTCGRATION STEKS.. 110,

SIGMA SQUARE X Novasssesverss 0.3422094TE-14

X = 3.50312310
PLOC will WEGIN TG WRITE

eaee STATISTICAL ANALYSTS
MEAN DEVIATICH .
SurS CF SQUARES RESIDUALS
STANOARD DEVIATION..
MAXPMUM  RESIDUAL ...
MININUN  RESIOUAL oo

SUMS CF SQUARES RESIDUALS

STANDARD DEVIATION, vavevovcne

MAXIMUM RESIDUAL ..
MINIMUN  RES §OUAL

STATISTICAL ANALYSIS FOR RESIOUALS 1IN ...
/

MEAN DEVIATION oecavosesssasseaMDRSUMIDELTA

¥ - ~3.331463866 I =

AN EPHEMEQLS

FOR  RES'DUALS 1IN ..
MO=SURIDELTA) /N

ECLIPTIC POS~vetl FROM TRANSX AND EJUATORIAL POS-VEL

3.349356648772¢823 CO
5.5856549787634442-33
3,3493566487722623 09
5.58565497876344642-03

BEGIN ITERATION

EPOCH  VALUES LQUATORIAL

3.3493566487720823 0C

5.5856569787634442-03

ELENENTS CHECK  FRON  SUBR

5.2026%54205759039 00
5.8331305207549845-02

TRANSFDSE PQA  MATARIX CHECK

9,7134744901782616-01
~2.385916490 /70401101
2.246410215227212%-02

ECLIPTIC ELEMENTS

5.2026554225759039 Q)
1.74456738198327%11 00

ECLIPTIC PCR  MATRIX
9.7134944501782416-C1

=2.3859164907T04812~01
2.2464182152272125-~02

=3.8124946543171.68 CC
5.3452354899199469-03
“3.4737659976601158 <y
4.96226006711934012-(3

2437280.50

~3.47V76599748011%8 (O
4.9022486717924072-03

ELEMTS

1.4522773930045960-C3
1.8660238252039782-01

2.26281773821274925-01
B.90TIITOTI5967539-21
~3.941516)310872487-C1

1.4%327739)6{45960~C3
4. 77738501 48970922 09

2.3656338075072339-01
9.7160804703528214~C1
3.94588163B6%046C8-0)

~1.2310753660494706~16

=-2.2159938061332172-02
1.4813923471370942-03
9.9973926151206251-01

2,2103943163794222-1¢
~1.5886163599611133-13

4.091075864'1334887-02
5.2796469381662519 00

-~1.51483896

x CELYA ¥

RADIYS VECTOR C0s8 oL

~ ~Ca153404426-08 0.33336370€E~13 ~0,2871053%€-09
SReSUM{DELTAee2)/N (. 18112653€-16 0.12876917€~16 C.12547199€6-18
SO=SQRTF(SP-MDI®2) 0.3 20L98062E-C8 0.35884422E-08 0.20746688E-09
Ua78397702E-08 Q. 1CB48758E-07 0.41677744E-09
ver =0e91347334E-00 ~0.63784634E-28 ~0.04141669E-09

AFTER ROTATiIN FROM CGCLIPTIC

~6.0212645073354245~02
~1.46606868841045C8-04
~1.572161202520.209 CO

1.99226608G6019393-03

-1.5721612225212809 00
1.9922660806019393-03

4.8910759649333613-02
5.2796459381652146 00

7.32643310429081471-02
3.8794364673751089-01
9.1878827570034434-01

4,8910758649333813-02
5.2735469381662148 00

~2.2759938061332155-02
1.4813923471374998-03
9.9973986151206087-01

8.4908203601065408-15

-1.0718030179981090-16

2.2810075291063422-0¢

DELTA 2
U A30B34CBE-08 ~Je5365417BE-0 ~0.17684230E-00
SRrSUMIDELTA®®2)/N  J.3223T7633€E~15 0.42768785€~15 0.TT7678954E~16
SCSQRTFISR-MDe®2) V. 17430276E~D7 0,20663689E-v7 (.8634213CE-08
Ge39057191E-CT 0.52507482E-37 0.19116845E-07
ene =Cok1252T4VE~DT ~D.4646T023E-0T -C.20076101€-07

DLAT=D8

4.0580714673142452-01

2.2010075291063497-02
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I .
" EPMENERTs FCRNAT FOR EACH JULIAN DATE IS
’f JUL~UATE EQUA. X EQUA. ¥ EQUA. 2 EQUA XDOT EQUA YDOT €£QuAa 00T TPFDX TPFOY
5 ECLP. X ECLP, ¥ E"LP. 2 ECLP XDOT ECLP YDOT ECLP 20OV TPFOP TPFLOSBOL
i 2433280.5 3.34935662-3.47376597-1,5/216120 0,02558565 0.00496224 0.00199226 0.2802 0.3842
3.349350602-3.8124946+ -0.06021264 0.02558563 0.00534523~0.00014661 =0.0244 0.0950 .
2433320.5 3.56656304-3.20903711~1.48966344 0.G5527¢199 C.00526498 0.00213154 d.2218 23.5097
2.56658304-3.59189036~0.06596402 0.0I527099 0.00548207-0.00014087 =0.0450 041065
2433360.5 3.17074730-3.05247253-1.40172687 0.02493468 0.0035880 0.0022641¢ 0.1417 1.5281
3,77074730-3.35817185-0.0T147464 0.00493468 0.00600069-0.00013456 ~0.052¢ Jet0il .
2433400.5 3.96106216-2.82662826-1.3086336) 0.00457770 6.00583323 0.0C238927 ~0.3062 2.4822
3.96106216-3,112099C5-0.07672238 0.004577™0 (.00629952-0,00012773 -0.0607 c.0755
. 2433440.5 4.13670254-2.58631727-1,21769123 0.0042C115 ~.00608190 G.00250645 -0.1091 042982
4.13670254-2.85449430-0.C. 58588 0,00420115 0.00657703-2.00012036 -0.0539 0.0400
2433480.5 4.29691118-2.33835801-1.1L 23224 0.00389638 5.00631242 0.0026150C -3.1539 9.209y
4.29691118-2.58624080~0.085 4456 0.00380635 G.006831/1-0,00011249 -0.0490 2.0220
2433520.5 4.44098741-2,08162171-1,00161344 0.00339478 0.00652057 0.00271436 ~0.1466 0.1134 )
4.44098741-2,30927781-0.99067906 0.00339478 0,00706220~0,00010415 “0.3368 ve 0074 .
2433560.5 4.56829089-1,81702571-0.89121273 1.00296798 0.00470522 0,00280401 -0.2275 D076 =
£.36029086~2.02160332-0.09467115 0.00296798 0.00726728-0.00009337 =2.3114 veOl2e
2433600.5 4.87024543~1.54553045-0.77742817 0.00252761 0.00686537 0.00288340 0.0647 0.0929
4.67824563~1.72725080-0.09830384 0.03252761 0.0C 744583 0.00008619 0.005% 0.3226
2433640.5 4.T7034098-1.26813509-0.66067580 0.032C7533 0.0070C007 C.00295232 0.0837 Lel2u1 T
4.T7034098-1.42630446-0.10156130 0.02207533 ,.0CT759(79-0,00007662 n.0C8T ve0296
2433680.5 4.8441385C-0.98%87618-0.54138952 0.001461303 C.0CT10843 0.00301012 De3336 0.2430
4.84413850-1.71908793-0.10442916 0.0C161303 C.00771920~0.00G06671 -3.2053 0.4530
2433720.5 4.89927614-0.69982120~0.42001837 0.00114267 0.00718576 0.003056%1 =04J468 Ja3266
4.89927614-0.80915924-0.10689467 C,00114267 G.00T81228~0.00005851 ~3.020% Q.0673
2433760.5 6.93547129-0.41106296~0.29702434 0.00066629 0.00724352 0.00309122 ~0.13%3 J42751
4.93547139-0.69530476-0.10894688 0,00966629 C.0CTBTL41-0.00004606 -0.5320 T.0551
2433800.5 4.95252675-0.12071150~0.17287688 0.00018%595 0.0G726937 3.003V1405 -0.1%53 341273
4.95252075-0.17953044-0.11057¢4 0.00518395 0.00790821-5.00003539 -0.0362 v.0281 -
2433840.5 €.95032227 0.17011061-0.04806066-0.00029631 0.C0T26701 0.20312483 -0.1723 -0.053¢ ’
4495032227 0.13694333-0.11177644~0.00029631 0.00791034-0.00002456 -0.7351 =0.0116
243308C.5 4,92882407 0.48027218 0.07494%589-0.20077638 0.0C 723632 0.00312345 ~0e1728 =-3.225) .
4492482407 0.43288602-0.11254063-0.00077838 3.00788163~0.00001362 ~0.3393 =0.04606 >
2433920.5 4.88803244 0.740638%4 0.2016%287-0.00125811 C.0071L7726 0.00310935 -0.1198 =0.2051 [
4.88808244 0.76706256-0.11.86539-0,30125811 ..0C782204~2,00000261 -0.2309 =2.0408 *
2433960.5 4.82823676 1.034C07814 0.323557133-0.00173322 C.00709005 0.003084C% =-0.0439 =s-1413 "
4.820235676 1.07824020-0.11274906~0.00173322 0.00773176 0.0000C 442 -0.9158 ~6.0293
2434000.5 4.74951452 1.31547238 0.44821580-0.00223158 5.Cu697528 0.00304617 0.3264 -0,0992
4,74951452 1.38519961-0.11219193-0.0022C1%8 C.0(781121 C.COODL942 -0.2010 ~(.0225 -
. 2434040.5 4.65222859 1.59172219 0.56910703-0.00266107 5.00683254 0.C0299643 -0.0263 -0.0212 “
? 4.65222859 1.68674174-0,11119650-0.C326610T €.007481C1 0.00093033 ~0.0067 -0.0028 H
2434080.5 4.53677285 1.86175482 0.68777523-0.00310975 C.006Lu433 0.00293508 -C.1818 ©.0021 3
4.53877285 1.98169552-0.10976674-0.53317975 C.00728191 0.00004112 ~0.3338 2.0147 1
2434120.5 4.45361905 2.12452573 0.8C376102-0.00354564 3.00667000 0.00286236 -0.33%9 ~0,0155 H
4.40361905 2.26891980-0.10790875-0.00354564 J,00707470 0.C0005174 ~0.0819 £.0277 ‘e
2435160.5 4.25331664 2.37902492 0.918817,4-0.00396837 0,0062%090 0.00277846 ~D.4125 ~0.0729
©.25331664 2.54731023-0.10363045-0.423966087 0.0068403% 0.00006213 «0.2797 v.0288
2434200.5 4.08648992 2.62428197 1.02591318-D.C0437155 0.0060081C 050268439 -0.3790 -0.1983 .
408548992 2.81580481-0.10294176-0.00437153 G.0C638C12 0.00007228 -0.0878 $.0071 i
2434240.5 3.90363500 2.8393739C 1.13123484-0.00475802 C.00574286 0.0025800% -0.2646 ~U 3804 S
. 3.9C38350C 3.07339233-0.3°98%443-0.006 75802 G.00629527 0.00000265 -0.9907 -6.0292 i
Do 24342805 3.70511160 3.08342952 1.23219021-0.33512473 0.00565651 0.00246616 -0.1785 “0,4623 3
- 3.70611145 3.31911749-0.09638177-0.00512473 0.0C598724 0.00009151 -0.0913 -v.0492
26343205 3.49413803 3.2956318¢ 1.32840879-0.00547029 0.00515044 0,002° 433) =0.2796 =L 4647
H 3.49413833 3.55200331-0.0925386C-0.0547029 0.00565756 0.000.0058 -0.2839 -0.0602 .
24343605 3.26878735 1.49522060 1.41954321-0.00579338 5.00482607 0.00221206 0.3187 -0.3495
) 3.26878738 3.77145407-0.08834112-0.00579338 u. 00530775 0.00010922 -0.3548 ~2.0526 R
. 2434400.5 3.03098372 3.60:49498 1.50527020-0.03609275 C.00448500 0.00207305 0.3536 “2.2342 n
- 3.03098372 3.57845822-0.08380710-0.00609275 C.00493953 0.0001174¢ “0e3343 -v.0397
. ~v36440.5 2.78169617 *.85381978 935C-0.03534739. . 0CAL2B8T 0.00192699 0.9125 ~v.1684
2.78169677 4.16639513-0.07892354-0. 02636739 C.0045548% 0.,00012509 -0.2297 -0.0229
24346805 2.521934%1 4.01162720 1.65934484-0.GI661640 C.00375943 000177458 -0.1400 ~i.1791
2.52193451 4.34063715-0.07380673-0.00561640 0.00415511 0.00ul3226 =0.0482 2.0042
203452045 2025273421 4.15641930 1.72718526-0.0C643919 0.0.337837 0.00L61655 ~0.2377 -3.2600
227273421 4.49863231~0.06838171-0.03683919 $.0C374264 0.00G13889 ~0.9720 v.167
2434560.5 1. 47515614 4.28176439 1.78860368-0.00703520 €.0G298735 0.00145380 -0.2159 ~0.2930
4297515614 4.63990082-0.06270239-0.99701520 (.00331907 0.00014497 =0.3744 G019
2434600.% 1.69028C59 4.39329767 1.064341726~0.02720400 J.0023808C6 0.00128642 -0.25%6 -v.3000
1.69028059 4.764C3463-0.05679138-0.05725400 C.00288623 0.00G15047 -0.0664 -0.0056
2434640.5 1.39920333 4.45872095 1.89147121-0,00734523 0.0G218215 0,0012157+ 0.3876 -0.2153
1.39920333 A.97069929-0.05067203-0.0:734523 L,00244592 0.00C15538 -0.3540 ~0,0335 .
2/34680.5 1.103€3193 4.56780533 1.93264022-0.21745873 0,061 77141 0.00094230 0.2485 ~0.2464 ‘
1.1C3C3193 4.95963472-0.04436833-0.23745870 (.0L2003CH C.0Q015970 -0 +0430 -0.0893 t e
2434720.% 0.80287658 4.63039166 1.96682863-0.007544644 C.00135751 0,00076683 0.2959 =0.1664 *y
g 0.80287658 5.03065652-0.03790448-0.00754444 (,0C155054 0.00016339 -0.2283 ~C.0633 ¢
. 2434760.% 0,49984492 4.67638671 1.99336960-0.00765256 2,0¢av6212 0.00059005 0.3085 ~3,n863 :
0.49984492 $.08365:97-0.07130490-0.007602%6 C.00109510 0.00016 4 -0.0076 ~3.0611
2434800.5 0,19303571 4.70575173 2.31402408-0,00763338 0.00352676 0.00041261 0.2502 3.1131
0,19503571 5.118%820.~0.02459396-0.00743335 (,00084T44 0,000160896 0.2248 ~u.0470
2434840.5-0.11046228 4,718 4872 2.02697909~0,03763707 C.00IL1297 0.00523519 1402 J.1141
~0.11048228 5.13440783-0.01779625-0.00743707 £.000L9722 0.30017082 0.9215 -0,0278
2434000.5-0.41557477 4.71484077 2.03284833-0.00761415-C.0002977¢ 0.00005843 0.0519 0.0041
~0,41557477 5.13440126-0.v1093627-0.00761413-0.0L024991 0,00017207 -0.0020 -0.0100
2434920.5-0,71924576 4.69478995 2.03167108-0.00756510~0.000703¥2-0.00011702 -0.2208 =0.1357 y
“C 71924576 5.11553746-0.00403848-0.03786510-0.00069236 0,00017271 ~0.0276 0.0079

243496045-1,02044377 4.65860611 2.,02351213~0.01749062-0.001104168-0,00029056 0.3069 =0.2644

~1.02044377 5.07909483 0.00287308~G.00749062-0.00112862 0.00017276 =0.0%543 0.009%
2435000.5=1,31816581 4.40655040 2.00845909-0.04T39142-C.00149731~0.00046163 0.1084 ~0.2631
31310881 5.025347635 0.00977485-0.00739142-0.0015573¢6 0.00017223 =0.0609 =0.0056
2435040.5-1,61143772 4.53893262 1.986462110-0.07726424~0,CC180210~0,00062972 0.2647 -1.197¢6
=~LeAL143772 4.95462370 0.01664369-0.09726824~0.00197726 0.00017112 -0.3352 ~Q2.0314
243%080.5-1,39931543 4.45010809 1.95812744~0,01712182-2,00225745+0.00079433 0.3718 ~G.1139
~1.89931543 4.86730033 0.02345689~0 J0T12182-0.00238711 0.00016944 =-0.0510 ~0.0564
2435120, 5 1.“0“5" 4435847795 1,92312783-G.00695300-3,0u262219-0,00095493 0.3908 =G.0881
«2,18008517 4.7638C515 0.03019214-0,00695300-C.00278345 ©,00018722 ~0.0298 ~0.0638
203!\60-5-!.‘552&93\ 4.24648768 1.00179186-0.)0678271- 2 1529-0.0011L107 0.2757 2.083
~2,45520931 4.84461423 0.03682784=0.0.676271~0.00317171 0,00016447 ~0.0108 =~0.083¢
H 2435200, 5-!-72161905 44012062317 1.83430758-0.00655196~0Q, 00)![!75-0-9012622 0e1518 vs0817 -

" =2,72162905 4.51024848 0.04334310-0,00635196~0,00354423 0.N0J16121 ~N.d023 ~0,0323
2435440, 5-2.9101.191 3.98140609 1.78087938-3,03632122-0.05364260~.,00140621 0.7592 0.0394
16791 4.36126743 0.04971796-0.03632182-0400390234 0.00013745 ~0.2010 ~C.0130
. 26!32‘0-5 ! !!Hlﬂ.! 3.87930859 1.72172564-0,C0607325-2,01395565-0.00156850 03131 =3.1017
2712913 4,19826484 V.05593303-0.07907325-0.00424%18 0.0L015322 ~0.0191 0.011%
g lQ!S)iO.! 3.##419607 3,6A515306 1.65707868-0.C"5807270.0.4283508~0,00168282 0.3367 =v.2381
& 45679607 4.02186728 0.06196977-0.00382727~0.004371496 J.00014853 “0.0426 2.0273
M 2438340,5- 3 69149190 3.48931006 1.58718371-0.C0352487~0,00453590-0.00181084 Q.0213% “0.2845

I *3,69149190 3.8327325) 0.06781017-0.00552487~ Q0014341 =0.)460 Q.0387 N
}) 2433400,5-3.90658271 3.30249793 1,51229912-0.00322721~ 0193220 0.3500 =0.2476
,:‘ “3,90658271 3.631%54903 0.07343730-0.03522721~ «00013787 ~0 40430 0.0324
W 2433440, 5-6 10947940 l.lo!!?"; 1.43249396-0.00491535-0. 005051 23~0.00204683 0.0972 =0.1307
13 4,10947949 3.41902995 0.07883313-0,00491535-0.00344833 0.00013195 ~0+3321 ¢.0101
@ 2435480, 5-~.zvvuuo 1434864691-0,00459040-0.00028328-0.00215432 0.1004 v.0018
J ~4.29903660 0.08398861~0,00459040~0.00570425 0.00012%60 -0.0187 +d.0121
3 !63”20.5-‘.516350!! 2080294948 1.24044479-0,0042533" -0, 00%49TT0=0,00225453 00249 Vel268
o 447655080 2,96294427 0.02888330-0400425337-0,01594084 0.00011902 043098 -0.0229
& 2435560.% -‘ 63978002 2.45905373 1.16838272-0.02399%33-0.00%9+030.00234 729 “Q.1440 ve.l602
- ~4,63976002 2.72090426 0.09350426-0.0339.'533-u.0061510¢ 0.0001)206 0.3380 =0.0131
T 24395000,.5-4 4548 2.22767226 1.07276390-0.0335+727=0.00587193~0,00243233 =0.3417 0.1302
£ =4, 70884548 2.47058144 0.09784436-0.03354737-0.008154%1 0.00010479 03678 9.0071
R 2433640.5=4,92343330 1.98934928 0.97382043-0.00316:563-L.00608107-0.00230959 03639 ~2.0091
=4,92343330 2.21278 0.10188818-0.00318063-0.00653165 0.0000972% 0.0592 Q40311
H!!‘CG-!-! 0431959 1.74%43837 0.47210171-0.00280629-0.00617131~0.00237491 ~0.3011 =0.1211
5,04319596 1,94832252 0.10362125-9.00280629-0.00668789 0.00008948 0.)429 0.0435
10”720-! ! 14704027 1.49609861 0.76769240-0.017242531-0.00629248-0.00264021 =0.207% ~0.2089
14784837 1.67802851 0.10903989-0.03242831-0.00682343 0.00008143 Q.0229 2.0522

72 :usuo.;-s 23714650 1.24229492 0.64099269-0.00203073-C,00039449-0.00269341 =0.0820 =0.1872 =0.1059
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~5.23714650 1.40272382

2435800, 9-5 !lJll5§$ U.984T9731
17685%5 .-12325028

2435840,5~ 5.!0 90203 0.72%38252
=5.36090203 J.84044947
2435880.5-5.41107395 D.46!02979
=-5.41107595 0.55%16847
2435920,5-5.43732983 (.19791904
=5.43732983 0.2682543%
2435960.5-5,44T62737-0.06657212
~5.46702737-0.019%4686

0.11213334-0.002034873-0,00093820 0.00007320
0.55232777-0.02064753-L. 0046 7715~0.00273845
0.11489387-0.00164753-C.007)3195 0.00006479
Qe442.2687-0407125279-0.00654L34-0.00277521
0411731360-0,30125279~0.00710455 J.0000561Y
0.33042140-0,32985557-0.00658403-0.0028%367
0411938742-0.03005857-0.007155%6 C.000GeT4T
0+21764620-0.C004596~0.00602826-0.00282380
0.12111205-0.32095696-0.00T18620 0.000C3864
Qe10462775-0,06005791-C.0L661309-0.002083563
0.12247740~0.00005791-0.03719534 2.00002971

2436000,5-5.44197059-0.33037054-0,00889532
-$.44197089-0,30709222 0.12348608
2436040.5-5,42040128~0,59400177-0, 12239321
~5.42040128-C.593£4062 0.12413365
2436000.5-5.38300103-0,85579747-0,23553332
~5.38300103-0.87855414 0,12441858
2436120.5-5.32989383-1.11489335-0,34798534
-5.32989383-1.16133118 0.12434347
2430160.5-5.26124209-1.37073710-0.45942207
~5.26124209-1.44030034 0,12389975
2436200.5-5.1772+956=1,62251:422-0.56951923
-5.17724556=1.71521972 0.12309175
2436240,5-5.07613936-1,86969955-0.67795591
~5.07813936-1.98507735 0.12193647
2436280,5- ﬁ.nnuu-z 11135342-0,78441323
4.96419615-2.24913374 0,12041891

2036320, 5-4.03572906- 2. 346834370, 68B57615
~4.83572906-2.50062.21 0.11854905
2438360, *4.69!09062-2 579430.38~0.99013438
69309062-2.75675€34 0.1163318%

2430400.5- « usouu—z 19647112-1,08878422
~4.53667176-2,99879453 0.11277317

2436440, 5-«.366«9140-3.00!!*00;-1 16422863
4.36689740~3,23200420 0.41087959
z-suuo.s-A 18422800-3.21319616-1.27617677
16+2280G~3.45567101 0.10763857

2436520.%-3. 98915099~3.40759500-1.34414418
8915899-3,66910106 0,10411863
2036560.5-3.78222400-3,59185954-1. 44843365
~3.78222400-3.87161750 010026359
2436600,5+3.56799214~3.765396568-1.52823706
~3.56399214-4.0625T041 0.09611934
2436640,5-3,33506715-3.9276371%-1,60343561
~3.33506715~4.24133629 0.09168185
2436680.5-3.09608489~4,0780376(.~1.67380065
~3.09608489-4,40731631 0.08696795
2436720.5-2.84771454 4.21807070~1.73909281
~2.84771454-4.55993671 2,081 )9038
2036760,5-2.59266042-4.34126765-1.79908377
~2.59046062-4.69366097 0,07676281
2436800,5-2,32556106-4.45314252-1.85355708
~2.32566126-4.822973C1 0.(7120987
2436840.5-2.05246733-4.55127557-1.90231357
~2.05348733-4.93240237 0.%656174%
2436800.5-1.77493753-4.63527554- 1.94513637
~1.77493753-5.02651417 0,05973060
2436920.5-1,49083742-4.704783%6- 1, 93192594
~1,49383742-5.10491139 O C5385738
2436960.51.2020390%-4.75947762-2.01244513
-1.20203965-5.16723472 3.04743506
2437000,5-0.909423T1~4. 7990 7280~2,U3658515
~0.9C9423T1-5.21316564 1.0413223,
2437040.5-0.61309599-4.52332695- 2,.5421478
~C.61380899-5.24243176 (.03449850
2437080,5~0,31639532-4.03204257-7.C6522647
~0.31639632-5,25480920 €..2746374
2437120.5-0.01726638-4.82506943-2 446953269
-C.01786608-5.25512511 0442113059
2437160.5 0.280723924.80230284-2.56Tub483
£.28072392-5.22825627 091434425

2437200.5 0.57838391-4.76368684-2.05777508
0.578306%1~5,14913234 0,30750250

2437240.5 0.8741292%-4.70921636-2,041636%0 0
0-818i¢v25-5.13273742 0,00063582 0.

2437280.5 1,16693377-4,63894159-2. 31864400
1.16693377-5.0%9.1773-0..,562328¢
2437320.5 1.+ 370669-4,9529683¢-1,98882408
1.455878669-4.v6837T11=-0.01308024
2437380.5 2.73966990-4,45145792-1,93221509
1.73968990-4,86U66165-2,0190829C
2437900.% 2.0L756677-4.33462632~1.90880695
2.01756674-4,736256462-0..2061715
243ITA40,5 2.28H66133-4,20274657- 5893147
2.288486133~%,59538901-0.013329900
2437480,5 2.55124419-4.05815234<1.110246831

2.55130619+4,43843220~0.( 3978434 0.

28375205 2.8.521744-3,89523932~1.73964150
2.8232174% 4.26580715-0.(4616%02
2437560.3 3,04910296-3.72046575-1.47062443
3.04910296~4,0T000281-0.175230928
2437600.5 3.20204697~3.53234886-1.%956154.
3.2B2G4637-3,47557253-0.,u5842148
2437640.5 3.50312310-3,331456366-1.51483896
3.50312310-3.65913379-0.U5424253

2437640.52437640,% HOLD YOUR  HiT. TMa

0400034558~ $9857-0.00283914
04000 34058-C,00718342 Q0002071
0.00073755-C.00656477-0.00283435
0.0007375%-0,00715051 0.0000116%
0,03113194-0.,00651160~0.00282127
0.0ul£3194-2,00709669 0.000002%6
0.00152273-,.00643987-0.00279997
0.02152273-L,0.702223-0. 00030648
0.001909%1-0.00634921-0.00277051
040C19,901~0.00692734-0.00001552
0.09228983-0.02624008-0.00273300
0.0J221983~0.00681229-0.000924%%
0.00265434-0.00611265-0.00268749
0,30266434-0.00667728~0,00003350
0,00303151-0,00596716-0,00263405
0403303151-0.00652253-0.00204236
0400339037-0.0C58G191-0. 00257279
0.u0339037-C.00634838-".00005111
0.403373992-0.00 562328 v. 00250365
0433373992-0.00 615523 3.00005972
0,00407926-(.00542576-0.00242740
G.00407926~0,00594361-0.20306318
C440753-Co00521171-0.G0234380
064.753-0.00571389-0.000UT640
0.00472387-0,0v498159-0.00225282
0.00472387~0.00546657-0.000C845%5
0.07502735-0. 00 473581-0.00215460
0.u0502735~0.0u520208-0.00009241
0.0053) 702-0. 0L 447493-0.60224976
0.00831702~(.0C4921.3-0.00010003
0.00559204~2,00419953-0.90193833
0.00559204-0.0040626C2-0.00610738
0,00585155- 0 101023-0-00102056
QU5 85155 31176-0.00011444
0 03609’477-u-003607&3'0.t 169669
U00609477-0.00398485-0.00012119
0.00632000-0,00329238-0.00156696
0.0v632068%-0.003844.0-0.00012762
0.C652802~,.00296515-0.00143167
0.G652682~0.00328998-0.00013369
€a00671793-0.0G262681-0.00129114
00671 793~0,00292365-0.00013939
0.05688743-{.0v227822-0.00114574
068874 3~ 254600~ 0014468
2 00703681-2.00192025-0.50099581
0.02703841-1.00215793-0.00014956
0.C0716484-0.0LL55380-0.0003%4174
0.007 16484=-C.00) T8C42-U. 20015402
0400727140-04Lul1T7971-0.00068386
0.03727140~C.00135440-C. 00515801
0436735558~ 004 79953-0. 00052261
0.03735558=0 . QULH4LI0-Q. 0016154

0.4374167 Ul 286-0.00035842
€0.741676-.00052137~2.00016856
0403745440-04000 032210, 02049119

0.03745440-0.00L05678-2.00016708
0452746807 La0uLL3T7140-0.00002322
0423746807 (,00.33195-0.00014908
0.0L745732 4092786715 U.3001%681
0.00745732 v.0LuT6222-0.0001705¢
0.02742176 (.00116367 0.00G31779
0.217421786 L 0L119404 <0, 20017145
Li55964
00162249~
0.0)721#96 L OL199365
0.L2T27696 L.0U2055C4-0.00017154
C.0NT16344 G, 00234433 (.00083062
0.u3716344 v, 0U248127-0.C0017072
0..0P02649 3.00273329 2.00099954
0.03752649 £.00290256-0.000.4931
0450686412 C.0L311418 J.00116648
04u685412 v.0u331T69-0.0001673C
0.00867640 L.0.348244 0430133078
2.00667640 374441-0.06016469
000646357 v 00386562 G.00149179
03646357 (.0°412167-0.00015147
0.03822600 J.0.419811 0.00154882
0.04622600 Z.00450753-0.0001%765
0.0596429 0.0C453E41 J.00140121
0.0.595429 v.0L4BHIIT-2. 00015325
0433567904 . 00486504 2.00194830
0ous56790% (a0.523836~0.02014820
0497537103 CHL1TSST 0.702Gn948
0430537103 C.0U5580%4-0.00C1426%

X HAS  BEEN RiACHED

0.0422

=4+0332

=0.0043
~0.0492
=0.0018

0.0038
=0.0012

06,0631
“~0.0014
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LXTTY) sens SUNMARY [T XTTY YT YT

GENERAL ICENVIFICAYIT . FOR PLOD
PLOD 1§ EPHEMERES FIT' . PV TAPE TU SOURCE TAPE E9005, 40 LAY RESICUALS
AND 4 CAY INTEGRAY STEPy, WRIVTEN 6,23/64 8Y CEVINE FOR JUPITeR
COORD TAPE 1§ E9/ 4RITYEN 8Y OROZCC BY PRE-EPHEM FROM CCRRECTED DATA
WETH A 2 LAY - SIZE, TAPE WRIVTEN 4/28/64

RECORD ' " 14 BCOY NUMBER b
START . 243328C.50 MAX DATE 2437640.5¢C
INT” {Ch  STEP SI2E ‘«C0 RESIDUAL STEP SIZE 40.¢C
: RIS STE® SIZE 40.00 ANUMBER CIFFS. L]
aTiaL PTG 0 CIFF CONVERGENCE ~0.99995999E~11
SICSQ TSt C.49999999€-CB RMS TESY 0.39999999¢-C2
g = C.99999$99E~C8 SCOUT» Ca
SCIN= 0.99999% /9E~17 FEAN HOMION FLAG

COMPUTEC S GMA IS 0.5578C859E-08

1180008204 NO  YAPES WRITIEN 1711701411

PLANET INVERSE MASSES
80000C.CCCO 40800C.0CCU 32939€.0C00 [ 2% 30635CC.0¢CC
1047.355¢C 3501.60C0 2286%5.0000 19314.0C00 3e0CCC.00CC
RADIUS VYECTCR RESEOUAL WEIGHT FACITR = 0.C9995999F OL 0.C9999$99E 01 C.C9999999E 01
081, 1QuUITY PSILON, ANC SIN ,CO0S OF T

74

4.0520619414299036~01
9.174366522509671¢-01
3.,9788118659275196-01
ECLIPTIC ELEPENTS
5.2026554205759239 OC
1.7446138196327909 00
ECLIPTIC PCR MATRIX
-947134944901783260-01
~2.3€59164907701208-01
2.2464102152272093-02

1.45C2773936045672-03
4.77173850148970%576 00

2.3656320075068858-01
9.71600804703%29102-01
3.945861638€504(57-C3

£POCH  PTSITICN AND VELQCITY EQUATORIAL

3.349356£487729823 OC
5.5056549787634442-03

~3.4737659974601148 0Q

4.9622486711534C72-03

sess  STATISTICAL ANALYSIS FOR RESIDLALS N acees

MEAN OEVIATICN cevecocvvecscessMDESUNIDELTAI/N

~0.43083C92€~C8

4.8510758649334807-02
5.2796469381£¢2519 00

~2.2759538C€1332172-02
1.421392347137C942-03
9.99739871522¢€6251-01

-1.5721812C25212809 00
1.95226608C€C19393-03

OELT: X CELTA ¥

2.2810071291C63422-02

DELTA 2
~C.83€51222E-C9 - -17684114E-00

SURS CF SCUMRES RESIDUILS ...SReSUMICELTAee2)/N 0.32237586€-13 ~,4276882¢E-15 0.776769510-16

STANDARC EEVIATIONs«eee
MAXIMUM RESICUAL ..
MENIMUM  RESICUAL ..

esewe STATISTICAL ANALYSIS FOR RESIOUAL™: IN ..
cacaMD=SUM{DELYAI/N

SUMS OF SCUARES RESIDUALS ..oSR=SUMILELTA®2)/N
ceesSCHSQRTF  SR-KDee2)
evese

HINIAUN  RESICUML ceevsersecccscsccccessanancsacann

MEAN DEVIATIOR <svaeas

STANDARE CEVIATICN«eese
MZXIMUR  RESJICUAL ..

eeesSD=SQRTF{SR-HDee2)

« RADJUS VECTGR ccse Ci
~0.,1534CA94E-C8 C.43376781E-15 ~0.28710547€~09
«10112659E~26 C.12876511£-18 0.12547205¢-22
0.39638C50E~C8 C.35284413E-C8 0.2CT74L¢08E-~09
Q.7035T€10E-GC8  C.1Q648755E-07 O0.41677742€-09
~0.91347331E-C8 ~C.63IT784625E-08 -0.841414692E-09

0.17430270E-C7 U.206637CTE-07 0.8624217%c~-08
0.39057183E-C7 C.52%075C9E-CT 0.1511£°58E-C7
tecsassassusccases sevee ~0ohl25276TE-CT -£.46466992E-CT ~0.20676CESE~0T

CLATeCB

vy

R

4

o
-

e e T g ¥ R e
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APPENDIX lil. PLOD Il PROGRAM LISTINGS

PLUDMR MAIN PRCHRAM FOR PLCO CHARLES J. QEVINE 1701764 PAGE 1

csssversncaesDIMNENT'CN  STATEMENTS sessvessssesseransseasinsnasensassnnses

CIPENSICN LMAXLS) UMENTS) ,rMAX(6),FMINTL)
CIMOINSICN XOSA(L) JRM(1)
CAMENSTEN DFLT{3)

CIMENSION YSTATS(343)

CIYENSION XTS{1}, CTE(L)
CUMENSINN DML}, OMSLL10)DTENPILY
PAMENSTON CARLL),AULLY XLITE(R)
CIMENSION XSTATS{3,3)

DIMENSINN YTIME(L)

DIMENS (DN ELM(T)

CIMENSTON SQRTNMULL)

CIMINSICN INDUTA(0)

CIMENSICGN AKU1),AKSIL)

CIMENSION XLB(3),1%1T{3,3),uT(3)

D2UG00NO0O OVIOITOODO OASOAN

CIMENSION PORT(3,3)1,C0S0B(1},51N0811LY $XJDO{1)
TIMENSICN  FP(3),PQL3),PRI3}
CIMENSION ELEMt?) ,EPSY{1),0PXYZI6) o xMui )
DIMENSICN FSFOPI(L)oFSTOPZ2LL) ¢STESTLL) SI1GH1) 4 XSOLVELL)
1 1 LPSILNGL)
OIMENSION PLANET(2),MWCRR{22)4NWORD(22),LWCRDIL22), KWORDIL2) “
1 » InORD122) JNGIL(Z4)
il CIMENSION UELTA{3),XNUM(11,S1GSQ(1) »SLIL) +XMEAN(1)
o CIMCNSTIIN AMAT(Oy5) s AMATi1640),BMAT (6}
D DIMENSIUN TIMEUL) $XYZU3),X100T(3),X2C0T(21,PCRI3,3),AL11,E(L),
LXNELY, 3ET(6,8)
bl CIMENSION HI1Y (THAX{L)
C CIMENSICN STATEMENTS (FROM CB)
r CIMENSICN CNATE {1) 4, XJDG1}
D CIMENSICN VOLT{3)
n CIMENSICH XOLC(3)
C CIMENSICY FOR ASw CUMMCN
CIMENSICH DUMYLU2720);CUMY2{22461 22000114 220ME11, Y7 LLL1Y20MLLD .
1X200 020, 720M11) 4 Z0CTLELILZ0CTMIL), YDCTLET) W YCOTM(L) , 200TL(L),
2XKGCTMEED W VZLIED o VZ¥ 1) (v YL IL) e VYMELT yWXLTL), VXML 4 XIDL(LD,
IXIOMEL) o SLETY pHIMiI 1) CUMYSIS) 4 EST{LI,SZ(1)4DIPI1) 4 NOPT 1) NODLL Y,
PLUBMN MALA PRUGRAM FOR PLCO CHAPLES J. CEVINE T/01264 PaCE !
4 JUDI1),r0o0E1), T5(2)
C
[
[4 sussesves END ODIMENSTON STATEMENTS csnsesnse visesurssances
c J—
< ese  (OMMCN STATEMENTS ese

COMMON [V MY L, DUAY2,220L s 2120MY2DL s Y20M X2DL, X20M 2ZDOYL, (COTH,
1YCCTL YD TMy XCOTL ¢ XCCTM VL ) V2N VYL s VY M VXL, VAN, XJDL, KJDM¥ o HSL  HSH,
20UMY 3, L354SZsCTPWNOPT,NODy JOC MO0, TS

(12 ENC COMEON e

READ  INPUT AN FORMAT  STATEMENTS —

NBEACEBI FESEARLINVERGEEIIRNNINIL &

sseen

»
.
v GROUP CNL [NPUT DATA wILL INCLLCE PHANET TC B[ INTEGRATEC, .
*» SOURC. TAPES FOR PLANCT,wRITE TAPE: SCLRCE FCR PFRTURBING BCN
e 1ES,BLC RECORD FOR EPHEMERIS TAPT. .
e GROUP TwO [NPUT DATA wWiLL INCLUCE CLPTIGNS SUCH AS MHAN MCTION »
4 W'TH FLAG'PRINT OPTICGHSyNC. TF ITERTILWS, AND CONTROL QPTICNS »
#  L20UP THREL LINPUT LATA witlL ¢ PROGRAM PARAMETERS FAR PLOD .
a  AND CORTSZ,INCLUDING STEP STZF (INTIGHAT(ONPRINTTAPE, .
o NORMAL EQUA [CGNS, EPHEMERIS,FTCL) 9AND TCLERWNCES FOR SIPRG, L}
% FNR CONVLRGINCE,AND FORTSZ DIFF TAMLL CCNVERGLNCE *
®  GROLP FOUR INCLUFES MAIN DATA DECKywilL BE JULIAN DATE »
® FULIUNED 8Y X:YeZeXy¥y29GR ELLIPTICAL ELFMENTS A,€41,LUNG -
®  ATC.NOCE.ARGLPERMEAN ANUML,OTHERWESE DATA WILL RE REAC »
*  FR04 TapPt b
. .
. .

