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ABSTRACT

Brouwer published a method of calculating perturbations in rectangular
coordinates. It is the most convenient, streamlined method to be carried to

higher orders on a digital computer.

A general computer program to compute the first-order theory by this
method has been constructed. Literal expansion of the various functions
involved has been avoided, being replaced by single- and double-harmonic

analysis techniques.

The program's input consists of the sequence number of the perturbing and
the perturbed planets and the number of points used in the harmonic analysis.
The output is the Fourier series representation of the first-order perturbations

in the rectangular coordinates.

Two approaches for solving for the constants of integration have been
incorporated into the program. The first assumes that the perturbations in
position and velocity are equal to given quantities at the initial epoch. The
second, following Brouwer and Clemence, assumes that the perturbations in
the z coordinate do not contain sin /4, cos £ and that the perturbations in
the longitude do not contain the terms CO’ Clt, sin f, or cos {4, where [

is the mean anomaly of the disturbed planet, CO and C, are constants, and t is

1
the time from epoch.

The program has been applied to compute the first-order theory of Mars
as perturbed by the other planets. The planetary elements employed by
Clemence in his theory of Mars were used for a numerical check on our

program. Our results agree almost exactly with those of Clemence.



Another check carried out successfully through the program was to prove
that the Fourier representation of the perturbations expresses analytically

the differential equation defining these perturbations.

The program is so constructed that it can compute higher order terms
once the first-order terms are available. The program has been applied to
compute the first-order theory of all the planets except Pluto. The results

for that work are given in the appendix of this report.

RESUME

. 7 .
Brouwer a publié une méthode pour calculer des perturbations en
’ . . cps L
coordonnees rectangulaires. C'est la méthode simplifiee la plus conveé-
. SN s . .
niente a etre employee jusqu'aux plus grands ordres sur une machine a

calculer digitale.

Un programme pour machine a calculer ordinaire a été fait afin de
calculer par cette méthode la théorie jusqu'au premier ordre. Nous avons
évité un développement consciencieux des différentes fonctions impliquées,
en le remplagant par des techniques d'analyse a4 simple et double harmo-

nique.

L'entrée du programme se composé des nombres des planétes pertur-
bantes et perturbées et du nombre de points utilisés dans 1l'analyse har-
monique, La sortie est la représentation en séries de Fourier de la

perturbation du premier ordre en coordonnées rectangulaires,

Deux approches ont €t€ incorporées dans le programme pour reésoudre
les valeurs des constantes d'intégration. La premiére admet gus les
perturbations en position et vitesse sont €gales a des quantités données
a 1'époque initiale. La seconde, suivant Brouwer et Clémence, admet que
la perturbation en coordonnées z ne contient pas sin g, cos g et que la

perturbation en longitude ne contient pas les termes C C.t, sin 4, ou

0’ 71
cos £, ou £ est l'anomalie moyenne de la planete perturbée, CO et Cl

sont des constantes et t est le temps depuis 1'€poque initiale,
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Le programme a €t€ mis en pratique pour calculer jusqu'au premier
ordre la thdorie de Mars, en tant que perturbé par les autres planétes.
Les €l1éments planétaires employés par Clémence dans sa thdorie de Mars
ont été utilisés pour une vérification numérique de notre programme.

Nos résultats s'accordent presque exactement avec ceux de Clémence.

Une autre vérification faite avec succés durant le programme fut
de prouver que la représentation de Fourier de la perturbation exprime

analytiquement 1'équation différentielle définissant cette perturbation,

Le programm= est fait de facgon a pouvoir calculer les termes de plus
grand ordre une fois que l'on posséde les termes du premier ordre. Le
programme a €t€ mis en pratique pour calculer la théorie jusqu'au premier
ordre de toutes les planétes, Pluton excepté. Les résultats de ce tra-

vail sont donnés dans ce rapport.
ROHCIIEKT

BpyBep onytarKoBaJ MeTOJN pacueTa BO3MVIEEHUY B MPAMOYTOJbHBLX
KOOpIUHATAX. IJTOT METOJ] ABIAETCA Haubonee YIOGHBM M NPOCTHM ILJIA
IOBEIEHMS QIO BBICHMX HOPANKOB Ha HUNDPOBOH 3JMEKTDPOHHOH cueTO-pema-

e Mal¥He.

Bunia mocTpoeHa ofmas mporpaMma IAA BHUKCIHEHHS TEOPUM IMEPBOTO
nopAlKa LNYTeM 3TOro MeTona. BykBalbHOE DazJOXeHWE DPA3JUUYHBIX He—
06x0onuMBX GYHKIHH H30€erajnoch 3aMeHOH MeTolNaM{ aHaANW3a OILMHOUHHIX

MY JBOWHBIX I'apPMOHHKK.

Bxozube paHHbHE OpPOTPaMMbl 3aKIKUANTCHA B UKHCIaX BO3MYMALNHUX ¥
BO3MymMEHHLX NJIAHET U B UKNCJE TOUYEK YIOTpeblAEMHX B rapMOHWUECKOM
aHanusze. BHXOIHHE JaHHHE ABAAOTCA H306paxeHHeM c noMombi dypbe

PANOB, BO3MyNEHHWH IEPBOroc NOpPALKA B NEAMOJHHERHHX KOODIHHATAX.
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ABa moixoja nJA pemeHHA NOCTOSHHBX MHTErPHMPOBAHHA OBIM BKIO—
ueHb B OporpaMMy. B IepBoM NOnXone npennojaraeTcd UTO HApPYWEHUS B
IIOJOXEHHHM M CKODOCTH ABJIAITCA PABHBIMM IAHHBM BeNMUWHAM B HavalbHOM

snoxe. Bo BTOpOM, nocaenysa EpyBepy n Kiemancy, npennojaraeTcs UTO

HapymeHHs B z-KOOPIHHATe He coxepxar sin £, cos 4 a B JNOITOTE HE
COLEepPXaT UJIEHOB CO, Clt, sin £ uan cos 4, rge ! gBaAeTcA cpenHei
aHoMaJue BozsMmymeHHOR nsnaneTh, Co u C] -~ nocToAgHHRMM ¥ t ABIAETCSHA

IIpOTAXEHHEeM BpDEMEHH C HAaualbHOR DIOXH.

[lporpamma ynorpebisanack ILJA pacueTa TEOPHUM IepBOrO IOPANKA
Mapca, kar¥ BO3MymMEeHHOIO JIpYyIUMH IJNaHeTaMHu. llnaHeTaprbe DJIEeMEHTH
yuorpebiaeMmnie KiemaHcOM B ero -Teopuk Mapca 6biM KCHOJNB30OBAHL LIS
uuhpoBO IPOBEepKM Halled nporpaMMmbl. Hamy pe3yabTaTh HOUTH UYTO TOUHO

cornacywTcs ¢ pesyabTaTaMu KieMaHca.

JIpyraa mpoBepKa YCHEMHO TIPOBEIEHHAS HMEJa Ielbl ITO0KABATEeINbCTBO
uyro Pypbe MzobpakeHHe BO3MYymeHHHM naeT aHANTHTHUECKOEe BhipaxeHne Iuthe-

PEeHIHaJIBbHOI'O YyPaBHEHHA ONpelenAwmero 3TH BO3IMYUEHHSA.

liporpaMmMa HOCTPOEHA TaK UYTO OHA MOXET BHCUUTHBATE UIEHH BLICIETO
HOopARKA IIpd JOCTYHHOCTM UJEHOB IEpPBOroO HopAlka. [lporpamma ynorpebas-
Jach IJA pacueTa TEOPUM IepBOrO IOPANKa BCeX IaHeT 3a HCKINUEeHUEM

IInyTtona. PeayabTaTe 3THX paboT MNPHBOIATCA B 3TOM JOKJIale.
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FIRST-ORDER PLANETARY THEORY

Perturbations in Rectangular Coordinates, Hansen's

Variables, Longitude, and Distance
S. E. Hamid

1. INTRODUCTION

General planetary theory is one of the domains of celestial mechanics
where the computer can play a decisive role. Unfortunately, the pioneer
work of Leverrier (e.g., 1876), Newcomb (e. g., 1895), and Hill (1890) in
that field, and the different analytical methods they used, cannot be con-
veniently developed with the present computing potentialities. In addition,
pursuing that work to second-, third-, and higher-order perturbations
involves intricate algebra that would be complicated for programming on
the computer. It is not very surprising, therefore, that no serious attempts
have been made to reexamine the work of these early pioneers in the light

of present-day facilities.

Clemence (1949, 1961), however, developed a theory of Mars using
Hansen's method. It is complete to the second order and includes also some
of the third-order terms. From his work, which was carried out at a time
when only automatic calculators were available, we can see that it is rather
difficult to adapt Hansen's method for an electronic computer, especially

when second- and third-order perturbations are considered.

This work was supported in part by grant NGR 09-015-002 from the National
Aeronautics and Space Administration.



The challenge of producing a general planetary theory that can be
developed to any order on a computer was successfully met by Brouwer
(1944; Brouwer and Clemence, 1961), who evolved a very elegant method of
calculating the perturbations in rectangular coordinates. This is, in my
opinion, the most streamlined and adequate method to be carried to higher
orders, and it is surprising that it has not received more attention. To my
knowledge it has been applied just once, by Davis (1952), to the motion of
Eunike, to first-order perturbations only and with the effect of only one planet

on the asteroid Eunike considered.

The method was given by Brouwer up to the second order and for one
perturbing planet. An extension of the method to include third-order terms
and for more than one perturbing planet is obvious, and is given in Section 2.
Section 3 gives, for completeness, Brouwer's solution of the problem, while
Section 4 outlines the proposed approach of Brouwer's method with a digital
computer. Section 5 gives the results for the first-order theory of all the

planets in the solar system except Pluto.



2. DEVELOPMENT OF BROUWER'S THEORY TO THE THIRD ORDER

As a plane of reference, let us vtake the orbital plane of the disturbed planet
at given epoch TO. Consider the elliptic orbit defined by the position and
velocity of the disturbed planet at the epoch. We define a set of rectangular
axes OX, OY, OZ with the origin O at the sun: OX is directed toward the \
perihelion of the elliptic orbit of vthe disturbed planet at the epoch, OY is in
the plane of the elliptic orbit directed 90° ahead of the perihelion, and OZ is
selected to form a right-hand system; 1i.e., it is directed toward the north

pole of the plane of the elliptic orbit at the epoch.

With respect to this set of axes, the position of the disturbed planet at
any time t, if all the perturbing forces are put to zero, will be simply
defined through the equations of motion for the two-body problem, namely,
Xy T T €OS vy, Vo =Ty sinv, and zg
distance and the true anomaly, respectively.

=0, where r, and v, are the heliocentric

Because of the perturbation of planets, however, the position at any time
t will be given by x, y, and z, where x - Xy = 6%, y - yo =0y, and z = &z are

quantities of the first order.

The differential equations, given by Brouwer, defining the quantities

6x, 0y, and 6z are

2 3ux
d 0
——26x+—%6x— 5 (X06x+yo6y)=GX s
dt T r
0 0
2 3py
91—6y+—-}—k—6y— O(x6x+y6y):G s
2 3 5 0 0 y
dt T T
0 0
dZ
— bz +—B—3 oz =G , (1)
z
- dt o



where p = k2(1 + m), k being the gaussian constant and m the mass of the

disturbed planet.

The quantities Gx’ G , and GZ are given by Brouwer to the second order

with the effect of one disturbing planet considered.

LetG, , G
1x

1y Glz represent the parts of Gx’ Gy’ GZ containing the
first-order terms, G, , G, , G, the second-order terms, and G__, G, _,
2x 2y 2z 3x 3y
GBZ the third-order terms. We then have, according to Brouwer, the fol-
lowing expressions for Glx’ Gly’ Glz and GZX’ GZy’ GZZ:
aR 9R OR
0 0 0
G, ==, G S, G =5 (2)
Ix on ly 8y0 lz 840
8°R BZR BZRO
sz = > o0x + T 0y oy + P bz
on 070 00
2 otR %R 8°R
+Za 5 © a3y %) * rae 0%
i *0%%05 ) *0%Y0 *0%%0; )
3




zn: : RSO o .
+ bx, + =gt by, + ———al— &z,
ICEII 3Y03Y0j 7 9Y(9%0; %

2 5 2 .
o 0 0
82R BZR SZR
G = ———2—— x + ——0— oy + oz
2z azoaxo BZOBVO BZO

2

— [0 R %R %R

+Z 57 5w 80 ox, + FENC E;) Sy, + FECEI gz 5z,
0°%0j 20%%0; ) 20%%0;

j=1

*0 Yo

I‘O ]:'O

In expressions (2) and (3), R0 is the disturbing function, and by sum-

mation from 1 to n over j, we mean summation over the n disturbing planets.

The quantities Xy Yoo and z, are the coordinates of the disturbed planet, if

we assume their unperturbed elliptic orbit at epoch TO, as mentioned above.

Similarly, XOj’ YOj’ and ZOj are the coordinates of the disturbing planet j.



The quantities 6x, 8y, and 6z are the perturbations in coordinates of the
disturbed planet, while 6xj, 6yj, and ﬁzj are the corresponding values for

the disturbing planet j.

The expression for R, is

- X X .ty . yv..+tz, 2
1 » . .
R, = k2 m, 29 0_0] 0 —Ol) s (4)
0 I\ Py 1.3
j=1 ! 0]

where m. is the mass of the disturbing planet j, pOj is the mutual distance
J

between the disturbed planet and the disturbing planet j, with their elliptic
orbits assumed at epoch TO’ and rOj is the heliocentric distance of the dis-
turbing planet j, with its unperturbed orbit assumed at epoch TO. We remem-
ber that x .., ., and z .., and x., y., and z. are referred to the system of
0j* ¥0j 03 77 3 Y

axes defined at the beginning of this section.

The expressions (2) and (3) are almost exactly reproduced from
Brouwer's work, with a slight modification to include the effect of more

than one perturbing planet.

Expressions of the third-order terms G3X, G3y’ and G3z can be easily

obtained, following Brouwer's reasoning:

23R 3R 9°R
1 0 2 0 0
G = 5 6x + —=——58x6y + 6x 6z
3x 2 8x3 o) 23 o Zaz
“0 *0%%0 *0%%0
83R 83R 83R
+ 1 0 6Y2 + 9 Sy Sz + v 5z2
2 ByOZBXO 93,9y ,92, C onazg



a 3°R 8°R 9°R
+ (1 0 5x2 0 ox.6y. + o 6x.6z
2 2 j dx.0x..0 j 9x.90x .0z, . i
=1 8X08X0 070 0 0 0j 0j
3 3 3
1 Ry 2 Ry 1 3Ry 2
3z z OV t xay ez, %% T2 7 0%
on 8y0 07705 0 axoazoj
a°R a°R a°R
1 0 1 0 1 0
+ = obxbdx. + = oxby. + 3 6xbdz
2 5x%8x 2 9x%0 I2 5x%02
0 “%0j 00 0 %03
5°R 2R 8°R
P S by bx, + & o Sy by, + & O 5y 6
> x. + 35 yoy. + 5 yoz
2 axoayoaxo 2 8x08y08y0 j 2 SXOBYOBZO.
9 R 3R 9°R
! 0 5z 6%, + 0 526y, + - 0 626
T 5 ~ Z O0X > z 0y = zZ0zZ,
2 onaxoja 0 2 8x08y0 ) 0 j 2 BXOBZOBZO. j
2 A 3
cufisXo 3570 31 V.3 15 Yo _ 35 %o¥o) (3
M\ T 925 "B\ 7T T 72 79 y
0 0 0 To 0
252 2
1 105 Yo% 2 15 0 3 1 2
“(6r5 z r9)6V 6"'“(’2“"7‘2? bz bx
0 0 o Ty
XV X3Y x
45 0’0 105 070 2 15 *070 2
'“(‘2_ — - = 5 )6){ 5y ‘“(—2 ——) 8z"8y . (5)
rO rO rO



3y

| O°R, , R o°R,
"2" > 5x7 + > 6X6y + m oxdz
on Byo aanyO 07070
3 3 3
5}
1Ry, Ry , 2R, 5
+ > 3 by 4+ > bybz + 5 > 6z
Byo Byo azo BVOBZO
n (1 8”R,, 8°R,, 8°R,
+ = ox = 0x.6y. + o0x. 6z
2 2 0y ,0x_ .0y j 9y .0x_.0z
im1 6y08x0j 6 " 0j 6 0j O0j
3 3 3
+l i RO & 2 + i RO o0y. 8 + ! : RO ) 2
2 Yy T By oy .0z °Yij°% T2 2 0%
Byoayo 0°70j "0j BYOBZOJ.
1 83R0 1 83R0 83R0
+ = Ox ox, + oxdoy. + O0x &z
2 0y, 9x Ox _, ox 0o
Y9%, XO) 2 Byo X YOj 2 ayoaxoazoj
1 83R0 1 83R0 1 83R0
+ = 0y o0x. + 5 6y dy. + = Sy oz
2 ay2ox 2 ay2a I 2 5425,
Y0%0 0°Y0; 0°%0
3 3 3
+1 ’ RO 6z 6 + L i RO 6z 6 + L i RO 5z 6
= 5 7 &% zZ0y b~ ZOZ.
2 8y08z0 X 2 8y08z08y0 j 2 0y 820820
3 4
15 *0¥o _ 35 ¥0¥0) 5.3 (570 3570 3 1),.3
“B\Z 7 2 "9 )% Tk 7"z 92 3)%7
o o 0 0 0
xzyz Xy y3x
1 105 "070 2 45 7070 105 7070 2
‘“(6“5“”2— 9 )6X 6Y‘”(’z‘ 7o T T2 "9 )0y ox
o o o 0
X,y YZ
1 0°0 15 70 31
0 0 o



_1 2% 6> + " Mo 5x6y + i 6x62
T3z 2 2 9x,0y .0z
BZOBXO 0“0 0 8x0820
3 3 3
1 3 RO > o) RO 1 9 RO 2
+ = oy~ + by dz + = 5z
2 ) 282 0 822 2 9 3
Y0 %0 Y0%%0 20
0 R 9°R a°R
z :(l 0 5 2 0 6x. 5y, + 0
— e X
3 9z, 0x .0y j 0z 0x .0z .
o1 BzOBXO. 003 °0 0
83R 83R 83R
+ L 9 ) 2 0 8y.6z, + L 0
2 j T oz.09y 0z V%% T2 2
azoayo 0705 0j azoazoj
5°R R 9°R
A Bxbx, + & 5x6y. + -
= % L
2 9z 0x_ 0% 2 9z,9yy:0%, Y
83R 83R 83R
+ L 0 Sy ox. + 0 oy oy, +
2 )
2 82,0%,.8y, i T2 92,0y, 8y, 2 92,07
83R 83R 83R
1 0 1 0 1 0
+ = bzbx, + = 6Z6y + =
2 822 ox 2 8z28y 2 82282
0 %0j 070 0

9/10
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3. BROUWER'S SOLUTION OF THE EQUATIONS

With the above definitions of the components Glx’ cee, G3z we have
GX:G1X+G2X+G3X ’
G =G, _+G, +G s
y ly T2y T3y
GZ = Glz + GZz + G3Z . (8)

Brouwer gives the solution of the differential equations (1) in the fol-

lowing form:

dx=6.,x4+ 6.x , 6y:61y+62y , and &6z =9%_2z ,

1 2
ox 9x W]
o ({0
) ~ 9§, ((a“o)>_gx

)- =

=) =) =)
) - ) < w2 () - s )|
) - 2 () - o () - w2 ()

12 (m) - 2 () - e () - o

Byo
6% = -3 L " ff > O g Gy)drdt
2 B

N

K
o

N
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3y 0% dy
_ 2. -4 0 0 0
80y = -3k Ly mg”(m%*s—%)dtdt ;

0 “o0

’ 3 3 ’ 3
6lz= 2 n sinEJ 2n (cos E - e) G dt - an (cos E - e)
[ \ n z n
a3
XI D sinEG dt . (9)
m z

The quantities enclosed between double parentheses in the integrand in the
above expressions are assumed to be constants during the process of

integration.

For convenience, the definitions of the terms in equations (9) are taken

from Brouwer and Clemence (1961, pp. 398-414):

8X0=8x0
8(»0 Y
Wy _ %
Bwo 04 ’
ox

0o _ 1 > 8X0 cos ¢ tan (¢/2) BXO]
a d9a a de ’

9y, _ L [2 8VO _cos ¢ tan (¢$/2) ayO]
da a ?

cos ¢ 8X0

-527): (Ha)1/4 a cos ($/2) de ’

o
©

12



where

E, s

8Y0 1/4 cos ¢ 8y0
5E, - M) s 972) Fe

0 - (a4 ] 0%y on)
ano 2 sin (¢/2) F) 5o

oy
e = w5 TWEYE) (

a,n = semimajor axis and mean motion of the perturbed planet, at
initial epoch,

e = sin ¢ = eccentricity of the perturbed planet, at initial epoch,
_ .23

M =na,

f = mean anomaly,

8x
0 _ a ., 2

5Se -a(l + ~_ sin E) ,

0

8VO e . a .
5e —a[— Cos¢s1nE+?—cos¢51nEcosE s

0
Ix oy 9x 2
-5—a—9-=cosE-e s ga—-=cos¢sinE , 3—[9-=--§'—- sin B,
0
BYO _ aZ cos ¢ cos E aXO =y 8Y0= b ox
o1 o 9% 0 9% 0

being, respectively, the eccentric anomaly and the heliocentric dis-

tance of the perturbed planet, based on its elements at initial epoch.

13/14



4. THE SUGGESTED DIGITAL COMPUTER APPROACH

4, 1 Definitions

We define the following quantities:

[ (%% %,
Fll = ETIN G + 5o G 1dt ,
r [Ox oy )
0 0
12 J aLO x BLO b
r [9x oy
F, = (JG +§—OG>dt ,
J\Mg X 9Ty ¥
r 8x0 B'y‘o
F14= TBOGX+T30GY dt (10)
o/
( Ix oy
F, = g + 2clatat ; (11)
ow X ow Y
J 0 0
a3n a3n
ql = T (COS E - e) s q2 = sin E > (12)
F31 = ql GZ dt 5
S a3)

With the above definitions we can now write equations (9) as

15



_ 9%, 0 0 0
1 =5t~ F11 ~ 55, Fiz2 vt 38 Fi3 " om. Fia
0 0 0 0

ox
_ 2 -4 %%
0,x=-3p" Ly w For o
oy oy oy oy
Yy 0 0 0
Sy e Fir -5 Fiz v e Fis - Fug
0 0 0 0
8y
2 . -4 9%
by =-3p Ly 5o, For oo

(14)

Equations (10) to (14) are, in fact, another representation of Brouwer's

solution.

4.2 The First-Order Theory

To carry out the solutions of equations (14) on a digital computer, we note
that GX, Gy’ GZ are functions of 6x, &y, 6z. However, if we start with the
first-order theory, then Gx’ Gy’ GZ will be independent of 6%, 6y, 6z. This
is seen at once from the definitions of Glx’ Gly’ Glz'
Therefore, as a first approximation, we put

G =G R G =G s and G =G . (15)
v z lz

Also, it will be understood that whenever we refer to perturbations, we mean

first-order perturbations, arising from the above definition of Gx’ Gy’ Gz.

To be more specific, and for the convenience of presentation, we shall

2

consider the disturbed planet to be Mars. The expressions for Glx’ Gly

Glz are the summations of the effects of the various planets upon Mars.

16



This means that 6x, 8y, 6z are composed of different parts, each part
corresponding to the effect of a given planet on Mars, and therefore

dependent on the mean anomalies of Mars and that planet.

In fact, if we denote by 6x4(k, 4), 6y4(k, 4), 6z4(k, 4) the perturbations of
planet k on the rectangular coordinates of Mars, and by 6X4,v 6y4, 624 the
perturbations of the rectangular coordinates of Mars arising from all the

planets, then we have

n
6x4= E 6x4(k,4) s
k=1
n
k=1

n
az4=25z4(k,‘4> , (16)
k=1

where it i1s obvious that k# 4. We note that 6x4(k, 4), 6y4(k, 4), 6z4(k,4) can
be evaluated separately for given k. In fact, as long as we restrict ourselves
to first-order theory, the differential equations (1) defining the perturbation

in rectangular coordinates can be rewritten for each disturbing planet.

For example, the equations defining the first-order perturbation of

planet k on Mars are the following:

a® bxyk,4) ~ 3, A
> b 5x (1, 4) - ——-g—[xo 83, (k, 4) +y, By, (k, 4)] =G, (k,4) ,
dt T . r
0 0
2
d 6y4(k, 4) " 3;.Ly~0 ,
S o by (,4) - —5[x, 5,0k, 4) + vy by,(k,4)] = Gy 0, 4)
dt r0 ro
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a2 53, (k, 4)

- =
> + : 3 624(k,4) = Glz(k’4) . (17)

dt 0

In the definitions of Glx(k’ 4), Gly(k’4)’ Glz(k, 4), we consider only the dis-

turbing force of planet k on Mars,

From the above discussion it can be seen that the solution of equations

(17) can be expressed as follows:

BXO 8x0 BX
6X4(k, 4) = —3T—4_O l(k 4) - Z(k 4) + T 13(1(, 4)
ox ox
0 2. -4 0
T Foalk,4) - 3p"L" == F, (k,4) ,
0 0
9y, 8V
oy oy
0 2. -4 0
0 0
6z4(k 4) = q2 l(k 4) - q 32(k, 4) . (18)

Considering the F terms in equations (18), let us take, for example

F1 l(k’ 4), which is defined by the equation

8XO Yo
Fll(k,4)=I 5 OG (k, 4)4--——5Gl (k,4)] dt

The integrand in the above expression can be represented by a Fourier
series in the two arguments lk’ 14, the mean anomalies of the planet k and
Mars, respectively. The Fourier series can be obtained on a purely numer-
ical basis by computing the special values of the integrand for different com-

binations of ﬂk, 14.
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Once we have double-harmonic representation for that integrand, we can
easily carry out the integration and obtain a trigonometric series expression

for Fll(k’ 4). This series will be composed of three parts:

1. The secular part is a constant number multiplied by time t, meas-

ured from initial epoch, and denoted by SOll’

2. The periodic part is a Fourier series with arguments Zk’ and

is denoted by Pl l(k’ 4).

£,

3. The third part is the constant of integration, whose value has not

yet been obtained and which we denote by Cll'

We can similarly define Flz(k’4)’ Fl3(k’ 4), Fl4(k’4)’ F3l(k’ 4),

F32(k,4) with the corresponding quantities SOlZ’ 5013, 8014, 5031, 8032 for

the secular parts, Plz(k, 4), Pl3(k’4)’ Pl4(k’ 4), P31(k,4), PSZ(k’ 4) for the
periodic parts, and ClZ’ C13, C14, C31, C32 for the constants of integra-
tion.

For the function FZl(k’ 4) the situation is slightly different because it
implies double integration. It can be seen, however, that the secular part
of this function will not contain terms with coefficient tz. There will be two

constants of integration. The first one, C already defined, appears in the

11°

secular part of the function, and the second is denoted by C This means

20°

that the secular part S will simply be Cl lt.

021
In accordance with the previous notation, we let the periodic part of the

function FZl(k’4) be PZl(k’4)’ which can be obtained similarly as P“(k, 4),

Plz(k,4), ... . Hence, we can express the terms 6X4(k, 4), 6y4(k, 4y, 6z4(k, 4)

as follows:

on 2 4 ox
53,0, 4) = S_(, )t + P_(x,4) + C | 3T, - (Cy, + Cyg 30°L7 )-5-%
ox ox ox
0 0 2. -4 9%
+Cs oE , Cra Bn, Cp1 3Ly awot ’
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where

9y
- : 0 2. -
5y,(k,4)= S (<, )t + P_(k,4) + C 5T, - (Cy, + Gy 38°L7
oy oy 9y
0 0 2. -4 9
tCi358. " Craem. " Sy Fw.t o
0 0 0
6z4(k,4) = Sz(k,4)t + Pz(k,4) + C31 q, - C32 q
ox ox ox ox
_ 9% 0 0 0
S .k, 4) =8, 57 -~ S012 50, T S013FF. - S014Bm,. °
0 0 0 o
9y oy oy dy
_ 0 0 0 0
S lk,4) = 541 oL, So12 5, * 5013 BE . So14 an,
S, (k,4) =85 a; -S43, 9
ox ox ox

_ %o 9%q 0
P_(k,4) = P (k, 4) 3T, - P ,(k,4) 5, + Pk, 4) 5,

ox ox

0 2 -4 %o
- Prylk,4) g 3 Ly 5oy Polk.4) s
9Y, 9 97
Py, 4) = Py 4) g - Prple4) 55+ Prsled 5e
oy ox
0 2 -4 %0
- Pyl 4) ang " 3 Ly By Porks4)

20
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o
Bwo
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Since the S's and P's appearing as coefficients in the right-hand side of
the above definitions are obtained by harmonic analysis and integration of
the harmonic series, we can compute the special values of Sx’ Sy’ Sz’ and
PX, Py’ PZ for any combination of 14, lk' This will enable us to obtain
harmonic representations for SX, S , Sz and Px’ Py’ Pz' We still have to
determine the numerical values of the constants of integration, C, in order

to get complete harmonic representations for 6x4(k, 4), 6y4(k,4), 624(k, 4).

For the evaluation of the C's, we note that the constants C12 and CZO
always occur in the combination C12 + C20 3HOL64. This means that they
can be replaced by one constant. For convenience of notation, we denote
that constant by CIZ' The constants of integration to be evaluated are now
the following: Cll’ ClZ’ C13, C14, C31’ C32.

There are two approaches to the evaluation of the constants of integra-

tion:

1. The first approach follows the procedure of Brouwer and Clemence
(1961) and defines the C's so that

a. the perturbation 6z will not contain the terms sin £4,

cos £4: this will define C3l’ C32;

b. the perturbations 6x, 6y are such that the perturbations
) . 2 . .
in longitude, ov = (XO 0y = ¥, 6x)/r0 ,  will not contain
constant terms, or terms with coefficient t, or the terms

sin 14, cos 24: this will define the constants Cll’ C

Ci3s Cryge

In this approach we are taking mean elements of the planets as the

127

starting reference elements at the initial epoch.

2. The second approach is to put the conditions that, at initial epoch
= 0, the perturbations in position and velocity are equal to given values.
These values will depend on whether we had started with mean or the
osculating elements. In the latter case, we must take these values to be

zero. In the former case, we can take these values to be the difference
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between the position and the velocity as given by the mean elements and the
actual osculating elements at t = 0. These osculating elements, if not already
available, can be obtained by numerical integration. In this approach, when
we consider the higher-order perturbations, the constants of integration will
be such that these higher-order perturbations in position and velocity will

vanish at t = 0,

Both the first and second approaches can be carried out easily with the
digital computer, To outline the digital computer program used in the evalua-
tion of the constants of integration in the first approach, we let CO{F}, C1 {F},
SI{F} denote, respectively, the constant term, the coefficient of cos £4, and
sin £, of the Fourier series representing the function F. The constants C31,
C,, are then obtained from the following two equations:

32

G {P_(k,4} + C;, C{q,} - C;, C {q}=0 ,
Sl{PZ(k,4)}+ C3151{qz}' Cs, Sl{ql}= 0 . (21)

The constant Cll is given by the following equation:

x vy , :
C~5———Q~ S (k,4) - —% s (k,4)(
011‘02 y r02 x 5
2. -4 X9 9y Y 9%,
- 3Ly CIICO{ 7 B, " 280)}:0 . (22)
r, 0 s 0.

C., are determined from three equations, the

The constants CIZ’ C13, 14

first of which is

5 y
Col 7 Pyl 4 -—5 Px(k’4)} ¢ Co) Z 3L. ~ 2 9L
I'O T T
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SXO 8y0 Yo axol X 8y0 Yo %

ol
-C,, C - +C.,C -
12 70 2 dw 2 9w © 13 70 2 8¢ 2 8¢
)ro 0 Ty 05 11’0 0 s 05
14 70 2 dn 2 8n 5 '
rO 0 rO 0

The other two equations are exactly like the above equation but with C1

replacing CO

for the second and Sl replacing C_ for the third.

0

Note that the numerical values of CO{F}, CI{F}’ SI{F} of the various
F functions given in equations (21) to (23) can be evaluated from harmonic

analysis of these functions. In the functions Px(k,4), Py(k,4), Pz(k,4), we

are only interested in the parts that do not contain the mean anomaly lk'

These parts have already been derived in our previous analysis.

The second approach for the evaluation of the constants of integration

is more straightforward. We let 6x0, 6y0, Oz

0’ 6x0, 6y0, E‘)zO be the values

of perturbations in position and velocity at t= 0. If we put

8LO~ 12x 80)0 13x BEO 14x 81'}0

ox
2. -4 9%g
215~ WLy o
0
EZQ a = - ayo a = ayo a = - EZ.Q.
BLO 12y 8(.00 13y 850 l4y - 87]0
9y
2. -4 9
a1y = "3 Ly To, (24)
a
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then we have

Cil1211x T Cp 25T Crzayg, t Cryaig, =0%p - Pyld)

Cl1 211y T Cp 2yt Crzysy ™ Cryiyy =%y - Pyl
Cpylay  tay )+ Clpdp + Claays + C o, =06k - P (4 -5 (4 ,
Cll(élly+ 2,1+ Cpp a12y+ C,s él3y+ Clybigy = 87, - éy(k,4) -5 (,9)
C31 231, T Cap 235, =8z, - P (,4)

C3p 231, t Cyp a3, =6z - 1E)z(k’[j") - S,k 4)

(25)

In the above set of équations, the dots on the various terms denote time

derivatives of these terms.

It is understood that the coefficients of the C's in the left-hand sides
and the quantities in the right-hand sides of equations (25) are evaluated at
t = 0, initial epoch, The evaluation of the time derivatives of the various
functions involved can be directly derived analytically, since we already
have the harmonic representations of these functions in terms of the mean

anomalies lk’ £4.

With the evaluation of the constants of integration, the solution of the
first-order theory is completed. A computer program to carry out this
solution by the above-mentioned method has been constructed and successfully
tested. The elements of all the planets were put into the program to make it
as general as possible. To apply the program, we need only the sequence num-
ber k of the perturbed planet, the sequence number j of the perturbing planet,
the number of points used in computing the special values of the various func-
tions for harmonic analysis, and a code 1 or 2 defining the approach that will
be used for computing the constants of integration. If we use the second approach,

we need the initial values of perturbations in position and velocity as input.
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The final output of the program is the harmonic representation of both
the secular and periodic parts of 6xk(j,k), 6yk(j,k), and 6zk(j,k) and their
special values that were used to derive the harmonic representations. It will
be mainly these special values, and not the harmonic representations, that
we shall need when we proceed further to compute second- and higher-order

terms of perturbation.

4.3 Comparison with the Work of Clemence

I have compared the above approach to Brouwer's theorvaith Clemence's
(1949) work on the theory of Mars. Clemence's work is considered a mile-
stone in the theory of planetary motion. For the first time we have available
a detailed and accurate computation of general perturbations on a given planet
to various orders. We can confidently compare my results with those of
Clemence. In fact, through such a comparison, I was able to debug my

program at several stages and feel satisfied with the results.

Starting with Clemence's elements, I have applied the above approach for
Mars, and also for all perturbing planets from Mercury to Neptune. The
constants of integration had been evaluated according to the first approach,
given in the previous section.

The harmonic representation of 6z, (k, 4) for the different planets k can

4¢
be compared directly with Clemence's series of u/cos i. The relation between
6z and u/cos i is given by 6z/a = u/cos i, where a is the semimajor axis of
the perturbed planet, which in this case is Mars. That comparison has been
carried out, and almost complete agreement was found fbr both the secular

and the periodic parts. This means that my representation of 6z is correct.

In order to check 6x and b6y, I obtained the harmonic representation of
the periodic perturbation in longitude (6v) and in log r from the following

relation:

Yo + 63,0, 4)% + (v + 6y, 4% + B2, (k, 4) _

Vi

b logr = 1
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X + 6X4(k, 4)

bv = tan

3

%0

where 6x4(k,4), 6y4(k, 4) are limited to their periodic parts. In fact, I
derived special values of 6v and 6 log r for different combinations of lk, 14
by using the already determined special values of the periodic parts of
6y4(k, 4), 6x4(k,4). From these special values of 6v and & log r, a harmonic
representation was obtained and found to be in almost exact agreement with

Clemence's derivation.

From the periodic perturbations 6x4(k, 4), 6y4(k, 4), 6z4(k, 4), we can
again compute the perturbations n46t(k, 4), v4(k,4) defined in Hansen's method.
This is done by the following reasoning: For the given value of the mean

anomaly £, of the disturbing planet, and £4 of Mars, we can compute the per-

k
turbations 6x4(k, 4), 6y4(k,4), 5z4(k, 4), which will enable us to compute the

perturbed coordinates x,, Vyr %y From Xy Yy
1

true anomaly Vy given by vy = tan” y4/x4. From the perturbed true anomaly

we compute the corresponding mean anomaly M and the heliocentric dis-

we compute the perturbed

Vo
tance r, using the unperturbed values as the semimajor axis and eccentricity

of the disturbed planet. These values are given in Section 5. The values of

n46t(k,4) and v4(k,4) will be given by

n,5t(k,4) = M - £,

NSt %
vk, 4) = - -1

This means that for each combination of ik, 124, we can obtain the special
values n46t(k, 4), v4(k, 4). From these sets of special values, correspond-

ing to different values of ﬂk’ 14, we can obtain a double-harmonic represen-
tation of the Hansen variables ndét, v. Similar reasoning can be applied to

the secular perturbation in nét, v. In this case, however, only single-harmonic

analysis is needed.
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The harmonic representations of nét, and v, both periodic and secular,.
have been obtained for the perturbations of different planets on Mars and
have been compared with Clemence's results. Almost exact agreement has

been found.

4.4 Analvytical Comparison

Another, more rigorous and consistent check can be carried out from
the following consideration. Our program gives us the harmonic represen-
tations of the secular parts SX(k,4), Sy(k’4)’ Sz(k,4) and the periodic parts
Px(k,4), Py(k’4)’ Pz(k,4) of the perturbations 6x4(k,4), 6y4(k,4), 624(k,4).
These parts must identically satisfy the differential equations defining the

perturbations in 0%, 6y, 6z. Hence, we require the following identities:

2

d SX(k,4) B
—E—— = - — S (k, 4) + —5=[x( S _(k, 4) + v S_(k, 4)] ,
dt T T
0 0
a%'s_(k, 4) 31y,
2 3 7y 5 170 "x 07y
dt T T
0 0
a%'s (k, 4)
—E— =_-F-5 (k,4) ,
dtz r 37z
0
2
d"P_(k, 4) 3px G (k.4
——— = - —-H—3 PX(k,4) +t— (XO PX(k, 4) + Yo Py(k,4)) + IX( ,4)
dt T r
0 0
- 2 SX(k,4) 2
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2
d"P (k, 4) 3uy
—_y = _ K Py(k’4)+ 0

[x P, (k, 4) + Yo Py(k, 4) + Gly(k, 4)]

dtZ rO3 r05
- 28 (k,4) ,
y( )
P (k,4) :
L= - P4 £ G ) - 2 8,00 4)

0

The left-hand members of the above identities can be derived from our har-
monic representations of Sx(k, 4),_.” s Pz(k, 4), which give another set of har-
monic representations for SX(k,4), e Pz(k, 4). The right-hand members of
the above identities can be expressed by harmonic representations. In
deriving these representations, the special values of PX(k,4), Py(k,4),
Pz(k,4), a&lready ol?tained ir} our analysis, were used. To get the special
values of Sx(k,4), Sy(k’4)’ Sz(k,4), the derivatives of the harmonic represen-
tations of SX(k, 4), Sy(k’4)’ Sz(k,4) were used, The harmonic representations
of the right-hand sides of the above six identities were compared with the
harmonic representations of the left-hand sides. A very satisfactory agree-

ment was found.
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5. RESULTS

The orbital elements and mass of the planets used in the computation
are those given by Clemence in his theory of Mars. The epoch of time is
1850 Jan. 0, corresponding to Julian Ephemeris Day 2396758. 0. For the sake

of convenience, these orbital elements and masses are included in Table 1,

The number of points considered in the harmonic analysis varies from
one case to another. We note that to carry the double-harmonic analysis for

a given function such that for the argument jlll + k£ . the integers jand k

0
take the values 0 —n, we need to consider the 2n + 1 equidistant values of

both ﬂl and EO given by 2w /2n+ 1 - i, i= 0 — 2n. This will involve the com-
putation of (2n + 1)2 special values of the given function corresponding to the
different combinations of El’ EO.
Table 2 gives the values of n used in the evaluation of the periodic per-

turbations in the different cases.

In deciding the value of n, we were guided by the final results of the
wofks of Newcomb (1895), Hill (1890), and Clemence (1949). In these works,
the range of the integers j and k in the argument j£1 + k{ 0’ which appears in
their double-harmonic representations, will serve as a lower limit to the
adopted values of n for the case under consideration. The adopted values of
n for the different cases in the theory of Mars proved to be adequate, when
we consider the excellent agreement that we found between our results and
those of Clemence. The best procedure, however, for obtaining the value
of n is to try different increasing values for each case and to compare the
results in each trial until we arrive at the trial where the result will not
change further. This may involve more than two trials for each case. For
the present, we are satisfied with the more intuitive approach taken in the

present analysis.
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For the harmonic representations of secular perturbations, a 25-point
analysis was considered for all the planets. This was found to be sufficient.
The computations were carried out with SAO's CDC 6400. The following

table gives the execution time required for the computations.

Table 3. Running time

Running

n time (sec)
8 60
10 124
12 232
16 658
18 1091
24 3032

The author, who is mainly responsible for the program, feels that a
great deal of improvement can be done on the program to decrease the

required storage. The execution time will not be reduced very much.