CTTIRE Y]

BRNTYBRNIRRRRBIL PG EIINUBANS

GA0UP ves CNE

ANEAAAOECANDONNONNANNANNANN

49 CONTINUE
WRTYL OUTPYT TART 6,39
19 FORwAT (ML}
RE/D) INPLY TAPE Syw4as JENPYNBCD 1, {PLANET (1) el=142)
44 FOAMATI214,2A6)
READ INPLT TAPE S,4L1,MTAPT,MTAPG,PCHAN I TAPL s NTAPD, NCHAN,
1 LTAPE L TAPOLCHAN  KTAPE ;K TAPD KCHAN 4 I TAFE
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nAaAfnAAN

NoenAnen A

LY Xala kol

PLUC S FAYN PROGRAP FOR PLCD CrAPLES J. CEVIVE TICLI08
4L FCRMAT(A1T13-88.A00,13)
RTA0 INPLT TAPE 3,112, 4nw0RCEENo0c1422 1o tMaOADITS1w2,22 ),
SLBCRCLI1.121522 Do (RBIR0U13,1¢1. 200, VRCRTIL) o 101,22}
1i2 FUPwAT{124671048)

€x0 Cagur OnE

nesease res ssse

GAQL? ose

43 COaTeiwug
REAL INPLT TAPE $,48,KAR,LAF,XAN,PLAY, JAR, X NCBCOH
1 KPCS,PEAN o ITRPAY NEPCCH, COF o AECLPT, KN

«5 FCRMAE{]4 14}
Ex0 SROUP ™0

GROUP  ees  THREE

“7 CONTImE
PARAZETERS FOR FCRTSZ, INCLUDLS STEP SIZELCIFF TASLE COMv.,ITC.
RELD LMPUT TAPE 3,48.RL ,JC NC oNFT 1L M F5
40 FCRRATIS1L,F12.8,617.8)
PCCLJOD N oNCPT,ARE 817 IK FORIKAN,SO AKE SHIFTED TO 83% Ik FCROV
FCR FGRTSY
A% CONTINUE

PARRRETFRS FOR PLOCANC PLOC SLORS.,CONV. o TCIERANCE, STPRG. ,ETC.

READ INPUT TIPE 5,53 MRAK,NFAX (MPRINT NFRINT (XPRINT . NSTEP,LEPH®, PARAINTOPT
1 NEM TR, PTEST NREL .

2 SYEST -EPSILN,CO,SCCST, SCIN,CEPSEL,

3 FST0P1.FSTORZ 5T€2 OPT

30 FCRPATIICIISAELT.S/2627.8,2F12.6)
[N CRQUF  THRZE

PLOINN HALA PRIGRAP FOR PLLD CHARLES J. CEVINE 1701754

LALL DPIAPTINT,3)
SRITE QUTPUT TAPE 45,2017

2017 FCRATL1RO, 15M WEIGHT FACTOR// )

Y- N-0- B - K- B )

CML DOUTPTINT,3,: )
CALL DPIAPTICAR,L, AU/l )

ILITE(CALOBA4S0.)/AY
CALL OPINPTIRTS¢2sXTEs14DMe 158N, 1,XPEAN,L)
TRCPIn3.141592453509793 2.0
XXJ22433282.42)
CALL DALIG MSRE FOR EPSILON
CALL DBLIGIXXILE-S))
EPSLaEPSIoTHOPE
CCSGR=COSFIEPSL)
SINGS=S INF(EPSL)
0C 120 I=140
URAX(1)=-1.0E~380
120 USINLT)=1.0E+38
MRECRD=14
X722
Kti=l
XCCNTRe] .0
X£1 40,0
2000¥«1,0
ENOOOY=RA00Y
NP LTER2
RES0e0.0
1TERAX=0
KRY=L
WNFLAG=2
GC TG 121422+23)¢MAR
21 CCRYINVE
WAITE QUTPUT TAPE 6467 HFAPG, RCHAN
&7 FORMAT{14M LOoA 2A6,13M ON CHAM. oAD//7)
PRINT 67:MTAPO, RCHAN
PAUSE TTTTY
CALL SDNK (MTAPEL
REMIND NYAPE
6C T0 24
22 CONTIMUE

MRITE QUTPUT TAPE 6467,NTAPO,NCHAN
PRINT 8T7NTH2O,NCHAN

PAGE 3
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PLITUN

23

24

25

26
135

27

29
c

Covear

#Aln PROGRAM FOR PLOD CMARLES J. DEVINE

P. USE TT177

CA_L SDNF (NTAPE)

RENING NTAPE

60 10 24

CCRTINVE

WRITE QUTPUT TAPE 6,728 MTAPCSMCHAN;KTAPOs NCHAN
PRINT 728,RTAPC,FCHAN,NIAPC,NChAN
PAUSE TT7T7

CALL SDMk (RTAPE)

CALL SON* [NTAPE)

RERIND MTAPC

REWIND NFAPE

CCNTINUE

GC TO {J25+2602/7.29) ¢ NSTEP
CONTINUE

READ TAPE MTAPE,xH1

REAG TAPE MTARC,XHZ
XMmXH2-XH1L

GC TO 29

CCRTINVE

FORKAT(34H BCC FROFM SOURCE TAPE HEADING//{1X.12A8 ))
READ TAPE NTAPENGIL

KRITE DUTPUT TRPE 6,135,NGIL
PRINT 1354INGIL (1),181,24}
REAL TAPE NYAPE,NBCDMC

GC 10 29

CCNTINUE

READ TAPE NTAPE,NGIL

WRITE QUTPUT TAPE 691354NGIL
PRINT 135, (NGIL (1),1=1,24)
READ TAPE NTAPE,NBCCMD

READ TAPE MTAPE,XH]

QEAD VAPE MTAPE,XMZ
XireXH2-Xr1

CCNTINUVE

-
sade

GROUP ver FCUR

7/01/64

PLOCHN

an

118

LXaKaXal

o0

333

n o332
iz

207
20n
209
21l

L LEE LT

214

r21s
216

11

<
118
C

MAIN PROGRAM FOR PLCD CHARLES J. CEVINE

CCFPUTE MASS CF PLANLTS.FOR TRANSFER TO CERLV,AND OTHERS,
CONTINUE
NPLANNBCOY

CC 117 Is1,10
iF{0%{111333,332,333
Crstltel.orTn(l)

6T 10 117

rrsStl1=0.9

CONTINVE

TFI4=NPLAN)209,2CT,211

GC TC {2C84209),AEARTH ‘
GC TC 211

NPLAKNeNPL AN ]

CCNTINUE

A¥=2,017202C3855C0C0°

AXS=AneAn

XMijaAKSe{ 1. *OMSINPLAN} + RP)
SCATMU=SCRTF(XMY)

rest4)aG.C

CPSINPLAN}S.C

T+iS IS CPVIO¢ FOR TEST RUN WITH ALL PERTURDING PASSES IERQ
GC TO (2145218)4¥7EST

CONTINVE

re 21y [=1,10

TFSLI1=0.0

CCNTINUE

WRITE QUTPUT TAPL 6411

CALL DUUTPTINMS, 10,10}

FCRMATUIFG, 61k COMPUTED MASSES wITH »AIN RACOY AND EARYH
1 T RN

CCrTINVE

T/017%4

SET

PAGE 5

PAGE 4
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PLUCHN FAIN PRIGRANM FOR PLOD CHMAKLES J. CLINE 77017064

5

e

o

a

7

.

a2

naa M oA

63

EEE-T-E Nl Y- X ]

v

XYL TY YY)

GC TG (55485, 701 NFPCCH
CCRTINUE
FERL KD, YPAX XYL, 2DCT,¥YDOY,2DCT ARE REAL IM AT {POCH

CALL DPINPTIXJIC,1¢THMER(LsACLCy3.VELE D)
XJruszJo
SC TG &

CONTIWE
FERT XJD TMAX, B, E4 I +LCNG ASC,ARG PER/MEAN SNCHM ARE AEAL IN

CALL TIRPIRPT{XIC,1,THAX, 1, ELcP, T}

XJiCosxJe

ACTL ELEF(2) wILL BE READ OR CCMPLTEC. 1F COPPUTLC SET TG ZERC
OC TG tbleoli ¥iay

CONTINUE

SC 10 wWPERE XML IS LOMPUTED, AAD RETLAN

MNFLAGR]

TONT [HUE

ELEP{)= () JELEM(I) JoSCRTFIXMU/ELEPIL))
GC G 63

CCAT EUE
ELEM{21=XNEAY
ELEAT L) {XPL/ELEVI2)0e2)0e (Y VY, )

CorTInug

FAFLAGES

22 ELEMLD)

Y= ELEML2)

Ex ELFM(3)

FCRE PLR MATUIX SOR TRANSX

SINP=SINFLELENMLG))
CCSP=COSFIILEMI5))
SINLsSINFIELE¥(5))
CCSLaCOSTLELEMLIS))
SINI=SIHFLELEFIAY)

PLUCHN MAIN PROGRAF FOR PLCO CHARLES J. CEVINE T/C1764

aon o0

1361

BaNMNINOTGCANAOTIATANNAINN

1303

BNIBIAMAN

CCS12COSFIELEMC4))

GC TO [1202,13C11,NECLPT

FERE ELEPERTS WILL 8% TRANS FRCM EQUATCRIAL TO LCLIPTIC
COnfINUE
CASE ONE,SCLVE FGR LONG ASNCCE: INCLINATICN

SXsSINfeSENL
SY=-3I{NO8¢COSL4CCSUBESINTSLOSL
SI=CCSORRCCSI#SINOBeSINTSCOSL

CALL SPMERISXeSYoSZeRHGGeXLNXLAT]

VAFRI=3,14159265358979324/2.
ELERIS)=rAFP[-XLN
ELEM{&4)=-AFPT-XLAT

CASE TwO SCLVE FGR PERIHELICNs INCLINAT{ON

SXwSINOB®S INL
SY=COSO84SINL-SINCBCOSTeCOSL
$2=COS0BeN0SI+SINOBeSINISCOSL

CALL SPMERISKeSY+SZyRNCGsXLNJXLAT)

CPEGASHAFPI=-XLN

ELEMIG)2ELEMIS)-ZNEGA

CHECK2HARD {-xLAT

w4 ITE DUTPUT TaPE 0¢1303

FCRMATULRN, 400  ELFMENTS ROTATED TACLUDING [ CHECK//)
CALL OOUY TIELEM, T, ?4CHECK,),1)

NCk “OMPLUTE NEW SINP.SINL.SINI,ANC COS

SINPsSINFIELEM(GY} PERIKEL

CCSP=COSF(kLEM{O)) PERIHEL

SINLSINF(ELEM{S)) LONGASN

SCSU=COSFLELEM{SY) LONGASN

SINIeSINFIELEM(4)) INCLINAT
COST=COSF{cLEN{4)) ENCLIRAT

PaGt 7
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PLOONN KAIN PROGRAF FOR PLCD CMATLES J- CEVINF 1701764 PAGE 9

[4 HERE ELEPENTS MAVE BEER RCAC IN ELLIP(IZ,ONLY CORPUTE POR

1302 C'.NTINGE
CCPPUTE PCR

deR(Y . )=COSPeCOSL-SINPoSI.at ~CCLI
PCREZ,1}a-SINPARCCSL-COSPSINLTOS]
PCAL3,1)=5INLeSINL
PCR(1,21=COSPeSINL+S NPCCOLPCCSE
PQR{2,2)=-SINPeSINL4COSPS(OSLECOS]
PQR(3,2)=-L0SLeS I
PCALL,3)=SINPsSII
PCRE2¢3)aCOC oS INE

PCRI3,3)="0SI

AOW CALL TANSX TO =7 T XYZ,XDOT,YOCLT,2D0T
sasenasesecsscsen

TEIy WILL ALSY 8E MAIN PADGAAM RETURN PGINT

AMAAANAMNONADO020NDN3AN

65 CCoTINUE
£C 52¢ 171,3
U-AX{{)=—1.CCe28
uraxiied) LSe38
LaTsll)=1.Cke20
UsINi[e3 el vEe3e
CC 324 J=1.3
YSTATS{1,1)=0.C
XSTATSIT J)a0.C
XNp#20.0
CALL TRANSX {PLRIOVPETZSELENGXNL)
LE A5 17,2
n XAV taCPRYZIT)
S 56 \OLALIISEPX(L(143)

WRITE QUEPUT TAPE o0s13C4

-

52

om0

FAIN LCCP PEINT

1304 FCOMAT(LRC,90M ECLIPTIC PGS-vEL “ROX  TRANSX AND EQUATCRIAL PO

15-VEL AFTER AQTATICN FRCM ECLIPTIC//)
CALL NOUTPT IXCLE343,VOLD3e V)

PLOTKN MATn PROGRAM FOR PLCO CHARLES J. CEVINE TIC1764 PAGE 10
c ATTER TRANSX,ONLY KGTATE x¥Z,NANT-2
hoCT=g
c YFRE SET UP TRANS FRCM EQUA TO ECLIi?TIC
T S'NO=-$ INCH

TALL STIARS (ACLOC+VOLO(OELTALXLYLCFAT,
CALL DOUTPT(AOLD, 3, 34VELNy 3,3}

CCSGB,SINC 4APCY)

[ NCW XDLD,vCLDy ARE IN ECUATGRIZL
GC TC 4
(000 aeesRinsudveINusnRdertine asesatses
c
TU  CCMTINUVE
[
C FERE REAC TAPE AY ePCCH FCR INITIAL vALUES
C ATAPE=15 REAC YAPE NTAPE THIS IS THIRD INPUT CHCICE
c
Catl OPINPT (XJT,1,TVAX,1 )
T XJE0=XxJ0
3 ACAD TAP® NVAPE,CDATE()),OCATE(2}, (XLLO(W) JXCLO{ 43 ), Mal 3},
1 (VOLD(M) ,VOLD (M43 ) eF2] 3}
n 1FCUGATE=XJD)I 3+ 24%

5 wRITE QUTPUT TAPE 6,8,C0ATE
PRINT B,COATLC

B FCRMATILFO,28F SOURCE TAPE STARTS AT F1C.1,220 INTHGRATICN

LSTCPPED/SOR CPLCRATRR  RCMCVE  TAPES o WALT
1¥  CALLS FCR  NeWw TAPES//)
GC 1O 1077
2 CCNTINVE
RACKSPACE NTAPC
& CCONTINUT
Gf 1O {1C02,10C3)¢KRY
1002 CCNTHWE
KRY«?

LCENTIFICATICON

10 SEE IF  PRNGRA

LETY YT ST YT YYRYY Y YT

ARITE DUTPAUT TBPE 64543 :0EPSIL XMEANJMEAN S KAN LAKKAN PAY o NSTER,
NPRINT, JAM NEPHMMTEST, ITRMAX(NEPOCH,

NECLPTNRELy JENC
S43 FCPMATL2X//7

33-18e
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PLOGVA PAth PRUGRAY FOK PLCO CHARLES J. CEVINE 1704764 PAGE 1}

L] 25H  DEPSU vE186.8/26H WMEAN MCTICN  INPU
17 PL16.8/26n MEAX Wl&/726H  RAF
2 1147260 LAV 167264 *aAN
k) 21467260 1AM Wl&/26M NSTEP
£ (47268 NPRINT Wl&f200 JAM
> 218280 EPHY h&/26F RTESY
[ vl&/EF  1TAPAX 147268 NEPGCH
T alhr28m  MECLPY J4726H  NREL
L] v 147260 JENC W14/77247)

C

< EC WE WRITE A RESIQUAL TAPE FGH (Kk-1) INTESRAVIQNS

[+

GL TG 110941100 :FRRINT
107 CaLL Sun+(iTael)
AERTKN [TAPE
[~ T TN}
WRITE TAPE TTAP&9(TaCROUI) 114220 (PLANETIL Y (21,21
wPiic TAPE ITAPL XoGCYsUCHNIXITG, T#2X,FSTOP (XNBODY ,FSTLP2
XKi2sKTAPE
K13sNPRINT
KleanAN
KTAPESITAPL
APPINT=3
Kih=2
ARR{TE=1
®REFE OQUTPUT TAPE ne20Ce CTuCRDLI)  I=1,22),IPLANETLII,1n1,2?,

L XBODY.UCOR  »XJCC, THAXFSTCP2, XNBOCY,FSICP2
110 TONTINUE
c
4
< EPCCr OPTICNS ANT AEPRIMT OF EPOCK DATA.PLUS MFAN DPTICN
<
Casssoec sesse sssasnasnsanvee .. tsnes
4
GG TO 11C08,201C1C17°  yNEPGCH
€

1006 CONTINGE ! nEINPT
: WAITE QUTPUT TAPL ©,1015
1015 FCRMAT(IFC,56F INPUT DATA 1S Y CARDS IN DOUBLE -PRECISION

t CEC///3
CALL DOUTPTIXCLL; 3, 30V0LDs3e2)
GC TL 1030
PLOOMN #ALN PROGRAM FOR PLCD CHARLES J. CEVINE 7701764 PAGE 12
o o0 XXTIYYYY Y .
c
1C10 CONTIME ceier
MRITE QUTPUT TAPE 6,1017 OPINPT
1037 FORMAT{IFA.46K INPUT DATA IS 3Y CARCS D.P. ELLIPTICAL///) *

CALL DOUTPT{ELEM, 7,7}
WRITE QUTPUT TAPE 6.1018
1015 FCRMATI1FO,13H $CR  MATRIX//7}

£C 1019 isl,2?

[+] PPI1)=PQALL,1)

r PCLLInPQR(2.1)

C1019 PRI1)=PQR{I. 1)
CALL DOUTPTIPP3,3,PCy343.PR93,3)

WRITE DUTPUT TAPE 6,1021

1621 FORMATULHO0,364 TRANSFORMATION ChECK XYZ  YY200T//7)
CALL ODOUTPTIDPXY2,6¢0 )
GC IG 1030

AR eEr a0 aedeonas e e s IR AR et IaI It treR ettt ralie louitoRaraoItlenassssssonsese

[4
1012 CONTINUE Tap
WRITE OUTPUT TAPE 641023
1023 FORNATUINO,40H [NPUT DATA FROM SGURCE TAPE EPOCH///)
CALL DOUTPTIXOLD,3, 3.¥CLDy 3,3}

[4
1030 CCNTINUE
WRITE QUYPUT TAPE &,1016
1016 FORMATIIR0,22ZH END OF INPUT DATAZZ//)
GG 10 (1832,1034),MEAN
1032 WRITE QOUTPUT TAPE &,1025%
102% FORMAT(1h0,23H NMEAN PMOTION IS COMPUTED///)
GO TC 1003
1034 WRITE OUTPUT TAPL &+1026. XKEAN
1626 FCRMAT(IX0,3TH NEAN NOTION (S HELD FIXED AT Ele.87//1
G0 10 1003
1003 CCORTINUE
WRIVE GUIPUT TAPE 641027
1027 FCANAT(1WO.18H BEGIN ITERATIQN///}
1040 CCNTINVE
HRITE OUTPUT TAPE 6,1041,XJ00

R

MRS

O e ...jk
£
YA

Lo
)

EDAMAF A

LS S
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PLODKN MAIN PROGRAM FOR PLCD CHARLES Jo CEVINE 1701754 PAGE 13

1041

FORMAT(1HO0,29H EPQLM  VALUES EQULATORIAL F12.2//4)
CALL DOUTPTI(XOLD»3,3,\%L01353)

Cescsossencen sesne

7

XXl

coon

2004

2005

c
cil2o
2034

CONTIMUF
FSPeMill
KSL=M(2)
XJCM=XJ0{ 1)
XJEL=XJ012)
VIF=rOLE (13
VEL=XOLO(4)
VYFay LOt2)
VYLeXOLD{S)
vik=x0LDid)
VIL=XOLD(6}
XECTMsvOLODL L}
XCCTL=VOLD(4)
YCCTMaVOLDI(2)
YCCTL=VOLDLS)
ICCTHuyOLDE D)
2CoTL=vVOLD( 6}

LYY LYY Y Y YT IN ) te0ssecessveesnsee
SUBR TO COMPUTE PQR MATRIX AND TRANSFORM XYZ TO SUIPTIC

TC 6 1=1,)

CPXYZLI)=X0LD(L)

CPXYZ([+3)avOLEt])

St 0B= 0.0

CG Odte 1.0

CA'L ELENTS (CC 08451 0B.OPRYZ XYY WPQRT , ELM, MEAN, XNEAN)

WRITE QUTPUT TAPE 6,2004

FCRMAT{1%0,37H ELLMENTS CHECK FRGM SLBR ELERYS///7 )

CALL DOUTPT (EL¥,T.T)

WRITE OUTPUT TAPE 6,2005 -
FCRMATI1MO,33H TRANSPOSE POQR PAIREX CHECK /7/7)

tC 1120 1=1,3

PPLL1aPQATII,1)

PCLII=PORT{I,2)

PRUII=PQRT LI, 3}

CALL UQUTPAT(PP43¢34PQ93+30F1e3,3} ECLIPTIC

CCRTINUE

eacessacssersnnny

PLOOMA ®AIN PROGRAM FOR PLCO CHARLES J. DEVINE 7701764 PAGE 14

110¢

1101

n
t2020
2008

€122
nac1

Y
r13%0

1305

A w0 o

CALL ELEMTS (CCSCHy SINOB,CPXYZ, XNU +PQRY 4ELKyNEAN+ XMEAN)
URSTE OUTPUT TARE &,11C0

FCRMAT{1FD, 200 ECLIPTIC ELEMENTSZZ )
CALL DOUTPT {ELM,T,T)

mRITE QUTPUT TAPE 6,11C1

FCRMAT {1K0,23h CCLIPTIC PCR  MAIRIX// ¥
CC 2020 (xl,3

PRUI)I=PQRTI, 1}

PCL1)=PQRT{ [, 2}

PR{1}=PQRT(1, 1)

CALL DOUTPTIPP¢343+PGUs3434PR1343)

GC TO 175420C8+9C1) 4MNFLAG

CONTINVE

FC 122 1=1,3

£C 122 J=t,3

PCR{Jy1I=PQAT(I )

TC 2011 1=1.7

FLEML L) =ELMEL)

A=FLEMIL)

AN=ELEM(R)

E2FLENMLY)

CALL TRANSX {PCRyDPXYZ,ELEM)XMU}

CC 1350 t«1,3

XCLOL T sCPXYELT)

VCLO(1)aCPXYZi1e3}

WRITE DUTPUT TAPE 6,1305,xJCC
FCRMATILRO,281 ECLIPTIC EPCCH  POS-VEL +F12.147}
CALL DUUTPI (XCLCy3,3,VULDy 343}

AFTEA TRANSX,CALY ROTATE XYZ,NROTw2

MY =2

HERE SET UP TRANS FRCM EQua TO ECLIPTIC
SING=~51AQH

CALL STINKS {(XOLC+VCLO+DELTALXLE,C#AT, CCSCB,SINC oNROT)
ACk XOLD,VCLOsBRE [N EQUATORIAL

¥y vexnL(l)

VILagOLD(&)

VYPRXOLD(2)

VYLsXOLN{S)

VIFaxaLn{3)

vILsxOLDi6)

XCCTPayCLD( 1)

XCOTLeYOLE (4}
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PLLCEMN PALN PROGHANF Furk PLLCO CrARLLS J. CEVINE T/01/764 PaGL

YLCTMaVCLGL2)

YECTLaVCALLS)

IECTMayOLCE D}

IFCIL=vOLEl6)

WRITE QUTPUT TAPE 4,1.41,XJCC
CaLL DOUTPT/vOLL,3,2,vLID,s 3,3}

ve)Y  CONTINUE
WRITE QUTPLT TAPE &,451
51 FCRMBTILr L,48F cPFEMERIS FORFAT FCR  EACH  JULIAN DATE  (S//

®120H  J1 L-DATE ECUAL X EQUA. ¥ CCua. 2 ECus XCCT ECUA Y
sCLY EQuA ICCT TPFDX TPFDY TPFIL s

“120n ECLP, X cLe. v «CLP. 2 ECLP XOCT FCLP ¥
oLCT ETLP IROT PF0P TPFCOSHOL TPFDB 7

(8o rarseres00oeestnsiarsasesstsviterssnt? stosssstisseresevsesseossnsssnccansve
v
L

“fw CAL FaP SCRCV TC “.CAD AND OPEIATE FLRTSZ

LT=rL
JresJo
MCCaND
LTPYI=NPT
1FL=IL

o

. _/SET vl IFLAG ACDRESS ANO SET 1FLa6y>{T XJD3T$
TSt exJCLL)
TSr1i=xJC(2)

C
502 CALL FORCV(IFLEG IFL,TSIZ))
903 GC TQ 1260,300,4CC¢5C0,6C0),IFLAG
SUBROUTINE CALL STATEMEMNIS FCR DER,YSTUP,ECS,ERR

SUBR OLRIV COMPUTES ACCELIRAYIGN AND STCRES IN COMMON 65706-12
200 CALL NERIVIMTAPE,NCBCL KPS, KIS XTE,OMS, ‘LITE,XMUAKS, NAN,
NREL ¢ XDSk o XH)

ann

.
CaLL SPOT

c ISTUP WaCaTa TyXeV¥,Z4XC,YCo2D9AND «NCREMENTS TSTOP

3C0 CaLL TSTCP t NTAPS  LTAFEWNTAPE, DELTA,YT! “Ey

1 GcLl+COSORsSENCACMAT 4 XLBy X4DB P XYy X1CCT
i KAM, LAM, KAN NWRITE JNPRINT

[ MATN PROCRAM STATISTIC COMPLTATICH

[ XAM=XNV+1.0
CC 525 I=1,3

PLOLMN MAIN PROGRAM FOR PLLD CHARLES J. DEVINE 7701764 PAGL

FRAX(D  JeMAXIFIUMAXTT ) CELTALLN)
FPAXUI43)apAK1FIUMAXET#3),0ELT (1))
FrIN(L  }amINIE{URIRST  3,DELTALL})
FriN{Te3)amIRIFIUMINII#33,DELT (1))
(M {RSEILT SRS

UraX{je3)=Erax{je3)

UPTI(TY=FMNE D)

UMINCT#3)aFVINTI+3)

C XSTATS{Te1)uxSTATS(I,1)4DELTAC])
[ YSTATSUL1)sYSTATS{ I, 1)+DELT (1)
D YSTATSI1,2)=YSTATS11,2)}4(DELT (l)ee2)
D 525 XSVATS(I+2)oXSTATS{I,2)4{DELTALI}ee2)
C FLAG FUR TSTOP INCR. FOR WRITING EPHM,
IFINEPHM) 303,303,4C2
c
302 CCAnTINVE
[ XJraxJD+FSTOP2
TStLI=XJCi2}
15t2)=xJC11)
CALL spCT
303 CCATINUE
CALL SETI2(PORXYZsX100ToAsEyXNySET ) YTIMECHAT)
CALL SETUP2(SET,CELT ,XNUM;SIGSQeAMAT,BMAT JMPAX (NMAX
1 NGCECL, STEST MT)
GC TO(38(,402,402),NGGSGL
380 CCNTINVE
c XJC=XJO+FSTCS .
TS{LI=XICI)
TSt21ex4Ct 1)
CALL SPOT
C ECSER TESTS FOR XJD MAXy T LLSS MAX RETURN, T GREATER MAX OUT
¢ THAX IS ReAD IN AV CESIRED CuT OFF TEME

400 CALL EDSERITMAXoJIM)
GC TQ 14€2,403,408) 31
402 CONTINUE
Gf 70 (4C21,600),JAN
4C21 CCNTINUE
2] SL=S165Q
A+ TAs XNUN
¥TAsXITA
NCFUKaNMAX
CC 391 I=l,6

1y

16

o

o o

T, R A s ’1 -
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PLODMN MPAIN PROGRA¥ FOR PLOD CHARLES J. DEVINE 1701764 PAGE 17

N 390
r o391

0

o
[
n

]

82
83

40

3

40%

500
50

i1
1i4

1

2

1200

12¢

1202

£C 390 J=1,8
AMATT(D, J)=AMATIL,J)
XSOLVE(1)=6mAT(])

GL 7O (83,82} ,“EAN
AFATT{S,51e0,0
CONTINUE

CALL STPRG2(AMATT ) XSOLVEsSLINCHUr #TA,SOIN,SOOUT,CD
SNINA, INOUTA,KPRINT)
GC TC 700

CALL SpOT

CCNTINUE

CALL ERRER
GC TO 60¢C

essnne

CCNTINVE

wilL BE INSTAUCTIONS TC COMPUTE CORRECTIONS
SURROUTINE TO CUNPUTE CORRECTICNS

CALL CORECT{XSLLVE,MEAN, XMFANSELEN,PQR, XFU 1

IF RESIDUAL TAPE WRITTEN ON (N-1) INTEGRAYIDNS BRANCH HERE
GG TO 1113¢114)MPRINT

ENC FILD I7APE

CCNTINGE

GL TC {1290,120141202+ .204)+NSTEP
CCNTINUE

REMIND MTAPE

GE TO 1203

TNTINUE

REWING NTAPL

RELD TAPL ATAPE,ABCCAC
READ TAPE NTAPE,NBLCWD
GC 70 1203

CONTINUE

REWIND MTAPE

REWIND NTAPE

READ TAPF NTAPE,NBCCWC
RFEAG TAPE NTAFE,%8C0OWD

PLOTMN MALN PRUGRAM FOR PLCD CHARLES J. DEVINE TI01764 PAGE 18

120«

120

923

526

«l 10 1203
CONTINUE
REnIND PTAPL
QERIND NTAOF

3 CCHTINUF

T 430
t

ormA on0

c

432
434

71

716

v

ITERAX= [TERAX®Y
CO 526 K=1,3

LC 523 Jsl.2

YSTATS(14d)aVSTATSEL, JI/XNN
XSTATS(T+J1o{STATS( 1, J1/XNM
YSTATSI1,30SCRTFIVSTATSIE,2)-(YSTATSEI, i002})
XSTATS(L43)=SCRTFIRSTATSII,2)~(ASTATS(], 1 sn2])
THIS 1S STPRG2 CCNVERGENCE TEST,REGULATE ®¥ 30CUT, SOIN
XSUMGC.0 '

£C 43U [rive

XSUMOxXSLMCHXSCLVETN Y}

TFIXSUMDI41Y,432,43)

CCA T Eue

wRITE QUTPLT TAPE 6,434

FCRMAT{ 24N CCNVERGENCE 8Y STEPRG//)
TFUITERAX-216433,720,72C

CONTINUE

STGSGN=SIGSC/XNUM

SIGESORTF(SIGSEN]

TE{SIG-EPSILNI 72007204715

CONTINUE

TEIS @5 MUE TEST

avsiIngIs

SMALL«ARSF{RMSL~QMSGY

UF (SMALL-CEPSTIL} 1oy 716,717

CONTINUE

WRITE OQUTPLT TAPE 6,71,RMS1,R¥SC

718 FCIMAT{1r0, 28k RMS DIFFERENCE NEGLIGIBLE/

e

]

750

11k RMS(1411%EL6.8711H RMSUI)  ekl8.8///)
GC TG 72¢C
CCNTINUE
4¥SOeRMS1
TFLITRMAX=LTERAX)T20, 84,750

4 NT1la2

NPRINT= .
CCMNY INVE .
PRINT 544,51G +0J0

JPL TECHNICAL MEMORANDUM NO. 33-188
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PLOOMK ALK PRUGRAM FOR PLCD CHARLES J. CEVINE

544 FrRMATULY V59K SIGFA LE16.8s214 FOR  JLLIAN DATE ,Fl12.2//)
c CLAPST=XJL-XJCC

WRITE DUTPUT TAPF 6,760 XJCoELAPSTXAUM,SIG

760 FCRMAT (1HO20X,45H sseee sesesae

SIGSQ, VXM VYV, VIN

e/t

Lthér p.OE MAS EXCEEDED fOLERANCES 1T WILL AOW  CORR

2eCT//55H
34ze

JULIAN CATEcwcsveasecnons
440y ELAPSEC TIME IN [DAaY¥S....
542K NUMBER OF INTZGRATICN
642K SIGMALcecoaacrrectrsssennvanas
T62¢ SIGMA SCLARE X i. P L LT
Blak X sF16.B,6H Y =Fle.Bebn I FL6.8/7//)

GC TQ (8€s8T)yNTL

37 wRITL OUIPUT TAPE 6-85

4% FCRMAT{LRC,10CF PLOC FAS EXCEECED MAX ALLOWED [TERATIONS
eTKCUT CCNVERGENCE ANC  THATS THE ENO  BRCTHER//)
CT IT 60C

86 CCNTINUE

[ BACK IN FMAIN, PLACE AFTER §IG TEST, JUST BEFLRE COPR.