The results of the first-order perturbations of the planets Mercury,
Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune are given in the
Appendix. The results are reproduced directly from the computer output.
The perturbations in Hansen variables, in longitude and log (radius vector),
have been given as well as those of rectangular coordinates. As described
in Section 4.3, they have been obtained from the perturbations of rectangular
coordinates. They are given to aid anyone who might wish to compare our

results with those of Newcomb and Clemence.
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APPENDIX A
FIRST-ORDER THEORY

PERIODIC AND SECULAR TERMS
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b) Earth on Mercury
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Table A-1. (Cont, )
b) Earth on Mercury

ND2Z

coCco

NNRNRNRNRNRNORNNN N e g st B g ot e

[P P T A O

FPLEEFFPPPTILLESP

L3 - [CRCRURURUECRC RN ]

B

TEXEO®®D

NU . D 11 ONGa) D LOGIR)
wemevmemeons{IN UNITS OF 10##(-4) SECONDS OF ARC)~sewmscceoceow (i UNITS OF 10 (=9))
3 €0s SIN cos SIN cos SIN cos SIN
[ o 0 ~79 [ o Qo -17 ]
1 -1 1 T2 -3 ] /] 15 -1
2 5 -4 9 3 & -4 2 1
3 [ -1 2 o 1 -2 (] [
=7 o ] [} [ 0 1 0 [
-6 0 o ] (/] 1 3 1] ]
-5 0 ] 0o 0 5 10 1 -1
-ty 1 1 2 -1 18 a6 5 -3
-3 5 9 13 -7 [ 134 18 -9
=2 50 108 92 43 248 512 sl =30
-1 200 1872 750 =360 9nl 1968 163 -A0
o 233 352 18 2 479 745 ~36 19
1 [ 20 -14 25 137 191 ~23 16
2z 2 1 -2 3 a5 50 -7 5
3 1] 0 0 ] 9 13 -2 1
4 (] [} 0 ] 3 4 ~1 o
3 0 [+] ] 0 1 1 0 o
-8 0 0 0 ] -1 -1 4] 1]
=7 4] 0 o [+] -3 -2 [ o
-6 0 [ -1 1 ~11 -9 -1 2
-5 -2 -2 -3 4 %l -33 -5 3
-4 -13 -1l -18 21 =150 -122 ~-18 21
-3 ~111 -9} =102 126 -552 ~448 6] 75
-2 -1329 ~1091 -715 8r2 -2008 ~1631 ~203 249
-1 -3228 -2579 ~-890 1108 -364A8 -2781 -isl 202
[} a7 123 -73 Té =643 460 47 -62
1 4 9 -6 3 -164 “llé 15 -21
2 0 1 -1 0 -44 -31 & -6
3 0 0 [} 4 -12 -8 1 -2
4 o 0 (] [ -3 -2 ] 0
5 ] 0 (4] 0 ~1 -1 [ o
-7 0 ) 0 ] 1 (4] 19 o
-6 [ 0 0 1 3 [ 0 0
-5 -2 -1 -1 3 10 -1 0 -1
-4 -14 -4 =5 13 43 -2 -1 -5
-3 -78 -28 -19 40 205 3 -1 ~73
-2 1122 168 92 -631 1326 150 19 -158
-1 1088 -58 4 -276 1307 =27 -3 =34
0 =30 =9 3 -17 250 -12 1 27
1 -2 0 0 -1 64 -3 o &
2 0 ] 1] 0 17 -1 [ 2
3 0 ] ] 0 5 4} 0 1
“ [} 0 0 0 1 0 (] [}
-8 [ 0 o 0 -1 1 0 [
-7 (] (] o 0 «5 2 [ i
-6 -1 0 0 2 -18 9 i 3
-5 -6 1 2 8 -bb 32 5 10
-4 =29 8 9 30 ~226 116 16 31
-3 =30 27 35 59 772 425 53 13
-2 -2208 1002 510 1119 ~3332 1759 185 351
-1 ~5470 3675 145 257 =-5916 3879 9 6
[+ 34 -10 5 17 -1200 794 -84 =127
1 2 ¢] ] 1 ~307 203 -25 -39
2 ] 1] o [} ~fal 54 -7 -11
3 4] ] o <] -22 14 -2 -3
4 1] [ ] 1] -6 4 -1 -1
H 0 ] o [+] -2 1 [} o
-7 (] o [ o -1 H [ 0
-5 -1 1 1 1 -2 2 o (1]
-5 -3 2 2 2 =3 3 1 1
-iy 11 -9 -6 -7 2 3 o -1
-3 -27 32 21 17 -37 49 7 5
-2 62 101 46 29 64 102 9 5
-1 14 -27 7 4 c -5 -1 el
(] 1 -1 o 0 o =1 [+] [¢]
-5 1 -3 -2 -1 1 «3 -1 0
b -2 6 4 1 -1 1 0 0
«3 2 -14 -8 -1 1 -17 -2 o
-2 -1 ~17 -7 0 =1 =19 -1 [+]
=1 ] 1 -1 ] (1] -3 o 4]
1 o 4] o o ] -1 ] o
-6 0 -1 =1 0 ] ~l ] [+]
-5 4] 2 1 o (1] 1 0 )
-4 -1 -2 -1 0 o 4] v o
=3 3 [ 3 -2 3 [ 1 0
=2 3 4 1 -l 3 5 [+] 0
-1 0 0 [} 0 1 1 o o
-5 ] 0 0 ] =1 -l o 0
-4 [+] 0 0 0 -l -l (4] o
-3 -6 -3 -2 3 -7 -t 0 1
) -9 -3 0 1 =10 -t o [+]
-1 0 0 o 0 -2 -l 0 1]
1 0 o [} o -1 o 0 1]
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Table A-1. (Cont.)
Secular Terms

b) Earth on Mercury

DX DY . Dbz
(IN UNITS OF 10#%(=16)) : e
{TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN cos SIN cos SIN
0 -879249 0 -14405460 0 -1586993 0
1 ~89859 500770 500770 ~151882 5064458 =-3522511
2 268630 4701765 -4599161 262321 514207 -358939
3 83366 1426927 -1411205 82404 78383 54814
4 22738 386334 -383483 22565 14166 =9917
5 6040 102240 ~-101672 6005 2813 -1971
6 1595 26940 -26820 1588 593 -4l6
7. 421 7105 -7078 420 i30 -91
8 111 1878 -1872 111 30 C-21
9 30 498 -496 29 7 -5
10 8 132 -132 8 2 -1
11 2 35 -36 2 0 0
12 0 7 -12 0 0 0
NDZ NU . u/costl)

(THE TERMS ARE IN UNITS OF 10##(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED RY N#T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH}

J CcoS SIN CoS SIN Cus SIN
0 3019 0 -47 0 «1l184 0
1 -14565 899 -449 -7282 3778 -2628
2 =742 46 -46 -T42 344 ~268
3 -76 5 -7 -113 58 . =4l
4 -10 1 -1 -21 11 -7
5 =2 0 0 -4 2 -1
[} 0 0 0 -1 0 0



Table A-1. (Cont.)
Periodic Terms

c) Mars on Mercury
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(IN UNITS OF 10%##(~12)) (10#%(=4) SECONDS OF ARC)

cos SIN cos SIN cos SIN €05 SIN
307 0 18 0 60 ] 0 90
452 -4 11 ~420 0 0 o 0
135 17 -17 135 -3 -14 [ 0
22 2 -2 22 0 -2 0 o
3 [ 0 3 o 0 0 ]
0 =1 -1 o 0 0 0 0
2 -h -l -2 0 0 0 0
9 =15 -15 -9 ] 0 0 [¢]
35 -59 -59 =35 0 4 0 0
136 =226 =225 -135 o 1 0 0
517 ~864 ~855 -512 [ 9 0 0
1855 -3092 =-3032 -1825 8 65 0 0
3238 =-2304 ~1810 «3247 -217 352 -1 2
=2783 6961 -1251 -3772 87 -177 0 -1
-3287 2822 -2784 «3215 325 68 2 0
-826 613 -608 -818 32 5 o 0
~20% 145 ~1l44 -203 5 0 o 0
=51 35 -35 -51 0 [¢] 0 o
-13 9 -9 -13 0 o 0 0
-3 2 -2 -3 1] 0 0 [*]
-3 -2 -2 3 0 0 0 ]
-13 -7 -7 13 0 0 o 0
=48 ~25 -25 48 0 0 0 0
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-642 =340 -337 637 0 3 0 0
-2169 ~1181 -1163 2143 0 17 0 [¢]
=5541 =-3236 =-3131 5461 24 102 0 1
2769 862 -1831 31717 49 783 0 4
13595 1586 ~-1593 13516 -4 -353 0 -2
2121 1478 =-1468 2114 30 “T4 0 0
405 297 -296 403 3 -9 ¢] 1]
90 68 -68 90 0 -1 [ o
21 16 -16 21 o 0 0 0
5 4 -4 5 0 0 1] o
1 1 -1 i 0 0 [ 0
-1 0 0 1 Y 4 0 0
=5 -2 -2 5 [ 0 0 0
=21 -5 -5 21 ] 0 0 0
-80 ~15 =16 19 0 0 0 0
-301 -38 -42 297 0 0 0 0
=-1070 =55 -94 1037 8 7 ] 0
-2563 ~164 -641 2122 78 34 ] 0
1875 =213 106 2112 89 197 0 1
5171 805 ~-803 5147 -47 ~108 0 ~1
856 158 =157 852 -4 -20 0 0
172 33 -32 171 0 -2 4] o
39 8 -8 39 0 0 0 0
9 2 -2 9 0 0 0 0
2 o 0 2 ] 0 0 0
-2 ] [+ 2 [¢] v 0 0
-7 1 1 6 0 [¢] [¢] 0
=27 5 6 25 .0 0 [ 0
~108 24 29 98 o 0 0 0
-385 136 166 328 4 5 0 0
=797 362 -73 693 51 «10 0 0
697 «490 496 755 31 a5 ] 0
1458 -329 327 1450 -24 =22 0 0
246 -53 53 245 -3 -4 0 1]
51 =11 11 51 0 0 v o
12 -2 2 12 0 0 o 0
3 0 0 3 0 0 0 0
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c) Mars on Mercury -
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Table A-1. (Cont.)

c) Mars on Mercury

co

W)W W W NNNNNDNNN P e g b o

oo Wy IR K )

~ =~

NDZ NU D (LONG.) D LOG(R)
mememememen= (JN UNITS OF 10##(~4) SECONDS OF ARC)=mew<cicecra= CIN UNITS OF 10#%(-9))
K C0S SIN Cos SIN oS SIN cos SIN
¢} [} [} -2 0 (1] 0 0 o
1 0 0 2 0. 0 0 0 0
-4 0 0 0 0 -1 -1 0 0
-3 0 0 0 0 -4 -2 0 1
-2 ~2 -2 -2 2 -14 ~8 -1 2
-1 -53 ~24 -11 24 -57 -31 -3 5
0 -16 ~30 1 1 -27 -36 1 -1
i -1 -4 2 -1 -7 -11 1 -1
2 0 0 0 o -2 -3 0 0
3 0 0 0 0o 0 -1 0 0
-5 0 0 0 0 0 1 0 [
-t (o} 0 1 o =2 4 1 0
-3 -1 3 3 1 -7 13 2 1
-2 -13 26 19 9 -24 46 & 3
-1 ~56 99 43 24 -58 103 8 5
0 0 =7 & 2 =12 15 =1 -1
1 0 -1 0 o] -3 4 (¢} [
2 0 0 0 4} =1 1 0 0
-4 ¢ 0 0 0 -1 1 0 0
-3 -1 0 1 1 -2 5 1 [¢]
-2 1 16 10 0 -1 23 3 [
-1 -7 38 15 2 =7 40 3 0
0 [¢] -2 1 0 -1 7 -1 0
1 0 0 0 0 0 2 [¢] [¢]
-3 -1 0 0 1 0 2 0 0
-2 4 5 3 -2 4 8 1 -1
-1 2 11 4 -1 2 12 1 [o}
0 0 0 0 0 [ 2 0- 0
i 0 [¢] 0 0 0 1 0 0
-3 0 0 0 ¢ ¢ 1 0 Q
-2 2 1 1 -1 3 2 0 0
-1 2 3 3 -1 2 3 c 0
] 0 0 0 0 0 1 ¢ 0
-2 1 0 0 =1 1 0 0 0
-1 1 1 0 0 1 1 0 0
-2 1 0 [¢] [¢] 1 0 0 [
~1 r 0 0 0 1 o} 0 (]
-2 ¢ 1 0 0 0 1 [?] [¢]
-1 3 -l 0 Q 3 -1 0 0
0 ¢ [ 0 0 1 (¢] 0 0

A-14



Table A-1. (Copt. )

Secular Terms

c) Mars on Mercury

DX DY D7
: (IN UNITS OF 10#%(~16)) :
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN cos SIN cos SIN
0 46344 0 -390025 0 -30087 0
1 4736 13558 13558 8005 96016  -68736
2 -14159 127299 -124521  -13827 9749 -7004
3 ~4394 38634 -38208 -4343 1486 -1070
4 -1199 10460 -10383 -1189 269 -194
5 -318 2768 -2753 -317 53 -38
6 -84 729 =726 -84 i1 -8
7 -22 192 -192 -22 2 -2
8 -6 51 -51 -6 0 0
9 -2 13 -13 -2. 0 0

10 0 4 -4 0 0 0

NDZ NU U/€CostI)

(THE TERMS ARE IN UNITS OF 10%%(~6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN Cos SIN coS SIN
0 82 0 2 0 =22 0
1 -394 -47 24 ~197 72 =51
2 =20 -2 2 -20 7 -5
3 -2 0 0 -3 1 -1
4 0 0 0

-1 0 0



Table A-1. (Cont.)
Periodic Terms

d) Jupiter on Mercury
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OOV =W H WA -

—

DX DYy Dz U/COS(IY

(IN UNITS OF 10%#x(-12)) (10%%{~4) SECONDS OF ARQC)
cos SIN [de 1) SIN €os SIN cos SIN
19926 0 21 0 4613 0 25 o
-29889 993 960 -28650 0 0 0 0
8287 ~18 40 8338 404 . =683 -2 =4
1316 ~156 154 1324 =57 =104 0 -1
185 -62 61 186 -9 -18 '] 0
22 -19 19 22 -2 =3 0 0
9 -t 6 0 0 0 0 0
0 -2 2 0 0 0 0 [¢]
0 -9 =10 e} 0 0 0 0
1 -35 -35 -2 (] 0 0o [¢]
6 -131 «131 -6 0 0 0 [¢]
25 -497 -495 -25 0 2 0 0
103 -1888 -1880 -103 -k 9 0 0
436 =-7190 -7151 -436 -17 42 0 0
1930 -27323 -27128 ~1930 -83 212 0 1
9231 ~102061 ~-100988 ~9239 wblely 1178 -2 6
51437 =347634 =340758 -51618 =2725 7766 =15 4l
443874 ~2648422 =-191052 «451611 -34120 74256 ~182 396
208353 881365 -918954 20932 -2253 -26112 -12 =139
=415720 339139 =335048 -404385 46794 824 249 4
=-115099 72130 -71597 ~113781 4741 23 25 ]
-28757 16759 -16667 ~28543 725 0 4 0
-7228 4071 -4053 ~-7188 131 o 1 0
~-1839 1015 -1012 ~1831 26 o 0 0
-413 258 -257 -471 6 0 0 0
-123 66 -66 =122 1 0 0 ‘0
=32 17 -17 -32 0 ¢4 0 0
-8 b ~5 -8 0 0 0 0
-2 -1 -4 -2 (¥ 0 0 0
=29 38 39 30 0 o 0 0
-109 145 145 109 4] 0 o] ]
=411 546 545 410 2 0 4 0
~1548 2057 2049 1542 9 0 0 0
-5838 7756 7721 5811 40 0 0 0
=21980 29199 29032 21854 191 -2 1 0
-82044 108985 108161 8l4le 965 -10 5 0
-296677 394161 389840 293377 5350 =55 29 0
-934027 1242855 1219211 915598 35088 -515 187 -3
-41413 113197 152749 68388 335412 ~4871 1787 =26
2720446 -3572717 3579282 2704537 -103283 1172 ~550 6
428986 -622613 619877 428124 ~29295 6467 -156 3
16294 ~ile6l4 116103 76049 =-3113 63 -17 0
16596 «25911 25812 16544 ~484 10 -3 0
3895 -6153 6132 3884 -88 2 o 0o
951 -1514 1509 949 ~18 0 [ ]
238 -381 380 238 -4 ] o 0
60 -97 97 61 0 o [} o]
15 -24 26 16 0 0 o 0
2 -3 10 [} o 0 0 0
-8 10 13 10 0o o 0 0o
-2 5 5 3 0 [¢] 0 o
-10 18 19 11 o ] [+ 0
~39 70 69 39 0 0 ¢} [}
~145 262 261 l44 o 0 0 0
~-530 989 985 529 & -2 0 0
-1916 3723 3700 1915 18 -8 0 0
-6775 13877 13761 6802 90 =40 0 0
~22844 49934 49273 23350 497 -238 3 -1
-69269 153896 149432 77366 3153 -1778 17 -9
-2885 3019 27602 4058 33431 -9862 178 -53
212308 -434178 434633 210863 =10627 3159 =57 17
32703 ~T4716 74393 32645 ~3059 687 ~16 4
5808 =14016 13955 5790 -328 73 -2 0
1261 =-3116 3104 1257 =51 11 0 0
296 =740 737 295 -9 2 0 0
72 -182 182 72 -2 0 o 0
18 -46 46 18 - o 0 0 0
5 -12 12 5 0 o 0 0
1 -3 3 1 e} 0 0 0
] 0 1 0 0 0 o (o}
-2 1 2 2 0 0 0 [¢]
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d) Jupiter on Mercury
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Table A-1, (Cont.)
d) Jupiter on Mercury

“

Vo000

D e kN S ]

NNUNNNMNNNNOUONNONODNN

SEPEDPETHE W W W W wWww WWWwWwwWw

[V RURERL R

PWN=O

VP ON = O

NDZ NU D {LONG.) D LOGIR)
mrpreescecee (IN UNITS OF jO%#(=4) SECONDS OF ARC)w-vme=cameae (IN UNTTS OF 10%#(~9))
cos SIN €os SIN o5 SIN s 1 SIN

[} 0 =146 0 0 0 ~-31 o

=1 3 122 0 o o 25 [}
6 =13 20 4 6 -13 4 1

1 -2 3 1 2 -4 1 0

0 0 1 0 1 -1 [} [+}

0 0 0 0 -1 0 0 i}

[} 0 0 0 -3 0 0 o

[ 0 0 0 -9 0 0 1

-1 0 0 2 -34 -1 1} 5
=5 o 1 10 «127 -t -1 18
=36 3 5 53 474 -14 -2 64
=355 29 33 345 -1791 -50 -7 223
«6558 855 419 3231, -6977 137 -17 708
-1659 -4700 128 308 -3042 ~4667 -6 <75
-105 «690 352 -54 -792 -1614 168 -390
-6 ~-36 36 -6 =205 -410 51 =27
-1 -4 6 - Cwl =55 -108 15 -8

0 0 1 [ -1% -29 4 =2

0 0 0 0 -4 -8 1 =1

o 0 0 0 -1 -2 0 0

0 [} 0 0 0 -1 0 ]

0 0 [4 0 1 1 0 1}

0 0 1} 1} 3 2 0 0

0 0 0 -1 11 8 1 -2

1 1 2 ~2 40 30 5 -6

5 4 8 =11 148 112 17 -22

31 23 42 =57 546 411 59 =79
230 172 232 =309 2019 1520 209 -278
2204 1662 1459 -1933 7491 5647 713 ~946
25931 19676 9671 ~12748 26139 19731 1969 ~2609
-1223 ~1395 997 ~1296 4177 2686 -224 297
104 -156 a0 -53 1025 605 -85 136
-3 -7 7 -3 2711 166 24 39

0 -1 1 [ 75 45 -7 11

0 ] 0 0 20 12 -2 3

0- 0 0 0 6 3 -1 1

0 0 [+} 0 2 1 0 0

0 0 [+} 0 1 1 [ 0

0 0 0 0 5 3 1 ~1

1 1 2 -1 19 12 2 ~3

4 7 9 -7 70 42 6 -10

29 40 40 -40 259 144 21 -38
329 118 110 ~276 971 436 54 -123
3147 1543 747 «1534 3183 1545 152 =312
=156 ~116 77 -154 502 203 ~18 37
-13 ~13 7 -7 123 46 -6 16
[} -1 1 ] 33 13 -2 5

0 0 0 0 9 3 -1 1

0 0 0 0 2 1 0 [1}

0 0 0 0 1 0 0 0

0 [ 0 0 1 1 0 [}

0 1 2 0 6 4 1 -1

5 6 5 -5 26 10 2 -l

33 0 2 =27 90 16 2 -11
280 76 35 ~135% 284 75 7 -27
=15 -7 4 -13 44 9 -1 3
-1 -1 0 -1 11 2 [} 1
0 0 0 0 3 1 0 0

0 [ 0 0 1 0 0 [}

1 1 1 -1 2 1 [} 0

2 ~1 -1 -2 7 -1 [} -1
21 2 1 -10 22 1 0 -2
-1 0 0 -1 3 0 0 0
0 0 (] [ 1 4] 0 0

1 0 0 -1 1 0 [} 0
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Table A-1. (Cont.)
Secular Terms

d) Jupiter on Mercury

DX DY 02
(IN UNITS OF 10%#(-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J Cos SIN cos SIN cos SIN
0 -246229 0 =24417449 0 -2139500 - 0
1 -25164 848811 848811 -42534 6827635 «6472232
2 75228 7969555 -7795641 73461 693227 -659511
3 23346 2418660 =2392011 23077 1056172 -100715
4 6368 654841 -650008 6319 19098 -18222
5 1691 173298 -172335 1682 3793 -3621
6 447 45664 =45461 445 800 ~T64
7 118 12042 -11998 118 176 -168
8 31 3183 -3173 31 40 -38
9 8 844 -842 8 9 -9
10 2 224 -224 2 2 -2
11 0 59 -61 0 0 0
12 0 12 =20 o} 0 0
NDZ NU UsCos(I)

(THE TERMS ARE IN UNITS OF 10##(=6) SECONDS OF ARC AND ARE TO BE MULTIPLIED RY N=#T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J cos SIN cos SIN cos SIN
0 5117 0 ~13 0 -1596 0
1 -24687 252 =126 -12344 5094 -4828
2 ~-1258 13 -13 ~1258 517 -492
3 -128 1 -2 -192 79 ~-75
4 -17 o} 0 =35 14 . -14
5 -3 0 o] -7 3 -3
6 0 0

0 -1 1 -l
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Table A-1, (Cont.)
Periodic Terms

e) Saturn on Mercury

(S

cooooc

L ™

i W NRNNNRURNL AR MNRTRNSNR

T W W 8

PELFETLPPPIDIEP

[LRTRCRC RURC RERY SURU)

scocoo0o

=

*x

W W

DX DY 07 HICOS(T}

CIN UNIYS OF 10%w(-123) (10%% (=6} SFONNDS OF ARCIH
cos SIN oS SIN oS SIN cos SIN
955 4 -9 0 270 9 1 o
~1418 57 7 1401 ] 0 ] 0
393 =11 12 396 26 26 0 0
59 -10 10 60 - - o [
7 -3 3 8 0 0 o [}
0 -1 1 0 o 0 0 0
-6 4 4 % 0 0 [ 0
-19 15 15 18 [ 0 0 [
~70 58 57 69 [} 0 0 0
-258 219 218 256 [} 2 0 0
-531 831 825 922 [ 10 [ o
=311% 3088 30%6 3064 0 87 () 0
-7107 10389 1018l 61712 0 370 [ 2
59954 5859 4059 -63006 -105 3796 -1 20
74249 27474 28982 43427 -987 «2140 -5 -12
-51629 ~-8755 8649 49906 3140 3010 17 16
-1565% ~1926 1911 =156%9 N7 303 2 2
-3981 453 450 ~3950 48 48 [ 0
1008 -111 110 -1002 9 8 0 [}
-258 -28 28 256 2 2 0 [
-6 ~7 7 56 [ 0 0 0
-18 -2 2 -17 o [} [ 0
b [ 2 -3 0 0 0 o
62 -36 -37 -té [ 0 o 0
237 ~137 -137 237 -1 0 0 0
899 -519 -517 -895 -5 v 0 0
3401 1965 -1954 ~3382 -22 -4 0 ]
12748 -7392 -7337 -12693 -112 -2} -1 0
46854 -27106 -26808 -46339 -617 =117 -3 -1
152024 -88144 -86331 -148890 4048 -762 22 -4
23083 -16693 ~6814 -6078 ~39424 -7404 -210 -39
446358 256155 -257361 466268 11530 2173 61 12
-759%6 46963 -46723 =756481 3736 669 20 4
~13938 8885 -8643 -13881 390 70 2 0
-3073 1982 -1974 -3062 60 11 o 0
-726 472 -470 724 11 2 0 0
~178 116 ~116 -178 2 o 0 o
44 29 =30 -46 ) 0 ] 0
-7 5 -10 ~16 o o o o
15 -8 -12 =21 [4 o [ [
8 ~4 -5 -f [ [ 0 [}
30 ~16 -17 -30 [ 0 0 0
114 -62 -62 =114 0 o 0 o
431 -233 -232 ~429 -2 0 0 0
1611 -868 =863 ~1600 ~12 -3 [’ 0
5849 -3144 -312¢ -5799 -69 -17 0 0
18770 ~10109 10077 -18565 =445 -109 -2 -1
2335 -1774 -957 -958 ~4513 -1036 =26 -6
~55163 29430 «29582 ~55064 1338 311 7 2
~9227 5404 -5376 -9197 438 a6 2 o
-1681 1027 ~1022 -1674 46 9 0 0
=369 230 -229 =368 7 1 0 0
-a7 55 54 -87 1 ] [ 0
~21 13 -13 -21 0 [ [ 0
-5 3 -3 -6 [ 0 0 [
[ [ -1 -2 ¢ 0 0 0
2 -1 -2 -3 [ 0 [ o
3 -2 -2 -3 [} [ o [
11 -6 -6 ~11 0 [ [ o
43 -22 -22 -42 (] 0 0 0
157 -79 =19 -157 0 0 ] 0
564 -219 -283 -564 -5 -2 [ 0
1794 -893 -914 -1602 -36 -11 o 0
192 -150 -95 117 ~400 ~108 -2 -1
~5281 2617 =2631 -5269 120 33 1 0
-880 481 =478 -877 40 9 [ 0
=160 92 =91 =160 4 0 ] [
=35 21 -20 -35 [ [+ [ [
-8 5 -5 -8 [ 0 c 0
-2 1 -1 -2 ] 0 a 4
1 ] ] -1 [ ] [ [
4 -2 -2 -4 [ [} [ 0
14 -6 -7 14 0 0 0 0
49 =22 -26 =50 [} 0 [ [}
155 =71 -75 ~159 -3 -1 0 [
15 -12 -8 -12 -32 -10 0 o
~458 211 =212 ~457 10 3 0 o
-76 39 -39 -76 3 0 [ [
14 7 -7 ~14 [ 0 o 0
-3 2 -2 -3 [ [} 0 °
1 [ [ -1 [} 0 [ [}
4 -2 -2 -% o [} [ [}
13 -5 -6 -13 0 [ 0 0
1 ] Q -1 -2 o 0 0
-38 16 -16 ~38 0 0 [} 0
-6 3 -3 -5 0 0 4 [+
-1 [ o -1 0 0 o 0
1 [ [ -1 0 0 [} [+
-3 1 -1 -3 4 0 0 0
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Table A-1., (Cont.)

e) Saturn on Mercury

[=ReRa]

NNNMNNAMNNNNDNONNNON el e o e e ol e

(YURVER VIR VUR TR TURVE R P P U NS

R EE S oI )

N

N O

-5
-4
-3
-2
-1

[=]

TS W e

-6
-5
-4
-3
-2
-1

(=}

VW e

-5
-4
-3
-2

i
WA O o

-4
-3
-2
-1

-2
-1

NDZ Ny D (L.ONGa) D LOGI(R)
remmmm—nemem (IN UNITS OF 10##(=&] SECONDS OF ARC)=rmo-mm—mowe CIN UNITS DF 10#%(=9))
cos SIN 605 SIN cos SIN cos SIN

0 0 -7 0 0 0 -1 0

0 0 6 0 0 0 1 0

0 -1 1 0 0 -1 0 0

0 0 0 0 1 1 0 0

0 0 1 0 4 5 1 -1

1 2 3 - -2 15 20 3 -2
11 23 23 ~11 55 75 9 -7
205 429 213 -102 214 289 29 -22
31 -676 31 -10 74 ~611 -5 2
4 -1l4 58 2 22 -231 24 2

0 -6 6 0 6 -59 7 1

0 -1 1 0 2 -15 2 0

0 0 0 0 0 -4 1 0

0 o o o 0 -1 0 o

0 0 Q 0 -1 -1 0 0

0 0 6 0 -3 -5 -1 0

0 0 -1 1 -10 -17 -3 1
-2 -3 -6 3 -36 -62 -9 5
-12 ~22 -31 18 -133 ~231 -32 18
~120 -209 ~196 112 -500 -867 ~109 63
-1863 -3239 -1609 925 -1875 -3246 ~330 191
65 174 ~167 96 -321 -496 16 -20
5 17 -9 3 -80 -118 16 -10

0 1 -1 0 -21 -32 5 -3

0 0 0 0 -6 -9 1 ~1

0 0 0 0 -2 -2 0 0

0 0 0 0 0 -1 0 0

0 0 0 0 0 -1 0 o

0 0 0 o -1 -2 0 0

0 0 -1 0 -4 -8 -1 1
-2 -3 -4 3 -16 -30 g 2
-15 -28 -26 14 ~58 -109 -14 7
214 =400 -198 106 216 «401 -41 22
7 23 -20 11 -37 ~60 4 -2

1 2 -1 0 -9 -14 2 -1

0 0 0 0 -2 - 1 0

0 0 0 0 -1 -1 0 0

0 0 0 0 0 -1 0 0

0 0 -1 0 -2 -3 0 0
-1 -3 -3 1 -5 -11 -1 1
-19 -38 -19 9 ~19 -38 -4 2
1 2 -2 1 -3 -6 0 0

0 0 0 0 -1 -1 ) 0

0 0 0 0 0 -1 0 o
-2 -3 -2 1 -2 -3 0 o
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Table A-1. (Cont.)
Secular Terms

e) Saturn on Mercury

DX DY Dz
(IN UNITS OF 10%%x(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J €0oS SIN cos SIN cos SIN
0 ~40876 0 =1157272 0 -86382 0
1 -4178 40230 40230 =7061 275666 ~388072
2 12489 377720 -369477 12195 27989 =39544
3 3876 114633 =113370 3831 4267 -6039
4 1057 31036 -30807 1049 771 ~1093
5 281 8213 -8168 279 153 -217
6 T4 2164 -2155 T4 32 =46
7 20 571 ~569 20 7 ~10
8 5 151 =150 5 2 -2
9 1 40 =40 1 0 0
10 0 11 -11 0 0 0
11 0 3 -3 0 0 0
NDZ NU UsCos(1)

(THE TERMS ARE IN UNITS OF 10%#%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J cos SIN Cos SIN coS SIN
0 242 0 -2 0 -64 0
1 -1170 42 =21 -585 206 =290
2 -60 2 -2 -60 21 ~30
3 -6 0 0 ~9 3 -5
4 -1 0 0 -2 1 -1
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Table A-1. (Cont.)
Periodic Terms:

f) Uranus on Mercury

DY
(IN UNITS OF 10%##(-12))

cas

18
-27

25

377
1420
3621
-1331
=-3751
-1011

=250

-63

-16

-
-1

-t
-14
=53

~201
~758
-2736
-9193
-1698
27208
4632
Baé4
185

11

-2

-6
-23
-85
=314
~1028
-190
3028

-2

-7
-27
-89
-16
262

46

-2
-7
-1
21

Dz

SIN Cos SIN €os
0 4] 0 3

0 0 =26 0

¢} 0 8 0

0 0 1 o

© 0 -2 0

3 3 -6 0

i0 10 ~25 ]
39 39 -97 0
146 145 ~374 -b
503 4«93 ~1400 -23
446 351 -3441 ~228
-1251 1299 ~2919 31
-573 566 -3657 129
~-120 119 ~1000 13
~28 27 -248 2
-7 7 ~62 0
-2 2 -l6 o

0 o -4 o]

0 0 -1 1]

0 0 & 0

2 2 14 0

6 6 53 o]

24 24 200 4]
90 89 753 4
333 330 2765 20
1108 1085 B997 132
439 248 75 1298
-3084 3182 27182 -372
«769 762 4616 -126
-161 160 840 ~13
-37 37 185 -2
-9 9 44 [}
-2 2 11 0
[¢] 0 3 [¢]

4] 0 1 )

0 [} 2 v

0 [+] 6 0

1 1 22 0

5 S a5 o

19 i9 310 2
63 64 1006 13
36 24 26 129
=170 180 3029 =37
~-54 53 523 =13
=12 12 96 -1
-3 3 21 0

0 ] 5 0

0 0 1 4]

[} 0 2 0

4] 0 7 0

¢} 0 27 (1]

0 4] a7 ]

2 2 3 10

0 [} 262 -3

-2 2 46 -1
o o0 8 4]

0 0 2 D]

4] 0 2 0

4] 0 7 o’

¢] [¢] 0 0

1 -1 21 [s]

0 1] 4 o]

o 0 2 0

SIN

cCOoOO00

VOO O0

9i
=114
2715

N
CoQLoCHwm

COmOO

{10%##(~4) SECONDS OF ARC)

cos

1
QooQ

CO0OO0OmOmOODOOC O

QOOOOCO™NNFDOOOOO

OODOO0OO00O0 OO0 0 O~ O00O0OC O

CoO0OQOO

u/Cos ()

51

COOCOO™rO00O00COO

COCOOOC~WO~OOLO0OC
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Table A-1., (Cont.)

f) Uranus on Mercury

NRNNNNNNN N s it Pt s

W w W

& &

-2
-1

WPV WO

NDZ NU
(THE TERMS ARE IN UNITS OF 10%%(~6) SECONDS OF ARC AND ARE TO BE MuL

ND2Z Ny D (1 ONGW) D LOG(R)
mewmmem=ran=(IN UNITS OF 10#%(w4) SECONDS OF ARC)ecerwmceacasa (IN UNITS OF 10##(~9))
<os SIN Cos SIN (ole}-} SIN cos SIN

0 0 0 0 1 -2 0 0
0 -1 -1 0 3 -6 1 o
9 =15 -8 -5 10 ~23 2 -1
3 =35 0 0 5 ~39 a 0
0 -6 3 0 1 ~14 1 0
4 0 [ [ 0 -3 0 0
0 Y [¢] 0 0 -1 0 0
0 0 0 [ 0 1 0 0
0 0 ¢ 0 0 & 1 0
0 1 2 0 2 14 2 0
1 11 11 -1 6. s1 6 -1
23 197 98 -11 23 197 20 -2
1 =11 10 -1 6 30 -2 o
0 -1 1 0 2 7 -1 [
0 0 [ 0 0 2 [+ 0
[¢] 0o 0 [+ 0 1 [ 0
0 4 0 0 0 2 0 0
0 1 1 0 0 6 1 0
1 22 11 -1 1 22 2 0
0 -1 1 0 0 3 0 0
0 0 0 o 0 1 0 o
0 0 [ 0 0 1 0 ]
o 2 1 0 0 2 [ 0

DX

cos

Secular Terms

f) Uranus on Mercury

SIN

781
7329
2224

602

159

42
11

(IN UNITS OF 10%%(~16))
(TO BE MULTIPLIED BY TIME IN

DY

Ccos

-22456
761
-7169
~2200
-598
~158
%2
-11

-3

SIN

WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY)

J

N O

Cos

-23
=1

SIN

(=N o=

cos

A-24

SIN

DAYS FROM EPOCH 1850.0)

N7

cus SIN

-2099 0

6697 =4995

680 -509

1u4 -78

19 ~l4

& -3

0 o

0 Q

o o
U/Cos(1)

cus

TIPLIED RY N#T
AND T=TIME IN DAYS FROM EPOCH)

SIN
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Table A-1.

(Cont. )

Periodic Terms

g) Neptune on ‘Mercury

DX
cos SIN
6 0
-8 o
2 0
-2 -3
-9 -12
-32 -44
-94 -150
221 -98
430 403
-170 139
-56 27
-14 6
-4 1
0 2
4 8
14 29
S54 108
204 409
756 1511
2503 4983
647 926
-7283 ~14811 1
=-1411 -2482
-272 —448
-6l -98
-15 -23
b -6
0 -1
1 2
& ]
15 24
51 17
12 14
~-148 =231
=28 -38
-5 -7
-1 -2
-2 -3
NDZ NU
------------ {IN UNTTS OF 10%#{«é4)
X cos SIN cos
-2 0 0 o]
-1 -3 3 2
] -1 -3 4]
1 1] 0] ¢]
-5 0 0 o]
-ty 0 0 0
-3 1 4] 0
-2 6 -3 -3
-1 107 =53 -27
0 -6 1 -3
1 -1 0 0
2 o 0 o
-1 2 -1 -1

cos

ooco

-3
-12
-boly

-147
-69

-405

-138
-27

-6
-1

28
108
406
1494
“876

~40
4781
2475

23
76

230
38

DY
(IN UNITS OF 10#%(=-12))

SIN

32

~248
366
-164
-55
-14
s

-1

-4
-14
-54
~203
~748
~2449
~le67
-7351
-1403
=271
~61
-15
-4

-1
-4
~-15
«50
-3
~149
-28
-5
-1

-2

SECONDS OF ARCH

SIN

COwoO

-1
-6
~54
-6

-1

A-25

Dz

Cos

ooN

OO POOOO

D {LONG.)

cos

-1
=3
-1

~
QY P

107

4

-2
-1

-1
-6
-14
-53
~10
-3
-1

-1

SIN

(== =]

o000

-t

-136
=1333
3R0
127

-
cooNw

1
N3
CONTITNNDOO

(10%#(~4) SFCONDS OF ARC)

Cos

L LOGIR)

coCc

COOLOO~WDOoOQOOOO [oN~ReNoRoRoNoNeRoNel

[eNeNoRel~Nallelal-)

u/sCostn

S1

t ot

COOVOmNNmOOOO0Q

(IN UNITS OF 10%%(-9})

Cos

CoOOoOo

4

1
ocom~UNDOCO

SIN

oocoC

0
-1
-3

=11

N

cCTOoOC
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Table A-1. (Cont.)
Secular Terms

g) Neptune on Mercury

DX DY D7
(IN UNITS OF 10%#(<16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J CoS SIN C0S SIN cos SIN
0 =256 0 ~-6772 0 -612 0
1 =26 235 235 -4 1953 -2215
2 78 2210 -2162 76 198 =226
3 24 671 -663 24 30 -34
4 7 182 -180 7 5 -6
5 2 48 -48 2 1 -1
6 0 13 =13 . 0 0 0
7 0 3 -3 0 0 0
NDZ NU U/Cos(l)

(THE TERMS ARE IN UNITS OF 1O0%x(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J cos SIN Cos SIN cus SIN
0 1 0 =0 0 -0 0
1 -7 0 0 -3 1 -2

A-26
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Table A-2. Venus

Periodic Terms

a) Mercury on Venus

0z

DX DY

(IN UNITS OF 10%%(-12))
c0s SIN cos SIN cos
-6018 [ 1992 0 -4157
53836 =1224 -1006 55055 0
~5178 8002 -8007 «5357 229
=395 ~805 822 =388 98
137 7 -9 139 -18
-11 18 ~18 ~11 0
-2 -3 3 -2 [
1 2 2 -1 0
~13 3 3 13 2
34 -81 -8l -33 -6
994 536 538 =1000 =21
46517 ~5587 -5559 ~46493 1076
-206281 587215 588055 205437 3009
~64946 54935 21443 =120249 229
103834 ~306635 306820 110539 1682
34281 42716 ~43731 33898 2748
=445 =81 108 4715 233
30 ~84 86 35 -4
13 14 -lé 14 -5
-3 1 -1 -3 0
0 0 o -1 0
-1 7 & 3 0
=67 ~55 -55 67 2
-1964 -3418 «3419 1964 ~53
149760 -696894 ~696912 ~149731 =1147
=-197251 ~199798 ~193524 215146 ~231
-102974 597466 «611024 -158589 -10598
56300 78107 -49223 66092 1112
~2818 1160 «1819 =2350 -450
35 =192 148 16 12
3780 5217 -5257 3766 431
3 ~10 10 4 -5
1 2 -2 1 0
-3 -3 -3 3 0
=53 59 53 52 5
=392 4325 4335 369 ~25
~19271 ~13408 -13336 19466 8l
=T446 -3583 10608 8284 -651
9603 1378 ~10906 8283 =333
4801 2111 3321 ~1683 -60
<2781 1231 505 2722 183
-207 443 510 114 =173
~98 19 -45 -107 118
=11 24 ~-23 =10 3
585 804 -809 58% 58
0 -l -1 /] 0
32 20 20 =32 ]
3951 =-2406 ~2709 -3881 16
-5392 ~l442 3550 -5432 117
=1946 215 ~1174 «284 38
948 -635 =394 -973 -74
~33 1149 1104 123 58
=567 -401 -613 549 ~15
~259 106 55 257 -15
-39 21 &4 -22 40
-17 3 -3 -17 9
0 4 -l 4] ]
10% 146 -147 103 11
30 =31 -31 =30 0
6824 3200 3201 -6824 -22

SIN

4]
~1173
88

-3

-70
235
~2808
9571
4840
2417

W
owwnm

=78

-7
48

-229

-1l
-49

69
-62

-5
-2

-25

usCostly
{10%% (~4) SECONDS OF ARC)