£C 711 Isleé
£C 710 J=l,6
T1C AMAT(1, 010,00
711 BwATLI)} 0,0
S1GSQ=0.0
ANUM=0.0
XJraxJnn
VAFLAG=3
TACLUNE ALL CCUNTERS ADCVE
750 GC 70 TRANSFORMAT{ON SUBROUTINE AND START CVER
WRITE DUTPUT TAPE 6,528, (XSTATS(1,J),1 %143} 00=1,3)
AFMAXTT) o Lala3) o (FMINTT D, D=1,03)

20090

(2 Xa)

EPOCH  VALLES AND  wEGIN A NEW ITLRATION.///

Wl

1
WRITE DUTPUT TAPE L ¢529.(1 YSTATS(3sJ) o (YSTATSIT,J)s1=102)0,4xL43)

LeFVAXIS) s CFMAXTT) o I3AeSEFMINIE)  {FMINULY s Im4,5)
GC Tu 65

an

WRITE OUT ALL WANTEC CUANTIFS
720 CONTIMUE

NT=2

GC TO (1:i5¢118),PPRINT
115 CONTINUE

KTAPE=K12

NPRINT=K12

PLODMN HMAIN PRUOGRA¥ FOR PLCD CHARLES J. CEVINE

KA '~K14

CALL RUNLITAPL)
136 CONTINUE

GO TO (725972697279 7301 NPRINT
72% CONTINUE

Cossnstssessaissesanaseanens

c

sessvas

WR{Te OUTPUT TAPE 63 728¢LTAPCILLHANIKTAPC KCHAN
PRINT 72B4LT .PCyLCHANSKTAPOKCHAN
NYs]1
FCRMAT{1HO4Ab. 121 CK  ChAN,A3/AT,12H ON CHAN,A3/7 }
PAUSE 77177
CALL SONk (LTAPE)
CALL SONF (KTAPE}
REWIND LTAPE
REMIND KTAPE i
c BEADING COR BOTH KTAPE.LTAPE
WRITE TAPE LTAPE.[LWCRO{I),1=1,22 ) (PLANET(1),1wl42)
WRITE TAPE KTAPE,(RWORCU1)o8iw1422 14(PLANET(I),i=1,2}
WRITE TAPE LTAPE,XBOCY,XCONTRsXJDG+ THAXFSTOP2. XNBOOYFSTCP2
WRITE TAPE KTAPE.XBOTY XCONTR,XJOO, TMAX,FSTO'P2 4 XNBDDY . FSTCP2
WRITE OQUTPUT TAPEL 6,TA0/NRECRD ¢NBODYXJOOTHAX,
1 FSTOP2 ¢ fLWORDIL)yIn1422 )4 (PLANETL{)sln]42)
WRITE QUIPUT TAPE 6,74C,NRECRD 4NBODY,XJCO+TPAX,
FSTOP2, IKWORD{I1»1%1,22 )o(PLANET(I},1=1,2)
GC Y0 730

~
~
©

sRsncseNEecROREIRRRRERIINS

7701764

T/01/64

CoResiasnsasnesv s ususlesnies IXTIYYITY Y
<
726 CONTINVE
WRITE DUTPUT TAPE 6467 LTAPO,LCHAN
PRINT 67,LTAPO.LCHAN
PAYSE TTT1?
CALL SDNF ILTAPE)
REWIND LTAPE
4 8CC HEADING FOR EPHEMER1S TAPE
WAITE TAPL LTAPE,{LWORCII)sI81422 )o{PLANET(I) 101,20
WRITE TAPE LTAPE,XBOCY,XCONTR,X.$UQ TMAX,FSTOPZ,XNBODYFSTOP2Z
WRITE QUTPUT TAPE 6974CoNRECRD NBODY,XJDO.TMAX,
1FSTOP2, (LWORC(1)y1n1422 }o{PLANET{T)s1=1,2}

740 FCAMAT(20H BCC YAPE HEADING///22H RECORD LENGTH RLY4

PAGE 19
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LY}

o

PLODMN MAlN PROGRAM FOR PLOD CHARLES .. CEVINE /01764 PAGE 2!
1224 BOOY NUMBERw v h4/ 25H NUMBER OF BLD1ES= v
2 22M  START DATE~ 9F10.2/22H ENC DATEs
3,F10.2/
4 22H  STEP SIlEs 1FLOL2/71X412A671X912847741)
60 10 130
suanas sy LT TYTY YY)
T27 CONTINUE
KRITE OUTPUT TAPL 0467 KTAPG,KCHAN .
PRINT 67, TAPO,KCHAN
Klay

PAUSE 77727
CALL SDNF (XTAPE)
REWIND XTAPE
C BCC KEADING FCR EPHEMERIS TAPE
WRETE TAWE “TAPE (e wCRCU1I,1mby22 Dp{P ANET(T1410142)
WRITE TAPE KTAPE,XBOCY,XCONTR,XJCOyTMAX,FSTOP2,XNBODYFS12P2
WRITE OUTPUT YAPE 6+74C NRECRD 1N20DY,XJOD,THAX,

1 FSTOP2, IXKNORDIL), i21+22 )4 (PLANET(I},1=1,2)
C
c
CONRaEntassntssItatansesssssneseinsens sesessees ssssnen L 13

730 CENTINVE
[ ELAPSTaXJC-XJOC
NRITE QUTPUT TAPE 62732+ TERAX;S1GsXJD,ELAPST ANUM,S1GSC
1 s VXM VYM,VIM
732 FORAAT(ZBH PLLD HAS CONVERGLD AT ,15 3H ITERATICNS//
33H AND & SIGMA  VALUE CF, . vE16.87/7

S‘Zh JULIAN DATEcceescovosacs «F12.2/7
442h ELAPSEC TIME IN CAYS., WFl2,2/7
S542¢ NUMBER GF INTSGRATION STCPS..,Fl2.0//

147K SIGMA  SQUARE X eeessELBLR//
Blar X wFle.B8+6H Y o8y 1 aFls.8/7
2 45+ PLOD WILL BEGIN 10 WRITE AN EPMEMERIS/Z/)
c SE1 ALL FLAGS FCR tPhM WRITE AND RESIDUAL WRITE
NEPHM=]
Jara2
o XJrsxJ00
MAFLAGST
\NwRITE=]

PLUCHN YAIN PROGRAM FOR PLCO CHARLES . CEVINE 7701764 PAGE 22
LANe2 "
FPRINTa2

(s

WRITE QUTPUT TAPE 64528, ({XSTATSII,J),1m1,3)4Je1,3)
1 ¢ IFMAXUEY ) ULy 3) o (FMIN(T},En2,43)
WRITE QUTPUT TAPE 64529-i( YSTATSI3,J)IVSTATSII43341x142)%4J21,3)
LeFMAXTOD s (FMAXLT) 2 mbyS)abPINGO) o (FMINIT),[24,5)
GC 10 65
C

CEs eI e s n et et P RS s Nt Nt R RN RN R T Rl AR ETRRsIICeoRORNRRIOIRAsIVICORORRSRRESS

600 CCNTIWUE

WRITE UUTPUY TAPE 6493
93 FCAMATLLFL, 79 srscvesrnses

1 SUMMARY seavanrcssana/
WRITE QUTPUT TAPE o.lOCb:(knCRC(ll.l-l-Z? Ve {PLANEFIT}s1v192),
LIFNGRO(E) 4 121,22 ) NRECRD,NBOCYXJIOC, TRAXsh FSTQPL,
2FSTURZem | 1D oESoSTEST EPSILN,CCoeSNCUT,SOINGMEAN,SIG

16e6 FCRMAT. AN <HNERAL IDENTIFICATION FGR PLCO/

12010 12467 )00%, 1e45/1X4 104677264 RECORD LLNGTH o114,
225¢  BODY NUMEER P E15/
326K START DATE 1Fl&.24260 MAX  CATE

13
414.2/725H INTEGRATICN SVEP  STZb,F15,2,25H RESINUAL STEP SIZE
5 F15.2/25H EPMEMERIS STEP  S120 ,F15.2.25H NUMBLR OIFFS.

6 1157258 INITIAL PT, +115:20H DIFF  CCNVERGENCE
T 4#20.8/14F S135Q TESY ,E2¢.8412¢ RMS TEST ,E28,8 7TH CC =£33
R A,dH  SCOUT=E32,8/7F SOINsE3I2.8+2 * MEAN MCTION FLAG 115

9724H  COMPUTER SILMA (S 1£16.8/7/)
GC TQ {94994,3002,95)APRINT
94 WITE OUTPUT TAPE 64300l (LMCRCII) o121 422) o (PLANET(1},1%1,2),
1 XBLNY e XCONTR o XJDC 9 TMAXFSTCP2, XKBOOY,FSTCP2
UL FORMAT{4&H FIRST RECORD BCO EPHENERIS TAPE HIADING/
1 2(1X412A6/1412F 2NC R&CORC/BF BCNIES,F4.141CH TAPE TYPE,Fé.l,
2 &K STARTGFLIN,)o5H TMAXGFLIG.1,10n STEP SI2F,F5.1,94 80DY NCeyFaols
1 1CH STEP SIZELFr.1/7)
GC TQ 13C02,20C314NT
3002 thYE QUTPUT TAPL ©930C4, {KRORGI1) 1314221 {PLANST(I) 1142},
X0ODY ¢ XCONTR, XJOC» THAX s FSTCP 24 XNBNCY,FSTCP2
004 FtRHAT(kéH FIAST RECCRD BCO RESICUAL TAPE HEADING /
1 201X,1246/),12H 2NC RECORC/BH BOCIES,F4.1,10H TAPE TYPE,Fadly
2 6F STARTRFL10. 145K TMAXGFL10.19100 SVEP SIZEsF5.1,9H B8ADY NC.yFhaly
3 10H STEP S12ceF3.17/7)

i
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¥
JPL TECHNICAL MEMORANDUM NO, 33-188 .
PLODMN MAIN PROGRAM FUR PLOD CHAQLES J. DEVINE 3701765 PAGE 23 .
GG 10 3003 ;
Yo ARITE OUTPLT TAPE 6,96
Gh EGRMATULYO, -8H ///17/71/)  NO THPES WRITTEN /7177147111110 X
3003 CONTINUE
Wh ITE QUTPUT TAPE 6,3005,(CM{T1) o Iuis 0} s (HTEI} 1n1y ")
3705 FURMAT{27H  PLANET INVEPSE MASSES/S5F16.4/5F 1644/ :
1 “6H  RADIUS  VECTOR RESIDUAL WEIGHT FACIOR =
2% 16.e /470 OBLIGUITY .PSILON, AND SIN ,C0S (F [T/ .
LaLL DUUTPT(EPS, o Lo 1sCOSUBY Ly laSINOByL,1) :
WRITE “1¥pUT TAPE 6,2778 ¢
2770 URMEF( 22M ECLIPTIC ELEMENIS/
CALL DOUIPY (ELEM, 1, T) e
WRITE QUTPLT TAAE 6,3006 N
3006 FORMAT(25H  ECLIPTIC Pin MATRIX/)
nU 598 lal, 2

PPELII=PUR(, Y
PALLI=PIR 24 1) i
598 PRIII«PURL3,1) i
CELL DCUTPT (PPy343450,343,PRe343) ‘
ARITE UJTPUT T/PE £,3)07 ?
3
g

ooo

3007 FOPMAT 4nM EPOCH FOSITIUN AND  VELOCITY EQUATORIAL/.
CALY LOUTPTIXOLD, 343,V ILD, 30 3)

528 TFOR: AT '%0, 1034 *s  SIATISTICAY, ANALYSIS FOR KESIDUALS [N . M
leess LELTA X LeLya vy DELTA I / B

253H MEAY DUVIATION & iieciessceness MDRSUMIDELTA)/N +(3E16.8)/ 3
3534 SUMS  OF SQUARES RESIDUALS ...SR=SUMIDILTA%e2)/N,{3F16.8)/ "

393H  STANOARD CEVIATION,eacssessnsee s SD=SORTR(SR=HCe22),(3416.3)/
5534  AAY(MUM  RESIDUAL cieeovenes cscsse evsrl3EL6.8)/ -
653H  mI4IMUM  RESIDUAL secevecosvecsnocae cesensanenar{3E1608,7 -

524 FORMAT{103H ewee STYATISUICAL ANALYSIS FCOR PESIDUILS N sssee .
2 RACIUS VECTOR cusg oL DLATeDS / .
2534 MEAN  DEVIATLON ..seesns
3534 SUMS UF SCUARES RESIDUALS
353t STANDARD DTVIATION.

teeeeeaoMDESUMIDELTAI/N o (3E36.8)/ i

SRESUM{NELTA®®2) /Ny (3EL6.B1/

SDRSORTR(SR-MDee2, 4 [3£16.8)/

553H  MAXIMUM RES1DUAL esssetnesas +(3E16.8)/

653H MINIKUM RESIDUAL .. eeer{3E16.8)/

173 )
bU 531 I=1,3 «
YSTATS (I, 1)2YSTATSUL, L}/XNM
XSTATSCI, 1) aXSTATS(I,1)/XNM
YSTATS (1,21 =YSTATS(1,2)/XNM .

woo

PI.LODMN MAIN PROGRAM FOR PLOD CHARLES J. DEVINE 3701/6¢ PAGE 24

¢ XSTATSE1,2)=xSTATSUI,2)/XNM n
0 NSTATS {1, 3)=SORTFIYSTATSIL,2)~(YSTATS(I,1)0e2]}) L—
0531 XSTATS{1,3)aSQRTFIXSTATS(I,2)-(XSTATS(I,1)ne2)) §
WRITE OUTPUT TAPE 6,528, ((XSTATSUI1,J},I2143),3921,3) 4
L W (FMARCT), I=le 3) 4 EFMINTL), (=14 3) g
WRITE QUTPLT TAPE 65529,(( YSTATS(3,J)e{YSTATSI1,J%4052,2)),J%1,3)
LoFMAXLO) o {FMARL T} 146,51 ,FMINISY (FMINID)I24,5;

TssssssrvecesaQesn ssvenssensacsens

CALL RAU AND REMOVE TAPES AND EX!(

XY a V2 ¥l

GO 10 {1070,1071,1072,1073) 4#PRINT
1070 END FLLE LTVAPE

ENC FILE KTAPE

CALL RUNILTAPE)

CALL RUN({KTAPE)

60 Ty 1073
1071 €D FLLE LTLTE

CALL RUN{L(APE)

GO 10 1573
1072 END FiLE KTAPE

CALC RUNIKTAPE}
1073 ZONTLNUE .
1077 CONTLNUE

TF{JEND) 40,43+40 .
%3 CONTLNUE B

CALL RUN{MTAPE) .

TALL RUNINTAPE,

Pen oY

#RINT 30 o 1

10 FORMAT{1HO, 34H PLEASE REMOVE TaPESH E

CALL EXIT [N
ENDtL1e10010+050910110¢11040+0,0,0)

]

i
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&
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——JPL TECHNICAL MEMORANDUM NO. 33-128

SRFCAT L mn MCTIFleL 8Y C. LAWSCN ANY « MEVINE JUNE 1944 1706764 BAG. 1
N « CRIGINALLY wRITTEN Fy BEEMAN, CSC 1962 -
. 00040 -
. PRUSRANM TQ !ATE{RAYE THE «QUATIONS OF PUTJ(N OF & 00050
7 L ¢ILY TN A GRAVIFATIONAL FltLC. THE STRRTINS PROCECURE 00C60
i . EMPLCYS & TAYLPRI SFRICS LOLUUICH TC THE Twlh BLNY 00070
. PRCALEV +OLLCW O DY AN L7iLRAT(VE PROVECUR. 10 IMPRAVE 00080 :
. JFE CIFFCRENCT LINSS GENCRATLT FOIM THL TAY, URS SERICS. 06690
. THE CALCUIATICN LS ALYANCET USING THE GAUSS-JACKSCN oc1co
. FITFEZTNCE SCH PEL A CCRRECTCR FORMULA MAY ALSD BF 09116
. EMPLLYLD TC TMFROVE ThE SCLUTICN, 5J120
k4 . 0130
¢ . CALLING SECLENCE 06140
€ . T5x 1FERT42 46 00180
| . pIL OER, 4 ECS 03162
g . PIE RLIST €o179
k . 114 ERR €118
i . vYY ISTCPAF TS 00190
e . vy TSTLP I F, TS5 01200
, . tessaasenseon.on 0a2t0
N - vyy TOiee, e, TS €0220
3 N PLE 60230
. 39240
. AR AL EPTADORESS CF Tht USTRS CEHIVATIVE ROUTINE 00210
. ECS=ATCRESS LF END CF STEP RCUTINE 04260
. %L IST=ADCRESS LF SYEP S1LE ROUTINE 00270
. LPU=APORESS OF ERROP RETURN 09280
- . YYY-Plbea.  ACTIVE FRIGGER 03290
. =Mif. TRIGGER 00320
. FSTCO=AGDRE TSTOP RNUTINE 06310
. Faf INTEIPOLATE €OR POSITION CNLY 0032¢
. 20N 202C. 0 INTERPOLATE FLR PCSITION 00330
. AND VELECITY 00346
. T5=FIME CF 1 STCP 00350
. NCTE. ... THF FINAL PZE 15 USEC TO FLAG THE CND OF 00350 f
. THE TSTC? L IST n3rn '
. 05380
erota ENTRY  FLRTSZ 03390
. 00400
. 00670
. svteonaselNITIALIZATICNO O 0062)
1 -
1
1)
seFCRTSIen MCGIFIEC 8Y C. LARSON AND C. OEVINE JUN- 1964 7106764 PAGE 2 . —
N TRANSFER VECTOR
BINARY CARL NO. FI, 5400
00060 674721452460 XPANG
. 000Ul 624444436360 SMuLT
00007  €22321435.60 scAL”
: 00C.3 31456354760 INTRP -
> 00004 9634 00 1 01303 $ORISZ SxA X1yl 00690
04005 0% 00 2 01304 sxa X242 00700
€0006 0tsw €O & 013C5 3%4 K44 00710
3007 0500 00 0 C4720 cLA =15 6C720
00010 0402 00 0 65652 Sus [ 00730
0C0i1 014w L3 G 00CI3 oL 2 ¥ [CC LARGE GREATER THAN 15 00740
50012 0074 00 4 51277 152 $7544 00750
0C013 0500 00 0 65652 CLa ~ 00760
00014 0402 0C 0 G4713 si8 al 00770
00019 0120 00 © 30017 TPL .2 00780
0COle OF74 CO & CL277 TS $/5s4 M LESE THAN ONE 00790
000L7 0500 00 0 £5652 cLa v 0u800
06020 04C2 00 N 65653 Suy J 00310 .
00021 0601 00 0 03117 s1G PLN] 00820
€G22 0160 €Y 0 C0028 1LF IS} 0C830
N 00023 C1¢0 0C 0 $OC25 TPL .2 00840
N 00024 0C74 00 4 01277 TS $75:4 ) GREATER THAN M 0085y
' 00025 (400 00 € 04T13 ACC al 00860
’ C"026 0734 00 1 000CO PAX Qo 00870
o 017027 -G634 00 1 00316 SXC SEM1.3,1 M-Jel TO SEM1.3 00880
E €003C 0500 00 O 65653 Cha 3 00890
) 00031 7130 00 € 2ub34 Tre .43 30900
. 00032 0120 GC 0 CUO3w reL 542 00910
00033 €74 00 4 C1277 TSX $74,4 J LLSS Tran ZERO 00920
0003« 0500 00 0 03117 cLa My eeealOMOUTE NCEDED CONSTANTS 00930
N0035 ~0501L 00 0 J4740 opPa 202336600N0CO0 FLOAY My 009y [
00036 0300 00 € CaT40 FAD 2(213000000C0 00950
; 00037 0601 €O 0 £31%2 sic FHl 00560
1 00040 0600 00 0 5103 STz FMJ41 00970
. 00041 0500 00 * 03117 CLA vy 00980
‘ 00042 0400 OF G 3117 ADD ELY) 00990
00043 601 90 O u3li? STG ELE) s2(¥-9) 01000
0CO44  05L0 00 0 65652 cLa N 01010
00045 9400 90 0 04713 ADO =1 01020
87 N
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JPL TECHNICAL MEMORANDUM NO. 33-188

0CO4S
co%a7
30030
00651
00052
00233
€004
0cess
000sa
20057
00060
0ol
05062
c0%63
20064
00Ces
cCos6
00067
ater0

c3cT1
ocor2
0601
00LTe
CTS5
0C276
o0oeTy
0010¢
20161
ocle2
00103
eCLoe
folos

0016¢
00107
00110
o111
00112
ocrd
0114
03415

[ 538717
GClL?
~T120
9121
0t122
€123
3124
GCi2y
0312:
en2r
(18 1)
cC131
0c132
oc133
CCol3e
0c13s
[ 8 T
€og37
0y
0Clel
00142
Coled
O0L4s
0,149
02148
cuLs7
20150
ot1s1
0e152
013
20156
ocLss
02156
133334
6C1e0
2S1el
00142
c0le3
tolee
oles
0Clées
09167

SeFCRTS[ns MOOIFIEC BY C. LAMION AND C. OEVINE JUNE 1964 1706764 PAGE 3
0401 00 @ 0311 sT0 " .ol
€400 00 € 04713 ACD sl
Te0L 02 0 03112 p311 "2 -ne2
0534 00 | 03112 Lza 2,1
~063¢ 00 1 00322 sxg SCrL.4,
0400 00 O 04713 acs 1
€631 00 J 6311 b3 1] r3 aned
€400 00 O 03113 ASO 3
0601 09 0 n3lle sTC %6 a2mes
0402 0D O 04714 sus L
601 CO © a311% k314 22 =202
D737 90 t C0200 PAC Col aslciMe2)
=434 00 | C2142 $%0 OB L7512
=C634 OQ 1 02184 S$XC CcaLil.
04062 N0 © CaT1A sus =2
0621 90 © C3114 E311] n «2n
C&01 00 C G31C7? s10 FLAG NAKE FLAG NON-IE20 FOR FIPST PASS
0402 CC 0 44714 sus =2
€651 00 G 0312¢ sic 2ra2 28K 22202
0500 00 « CCON CLA 1.8 SET ACORESSING FOR INES
€6zl o0 O 01333 STa CERS
€é21 00 3 c2711 Sia CER)
C621 OC = (034D STA CER2
€é;1 07 0 ¢lo22 $ta DER]
0622 02 € 02536 STA CER
€771 00 0 Gr022 ARS 12
2621 00 0 02112 STA ECS
Col1 00 O G2a27 STa £0S1
Q53¢ 99 4 C09C2 [1%) 244
JéX1 00 0 00341 STA ALIST
Ce21 00 0 C2056 STa Loor
0821 €O 0 062405 $Ta Aarsmn
.
€S0 02 0 04722 CLa -3 SET INDEXING PARANETEXS
2402 00 3 03114 Sie 2r
3237 €0 1 CO00O AL 0.1 -138-2F) TC X1
~J634 OC § C2620 SAG L22,%
-Case 00 ' (2761 $xp L1721
1 30502 1 92114 X selsle2 Ll=={36~2M)
~Ch34 00 ) 01425 SXu ¥§27,1
1 000c2 1 oCc1le >y AL P Y X1==134-21)
FONIS2ee ®COIFIEC 8Y C. LAWSCN AAD C. DEVINE JUNE L9864 1506764 PAGE &
~063& 00 ) C2165 Sxe UBLILeket
~CA34 00 1 0224« Sxp taL27,.t
~C634 00 1 C2344 sxg kv,
~Cose C3 1 0264> Sag LISETRY
1 33004 1 02123 X seloloed Xile~(3C-20M)
~0636 09 1 01172 $xp 54201
-Cela 00 1 C122¢4 £3 {4 $45.1
-063s 00 1 01%4 Sxg v$62,1
-Cs34 00 ) 0255¢C sxp L14,1
1 77742 1 00130 =y eeiel-32 Kle-(62-2M1
~36364 00 1 01145 Sxe Setelnl
-0634 0 1 01225 SXC 450
-{n3¥% CO L 01537 SxC v56i*1,1)
L 7777« 1 ©013¢ ™t selole-4 X1:-lbo-20)
~Cé34 0D 1 C218s SxL CALIL1#2.1
<063« 00 1 02245 sac CaL2T+ 42
<3634 00 1 C2345 s¥o hviel,l
=C634 22 | 02446 SAQ hvidel,l
1 77776 1 00141 ™i el 2 Xle=166-2")
-C634 09 | 01624 sxc ¥82%.1
3534 ) 1 03114 XA
-C%3a €3 | CO1%D SXC
-C636 3C L CO1%¢ ST
=-Cé3a 00 1 03235 $xC
=C636 GO | 02632 $xc
37174 G2 & eel17 AXY
1 000C2 1 091351 14 ¥x1 ann2w
634 00 1| 01043 SXA
d834 00 1t e XA
-Cé3s €O 1 C2377 S$xo
Cb34 GO 1 Clo22 Sxa L34,
J1T4 06 | &T47Y AXT BUFEeL, L
1 02009 1 00157 in0 X1 *slglyo0
Ca3e 08 1 02450 Saa ry3a,l wAOCR{BUFFeIN+])
=G5 0% 1 c312% Lxc TIaN0P, ) TRA TC 1}
=8634 UG 1 2710 S&C 1591 CLOSE PREDICTOR CORRECYOQR GATE
4500 00 2 8365% CLA arvioy
0402 CO 0 04714 sSue a2
=Q100 GC 0 CJ1&7 pLT4 .0y TEST IF PREDICTOR CCRRECTCR MODE
0S3e 20 1 03121 LXA TRANGP, | THIS PCOE NEEDS CIFFERENCE LINE SAVING
=C634 00 1 02710 $X0 1991 QOPEN PREDICTOR CCRRECTCR GATE
-Cé)4 00 } 02535 %0 L9.2.1

01770
01780
01790
o100
c1810
01826
01830
01840
013850
01840

- T e £ S % e s coner (et bt -

res”
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: JPL TECHNICAL MEMORANDUM NOQ. 33-18R
3
of
i “sFORTS2ve MODIFIEC BY C. LANSON ANL C. OEVINE JUNE 1964 1706764 PAGE 4
:
i
i . 0iaTe
% 00170 -0100 0 0 CO175 e 1 15 P/C MODE SET LINITS TO SAVE 01880
Z O0LT1 0774 20 1 17524 Axt -108,1 THE CCRRECT NUMBER OF CIFFERENCE 01890
: 00172 0520 00 O 55834 13 N LINES. THIS DEPENCENT On wrZVHER o19c0
- 0173 0774 00 1 76414 AxXY -756,1 ARE ENTERGRATING VARLATIONA! "VUATIONS  @1910
- 0017« ~C634 00 1 02551 $AD L16.l 1920
. . 01730
. Q0175 0329 00 O 8565+ inl 2ET N TIST FOR VARIATIGNAL EQUATIONS G940
N cor7e 9020 00 ¢ 00222 TRA Into 21930
00177 CTT6 GO 1 77624 axt -108,1 21960
00202 -C634 €O 1 C2171 SXC TBLl2-1 01979
06201 -0634 00 1 02263 (37 D8L29, 1 01980
H 00202 -0634 00 )} 02346 sx¢ VYeded 01990
0C203 ~C634 0O 1 C2447 SX0 KV¥3392,1 22905
Q02U -Cs34 02 L 02621 Sx¢ L33,1 02010
80205 ~Ca3s CO | 02762 $x0 173,1 02220
S 90206 -Cb34 00 1 030CS Sxc L92,1 02030
. G207 CT74 00 1 66288 AXT ICL+3601 02040
: €0210 -GC&34 00 1 C2634 sxC Let,t 22050
$3I11 CTIs 50 1 €000 Axt 3.1 62060
{; 0C212 C634 00 1 C€2173 SXA CBL15.l 02070
: 0C213 C634 00 1 02431 SXA hv35,.1 0z0e0
00216 Q774 20 1 77826 AXT -10&6,1 02090
i3 03215 -0&34 0D 1 C237) SXC V1l,l 02100
1 C0216 0174 20 1 66260 AXT xCLei8.2 02110
4 00217 -C&34 00 1 C2372 sxg helCel 02120
0220 -©534 00 1 C3l21 LsC TANDP, 1 0213¢
; 06221 C€C20 00 O 00251 taA IN12 02140
i 00222 C774 GO 1 ToAl4 110 AXT -75644 VARIATIONAL EQUATIONS PRESENT 02150
3 26223 -C634 00 1 Q217: sxg cBL1241 J2160
3 00224 -C634 0O ! 02260 Sxg 0312941 €2170
i 0C228 -0634 00 1 02348 SAC FV3el, 1 02180
% 0C726 ~0634 00 | 02447 (31 FV33eZ, ] 0i190
1 80227 -C63~ 00 1 02621 SXC L33,1 02290
. £5230 -C634 30 ' 02762 sxt L73,1 22210
€0231 -C634 5T 1 $3005 saC LS2,1 0222¢
03232 CT74 00 1 67476 AxY BUFF,1 022:0
00233 -C63% 00 | C2634 SXC LAl 02242
0C234 CT74 00 | 86273 axT V1DLe5,1 0225¢
. 00238 1 90020 i 00236 INI1 Tal “elyliee senzy 02260
A 00238 €634 00 1 01432 $Xa ¥$3C41 X1e(4eviDLe2ue]} 02270
' 00237 0774 00 1 00025 AXT 211 02280
*eFQRT S0 MCEIFELC BY C. LARSGN AND C. DEVINE JUAE 1964 1708764 PAGE &
00240 TE36 O 1 02173 39 CHL15.1 0229¢
0C241 C634 Co 1 C2aS1 SKA hedn,l 02300
00242 1774 0D 1 76418 axt -72441 02310
L2643 ~D634 00 1 02373 SXC FVlled 0232¢
C0246 J774 CO 1 67476 axT XCLAT796,1 62330
€245 -2634 00 1 C2272 SXC Ey1C, 1 02340
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(11355 0k34 0C U Cl34s SXa vS6ul SAVE A INZcX EOR NEXT MATRIX 08970
N 1336 0774 CO 2 CALCO VS8 AXT LI R4 08980
" 1357 1 77776 2 C1380 X1 *tla20-¢ 08990
1360 3 0906C) 2 Cl1323 V¥S10 TXH V51,200 05000
5
- «eFORT3 20w MCCIFIED BY C. LAWSCH AND C. DEVINE JUNE 1964 1/0€ /64 PuGE 22
4 Cl361 €535 U0 2 U311y YLCCP LaC 22,2 09020
01362 -Ce34 07 2 C13176 Xt VSl4s2 09030
01363 9774 00 2 72424 axr ay2 09040
® 1365 06364 00 2 03C27 SXA MAT,2 09050
B G1365 €774 c°n D COTCT AXT Ce2 09060
"1los 754 GO ¢ COCOQ VS12 PXxa 02 090.0
. 1367 0402 00 © 02°035 su3 TEST SK1P CrhIVATIVE COMPUTATION IF 09080
H 01377 -01Q0C 00 0 CL372 TNZ vsi3 THIS 1S INITIAL POINT,. 09090
. NL3ITL L TTTT6 2 CL3T4 1231 VS164424-2 09100
. 31372 0R74 0N 4 03013 vS$13 TSX MATPPY,4 MATMPY MLKES DERIVATIVE COMPUTATION 09120
y 01323 1 77776 2 G374 > “+l924-2 09130
. ©1374 3 00000 2 C1366 VS14 1XK VS12,2,0¢ 09140
H
¢ 21375 053> 00 1 03114 LAC 2v,1 09160
1 f137¢ -0634 00 1 C1420 SXC vS23,1 03170
. 21377 €774 0O} CCCCU AXT Col 09180
- 1430 Q774 §O 2 0JCCC AXT 042 0913C
NleCl 0443 00 2 66266 v§2C OLC ViDL, 2 09200
i 614L2 -~0603 00 1 70052 ost avil,1 0s210
R - N14G3 0443 CO 2 66273 oL V10L+2,7 03220
B 03404 -C60s 00 1 70054 (13 BYOL+2,1 09230
N Y1405 0443 03 2 bo272 oLD viDL+4s2 P VE CLD CIFFERENCES TO BVCL, 09240
" ! NleGe6 -0603 00 1 70058 ST BVOL+ 4,1 MOVE NEW SECOND DERIVATIVES 7O 0° 250
H N14CT 0443 00 1 70C12 DLL atvial OIFFERENCE LINES ANC MAKE FIRST 09260
. 71410 ~0603 00 2 86272 DST V1DLe4,2 STEP IN DIFFERLNCING PROCESS. 09270
1 0141l Oaed 00 2 66274 vs2l oL ViCL+642 03280
¢ f1412 -C603 0C 1 7¢T80 BsT BVLL46,1 09290
Al413 0443 CN 1 70012 oLL BC1. 1 09300
Ol4ls 0303 00 1 20014 OF Sy BOV1+2,41 09310
Q1415 -0603 00 2 65274 DST VIDL#6,2 09320
4 C1416 1 77774 L Clel? X1 welyl,-2 09330
$ 01417 L 717786 2 Cl420 ™t 314292 09340
! 01420 3 00000 2 0ls1l v§23 TXH V52102928 09350
01421 -G534 00 4 01420 Lxn V¥§23.4 09360
! N N1422 1 77734 4 01423 TxI Ntlyby-36 09370
K 01423 -C634 00 4 01422 5%xD ¥§23.4 09380
» 01644 1 00000 1 Gl425 ¥§25 T} “tl,yl svxe(58=-2M) ©9390
£ ™1425% 1 00000 2 Cl42s VS27 TXI atly2y00 swx~{36-2M) 09400
% T1426 3 76570 2 QlaCl TXH V520 24548 03410
K
¥
X
LE
i
i £,
i b
5
¥
g '-_»\r
P
U s
|
1R
ky 97
Ly

| N Gwn s mite s
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s¢FORTSZws MODIFIED Bf C. LAWSCN AND Co DEVINE JUNE 1964 1/96/64 PAGE 23
. C1427 -(520 00 0 03122 NZT 2¥N2 IF M=l THE DIFFERENCE LINES HAVE 09430
01430 0020 CO O CL45% TRA vsel ALREADY BEEN COHPLETED 09440
Gl431 0774 00 4 00022 AXT 18,4 09460
01432 0774 €O 1 0C00D vS3C AXT seyl wexADCR {4+VIDL+2K+1) 09470
01433 C634 00 & 01453 ¥§32 SXA VsS40, 4 09480
61434 C634 GO 1 01444 SXA v§35,1 09490
01435 0634 00 1 07445 SXA v§36,1 09500
01436 1 77776 1 Cl437 TXE eslaly-2 09510
01437 €634 CO 1 01443 SXA VE34,l 0957~
C144C 0534 Q0 2 LIL20 Lxa 2ZMNZ, 2 2MN2=2M-2 09530
01441 ~0634 00 Z 01447 V533 SXD vS34,2 09540 s
01442 Q774 GO 1 0GOCL AXT 101 09550 £
1443 0443 00 1 000CO v$34 OLD enl COMPLETE DIFFERENCING COMPUTATION 09560 .
Cla44 0303 G0 1 CCOGS v$35 DFSP LLISY FOP THE VARIATIONAL EQUATICNS 09570 -
01445 -06C3 0O 1 000G V536 05° ooy 09580 .
21446 1 03002 1 Ot4s? ™1 14142 09590
01447 -3 00000 1 01443 V538 TxL VS34, 1,0 09600 4
01450 2 00002 2 Cl441 Tix ¥533,2,2 09610 1
01451 0534 GO L Ol44s LXA ¥535, ) 09620 »
16452 1 00044 1 01453 Txt [ETITET) 09630 :
01453 0774 00 4 00€00 V540 AXT 4 09640 3
nlab4 2 00001 4 01433 Tix V$32,441 05650 -
01455 077, CO 1 00000 ¥S4l AXY 2.1 09670 ¢
Ci456 0774 00 2 66272 AXT VIDL+4s2 09680 w
51457 £634 00 2 Cl4bé4 V542 SXA VSh4,2 09690
016460 1 TI776 2 Cluél X1 e4ly24me CONPUTE FIRST SUMS FOR Uyrun e
nles) Ch34 GO 2 0142 SXa VShoe2 VARTATIONAL EQUATIONS 09710 ¥
21462 €G74 00 4 000L2 15y SCALR 4 09720 .
Cl4o3  0€7% 00 3 72124 1S4 BUFF2+2,0 09730 {
tlass 0074 0O 3 COCCS Vit TSK 19,0 «e4CURRENT DIFFERENCE LINE 09740 i
71465 00674 00 0 03111 TSX #1400 0975C
31466 OFT4 00 0 03076 TSX TEMP+1240 09760
n140T 05443 CO L 65762 e viD,1 09770 Y
01477 ~0241 00 0 65666 DFCP h 09780 B
c1471 €303 00 0 03075 DFSB TFMPy12 09790 {
01472 ~C603 0O 0 000CY VS46 UST o FIRST SUM 69800 -
4T3 1 00046 2 Ql4T4 Tx1 wel,2,38 09810 s
01474 1 77776 1 Ql47y 1x1 e+l,1,-2 09820 .
n14TS 3 TTTA6 | 01457 TXh VSA2414-36 09830 N
swFORTS (a0 MCOIFIED BY C. LAWSON AND C. NEVINE JUNE 1964 7/06/64 PAGE 24 .
fl476 NT774 DO | 0060 AXT el 09850 i
NL47T 0774 00 2 66270 axt VInL#2,2 09860 v
C1500 €634 07 2 1505 VS4B 5Xa v$92,2 COMPUTE SECCND SUM 09870 H
f1501 1 77776 2 1502 Tx1 aele24-2 09880
Q1992 0634 0) 2 UI513 544 ¥584,2 09890 1
21503 00T+ UG & CNCC2 TSX SCALR. 4 09900 #
C1504 0CT4 0N D0CGY VShe TSX LIy *e=ADDR{P(M-J}e2) 09910 [
Q1505 0074 30 v GUOCH VL52 TSA *4,C ®#zCURRENT DIFFCRENCE LINE 09920 H
T1506  0CTe 00 I 03112 15X [23%4 09930 §
1907 0CT4 OF 3 3076 TSX TEMP412,D 09940 %
1510 0443 0 L 65714 oLe Vi1 09950 N
A1511 ~2241 20 5 €316 0FLP h3Q 09960 N
n1512 9303 00 0 Q1NT¢ UFSE TENPHL2 09970 Y
©151) -C604 00 0O foeey, v§854 D5T . SECCNG SuM 09980 5
c151e L QUO4s 2 C1515 X1 $41,2, 48 09990 2
, 01515 1 7776 1 C1516 X1 erly1,=2 10000 -
NiSle 3 17734 1 GiuC3 TXn ¥S48y 1436 10010 3
~LG1T ~C520 €O 0 03ICT NZT FLAG FLAG®C ON FIRST PASS. CANT 10030 4
6152C €70 00 O Clbl4 TRA vSe8 PAKE CONVERGENCE TEST SO SKIP 10040 .
. CCMPUTE CCNVERGFNCE TEST ELEMENT €ROM CURRENT DIFFEREANCE 10060 N
. LINES AAD SAVED DIFFERENCE LINES IN BUFF. 10070 b
by
nlh2l 603 00 O 23104 141 FPsl 10090 <
€122 0535 00 1 C31l6 LAC Mb, 1 10100
L1523 -0634 00 I 1542 S VS58B4 10110 by
T1524 -0634 03 1 £1596 SX0 VS6ly. 10120 H
w1828 0744 CO 1 L2CN AXT el 10130 4
£1528 0774 CO 2 OCCIT AXT o2 10140 §E
N1527 8634 0O 1 1544 vSa6 $XA VS59,1 10150 &
C1530  Cu00 0C 1 eulbn cLa VinLel 10160 s
NL531 2780 00 € GOC2Y SsP 10170 i
N1532 1 TTIT6 L 01593 TX1 )12 10180 .
N1533  T%0 OF 1 66260 9557 LC. ViCL, 1 FINC MAX, ELEMENT IN CURRENT DIFF. LN, 12190
01536 0765 80 0 (LOCJ LR3 G 10200 \
“1835 004 39 O C1537 Twe 02 TRINSFER IF PREVICUS DIFF. GREATER 12210 h
T1%36 0131 02 0 €290 XCA 10220
G1S3T 1 TIITE L Q154S X1 el yly=2 10230
NE54) 3 99ICL 1 J1533 VS8 Tek vS5/y1yee eo:-{2V46) ORIGINALLY 10240
¥ 2iaal 2641 0) © 03Ne ST TEWPeL2 SAVE MAXIMUM ELEMENT 10250
L1562 =520 00 C 03076 NZY XTIV 10260

ST

98

e TN E 2,
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®8FORTSIve MODIFLIED 8Y Co LAWSON AND C.
0.543" § 77674 2 01560 <1 VSH1#242,-68
01544 0774 00 1 OOUCO vS56 axy 9,1
154> 0k43 00 1 66268 V560 DLD viDLa i
Cl5¢6 0303 00 2 70 DF S8 BvlL, 2
01547 0760 CO 0 00003 sse
01590 0241 00 ¢ 03076 [ 314 TEMP+12
0155t 0500 00 0 03104 LA EPSI
01552 0G40 00 0 0i554 TLY 42
01553 -0620 GC 0 031C4 STu EPSI
0155 1 77776 1 01555 Ta! Aville=2
C1555 1 17776 2 C1556 T #el424~2
01556 3 Q0000 1 01545 VS&1 TXH VS6Cyiene
01557 1 00000 2 01560 > LR TESL L
01540 -0534 00 7 C1556 LXD vS61,4
01561 1 77734 4 Q1562 TV eloby- b
01562 -0634 00 4 C1l54y SXD ¥S58.4
01563 -0634 CO & C1356 SXC VS6144
ClSus 1 000CO 1 01565 V562 TXI s+lsly0e
C1565 3 76570 1 01527 TXH ¥S56:1,-648
01566 050G 00 ¢ 031C4 cLA €PSI

1567 0306 00 0 55860 FSM ES

01570 0120 0 0 0160 ey vs66
01571 0761 CO O Cl577 vS63 NOP vS65
n1%72 0774 CO 1 77776 VS6& AXT =2+1
01573 -C634 GO 1 01853 sxp VSATs1
C1574 0534 0C 1 03121 LXA 1RANDP, L
01575 ~0634 CO 1 0l&54 sx0 vS582,1
01576 0020 GO 0 Cl620 TRA V¥§71
£1577r 0601 00 0 03076 vS65 ST0 TEMP+12
01600 0302 00 0 03110 FS9 DEPSI
01601 0100 02 0 01572 T2e VSb4
01602 0500 00 C 03076 cLa TEMP+12
01403 C6C1 00 0 G3110 sS1C CEPSI
01604 0500 00 0 C31C6 V566 CLA COUNT
01605 0402 00 0 04713 sus =1
0l6u6 $n1 00 0 H3106 sSic COUNTY
S1607 -0100 00 0 (1616 INL vsST7C

SeFORTSZee MCOIFIED BY C. LARSON AND C.
01610 0500 00 0 63119 cLa REPSI
rlé1l -0120 90 0 d01¢72 ™ vS64
01612 0560 00 0 C4716 LEq =4
01613 0GT74 00 & 012302 TSX ERRCR 4
0lsle 0500 00 0 04713 VS68 LA =1
0ls15 G601 00 © 03107 s10 FLAG
Clé16 0535 00 1 C3115 V570 LAC 2M2,1
01617 -0634 00 1 0145, S$Xu v58Cs1
01620 077¢ 00 1 00000 VSTl AaxT Csl
Cls2t 077¢ 00 4 03232 AXT PCo&
01822 Cs3¢ 00 4 01637 vS72 SxA VSTéy4
1623 0774 00 2 66266 AXT viDL+2
01624 Q75¢ 00 1 GOQCO VS73 PXA Gsl
01625 0402 €0 0 03105 Sus TESTY
Q1626 -0100 00 0 01635 TNZ ¥S75
01627 Q774 00 2 00C44 AXT 3642
01630 0443 00 2 65760 VE74 OLD ¥1e36,2
01631 -0603 00 1 70G56 DSTY Bvl,l
01632 1 77674 1 Dle1d TXt +ly1,-68
01633 2 00002 2 01630 TIX VST7442,2
G163« 1 02306 1 Q1651 TXI V579.1,1222
01635 Cb634¢ 00 2 Cle40 V875 SXa v$?7,2
01636 0074 00 4 00002 1233 SCALR 4
01637 0074 00 0 20000 v§$76 TSXK e, 0
01648 007« 00 0 GCCOD M§TT TSX »e,0
01641 COT4 00 0 03113 TSX LB
01642 0C74 00 O 03076 TSX TEMP+12,0
01643 0261 00 0 03100 DFMP hsSQ
0lb44 -0603 00 L 72058 osT Bvlel
01665 1 00044 2 Clo4s xt *+142436
01646 1 77674 1 01647 =!I *+ly19-68
01647 3 79470 1 0163% TXH ¥S75:1,-122¢
N1850 1 02306 1 01651 ™t e+l,1,41222
01651 0534 00 4 01837 V879 LXA VST6v4
C.652 1 COV44 4 0le53 Txl “2lyb4036
N1653 3 00000 1 Q1622 vVS80 TXH VST24 1,00

o
' - - e o~

DEVINE JUNE 1954 1106764 PAGLE 25

SKIP E¥SL COMPUTATION [F NULL DIFF LN.

={NEW DIFF.-OLD DIFF.)/MAX. ELEMENT

C. .CSE LARGEST ELEMENT AS NEW EPSI

e (52-2M)

ee.-130-2¢)

TEST FOR CCMYERGENCE

TRA IF FATL COJVERGENCE TESY

NOP REPLACED 8Y TR [F USING
MAX1~UM CONVERGENCE CRITERION
COMPUTE ONLY CURRENT “OORDINATES
QPEN FXIT GATE

MAXIMUM CCNVERGENCE TEST

NO CCNVERGENCE....UFTATE CQUNTER

TEST FOR EXCESSIVE ITERATICNS

DEVINE JUNE 1964 7706/64 PAGE 26

INSURE CONVERGENCE FAILURE NOT
DUE TO LOOP IN 1AX. CONVRG. 1EST

ERROR EXIT FOR NO CONVERGENCE

MAKE FLAG NON ZERQ

COMPUTE COCRDINATES AND STORE

IR BY1 ARRAY

VSTL 1S ENTRANCF FOR EXIT PROCEDURE
TO COMPUTE ONLY CURRENT VARFATIONS

TEST IF THIS LIVEN VARTRTIONS

PICK UP GIVEN VARIATIONS

USE ANSWER LEST IN AC-MQ
ADDR{P(1),IeO(1 )M
ADDR OF CURRENT CIFFERH «CE LINE

10270
10280
10290
1730u
10310
10320
10330
10340
19350
10360
10376
10281
10390
10400
10412
10420
15430
10440
10459

10«70
10480
10490
1050C
10510
10520
10530
10540
10550
10560
10570
10580
10590
10600

10620
10030
10640
10650

JPL. TECHNICAL MrMORANDUM NO. 33-188
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*aFORTS200 KCLIFIEC 8Y C. LAWSON AHD C. SEVINE JUNE 1964 T/06/864 PAGE 27

016594 0C20 9CG 0 013l v¥S82 TRA vLGeP TLA TC &OF UPON CONVERGENCE 11070
01655 O¥7a S0 . GOnce AXT Cot VARIATICNAt DIFFERENCE LINES 11092
21636 0774 00 2 000As AXT LYY 4 HAVE CCMVERGED. SET VAR[ATIONS 11100
01457 0443 SO 1 70256 v$84 DLD 8vi,l TO CURRENT VALUES. 11110
Gles0 -0803 OC 2 &576C osT V1e36,2 11120
01661 1 TI8T4 1 Clée2 Tx1 *el,1,-68 11130
01662 2 000C2 2 01857 T3 VSB&,2.2 11140
£1663 (443 20 0 &T75¢2 SETin DLOD BX SET CCNVERGEC VALUES OF 11160
Cless -C4n3 0 S 65872 os1 x CCIRNINATES CORRESPCADING 11170
01865 0443 00 9 67546 oLe ay TO CIFFEREXCE LINE IN PROPER 11180
Class -0503 00 J e507» os1 v STCRAGE LOCATIONS SET TIME 11190
05667 0443 CO O 67752 oL L1 11200
C183C ~C603 00 O 465673 oSt z 11210
CReTL D443 0D € 7234a bLe or 11220
1872 -0803 30U L 65870 nsr T 11230
. 11240

. THE STARTING OIFFERENCE LINES HWAVE NCW BEEM GENERATED FOR 14290

. BGTn ThE FOSITITKAL 2% THE VARIATICNAL ECUATIONG. 11250

01673 56L3 00 O 85657 1 5 11280
Cl674 0500 20 O ¢5652 cLa L4 11290
0NL75 Ce0L 0D 0 33104 $TC SEPCHG 11300
01676 €490 20 D 6%656 sv2 GTAPE 11319
0877 9300 00 O 015 Cia 22 11320
61700 0TS? 00 O COOOL ALS 1 COMPUTE 4MAnsNes i1330
O17G1 0734 00 I GOCSO PAX [¥3) 11340
21702 8336 OC 1 03106 Sx4 4nd,1 hMay 11350
Ci703 ~0834 00 1 021s) Sxg coL6 1 11350
G108 1 77776 1 Q1735 TR eelele=2 11370
h1ICS -Co3s 50 1 C2D3. SxG g8L2e1,1 24Me2 11380
01708 60 00 O 03193 $T2 LSAVE SET OCUBLING LCCATGR 11390
. 11400

01707 C600 00 O 03107 SEARCH STZ FLAG FLAG wILL CONTAIN THE TAG FROM TSMIN 11at0
G1710 OS3« 30 1 01255 LKA X6,1 SVART SEARCH FOR NEXT ¥ STOP 11820
€1711 0500 £O 1 00004 Sa CLa 41 11430
91712 3100 06 0 C1¥i3 T2e ‘SR1 O=MAVE NO ACYIVE T STOPS AS O [§ HIR 11440
81713 0120 92 D GI720 ™ $22 PLUS PEANS ACTIVE T STOP 11450
CLT14 1 TTET? 5 01T TRt 41,71 MINUS MEANS ENACTEvE T STOP. EXAMINE 11460
. KEXY TRIGGER 11470

01715 0500 %C O CaT741  SRi Cea =CITTIITIIITNT 11480

SeFORTS2se ACOIFIEC %y . LAWSON AND (. DFVINE JUNE 1964 TI08/¢4 PAGE 28

~17is 0691 €O 0 02072 stC TSelN ALL TRIGGERS INACTIVE. GO TO INTEGR. 11490
S171T 29020 CJ O 62056 TRA LCoP 113500
91720 €621 T0 S 02048 SR2 5Ta 1S1CP MAVE AT LEAST ONE ACTIVE T STOR 11510
£1121 Q825 00 0 03107 sTY ELAG SETUP AS TSMIN, THE MININUM 1”9
©1722 2771 00 0 00022 ARS 18 T STCP TIvE 11530
€1723 C821 00 2 01724 STa e} 11540
01724 0443 09 G COOCO oLC . 11550
21725 -0603 20 0 03072 DSy TSP 11560
~1726 1 17TIT 1 01127 sR3 Tx§ *elysly-l CHECX REMAINING Y STOPS TO FIND 11570
21727 0300 CO 1 C0C%e cLa 4,1 IF AnY ARE LESS THAN TSMIN 11580
51730 0102 GO 0 41753 TIE TSTESY ooMC PORE T STOFS 11590
£i731 ~0120 00 0 01726 o[ SR3 +«MEXT TSTCP 1MACTIVE 11600
1732 077U S0 0 CGO22 ARS 18 +«.HAVE ANQTHER T STOP 116te
21733 €621 00 0 C17dw S1a sel 11620
N1734 0443 CO 0 05CCO DLe o 11630
11735 3340 L9 9 03072 CAS TSHIN TEST IF NEW T STCP 1ESS THAN TSKIN 11640
A1T36 D222 06 0 G1728 THA S’3 NEw IS GREATER 11650
CL737 0C29 20 5 Oilel TRA [ATKaL esee 11660
C1Y4n 0022 £ D 1748 TRA LESS NEW 1S LESS 11670
~1741 7131 CC O GCCCO CKLOWT XCo 125640
C1742 3340 00 0 03I CAs TSHiNeL COmeidc LCm CATER WGRD AS SAME MIGH 11690
C1763 GC20 €O O O1728 Rs 523 NEW 1S GREATER 1170
T1745% 3320 00 0 Cl228 T Ry NEW {S SAME SO TAKE CLO 11110
~174% Q131 00 0 C08CO iCA NEW IS LESS 11720
01746 -56C3 00 O 23072 Less ost 1SwiN i1730
C1747 0500 00 1 CQO0+ CLa 4l 11740
NLT%0 €621 OC 0 02046 STA TSTCP? 11750
cLT5t 0825 00 0 C3137 1T FLAG 1176%
f1752 0C20 00 0 C1726 TRA SR3 117170
. 11720

N1THY 2443 CC O 65670 TSTeST OLL T TEST 1F TI¥E FCR T STGP 11790
21756 0340 20 0 03972 CAS AL | 11200
~1785 000 10 0 G TRY 15 T GAESTER THAR TSMIN OCAKE T 570P EXIT 11810
Tl156  CCLC O0 O 1740 TRA CRLCW saees 11820
“1757 L0209 15 0 CiD%e Tma LCoP T LESS THAN TSMIN CCNTINUE INTEGRAYION 11030
S1?6¢ D)1 02 ) 00LEA KL ACA 11845
176l Cla4d LC £ 03073 CAS TSI ey 11850
L1762 0320 L& 4 217 A 73.5 T GREATER wARE T STOP 11880
“1763 2020 €2 D L1765 THA tiel TaTSKIN MAKE T STOP BUT SKIP INTRP. 11870
Cl1786 9020 00 N L 105 Tia Lcop T3 LESS THAN TSMIN CONTINUE InNTG. 11880
- S1TeS A3 (6 ¢ W30 TS.1 XCA 11890
C1l66 =2443 N0 0 03062 ost Tiwp SEY UP T STOP EXIT CCNCITICN AUT 11900

100
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*oFORTSIne MCUIFIED B8Y C. LAWSON AND C. DEVINE Jut 1964 T/06764 PAGE 29

€1767 ©17% 00 ' 0COCS AXT Se1 SKIP INTERPOLATICN 11916
01770 0443 00 1 85677 1550 ow Tel,t 11920
C1771 -0623 OC )} 23071 0sT TEMPe?,2 190
01772 2 Qe0C: 1 C1711D Tix ¥50C,is2 11940
01773 0020 93 3 C€2022 TRA 1§3.1 1:9%

. 11980
21114 0131 03 0 €OCCD T$.5 XCa 11970
01715 -0603 00 O 062 TS5 oS3 TENP SAVE TIRE AND CURRENT POSITION 11980
C1776 077+ 0C ! 09CSS AXT L TY 119%0
SLTTT  N443 00 1 65477 TSV NLE Lelsl 12060
22000 -3633 €0 1 03¢y 214 Tinper,l 12010
02001 2 00002 1 01777 Tis TSCyle2 12020
22002 JOTT4 00 i £61lc AXT XOLsL 120%0
£2003 (774 00 2 65672 AXT X42 12040
C2004 634 00 1 02011 TS Sxa 1521 12050
C205% D634 OC 2 C201% S5xa 53,2 INTERPCLATE FOR COCRCIZATES AT 12060
22036 0074 CC 4 000C) TSX SINTRP 4 TeTSMIN a4ND STORE IN K,Y, ANOD [ 12070
02307 CCT4 00 G 65410 TS5x T40 TINE 12080
CZC1D O074 00 O 03072 Sx TSPINGS INTERPOLATION TINE 1209¢
£2011 00T« 00 O 0OCOO TS2 T5% s0,C CIFFERENCE LINE - 12100
02012 CCT4 00 C 65864 TSX STEP SILE 12110
02013 CCOT4 00 0 C4712 T5x OPTICAN NUMSER 12120
02014 O0T4 S0 D 5652 5% NUMBER CF CIFFEREXCES 12130
02018 0074 €O O COICS 153 18x ANSWER 12140
02018 OCY& Q0 4 €127% I5x ERRCR EXIY 121%0
02017 1 0CO&% 1 C202C Txq selyly36 12160
@202C¢ 1 20302 z Q2021 71 0e],2,2 ™
62021 -2 65676 2 C2004 TXL 1$1.241 12180

. 12190
02027 -0522 CO O C31C7  T$3.1 NIt FLAG TEST IF wiSH INTERPCLATE FCR VELOCITY 12200
02023 0020 J0 O 0204 TRA 157 22210
02024 0774 00 1 66112 AXY x0Ls1 12220
02025 0774 0c 2 657C0 aAxY 2Ca2 12230
02026 £634 o0 1 C2033 TS4 SXA 153.1 12240
02027 7634 00 2 Q207 Sxa TS4,2 12250
02030 0C74# 00 & <0003 75K SINTRP,4 12260
€231 0C74 0D C 658130 TSx Te0 12272
¢2032 0C74 00 O C3G?2 TSx TSMIN,O 12280
€233 OCT4 LD C COlCO 185 15X .o, 12290
02034 2074 33 0 5660 18r Fy0 12300
£203% OCT& 9C 3 04713 TSK 1,C 12310
0203 076 QC & 465652 TSx ¥el r232¢

seFORIS2es MCOIFIEDC BY Co LARSCH ANO C. DEVINE JUNE 1964 7736764 PAGF 30

€217 AT« €3 0 C02CD T84 TSX ee, L 12330
02Ces CF74 0OC & T1275 TS% ST2e4 12349
€206l 1 Q0D&& 1 22042 =1 eel,l,36 123%0
C2G62 1 02002 2 02343 TXi se19242 12360
~2Ce3 -3 oSTCH 2 C2026 XL TS4,2.2C 12370

. 12380
C20as T4ed Do D C30T2 787 OLC AR12RY 12390
02045 -0£03 00 D 65672 13 i 12400

. 12515
C2066 C(CT74 00 & C2CCS  ISTCP TSX e, b MAKE T STGP EXIT 12420

. 12430
L2047 443 0C O CiC62 oLC TeMF 12440
02050 -2603 OC O 65470 cst T RESTCRE Tir#E AND PCSITICN TC 12450
c2051 0774 DO | COCCS Axt 5,1 CORRESPEND WITH DIFFERENCE LINE 12460
02052 d4a3 00 1 0307 758 Due TEMPeT, 1 12470
€20%53 -2603 00 1 65677 osT Isla1 12480
N2054 2 90002 Y C20%2 Tix TS8,1,2 12490
©2055 Q020 GC © 217cT TRA SEARLH GJ FIND NEXT TSMN 12500

. 12510

. *START INTEGRATICN LCCP 12520
72056 OCT4 00 & CCCTGO Lege TSk TEST FGR STEP CHANGE..#ewADCRIRLIST) 12530
©2057 CTYT& €9 1 CCOCI AXT 12540
©2063 0120 00 2 C2CeS L 12550
22060 0340 00 0 &%ueb CAS H NEGATIVE. TEST FOR STEP ChANGE 12360
02062 0029 00 2 C.070 Taa 12570
02063 (020 00 9 Q2111 TRA 12580
02084 ! GCOOF 1 02199 i GCUBLES Ly 12590
€2065 5340 00 O 856860 MAOS1T CAS [ H PCSITIVE, TEST FOR STEP CHANGS 12600
~2086 1 20001 1 C2190 =i CCUBLE L, NEW H LARGER....wANT DCUBLE STEP 12610
220867 CQ20 20 O C2111 TRA Samt CONTINUE WEITH SAPE STEP...Xl=l, 12620

. HALVE STEP...X1%0, DOUBLE STEP X1ew2 12630
220790 ~C&03 CO C 23074 FALF DST TEMP4LY SAVE Kew STEP 12640
(2071 0500 06 O 65856 CLa CTAPL 12650
2072 CT&7? 00 O COCD. ALS 1 12660
D2CTY C402 L5 O 65652 sL8 » 12670
2374 0120 03 O 0207e L oe2 12680
22075 0756 GO G 30000 Pxa Col DVAPE=2DTAPE-M UNLESS NEW 12890
T2075 (&Ll 00 O 65456 $10 CTAPE VALUE 1S NEGATIVE, ThEN CTAPEsC 12700
MWETT 1 TTTIT 1 €211 xil SA¥EsLle-1 12710
02102 0524 €O 0 33104 (QouBLT lET SIPCHG WANT OOUBLE ...TEST IF CAN COUBLE 12720
t2161 1 TIITY ) Q2111 ™I SAME, 1 ,4-1 NOy SET X1=1 AND CONTINUE 12730
02102 -C603 00 0 23074 osr1 TEMPeL SAVE NEW STEP 12740
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JPL TECHNICAL MEMORANDUM NO. 33.188

102

«sFGRTSZ e

22103 ~C52)
021046 0€20
€165 2500
02132 1403
Q26T ¢
0211 08541
62111 0634

c2112 cris

02113 0774
92114 0022
02115 0024
£2116 Q020
02117 4029

far2n €835
22121 -Ca3s
92122 0636
02123 T53%
82124 0634
2125 Q63
62126 Cole

D2127 CM7e
02130 377
02131 0443
02132 ~0603
02133
02136
02135
32156
¢2137
Q2140
02141
N21%2
T2143
C2i4s T34
2145 -0534

e Lk

02
o
02
Go
ne
00
09

03

20
vl
00
0o

11116
71778
00030
20009
T8
00000
00009
GOLCD
17674

[J
20

£2146 1 TT874

P214T 0834
#2150 -0634

seFORTSE v»

02151 977
C21%2 0774
C2153 0774
(2154 0590
G2ISS 0550
€2156 G601
02157 -C600
02180 -Us00
c2lsl
c2162
02led
62164
02168
02164
02167 0634
r2i70  Co34

[ORSRyE,

co
¢o

00
co
co
co
a0
e
00
o0

17117
T
171717
90000
00090
00000

00
00

02171 3 Jooco

c2172 0774
02173 0772
02174 0634
02173 0034
02176 0634

00
30
0¢
00
00

02177 1 1777e

02200 0334
02201 05234
02202 -Co3s
02203 0114
C2204 0443
02205 0303
62206 -060)3

1]
[
00
oo
o0
(3]
[-1]

022¢7 1 Q0002
02210 -3 €000C
€2211 2 00002

02212 0%34

¢o

€2213 1 Q0044

02214 0774

00

€221% 2 09001

C GO

DONN~ -~

NORNNRNRN S NANNAN - -0

c2417
62333

G314
o215
27140
03135
G2127
¢2151
Q2152

[oodedels]
woes)
67476
12322
02134
c213%
02137
02142
€214
02142
02142
€2131
S2144
c2127
0214¢
c2147
€2135
€2140

coa0s
cogne
000090
as116
12322
87542
solle
67476
02162
02163
G21464
c2154
C2166
Q2167
02151
02152
o227

€0090
00000
02214
02205
0220¢
€2200
02204
33114
02210
60001
20600
0occo
00009
02210
02204
022C2
02205
02214
00000
02174

NCDIFILE 4Y Co LiWSCN AND C. NEVINE JUCE 1964 1706764 PAGE 31
N134 Ctap:
TRA SAME OTAFEsD HENCE 1S CORRECT

cLa DYAPE CIMPUTE NEW DTAPE
ACZ »
&RS i
siC CYarE OTAFE=(DTAPESMIZ2
SAPL 54 EQSel, )
ECS TSx e, 4 ¢*aANDR(E0S). 50 TG END OF STEP RTN.
Axt 1,1
T4 LERSY, Y BRANCH TO HALYING OR
TRA 33 DOLBLING PROCEDURFS
TRA L2
LEDSL TRa hy
CBL LAC 445, QBUBLE STEP S1ZE PROCEGURE
$X0 CaLd-1
s16 LI TR
LAC ChAVE, 2
SXA TBLle2
Saa D3L3.C
S$xa 081940
CHLL AT 2,2
Axt Csl
gbL2 oLe dUFF.2 REQRDER REGUIRED SECONC CZRIVATIVES
ost JUFF2,1 AND STCRE IN 8UFF2
Tl ®eioly-2
151 02402
CaLy Txw DBLA,2y00
123 O0oL7,2,0¢ cony
cBLG TXE 014242
CSLS TxH CALTy240e
ToLe TX1 CoLTe2,00 eruipe2
CeLs TXr D8L2, 3,00 esc-(2Re2}
1x1 *ely2o-08
SxA oBLL.2
Lo cuLs, 2
@t e},2,-068
$xD cBL3,2
$x0 oBLS,2
MCOIFIED BY C. LAWSON AND C. DCEVINE JUNE 1964 1708754 PAGE 32
CBLE AXT
CBLY AXT
AXT
02LIC CLa SAVE OLD DIFFEQENCES IN LAST
LOg BUFF2,4 HALF OF BUFF. SET FIRST HALF
$10 BUSFe38,2 TQ NEW DERIVATIVES AND MOVE
sT¢ XDlebs) NEw TERIVATIVE LINE TO XOL
iTQ BUFF,2 ARRAY
™! *¢lyle-1
Tl *41s24-~1
xi Seleda-l
oBL1L X QBL104 4,0
1£3} slylyee
>1 S41.20n0 ean=(66-2M)
SXa 08L8, )
SXA uBLYy2
€BL12 TxM 0BL1y1 00 ®ex-108 OR ~758
CoLi4 AXT oo, 1 @0eADOR {ASXTCL+2Me1)
OBLLS AXT ey4 sl Ok 21
DBL1G SXA 0BL22+4
sxa 0BL19v1
SXA GEL20+1
Xt *¥l,00-2
SXA
LXA
COLLY SXC
AXT
ooLls DLD FORF NEW DIFFERENCE LINE
DBL19 OFSH ®e S STORED FROM DBL16~DBL1G+4
08L20 DSY
X1
osLel ;ll ®» STCRED AT DBL1Y
Ix
X4
Xl *¢leis3e
0BL22 AXT [T
Tix C8L1&,4,1