€0S SIN
-12 o
] 0
1 -3
0 0
0 [}
0 0
0 ]
0 0
0 0
0 0
0 0
3 1
9 -8
1 27
5 14
8 7
1 0
0 [}
o ¢]
] 0
o 4]
0 0
[} 0
0 0
-3 4
-1 -3
~30 ~10
3 -2
-1 1
o =1
1 1
0 0
0 0
[} 0
0 o]
[¢] 0o
[} 0
-2 0
-1 1
[} -1
1 0
0 0
0 0
0 o]
0 0
(1] 0
0 0
¢} ¢}
0 -1
0 0
0 ]
0 0
0 0
0 0
0 0
s ] 0
0 o
4] 4]
[} 4]
o o
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Table A-2. (Cont.)

a) Mercury on Venus

-10 =171 90 165 164 =12 1
-9 178 «200 =363 240 -9 16
-8 332 155 157 -314 -9 -2l
-7 ~303 194 130 306 24 9
-6 2 ~168 -174 8 -25 6
-5 -113 =69 -84 91 17 -17
~4 =32 2 23 31 4 12
-3 -7 0 10 -5 6 3
-2 -3 0 -l -2 1 0

o 21 29 -29 21 2 2
9 -2 10 11 1 [s] 0
10 -507 * -191 «-190 507 4 s

~-10 97 =26 -122 =60 11 0
-9 «171 79 186 -219 5 -7
-8 -114 45 -45 113 1 10
-7 29 -20 ~28 -27 -7 -8
~6 b -57 ~55 -7 9 2
-5 -17 -14 -11 20 -2 3
-4 -5 -2 6 4 0 3
-3 -2 0 1 -1 1 0

0 4 6 -6 4 0 0
8 0 -1 Q Q G 4]
9 -3 ~13 -13 3 [ o
10 509 145 144 -511 -4 -5

=10 -49 =16 93 24 -9 0
=9 161 -4 -76 182 -3 3
-8 ] 2 -3 b 1 -4
-7 18 -15 =11 -20 1 3
-6 0 ~-12 =13 0 0 0
-5 -3 -3 0 5 -1 i

0 1 1 -1 1 0 o
7 1 0 0 Q ) 0
8 -1 2 2 2 0 4]
9 o 14 14 =1 0 0
10 -469 ~95 -92 471 3 5

~10 4l 37 -57 24 5 2
-9 ~103 -14 9 -1064 2 0
-8 7 2 & -9 0 0
-7 4 -4 -3 -7 Q Q
-6 0 -3 -3 2 0 [
-5 0 -1 0 o 0 ]

7 =2 0 0 2 0 0
8 2 -3 -3 -2 0 ]
9 -7 -11 =11 9 0 [1}
10 284 36 33 286 -2 -ty

~10 1 -24 23 -3 -2 -2
-9 23 2 4 22 0 o
-8 2 0 3 -3 o 4]
-7 2 -2 -2 0 o] Q
-6 2 ¢} 0 0 ¢ 0
-5 o 2 -1 0 ] 0
-b -1 0 0 -1 ] o

7 2 o 0 -2 0 [V}
8 -1 3 2 2 ¢} o
9 -3 5 5 0 0 4]
10 -63 (1] 3 65 1} 3

-10 6 4 -2 7 [¢] 0
-9 9 1 1 12 4} 0
-8 3 -1 0 -2 o 0
-7 3 2 V] 2 [¢] [¢]
-6 -2 2 -2 -1 4} 0
-5 4] -2 2 (] o 0

7 -2 o] Q 1 0 0
8 0 -2 0 0 0 0
9 0 -1 0 3 0 0
10 -27 -5 -7 26 o -1
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Table A-2. (Cont.)

a) Mercury on Venus

R cCoo00O

R T A [SURVURVERTRVIRVER TR V) o N NN

(O RS R RGN RV

NDZ NU D (LONG.) D LOGI(R)
mmememmmecen (IN UNITS OF 10%%(~4) SECONDS OF ARC)eammm—cecmam- (IN UNTTS OF 10%#(=9))

K cos SIN cos SIN cos SIN cos SIN
0 0 0 155 0 0 0 33 0
1 0 0 -31 46 0 0 -7 10
2 -1 1 -3 -5 -1 1 -1 -1
3 0 0 1 0 0 0 0 0
-4 3 -4 0 1 2 -6 0 0
-3 -78 -402 -129 26 -60 -396 -27 4
-2 2569 896 -280 802 2549 893 -59 169
-1 -18 17 172 244 0 23 36 53
0 2 7 ~10 1 2 7 -2 0
1 -1 0 1 =2 -1 0 0 0
-6 14 34 17 -7 =12 29 3 1
-5 -3705 -806 55 ~263 -3710 -800 12 =55
-4 ~731 766 -411 ~393 -757 760 -86 ~85
-3 -24 -87 68 -19 -29 -81 14 -5
-2 42 14 -13 41 41 13 -3 9
-1 -16 11 10 14 -15 12 2 3
-8 33 2 0 -8 33 2 0 -2
-7 -56 81 -30 -21 -56 8l -6 -4
-6 12 27 -18 8 11 27 -4 2
-5 ~15 -2 2 -12 -15 -2 0 -3
-4 8 -9 9 8 8 -9 2 2
-3 2 8 -8 3 2 7 -2 1
-2 1 0 -1 1 1 1 0 0
-1 -2 2 2 2 -2 2 0 0
-10 7 -15 -15 -7 7 -15 -3 -1
-9 -9 -14 8 -5 -9 -14 2 -1
-8 3 0 0 3 3 0 0 1
-7 -1 3 -2 -1 -1 3 0 0
-6 -2 -3 3 -1 -2 -3 1 0
=5 3 0 0 3 3 0 0 1
-4 -1 1 -2 -1 -1 2 0 )
-3 0 1 -1 0 0 1 0 o
11 9 -19 19 9 9 -19 4 2
-10 0 1 1 0 0 i ) G
-9 0 0 0 0 0 1 6 )
-8 -1 0 0 -1 -1 0 0 0
-7 0 -1 1 0 0 -1 0 0
-6 1 1 -1 1 1 1 0 0
-5 0 0 0 -1 0 o 0 0
11 -1 1 -1 -1 -1 1 0 0
-10 0 -1 -1 [ o -1 0 0
11 0 -1 1 0 0 -1 0 0
11 0 1 -1 0 o 1 o 0
11 0 -1 1 0 0 -1 0 o



Table A-2. {(Cont.)
Secular Terms

a) Mercury on Venus

DX oY Dz
(IN UNITS OF 10#x%(~16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J Cos SIN Cos SIN cos SIN
0 2389270 0 1494695 0 -5758 0
1 8002 ~1705 ~1705 13454 560814 1208149
2 =796349 -498220 498208 ~796330 1919 4135
3 -8176 =-5115 5115 =8176 10 21
4 =75 -47 47 -75 0 0
NDZ NU U/CosS (1)

(THE TERMS ARE IN UNITS OF 10#¥(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#¥
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J cos SIN cos SIN cos SIN
0 -14 0 5 0 -6 0
1 2032 -3249 1624 1016 572 1232
2 3 -6 6 3 2 4

A-30



Table A-2. {Cont.)
Periodic Terms

b) Earth on Venus

[

LURNE.XN X NN NB VL VR VI VY e e e R Rl ol COO0O0OC

R WW W W W W W e

FPEDET PP E P

WA AT Ut U e

X by Dz ysCosi
(IN UNITS OF 10%#%(-12)) (10%%(-4) SECONDS OF ARC)

K cos SIN o] SIN cos SIN cos SIN
0 ~1473 0 7332 0 475 [} 1 0
1 -302376 12483 12683 ~310581 o 0 0 7
2 -5519 7394 ~7204 ~5840 2639 ~537 8 .2
3 -358 ~1018 999 ~387 117’ ~309 0 -1
4 -] 14 13 4 -4 -12 0 0
5 3 -2 2 3 -1 0 0 0
-6 1 2 F -1 [} 0 0 o
-5 o 4 3 0 -6 6 0 0
-4 ~694 32 9 706 -31 218 [} 1
-3 ~51194 ~26861 ~-26850 51409 1809 626 5 2
-2 ~5846015 -3265038 ~3254408 5857364 264591 -31356 755 -89
-1 203234 -54263 ~42599 ~183149 -4859 12444 -14 35
0 9116194 5102456 =5056484 9125725 -180009 385898 =513 ~1100
1 ~50458 54878 ~54331 ~50788 6372 1050 8 3
2 147 -2694 2692 100 393 -324 1 -1
3 13 ~35 34 12 4 ~19 0 0
4 4 0 [ 4 -1 0 0 0
-7 0 2 2 0 0 0 0 0
-6 [4 -3 -3 0 -5 2 0 0
-5 -606 -826 ~846 604 93 1ls 0 0
-4 -57920 ~96188 ~96237 58031 509 605 1 2
-3 ~6128317 -9895375 -9892884 6137627 85098 35079 243 100
-2 18588 241731 272792 =50907 -27942 20478 -80 58
-1 14683308 23523306 -23713718 14780147 22223 -31058¢ 63 -886
0 27981 76466 77481 27878 19128 17835 55 51
1 11797 -13804 13834 11740 833 -93 2 o
2 144 -158 158 lal 19 -22 0 0
3 6 0 0 5 0 -2 0 0
-8 s 2 2 0 0 0 0 0
-7 3 10 10 -4 -4 0 0 0
-6 32 549 537 -4l -96 39 0 0
-5 3623 59253 59201 -3581 85 360 0 1
-4 239335 5593968 5592159 -233328 26600 33159 76 95
-3 ~3791057 ~3918781 -3977124 3782039 47112 3178 134 -9
-2 -809399 ~19450490 19385374 -1019625 136488 -208654 389 -595
-1 4612013 4728021 ~4726063 4613268 ~13922 -64159 ~40 ~183
0 15383 43447 -43372 -15428 1212 186 3 L
1 =165 310 -309 -169 43 ~17 0 0
2 2 7 -7 2 0 ~3 [ 0
-9 -1 1 1 1 0 0 0 0
-8 0 7 7 -1 -2 ~2 0 0
-7 o 81 76 -9 ~71 ~9 0 0
-6 -2543 6459 6427 2552 -35 177 0 1
-5 -280257 558209 555326 283143 3653 21720 10 62
-4 -213869 -789831 799964 198794 10809 5107 31 15
-3 1329323 ~2706891 2688297 1347672 244083 -12832¢4 696 -366
-2 395057 1498232 -1495925 398997 6964 -23498 20 -67
-1 686 11576 -11452 684 1895 2092 5 6
0 309 -39 43 305 72 12 [ 0
1 5 5 -5 5 3 ~3 o 0
~10 -1 0 0 1 0 0 1} 0
-9 -2 6 7 2 0 ~2 0 0
-8 5 48 49 -1z -40 -30 1} 0
-7 -1195 1182 1168 1194 -50 75 0 0
-6 -127613 17436 74840 128356 «4072 11502 -12 33
-5 355310 =1434012 ~1433347 365750 6343 4843 18 14
-4 ~954865 ~2588568 -1415784 2650849 1051657 24580 2999 70
-3 ~1050803 3968559 =39567202 ~1022870 5313 -13511 15 =39
-2 1618728 1822453 -1822267 1618777 3638 19759 10 56
-1 15678 12938 -12931 15676 101 129 (] 0
o 133 106 -106 133 5 -1 [ 0
1 1 2 -2 1 0 0 0 0

A-31
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-11
~10
~9
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-10
-9
-8
-7
-6
-5
-4
-3
-2
-1

-13
-12
-11
-10
-9
-8
-1
-6
-5
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-3
-2

-14
-13
-12
~11
-10
-9
-8
-7
-6
-5
-4
-3

-15
-14
-13
-12
-11
-10
“9
-8
-7
-6
-5
-4

-16
-15
~l4
-13
-12
=11
-10
-9
-8
=7
-6
-5

-17
-16
-15
-14
-13
-12
-11
-10
-9
-8
-7
-6

-18
-17
-16

-2
-

-8

-511
~53679
-106246
385237
401318
84530
-562

-1

-7

-23
~203
-18927
=29520
227749
149254
=-63985
3972
95

-8

=37
-110
-5430
=103AK5
-22780
70543
29R552
~1060

=447
-5

-1

=46
~114
-808
=2343
481
34725
39346
-13712
~80

-4

~47
-153
337
120
-14935
18571
15326
-31041
-1518
1

=37
-188
291
709
-16831
-5382
B152
12669
~4866
=36

-14
-188
-36
645
-12509
-5025
2056
2680
=2686
-45

13
20

45

307
7009
101098
-291527
~4164342
363493
1710

12

38

104
~7402
5876
-5618
~60690
205372
9361
80

-1

1]

24

86
-6324
-2738
172310
~-352022
-270748
405935

2423
18

-2

-5

5

85
-3464
~-3383
64344
9846
-8778
24246
240

3

-2

-9
«18
54
-1443
«1915
33107
11700
-5237
18341
7901
70

-1

-42
-16
-416
~748
13136
11614
394
-167
6181
25

=11
=61
-116
-81
-67
2149
5329
3017
1317
1080
19

-8
-70

Table A-2.
b) Earth on Venus

49

303
5255
105128
~2081726
414787
=~363337
-1699
-12

-1

41

103
-8290
10052
-180422
33694
-205385
=-9350
-79

-2

271782
~405926

=-2422
-18

-2

~5

6

74
<3350
-1710
~61032
-37822
8040
~24256
-239
-2

-2

-9

~-19

38
~1208
~-1350
-34588
=-26032
~14124
-18440
~7900
=70

-1
~11
44
-33

-213
-915
-14272
-11591
~9669
181
-6182
-25

~11
-62
-132

-637
-2697
-5890
-4083
=1558
-1085

-79

-5
-69

513
53265
98868

499547
398972
84826
«559

23

209
18108
27875
170114
163374
-63206
3983
95

39

119
4661
10855
161138
66255
296379
~1033

4046
-5

4B

122
287
3711
17426
18795
39462
~13667
-79

48

157
~588
1340
-11005
-5434
11932
-30925
-1516

-2

-1

3%
184
=343
464
=-15817
1329
197
12645
~4863
«36

-2
-1
12

175

115
-12430
-4057
~58%
2565
~2681
-45

-3
-14
-23
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-15

-37
-5307
-514
~163944
22428
1981

94

-23
-4117
«1049

-24741
31409

2259

-24

10

~15
=?2460
~1053
~T67
~-59896
3282
1293

12

-9
-1110
=770
4772
~2295
2802
420
-5

o0

-1

=32

28
4662
2832
~B4uil
=2543
5429
159

-25

A91
1500
-42030
11779
-2027
513

=15

T4t
528
21147
-69214
476
-1985

-6

-2
-1149
-30
-9229
-10829
1418
-222
33

-4
-974
-265

-3082
-4153
6314
~30
103

-5
-626
=296
=253

-1525
~3563
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-34
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=306
-227
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16
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le
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17
17
17
17
17
17
17
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18
18
ls
18
1B
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18
is
is
18
18

~18
=17
=16
~15
-14
-13
-12
~-11
~-10
-9
-8
-7
18

-18
-17
-16
-15
~14
-13
~12
-11
-10

-9

-8

18

-18
-17
-16
-15
-14
~13
-12
~11
~10
-9
-8
17
18

-18
=17
-l6

-15
-14
-13
~-l2
=11
~10

17

18

-18
-17
-16
-15
-14
-13
-12
-1
-~10

16

17

18

~131
-297
402

-7185

~4765
-38829
3654241
190288
-3665521
-25090
-193

-2

1

17

55

-8
-357
144
-3041
-2917
~1080
312
584
-473
-4

15

90
135
=165
-90
=651
-1553
=790
-14
l44
-384
~41

123

361

=297
217
~546
474
=247
163
202
-219
-1
10
672

931
-1464
66

56
-203
~146

-17

13

-39

3568

=-1721
-2041
320
-29
-84
~11
7
-60
-76

606
6168

~225
~156
263
~2431
1295
~-28809
-3166615
27731
3178772
21585
166

1

4

-65
-309
-436

387

-3263
-425

T46

581

456

101

18

-26
~354
~762

389

-2400
-1160

129

376

194
~l26

86

-282
-1017
300
-1159
~1l84
-170
56
103
222

19
152

-742
136
-261

-897
=240
-3
57
52
-20
-41
«~50

-881
239
~543
-188
~-45
46
33
-94
~12

334
=-llla

Table A-2.

(Cont. )

b) Earth on Venus

=234
=146
-480
2254
-2110
-32804
~3168665
-26930
~-3178736
-21584
~166

-1

4

~51
~306
-482
-374
3262

293
-958
-1705
=463
~101

18

-24
-287
-803
-262
2442
1108
-197
-272
=257

123

-22

86

-179
-916
=106
1172
1166
148
-183
-117
=221
-9

19
152

-989

212

892
238
-17
-36
-53

-4l
-50

1120
=356
544
130
40
21
-8
93
12

334
~-1123

109

347

-61
-7270
-3675
37512
-3653337
190030
-3665477
-25089
-193

-2

-1

-17
-66
-18
355
-193
-3093
-2910
-823
-283
578
-473
-4
-15

-98
~231
90
=317
-624
-1578
-769
-335

-384
~41
-2
-123

-398
~594
-426
302
-568
-479
=134
-198
201
-219
-1
-10
-672

-1021
-1488
169

40
=208
-142

-59
10
-39
-33
~-3568

-lele
-1964
308
-29

-55
-90
-60
-76
-7
=606
-6165

A-33
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[Nk -3V
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-73
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Table A-2.
b) Earth on Venus

(Cont. )

NDZ NY D {LONG.)
mmecememenee (N UNLTS OF 10#8(<4) SECONDS OF ARC)omemvemsccew
cos SIN cos 3IN <0s SIn

] [ =871 o o []

0 o ~21 42 0 o

39 -13 11 33 39 =13

o ] 1 ] 1 -1

lé 17 16 -l i% 20
-l4 92 60 & «177 385
=23780 42701 9320 5190 ~23761 “2696
=178 =906 293 —hb =340 ~613
14 14 -1t 56 . 12 10

1 0 [ 1 ra 0

3 14 14 -3 -4 18
~172 83 16 145 -A29 491
-96000 59500 264519 395560 =495991 59498
1551 =392 60 321 895 16
195 171 ~105 120 200 172

2 4 0 2 3 2

-2 8 8 2 3 8
i -25 ~20 =126 598 =hé
71393 -3348 -1844 =39331 71221 ~3184
-2525} 23978 2360 2332 -24763 23953
-11s ~442 182 =45 -28% =278
3 1 -1 2 0 ~1

-h 4 4 4 -3 4

4 -9 -3 -20 77 22
9290 4619 3022 6076 9244 4630
-6609 1684 538 2013 ~6546 1716
~23 18 ~28 -9 -68 30

4 7 -5 3 3 7

-4 1 1 4 -3 1

8 -7 -2 -8 20 12
1881 2782 2031 -1376 1785 2755
«15378 =-4065 -1899 1263 =15439 «3959
=10804 9784 =518 =540 ~10909 9156
-1 55 -30 -1 =76 121

[] o 0 ] 1] i

-2 -1 -1 3 -2 -1

k¢ -3 ¢ -6 8 6

137 1415 mnz «109 167 1425
1679 1417 852 -881 1468 1430
=1761 394 16 325 ~175% 403
4 -7 1 1 -8 -4

-1 -1 -1 1 -1 -1

[ 0 3 -4 & 4
=271 621 518 226 -270 624
161 522 363 «108 153 525
-852 =268 ~100 320 -851 264
-60 33 -8 ~l4 -&6 31

0 1 -1 ] -1 2

Q -1 -1 ] <] -1

4 2 2 -2 2 3
-278 212 lg4 242 ~279 214
=45 223 170 35 =40 232
1012 1109 586 «534 997 1130
-2213 -17 1 FE 3 ~-2206 -9
3 -4 2 t -12 -l

o -1 -1 [} [} -1

2 2 2 -1 i 3
-189 27 24 170 -189 28
-3 85 68 60 =14 86
30 136 38 =19 28 136
~109 -63 ~16 29 -109 b2
-1 ] o -1 -2 o

1 2 1 [] 14 2
«10} -38 ~36 93 -101 ~38
=57 21 17 49 -58 21
=14 L 33 11 -15 44
=73 -123 =54 32 -73 -123
-50 -8 1 -5 -50 -9

[ 0 4 -1 -1 4

o 2 1 o -l 2

ey -47 ) 38 =40 -48
=3% -6 -5 31 -35 -5
-16 16 12 13 -i6 15

1 46 26 o 0 55

«31 -25 -3 4 -3l =24
[} ] o 1 ] o

-1 1 o 1 -1 1

-7 ~35 =36 7 -7 =36
«17 -13 ~12 15 «17 =14
-11 2 2 9 =11 2
-5 9 6 3 -5 9

-5 =11 -4 2 -5 =it

.1 o [ o -1 0
-2 1 0 0 -2 1

6 -20 -22 -7 6 -20

_s -12 -11 H -5 ~13

D LOGRY
(IN UNETS OF Luasi-9))

<os

~163
-6

2
0

=37
499
21

637
110
-7
-1

-

236

STh

o~0o

-24
-ig4

~1
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~-18
-17
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7
-208

-2

22
77

-8
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-3
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-2
-1