12750
12769
127110
12780
12790
12100
12810

12830

12839
12860
12810
12680
12890

12910
312920
12930
1294
32950
12950
12622

12990
13002
13010
13020
13010
13040
13059
13060
13070
13000
13090
13100
13110
13120
13130
13140
13150
13160
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i JPL TECHNICAL MEMORARNDUM NO. 33-138 '
g
A
i esFORTSve MCCIFIED BY C. LAWSCA 3ND C. DEVINE JUNE 1964
7
o C2216 06443 €O O 85666 08123 OLD v TR13 IS ALSC USED BY MALVING PROCEOURE 13570
K 02217 -0261 00 0 03074 CFJP VerPel 13560
Y 2220 -0693 00 D 4566¢ ostT ] «17.L HI/NEW HI 13390
- ©2221 05'S 00 1 03115 LAC 224, 13600
.. 02222 -GE€34 00 1 02240 sxg CBLc ot 13610
¥ 02223 174 00 1 0000) AXT Cy: 13620
- £2324 JT14 GO 2 COCS AXT Cui 13630
- : 02225 G774 00 4 619542 AKT BUFFe3beh 13640
§ 02226 T434 00 & 02750 SXA CRL2A,4 13650
: 02227 0443 00 | 65114  OBL24 OLO 42,1 CONPUTS NEW FIRST SumM$ 13660
02236 026 00 6 65666 DeMp n 13670
i 12231 -0603 S 0 03076 [ 131 TEMPe12 = [CLD FIRST SUM)SHDLO/HNEW 13600
S 12232 0443 0C 2 67542  OBL2S DLC BUFF+36,2 13690
T (2233 0261 0C O 65666 DFHP n 13100
[ 023« G303 63 1 66116 DFs2 ACLs4, 1 13n¢
o0 0.235 -0633 00 2 67542 oSt BUFFe36,2 13720
R 0c236 1 17776 1 02237 [$7) oelelo-2 13730
‘ 02237 1 17776 2 02240 Tar 13740
. 02,40 3 00000 1 €2232  OBL2¢ V¥r 13750
. 02i%1 0534 00 & 02240 Lz 13766
. 02242 ! 7734 & 02243 Try 13770
' 022-3 -0834 00 & 0774 au 13780
02246 1 3007, : 02245 OBLZ? IxI sl l, 00 ovu-(36-20) 13790
- €224: 1 00000 2 02246 M7 sels2s0e soc-166-2M) 13800
G224 OCT4 05 & COOC2Z 15X SCALR o4 13810
0226 OCT& 3. 0 03124 1sx LaG1e2,c 13820
\ GZ7%C QCT4 00 0 00005  MHLEZ? 75X 20,0 *e=CURRENT BUFF ADDR. 13830
. 22251 0OCf74 00 0 03111 TSX [ 13840
02252 JCT4 00 9 72322 15X BUFF2,0 13850
02251 0301 00 0 0307¢ DFAG TEKP+12 13860
02254 -0603 00 L 68USY 0st OL-34,1 13870
c225% 0534 D0 4 02250 LaA CaL28,4 13880
0225» 1 00104 & 52257 rx: selh,08 13890
! 02257 0834 90 & C2250 30 CBL28,4 13900
02250 ) 00000 1 02227  F9L29 Txw CBL24, 1,00 -108 OR -756 13910
22261 0443 u) € D30T oLe TENPe10 13930
; 02262 -0603 00 0 65860 [ 23] 3 13940
‘ 02263 6l G0 O 656%% OFNP R 13950
i 2264 —G403 00 0 03132 0s71 nsQq 13960
. 02265 0774 00 1 20IC AXT G, 13970
R 02266 0174 00 2 6allé Azt XCL+2,2 COMPUTE SECOND SUM FCR EQUATIONS 13980
H
. eefDRTSZee MCDIFIED BY C. LAWSON AND C. DEVINE JUNE 1964 1/06/04 PAGE 34
R 22267 0634 L) 2 C2274  OBL32 SXA caL3s,2 OF MCTION 13990
.o 02210 L 77776 2 02271 ™>1 ael92y-2 14000
H C2271 CB34 (D 2 02302 SXA 0BL15,2 14010
H 02272 GCT« DO & 00002 TSx SCALR, & 14020
i 02273 9CT« 00 0 03234 154 £022,0 14030
N 52274 6074 00 0 00000  OBL3& TSX ve,C 14060
: 02275 0C?4 OC 0 03112 18X “2,0 14050
{ 02276 ©C7+ 00 0 03070 TSX TEMP6,0 14060
: 02277 $44) 00 ) 65672 oLo X.1 14070
R 02300 -0241 00 0 03100 OF0P KSG 14080
1 023Ct 7303 00 0 03070 DFSB TEMPes 14090
i 02302 -C303 00 0 00000  0BL3S DST ve 14100
., n23C3 1 0CO46 2 02304 T*<I *+1,2,38 14110
¢ 0230« 1 77776 1 02305 X1 selyle=2 14120
I 02305 3 TI713 1 02267 TXM CBL3Z,1,-5 14130
: 323Co G020 00 O 02327  OBLIE TRA 0bLS0 TRA REPLACED BY NOP FOR VARIATIONAL EQU. 14149
! 02307 0774 00 1 00000 AXT Qel 14160
ot 02310 0834 00 2 02315  DOL4Z SXA 08LA4,2 14170
H £2301 1 T7I76 2 02312 1231 oel424~2 COMPUTE SECOND SUNS FOR VAR. EQU. 14180
L 2312 0634 00 2 02323 SXA 0BL4S,2 12190
! 02313 0074 00 & 00002 s SCALR (% 14200
vt 52314 0074 CO O 03234 1S P0e2,0 14210
4 02315 0C74 CO O 00600  D8L44 TSX ee,0 14220
¥ 02316 0C74 00 0 03112 TS 2,0 14230
i 02317 0074 00 0 03070 1§33 fEPPe6,C 14240
i N2320 0443 00 1 65714 DLD ¥lel 14250
i 02321 -0241 00 0 03100 OfOP H3C 14260
} 02322 0303 00 0 93070 OFSB TEMP+6 14270
. 02323 -0603 00 0 00000  DuL45S OST o 14280
i 02324 | 000ve 2 02325 ™ 4142438 14290
{ 02325 1 77776 1 02326 Tx{ selsl =2 14300
} 02326 3 77734 1 02310 TXH 0BL42,1,-36 14310
:
¢ 02327 0020 00 0 02474  {BLSC TRA HYS0 14230
Lo
. 02330 0535 00 ® 0311% HV LAC 42,1 MALVING PROCEDURE 14330
i 02331 -0634 00 1 (2340 $X0 V2,1 14380
i €2332 0774 00 1 00000 AXTY 0,1 14370
: 02333 0774 00 2 00CCO AXY 0s2 14300
§ 02334 0443 00 1 66116 hvi OLD XOL 44, 1 14390
() 02335 ~0603 U0 2 67542 osT BUFF+38,2 SAVE CLD DIFFERENZES 14400
1t
TS
1y
'
'
il
Pl
i
H .
I
¢
Vo
ot
to
L
)
-
- 103

b - —
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JPL TECHNICAL MEMORANDUM NO. 33-188
seFORTS2Zer MOOIFIED BY C. LAWSON AND C. DEVINE JuNE 1964 ‘T7/06/64 PAGE 35
02336 1 11?176 1 02337 TxI selyle-2 14410
02337 1 77776 2 02343 ™i pele24-2 14420
02340 3 00COC 1 C2334 HY¥2Z TXte K¥lslese 14430
02341 -0534 CO & C2340 LX0 14440
02342 1 T7734 4 02343 %1 14450
02343 -Co34 0O 4 02340 $XG 14460
02144 1 00000 1 C2345 HY3 TxI senu{34-2¥} 14470
02345 | O0GOO 2 02346 =i ese~45-2M) 14480
023484 © 00900 1 02334 TXH HY¥1gla0e ee«-1Cs CR ~7%6 14499
©2347 0©S00 9¢ 0 03111 CLa 1 14510
©23%J 0801 00 0 03068 STC TEMP+& 14520
02351 Q774 20 4 00036 AXT 30+4 14530
£235%2 0774 00 } 04332 AXT PH1,.1 14540
02353 ©7T74 00 2 £6120 AXT XCL+6+2 14550
02254 ~3634 (0 & 02374 HV4 SXO V1244 FOR¥ NEW DIFFERENCES USING 14569
©2355 0%34 00 & 03Cés LXA {EMP+4, 4 PRESTCRED COEFFICIENTS FCR 14570
02356 1 ITITT & 02357 Tx1 selohy~1 SUBTABULATION 14580
023%7 0834 00 & G3068 SkA TEMPo&, 4 14590
02360 Ct&3& 003 | Cr364 FVS Sxa Y7ol 14600
02361 0634 00 2 02385 H¥3 SXA HYA,2 14510
02362 0634 00 2 02372 SXA V9,2 14620
£2363 0074 00 4 0002 1£34 SCALRs 1463C
02364 0074 09 0 200CC KYY TSX ee,C PHil} 14640
0236% G074 00 O COCOO HY8 TSX *s,C sssCiFF. LINE 145650
{2366 0074 UC O 03066 TSX TEMP®4,0 14650
02367 £074 00 0 03070 T5X TEMP*6,C 14610
22370 ~C603 02 © 0006C0 ny¥$ GST . 14680
{2371 1 00046 2 02372 I eel,2430 14690
n2372 -3 90000 2 02361 rY1l0 TXL hybs2 00 *esXCL+108 OR XOL+758 lere0
02373 | 00000 2 02374 Hvll TX1 142, sen-]10¢ OR =754 14710
GZ374 | 02000 1 02375 mvl2 TX] etlyliee i4720
02375 -0534 00 4 02374 LXD Fvl2e4 14420
92376 1 7776 4 02271 x| eelyb,~2 14740
02377 -3 Q00O 2 02554 FV16 TXL “V4 2ove eon{XCL*432MeL) 14759
. ALTE® eXIT FROK FIAST AND 164778
. SECCNC SUM CGPPUTATICN IN 14730
02450 C774 00 1 02433 AXY Hvléol OOUBLING PRUCEDURE, LSE Yhat 14790
0240 0634 20 1 02327 SXA CoLSA i CODE TC MAKE FIRST ANC SECOND 14800
26402 2020 00 ¢ 02216 TRA osL23 SUM (CCMPUTATION FOR HAL/ING 14810
*ek0ATSZee MCCIFIEL 8Y C. LAWSON AND C. DEVIND JUNE 1964 T/C6764 PAGE 36
02403 977% T¢ 1 C2474 nvle axr rv3Cel 14830
02604 0634 00 1 22327 SXa 08L53s1 RESET UOUBLING PROCECURE 14840
N2405 0074 U2 & J00C0 RLIST1 TSX *e 0= ACTR (SURRCUTINE RLIST} 14880
32406 0120 02 O C2413 TPL HVlE 14870
07407 0340 20 O 65665 CAS L] H NEGATIVE, TEST FOR FURTH:A REDUCTION 14880
02410 £L20 0) 0 52416 Te2 hv2( #EDUCE STEP AGAIN 14850
CZ&41t 2020 CO O 02431 TRA hvig STEP (K 14900
£2412 0720 €0 G C2431 TAa nv3C STEP Cx 14910
QZe13 0340 €O O 65466 KV18 Ca$ [ M PCSITIVE, TEST FOR FURTHER REDUCTION 14930
C2414 0C20 09 0 l2431 TRA hv3l STEP Cx 14940
C2415 0029 3 € CJ4&21 TRA ry30 STEP Ck 14950
22416 ~0520 00 0 £583%8 PY2C NeT CrARD REDUCE STEP AGAIN 14940
C2417 0C<0 OC 3 €2330 TR& rv DTAPE«C DCNT NEER 70 CHANGE 14970
02420 0%00 00 9 &5656 CLA OTAPE CONPUTE NEW CTAPE 14980
€2421 0767 00 O CCCCL ALS 1 14990
02422 ©402 00 0O 65652 SL3 » 15000
024623 €601 CO D 85656 STC CTAPE s20TAPE-¥ 15010
C2424 0100 02 2 %2427 T1E EDSI 15020
2425 0120 00 9 $2320 TPL mV 15030
02420 0600 05 0 858%8 sTL CTaPE DTAFE LESS THAN CR ECUAL TC 15040
€247 0CT« CC 1 S4LCCC EOS1 TSx se,l ZERGe ' ENCE NEED EQS TAPE CumP, 15050
(2430 0020 00 © (2330 TRA hv SEY CTAPEeD AND GO TO EOS 15050
02631 0535 00 1 03115 #VIC LAC W24t 15080
02432 -9634 00 1 02541 SXC MOVE NEW DyFFERENCE LINES TC 15090
£2433 0776 00 1 €000 AXT SYEC COUBLING BUFFEP 15100
tdw,' 0774 00 2 vO0C2 axf 15110
2435 Oaws I U 66118 V3l OLC 15120
26436 0653 0C 2 67478 osT 1913¢
C2437 1 77775 i G2440 ™>( 15140
G2640 1 TTTT6 2 C2441 Tt 15150
V2441 3 00000 1 02435 »V32 TXN 15160
2442 ~0536¢ 00 & 0264} LG 15170
02643 1 TTT34& & C2444 T 15180
C2444 ~Cb3% 0D 4 (2641 $x0 15190
n2445 1 00000 1 02446 H¥33 X1 oelyly0e (34=2m) 15200
024466 1 00000 2 02447 ™1 srly2yee . 166-2K) 15210
02447 3 00000 1 02438 TR HV3lsl,ee tes-10R IR -754 15220
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. esFDANSZee MECIFIED BY L. LAWSCN ANG C. DEVINE JUNE 1964 1706764 PAGE 37
i
g N2450 M4 G2 1 26040 FVI4 AXT 0e, ] 20 =ACCR(BUFFe2M+] ) 15240
H 52625 2774 U3 4 L2063 FV35 Al ve 15250
N N2e37 0434 0% 4 Q2412 kV36 S5X3 G246 15260
EEN T24%31 2654 22 1 T248) $xA RVis, 1z21C
B S2654 C.34 00 1 G404 SXa DIZIENY 15280
226455 1 71776 1 C2450 7x1 *elelem2 15290
{ C2456 0634 CJ ) Ciatd Sxa FV3b. 1 13300
S2451 0434 €2 2 03ila txa 15310
F2ABG =Ch3g 0T 2 L24¢6 V3T SXD 15320
' fle6l  ITTe 2T L I0CT1 AXT 15330
~246Z D4e3 CI 1 SIC22 VI LT UNOIFFLRENCE Niw DIFFERENCE LINE 15340
. ~2he3 L3 23 1 w022l V39 OFSA TO GENERATE SZCUNEC DERIVATIVES FOR 153s5¢C
. T2464 -36CH C2 1 CODTD rV4C DST STEP CUUBLING PRCCECURE. 15360
ci465 1 0002 L J2aes Tal ee 5 STORED AT HY3& TC Hv3bes 15370
Czebo ~3 10097 1 G24el Fvil TAL es STCREN 4T WV 37 15380
a6t $33C2 2 G248l Tix 15390
. r2410 €536 8N 1 52463 LA 1548C
~2601 1 3D1%4 1 12412 Tx1 *elel,68 15410
T2472 0716 CO 4 € 53D FV42 AX( LS 15420
N Ceals & COusl 4 CieSe Tix Fe3tatel 18430
. C2414 €630 00 O 03,35 FVHZ ST CSavE 15450
. S2475 0S33 090 0 65652 cLa v USE ¥ TC WAKE STPCHG NCN ZERQ 15460
“2476 Coul CO C 2314 St STPLHG USE wSGL TC FAKE STPCHG WON-ZEARD 15470
- . 15490
. 15500
N T2477 CTTe 0D 2 66112 L2 aat XL, 2 INTEGRATE CNE STEP wlTF CPEN FORMULA 15510
: €25C0 0774 (€ 1 CI3CJ Axt Cud THIS LCCP FCR POSITICNS 15520
! 22501 634 0) 2 22514 L3 Sad L4,2 SET ACCR{O!IFF LINE) IN CALLING SEG. 15530
N £25C2 ©T714 0C & u0302 TSX SCAL4,4 15548
< 02533 CCT4 00 C 231éo TS PeL,2 15530
C25Ce €074 37 ¢ €0OCO Lo TS ve,C 15560
©23c5 074 00 0 521t3 TSk ¥, [ST12S] 15570
12505 T274 20 2 65758 |53 V1840 USE v15 a$ NUMMY STORAGE 15580
> 32507 Q201 €3 0 $3150 GEpp nS0 15590
0251C -2AC3 O 1 65672 0s1 P 15600
22511 1 3044 2 02512 Txj *+1,2,3¢ 15610
- 02512 1 TT776 1 L2513 Txy esloby=2 15620
N €2513 3 TTTI2 1 e25%h Ly Txe L3,le-0 15630
. ~2514  0C25 €3 5 C253) Lo Tua L9 TRA IS REPLACEN BY NCP IF RAVE 15640
£2515 3774 59 1 {00C2 Axr tet VARIATICAAL EQUATICHS 15650
:
h
) CsFJRTSIe MCUTFIEE BY C. LANSCN AND C. DEVINE JUhe 197+ /06764 PAGE 33
: £2516 TA34 GO 2 C£2521 L7 Sk L8y2 15660
r2517 Q074 GG & 00%02 15¢ SCALR,& INTEGRATE VARIATIGNAL EQUATIONS 15870
B 02520 €76 00 0 C3lss T5x Pu1,0 156R0
€2521 0074 00 & Qpoce L8 S« *s,0 15690
~2522 0074 00 0 03113 15X ¥3.C 15700
02523 9074 00 ) 85756 F5x V18,0 15710
- 12524 Q261 00 ¢ 03100 Ofmp =S3 15720
B 02525 -06C3 OC { 45714 (214 15730
. 02506 1 DD044 2 .2527 TXg 15740
' 2527 1 TTIT6 1 42530 X1 15750
62530 4 TITI6 L 02516 TXH 15760
- 15170
2531 0443 00 O £5670 L9 9L T INCREASE TIME TO T 15780
H 2532 T3C1 00 O 65666 OFaC " 15790
02533 -CeN3 00 0 6561C 08T T 156800
. 15610
02534 CCT4 30 & 20020 CER Tsx LI3Y COMPUTE NEw SECOND DERIVATIVES 15820
. eesANCR(DE' ) 15830
02535 0r20 00 0 92552 19.2 Tua L20 NGP STQREC OVER TRA IF OPTICN=Q 15840
02536 0535 CO L 03116 Lac 2v6,1 «eesSAVE CURRENT DIFFERENCES FOR 15850
02537 =C634 00 1 02544 Sxp L1241 PRECICTOR CORRECTOR MOCE 15860
N n2540 9774 €0 1 00000 axt 01 15870
: £2941 0443 00 L &6112 Li0 DL XDeol 15880
2542 0603 €2 1 72322 05t BUFFI.1 15890
. 025643 1 77776 1 02544 1£38 0e1,1,0-2 15900
. C2544 3 000CO 1 02564t L12 TaM L1041,0e 15910
[ 02545 -0534 0C 2 0254¢ LXe L12e2 15920
C2546 1 77734 2 C2547 >t 4142436 15930
0,547 -C634 00 2 02544 $xd L1242 15940
£255% 1 00000 1 €2551 Ll4 ¥x1 telyl 00 sea-30-2¥) 15950
52551 3 77624 1 G254l [NURED L10,1,-109 ~3e36 |§ REPLACED BY-21e38 FOR VAR, 15960
. 15970
02852 C7T74 00 1 €000Q L20 AXT Ch1 GCOMPUTE FIRST AND SECEAD SUNS ’ 15980
©25%3 0774 00 2 CO0CC AXT 0,2 AND FIRST OIFFERENCES 15990
02554 0443 €O 1 65706 122 OLC Xohy 1 16000
R ©255% ©30: 00 2 66114 DFAC XGL42+2 10010
. 02556 =0603 00 2 &611¢ 051 ADL42+2 «FIRST SUM 16C20
02557 €301 00 2 66112 DFAD XCLe2 16U30
02560 -0603 00 2 56112 0S¥ X0Ly2 =S%COND SUM 16040
02561 (0443 00 1 65706 oL XC0yl 16050
02562 5303 0C 2 66116 DFSB XDL*4e2 16060
t, 02363 ~C603 00 2 66116 ost A0L+4,2 =FIRST DIFFERENCE 16070
¥
!
H
H
.
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. 105
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62564 1 TTTT6 1 €256% 1x1 16080
02565 1 77734 2 02566 101 16090
92566 3 77172 1 92554 L24 Txw 16190
16116 .
02567 0020 Gy O G2605  L24.2 TRA L28 TRA REPLACED BY NOP FCR VAR, EQU. 16120
02510 4714 0D 1 CCOOG AXT Cel 16130 .
€2571 077« 00 2 COOCO AxXY 042 16140 .
02572 043 00 1 o024 L25 OLE vittel 16150 :
02573 €301 07 2 46270 DFAC V10L#2,2 18160
02574 ~0603 00 2 66270 osf vIDL+2,2 VAR, FIR.T SUM 16170
02575 CAGL 00 2 o266 OF 2D v10Ls2 16100
02576 ~C603 CO 2 £6266 DSt ViDL, 2 «VAR. SECLND SUM 16190
02577 €443 00 1 60924 ol viBCsl 16200
026CC 0303 00 2 66272 DF S8 VINLe 4,2 16210
f26L1 €603 00 2 66272 osf VIDL#4,2 ~vAR, FIRS™ DIFFERENCE 16220 .
02602 | 11778 1 C2603 T eelyl,~2 16230 H
02603 1 TTTI6 2 C2604 X1 se1,2,-36 16240
r2604 3 TTT34 1 G2572 TXh L25-14-36 15250
15260
f2605 NS5 ©C ) Jille L28 LAC 2r.1 16270 R
62606 ~C634 00 1 C2614 Sxp L20,1 16280 H
r2607 0774 0G 1 77778 AxT -2,1 16250 o
02613 443 €2 1 &nlls L29 LLD xpLa2.l COMPUTE NEW SUFFERENCE LINES 16300 .
02611 €383 L% 1 ebllo OFS3 XDl +4y1 16310 £
C28612 ~C6G3 CF 1 £blle usT XOL+4 o) 16320
C2613 1 TVIT6 1 L2614 >1 *tlyle=2 16339
02614 3 20009 1 02616 130 Txw Levelose *s LOADED AT L2E+) 16340
£2615 ~0534 09 2 02614 L&l 130,52 16330 4
G616 1 77734 2 C2617 X1 e+1y2.~36 1636C H
C2617 -0£34 G2 Z C26l% SXL 130,2 16370
£2620 ;30000 1 C2621 L32 T4l stlyl ee cex-{38-20) 16380
u2b2i -3 UO00C 1 €610 L33 Txk L29, 1,00 —-108 ORx-754 16390 K
16400 %
2622 0774 00 1 0083 L34 AXT oo, ®enAOCRIXCL 442N 1) 16610
C2623 2634 00 1 0263) L35 $XA L39,1 RESTORE LIFFERENCES 16420 S
02624 1 71778 1 €r625 Tx! aelyly-2 IN COSRECT LOCATICNS 18430
72625 C434 OC 1 02627 sxa L3Rst 16440 A
€2626 0774 0N 2 Cu0:1 AXT 1e2 16450
£2627 5443 D0 2 €200 L38 OLD ee,2 16460
€263C ~0&03 OO 2 CCLCO L29 0S¥ w2 16470 .
02631 1 CUOG2 2 92632 X3 erly2,2 154230 -
02632 -3 900CC 2 £2627 140 TxL 133. aee2M L6490
'
*eFCRTS 7o CCCIFIED 3Y C, LARS! N Co NEVINE JUNE 1384 1/06/64 PAGE 40 5
(2633 1 00046 1 (2634 tal ool 16503
Siode -3 COOCU 1 02623 Lal TaL Las . ees2fLe3b CR V1ACL+36 16510
16520 .
n2655 0718 10 1 COC3L AXT Cel NISk DLFSERENCE LINE CCHPUTATION 16530
12636 9774 00 2 050G axsy Sa2 WE NEW CERIVATIVES TL CIFF LINE 16540 ‘
$2637 0463 00 1 65706 L45 LR XC0, 1 16550 3
D264G -0623 CO 2 66116 nst Xoevrl 16560 7
N2641 1 TTTT6 1 02642 TX1 telely-2 16570
$2642 1 TT734 2 02643 X1 e41.2,-38 16580 *
C2643 1 7772 1 02837 L4 Tam 1450146 1659¢C i
16600 n
02644 CC20 07 O C263%4 THA L50 TRA ALLRE™ TO NCP ECR 15610 .
C2645 0774 00 L 0003 axt Col VARIZTICNAL SQUATICONS 16620 I
02646 0774 OC 2 CODCI AXT Ce2 18630
02647 0443 00 L 66024 L47 OLO Vift.l 16640 N
n2693 ~Le03 00 2 66272 DST ViDL+442 16650
c2651 1 77176 1 C2652 TxI 16669 A
02652 1 77734 2 02653 Tx1 16670 ’
N26%3 3 TT736 1 02647 L48 TXk L4T,14-26 16680 ¥
16690
02524 ~35.0 UD O 65635 Lye N2T CPYION [F CPTICN=D THE PROCEDUR: 1S COMPLETE 16700 .
02655 0020 00 0 (2743 TRA Lan 16710
16720
C2655 077« 00 1 €00CO axt Col 16730 s
A265T 0774 OC 2 bu1i2 axt x0L,2 18740
0266C 0634 62 2 02663 L53 5XA L5442 IMPRCVE COCRCINYTES WITH 1675¢
32061 GCT4 (0 4 00CO2 152 SCALR .4 CORRECTOR FORMULA 16760
02662 CC74 OC 9 £3232 18/ POIC 16770
I2663 0{T4 00 C COCED L5415 ve,t 16780
n2664 0074 GO O €113 TSX ¥a,¢ 16790
0¢685 0CT4 OC O 45756 15X V180 V18 1S USEC AS TEMPORARY STCRAGE 16800
n2e6e  C26i 00 0 £31C0 DENP rSE 16810
f2667 -0803 3G | 65672 LR X1 16820
02670 1 ¢004s 2 C2671 Txt er1,2,30 16830
Ce6T1 1 71774 L 02672 % erlobone 16840
£2872 1 11172 1 0665 L5% ‘ab L53004=5 16850
n2673 2020 OC 0 (2710 L5356 1RA L TRA REPLACED BY NOP [F 16860
026764 0774 00 1 £J300 wAl Cel VARIATICNAL EQUATIONS AR: PRESENT 16870
N26T5 G636 OC 2 0788 LST §Xa L5Hs2 16880
02676 CCT6 D0 4 00%CL TSH SCALR 4 16890
02677 G074 00 0 0322 TSK P4 16900
A2T00 3074 N0 G COGCU 158 TsX ae,C 16910
o E~
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€2701 0(7« 00 O 03113 T5x ¥3,C 1L920
€2702 074 00 0 3756 TS ViR, 0 16930
r2703 5261 €0 © C3100 DFwo nse 16940
G27C4 ~Ce03 00 1 65714 (5234 Viel 16950
22105 1 00064 2 C27rs (£ 31 “1142436 16960
C2706 1 77776 1 Q2% 7 X1 oelyle=2 18970
C2707 3 71134 1 02¢ Txn L57,1,-236 16980

L4 16990
€2T1G Q020 00 O 02763 L9 TRA L8o TRA REPLACED BY NOP IF DPTICNs2 17000

. 1701¢C
02711 0074 GO 4 CCOCO CER3 TSx e, 4 PRECICTCR-CCRRECTOS POCE...®esDER 17020

. COMPUTE NEW DERIVZTIVES 17030
€2712 0774 00 1 <OCCC L6C AXT 0.1 17040
02713 0774 0C 2 COCCO AXT Co2 17050
n2714 C443 €0 1 65708 Le2 Lt xCC.* 17060
€2715 €391 07 2 72324 OFaC BUFF3+2,2 17070
02716 -0603 02 2 66114 [:334 XCL42+2 =IMPRCVED FIPST SuM 17080
€271T 07201 0C 2 72322 OFAD 3UFF3,2 17090
G2Te0 -26T3 OO 2 ewlil Cst XTLe2 TIVPACVED SECOND Suw 17100
$272! 0443 00 1 85706 DD ADB41 17110
02722 -06G3 20 2 66116 [i331 XUL¢4,2 =IMPRCVED SECOND DERIVATIVE 17120
02723 ©£303 00 2 72326 DFs8 BUFF3¢4,2 17130
n27¢4 -0693 00 2 66120 DsY XDL+bsc =IPPROVED FIRST DIFFERENCE 17140
€2745 1 77776 1 02125 Ix1 17150
©2726 1 17734 2 02727 T 01424736 17160
¢2727 3 TTIT2 1 Q2714 TXH L62414-0 17170
2730 0020 00 9 C2746 Lo4 TRa L68 TRA REPLACED 8Y NOP FOR VAR. EQU. 17180
02731 0774 00 1 0060 AxT Syl 17190
02732 0443 00 1 66N24 L65 DLC Y10C.t 17200
02733 0301 00 2 72324 DFAC BUFFA1+2,2 17210
02734 -06C3 00 2 663114 DSt xXnL42,2 *IMPRCVED VAR. FIRST SuMm 17220
2735 0303 00 2 72322 DFAC BUFF3,2 17230
02736 -0603 00 2 66112 osT X0Le2 =IMPRCVED VAR, ~ECONE SuM 17240
02737 0443 00 1 656024 DLR v10C,1 17250
02740 -0603 C0 2 66116 DSt XDL+4 2 17260
02741 ©303 00 2 72326 OFsg BUFF3+4,2 17270
2742 ~0A23 00 2 66122 osY AOL+6y2 =IMPRCVED VAR. FIRST DIFFERENCE 17280
C2763 1 TT776 1 02744 Xl 17290
02744 1 T773¢ 2 C2745 Tx1 17300
02745 3 TT724 1 C2732 Txu 171310

. 17320
02746 0525 00 1 03114 L68 AT 17330

*OFORTSZes MCOIFIEC BY C. LANSON AND C. DEVINE JUNE 1964 T/06/64 PAGE 42

02747 -0624 00 1 02755 £3 14 LIr, 1 17340
02750 077% 00 1 777176 AXT =2+l 17350
02751 0443 00 1 46116 te9 OLD XCL+4,l 17360
02752 6303 00 1 72326 DFsB SUFF344,1 17370
02753 0603 00 1 66120 1334 XDL+6,1 17389
02754 1 77778 1 C2755 ™1 eelyl -2 17290
02755 3 00000 1 02751 LT0 TXH L6911, 0e s LOADED AT L68el 17400
02756 -0534 Q0 2 02755 Lxo L70,2 17410
02757 1 T773& 2 02760 ™I *4]y24-36 17420
02760 ~0634 00 2 02755 SxC L70,2 17430
02761 1 00000 1 02762 Ltre X eyl *ez-(38=-24) 17440
02762 3 00000 1 C2751 LT3 Txd L69slyte eem-108 UR -756 17450

» 17480
02763 0500 00 0 465656 L80 CLA OTAPE DECREASE TAPE DUMPING FLAG 17470
02764 -0520 00 O £5456 N2t CTAPE 17480
©2765 0500 00 O 65652 cLa L] 17490
02766 0402 30 O v4T713 sus el 17500
02767 0601 00 O 65658 $TC CTAPE 17510

. 17520
02770 0500 0G 0 03105 cLa CSAVE INCREMENT STEP DOUBLING 17530
©2771 ~0100 00 0 02773 TNZ .2 DERIVATIVE LOCATCR 17540
02772 0500 0G 0 03106 CLa LAY 17550
©2773 0402 00 0 0471¢ sus 2 17560
02774 0601 00 O 03105 sTC CSAVE 17570

. CYCLE 17580
02775 0520 00 O 03104 182 IET STPCHG 17590
02776 0020 00 © 03007 TRA 19% 1¥f STPCHG NON 1ERO GQ TEST IF READY TQ 17600

. DOUBLE YET 17610

. 17620
02777 0774 00 1 00000 L85 AXT 0l 11530
03000 0335 00 2 03105 LAC CSAVE.2 GAVE CURRENT SECOND DERIVATIVES L7040
03001 0443 00 1 66116 190 OLD XDLebsl IN BUFF 17650
03002 ~0603 00 2 67476 ost BUFF,2 L7660
03003 1 77734 1 03004 X1 *+lele=36 17670
03004 1 77674 2 03005 ™I *+1920-68 17600
03005 3 00000 3 03001 L92 TXH L90,1 900 *sx-108 OR -756 17690
€006 0020 00 0 01753 TRA TSTES” 171700

. 17710
03007 0402 00 O 03114 195 sus 2™ TEST IF HAVE ENQUGH DERJVATIVES 17720
03010 -0100 00 0 027717 TN Les TO ONUBLE THE STYEP. IF OC 17730
03011 0600 00 0 03104 sv2 STPCHG THEN STCRE ZERD IN STPCWG 17740
03012 0020 00 0 02777 TRA L6% 17780
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- SN NANEERINISIRRLEANDINEI NS 17170
. SPECIAL MATRIA MULTIPLICATION SURROUTINE TO COMPUTE 17790
. SFA,OND DERIVATIVES FOR VARJATIONAL EQUATIONS. ENTRY 17800
. wITH COMUINCEX OF CURRENT BvLl) IN X2 1S EXPECTED. 17810
. THE ADDRESS OF ThE COEFFICIENT MATRIX MUST 170
. BE PREVIOUSLY STORED IK MAT. THEN 17830
. TSX MAT®PY,& 17840
. RETURN 15 TRA 1,4 170 9 .
03913 0634 00 1 03056 MATMPY SxA PX141 17870
(3016 £634 00 2 C3057 SXA #x242 17880
03018 G634 00 4 03065 $xa ¥X4e4 17490
¢3016 0634 CO 2 03036 SXA wrb,2 17900
03017 €774 09 4 00003 Axt 3,4 17910
03620 0634 39 4 03054 M1 SXA FFBy4 17920
03C21 0774 Q0 i 77464 AXY -204,1 17930
£3022 -C634 00 1 03035 SX£ ¥M3, 17940
03¢23 9534 00 2 03057 Lxa MX2e2 17952 :
€3026 5774 CT L COO0O pu2 AXY 0l COMPUTE DOU=AeU WHERE 17960
03025 €600 00 C 03076 S¥L TEMP4 |2 803,3) AND U(3,6). THE FIRST 17970
03026 G600 OC 0 C3017 (31 TEMPYL3 A0k CF COU(3s6) [S COMPUTEL FIRST 17980
€3027 0443 00 1 020CC MAT DL eyl wesADCR, OF MRTRIX 17990 ,
9303C C281 00 2 70056 oExp Bv142 13000 i
02031 0201 03 0 0307¢ DFAC TC#P+i2 18010 i
' €3032 -0603 00 D 03G7e ost TEMPe12 18020 :
03633 1 77776 1 03034 Txl atlely-2 15030 '
03634 1 17874 2 03035 1 e+l,2,-68 18040 .
030235 2 00002 2 03027 MM3 TXN MAT 2,00 18050 <
£3036 0774 00 1 CCOCO ¥r6 AXT s, esx INCEX OF ADDR, OF CCMPUTED 18070 :
03037 -7653 00 1 70012 osT BDViyl CERIVAT[VE 18180
€3040 1 77464 1 03041 ™I o41,1,-204 18090
03061 %634 00 1 C3036 SXA PGl 1810¢ ;
03042 -C534 03 1 03C35 L [ETS! 18110 ‘
0343 1 TT464 1 03044 Tal 541,1,-20% 18120 H
030as -0634 DO 1 03035 Sxp LLETRY 18130 R
C3045 3 73473 2 03024 TXb MM2,2,-1224 18140 i
n3046 0534 00 1 03038 LxA [T RESET CER{VATIVE STCRAGE FOR 18150
' 03047 1 22204 1 03050 X1 #41,1,1156 NEXT RLNW OF ODU 18160 .
. 03050 0634 CC 1 03036 SXa MHby 1 18170 I
03051 0534 00 1 03027 LXA VAT, 1 19180 .
i
i
.
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©on3052 1 000Ce 1 03083 TxI se1,1,6 18199 N
03053 €634 00 1 01027 Ssa MaT.l SET ADDR. CF NEXT RCw CF MATRIX 18200 H
£3056 0776 (0 » 00CCD M8 AXT (L 1821¢ -
03055 2 00001 4 €3023 TIx [CITETRY 18220 M
£3£56 0774 00 1 CICCO ¥xXt AXT o1 18230 N
03057 <774 00 2 COCCO HX2 AXT 2 18240 L
03060 0774 00 & C50CT MX4 AT 44 18250 ?
03061 0020 0C 4 CO0OL T4 L4 16260 n
S
265652 COMPCN BCOL 65652 18280 H
6-652 * EQU COMMON 18290 ‘
£5653 3 &G pel 18300
85654 N EQL ve2 18310
65655 LPTICN EQL ¥e3 18320 :
65646  DTAPE EQu ved 18330 f
65657 § EQu pes 18340 H
65660 £S ECU 273 18350 :
65660 w EQL ¥ei2 18350 i
6587C T Fu Mels 18370 &
65872 LY Prlo 18380 2
83614 Y EQU pels 18390 H
¢5676 L ECU Vo2 18409 B
65700 XD EQU re22 18418 N
6970¢ Yo EWy V24 . 18420 3
5T D QU Me2¢ 18430 Ve
857Ce X0 ECu He2y 18440 i
65715 YD EWU [ 18450 El
65710 10D oy vy 18450 W
65714 vi Edu Mede 18470 3
£57586 via £qu wead 16480 i
05743 VID EGU Ll 18490 ]
65024 ViEY ECu Frice 18560 4
66073 MATRIX EQU ¥el42 18510 "
86112 XCL EQL Me160 18520 ;
65156 YL EQJ K+198 18530
66222 2CL QU ¥4232 18540 g
66266 viCL EQL ve268 18550 &
c?476  BUFF QL veils 18560 #
87642 8X ELu vegs2 18570 .
87632 BCL iy PE9E4 18560 7
67616 802 EQu Y4984 18590 \
67832 803 EQU F41603 18600
H
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33102
rsica

f31us
[SETRN)

03147
~31dy

f3il
€3112
03113
€114
n3115
23118
C3117
£312¢
c31z1
3122
03123
312«
03125
©3125
03127
~3132
03131

03132
€3133
ri1le
03135
©3134
3137
03140
36l
C3le2
" 3l43
(3144
3145
03] 46
v3le?
0315¢
43151
€3152
[ S 1%
03154
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03156
03157
nited
036l
€3162
C3163
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0316y
J3166
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03l
03171
03112
03173
03174
03175
3176
031177
3200
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€3202

cal2000
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[Uelalolo}
3302
00002
vgace
6L 0a9
loce
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Q
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e

o

*rfURTSZee

67646
6770k
6175¢
70012
1cci2
7C052
MC.6
723722
72322
14364
72424

c3072

coece
Caile
[elofap)
Gi1es

+C22000CT7610C
+2714070C32CC
£146C300C2.CC
=2, 240C0C00C0
~1430001C00C0
~175525252525
~14225252525 2
-17452525252%
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-173560260026
-140602600260
-1734631462
-140631463148
-172723445.71
=137761723445
~172564371164
-137371164371
~1724624605C5
=137274452040
-172602477052
=137565544603
~111674557257
~136023460747
-171604172262
«136147565542
-171527142211
-1361C154637%¢
~171462426632
=136573445503
=171424186250
~136052351371
=-170765462703
-13532131¢561
-17¢7123i1131
=135525634¢233
~170645251150
-135272751156
+20140GCC0Q00
+1460030C0000
+0C0C00LUUL0Y
+0000000L000C
+17552525252
+142252525253
+175525252525
+1642252525253
+175904210421
+1420421C4211
+175463146314
+142631463148
4175444167144

03203 4142167144167
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Me1z20

MelL52

¥¢10H8

FeLlsl

Mrr12t

Pe1L5,

P+1156

V42344

Me23ns

¥+2378

L3

L4

TEMP B

2

2

STOCHSG

CLayg

LOUNT

1
aMe]
aMy2
M43
=2m
=2Me2
22Meb

i

1

£32€0007610¢C

2014300CU0C00,146000009C0

EC14000C0LNC.5450(L000600

575925252525.542252525253

57652525252%,541252525253

MCCIRTeD BY Co LAWSOY AND C. DEVINE JUNE 1964 1706764

5736602661269940602460266

573403146314,5406314563146

572723445071 45377€,723445

5725047 T1164,.537371164371

572462440505, 337274652040

972602477C52,5375655445603

£71ecT4557257+536023460747

5716041722624530. 47565543

5715271422114536101544374

5714624266324535573445503

5714241662504536852351371

§70765462703,535321312561

S70712317131,535525634233

57064525115C,53527275115¢6

201400000000, 146290000000
QCGOCO0COLOLs 0OCUOVLRD00U
1755252525254 142252585253
1755252925254 142252525253
1755042104211 102042104211
17346314631441420314613140

175444167144, 1642167144167

4.106000000000000000000+01
+.0000000000000000Q0000400
+4833333333333333333330-01
+4.833333333333333333120-01
+.791666466666866666660-01
+.749999999979999999990-01

4.71345899470A99¢T08990~-C1

PACE 45

LOG1
LoGL
LoGt

L1051

PAGE 46

L0G1
L0G1
LOG1
LOGY
LoG1
061
LOG1
LOG1
LOG1
LoGL
LoG1
LOG1
LOG?Y
LGGL

PML

ML

PHL

PHL

PM1

pML

Ml
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1861C
1an20
18610
18440
18650

la. /0
1862¢
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i87°¢
13710
187?20
L8730
18740
1875¢
ia743
1377C
i978C
VRT9C
18RCC
11R81C
138827
18380
1884C
18857
1886C
18R7C
18892
16%30
183CC
14917
18920
19932
tggs.
1895"°

189450
189792

16380

18940
19008
1010
190°¢C
19032
19040
19930
19000
1907¢
19080
19090
19100
1911n

19120
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03204 +175427272727 UCY 175427272727,162272727273 ¢.6B204365079365C793¢650 €1 PWl 5
G205 4142272727273

03206 +17541421243% OCT 175414212434,152545004636 +.654957561728395061720-¢1 PML  n
03207 +142545004414

03210 +17 402477052 OCT 175402477052+1425655444603 +.46314043209 Ta%43206980-C1 eML 7
03211 «142565544503

03212 +174764235204 OCT 1747642352045 141726027044 +.6107264980171235617120-01  PML &
03213 4140726027044

03214 +174745230736 OCT 1747452307389141601523074 +.592405641233766233760-01 oML 9
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~+116887399966931216930+05
+.132829524005180776010¢05
=+ 119600539715008465600+05
+.85320967424029481321D404
~eATTLA2563T883046T73720404
+.2053578403130824464610+0¢
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SeFORTSLee

04329 ~21i%15072104
04321 -157745174281
04322 +21046453035%
£4323 +155010227302
08326 205570537048
04325 -1526346760C%
04326 ¢2C177370135,
04327 +145372075319
24330 ~174643251150
04331 -1412727311%6
04332 +200480980CCE
£4333 4145000039083
C4334 +17642350000
C4335 +143600C0000C
Ca3e 4175400000007
04337 +1423000C3009
04343 $1745000302¢
Q4341 +1410000CC000
C4342 ¢1737020C000C
24343 +143000CJ0C00
Qaseb 173520000709
0368 +143000099C00
24345 +17341€C00650
04347 #14£0000600CT
04359 +1726550000C9
£4351 +13709C0CO9CC
04352 +1725454000C0
©4353 €13700C000-00
04754 ¢172:577000GD

' €43%5 +137000000399
04356 +172406320CC0
24357 +1372000C0000
€436 +17171321000C
04361 +1365CICTITC
$4362 +iT1526214320
4363 +126J000CL000
04344 1725525750500
243865 +1360006000C0
94266 +1715063804C0
£4307 +13260003C00Cu
04370 +177433CT0C00
P4371 +144000CCOGCC

SefCRTSZee

C4372 +1764030C000C
64373 +1430000CCOCO
C4374 +1755000000C7
£4375 +1420000000C0
4375 +174702000003
54377 +14:6000C00C0
£4 400 *1745230000C5
0&40° «1410000C0000
04402 +1:44100C0000
04403 +141000000CC0
04404 +173655009020
G&al5 +14000CT0000D
C4é086 ¢1735654C0003
C4407 +1400000C00CO
24419 +1734577090C0
C4411 +1400000000CO
24412 *173406340000
04413 +140000360020
C44l4 +1727132100C0
04415 +1370000000C0
4416 +17262621400C
04417 +1370000000uC
C44620 +1725%2575000
04421 +137000000000
04422 +17250636C400
04423 +1370000C03G0
Cat24 +176450000008
04425 +143000000000
04426 +175600000C00
04427 +1420060000C0
04430 +1754400C00G0
C~431 142000000000
04432 4174760000000
C4433 +1410000C0000
04434 +17455000000C
04435 4141000000000
04436 +174451000000
C4437 +14100000090C
Q44D ¢173T7644C0000
Oh%dl ¢140000000000
C4442 +17464952C0000
04443 +140000000000
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BUSSTCSITOAL 352634676005
201773701350 145312079330

32/84525115,05%41272751158

JUNE 1864 1/06/64

“.5606227C3852834607216L+03
*.156336337665239295TT0+73
=e235428558722460699452060402
€ lVBILITE2TINe 53241370400

=+31431423011779792230-21

280+L0N002324 1450 2
17645CCTCC0C0, 143000000000
1754207€000C, 142000000002
1745CCCCO0CC-'410000C0C00
1737C0TCOCEC, 14C002507008
173522CC00CL, 14C0DCCOCO0CO
173412020088, 162000000000
172655CC0GCE 13700602400
1725454C0C0C,137000400C00
1724577€3CCC,1370000000CC
1726C634CCCT, 137000000000
17171321CC0C,3260C2002CCO
171626214CG6C 1136070003003
17155257500C.1360C0C000C0
1715C53634CC, 135003000020

177422000208, 1440002000C0

PICIFIES BY C. LAwSCN AND ., DEVINE
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17645C0CN0G0+i430C02000C0

+.5000C2 oCcanNoD+00
£+12500090000000000C000¢CC
+.46750000¢000CC00C0LICO-CL
+4390650000C0C0000C000-01
+.2734375060000C0C00CE-C)
4.20377°125000800000000-01
€.161132812502000C0C0C0-01
44130920410 56250000000-01
+.10910034177¢875CC000C~CL
4.9273529C5273437500000-C2
+.3C089569091796875C00D-C2
+.7C0708372955322265%250-02
+.619924C684 5092773437002
+.553503632545+71191400~02
4.498153269290924C72260-02

+.25000000070000000000040C

Jusk i96% 1105764

+.1250000C0000000000000+0Q

1755C0LCCC00G, 142000

+,7812500 Q1

1747CC00000C, 141 o
174520CCOCLC+ 141000000000
174410CC030C, 141000000200
173655000058+ 140 00C000 000
172545400000, 14C050000 200
1734577€00GC . 1460CN000C00
1734C62+0006, 14000000000
1.°713210000,137000000000
17262621400GC, 137900000200
172552575000, 1370€ 0000000
1725C6360400,137000000000
17640uCl2C0C 143000000000
175600000000 144000000000
17544007 .,00C 142000900000
17 /€00C0Q00 141000000000
174553CC000C+ 141000300000
174451CC000Cy 16125v00000C
1737:44C000Cy14C0CQ0C 0000
1736550C000C, 145000000000

+.56087 cl
*.410156250000000000000-01
»322265625000000000000-01
4.261840620312500000000-01
+.218200683593750000000-C1
+.18547058105+687500000-0)
+.160179138183593750000-01
+.140156745910044531250-01
4,123 84R1369018554687D-01
+.110700725509094238280-01
+.996306538581848144530-02
+.12500000000000000000040C
+.937500€000000C0000000-C1
4.10312%000000000000000-01
+.546875000000000000000-01
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Lhaeh
[ 2133
0edat
Qabs?
D44 50
C4s51
Daa52
[<L1}-34
C&a54
04455
C4456
ChasT
54460
[ 1Y 3%
54402
217 3]
rareh
WY T3
{a400
TALST
Canln
D4sTL
Dak72
oasT3
Cas76
0447S
C4als
Gasl?
24500
04301
04502
04503
24504
G45L5
r4506
04507
C4510
C4511
14512
04513
04514
04515

L4515
04317
04320
04521
0e522
04523
04526
04525
04526
04527
04530
04531
04532
04533
04534
04535
04536
04537
04540
04541
Ne842
€4543
04844
04545
24546
24547
04550
04531
04882
04353
04554
04555
04356
04557
04560
[T
04862
04563
04364
04565
4866
04847

118

®¢FORT S0

+173564 140000
+140000000000
+173510030000
+1400000000C0
«173443352000
+140000000000
*173435132600
+140000000C06
172727442400
1370000000C0
+1754000200000
#142000000G00
+1/564000006.0
+1420000000C0
1747006000200
+141000000000
+17460C000000
+141000000000
+1T74512000C00
+1¢1C309C0000
+1/443560C0000
+141000000000
+173764420000
4140000000000
+173672000000
+1408C02016GC0
*173611520000
+1400000C0C00
+173541220000
+14€0000000C0
+173477156000
+140000000000
+17344214400¢
+140000000000C
+1744000C0200
+1410000090%0
+174500C000CC
+141600000000
+174500000000
+1410000C0000
4174454000000
+161002000000

*sFORTSZee

+.74423C00000
+141000030000
+17376+4C00C0
4140000000000
+1737070020C0
+1400000C000Q0
+173636300000
+140000000000
+173572410000
+1400000000C0
+173532762000
+140020000000
+175477154000
4140300000000
+173400000000
+140000000000
4173600000000
+140002000000
4173667000000
+140000300000
+173670000000
4149001 900000
*173655000000
+14000000000¢C
+173631400000
+1400000C00GC0
+173602600000
+140000000000
+173£53300900
+14000090000C
41735208 24C00
+140000090000
+1736477156000
4140000000000
4172400000000
4137000090000
+172700000000
+13700000000¢
+173420000000
+140000000000
+173464000000
4140000000000

Pra

PHS

PH6

PHT

MCDIFIED BY C. LANSCN AND C. DEVINE JUNE 1964 T/06/64 PAGE 63
OCT 173564740000, 14C000700C00 +.22762298%5819843750000-01 PH3 11
OCT 1735100300004140000000000 +.200223922729492187500-01 PHI 12
OCT 173443352000, 14C000000000 +.1778912%4425048828120-01 PHI 13
OCT 173405132000, 140000000C00 +.159409046173095703120-01 PPY 14
OCT [72727442400,137000000000 +.14391094446182230976D-02 PH3 1S
ocT 17%4 1142 +.62 01 PH4 4
ocy 1% v 12 *obe 01 Pna 5
ICT 17470067000C, 161 +.54687 01 Pr4 6
0CT 1746C 1161 44087 01 PH4 7
0CT 174512000000, 141000000000 +.40283203125000000000D0-01 PHe L]
0CY 174436CC000C, 141000000000 +.345121093750000000000-01 PHe 9
aCs 1737644C0000, 146009000000 +.305480957031250000000-C1 PHe 10
OCY 17387200000, 14C0C0CO0C00 +.269775390625000000000-01 PH4 1)
OCT 173811520000, 147030000000 ¢.2640268701275390625000-01 PHe 12
OCT 17354122006C, 140007000000 +.215625762939453125000-01 PHe 13
OCT 173477156000, 140090000000 +.19483327856560058593T70-01 PHe 14
OCT 173442144000,140000000000 +.1771211624145507B125C-51 PHe 15
OCT 1744 141 000 +.312 Ol PAS H
0C7 1745C v141 +.39062 1. PHS 5
0ocY 174 elél 000000 +.39062 01 PHS 7
OCY 1744540C0000,141000000000 +.366210937500000000000-01 PHS 8
MGOIFIEC 8Y C. LARSON AND C. DEVINE JUNE 1964 T/06764 PAGE 64
OCT 174423000000,141000000000 +.32%693359375000000090-01 PHS 9
0CT 173764400000, 14C000000000 +.30548095703125000000D0-01 PHS 10
0CT 1737C70C000G, 140000000000 +.277709960937500000000-01 PHS 11
OCT 173863630000C,14C000000000 +.252914428710937500000-01 PHS 12
OCT 173572410000, 140000000000 +.2310276C3149414062500-01 PHS 13
OCT 173532762000, 140000000000 +.211775302886962890620-01 PHS 14
OCT 173477156000,14C0C0000000 +.1948332736560058%937D0-01 PHS 15
oCT 1734 004 14000 +.15625%00 01 PHe &
ocY 17 + 14 4.234375 01  PHé 4
UCT 173640000000, 14C000000000 +. '23671875020000000000-02 PH6 8
OCT 17367C00000C, 140000027222 +,268554687500007000000-01 PH6 9
OCT 173655GC0G0C, * ~0000000000 +.26184082031250000000D0-01 PHS 10
OCT 17363140000C, 140000000000 +.249938964843753000000-01 PH6 11
QCT 173602600600,140000000000 +.23803346679687500000D-01 PHE 12
0CT 1735533C000C, 14C00000C000 +.221786499023437500000-01 PH6 13
OCT 173524524000, 14C000000000 +.207924842834472656250-01 PHE 14 ;
OCT 173477156000,140000000000 +.19483327865609285937D-C1 4 15
OCT 1724000C0000,137 00 +.7812 02 PHT T ¥
0CT 172.00000000,137000000000 +.13671875000000000000D0~01 PHT 8 i
0CT 173430000000414C000000000 +.170890437500000000000-01 PHY 9 4
OCT 1734-4000000,14C000000000 +,.187950828125000300C000-01 PHT 10 ;
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T6574
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C4606
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J48C6
TeeL?
T4812
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Nenyd
L4613
Céble
"4815
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ca6 7
G46.0
LT 33
neb22
r4623
neb24
T 4625
C4826
C4627
Y4630
N4631
04532
Can3y
fas 34
46135
N 3o
C45637
Choal
Q4b4l

a4
T4ea
(4644
04645
04646
[T
€4865C
C&b51
4652
C4653
044654
C4855
045656
04857
f4850
Q4661
04862
04663
LYY
C46e9
04666
04667
04670
Ca671
04672
G4673
046674
048675
04676
04577
04700
04701
04702
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04704
04705
04706
04?07
04710
04711

esiuRTSLer

41734764CCOCT
+1422070C02:7
41734764C02C7
specoccseceC
4173470302C2C
#14309.7¢00C0
+$1T736540400

41400020000
4173443352000
+1600CC0CC0CTTY
4175400200007
41362007 C00CY
4172650300000
+1370000CC380
17254000700,
413730CCT023CC
+17264C720CC0
+1370300¢02°¢C
+172200 0000
+13750C05C03CC
+17273+2000¢C0
+1370CI0500C0
+1727+44272000
$1270C0020°CT
+17276464223C9
+1379500C20C1
+1724600C000
+1353000C0C00C2
+1714400000C9
+1363C000235C
*17166833CJ0C
+13632C0900C3
+1724210C0GCO
+137¢000508C2
+1724730000CC
+1373000001 2
+1725302000C0
+1370G2CI0uCo
+1725%33003C0
+1370000000C0
+167400000C00
+13400C0C0000

2efCRTS7ee

+17(5000C00C0
+13%00G0C0C00
+171404000000
+1360000000C0
+1715360C00C0C
+136000000000
+171651000006
4135000000070
+1717444C00(0
+136000000090?
r1664000007CC
+133000009070
+167540000000
+134000000000
+17C4¢4000300
+13500000000C
+170670000000
+135000000000
+171430400000
+136000090000
+165400000000
+132000000000
+166600000000
+133000000C00
+16755000000C
+134002000000
+1704200000uU0
+135000000000
+164400000000
+1310000000C0
4165640000000
4132000000000
+1666400C0000
+133000000000
+163400030000
+130000000000
+16470000000C
+131000000000
4162499000000
+12700C000000
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ocr
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acr
acry
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acr

1736764.0300,14CCCU0IC00D
1734764C0CLL,16C0200L0CCO
173547C3CACuL e beCODO000OCND
(T34566402C0,14C0CCI00C0D
173453352000, 140000010000
1714C0CCIC0L,1360CCR00C00
1724€TCCINCC,13TCI0200002
1.254CCC0OCOC, 13700C0000CO
$72640CC2C0L, 13702C0CC000
11272717CA00C, 13T70CC0000CE
172734CL300C, 137006000000
1727444030C0L,1370C0C0CC0N
1727444C3CCL,1370003C00C0
1704CCCCOTOC.135002007000
171447GLB00C, 13600A0C700C
171662CCQ0C00 136000202000
122421703200, 137020000000
17724732C0CCC.1370700000C
17253C2C050C,13706CC0NC00
1725533(960C,137000C00C00

1674CLCCIVG(, 13400000C000

FCDIFIEC BY . LANNCN AND C. OEVINE
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PH12

PH13
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act
oct
oct
ocy
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ocr
ocrT
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ocr
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oct
cCcT
ocr
ocr
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ocrt
ocy
ocy
ocr

END

1705€00C0000, 135000000000
17143400000C, 136000000000
171536C00CUC, 1346000000000
171651000000, 1360000000C0
1717444C000C, 136000000000
1664£000%000,133000000000
16754C0C0CIC, 134000300000
176464000000, 135000000000
1706700C000C, 135000000C0C
171430400060, 136070000000
165400000000 +13200CC.0000
166600000000, 123000030000
1675500C0000, 134000000000
170420000000, 135000000000
16644CC02€0000, 131000000000
1556400C0000,132000000000
1666405C000C, 133060000000
1634000G0000,130000007000
1647C00C90065 131000000060
162400000000,1270C0000000

JUAE 19¢4 T/06/64

4. 194396972656250C0M0CC-01
+.194396972656250CC000D-01
+.190658569335937500000-01
L 1A4L8220925195312.,C000-01
+,177891254425048824120-C1
+.350625CL(D00000000CCD-C2
+.761257CCT0QC0OT0C0C00C-C2
+,1CT4218250C000000C0CC-0L
+.126353125002C0C0CCTOC0~CY
+.13AB549R0456RT5000C00C-C1
+,14526367187500CC0C0OCD~-C1
4.147857665015425000020-C1
+.167857666015625C0(0C0-CY
+,1953125000060001000070-02
+.4394571250005G0040000~C2
+.£5917968750C700C00000-C2
+.8331298828125¢0C0000D-C2
+.96513037109375000000¢D-62
+.1C50587626253125°2000-C1
+.11089324951171875000€-01

+.976562500000020000000-03

JUNE 196« T706/64
4.264140625000000000000-02
4.396720515625000000000-C2
+.534057617187500000000-02
*.66849853515625000000D0-02
+4.739288330078125000000-02
+.488281250000000000000-903
+.134277343750000000000~02
+.2349853515625C0C06000-C2
+.3355693359375000000000~02
4.428009033203125000000-02
+.246140625000000000000-03
4.732421875000000000000~03
+.1373291015625".00000D-02
4.207519531250000000000-02
+.1'2070312500000300000-03
4.396728519625000000000-03
+.793457031250000000000-03
+.610351562500000000000-04
+.213623046675000000000-03
+,3051757312%0000000000-0¢
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PHT
PHY
PHT

PHT

PHE
FHE
PH8
Prg
PHS
PHY
PHY
PH9
PHI
PHY
PHY

PHIC

PAGE 66

PNI0
PHLO
PH10
PHL10
PH10
PHIL
PH11
PHLL
PHIL
PHiL
PH1Z
PH12
PH12
PHi2
PH13
PH13
PH13
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2eFCRTSJee MCCIF <0 BY C. LAWSCN AND C. DEVINE JUNE 1564 T/66/04 PAGE 67 ;
LiTERALS
04712 £CO00000ULTD
04713  CCO000ZCINCY .
04714 COG00005C0C2 P
N T4715  2000000C0CC: f
i 14Tlo  JLOBDCICOOSS )
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24729 0C0GCCOCO0LT 2
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BINARY CARC hO. SPANCCOC

c
€0C00 C&is4 OO0 20C6s XPANG
0CCOL  CTé34 00
£0682 Ce36 00
20CC3 250G 00
cCCus Q621 03
€CIC5 0707 0O
COCL6 -0737 00
NCOUT ~C634 00
COCLIC -Nb34 CO
¢eCll 0590 cO
noc12 9621 ¢o
€uel3 Cs21 00
€C0l4e se2l 20
cCCL5 €621 CC
0016 0400 €O
6Cl17T 621 QO
£0C20 €520 €O
ccc2i  Ce2l 30
TeC22  Gs21 CO
00022 C621 00
€0024 621 GO
€CC25 £560 00
noc2s €621 GO
0Ce27 Ce2l1 OO
€CC35 0774 00
cCC31 Ce0C 20
Cu032 C600 GO
00033 0774 00
00C34 (520 00
Q0C35 €601 00
01036 Q0600 00
£OC3IT 0443 00
0GC4C €L 00
00Cs1 ~C6C3 0O
G004 0443 GO
00C«3 €303 CO
C0044 C3C1 00
00245 -C100 00

¢Q076 LP
CoC76 LP2
3CC76 LP3
coc?6 S12
C0C76  ST33
00C7¢  STa4
co0s58

ONRNNNMNOOONOO—=O00O0C00NOOGADVIFNNNUD RSN,
I3 oo
e
>
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00046 1 77774 1 Q0047

00C4T 0754 00 O 00CCO

00050 0131 00 O 000%0

0005. 0754 00 0 00CCQ

05052 ~C603 00 1 £OOTL  STIN2
a0CE3  } TI7T6 1 COCA4

Q0554 3 000DC 1 00052 sTs
£9085 0020 00 O 00045

005¢ -0261 00 2 00076 SK
0CC57 0261 OO0 1 00C7& S73
00%60 1 77776 1 Q0081

00061 0760 00 © GONG2

€00s2 0765 00 C COCCO

00063 -C603 00 1 CDCT6 STX
00084 3 00000 1 00037 $T4
€0Ce5 C774 GO : QOO0TQ X7
00C4& 0774 TJ 2 CGOQQ

00Cs7 C:74 00 & 000CO

0r°3G 0020 00 4 00001

J0071 0 000C0 O 000CO

Q0072 Fl
00074 +201400003000 C1

00075 +0G00N0OCOCED

00076 © 0000C O 09300 &
00077 € 00000 O Q0072 L]
00l00 0 0JO0C O 00074

00101 & COQXC ¢ 000CQ

LITERALS
00102 0000000C0CO1
00103 7G14003CC000

Tx1
PXA
aCa

os7

ADAND

XTel

XT+1,2

AT+244

1,4

s12

1

.2

ST4,2

$15,2

2¢4

StK 8
STN2

STN

§$33

=l

STN+L

L1 Fi
e

el

$733

5K

LTL 33 ri
L2

5T4e

r}

B{C)
Rell2)

srigl,y-?
ZERC CUT REMNDR

hel
*%lsl =2
SIN2eLave
xT
As2
Asl
*91e1,=2

<
a,1
LPyleve
es,)
22,2
8, 4
34
MAKE EVEN
2
1e:0

F1
o1
MAKE EVEN

TICL1/ 64

T/01764

PAGE 1

00280
02290
00300
Q0310
“0320
00330
00340
00350
00560
00370
00380
00390
60400
0041
00420
00436
00440
06450
00460
CG470
00480
00490
00500
00510
00520
00530
005640
00550
00560
00570
00580
00590
U0600
00610
00620
00630
00640
006%0
00840

PAGE 2

00670
00680Q
00690
00700
007190
00720
00730
30740
00750
00760
00770
00780
Q07190
00A00
00810
00820
0083c
00840
00850

00850
coe70

00830
ooe9eo
aosoe

C0910
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JPL TECHNICAL MEMORANDUNY NC. 33-.188

«eDOUBLE PRECISILN INNER PROCUCT ROUTINE BEEMAN CSC 20 APR6Z 1/01764 PAGE )

BINARY CART NO. SCALROQO
00000 ENTRY  SCALR 00380
00040
CALLING SEQUENCE 06030
CALL SCALR(A,BoNyANS) 00060
WHERL A=DUUBLE PRECISION VECTOR A 50070
B=0OUBLE PRECISION VECTOR 8 00080
NeNUMBER OF D.F. ELEMENTS IN A AND 8 00090
ANS=D.P. INNERPROCUCT=(A,B) 00100
NCTEesooA AND B ARE STORED FORWARD 00110
N 1S STORED NB3% 00120
00130
00390
00034  SCALR $XA x1,1 00400
0035 S%4 Xboh 00410
00003 CLAe 1.4 00430
00003 AOCe 34 00440
00C41 SuB =1835 00450
0cC37? STA TEWP 2N, €460
00001 ASC te4 00470
coc26 STA a SET ZDCRIA+2N-1) TN A 00480
00002 LA 204 00490
coe3r ADD TEWP 00500
00027 STA 8 SET &LDRIBN} IN ® 00510
00004 CLA Yol 00520
00023 STA 1ER SET ANSWER STORAGE LCCATIONS 005130
0030 STA sum .. 00540
00031 STA ANS . 00550
00041 ACC +1835 00560
20024 STa ZERL 00570
cL037 LA TEMP 4 00560
€0033 SX0 CNT, % SET TERMS COUNTER 00592
00050 IER STL . SET SUM TG 7ERC 00600
02600  ZERL STZ . 20610
00001 AXT el 00620

0000 Cé34 00
aocn' 0634 00
000L2 0.0 60
00C03 0400 60
CO0C04 0402 0C
60005 0621 ©O
00006 0400 00
06007 Tb21 GO
00010 0500 00
0C011 0400 00
00012 0623 00
00013 0560 00
c0Ccl4e 0621 00
00C1E  Ce2l 00
00016 0t21 @0
00017 0400 0OC
00020 <$621 0C
00C21 0S34 DO
CCD22 -0634 00
00022 C&00 00
0uc24  C600 00
00g25 0774 00

1
SRR S e N T R NI NG B OIS, EX T e s i AT e SR TR R PR Y S '*~«--vaaw-\‘

OO~ QOPLrDOCCO0Lr00LrOLOT S b b

00026 0443 05 1 00026 A DLC I FORNM INNERPROOUCT 00630
00027 ©261 CO 1 60027 B DFMP By, 00640 N
0030 0301 00 0 00030 SLM DFAC UM 00650 1
00031 -C603 00 0 0603} ANS DST NS 00460 i
- 00032 1 00002 1 00033 >t CNTl1,2 00670 {
;
«#00UNLE PRECIS N INNER PROCUCT RCUTINE  BEEMAN CSC 20 APRS2 /01764 PAGE 2 i
a
03033 =3 00000 1 00926 CNT TXL Bylyes 0680 ¥
06034 0774 00 1 €O00C X1 AXT "yl 00690 i
00035 0774 00 4 CCCCO X4 AXT e,y 00700 &
00036 UC20 00 4 €0OCS TRA 1303 00710 -
00037 © 000GO 0 000CC  TEWP PIE 00720 :
. 00240 G GGO00 A CO0CO PIE MAKES PRCCaAP EVEN NUNBER QF STEPS 5
ENC 00730 "
F
LITFRALS 4
0004l 0000000COCHL i
Y —
IS
:
b
%
™
P
LA
.3
e
e
i
i
——
Y
A
X
B
n
N 122
§

Wl ey
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e ¥

i

4

o eon

P

‘ gy e C gt
-

BINARY CARD NO.

o000
00601
00002
Q0003
00C04
ccoes
000086
00007
00040
00011
ooc12
00013
00014
00C15
00016
coci?

00c20
coo2!
00022
00023

00024
00025
00026
06027
G030
00031
oce32
00C33
00034
00035
30036
0ce3r
00040
00041
00042
00043

0Cl4a
00045
00046
00047
00C50
00051

SNULTO00
00oC0
€634 00 1 00045
G634 00 2 00046
0634 00 4 00047
0500 0D 4 (0OC1
€621 DO 0 00031
0771 00 O 00022
0621 00 0 00033
0500 00 4 000C2
2621 U0 0 00021
¢621 00 0 G003«
0621 09 0 00015
€767 €O 0 00001
~0737 00 2 Q0CO0C
~0634 00 2 00023
~C634 00 2 00042
~C634 00 2 00044
0774 00 & 00000
€600 00 4 000CO
1 7717 4 00023
3 00000 4 00021
0774 00 L 00000
0634 00 0 00032
0754 0C 1 000CO
Q734 00 2 00000
0634 00 1 2004}
0443 00 1 00051
0774 00 1 CGCCO
Q2&1 00 1 00031
0321 00 2 00051
-C603 00 2 00051
1 77776 2 00037
1 77776 1 00040
C&34 CO L 00032
0774 00 1 00000
3 00000 2 00031
1 77776 1 00044
3 00000 1 00025
0774 00 | 00000
0774 00 2 0GCOC
C774 00 & Gd0CC
0020 00 & CQOC3
0 00000 O 00000
L]

3

A
B
[

A

SKULY

IERC
r

c1

LOGP1

1

1

22
SkP1

SAVX1
03

C4
Xy

ENTRY SNULT

SXA XiT,1
Sxa X[141,2
SXa XIT4244
CLa 1yt

514 Al

ARS 18

S$1a 81
cLa 2,4

STA (]

STA c2

STA c22

ALS 1

oc (¥4

SXC Ciy2

SXC C3,2

SxL C4yv2

LLT € aRAAY

AXT 0s0

ST1 =,

™I Belyby-1
TXH -2yhyee
AXT Ol

SXa PX4,0
pvs ol

VK 2

SXA SAVXis}
OLC Agl

24T sa,l
DF¥p Al
DFAC A2
1334 Ay2
Tx1 #+1,2,~2
1 *41plem2
Sxa PXéyl
AXT e,
X aly2y0e
TX1 #el,1,-2
TxH LOOPl,1,0e
AXT e,
AXT .,
AXT a4
TRA 34
PIE
ENQ

2N IN CECR
-2N

rena2N

1101264

TI01764

PAGE )

PAGE 2

00260
00299
00300
00310
00320
00330
©0340
0u2s0
00360
00370
00380
00390
00400
00s10
00420
00430
00440
00450
00460
00470
00480
00490
005(0
005 0
00520
0053C
0054C
005350
00560
00570
005480
00590
©o6no
G0610
03627
00¢

ons
woeeld

00660

00670
o0ean
00690
00700
00710
0uT20
00730
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JPL TECHNICAL. MEMORANDUM NO. 33.188.

oo NP o¢ mCCIFIZC BY CodoCEvivi .0 .28Ct0n. 131 . JUNE 23,1964 1101766 PAGE )
. CRIGINELLY MRITYEN BY 2, . 2ASEPEVER, 1962
- - SLUBRC LY INE IixTe?F - 0220
LI I Y Y Y PP Y YRR Y LYY ¥ ) esssvs e J
. e cocs0
- . CALLIMG SECLENCE (FIAT2ax CCwPatTIRLE) s GCe0
- . . 00072
- 183 InTR2, 4 L4 20Ce0
. e GoCes
. TSx ACCRESS FLA TIrE CF CIFFERSCE LINE AT C (FLOATING o coleo
- PCINT CTLBLE PECISITN - CoL1d
- - oul2c
- I8z ACCAESS FOA DESIZET [NTERPCLATICN TIPE IFLCATING . 30130
- - PCINT T W.BLE PRECISICND s Q0180
L] s« 0C150
. 153 FIKST SCIAESY CF Mg COFFEAINCE aRRAY (FLCATING - Cotsd
. BCL%T COLSLE PRECESICAs . SoTE
» + 02100
. rsx ATCRESS CF STET SEYE C(FLCATIG POINT COURLE - oc1%0
. PRRTISICN? L4 €02¢0
. e CG2IC
. Tsx IRCRESS FCT YrE CESIGRATE FT3 Trf CENIVATIVE 1D 2€ ¢ 00220
- INTEQPLATE: LFIXEC PCIT 235 0 . £ 3¢
. . o240
. 5r ACCRESS CF TME CILED CF THE CLFFERENRCE AAILABLE - 00250
. {FIXED OTiaT A3%) -  0C2%
- . 00270
. Yix ADLRESS CF ANSREX LFLCATING PCINT TOUELE FIZCISICNle €200
. . 0029¢C
3 - 18X ERAQR RETLIN s 00300
. ¢ 0031C
. TS2 «CAPAL RETLAN - 00320
- * 0030
es00000sa0000r woe 00340
B{NARY CARC AG. INTRPIODC
N SI27% Extay ANTRA 02380
TRANSFER VECIORA
$IKARY CARC %0. INIRPCOL
00000  #74721432440 2735T
. £CCOT 824480434340 smit
- eoIKTAP so SCTIFIEC EY C.J.GEVINE,CoL LawilN, JPL, JUNE 25,1904 17017860 vAGE 2
rOCO2  $2232:435160 SCaLR
€003 «3014550C0C00 e ocr 201400CC0OI0C14600LC0020C 106 13 LT 24 ]
CO0OA «:44C00GCCCO00
C0093 +2C0s0c0C00CC acv 2T04000C0CC 2, 1430(-00000GC (K. 7 2 22290
00016 - 1450000C0C20
GCO0T +17752%2%2525 ocy 17752525252%, 144292525253 Lce 3 023Co
0CC10 +164252525253
GOOLl 377400050009 (241 1774000C0C0C s 144900600CCC LOG L) 9231¢
JCC12 +144600CCO000
CO0IY +173631443146 (421 176091403164, 1637146314623 Lo6 S 02328
0006 +143314631483
0CC3S *17652525252% ocy 176525252925, 143257525283 L5 6 0233
OCT ko +14325252525)
- 00017 +176440404444 ocy 126444544444, 1434414400448 LoG h 02340
. 00C2D ¢1439444544445
€OC21 *1764009C0000 acs 176400CR0COC, 1420 5000C0C LOG 8 023%
066022 +143000030000
1G023 *175T707070707 [+ 31 175707070707+ 14207370747, 106 9 02380
SINARY CARC NO. INTRPQ02
C24 #1420707C7071
00025 +175631463164¢ aT 175631483146,14231463146) LOG 10 2370
00028 +14231463146)
00027 +175564277135 ocy 179564272135:1420564027214 e 1 G2380
COCI0 »142056427214
€0031 +175525252325 oce 173525252529,142252525253 L6 12 0239%¢C
00032 *14225252523%3
00033 4175473047304 ocy 178473047304, 16273047304 Ltoé 13 02400
OCCIA 142730473047 N °
00035 *1754848444eé oct 175404464444, 142444404045 106 s 02510
B 00036 ¢162444044445
00037 +175421042104 ocy 175421042104+142219421042 106 15 c2420
GCOAD 4142210421042
00041 +175400000000 act 17354C00€0000.142000000000 LI 18 02430
00042 «1420000000CO
00643 +174741703607 oct 174T741733407,141417038074 Las 17 C24%0
00C44 +141417036074
00045 +174707010707 acy 174707070707,141370707071 06 19 02450
06246 +141070707071
00047 *2014000C0000 tcelr oy 2014000€0C0C,146000C00000 1061 1 02460
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oeIKTRP eo PCCIFIEC BY C.JDEVINE,C.L.LAMSON, JPL. MUNE 25,1964 1701764 PAGE 3

< st et e L SwAeRes e g WP WRYERS PONPTT

TR R o W— -

SIRARY CARC KQ. INTRPOCY
008SC +1440200C00CO

00651 -2004200C0C00 (4] 4C04009C200C, 343000000C230 LOCL 2 02470

€052 -1450000C6C00

J005) -175525252525 oct $75129292925,542252523230 LGEL 3 02480

00054 -142252525230 -

0235 174523252525 ccr STAS25242525,541252525240 161 4 02490

00056 -141°5.525260

000ST -1736602646026 o, 5734602¢602¢8,54C602660260 toct 5 02500

00C4C —142602040262

00CH1 —173483146315 oer STIA83144314,540631453244 e & 92510

£0062 -142431463144

COT63 ~172723445CT1 oCr STIT23445671.22 V76 72345C woel 7 0252

~0C84 ~137T6172343C

COCAS ~172564371344 cL” ST23643T1264,537372164432 L0C1 & 02530

00G66 - 1373711644352

o087 -iTiiIIETIEY 3 37ZI8TILTISL33TITIBIL3S LLGi 5 0340

00L7C -137274432033

00CT1 ~572402477C52 ocr 57240 2072652,537565544401 L1061 10 32%3¢C

D572 -1375655446C1

COLI3 -171674557257 ocT $T1674537257,536C2346CTL0 Cel 11 02580
BINARY CARC XD. INFRPCOA

COCT4 —13802344CT716

00075 171604172262 ocy S$71¢06172262.536246754355C L0G1 12 02570

COCTH -13616756555¢C

€SC7T -171527142211 ocs ST1527i472;14536101566374 LeGl 13 02380

00100 -136151548374

00101 -171482426432 scr £31462028632,53057344555C LOGL 14 0299¢C

00302 -13037344550C

03103 -17i424148230 oce $7142418825C,535052351384 LOG! 13 02600

00:4s —136052351304

€105 172785462703 ecy $70765442703,53532131257% oG 16 028310

€31Ce -135321%12472

06107 133712317131 ocy ST0Y12317131.533525634176 LGl 17 02e32

00110 -135525634176

0011: -170645251150 oct $7044525115C,535272753124 LOGL 18 02630

G112 -135272751124

06C213 220140030062 ” ar 2014900C050C . 1460G0CO3CRC (1] 1 190

CC114 «14$9000€9CCT .