-1
-1
-2
-2
-1
-1
-1
-2

-4
-2
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-5
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-2
18

Table A-2,

(Cont. )

b) Earth on Venus

=2

362
-35

=10
-8
-3

-2
-4
-2

-1

-1
-1
-1

-4

-1
i0

-5
-6

18
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-228

~18098

Secular Terms

b) Earth on Venus

Dx

(IN UNITS5 OF 10%%(=1A))

(7O BE MULTIPLIED BY TIME IN

cos

6996624

27761

-2331989

«23942
-219
-2

SIN

4]

6272
-1832744
~18816
-172

-2

NDZ

CosS

5498362
=-6272
1832702
18816
172

2

Ly

-122
-1

OO OPmmO

5
~-208
-1

=2

79
72
43
-1

-8
-9
-3

-2

-1
-2
-5
-2
-1

-1
-1
-2
-2
-1
-1
-1
-2

-4
-2

10

-5
-6

-2
18

DAYS FROM EPOCH 1850.0)

SIN

0
43724
-2331935
-23942
-218

=7

NU

V¥4

cus SIN

-247917 4]

24146881 -33386830

82636  -114258

424 ~587

3 -l

o ]
UscoseId

ocooDOoOCcoOoO0DO

(THE TERMS ARE IN UNITS OF 10#x(-6) SECONDS OF ARC AND ARE TO BRE MULTIPLIED 8Y ANxT

WHERE N=THE MLAN MOTION OF THE DISTURBED PLANEY

J

WA O

Cos

=51
7476
13

0

SIN

-9514
-16

cus

20
4757
16

0

A-35

SIN

3738
13

cus

=253
24625
a4

0

SIN

34048
-117
-1

(RAD/DAY) AND T=TIME IN DAYS FROM £POCH)
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~-10
-9
-3
-7
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-3
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=1
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Table A-2.
Periodic Terms

c) Mars on Venus

DX
oS SIN cos
792 0 276
-5699 -19 =12
717 275 =276
10 2 -1
0 2 2
190 101 102
49946 -21930 ~21912
25066 ~1898 1025
~104828 46717 «46309
-17618 551 -552
-326 -42 42
-3 [] 1
4 -6 -6
374 ~483 ~483
29075 ~31779 ~31801
36141 ~17408 ~-18978
-112783 127543 ~-128176
-52128 28019 -28012
-2117 321 -320
=25 2 -2
(1] 0 0
26 31 32
3109 -1837 -1821
389573 «435732 ~434923
1760593 ~1131042 ~1092828
~1145098 1303591 ~1306175
~1802578 1145768 ~1145753
~14483 8183 -gle3
-117 64 =64
-1 0 0
0 -1 -1
[¢] 0 1
4] 0 -2
-l 0 1
[¢] 0 -1
-5 -l6 -15
-49 =345 ~353
~106% 3507 3203
-13800 20681 12740
6001 -17415 16320
31601 ~37329 37359
224 137 ~138
7 -1 2
0 -4 -4
-1 0 3
2 2 -6
-1 0 2
3 4 2
33 55 59
-121 -470 ~379
-1590 2563 4416
-5670 11414 3650
4158 «14039 14060
9569 ~11872 11874
72 -19 78
0 -10 -10

DY
{IN UNITS OF 10%%(-12))

SIN

-5567
714
10

-192
~49913
-22437

=106511
-17602
=327

-3

-5

~373
=-29083
~34550
~119952
-52223
=2116
=25

-1

-28
-3112
=389630
~1746213
-1158556
-1802551
-l4482
~117

0

0

~NNO O

1226
14548
4661
31693

~-225

A-36

(Cont. )

DZ

CosS
167
0

-7

-3
-60
-422
1272
286

-48

~2285
714
27

28
-152
-29798
-499
2800
le2

MOOOO

~20
380
228
-85

-3

SIN

-NC O

-8
619
644
918
486

-6

-137
491
~480
489
41

31
-59
7853
=264
1797
10

coocoQ

-5
-228

-256
-43

~19

ocoCooO

-2

-297
=50
=13

-2

(1O%#(=~4)

€os

ocoCc o

)
OQMPOOO

CON~NDOOOO

1
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SECONDS OF ARC}

SIN
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~-10
-9
-8
-7
-6
-5
-4
-3
-2
-1

10

-9
-8
-7
-6
-5
-G
-3
-2
-1

10

-9
-8
-7
-6
-5
-4
-3
-2
-1

i0

=3

-2,

-12

153
~5952
-87359
14676
92177
636

-2
-6

-33
-58
293
=76
=51
~723
166

-3

-12
3
12

-121
195
-96
143
=184

-8

-19
-3
-3
46

-98
-8

646

431

-806
-4

-1

-15

~15
41
-54
16
47
-41
-4
-2

-3

-9

-2
-6
87

17117
116545
-53739

~120085
-822
-6

-23

-4

-3

-9

39
=33
~1941
1725
2936
=213
-2

-4

-15
25
-6

-17

-61
-862
928
848
-2

-64

-24
32

-19
-7
-644
-4108
2215
4262
27

-1

~75

-58

15
~14

116
~108
~-182

21
-2

-7

Table A-2.

-11
-10

=363
19155
111544
53851
120084
822

-23

14
~19

-16
-509
-b34

-1038

-2939
213

44

24
-25

-4

68
-387
-190
-896
~848

-64

26
-30
-4

38
-814
-3787
=-2206
-4262
=27

-1

-75

-1

12
~1l6
352

4771
87941
14786
92176

636

-3
-3

=133
363
=709
459
-725
166

-2

-8

46
=170
268
-325
le8
-184

-4

-18

~13
66
-125
258
-853
441
-806
-l
-1

-7

-17
-22
~74
41
-58
-42
-4
-3

-6

A-37

(Cont. )

¢c) Mars on Venus
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10

-2
-1

-3
-2
-1

-4
-3
-2
-1

-5
-4
-3
-2
-1

-5
-4
-3
-2

-6
=5
-4
-3
-2
-1

-6
-5
-4
-3

-2

-6
-5
-4
-3

=5
-4
-3

4

cos

=195
=2

-4
455
~-128

-1

49
-4942
-6404

-4

-1
-12
58
154
-3

-12
50
55

~1
~8

203
666

-1

-5
~12

-3
-h

-8
-23

NDZ

Table A-2,

c) Mars on Venus

U

mmmmemmm—aee {(JN UNITS OF 10%%(<4) SECONDS
SIN cos SIN
o ~16 0
0 4 2
4 2 -3
-443 -159 70
-115 18 o]
-3 2 0
-2 -2 3
-4l4 -250 274
-244 -50 27
-15 5 0
0 0 ~1
12 7 -34
-4362 -2209 2502
-10110 -133 88
-25 12 -2
o 0 0
(v} ¢} 0
1 1 10
18 13 -39
131 50 ~-59
-3 1 -1
-2 -1 -2
i 1 10
15 9 =30
45 10 -12
1 1 0
-2 -2 -3
1 1 6
56 29 ~104
512 13 -17
0 0 0
1 1 1
-1 -1 -2
1 0 3
-3 -1 5
1 0 (¢]
1 1 0
-1 -1 -1
1 0 2
1 0 1
0 0 4]
2 1 4
wly ¢} 1
4] ] 0

A-38

(Cont. )

n 1o
OF ARC)weomee

cos

-19%
-3

-7
=456
-131

-2

15
-4985
-6438

-48

-1
-12
59
154
-2

-12
50
55

-1
-6

208
668

~1

-5
~12

-3
-4

-8
c-23

NG )

-444
=118
-4

~5
=416
=246
~17

-19
~4431
~10140
-94

-1

19
131
-2
-2

15
45

-2

59
513

-1

-3

(IN UNTTS OF 10#%(=-9))

cos

-1
=53
~-10

-2
=472
25
10

[
cowoc

cooC [=] cocCco oW OO0 NNOO

coc

D LOG(R)

SIN

oCc

-4
531
15
-5

-8
~12

-6
-3

-1

-22

e OO

DOO0
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Table A-2, (Cont.)
Secular Terms

¢c) Mars on Venus

DX DY D7
(IN UNITS OF 10%%(«16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J Cos SIN cos SIN cos SIN
0 280020 0 -727738 0 -2646 0
1 973 830 830 1612 257751 ~142306
2 -93331 242574 -242568 -93329 882 -487
3 ~958 2490 -2490 -958 5 -2
4 -9 23 =23 -9 0 0
NDZ NU UsC€os(l)

(THE TERMS ARE IN UNITS OF 10%%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#7
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN Cos SIN cos SIN
0 7 0 1 0 -3 0
1 -990 -381 190 ~495 263 -145
2 -2 -1 1 -2 1 (0]

A-39



Table A-2. (Cont.)
Periodic Terms

d) Jupiter on Venus

<

cCcocoeco

W W W WW W W W W NRRNNNRN RN 0 o i i

[CRURVECRURURU RV ) > PrPPPPED

L - - O -

@ oot B N )

E-AC R )

PWNEO

-6
-5
-4
=3
-2
-l

-6
-5
wle
-3
-2
-1

=7
-6
-5
-l
-3
-2
-1

-7
-6
-5

-3
-2
-1

-5
-5
-4
-3

-1

-6
-5
-6
-3

DX DY Dz u/s€os L1

C(IN UNITS OF 10%%(-12)) {10%#* (~4) SECONDS OF ARC)
(4213 SIN €0S 5IN [<:1 SIN [<:1] SIN
10425 0 4297 0 2007 0 6 0
~315417 1130 1248 -317973 ¢} 0 [4 0
6090 4289 ~4301 6086 -158 -381 ] -1
-168 ~167 167 -168 -2 -2 0 v
-3 -2 2 -3 0 0 ] 1]
2 -1 -1 -2 0 0 (] 4}
189 -127 -127 -189 0 0 0 0
18303 ~16393 ~16393 ~18304 -13 21 [*] [
1287066 ~2390328 =~2390523 ~1287044 =941 7085 -3 20
27171133 -122359 ~14027 -2829179 -86058 13244 ~245 38
=3586734 6808874 ~6761110 ~3615524 18453 -15575 53 -44
=2675182 96375 ~96272 -2675302 76280 27744 218 79
-23214 -6884 6883 -23214 255 71 1 ]
~206 -86 86 ~206 1 [¢] 0 0
-2 0 ] -2 0 0 ] 0
45 ~50 -50 45 0 0 0 [
-3997 -4898 -4898 3997 -2 -1 0 0
-256828 -372265 =372231 256834 -363 -219 -1 -1
~61567 ~448058 ~447549 73909 39 3122 [} 9
1624708 2201934 ~2167094 1419368 120687 561872 344 1602
197145 1224184 ~1222035 197305 1141 ~-9250 3 ~26
-91652 -9973 9981 ~91663 2720 1032 8 3
=630 -397 397 «631 ? 2 0 5}
-6 -5 H -6 ] 4] s} 0
3 -1 ~1 -3 [ [ 0 o
215 =75 =75 =215 0 [ 0 [+}
11720 «2524 ~2532 ~11720 31 -18 0 0
-52244 -70758 ~72087 51117 -35 -65 0 0
~-139821 -31006 -63642 =114634 7851 24496 22 7
300641 410052 -405364 290853 15421 65961 44 188
34553 123967 =123844 34613 88 -1129 0 ~3
-4027 ~1419 1420 -4028 125 53 ] 0
-21 -28 28 -21 [ [ 0 0
-1 14 14 1 [ 0 0 0
-153 547 548 152 0 3 0 0
3149 -715 ~502 -3220 9 0 0 0
~4060 -18397 =775 10422 =315 330 -1 1
-34112 456 -9165 -31479 2097 565 6 2
40250 53242 -52782 39731 1505 6048 “ 17
3468 10928 ~10921 3493 8 -110 0 o
~195 ~134 135 =195 6 3 0 ]
0 -2 2 o 0 [ 0 0
25 -23 =23 26 0 0 [] 0
~43 191 186 71 0 0 0 0
1096 488 =701 19 -11 -35 0 o
147 ~4048 1838 1885 =102 114 ] 0
=5475 508 -1264 -5242 357 a7 1 0
4641 5932 ~5891 4612 132 505 0 1
301 909 -908 301 0 =10 (] o
-10 -11 11 ~10 1] 0 [ 0
2 0 0 -2 0 0 0 4]
-12 -9 ~-12 9 0 Q o 0
-86 61 17 -63 3 [ ° 0
304 226 ~257 157 -5 -14 0 o
97 -707 472 288 -20 23 0 0
=718 98 -162 -699 49 11 [} 0
492 608 =605 490 11 40 [} o
24 73 -73 24 0 /] 0 0
1 1] 0 -1 0 0 0 o
-1 -10 5 4 1] 0 0 0
-38 17 ~5 ~35 2 0 0 0
&4 54 ~58 46 ‘-1 -3 0 ]
18 ~104 80 38 -3 4 ] ]
~A3 14 19 -82 [ 1 [ 0
49 59 -59 49 [ 3 0 0
2 [ ~6 2 o [V} 0 [1}
(] -5 4 1 [ 1} ] 0
-10 4 =2 «~10 0 1} [ 0
11 10 ~10 9 0 [+} ] 0
3 ~14 11 5 0 0 0 1}
-9 2 =2 -9 (] [} [+ a
5 6 -6 H o o [ [
o] -1 1 0 [ 0 (] 0
-2 0 0 -2 (] ] [+] (1]
2 1 -1 1 0 [} 0 ]
0 -2 1 0 [+} 4} [+] ]

A-40
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-3
-2
-1
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-2
-1

-4
-3

-1

-5
-l
-3
-2
-1

=5
-t
-3
-2
=1

-5
&
-3
-2

€05

roo

112
-26165
=294
90

-24
-7290
-4705

109

-2
-56
~1366
477
14

27
-16
-178
—42

-2

-3
-20
-l

Table A-2.

(Cont.)

Jupiter on Venus

NDZ NU O (LONGW} D LOG(R}
mennemmmesme (JN UNITS OF 10##(~-4) SECONDS OF ARC)m=mcacacanms {IN UNITS OF 10#%({~9))
SIN cos SIN oS SIN cos SIN
0 =903 o [+] o -190 0
0 41 25 o ] 9 5
- 3 3 4 -l 1 1
0 -l 0 -l -2 [ o
-133 =101 =59 58 ~-229 «33 4
~13883 ~6651 12533 ~26166 -13990 ~1411 2639
~15521 381 a3 473 -15616 90 =12
~56 30 47 86 ~-163 18 9
(¢] )] [ 1 -2 0 0
[} 0 0 -1 1 0 4]
36 36 28 =-T4 71 11 11
5072 3612 5192 =7322 5078 761 1096
716 382 2203 4754 T46 72 459
-559 30 12 77 =554 6 =1
4] ] 2 5 -4 0 1
-3 -3 2 -3 -b -1 0
-395 ~324 “7 -65 -388 -67 11
994 697 961 =1369 993 147 203
126 62 217 486 133 12 “5
-26 2 2 11 -25 0 o
0 0 0 1 0 [¢] o
9 8 =23 27 9 2 -5
-102 -Ré& 13 -17 ~102 ~18 3
136 94 124 -179 135 20 74
13 6 19 =43 14 1 4
-1 0 0 1 -1 0 0
2 2 2 =2 2 43 0
3 3 -8 9 3 1 -2
~17 -1l4 2 -3 ~17 ~3 1
16 11 14 «20 16 2 3
1 1 1 -ly 1 o 0
1 1 1 -1 1 ¢} (¢}
1 1 -2 2 1 o 0
-2 -2 [+] [¢] -2 o o
2 1 1 -2 rd 0 [¢]
Secular Terms
d) Jupiter on Venus
(124 vy D7
{IN UNITS OF 10#®(-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)
N £as SIN cus SIN cus SIN
4] 4490422 0 ~64T74580 ] -62291 [}
1 15367 7386 7386 25613 6067107 ~14726728
2 1496667 2158143 ~2158092 -1496632 20763 =-50399
3 =15366 22157 -22157 ~15366 107 -259
4 ~140 202 202 ~140 0 -2
5 -1 2 -2 -1 [+ 0

N

cos

60
-8804
-15

NDZ
(TF TFRMS ARE IN UNITS OF 10%%(~6) SECONDS OF

SIN

0
-6106
-10

cos

10
3053
10

A-41

U/Cos(1)

NU
ARC AND ARE 70O RE MULYTIPLIED RY NaT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY} AND T=TIME IN DAYS FROM EPOCH)

S5IN

O
4402
~15

ws SIN
~th ]
61487 -15018

21 =51



Table A-2. (Cont.)
Periodic Terms

e) Saturn on Venus

[P VOR VR TR TURTUR TR T NNRNNNNNONR B o ot P cCo0o

ococooco AT O O AT EaI i R

~

WN O

-5
-4
-3
-2
-1

. =5

-4
-3

-2
-1

-4
-3
-2
-1

-3
-2

-1

DX DY Dz U/€os(I)

(IN UNITS OF 10#%(-12)) (10##%{=4) SFCONDS OF ARC)
€0s SIN cos SIN €os SIN €os SiN
277 1} 93 [ 22 o 0 0
-15068 -28 25 -15199 0 o 0 o
70 92 =93 70 0 -6 [+] 0
-10 5 -5 -10 0 0 0 [¢]
=13 =16 ~-16 13 ] o} 0 0
~1352 ~1554 -1554 1352 ] 0 0 0
~122458 ~-104787 ~104790 122460 73 128 0 [¢]
367292 =252 =5644 ~366877 ~8301 1318 =24 4
368661 308923 -305934 364580 ~497 -257 -1 -1
-357803 4302 4309 -357805 9455 -2003 27 -6
-3136 =459 “59 -3136 32 -7 0 0
=27 -5 5 -27 o] 0 0 0
(4] 2 2 0 0 0 0 [¢]
56 234 234 56 s} 0 0 0
3547 18367 18366 ~3547 o] 4 0 0
-5131 20925 20693 4957 ~61 181 1] -1
-7899 -113970 110054 -36553 ~22915 ~54900 -65 -157
14657 -60745 60855 14432 169 568 0 2
~13672 1599 -1600 -13673 376 -96 1 0
~131 -6 6 =131 1 0 ] 0
-1 0 4] -1 0 0 0 o]
-2 ] 5 2 (o] 0 0 o
~125 303 303 125 4] 0 o 0
756 3749 3755 ~768 0 2 [} o]
1304 719 6122 1582 -57 134 0 0
-3944 ~22893 22402 ~5345 ~3030 -7222 -9 =21
368 ~9812 9817 353 25 78 0 0
-656 186 ~186 -656 19 -6 o 0
=7 (4] 0 -7 s} o 0 o
-8 4 4 a o [ 1] 0
-37 80 80 37 2} 0 0 o
227 483 580 2 s 3 o 0
413 -378 1168 401 =15 43 0 0
~638 -3198 3148 ~711 -315 -741 -1 -2
=22 -1114 1114 ~-23 3 8 o 0
=34 18 -18 =34 1 0 1] 0
~3 1 1 3 0 "] [+} [
0 16 13 13 o 0 o 0
56 46 a2 28 -2 1 0 0
74 -99 181 71 -3 8 0 0
~82 =38l 377 -85 ~30 -69 0 [\
~5 -112 112 -5 o ] 0 0
-2 2 -2 -2 [+] o 0 o
2 3 1 4 o o) 0 o
11 3 11 8 0 0 [¢] 0
11 -17 24 10 o 1, [ 4]
-9 -42 41 ~10 -3 -6 0 0
(4] =11 11 [+} [¢] [ 1] [¢]
2 0 1 1 [{] o o ]
1 -2 3 1 0 0 [ 0
-1. -4 4 -1 o 4} 4] o



W ww NN st

E RN

-0

-2
-1

-3
=2
-1

-3
-2
-1

-3
-2
-1

-2

Table A-2. (Cont.)

e} Saturn on Venus

NDZ NU D {LONG.)
mmemeemmees (IN UNITS OF 10%#%(~4) SECONDS OF ARC)=reeccmmwem=
cos SIN cos SIN cas SIN

0 [¢] -43 (4] 0 0

0 0 1 1 0 0
-12 4 4 9 -20 14
~1175 1402 689 578 -1176 1388
~13 -2077 24 2 =21 -2067
6 -8 4 3 6 ~-22

1 -l -1 -l 3 -1
372 -73 =53 -268 373 ~73
230 57 27 ~114 232 56
-12 -80 2 -1 =10 -80
0 0 0 0 0 -1

9 4 4 -7 9 4
75 -15 =11 54 76 «15
37 2 1 -18 38 1
-1 -l 0 o] -1 -4
2 1 1 -2 3 1
11 -2 -2 -8 11 -2
4 [} 0 -2 4 0

1 o 0 -1 1 0

Secular Terms

e) Saturn on Venus

DX Ly
(IN UNITS OF 10##(=-16))

(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN cos SIN

c 97104 0 -78149 [¢]

1 332 89 89 554

2 =-32365 26062 ~26062 ~32364

3 ~-332 268 -268 -332

& -3 2 -2 -3
NDZ NU

cus

135&
~132277
-453

-2

0

D LOG(R)
(IN UNITS OF 10%#(=9))

cos SIN

-9 0

0 0

2 3

144 122

4 0

2 1

0 -1

-11 57

6 -24

0 0

o 0

1 -2

~2 -11

0 -4

0 0

0 0

0 -2

0 0

0 0

D7
SIN
0
673314
2304
~12
0
U/sCcostId

(THE TERMS ARE IN UNITS OF 10%#%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY Ns¥

WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY)

J €0% SIN cos SIN
[¢] 1 0 ¢} 0
1 ~106 -132 66 -53
2 0 0 o 0

Cus

1
~135

AND T=TIME IN DAYS FROM EPOCH)

SIN

-687
-2



(=R =N =]

NN NN s b e o

EE [EULTERVEELR TRV

(L RU RV

N O

4
-3
-2
-1

-3
-2
-1

-2
-1

e

NN

1
-
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Table A-2.