(3% ] 1662 €L rc
0115 -2014000C0NCO ucr 621430000C03, S44002CCCCC re 2 19320
so{NTRP oo WITIFIEC BY {.J.DEVIME,C.L.LAWSCN, JPL, JUNE 25,1964 1701764 PAGE &

€0116 ~14606 920020

CCI1T +17552525252% ocr 175525252525, 142252525253 ro 3 19330
SIMAAY CARC NO. INIAPGDS

€120 +142252525253

€3121 +CCO00Z0C03C ocr €COZ000C0C0L.000000350CC ro A 19340

€0122 ¢3002000€0C00

€3123 -171421042104 ocr 371421042104,536210621042 L) s 191s0 .

£3126 ~116210421942

60125 1731421542104 ocr ST1423042104,53621C421042 »0 & 19380

0C126 -136219521042

€0127 173136746422 acs $T0736746422,535114735747 L] T 19370

6130 ~13511472674

€G131 —173633610933 ocr ST2€33310833,535610633611 L1 s 19320

5132 -135610623011

63133 ~176543€13525 cer $TC563013525,535275121752 o 9 19399 -—

€0i34 -132275121752

Ca135 -170468557C75 13} STC46855TCTE,535752C01411 PC 10 19400

£0136 -1357523C1+11

0137 -170417016410 acr ST041701641€4535525447047 P 11 19410

C016) ~135525447047

20141 - 167760212335 acs £4774G2123C5, 5342143 7645 PO 12 19420

23142 -116214176415

03143 -16T0350721%6 ocr S6T¢530T2106,5343523J6044 P13 19430
BINARY C3RC AO. INTRPCul

0 144 -1343523C504

531+5 ~167602225216 acr 587602235216,%34037217392 PR 14 19440

Crles ~1343372173C2

90147 ~187530075337 acr $57536075337,524213641C34 P0 15 19450

03150 136213641034

S3151 ~167477170324 oct S6TATTIT0IC4,%34673501037 PO 16 19460

TS5 ~1368705C133?

03153 ~16+ 44511335 act 567444511335,53433073)CY¢ PO iT 19470

Nulse 134330713376

00155 ~167415440556 L13] £6741544056¢ 4534257452131 PO 18 19480

03:56 —1316257452131

nELST T1EwP 885 b 0224¢

o0isl LN 331 2 02250

[QUTS] BSER[ ASS 38 - 02260

€227 #SERD 8SS 16 02270

06273 ACCFF B85S i 02230
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PR

< gy

T

T

3

i
N)

i26

*e{NTRP oo NCOIFIEC 8Y C.J.DEVINE,C.L.LANSON, JPL, JUNE 25,1964 1701764 PAGE S
.
L]
SINARY CARC %0. INTRPCOT
Guele CH3& 00 & 00477 INTR? SX& P 4
OG27S 2634 00 2 03473 SxA 2,2
00276 C534 00 1 Ovals Sxa XRi,1
00277 0334 00 1 00472 1XA ARA 1
ase
L] -
. A TEST IS PERFCANED TC DETEARINE WHEVMER £T ~ M o ) IS LESS .
. TEaN GR ECUAL TC (T » %) AwD (T) IS GREATER THAN GR EQUAL TD »
- Ly o ». .
- »
2ooses
063C0 0500 60 I 0OCCS Clae (T3
00301 ~C501 %0 0 205C2 oRa +£233C0C0C0CO0
00302 C300 00 O 00SC2 EAL =(3330C00C0C00
00303 0131 00 0 00CCO xca
0304 €267 60 1 00CT EPPe 4.l
0305 €601 Ov C 00157 S¥C TErP
00306 0300 60 1 092C2 CLae 1.1
0207 €302 00 3 00157 Fse i€rp
CO31¢ <340 &0 1 fCOC2 Case 2.1
€031i ©0C29 €0 1 GOCIC Tase [ 3
00312 €020 CO O CCIl& e Tx
00313 Q020 00 0 00314 iRA (<3
90314 0500 6C 1 CCCC2 0K Clae 2.1
00315 €340 &0 1 CocCl CAse 1
00316 C€C20 60 1 CO0IC TRae q
08317 0020 00 O 003293 T®a
. .
. CCPPUTE MU -
- AL s (TC-T) /' & .
. .
seee.’ .
SIKARY CARC ¥C. 1YIRPGOS
0u32n ©%00 ¢O 1 .0COL CLe 101
00321 <621 00 O CO3Zé ST TIRg
00322 0500 00 1 OoCC2 L 2.1
eoINTRP o» NMCCIFIEC BY C.J.DEVINE,C.L.LANIT<, JPL, JUNE 25:1966 S rab PAGE &
¢tl23 cezl OC . C0327 STa Ic Do e
00324 05C0 OC * 00GT+ cla 4.1 .
03325 €621 00 O 00330 $Ta STEF
60326 0443 00  00CTC FTIrE OLT o
00327 T33 OC ¢ cocce TC DFs8 .
0C330 -C2¢1 00 O COCCO STEP DFC? .
00331 -C6C3 OC O 0016l st *
00332 0500 69 1 00CC6 Clae 6l
00333  CA00 00 O 0477 ACC 3
00334 0402 60 1 8OCCS Suie 5.1
20335 0601 00 0 00273 S$TC NCCEF
00336 0787 00 9 00C22 ALS 18
00337 G622 0O C 20341 STC e - .
0034C 0074 D0 & 0OGGYL 8% $XPAND 4
00341 0 00000 O bO161 PLE
00342 C 00000 0 001¢&3 PIE
00343 0500 69 1 00CCYH CLae Sel
BINARY CARC NO. INTAPCOS
00346 0737 02 2 CO0CO fag o2
00365 €020 G 2 00348 TRA ‘a2
00346 0020 00 O 00352 T™=a AL
00347 0020 03 O CO4C2 TRA [y}
€C350 0020 00 0 0Cae ™A A2
00351 CC20 00 0 20431 TR N
e . L) » LI IR L)
. -
. WhEK A = C, CCPPLTE XIN = WU}
. .
. R(h = My} = ((Hee2e() —= DELTAI®YNU) /7 LNeo2e(] = L]
. .
. CELTA)) « XOC(N) .
- .
. tesasas BOROINAGNNRNBSIRNNNONININGOORANAERINRNNOENS
003%2 9500 00 C 05273 N0 CLA *CCEF
©C353 0767 GO C 00C22 ALS 18
00354 0622 00 O CC3ST S$YC 3
0035% 0074 00 & 00001 TSx SSPLLT 44
€036 € CO1s8) C 0OLL) PlE LCG2, +BSERT
03357 € CCO00 0 00227 (214 FSER[¢y00
00360 500 07 1t £CCC3 CLa LI3)
00361 0621 00 0 CO3e4 STa 3
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00910
00%A0

29930
Q09se
00970

09980
00990
o10c0
01010
01020
01030
01040
01050
01060
01070
01000
0L090
01100
01110

01140

P7R) AN Titantand

AT A e @

3
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Sdidebe 0 Y
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¢ JPL TECHNICAL MEMORANDUM NO. 33-188
& .
J COINTRP oo FCCIFIEC Mt C.J.UEVINE.C.L.LAWSCN, JPL, JUNE 29,1986 1731764 PAGE 7
= 00362 0T GO & COCE2 caLe SCALR;#SERE ;48 NCOEF , TEYP 01380
: €2363 GGTe 00 © 06217
F3 0C364 C€C74 CO O CCTCO -
3 50365 CC74 0OC O CC273
H 0C3es  CCTA GO D CO1ST
Q 0G367 0S34 00 1 CDe72 Lz XR&,1 01390
BIMARY CAXC ANQ. INTRICIC
00370 C€50C €O 1 GICCY A 1.1 01400
‘ 0C3I7TL  CA21 GO © <CAGH ST CCwAT 01410
o272 5539 00 © €333 Cea STEP 01420
2373 €62l 00 € COIIS 313 ra 01430
3378 €621 € 7 CCHITS (31 (Y] 01440
3 J03ITS  244) IC O CooLe NA DT .. 01450
nS376 5281 €D 0 COCRE B OFFF . 01460
tOATT €261 ON 2 LONS? OFFP TEwp 014790
NC4OC -3603 GO O COCCy  LCwMY DST . 01480
0Gev: 0020 00 G £0472 - TRA X34 2343C
. asese . BOEISPCREINDATVININCENCAGENICENIGIUARIOR Y o[so\)
) . s 01510
. Whch A = 1, CCPPLIE  XBIN - FL)
. o 0153
. XU = M) = ((Mel]l - CELTAJeoMy) /-LA®(l - CELTAM} o
. . 0155¢C
. ® LCTIK) - 01560
. 01570
- ®eccecsresecesensesccssnacare . 01585
€0402 €500 €9 O CC273 01590
00403 0767 02 0 0NC22 01600
00404 0622 00 D 004CY 01610
€005 CCT6 09 & COCCL 01629
0C406 C 03163 O COC4T 01630
004C7 € TOUXKO 9 Ce227 pIL FSERL, 00 01640
€041) C€SGI €9 1 CCCC3 cLa 3 C1650
CO411 (400 O 0 Cie76 Acc =2 01680
00412 Cé21 00 O €415 S$T2 LAATe2 01670
02413 CC74 OC & GOOJZ  LAAT CALL SCALR,PSERI, %= ,HCOEF, TEFP 01680
BINARY CARC AD. INYRP21L
00414 CC74 00 O $0227
£C415 0C74 OD C £96Ch
00416 COT4 €O € 0027)
-3 *2(NTRP ov MCCIFIEC BY C.JoDEVINE,C.L.LAWSCN, JPL, JUNE 25,1904 7/01/64 PAGE 8
3 £3417 00T4 00 O CO1S57
A 0420 0534 GO ) CO&T2 [§7) AR4,1 01670
1 €C42) C€5C0 GO 1 COOCT cLa 7,1 01790
‘ 00422 €621 €0 0 00427 ST CCHNS o1rne
3 00423 €530 20 © 0030 LA STEP 01420
00424 0621 00 0 CD425 $ia (23 01730
00425 0443 00 0 COOCC DL . 01740
00426 C261 OG # QOL%7 OFwFpP TEPP 0L750
4 0C427 -C603 00 O €93CO  CTWNS DST . 01760
3 0C43C 0020 00 O 00472 TRA XR4 01770
. asecssasarse 01780
B . - 01790
7 . WHEN N » 3, ZOPPUTE XDODIN ~ ¥U) .
- . * 01810
X . XCODIA ~ PU) = {—LA{1~DELTA)e(1-DELTA) eeFUsH .
. e 0183
- * X0D(N) - ¢ 0l840
Y . . G10%0
S . sanee - 01Pa0
? 00431 €500 00 O 0273 01870
00432 0767 50 6 0u022 . 18 01 ;a0
€ 00433 0622 00 0 00436 (33 01490
3 00434 074 00 4 00CCL SSMULT v 01964
' 00435 ¢ 00163 0 000€) LCGy e BSERT . 019
0C436 0 00000 O 09227 PSERIsete 0192.
£ 00437 0500 00 4 00003 3.k . 01930
' BINARY FART KO. INTRP012
0C440 0420 00 O GO501 ACC L) 01940
00441 0821 00 C Gleas 3 Nas2 01950
g $G442 OCT4 00 & TC002 N4 CALL SCALRMSERT o #0 JN. JEF, TEWP 01960
0443 €074 0G 0 CG227
¥ 0044s  0C74 00 O €000
e 00445 074 CO 0 C0273
: 00444 Q074 00 0 00187
00447 0534 00 1 004T2 LX4 XR4,1 01970
. 00450 0500 00 1 60007 cLa LI} 019680
N 00451 0621 00 0 00454 STA 0 01990
) 00452 0500 00 0 00330 cLA STEP 02000
* 00453 C&21 00 O CO4S5S STa NS 02010
2 0C454 0443 00 0 00157 oLe TEMP 02020
£ 00455 ~0241 00 0 COOCO NS OF 0P e 02030
%
3
|
Y
&
S
3
@
B
K
i
o
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128

SCINTPP se  MGCIFIEL BY C.JeDEINEC.L.LANSCN: JPL, JUNE 25,1954 17017064 PACE 9
CO+54 -0603 GO © COOCO a6 OST -
C04ST 7020 00 0 DO4T2 TRA R4
LRI R AT RIS L AT T ] seses L2
. .
. MYEN N = 2, COMPLTE IDDIN - Pu) .
. >
) XOD{N =~ PU} = L1l - CELTAlesxu} o XDCIN) .
- -
e
90460 0500 0O 1 COLC) h2 LA
00s51 0400 0D 0 003CO ALt
00662 €321 00 0 COA6s TR
nNoas3 0530 00 1 00007 CLa
SINARY CARC NO. INTRPG13
00464 C621 0G © 00471 STA SQes
6s565 0074 00 4 00OC2 se  CawL SCALR o0, BSERI,NCOEF ¢ *2
10466 CCT74 00 0 tOCCO
00467 COT4 00 0 001¢3
02470 COT4 04 0 00272 }
03471 04 GO O COCCO
00472 0774 00 4 0C0CO 24 AXY
00473 €774 00 2 00CCO AR2 AXT
03474 CTT4 00 1 00CCO xRE AXT
00475 0020 6O & 00311 TRA
pL1]
LITERALS
00476 0000000300C2
00477 0000060C00C
QLSOC  QC00000C0CCs
06501  0C20090600C6
00502 233000000000

02190
02200
02210
02220




-

AP T b T et e s e 8 et et e e = o

b v

TSTOP RESIDUAL COMPUTATICH CHARLES J. CEVINE 7701764
SUBRCGUTINE TSIGP NTAPE L TAPE +KTAPE, DELYA, TIFE,
CELT,COS03, SINDB,CMAT,XLE, XJOO +XYZ . ¥XYZ,
KAM LAMoKAN W WRITEJNPRINT ]

TIMENSION XLBBL3) LHaCt1) oXLA{3}
CIPENSION CGSOBELS,SINDBLL) oCELTIINXYST3),V YZI3}4CPA{3,3),X30G(

CIFENSION YCLC{3)

CIFENSION CCATEIRY, XCLEL3)

CIMENSTON CURII4966),0UN2E8D,VILIL2V3NI1), 20110 ,V2N(1),
AIVILEL)  VIRELY pVZLLL) S VEPELY o VYLLL o VYMILD o v, LELIaVRALL D,
2XJLILisXImiL)

CLMMON DUML o DUF2 ¢ VILWVIM V2L V2P, VL o VINGVIL, V2V,
TVYL VYR o VXL g VXM XIL o XIM

[ FLIP STORAGE FROF FAP TO FORTRAN

XJCiLInxgM

XJCI2I=xJL

XYZ{LmvXy

XyZiaduvXL

X¥YZ(2)=yyV

RYZ(S)uvyL

XYZ(31avl¥

AYZ(s)nvIL

¥XYZ(1) ey )M

VXYZl&laViL

VXYZ(21ay2N

vXYZ(5)avaL

YXYZ{3lavds

VXYZ{a)aviL

o TirreXJC-XJ0O
5 RESD TAPE NTAPT,COATE(L},DCATEL2), (XCLOIME) . XOLD(ME+3) MF=l,31,
1 {VCLDIME) ; YCLC{ME+3} 4NEw 1,3}
[} IF(DDATE-XJC)S5 44
4 CCNTIWE
3C0 CONTINUE
CC 13 (»1,3
] CELT(1}exQLClIN=XY2(1)
C 13 TELTA{1)=DELT{I)
GC TC (21,26)1L40
12 FCRMATL F10.1, 6Fl1l.8, TPIFl4.4 )

o
o
1
ol CIVENSION OELYALI?
[
°

21 WRITEDUTPUTTAPE 6012, XJINM, XYZ{1)41m1,3),
TSTGP  RESICUAL COMPUTATIGN CHARLES J. DEVINE T/01/64
1 IVXYZUL},i=1y3),

(CELT {l},121,3})
2¢ CCNTINUE
ARCTe]
CALL STINKSUXYZ »VXYZ,CELT,XLB ,CMAT,CT50B,3 T CByNROTY
GC TO (49451)4LAN
49 WRITE CUTPUT TAPE 6450 | XY2UiDelmls3)yiVXi2f10s1n1,43),
1 CELT 13)¢(DELTY "1)s051.2}
50 FCRMAT(1CXs6F11.8,7PIF16.4
51 CCNTINUE
GC VO (1€0,20034KAV
1co CONTINUE
ARCTa2
CALL STIAKS{XCLC ¢VOLC,CELT 4 XL184CMAT,LOSCR,SINCB(NROY )
£C 15 121,3
£ 15 XLAulEaxtBBI1)~XLB{T)
WRITE DUTPUT TAPE 0416, IXLBBIT),1n1,3)
16 FCRMAT( 76X 7TPIF14.4)
200 CCATINUE
4 EPHEMERIS WRITE FERE
GC TO (80,660 NURITE
&C CONTINUE
GC YU (81+62+63/66) NPRINT
61 WRITE TAPE LTAPE XJMoXJL VXP2VEL s VYV (VYL oVIMeVILIVIM,VIL, V2K, V2L,V
13¥,V3L
WRITE TAPL KTAPE.XJO(1) XJC(2), [CELTA{LI),[a1,3), DELTI3),
i {CELT (1),1sl,2)
GC T0 64
62 HKRITE TAPE LTAPE s XJMyXJLoVXNMoYXLoVYMGVYL VIM VILVIFoVIL V2MV2L Y
L3¥yv3L

GC TQ &4
63 WRITE TAPE KTAPE.XJD(1)oXJOUQ}o{CELTACT} 12143}y DOELT(3),

1 (CELT (1)y1wl,2)
64 CCNIiNut

GC TC (050660 1KAN
&S CONTINVE

WRITEQUTPUTTAPEG ¢ 12 XJM o XMy VYN VIN ,VIM V2, VIV

2 (CELTA(T) i=l,3)

WRITE QUTPUT TAPE 645Gy (XY2 (1)sI=143),{VXYZII),(n],3),

1 CELT (), (DELY (I)oInle2)
66 CONTINUE
RETURN

TSTOP  RESIOUAL COMPUTATION CHARLES J. DEVINE /01764
CNCIL404Co0s04Ca1400Ce190eCeCyCo0)
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STENKS ROTATICN SUBROUTINC CHARLES J. CEVINE 7701784 PAGE 1

SUBRQUTINE STINKSIXYZ,X100T,CELTALXLEBICMAT, COS08,SING8,KRCT
1}

SUBRCUYINE STINK DOES THE FCLLEWING
(1) ROTATES XYZ AND VELGCITY TC ECLIPTEC
RATATES OELTA(XYZ) TO ~oLIPTIC
13} COMPUTES RFGy LEGIT D&, LATITUDE IN ECLIPTIC, BY CALLING SPHE
14) COMPLTES CYATRiIA ,ANL NEW CELTA WHMICH IS B MATRIX, THAT
(5) 1Sy COS{RETA)ECELTAL, SLTA{BETS), AnD DELTAIRHO)
CIFLNSION  XYZ(3)oX1COTL3),CELTAL3),XL8(3),CPAT(3,3),008CB(),
1 SINCBELI4X(31,002Y ¢RHCI1) 4 XLIL) oXBI1),DELL3) '
RCTATE PCSITICA AND VELOCITY AND CELTA
(3331
CC 10 {=1.3
GC TC (7+845314MS
ZEY=xXYR(L)
6L 16 10
X 1)ex10CTLD)
GC TC 10
RU1/a0ELTALL)
10 CINTINUE
Cllr=x(1) .
C{2)= X(2)eCOSCBeX(I}eSINOB
C{3}e=X{2)eS[NCB+X(319C0SO0%
GC 7O (15+20¢25) NS
15 LC 16 [a],3
16 XYZ(I1}=0(1) »
vec(1)
veri2l -
weL(3)
CAL. SPHER(U,VewsRHOWXL o XE}
XLE{L)=RFC
XLB(2)=XL
XLBt3)=xe
H NS=2
3 GE TO S
B 20 €©C 17 I=1,3
- 0 17 X1COTCH)I=D{ 1}
A NS=3
- GC TG S

(2] [ T3 ¥aXaXalalaXaXal
~ w
~

s80 o o o
o o

oumn oono

Y

BN

STINKS ROTATION SUBROUTINE CHARLES J. DEVINE /01764 PAGE 2

25 CC 18 (1,2
0 18 CEL (!'aC(1)/RHQ
GC TO (4Cy4%)yNROT
CONTS WE
NCW _OMPLTE CMATRIX
CON . INUE
SINXLxSINF(XL)
SINXB=SINF(X0)
CCSXL=COSF(XL)
CCSXxp=COSF(xXB)

N

4

CPAT{L 1 )==SINXL
CMAT(1,2)%COSXL
CMAT(143)20.0
CHAT(241)m=5;NXBeCOSXL
CPAT(2,2)=~SINXBeSINXL
CFITIZ.]!ICGSIB
f. 30 Inl,3
'"lf(inll'l'lll)llhﬂ
22 1143
. 3 ﬁELTA(l)-D.O
¢ CC 33 I=1,3
- CC 35 J»1,3
N 0 35 DELYA(I)-OELTI(l\*CF‘T(l.J)ODEL(J)
CC 59 Is1,3
DC 59 Jol,y)
C 359 CMAT{1,J)=CNAT(1+4}/RK0
45 CCNTINUE
RETURN
- ENCUL409Co0s09Cols0sCs1y0sCsCeCy0)

3

© 00COO0ODEMODDO 0O
<

i

et T
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SET32 NORMAL EQUATIONS CHAXLES J. DEVIRE

oA Y Rt

SUBROUT INE SETI2(PQRyXYZsX20OTsAsE9XNeSET, TIME,CMAT)
S€¥32 IS A WODIFICATION OF RED2
CIMENSION A(L),E(1) 4XN{1),TIME(])
DIMENSION SET3{3,6) yVELNI3),PQR(3,3},PQS(I31,X100T(3),SET{6.6)y
1 XYL{34,CMAT(3,3)
CC 178 3Csl,3
178  POS(JN)=XYZLJ0)
RROOT*POS{1)oX100T(LI+POSI2)aX1DOTLZ)+POSL3) eX1DOT(3)
GE
Faa
ESQRaGee2
B=Fe({1,0-ESQR)
ReSQRTF(POS{1)en24P0S{2)0e24PDS(2)0e2)
ARxGeB -
XHCu(R-Fe{1.0+ESQR} 1748
Ab=Fee2
XNNsXNee2Z
CIVaAASXAN=G
EIVR=RROCT/DIV
RE=R/B
RBY=1,04R8
KXQaCIVR#R8]
CC 20 i=1,3
20 VELNII)=X$CCTLI}/XN
IXe]
1y=2
11=3
21 I=IX
Jal+3
CF PAGES 237,241 IN BRCUWER A.D PRIVATE COMMUNICATION
SEP3{I41)=eVELNLIX)
SET3([42)=+PQR{L,IY)e POS( 2)~PCRIL.IZ}e POS{IY)
SET3{1,3)=+PAQRE2,IYI» POSLI2)I-PQR{2,1Z)® PCSILY)
SET3(15)s ¢ POS{IX)}-1.5eTIME®XIOCTLIX)
SET3¢1,4)m{=VELN(IX)+PQR(3,1Y)s POS{IZ}-PCR(3,1Z)e POSLIY)})/G
SET3(1,’ }nXHOPOS(IX)4XKOeXICOTLEX)
IF (IX~ 122,2%,22
22 1TEMPS] "
Ixsly
lysi2
: 1I=ITENP

oon

D O0O0OONUDNINDOOODT

e e

cooosaon

; SET32 NORMAL ECUATIONS CHARLES J. CEVINE

> G6C 10 21
23 CCNTINUE
. CC 50 (=1,3
CC 50 J=l.6
D 30 SET(L,4100.0
’ c CCMPUTE € & SET I11 MATRIX
CC 40 J=1,3
€0 40 L=l.b
60 40 Ksl,3
D 40 SET(JsL)«SETIJ,LI+CHATIIKICSETI(K L)
PFTURN
ENCI190sCsCr0+Crle0sCe140404CeCy0)

™

B
i
i
L
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SETUPZ SETS JP NCRMAL MAVRIX CHARLES Jo DEVINE 770176, PAGE L
SURPOUTINE SETUPZ(SET,CELTAyXNUM,SIGSQ)AFAT(BMAT  MMAX ¢NNAX,
1 N3050Ls STLSToWT)
s <
ﬁ < THIS SUBR UILL FCRM 686 MATKIX,AX=B+WHERE & AND B ARE LEAST SQUARES,
- ] CI¥ENSION wT(3)
- ] CIMEVSION STEST(L)
! n CIMENSION SET(646),DELTA(I ) XNUM{L)SIGSQ{1) sAPAT 66) ,8KAT(6)
' 1,A406,6),8(6)
rC 10 LalyMrax .
~ EI1)aDELTALIL)

£C 10 J=1,NMAX
Bi2 BLLyJIsSETtL, J)emTL])
[ XNUM=XNUF 41,0
CC 40 1RCw=1.¢%
CC 40 [CCLieise
CC 40 Kal MMAX
s} AMATUEROW ICOL)=AMATTIROW, SCCLI+ALK, TROWISET (K, 1C0L)
TFLIROW=%140,30,40
30 BMATLICOL) =BMATIICCL) +8(K,ICCL)eR{K:
40 CONTINVE "
CC 20 I=1,3
SIGSQU=SIGSC ¢ {Billes2)eWT(]) -
TEST IN SETUP FOR NSIGSQ GREATER THAN 10-5, [F YES SOLVE,IF NO.CON
TINUE
IF{SIGSQ~-STESTITC,60.6C
CCNTINUE
IF{XNUM=-20.170¢61001
CONTINUE
AGCSQL=2
- GC 10 200
70 CCNTINUE
AGCSCOL=]
GC T0 20C
200 RETURN
END(Le0+Ce030+Cr1101Ce1901CoCeCa01

©

2

o

6

2 onoo
o

&

-

oot

H

PO T R L

T

132




! |I r

IPL. TECHNICAL MEMORANDUM NO. 33-188

CCRECT CORECTS MSAN ELEMENTS CHARLES Jo DEVINE T1/01/768 PAGE 1

SUBROUTINE CORECT{XSOLVE/MEAN,XMEAN ELM,PQRN, XMU )
Conasencnna oe DIMENSION JTATEMENTS ee shessavenscas

CIMENSION ELM(T)

CIMENSION XMU(L)

CIMENSION DPP(3},DPQU3)4DPR{I)

CIMENSION XSOLVE(6) ¢ XMEAN(LY ¢ELEM(T) +ELIPT(TI4PQR(343) +PURN{3,3) "
CIMENSION PPI3),PQL2),PR(3)

LT Y Y Y FEY Y P Y YY)
CCMPUTE CELTA INCLINATION,DELTA LCNG.ASCENC.NODE;DELTA ARGPERIWEL.

CC 50 1n147

$0  IZLEM{I)aELMLIY
CC 60 's1,3
CC 60 Jwly3

60 PORILsJ)ImPERNTENI)
CLLP»XSOLVE(2]
CELU=XSOLVE{3)
CELRAXSOLVE(4)}/ELEMIZ)

D oocancoosaan

CMEGAMELEM(6)
SINOM=S INFIOMEGA) PERTHELN
CLSOMCOSF(OMEGA) PERITHELN
SINI=SINF(CLEM{4}) INCLINAT
COSIaCOSF{ELENMI4))
BROLWER4CLEY. P.239 FOLLOVING EQUA.

CELI#DELP#CCSOM-CELQeS INDM INCLN.
CELPInSINI#({SINCMeDELP4COSCM+0ELG) /(1. 4COSI}I4DELR
ABLIN®ABSF{SINL)
CCNSYa1,0E-16
TF{ARSIN-CCONST 1150, 15C, 1553

150 LELN=D.O
GG TU 160C

155 SICEZLO=DELP#S INOM+DELGRCOSTN
CELNSSINFLO/SIN

160 CCNTINUE

D CELPR=DELPI-DELN
WwRITE QUTPUT TAPE 35,1el

161 FCRMAT(1H0,2c¢h LITTLE OMEGA TILTAZ/)

0O COONODACCOOaGNDNOD

CCRECT CORECTS Meah ELEMENTS CHARLES J. PEVINE 7701704 PAGE 2
CALL DCUTPTUDELPEsLle1d
c
<
< ELEMLwA, ELEMZ SN, ELEMIRE JELEN e= i ELEMS4LON. ASC,yELEMGOPERTHLELENT
[ XMEAN Afl.
<
€
c ACW COMPUTE SIX ELLIPTICAL ELEMErS
[4
n ELIFT(1)sXSOLVE[S)eELEMI L} SEMINAS.
[ ELIPT(2)20.90 MEANMOT.
c ELIPT{3)=XSCLVELS) ECCENT.
c ELIPT(4)=DEL] TNCLINS
< FLIPT(S)»CELN LNGASCN
0 ELIPT{6)=DELPR ARGPER[
n ELIPT({T)+XSOLVL(1)-DELR MEANANOM
C
4 WRITE OUT ~QRyELEMyXSOLVE,BEIORE CTATLCTIONS
4
WRITE CUTPUT TARF 6480
80 FCRMATILF ,25h THIS °S5 #OR FATRIX//Z)
Fy 82 Irlsd
0 PPLI;mPQREL, 1)
t PCLLI=PQR(2, 1)

L 82 PRITISPQR(3,1)

CALL DOUTPT(PPy2,34PCs3434PRy Y43}

WRITE QUTPUT TAPE 6,84

FCRMATULN (10n  ELEMTE///)

CALL DOUTPTIELEN(747) .
WRITE OUTPUT TAPE 6,86 i
FORMAT(1F 4108 XSOLVE///)

CALL DOUTPT(XSOLVEs646)

8

>

8

o

NCW COMPLTE NEW ELEMENTS

€C 109 Jul, 7
10C ELEM{JIRELEMIJIELIPTIY)
"

NCw TEST FUR MEAN DAILY MOTION CALC.

anoeno oo

GC TG (1104111, MEAN

133

e

L) - - - i— - - =
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CCRECT CCORECTYS PEAN ELEVENTS CraRLES J. CEVINE T/CL784 PAGE

11 CONTtnuE

c CLER{2)a 2 feLEM{L) JoSCRTFCXMU/TLEFILY)
€- 1C 112
<
111 COMTIMUE
4 ELER"21oxPELN
c ARG MU APEANS D
¢ ErPOmel . /2.
c

ELER{ L) ~ARGesEXPCN
12 N Nt

NCw CORPLTE PCZX wMiCh 1S CTAICCTEC 2O vaATAIN

SiNlw SINFLELEPIA})

CCSle CNSFLELEPLIGTY

SINFe SINFLELEN(E))

TCSPs COSFIELEPIS))

SIKL= SINFIELEX(S)"

CCSL= COSFIELEFIS))

PLR{L,11e CCSPICCSL -~ SINPeSINLOCCST
PCREL,2}e CCSPaSINL ¢ SUNPeICSLCCSI
PINIR30m SIAPeSTNL

PCRI2,1iz ~SINPeCOSL ~ CTSHeSINLECCSE
PCP{2,21w~SINPeSIAL + CTSPOCCSLL{TSI
PCRI2,31= CCSPeSING

PCRE A= SINLeSIND
SCR13,2)=—-CCSLaSING

PCRE{3,3e COSI

NCh SAITE OUY CCARECTICKS, CCORRECTEC VALUES,NEWPQR.ETC.