Periodic Terms

(Cont. )

f) Uranus on Venus

DX
cos SIN cos
6 0 0
-282 2 2
3 0 0
.34 35 35
=3104 2678 2678
16276 41 116
9698 ~7971 7968
-16113 ~115 115
~153 0 0
-1 0 0
1 ~4 -4
71 =332 ~332
99 ~1308 -1307
=50 2014 -1983
-287 3883 ~3881
~386 3 -3
-4 0 0
0 -3 -3
12 -55 ~55
36 ~-131 -180
-68 332 -329
69 459 =459
-7 0 0
2 -6 -6
5 -8 =20
~9 38 ~-38
-8 41 =41
0 0 -2
0 4 =4
0 3 -3
NDZ NU
.......... ~= (IN UNITS OF 10%#(=4)

c0s SIN cos

] [ -1

30 36 18

(4] ~93 o

0 0 0

-7 -1 -1

~15 -1 =1

o] -2 0

-1 0 0

-2 0 0

SECONDS OF ARC)

SIN
[¢]
-15
0
0

QN

oy
(IN UNITS OF 10%#(-12))

SIN

4]
-283
3

34
3104
-16276
9445
~16113
-153
-1

-1
-71
-101
-830
=296
~386
-4

~12
=11
-80
-69

-7

-8
-8

oco

A-44

bz

[gek}

>
o~o

-7
-15

=1
-2

cos

[~

-304
-8
442

0
V]
0
=330
3
0

{1.OHG.)

36
-92
-1

-1
-1
-2

oo

SIN

ocow

2631

oo

{10%#(~4) SECONDS OF ARC)

<

D LOGIR)

usCos(y
05 SIN
0 0
0 [}
0 o
0 0
0 0
-1 1
¢} 0
1 1
0 [¢]
[} o
o 0
0 0
[ [}
-9 8
0 0
0 0
[ (s}
0 0
0 0
0 [¢]
-1 1
o o
0 0
0 0
0 0
0 0
[¢] 9
[¥] 0
0 Q
o] ¢}

{IN UNTTS OF 10%%(~9))

cos

cCco (=R =

[ =3

SIN

O N =

oo



Table A-2. (Cont.)
Secular Terms

f) Uranus on Venus

(92,4 DY DZ
(IN UNITS OF 10%%#(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

N . C0S SIN cos SIN Cus SIN
0 -756 0 -2735 0 -100 0
1 -3 3 3 -4 9707 -13126
2 252 912 -912 252 33 =45
3 3 9 -9 3 (¢ 0
NDZ NU U/cosn

(THE TERMS ARE IN UNITS OF 1O#%(-6) SECONDS OF ARC AND ARE T0O BE MULTIPLIED BY N®T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN cos SIN cus SIN
0 0 0 =0 0 -0 0
1 -4 1 -1 -2 10 ~13
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-2
-1

-3
-2
-1
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Table A-2.

Periodic Terms

(Cont. )

g) Neptune on Venus

23
<€0s SIN cos
2 0 Q
~-86 ] 0
1 [ 0
0 ~16 ~-16
~81 +»1578 -1578
1774 «53 -43
291 4730 ~-4697
=1769 69 -69
-16 -5 5
-1 ] 1]
-108 14 14
~503 101 101
750 -82 84
2699 =~301 302
-119 -3 3
-1 0 o
-3 0 0
-17 6 -5
21 -3 3
54 -2 2
=2 4 o
NDZ
meemmemmemen (IN UNITS OF 10%%(-4)

Cos SIN Cos

~-18 1 1

(4] -10 0

0 2 2

1 i0 5

[¢] -1 [¢]

Ny

DY
(IN UNITS OF 10%%(-12))

0z

SIN cos
o 0
-87 0
1 0
0 0
8l 0
-1780 -86
266 [
-1769 65
-16 0
1 0
108 0
904 9
486 2543
2697 =27
-119 2
-1 [}
3 0
19 0
16 50
54 0
-2 0
D {LONGs)
SECONDS OF ARL)==mm=m m——
SIN cos SIN
9 -18 1
0 0 ~-10
o 0 2
=1 1 10
] 0 -1
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SIN

cooO

ONRNOC

-15

CONWOOO

cos

co

u/Cos(I
(10%#%(-4) SECOND5 OF ARC)
cos SIN
(o] 0
[¢] 0
0 0
0 0
0 0
0 o
0 0
0 0
0 ¢
[¢] o]
0 0
0 0
7 0
0 0
0 0
0 0
0 0
0 0
0 0
) 0
0 0
D LOGAR}
(IN UNITS OF 10##(=9))
5IN
2
0
0
0
0



Table A-2. (Cont.)
Secular Terms

g) Neptune on Venus

DX DY 774
(IN UNITS OF 10%%(~16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850,0)

J cos SIN cos SIN cos SIN
0 41 0 -1110 0 -4 0
1 0 1 1 0 389 -5284
2 =14 370 -370 ~14 1 -18
3 0 4 -4 0 0 0
NDZ NU uscosn

(THE TERMS ARE IN UNITS OF 10#x(~-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Ccos SIN cos SIN cus SIN
0 0 0 -0 0 -0 o
1 -2 0 0 -1 0 -5

A-47



[

cococcocc

[ RN N VR S VY XN N N ST NN P s e b R e

cooco oo [CRVRURC RV SCRCRV] rrPrEPEEL S W W

~

VR WNeO

-8
-7
-6

-l
-3

~8
-7
-6
-5

-8
-7

-8

Table A-3. Earth
Periodic Terms

a) Mercury on Earth

Dz

DX DY )

CIN UNITS OF 10%%(-12))
cos SIN c0s SIN Cos
-7601 0 2993 0 «2042
64782 445 ~244 64495 [
=5438 3025 -2988 5448 496
213 ~428 427 215 =25
9 43 =43 8 1
-3 -3 3 -3 0
o] 14 14 0 0
~330 778 778 330 2
-37131 56970 56967 37129 0
-2410 59470 58923 972 45
18539 «61467 31123 42466 2372
2991 ~17008 19008 946 =75%
840 1160 -1117 1791 169
58655 27092 ~27911 57918 3657
-165 13 -6 -164 53
11 -16 16 12 -6
0 6 -6 ] Q
116 82 80 ~-112 0
~l16 =73 65 46 8
97 =100 ~58 -158 -l
-144 330 329 161 0
~132 -882 -890 121 14
1047 1281 1280 -1048 «31
-51 =63 14 38 -15
98 112 -123 96 -7
5918 2747 -2815 5868 387
0 -3 3 4] (o]
0 1 1 0 0
43 98 98 -3 0
-5 -ty =3 & 0
23 2 -7 ~19 o
~48 4l 41 48 0
48 ~154 =154 -46 ¢}
66 257 253 -70 0
61 60 B8O -56 -11
6 21 26 7 8
7 9 «10 7 o
904 419 -429 898 58
-6 -10 -10 6 4]
& 2 0 -5 0
«20 0 9 i1 0
25 -28 -29 -25 o
-9 50 49 7 0
10 31 34 -7 -
6 11 2 -7 4
[+] 3 -4 (+] 1
1 1 -1 1 0
163 16 ~78 163 11
11 14 14 -11 [+]
-h -2 0 5 0
16 2 -10 -2 0
=5 9 8 5 [+]
-1 11 i1 2 ~-1
1 5 4 -2 [}
] 2 0 -1 0
32 15 -15 32 2
-19 -17 -17 19 0
.5 1 -2 [¢] 0
-9 -l 6 -6 (]
-2 3 3 2 0
0 2 2 ] 0
7 3 -3 7 <]
21 14 14 -2l [}
0] -2 2 1 o]
3 3 =l 5 0
2 o 0 1 0
-13 -6 -5 13 0
3 ] 4] 3 o
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~1l64
155
1360
-32
346
6671
32

~b

~l4
24
=27

~112
T04
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=21
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-3
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g e e e e o c

NN N

b~

-5
-4
-3
-2
-1

-4
-3
-2
-1

-3
-1

meemmmmmesme (IN UNITS OF 10%%(=4)

cos

[«R =N =)

-1
210
159
-34
~55

-1

-2

-6

NDZ

SIN

-0 0

-2
139

28
116
-2
-1

-2
i2

~N O

Table A-3,

a) Mercury on Earth

cos

133
~25
1

-1
-l4
-3
=20
124
~1
1

nNWw oo

~N O

NU

(Cont. )

D {LONGa)

SECONDS OF ARC)mmm=wew=c=—a=
SIN cos SIN
0 0 0
12 0 0
-l o 1
1 2 0
21 213 140
87 162 7
-26 -32 31
58 ~55 117
0 1 0
-1 -1 -l
1 1 0
-2 -2 0
3 2 -2

6 -6 12

1 ) 0

1 -1 2
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Cos
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Table A-3. (Cont.)
Secular Terms

a) Mercury on Earth

DX DY DZ
(IN UNITS OF 10#%(=-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850,.0)

J cos SIN Cos SIN cus SIN
0 294776 0 468326 0 6869 0
1 24173 ~1309 -1309 4121 -273009 481393
2 -98203 ~156087 156065 -98189 -2289 4037
3 -2471 ~3926 3926 -2470 -29 51
4 =55 -88 88 -55 0 0
5 -1 -2 2 -1 0 0
NDZ NU u/Cos(I

(THE TERMS ARE IN UNITS OF 10%#%(~6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N¥T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (KRAD/DAY} AND T=TIME IN DAYS FROM EPOCH)

J Ccos SIN CoS SIN cus SIN
0 -13 0 2 0 8 0
1 749 -471 236 374 =327 5717
2 3 -2 2 3 -3 5
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Table A-3.

(Cont.)

Periodic Terms

b) Venus on Earth

ox
<08 SIN cos
=20249 o 809
1430949 -T683 -8271
28239 -B964 [TY%
1364 ~l647 1408
57 111 109
] =15 14
o -1 1
0 2 H
1 16 18
-l LT3 39
-3683 -1783 -1829
~11194k -87328 37779
~12591840 7036122 7020711
19358 263243 =341374
TAT3335 «4387972 4372780
133181 ~T2282 71906
2917 -2T46 2121
t1] -113 112
- ~10 10
1 2 2
-9 42 “2
=1338 1490 1487
~TR498 78063 18022
~4TT3234 4910402 4909994
11343282 ~182467724 -18202836
3533696 ~3668150 3783793
-2865858 4657217 45646347
-73210 126257 ~l26446
-2138 2021 »2032
-68 16 -16
-8 -3 3
-8 13 13
490 591 591
-26868 30%68 30565
-1523473 1725313 1725188
=1370450 5265081 5262290
1929308 ~489599) «g47681
542349 =2001662 2030138
-2618 366186 =387876
-592 12252 12322
=470 =140 141
-31 -lé 14
b o L]
i 5 5
-87 269 269
~5765 14402 14403
~105338 466758 “6676%
=142929 =593191 ~557422
-356%29 =1093721 ~572928
31000 120178 ~108364
31493 68192 ~69057
1117 2587 -2593
~3R4 =29 3%
-23 -2 2
-k 2 -2
] 2
1 123
-a7 6680
1183 399619
~150221 -466324
~108248 =451146
~276492 -89602
18119 18398
12128 9764
552 469
-254 a8
~15 L]
-2 3
0 2 2
32 136 134
1555 7720 7720
2p652 49634 49593
=32176 -37097 -16861
~T12147 =-39091 3438
-180628 -13%569 ~21460
7237 933 -1037
2627 979 239
18l 56 -39
«128 132 =126
-8 [} -8
o 2 -2
2 3 3
112 184 184
8619 7085 70858
~122s1 -7208 6834
-16595 -1065 1975
~27480 8320 5193
-87262 39121 3a597
2720 -1489 =961
~12 540 [3%4
31 13 -3
-37 122 ~117
-2 8 -8
0 2 -2
22 19 19
1099 954 954

DY
{IN UNITS OF 10%&(~12))

SiN

0
1436872
27979
1364

57

0

0

0
~1

2

3509
112450
12643433
~85902
7869401
133178
2992
.87
i

-1

9

1341
78561
4774555
~11249701
3614489
-2862841
=73099
-2118
=66

-7

-1

ST74
105666
162079
471862

28504
35154
1194
=372
.22
-4

=22
=109¢

A-51

o2
cos SIN
867 0
0 [
~4628 -5527
-580 =236
-37 -5

-3 0

0 0

0 [

-y 1

45 36
-659 896
-5088 21875
-31368 -437723
15082 38389
~116117 -83778
6276 -2120
=415 51
~24 9

=1 2

0 o

-ty 4

-37 80
-486 1568
-15656 -48023
-174166 -267016
44679 -28791
~111310 ~13416
-1882 290
-223 175
-11 13

o 2

0 [

-2 9
49 248
4727 13336
166 -5981
-899635 -4T3979
~19339 -3174
-4815% 19657
-888 «93
~70 184

-2 12

0 1

0 0

o i6

173 278
~3156 -2851
37747 ~5411
144812 ~3248
-3548 2969
-16796 21089
-219 %06
20 136

2 8

0 0

0 0

0 1

3 11
~1511 -783
~5587 453
78624 ~2862%
3486 -20204
-1173 2666
-2455 16695
-39 262

60 16

3 “

o °

[ [

2 1

87 EY
~300 -36
-6899 3495
5960 -6852
2280 -13907
161 1834
2883 8095
30 1y

63 2

- 1

° o

o 0

3 0

-7 13
434 362
1748 -2580
720 ~3324
240 -1701
669 983
2837 3371
36 H

.8 -6

2 [

0 0

[ [

o 0

H2L0sih
{10%81+4) SECONDS OF ARC)
€05 SIN
-2 o

0 o
-10 =11
=1 +0
0 [}
0 Q
o o
0 0
° °
0 0
=1 2
=10 3
~65 -503
31 79
«240 =173
-9 -4
-1 0
o o
] ]
o o
0 0
v 0
-1 3
-32 -99
-359 =551
-92 -59
-230 -28
-4 1
[} [}
o 0
o o
] ]
0 [}
0 1
10 28
2 -12
~-1856 978
40 -8
-99 4l
-2 1
o "o
0 ]
] ]
0 ]
0 [}
0 1
-7 -8
~78 -11
299 -7
=7 3
«35 4“3
-1 1
] .0
Q (]
o 4
o 0
0 [+]
Q9 o
-3 -2
-12 1
162 -59
12 62
-2 5
-5 20
[} 0
0 o
] 0
0 0o
[} 0
(] ]
0 0
-1 4]
-ll 7
12 -14
17 -29
o 4
3 17
] ]
o [}
o 0
o )
o o
1] 0
0 0
=1 1
% -5
2 -7
(] -16
1 2
A T
] o
Q ]
o 1]
o L]
] 0
[} ]



Table A-3., (Cont.)
b) Venus on Earth

W oo e X

CLOLODOWLOLDOO0D0

~-15 58250 50563 50561 ~58248 -5 2
~l4 3476095 3014600 3014387 «3475850 ~679 262
-13 ~236871 -~92962 -92068 236187 464 1095
~12 ~3461625 «2998518 2998811 ~3456879 17625 -42256
-11 146R7 «17771 21671 25985 212 1145
~-10 -11393 11118 11472 13941 -hbh ~1554
-9 -317R7 42126 42362 32415 ~1828 =3562
-8 710 ~1452 «937 «99 700 348
=7 -205 826 -24 =396 3038 657
-6 -7 39 ~35 -5 25 19
-5 17 89 -87 13 28 -21
b 1 7 -7 1 1 -1
-3 1 1 .l 1 0 o
~16 45 23 23 -45 [+] 0
~15 740 153 153 -T40 -t 4
14 «830 84 157 706 ~19 Ré
~13 ~1349 493 640 630 -23 -197
-12 ~1927 2346 2396 2192 «145 =313
-11 =316l 9291 9383 3328 -621 604
~10 -4257 29880 30001 4326 -1828 -1228
-9 =125 +95% -750 211 519 -26
-8 12% 788 -375 -259 1839 ~558
-7 8 62 =62 11 16 T
-5 41 53 «54 38 10 =22
-5 4 5 -5 4 (] -1
s 1 0 0 1 0 0
18 o 0 o -4 0 0
-17 231 9 9 =230 1] 1
~-16 =337 110 112 331 (1] 9
-15 =348 139 151 7 =22 -75
-14 =201 458 516 370 -41 -57
~13 -325 1747 1780 364 -145 =104
~12 1050 5889 5935 -1p21 ~479 130
-1l 6313 16559 16558 ~6337 -1257 -109
~-10 -394 -489 ~439 401 295 =186
-9 385 540 ~425 20 839 -868
~8 44 66 ~65 49 10 2
-7 48 23 25 46 ~2 -17
-6 5 2 -2 5 [¢] 0
-5 1 0 0 1 <] 0
~18 143 -76 ~76 =143 (] 0
-17 -117 53 28 ~45 12 24
~16 ~90 123 b6 ~19 ~11 ~11
-15 0 310 321 8 -31 -1l4
~-14 351 1021 1031 =349 =102 -11
~13 2365 2910 2927 -2363 -288 T2
=12 8103 6840 6786 ~8107 -682 303
-11 ~416 ~160 ~145 420 111 ~207
-10 490 255 =311 242 loa -742
~9 R3 43 ~-40 90 7 0
-8 45 4] -2 45 -7 ~10
-7 6 0 1] 6 0 0
-6 0 0 0 1 0 [4]
17 1 0 0 -1 [i] o
18 69 =11 =11 -69 ] 0
-18 -l 19 19 “ 0 0
-17 5 58 47 -12 -6 -2
-16 92 165 168 -91 ~-18 2
-15 507 446 446 «509 ~57 24
-14 2230 896 902 -2231 -134 125
-13 6291 1254 1195 ~6257 -274 362
-12 ~-337 43 61 T 330 -3 -158
~11 489 4 ~119 37¢C -121 =479
-10 11l -3 10 1le 5 -2
-9 38 -18 i8 38 -8 -4
-8 5 -3 4 5 o u
-7 0 -1 1 (] ] 0
18 7 -11 =11 -7 0 (]
-18 20 24 23 =20 3 3}
-17 107 76 49 -98 -9 6
=16 422 86 83 -422 -24 31
=15 1557 ~194 ~190 «15%8 ~35 110
~14 3703 ~1168 ~1203 ~-3638 =41 283
-13 =232 159 170 198 =54 -9l
-12 42) ~209 112 399 -220 ~234
-11 112 -67 77 115 2 -3
-10 25 ~-33 33 26 -7 0
-9 3 -6 [ 3 0 0
-8 [+] -1 1 0 0 o
18 -11 ~33 -33 11 "] 0
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16
le
16

~18
-17
~16
~15
~-14
~-13
-12
=11
-10

-9

17

18

-18
-17
=16
-15
-14
-13
=12
~11
-10

18

-18
=16
=15
=14
-13
-12

-1l

18

~-l8

=17

~-16
-15
-14
~13

a2
307
845
1605
-123
292
8

-2
=119

128
458
368
=11

a3

-15
-5
-1
-9

~426

21

112
=215
=107

-39

-9

-2
-19
=381

~129
=649
-605%
-229
=61
-11
-2

55
2455

-718
-2955
-378
=72
=11
-1

387
6317

~70
-613
~1661
222
-396
-135
=43
-7
-1
-1
47

-139
-722
-1250
249
=544
-186
=46
=7

226

-560
=1172
225
-610
~197
-38
-4

39
1570

=176
-1162
-560
~145
~16

57
3733

~584
~-867
-34
17

-1

209
1953

Table A-3.