AP ERONDAODNND NDDANA

NAITE QUTPUT TAPE 6,12C
120 SCRWATIIF . 12F NEs  PQR/ZV)
CC 122 I=%,}3
PRilt=pOn (3.1}
FCULImPCR (2.1}
122 PRULYI=PQR (3,
CalL DOWIPTIPP .- 3,7C.3,3,PR,:3,3)

200

nen

WRITE OUTPUT TAPE &£,128
123 FCRMAT{LFr +2TH ELLIPTICAL CGRRECTIONGA//)
CaLL DOUIPTLELIPT, 7,7}

CCRECT CCRECTS *EAK ELENENTS CrARLES J. DEVINE 1701764 PAGE &

RRITE QUTPUT TIPE 6,.13C
130 FCRRAT{LIF 19 NEW ELEPENTSII))
CALL OQUTRTLIELEN,T,T)

AN

WRITE OUTPUT TAPE 6,135
135 FCRRATIIF ,24% KEPLERS I R™ Law »Pul//}

CALL DOUTPTIXPUSLy1)
CC 140 1=1,3 H
EC 140 3=1,3

0 140 PCANLI,2VaPQR{T,J)
CC 141 le1,7

O 141 ELPULI=ELEN(T)
RETURN
EAC(140,09040¢Ce1+C4Ce1+04UsCeCoC)

Fir
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TRANSX TRANSFIRMS ELEMENTS TO XYZ.VELOCITY CHARLES J. DEVINE TI0 164 PAGE 1

30

OOADINTINOBIEIINADAN

4%
42
50

LLE-T- I XX,
o

c 80
90

SUBRJUT INE TRanSx{ FQRLOPXYZLELEN, XNUI
cosaen CIMENSICY STATEMENTSe
CIXENSION XwUl1), PIYZ(6}
CIPENSION ELEMIT) PSR, 3),CPXYLLS)
eseENC) Y E

SCaxnys SCRTFLxPL}
APSELINIT)
XELCeELEF(3)
XAsELEMI1)
AR=ELEN(2)
X8ox2eSQRIFL1.-(X5CCee2))
X4SQReSSATHIXA)
FECaxMs XECCoSINFLXNIo I ({FECII®02)eSIAF({2,.9XR))/2,
XEN=IE0
XENL=XENP{{XM-XEN)*XECCoSIMFIXEN) )/t 1.—XECCOCOSF(XENY)
CELXEN=ABSFIXENI-XEND
XTEST=L.CE-12%
1F (OELXEN-XIESTISC,SC,&D
KERaXehi
tC ¢ 30
CCATPE
XEeXE‘2
CCSea{OSFIxE)
SINGeSINFIXE)
XTEMs(OSE-KECC
£C 60 I=1,3
CRXY2I.)1=X20PCRIL 1)0XTENOXBaPCRI2, 110SINE
RSCR=(DPYYZ(11e02 ¢ {CPXY2L2}202)¢(FPXYZ{})0e2)
R2SCRYFIASCRY
RASCRTwROXASCR
LS 80 J=1,3
1slde3
PXYZL) )= {XRePCR{2, J)oCOSE-X
CPXYZi) iePXYL 1) 9SQRRNY
CORTIVUE
RETURY
ENCE140:2¢CeCoCeloCeCyReGeCaCel,0)

PQR{Le JInSINE) /RASQRT

33-188
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SUBROUTILE LERIVINTAPE ,NUBDD,XPDS, KDS +XDE (O™ YLITE s XWULAKS 1725763 PAGE 1

SUBRGUTINE CER{yIMTAPE,NOSND.XPOS, XDS s XOE ¢DMe KLI TE , XNU,AKS o
L] NAM NREL ) XDSALXH)

COERIY  COMPUTES ACCELERATION CHARLES 5. DEVIME

[ LXIT YT T) COMMENTS essnosse

PRINT OPTIuN FUR ACCELERATION ,XJD IS MNAKe;,
MO PRINT PEQUIKES NAM&Z,GIVING RETURN
CERIV READS COO0%“D, TO GETAIN POSIIION UF PERTURE ING PLANETS

LeesusnraCONMON STATERENTS FUR POSITION, ACCELERATION, VELOCITY, AND TIMEw

L Gl ta

CEIPENS [ON CUML149861 0 AZLEL) o AIMIL) JAYLIL) gAYMT LI oAXLIL) pAXM{L) ,YIL
TALVZPUNS VYL LD -VYME Lo VXL L), VEME LB ZL €20 ZMEL T, YLELD (YR L] 5 XL I
EARRS LIRSRT S DLINERRE X110 0

4

c
Cosnsncacen BEGIN CoMmMON
€

c
COPMCN DUML L ALL o AZN, AYL g AYM,AXL s AXM oy ZL e V2K (VYL VYN, VXL , VXN,
TZL o ZM YL Y P XL XMy XJDL o XIOM
COFMCN HL, hF

(4
Cevso e END COMMON

[4
Coe0assDIMENSICN STATEMENTS FUR COUBLE PREC. QUANTITIES. sesave
sacessosecaeeBEGIN DIMENS ION CTATCMENTSs0vesncnssese

CIFENSION XCSALL). ODATELLl) oXH(1}

CIFPENSION PC3{3),ACCIIT,VELEI) ,OM(LIZ),AKSTL) XLITE(2) XMULL)
CIPENSION XCITi3, 108 L JoRHUATL 14R(1 34RMOHL )

CTIMENSION CIREC(3415)9 XINDIR(3,100,DIRSUNLS TeXINSUMLY )
CI¥EHSION PERTRB!D 19 SOLAR(3}

CIPEUSION XJD{1) ¢XDS{1},XDEL1)

CIPENSION RLLLD,R21LD,R3(1)

CIPENSION C13410)

CIPEASION XJDTBLED),CTABL(3¢15,9)
CIFEFSION HSTEPILY

[-R-Rol-E-N-R-R-N-R-N-Rololal

SUBROUTINE CERIVIMTAPE,NOBUD,KPIS, XDS+XDE+f MeXLITE .XMUJAKS o 1725165 PAGE 2
[4
Ceveeveonae END DIKENSION sesesseens

FERST CEFINING FUNCTIONS FOR RH),RCUBE,ETC.

STACEF(U,V Win{Use2je(Ves2)e(yee2} RCUBE
CUBEFLU)=U»SQRTF LU}

#0eEND FUNCTION STATEMENTSsee

L aRa Kol -T- oo X Vo

e SETUP POS{1ICN,VELNCITY, AND T{ME FROM CONMMOM oo
RJCE1}sxJ0¥
XJCI2)=XJOL
POS(1)axX¥
POS(4)mXL
PLS(2)sYP
POS(5)=YL
POS(3)aZp
POS(6)=lL
VEL{l)a\ XM
VELl4YevXy
VEL(2)=YYRM
YEL{5)aVYL
VEL (3, VIN
VEL{81aVIL
< HOTE KLINEwO, INTTIALLY FRON SYSTEX LOADER
IF{KLINEI20101204201
c HERE IF XJOTBL NOT YET FILLED TO 9 PUSIFIONS
120 XRTNe}
HSTEP(1)mHM
ASTEP(21wHY
] XDSA=XJ0
121 GO VO 4
122 KLINEeKLINE+)
0O 123 IPLAN=]1, i
CO 123 iCORal,3
D123 CTABLUICGR, IPLANyKLINE }=C(ICOR,IPLAN)
[} XJOTBLIXLINE)=DATE
IF (KLINE-9)124912%,12%
D124 XOSA=XDSASHSTEP
. 6o 10 121
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SULRLUTINE DERIVIMTAPE,NOBOD(APOS, XDS ¢ "0E UM XLITE s XMULAKS o 1725765 PAGE 3

125 KRINs2
201  JLINEeS
0202 1IF(XJO-XJDYBLIJLINE}IZ203,205,2C7
203 JL NE=JLINE-L
I (ILINEI2CH4224,202
204 CALL Dump
2CS DO 206 IPLANeL, 10
00 2C6 JCOR=1,3
0206 CU1ZOR,IPLAN)=CTABL{ICCR, IPLAN,JLINF]
] DATE=XJD
GO IC 209
207 CONTINUE

4 READ PREPRAR:D CODRD TAPE
(4
c -
1] IF{XJD-XDS A} 2,3,2
G 2 XTUSAsX. T
4 READ TAPE MIAPESDATE(1),DATE(2), L(CL{ICOR, IPLAM],CICORIPLANSLG),
. ICOR=143), IPLAN=]1,1C}
] u=CATE~XDS A
9 IF{M} 43,5
S Us ABSFiK)
. IF{U=-15.) 8,.8,9
8 KaxFIXFIL/XH)*1
H CO &6 J=1l.N
& BACKSPACE NMTAPE
GG 'C &
9 REXIND MYAPE
GO 10 &
3 COATINUE

208 GO TC (122,209} .KRIN
205  COMTINUF

R2=STACEFIPCS{1),FUSL2),PI5(3})
R3eCUBEFIR2)

GPTION TO COMPLTE RELATIVITY CONTRIBUTION

Heonoon

GD TG {20,242, MREL
CONTINUVE
G0 ¥C 3

2

o

. SUBRCUTINE CERIVIMTAPE,NDBUD,nPOS, XDS ¢ XDE ¢ DMy XLI TE ¢ XMU,AKS,y 1725765 PAGE &

26 CONTINUE

s (COwPUTE SL.fR TERM USING MU AND GRAV CONSTANT FRO

SOLAR TERM
CO 35 1=1,3
35 SOLAR(1)=-XKUePUS{I}/R3 -
4«0 CONTINUE —
HERt CUMPUTL JIRECT ANG INDIRECT TERMS

€O 70 1CCR=x1,3
CIRSUMLICOR)=0,.0
XINSUMLICOR)#0.2
PERTRB{ICORI=0.C
€O 3C5 IfLAN=L,IC
CO 300 ICOR=i,3
XDIT{ICOR, IPLAN}=CU1COR, IPLAN)~POS{ ICOR)
RA =STACEFIC(1,IPLAN)C{2, IPLAN],C I3, 1PLANYY
RHCA =STACEF{XDIT(L, IPLAR) ,XDIT U2, IFLAN) y XDITI3,IPLAND)
R =CUBEF{RA }
RHC ={UBEF(RMDA )
CO 305 ICOR=1,3
CIREC{ICCR, IPLANISONMIIPLANI®{XDIT{ICOR, IPLAN) /RHO ] -
XINDIR{ICOR, IPLAN) =-DM{ IPLAN] «{CLICUR + IPLAN) /R 1
DIRSUMIICOR 1=DIRSUM( ICUR YYOIREC(ICUR  IPLANY
XIASUMCICOR }=XINSU#LICOR FeXINDIRCICUR, IPLAN)
00 326 ICOR=1,3
PERTRA{ICOR J=DIRSUM( [CAR J4#XINSUM{ICOR ]
ACCLICCR 1=SOLAR{ ICOR) +AXSePERTRB(ICOR )
320 CORTINLE
AXP=ACCIY)
AXL=ACT{4}
AYNa2CC(2)
AYL=&CL(S)
AZr=iClid)
AZL=ACCLS)
4 PRINT CPTIOMN
GO TO {50,530} NAM
CONTINVE
PRINTS OA DATE DESIRED
IF{XJD-XL51500,52,52

oCco NG O AONOO

-
©

w
o
o

©® gooo nooOo
o
w

o
-
o
-3

i
i

3
!

H

=

e
(=Nl

SUBP "UTINE CERIVIMTAPE,NOBOD,KPOS, XDS ¢ XDE sOMe XLITE o XMU 1AKS o 1/25/0% PAGE 5

D 52 IF{XJD-XCE)55,55,5u0
5% COMTINUE
57 COANTINUE
WRITE CUTPUT TAPE 6,73,XJ0
73 FORMAT{1h0,15H JULIAN DATE=F12,2
WRITE CUTPUT TAPE 6,62

62 FORMAT L 44H  ACCELERATION CUORDINATES FOR NAIN BUDY/
CALL DCUTPT(ACC,3,3} *
800 RETURN

ENGILo14CeCr00CrlyLe09190+0+0¢000)
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e e

ECSER EMD OF STEP SUBROUTINE ChHARLES J. DEVENE

[
- 20
30
3

ERRE

1¢

SUBROUT INE EOSERLTNAX, JIM}
CIMEMSION CUMNE4984 ),T201),71(1)
CCMMIN OUMN,T2,T1

CIMENSION TSTPU1),TMAXLY)
TSTPL))m1]

TSTP{2ImT2

JIv=2

TF (TMAX-TSTP) 3C.3C,2¢0

RETURN

MRITE QUTFUT TAPE 6,31,T5TP ,TMAX
FORMAT{ 10, 2F9. 1 4éH +0LD  YOUR hAT, THAX ~AS BEEN REA

XCrepsi71/y

Jival
REVURHM
ENGELe0sCo0eD4Cs1104C21+04CoCHCHCH

R KiCKS CuLT tF FCRTSZ ERAOR CHARLES J. GEVIKE

SUBROUTINE ERRER
wRITE QUTPUT TAPE 6,10

FCRMAT(LF ,T1F YOL 1TICT, GCOC OUtD FORTSZ HAS GIVEN
X AN ERRCR RETURN/
X72K FCR  THE FOLLLAING SIMPLE REASINS, THAT IS ETVHE
XR  aesenal
X4Th CNE eeX=¥=2sC [ILLEGAL CONDITICNS/
X554 ™G ve¥ MUST BE GRIATLR 1,LESS THAN 15/
51k J  GREATFR O LESS THAN OR =M/
XS54+ THREE ..START PROC. FOUNL HNC DIFF  LINE/
X59m FCuR «eND CIFF LIKE VAR, EQUATIONS/
X61- FIVE «oILLEGAL T STOP 11ME, NCO EXTRAPCLATION/)
RETURN

ENCL2900Cs000¢CoL009Co140434C5%,0)

J101764

T/C1764

PAGE 1

PAGE 1
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TORYSZ

FORCvY

PLACE

IFLAG
SAVEF

xR1
XR2
X4

CALLING SEQUENCE IS CALL FORDVIIFLAG,1FL,TS) 1/01/64 PAGE 1
ENTRY FOROY
ENTRY seot
SXA XR1e1 SAVE MAIN FORTRAN
Sx# XR2,2 IMDEX REGISTERS
Sxa XR4 ¢4
CLa 1.4 STORE ADORESS OF 1FLAG RETURN
STA IFLAG
Clae 2.4
ARS 3
STY PLACE+) STCRE ADDRESS OF INTERPOLATE
Cra 3.4
ALS 18
STC PLACH 3 STORE INITEAL JULLAK OATE
CLA ]
ARS 10
sTC L4
CLa J
ARS 1e
s10 3
CLa N
ARS 13
b3 14 N
Cea CPTION
ARS 18
$T1C CPTION
TSx SFORTSZ.4
PIE TER,,EOS
PE ALIST
TRA ERR
P2E 15TCP,en, v
PIE c
$10 Lid
SXA XRA, 1 SAYE FORTS2? INDEX REGISTERS
SXa XR8,2
$Xa XRC,4
AXT RESTCRE MAIN FORTRAN
AXT INDEX REGISTERS
AXT
CALL FORDVIIFLAGy IFL,TS} /01764 PAGE 2

00cCL
00046
TRANSFER VECTOR

00C20 266651636271
00C0L C434 00 1 COO42
00002 0634 00 2 0CO~3
€0CO3 C634 00 4 QOCA4
0CCO4 0500 00 4 00CCL
06005 €621 00 0 0003%
00006 9500 80 4 00CC2
00C07 0771 00 O COCC3
00010 0625 00 0 00034
©0011 G500 00 &4 coCC)H
00012 0767 00 0 0022
0C13 C622 00 0 00C)4
00014 0500 00 0 65652
00015 0771 00 ¢ 00022
00316 06051 CO 0 &56%2
00C17 C500 00 O 65653
00020 0771 00 0 GOC22
00021 C401 50 O 65653
€0022 C50Q0 00 O 65654
00C23 0771 00 O 00C22
00024 0601 00 O 65654
00025 0500 00 0 656%%
00026 C7?T1 00 O COC22
0UC2Y €601 00 © 65655
06C30 007« 00 4 000CO
00031 © L006C O 09052
00C32 C 00GNO O 0OUSE
00C33 ul20 00 0 00082
00C34 O 00000 0 00058
00035 © 00000 0 COCCO
C0C36 C6G1 00 ¢ COOCO
CUC3T Co34 00 1 CCC4s
00040 0634 00 2 GCOAT
00C«1 C634 00 4 00C5G
€0C42 €774 00 i 00OCO
00C&3 O0T74 00 2 0O0CCC
03C4% 0774 QO & QOCCO
CALLING
OCCAS 0C20 00 4 00CC4
00046 0774 00 1 0OCCO
GCC&7 0774 00 2 oCCLO
00050 0174 00 & coOCCC
CCC51  €C20 00 & cocCl
00C52 0500 00 0 COO¢s
00C3) <SC20 00 O COOle
COCS54 0443 00 © 65686
00055 CC20 00 & Q0CC)
Nocse 0500 00 O Ou0eS
COC57 0C¢0 CO O 00C3s
00C&6C G500 00 € Q00s&
0CCel 0C0 9C € GOC3IS
00062 0%00 0O 0 COCe7
C0063 U020 CO C 00C38
cocas
Ccos652
65652
65653
E5E54
65655
65656
65657
65660
65660

LITERALS
CcoCo4 CCOO010COCCO

00C65 0030020CCCCO
£0C66 CCCCOIOCOCCO
€€00040C00C0

00C6?

SEQUENCE IS

XRA
XR8
XRC

CER
RLIST
1sice

ECS

ERR

sPCY
COFMCN
M

J
fPTICN
CTAPE

S
€S

N 2

TR4A
ArtT
AX”
AXY
TRA
CLa
TRA
oL
TRA
Cta
TPA
CLa
TR4
CLa
TRA
SYN
B8CoL

RETURK TO MAIN
RESTCRE FORTSZ
INDEX RECISTERS

16 RETURN TO FORTSZ

=1817 SET IFLAG

1FLAG SET AND RESTCRE XRS, GO TO KAIN
CoMPUTE STEP SILE

1e4 RETURN TO FCRTSZ

2817

[FLAG SEY AND RESTCRE XAS, GC TO MAIN

23217

IFLAG SEY AND RESTORL XRSs GO TO NAIN

L4817

15LAG SEY AND RESTCRE XRSs GO TO NAIN

Xka RETURN POINT FRON MAIN

£5552

CCrvON

Fel

¥e2

re3

Ve

(23

[ 473

L2 ¥
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140

STPRGZ

AN ANMONNONONAANAAANANANANNAANO

C

]
[

400 CCNTINUE
4

SUBKCUTINE STRRG2UAPFPoSLaNAIMTA,SOIN,SCOLTHCOAININAL INCLTA,KPRINTY
. T

aPsaxs, IAPLY

FPaF L CTOR

SL=SU+ CF SCUARES

N=[NPUT SIZE

#T=aT7TAL NC OF PLENTS

STIN = IN THRESHOLL FOR AESH(CCEFF/(S.C. OF CCEFF))
SECUT = CUT THRCSHOLC FCR ABSF(CCEFF/(S.0. OF CCEFF))

whEN F TESTS ARE TC BE USED FIA
SHCULC EXCEEC FOUT ANC FP ANC SL MUSH
CCNTAZIN LEGITAMATE CaTa,
IF FIN=O. THEN THE F TESTS wilL BE
SKIPPEL AND NC (ESTS CF THE CGNTENTS
CF FP ANC SL wlLL BE MADE.
CCoDIAGONAL CCEFTiCIEMT
Nitie NO. OF PARAMETERS IN FinvAL SCLLTICH

THL ARRBY INCLT(} INCICATES THE STATLS
CF EACF PARAPETER AS FCLLCWS-
+1 PARAMETER IS INCLUZEC IN SCLUTVICN.
-1 PARAVFTER REJECTEN BY DIAGOCNAL TEST,
-2 PARAFETER REJECTED 8Y F TEST,
KPRINT 1 AC PRINTING
1 PRINT SuMFARY, LAST STEP ONLY
2 PRYAT SUMMARY, CACH STER
1 Ft L PRINTING

AswORKINC ARZA
CHANGE TC COMMOCN DUMPY (XXXX}sA124s21) TC SAVE 44le2 LLC

TIMENSICN AL 7y 134AP( &4 &)4FP( &)
CIMENSION B 63 INOLTE 7). INCUTAL 6)
CIVENSION 8CC(2)

KPRaKPRINI

N=Ad

FTaMTA

FIN=SDINSe2

STPRG2

FCUTa SECuUTee?2
CC=CDA
NPlane]
EC 5 IsleN
AULNPLI=FPIT}
TC 5 J=1,N
5 AlL4J)1=AP(14+3)
A(NPL,NPLI=SL
INCUT )=
M{n=0
NCOUNT=N+4
CC 10 K=lsn
=K+l
TACUT{.)s=}
Bi{k1sA(K,K])eCD
« LT 10 d=1,K
10 atls0)=a04, 1)
#8eBEGIN CLTPUTwse
IF{KPR) 40N ,40C,601
401 wRITE DUTPUT TAPE 6,10C0
1C00 FCRMAT(LF1,44CX,6PSTPRG2,10X
#,2THSTEPRISE REGRESSION PROGRAM)
WRITE OUTPLT TAPE £,10C2,Ns¥T,SOIN,SCOUT,CO
1002 FCRMATIIFO+9Xy LN 4Xo8PMTOTALy 11X 4HSDIN, L1CX o SHSOCUT
s 11X 4HD1AG/ 1IN0y 211G 1P3ELS.6)
1F(KPR=3) 400,402,400
402 G 15 IalsN
15 WRITE OUTPUT TAPE 6,902+14811)
902 FCRMAT (LM 42H8(41242R)sE16.8)

@80 ENC CUTPUT4oe
uls=0.0

V2T0.0

K»0

BEGIN MAIN LCCP

#2eBEGIN CLTPUTRee

20 CONTINVE

1F(KPR=3) 406+405,406

40% CCNTINUE
WRITE OUTPUT TAPE 64903,UlyL241L1e 124K oNCOUNT,RIN

503 FCRMAT (1MU43MULYyEL6.814HU2Y 4E16408,4HILe 12,4H127 412,3KKe 12,
19N COUNT= ,18,50NINs ,12)

T/CL/68

1/01/64

PAGE 1
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STPRGZ T/01764 PAGE 3

CC 25 J=1,NPL
WRIIE QUTPUT TAPE 6,5044d

904 FCRMAY(JHOCOLUMN,14/1X)
CALL DOUTPTIA(L,J) ¢ NPL o 441)
25 CONTINVE
4C6 COATINUE
c cesENC CUTPUTess
TFIFIN) 2CCe2(Cy1CC
C BEGIN PIVCT SELECVICN (FIN NOT 0.)
100 FrTsrT=-NIN
c #esBEGIN CLTPLToes
TE{KPR=-2) 4C4y403,40)
403 STCATAsSSCRTIFIAINPL,NPL,/FMT}
FWTLefwT-1,
WRITE OUTPUT TAPE A,LOG3.NINJAINPL,NPL),SOCATA
1CU3 FCRMAT{ICHCNG. OF CCEFFS IN REGRESSICN =
013,5K,26FSU¥ CF SQUAREEC RESICULALS =1Pcl3.5,5X
*,14ns .0, OF DATA =]PEL3.5
®/7// 18Xy 2CHCOEFFS IN REGRESSICN,SSX,
#24FCUEFFS NCT IN REGRESSICN
®// HH INDEX,14XySHCCEFF12X¢4HSoC4 96X 10HCCEFF/S.0. 033X
®  yHHINCEX,3X,22HPREDICTEC {CCEFF/S.C.)/1X)
404 CCNTINUE
4 2¢2FAC CUTPLTase
IFEA(NPL,NPEY) 3C0,9C0,40
40 Ul=0.17L+39
uz720.0
CC 53 I=lei
U=A(TyNPLISALT,NPLI/ACT, )
TF{INQUT(1})45,43,43
43 CONTINUE
[ «seBEGIN CLTPLTese
LF{KPR~2) 408,407,407
407 ST=SQRTFLALI,11)eSCCATA
RAT C=all,* "1 /SC
WRITE OUTPUT TAFC 0s10C4s1eA{T,NP1),SOD,RATIO
1C04 FCRMAT(1Xs15+4PE1S,7,2E1644)
408 CONTINUL
c SeSENC CUTPUTase
I1F{u-U2144,50,50
46 Ul=y
11=1
STPRG2 T/Ci/764 PAGE &
GC 1O 50
c DIAGCNAL TEST
45 IFLA(I,1)-8(I1} 101,101:46
101 INCUTLI?=-}
c 4288:GIN CL (PLTwas
1FIKPR-2} 501,50C,5CC
500 WRITE QUTPLT TAPE 6,13C7-1
1C07 FCRMATIISE, 10X, FRDEPENDENT)
501 CCATINUE .
[ «¢ENT CUTPLTees
GC 10 50
46 INCUTII)==2
c eteBEGIN OQLTPLTees
IFIKPR-2) 410,409,4C%
409 RATIC = SCP(F{USIFMTLI/IA(NPL,NPL} = U))
WRITE QUTPUT TAPE 6,1CC5¢1RATIO
1005 FCRMAT(195,1PE19.4?
410 CCrIINVE
c 2eeENC CUTPUT e
IF(U-U2150450,47
47 UZ=y
12=1
50 CCNTINVE
TF{NCOUNT)52,52,55
55 NCCUNTwNCCUNT-1
1F(UL-C.1TE+33)58,52,+52
58 IF{ULSFMT/AINPL,NPL)-FGUT}59,52+52
39 kw1l
GC TO 65
52 1F ( Y2 ) 900:900,54
54 IF(AINPL{NPLI-L2160,60,654
8§54 [F(U2#(FNT=1.03/7{AINPL,NPLI-UZ)=FIN)900,£0,6C
60 Kul2
INCUT{K)= +1
GC TU 67
c END PIVOT SELECTICN (FIN NOU Q.)
14
4 BEGIN PIVOT SELECTICN (FIN=0.}

2.0 SIZE=0.

€C 201 Is1:N
TFEINDUT(T)) 20242015201

202 YeST=ALL, 1)/8LD)

141
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142

STPRG2 1701764

20
201

"

ara o

85
67

4l
B 414

B 41

w

416
1008
412

o0

6

oo
o

70

7

-

<
~
~

15

1F(TEST~SIZE) 201,201,209
SIZE=TEST
K=l
CCNTINVE
DIAGCNAL TESY
IFISI2E-1.) 900.900,65
END PIVCTY SELECTION (FINe0.)

BEGIN JOROAN PIVOT
INQUT (K ) m= INDUT (K ) !
NIN=NIN+INOUT (K}
e22BEGIN QUTPUTere
TF{KPR-2) 412,411,411
EFCINOUTIK)) 415941504~
BCCL1)w603145635146
BCO(2)=246423314527
GO T0 416
BCLU1)=606060602425
BCDL2)m432363314527
WRITE OUTPUT TAPE 6,10C6,BCC.!
FORMAT{ 1#0, 44Xy 2A6, 10K COEF: NO.14}
CCETINUE
#82END OQUTPLIeee
AKX =1.0/AIKK)
CC 73 J=1,NPL
[FUJ=K) 66,470,866
AlK J1ahtK K) 020K J)
ALJrd)eAlSs M i=AL), N I0AIK, D)
TFLALY; 3)%08,7C,70
AlJyd)ef.0
CONTINJE
DC Y6 Isl,N
IF(1-K) 71,76, 71
IPletsl
LC 75 J=IP1,NP]
TFUJ=K1T2,75,72
ALy J)oAll,J)=ALT K)ISALK, "y
SELINOUTCL) o INCUT(J))™3973474
AUy Lin=Atird)
GC fo 75
AldeldeAl ], )
SCNTINUE

STPRG2 T/01764

16

o

a4
90

o o o

ann

900

417

418

-

31

o

912
915

917
918
s2¢

o

300

CCNTINVE
CC 90 i=1,NPL
TFOINOUTIT) o INCUT(K))85,85,8C
AL K)=A(X, 1)
GC TG 99
ALl K)e~A{Ky1)
CONTINUE
END JORCAN P'vOY
GC 10 20
END MAIN LCCP

CCHMPUTATION FINISHED
CCNTINUE
TFIKRPR=-1) 418,417,418

REPEAT LAST PASS TO OBTAIA CUTPUT
KPRu2
GO 1O 20
CENTINVE

BEGIN-STORE FINAL RESULTS
CC 920 l=14N
TFLINODUT(1)1911,912,912
FPLTI=0.C
6C TO 915
FPUII=A{1,0PL)
€0 920 J=1.N
TECINDUTCT)19164917,917
AP(1,0)2C.C
GO Ty 92¢
TFEINOUTES)1916,4918,918
APLL, )AL, )
CCNTI WE
SL=A(NPL,NPL}
NINAKIN
BC 300 I=1.,N
INCUTAL 1) = INOUT( 1)
END~STORE FINAL RCSLLTS

RETURN
ENCI140+Ce0409CoEsCe0s140404CoCyC)
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D s e S W SRERTS TR

SUBROUT INE ELEMTS{CUSOBsSINGBLPOS, <PULOPQR, ELEM, MEAN, XVEAN) TIC1764

SUBRGUTINC tLENM(S{COSOB+S'iaGB+CPCS, XMU,DPQR,ELEM, "EAN,XVEAN)

CELEMTS

OAOOIVITOINN OO TDIDODO
—
o

4

4

oOO0EO00 9o

o
-
~

-
w

OMDODNoOVLONRI0OD

-
>

DOV OO0a D

o°

PRCGRAMMER~=N, RLGLK(JPL)~-1964 FEB 27
CIVENSION xMIaNil)

CIMENSICn CPOSI6)4PGST6) s VELIG) 4XMLI1],PQRI13,3),POR{I 3} 4ELEMIT)
CIMENSTON COSCEL]),SINCBIL)

CIFENSICN TEMPL(1),TEMP2(L)

CIMENSION LPQR{3,3)

ECUIVALENCL (POS{4a),vtLI1))

NCTE THAT XFU={GAUSSee2)m(1.4XNFASS)
SCRTMU=SCRTF(XNFU)

CC 10 ICCR=1,2

PCS(ICOR )=0PCS(ICOR )
PCSLICOR+3)=DPCS{ICCR43)/SCRTIMY,
RSGRePOS(1)0a24P55(2)9824PCS{3) 002
GSQR=VEL{1)ee24VEL( 21 #82+VEL( )02

+ =PUS(LIVELILI+POSI2)avEL{2)+POS{3)eVELLY)
RaSQITFIRSCR)

RECA®2,.0/R=-GSCR

A#],0/RECA

SCRTA=SQRTF(A)

ATHRh*A®SORTA

XNaSQRTML/ATHRK

GC TO (49,483 ,MESN

A= (XMU/XVEAN®SZ)1wnl1,/3,)

AN=XMEAN

CCNTINUE

ESINEwH/SQRTA

TCOSE=R*GSCR-1.0

ECCxARCTNIESINE,£COSE)

SINEaSINFLECC)

CCSE«COSFLECC)

[<ESINE*SINL+ECCSECCOSE
F2AeSQRTF(1.0-En¥2)

FK1=COSESR

FK2x=SGRTA#CINE

FK3=(AeSINL)/i%eR)

FK4at ATHIM#{COSE-E)I/B

EC 11 ICCR=1,3

PCRI(ICOR, 1}=FKEwPOSCICORI#FK2WYELLICOR)
PERI{ICOR,2)2FX3epOS{ICOR $FR4SVELITCORY
CC 1¢ ICCR=1,2

SUHRRQUT INE ELEMTS(COSOBySINCB4CPQS ¢ XMU,OPQRy ELEN,MEAN XVEAN) 7101764

[1leXMCOF(ICCR 43)e1

12aXMODF{ [COR*1,3)¢1
PCR1(1CO%y3)=PCRI(E1,1)#PQR1LI2,2)-PARILI2+1)8PQRLITL2)
C 13 ICGL=1,3
PQR{1,ICCL)=PQRL(1,]COL)

PCR(24 ICCL)=+CCSCBMPCR1IL2,TCOL)+SINOB#PGRLI3,1COL)
PCR{3,TCCL)=-SINCBePQR1(2, LCCL)4CCSOB®PQRY(3,1C0L)
TEMPL=PQR{341)

TEVP22PQR(3,2)
OVEGA®ARCTN(TENMPL,TENP2)
CCSOM=COSFIOMEGA)

SINQM=S INF [OMEGA)
SINI=PQR{3+118SINOM+PQR(3,2)8CCSOM
CCS1=PQR(3,3)

A[=ARCTN(SINI,COST)
CCSNOD=+COSOMOPQR (141} =SINCMePQR(1,2)
SINNOD=+COSOM®PQR{21)~-SINDMOPCR (2,2}
XNCD=ARCTNISINNGC,COSNCO)
XVeECC-ESINE

CC 14 IRCwW=l,3

€O 14 1CCL=1,42

CPQR{IROW, ICOL)«POR{ IROW, I1CGL)
ELEM( L) wA

ELEM{2)=XN

ELEM(3)=E

ELEM(G)wX]

ELEM{5)=XNOD

ELEM{6)=CMEGA

ELEM[TIaxXM

RETURN
END(140sCs000sCr1s09Cs140¢04C9Cy0)
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ARCT

="

&8

71

]
1Ce
0108

© 107
1cH

N T/01/784

FUNCTION ARCTA(Y.X)

FUNCTION ARCTN(Y,X) ODCUBLE PR™_ISION
Pl3,141592¢51 Aq702

IF (&) BCs6° LC

IF iY) 4§ W T7C

ARCTy=e? vl

GC 100 s

ARC Qdoepl

ARCTN=ATANF(Y/X)

(F {X) 1C5,1C6+1C6

ARCTV=ARCTY 4¢Pl

If (ARCTIN} 1D7,1CB.1C8
ARCYN=ARCTN#2,08P]

? "TURN

EClLeCaColeDonearUeCol De04CeC,CH

SPHER 1725165

o

SPECIFIEC AND PROGRAMMED BY N.BLOCK tJPL)
SUBROQUTTNE SPHERIX,YyZsRHO, XLONsXLAT)
CIMENSION XU1)sYU1) o211, aiON{LEAXULAT{1)4R(1))RHO(L)
Pl=3,141592653589793

HALFPIsPle( .50

Raxes2ivYus2

RHC = SQRTF{R+les2}

TF(RY 34342

XLCN= AKCTA{Y X)

RaSORTF{R)

XLAT2 ARC' NIZoR)

IF(XLAT=1.6)25,24,24

D24 XLAT=XLAT-2.0eP]

X X-N-F-N-F-E-Nol
~

25 RETURN
D3 XLCN =C.2
[} XLAT=SIGNF [HALFPI,Z)
RETURN

ENCU191s000¢Qe0sleaa29110,.0554Ce0)

osLtQ 1725763

[4 S$PLCIFIFC AND PRNGRAMMED BY N,BLOCK (JPL)
SUBROUTINE CBLIQ(XJD(EPSLN)

PAGE 1

PAGE 1}

PAGE 1

AR st i

A e et S wn e

e e =

D 1w (RJU-2415 20.0)/36525.0
0 EPSLNa { ({41, B1E=30To5,0E~3)1T-46,845)8T+86428.261/129609.¢C
RETURN
ENDILy1oCo0r0e20 1o leGeleCeCee0sC)
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