{Cont.)

b) Venus on Earth

~109
-611
-1659

-129
-553
~1203
“187
546
195
47

226

424

149
639
202

38

39
1569

-33
1396
584
143
16

56
3730

581
855

-19
-7
-2
-1

207
1943

=76
-214
-844
1527

-101
=146
-287
-41
107
-6
-15
=5
-1

9
“26

72
278
-122
-222
-120
-41
-9

-2
19
380

=52
-1062
-652
=244
-62
=11
-2

-1
-58
-2455%

-1221
-3031
-362
-73
=11

-4
=386
-6304
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Table A-3. (Cont.)
b) Venus on Earth

QoCce

R R R [FORVERVUNTURVE VIR NN NNN e e s e o

wt ASURVLIEE R UR NIV AR 3

oo

NN N S

NDZ Nu D (1 ONG.) D LOG(R)
cmemnrerese={ [N UNITS OF 10##(<4)} SECONDS OF AR()erwmroceccoww (IN UNTTS OF 10%#(-9))

K C0s SIN €os SIN cos SIN cos SIN

0 0 o 2980 0 Q ] 627 0

1 0 Qa 66 ~36 0 o i4 -8

2 -14 -13 17 ~20 -14 -13 4 -4

3 o 0 1 -1 -1 -1 0 0
-4 0 1 2 1 -1 2 0 0
-3 =17 57 51 17 =26 65 12 4
-2 ~1072 ~357 ° -28 271 -b78 353 69 15
-1 23548 42271 -9789 5455 23529 42264 ~20s61 1147
0 ~58 ~24 -53 -7 336 685 -86 40

1 -13 -2 3 -18 =5 12 -1 -3

2 0 o] 0 -1 0 0 o 0
-5 0 2 3 [¢] 7 9 1 -1
-4 15 71 56 =10 311 359 42 -33
-3 18679 17755 -2576 2606 17485 17264 -594 632
-2 -47319 -29315 1722% -27804 =47010 -29019 3595 -5821
-1 -209 ~113 153 =251 -996 -598 83 ~136
0 -8 1 -1 ~-13 -28 ~-12 1 -5

1 0 0 0 0 -l 0 [t} 0
-7 (¢} 0 0 0 3 3 o 0
-6 6 6 5 -4 135 121 13 -15
-5 7393 6771 565 -582 7643 6836 126 ~lag
-4 15088 3884 -1760 6712 15098 3992 ~383 1451
-3 -67%96 <307 227 -5089 -6541 ~240 41 ~1042
-2 -26 -3 3 ~43 ~135 -7 1 =20
-1 -3 3 -5 -5 -6 3 -1 -1
-8 0 0 0 0 2 1 0 0
-7 47 27 10 =16 72 33 3 -6
-6 1527 329 -98 430 1504 336 ~20 93
-5 ~-1386 360 ~250 -933 ~1391 381 ~51 =190
-4 -1864 924 -791 -1597 ~1RRT7 930 -167 =339
-3 -4 -1 -3 ~-12 -36 15 -2 -6
-2 -1 3 =5 -1 -2 3 -1 0
-10 G 0 0 0 1 0 [ ]

-9 2 1 1 -1 28 1 0 -3
-8 1554 ~14 -1 121 1533 -8 1 28
-7 -1234 397 -219 -674 -1212 401 =46 -139
-6 -248 231 =194 -204 -276 250 -40 ~-44
-5 -475 690 -638 ~439 «480 694 -135 -93
-l -1 -2 -2 =3 -5 9 -2 -2
=3 1 2 -3 1 0 2 -1 o]
=11 0 0 o ¢ 1 0 0 0
=10 35 -5 -1 -6 37 -7 0 -1
-9 147 -85 34 59 147 -84 7 13
-8 -63 70 -52 -46 -61 71 -11 -9
-7 ~39 124 ~115 ~35 -41 131 -24 -7
-6 =37 390 ~-378 -36 «38 392 ~-80 -8
-5 =1 -2 0 -2 -2 & -1 0
-4 1 1 -2 2 i 1 Q Q
-12 1 0 0 0 1 -1 ¢ 0
~11 24 -20 4 5 24 -19 1 1
~10 ~-18 30 -19 -11 -17 30 -4 -2
-9 -6 28 -24 -5 -b 30 -5 -1
-8 12 61 =60 13 14 64 =12 3
-7 80 184 ~183 80 Al 185 -39 17
-6 -2 -1 0 -1 -l 2 v 0
-5 1 0 0 1 1 o} 0 V]
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Table A-3. (Cont.)
Secular Terms
b) Venus on Earth

DX DY n7:
(IN UNITS OF 10%%(-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J Cos SIN cos SIN coS SIN
0 -2680183 0 ~11514524 0 890182 0
1 -26091 32189 32189 ~-41077 -35381478 16513938
2 892892 3837635 -3837095 892766 -296672 138472
3 22464 96533 -96526 22462 ~3731 1742
4 502 2158 -2158 502 -56 26
5 11 47 -47 11 0 0
-] 0 1 -1 0 0 0
NDZ NU uscos(n

(THE TERMS ARE IN UNITS OF 10%*(=6) SECONDS OF ARC AND ARE TO BE MULTIPLIED RY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPQCH)

J Cos SIN C3s SIN CusS SIN
0 309 0 =22 0 1067 0
1 ~18411 4286 =2143 -9205 ~42425 19801
2 -77 18 -18 =77 -356 166
3 -1 0 0 -1 -b 2
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Table A-3. (Cont.)
Periodic Terms

¢) Mars on Earth
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R IT AR ARV R RT R RURVRCRC R "

cocoroao

TR SURCRPE VY-

ox oY 0z VrCoSt)
{IN UNITS OF 108%{-12)) 110%n (-4} SECONDS OF ARCH

cos SIN cos SIN cos SIN €05 SIN
5355 5133 ~3056 0 -6 [
«29869 ~1111 =167 -30035 o ° [ 0
5337 5143 -5133 5368 104 933 [ 2
50 121 -120 52 33 26 o o
0 6 iy -1 -3 I 2 0
0 [ -1 0 ° o o 0
-1 0 i [ 0 o 0 0
[ 2 [ -1 0 I 0 o
1 ° 4] 1 V] 0 o e
° -1 -1 0 0 0 0 o
-1 0 1 0 o o 0 0
2z I3 0 -2 0 0 o 0
0 -2 0 H 0 ° 0 0
-1 0 ] -1 0 0 o 0
5 -3 4 -3 0 0 0 I
147 171 -169 -148 -16 3 o 0
6692 ~7881 -78%4 ~6692 233 133 0 0
293620 -384811 -384529 ~296029 -130 ~9822 [ «20
138185 ~13217 ~16696 «141383 5670 5625 12 -12
=hGTETE 658804 652084 =~504699 -17467 4484 -36 9
-87806 17389 17542 -87797 ~2957 -16865 -6 -3
*2346 -218 216 ~2344 -1 110 [ 0
-58 ~15 15 -57 5 -5 o 0
-1 0 0 -2 0 0 0 0
1 0 0 0 0 0 o [
0 [ 1 0 0 o [ o
0 1 ° 0 ) 0 ° 0
[ o 0 -1 [ 0 (1 [
0 .2 -2 o @ 0 ° 0
-2 1 H 0 0 0 o 0
2 1 -1 -2 o 0 [ 0
0 -1 0 1 0 o 0 o
6 29 29 -8 0 o o 0
369 1322 1320 ~348 3 -6 0 ¢
16488 59647 59647 ~164B] -87 “2 [+] V]
725041 2430494 2430287 <724705 2481 2168 5 o
1543263 -4178633 4224070 ~1519293 5223 46781 11 96
-2077259 ~7042938 7079604 ~1882729 4871 ~14343 10 -30
~1422518 3767238 ~3T66670 1423424 39231 ~16591 8l =34
4768 60738 -60746 4763 7 ~295 0 -1
298 1116 -1117 295 6 15 [ o
7 20 ~21 8 0 0 o 0
0 1 [ 0 o v 0 0
1 o 0 o 0 v [ °
-2 0 0 1 0 0 [ 0
2 2 o -2 0 0 o 0
Q 3 -2 2 0 0 o 0
-3 i 3 8 0 0 0 o
2 2 -2 0 0 0 9 0
3 -1 1 -1 0 0 0 ]
97 16 16 99 1 2 0 °
3736 1166 1158 ~3734 3 -29 ° o
110106 55599 55358 -110152 -1139 38l -2 1
275130 724681 719195 «282499 4358 2760 9 6
~4856087 ~163574 181956 -437239 6400 12627 13 26
462649 -1183013 1183518 ~459989 3035 ~10726 6 -22
-520 <23149% 23177 -563 1007 -619 2z -1
137 ~407 407 138 -38 =23 0 °
9 -8 7 8 o 3 0 o
0 -2 -2 0 0 0 [ 0
-3 [ 2 2 0 0 [ o
2 2 [ -3 0 0 o o
[ -3 -2 2 o o o o
<3 0 z ] 0 0 0 0
[ 3 “1 0 0 0 [ 0
-18 22 24 19 -1 0 0 °
-882 524 527 874 7 o 0 o
-2986% 4859 5062 29738 174 -s21 [ -1
-628017 ~165080 ~158611 629091 -1815 “58 -4 1
767543 1319106 1432891 5962647 -37629 -7334 -18 -15
1706127 “77798 ~495114 1698097 4972 5726 10 12
-552874 ~1149582 1149582 -352636 -1532 9046 -3 19
~-11295 ~18926 10927 ~11297 97 4 [ o
«232 S-362 343 -232 - -2 ) [
-h -7 & -t o 0 o0 o
-1 o [ L [ 0 ° [
° 2 1 5t 0 o 0 0
1 =3 -3 o 0 0 0 [
- o 3 2 o 0 o o
3 3 [ - 0 [ o 0
1 -4 -1 3 0 o o ¢
-3 0 1 -1 0 o 0 0
-9 -7 ~10 10 0 o 0 0
-126 -234 =229 134 3 . 0 0
-1427 ~2709 -2727 1616 148 219 0 0
-68606 46956 %3816 71217 154 -627 0 -1
-385526 -36889 ~107093 377681 -6553 5575 ~14 1
258789 -178350 200941 245267 -6988 66l -l4 -1
585000 107714 ~108262 504789 3423 3697 1 8
5828 -2322 2327 5840 -3 %37 ) 1
61 -95 95 62 15 -8 0 0
[ 0 0 0 -1 ° 0 °
-2 [ ] 2 o [ 0 o
2 3 2 -3 ) [ [ o
2 -4 - 1 0 0 0 0
-5 [ . 2 0 0 0 o
3 P -2 -4 0 0 0 [
3 -3 ° 3 0 0 0 0
“ -3 -1 -8 [ 0 0 o
106 20 10 ~106 -5 2 o 0
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c) Mars on Earth

10259
=14009

-279%9
«19203
-93137
-45710
=1215
»39
-l6

-18852

A-58

(Cont. )

CY-Y-R-3-%-X-1-3

=2324

1

4

DoomswmOOOOOOROOORD

]
COOrFWOMEBO00CG6000

ocovocoooBOO

OO D~

CEY-TF- -2 223

CY-Y-T-X- TR A Y-

C - - -2V 2-1-X-%-

CL-T-Y-Y.2-¥-2-X-Y-3-Y-)

1
cooOmUP~COO0C000000

.

] []
CEY-YL-P-2-1-¥-¥- COONNWM CX-X-R-Y-T-2-T-X-¥- -1 COOOWNNOODDOOUOOODC

OO =

+

COOOmOIrFOOODO00000

]
OﬂLOOOOOOQOOO



—hb

Table A-3.
c) Mars on Earth
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Table A-3. (Cont.)
c) Mars on Earth

NOZ
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oEE® oD N N coocor

VOVOOOE
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-h
-3

-1

b
-5
wle

-2
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NU } D (LONG.} . D LOGIR)
mmweemcacwme (IN UNITS OF 10%#{~4) SECONDS OF ARC)wmemeemevams (IN UNITS OF 10#st-9))

[€:1 SIN cos SIN s SIN €0S SIN
4 3 =61 [ [ [ -13 °
0 0 23 21 ° 0 5 4
-2 0 0 -2 -2 o [¢] [
4 =1 -1 0 -1 -1 0 [
-11 -10 -7 10 -47 -38 b &
2145 -1638 426 559 =216 -1646 -91 e
-39 448 17 -8 -75 -476 28 -5
8 ~10 7 [y 3 ~18 2 1
1 0 0 -1 9 -2 [ -1
71 -6 ~11 -72 396 -101 -12 49
19733 -5525 -2638 -9419 19453 ~5626 -566 ~19%4
~16762 -6008 249 -810 ~16631 -6097 83 -136
36 258 =137 20 -238 155 -18 -25
1 1 -1 1 -5 3 0 -1
[ [ 0 [ o -1 0 0
-3 -17 -16 1 3 37 -5 ~1
454 -1142 -710 -283 520 -1167 -152 -66
3922 «1506 -372 ~950 1930 -1524 -T6 -199
18 37 -11 4 R4 12 [ 6
i 3 -2 1 2 3 0 0
8 3 3 -1 10 9 1 -2
128 235 174 ~91 106 315 “% -17
-1392 4829 2194 630 «1302 4789 457 124
5233 ~2624 244 461 5209 ~2543 43 95
-15 -14 8 -9 73 -57 6 7
0 0 0 0 2 -1 0 4
“t 3 3 4 5 3 i 1
77 -4 -2 60 -69 8 i 12
488 655 396 294 481 688 a7 -6l
=381 1982 417 76 -372 1993 87 17
32 -26 13 16 26 B8 -1 3
0 -3 -3 0 [} -3 -1 o
19 =22 -19 -15 15 =23 =4 -3
~183 -4 -4 130 -200 24 -3 29
~1028 -1139 -489 443 -1032 -1122 -101 . 93
-91 1013 =137 -9 -108 994 -27 4
[ 2 -1 1 -2 19 -2 0
1 1 i -1 1 1 0 [
3 11 10 -2 3 1 2 -1
36 =51 -39 -28 28 =50 -8 -5
=470 41 23 218 -482 28 4 59
769 =713 -123 i3e -777 =112 26 28
2 20 -10 1 =11 ] -1 ~1
-1 0 4 1 -1 0 0 [
-4 -2 -2 4 -4 -2 [} 1
8 26 21 -7 9 24 4 -1
53 -83 58 -38 62 ~84 -12 -9
s11 -91 -38 207 509 -95 -8 -43
~176 -132 23 ~32 ~167 -133 5 -6
-1 -1 0 [ -3 -3 [] a
[ »l -1 0 [ -1 0 [
2 -1 «1 -2 2 -1 0 0
=12 -4 -4 10 =31 -4 -1 2
14 33 25 -11 16 29 5 -2
123 =242 137 =70 133 =244 -29 ~l6
589 -160 -23 -8l sl ~l64 -4 -17
-8 -4 2 -4 2 -7 1 [}
0 1 1 ] [ 1 0 o
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-i6 -4 -4 13 «15 - .l 3
21 &k 30 -14 20 47 7 «3
70 174 66 26 -49 175 14 5
50 ~20 ] i 49 17 1 2
[ 0 [ 0 1 0 [ °
[ 3 3 [ 0 3 i a
T -5 -* -5 . -8 -1 -1
-18 -3 -2 13 =16 0 [} 3
86 143 78 =47 B4 150 17 «10
-123 410 4l 12 =122 413 a 3
. -2 1 2 2 5 o 0
-1 -1 -l 1 -1 -1 [4 [4
[ 4 4 [ 0 4 1 [}
6 -5 -5 5 3 -5 -l -1
-24 -2 -2 16 26 -l ] 3
-42 =58 -20 15 43 =57 -4 3
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1 [} [ =1 1 [ [ 0
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0 E] L3 0 ] & 2 o
L] -6 -5 -t 3 -7 -1 -1
-123 -2 =1 65 =128 -7 -1 ie
=294 =335 -19 19 =296 «335 -k 3
0 3 -l 0 -5 -3 o -1

! 0 [ -l 1 [ [} 0



15
15
15
15
15
15
15
15

le
16
16
16
16
i6

17
17
17
17

17

18
18
18
ig

~11
-10
-9
-8
-7

~13
-12
-11
-10
-9
-8
-7
-6

-13
-1e
=11
-10
-9
-8

-13
-12
-11
-10
-9
-8

~-13
-12
-13
-10

-2

28
-3

-2

101
1976

-22
-112
-1

-3
-3

-1
-9

-2
-3

-1
-1

-158
-327

46

Table A-3.

c) Mars on Earth
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Table A-3. (Cont.)
Secular Terms

¢c) Mars on Earth

DX . DY bz
(IN UNITS OF 10%x%(~16))
(TO BE MULTIPLIED By TIME IN DAYS FROM EPOCH 1850.0)

J CoS SIN cus SIN Cud SIN
0 3099153 0 ~3223485 0 19627 0
1 25969 9011 9011 43298 ~780096 989898
2 ~1032470 1074344 ~1074193 -1032325 -6541 8300
3 -25975 27024 -27022 -25973 ~42 104
4 -581 604 =604 -581 -1 2
5 -13 13 -13 -13 0 0
NDZ NU U/cos(l)

(THE TERMS ARE IN UNITS OF 10#%#x(~6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY Nx*T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J C0osS SIN Cos SIN cus SIN
0 86 0 21 0 24 0
1 =-5154 -4956 2478 -2577 -935 1187
2 =22 =21 21 =22 -8 10

A-62
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Table A-3.

(Cont.)

Periodic Terms

d) Jupiter on Earth

BX
cos SIN («e}}
74997 0 25389
~-1185788 ~1348 35%
35311 25395 -25370
764 354 ~354
16 4 -4
[+] -2 -2
31 -111 ~111
1179 ~5114 -5113
35711 -230586 -230570
~20399 =9341876 =9340507
6336056 -658023 -563520
445856 25648426 ~25554083
~6021316 455751 ~855998
-135916 -190 190
-2803 «106 106
-58 -3 3
-1 0 0
-39 [ 6
-1628 205 205
-63928 6107 6109
-1999048 86183 B6S61
=2041744 -780359 ~716686
11339238 ~643365 553058
5364505 1366482 ~1864957
-126925 60227 ~60228
-3280 812 -812
-70 14 ~14
-1 0 0
0 -2 -2
-31 -84 -84
-895 -2902 =2901
~19130 =71784 ~71805
~-416892 57129 49570
-239682 674707 -768891
2247902 -290227 283925
726102 103477 =103471
1478 3721 -3721
-25 65 -64
0 1 -1
7 -4 -4
223 -85 ~85
%592 ~1290 ~1324
-5905 -18927 ~20772
~134948 22043 4495
~5654 189088 ~192433
315830 -66133 65715
78362 2535 -2537
689 184 -184
9 4 -4
10 22 22
127 379 382
1445 -587 -285
-2532 ~12088 5171
~32226 6913 ~2041
3512 31989 =31703
38376 =11366 11340
7897 =435 435
91 & -l
1 0 [}

DY
{IN UNITS OF 10%#(~12})

SIN

0
=1181547
35316
164

16

0

=31
-1179
=35706
20089
~6776170
238650
-6020039
~135906
~2803
~58

-1

39

1628
63923
1998725
2042910
10891894
5358320
~126878
=-3279
-70

-1

31

896
19259
427452
355124
2229600
125865
1481
=25

-7
~223

~4602
4285
-9411
63538
315099
78352
689

=10
-136
-1775
~372
~16060
11054
38354
7897
91

A-63

vz
cos SIN
-3821 o
0 o
~-1012 800
-9 12
0 0
0 0
0 v
-2 0
=201 ~58
~22418 ~732
8966 ~B6758
~71880 8519
-20238 -107225
-227 -843
-3 -1l
0 0
0 [i}
o 0
0 0
0 -29
~86 ~2005
-3233 ~7564
-62693 ~807250
-8652 28271
-1308 -3193
~14 ~22
o u
0 o
o 0
0 u
4 0
217 -16
-294 -293
29155 2069
-12816 96420
-691 3867
~84 -102
0 0
] 0
0 0
"} 0
3 28
41 ~37
~365 -2178
~Bl47 1304
-1672 ~-8983
~39 414
-5 -2
o 0
0 0
-4 0
6 6
242 =50
-161 =728
1471 350
-178 ~761
0 40
[} [9
0 0

(10*#{~4) SECONDS OF ARC)

usCos(ly
€os SIN
-8 0
0 0
-2 2
0 0
0 G
0 0
0 0
0 0
0 V]
46 -2
18 -179
-148 ldy
42 =221
0 -2
0 ]
0 0
0 0
0 c
0 0
0 Y]
0 -4
-1 -l6
-129 ~1665
~18 58
-3 -7
0 0
(4] 0
0 0
o 0
0 0
0 0
0 0
-1 -1
-60 4
-26 -199
-1 8
o 0
0 0
[¢] 0
0 0
0 ]
0 0
0 0
-1 -4
-17 3
-3 -19
[+] 1
0 0
0 0
0
0
]
0
0
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0 -
0
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(Cont. )

d) Jupiter on Earth
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Table A-3, (Cont.)
d) Jupiter on Earth
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NDZ NU D (LONG.) D LOG(R)
comremmwnmme(IN UNITS OF 10##(~4) SECONDS OF ARC)wwmewmeccemec= (IN UNITS OF 10#%(-9)})
Cos SIN cos SIN cos SIN cos SIN

0 [} -2439 0 0 0 ~514 0

0 0 187 105 0 o 39 22

0 3 -1 1 0 3 ¢] 0

o 0 0 0 -1 o 0 0

-3 =5 -5 4 -34 ~13 -2 S
-336 -525 -373 313 ~1546 =517 -78 193
-72063 995 457 33560 =-72100 550 51 7069
~1861 -25956 1099 182 =3067 -25944 229 -89
128 =-295 160 68 71 ~730 79 8
1 -1 1 1 1 =15 2 0

1 2 4 -1 3 16 2 -1

84 223 257 =72 106 682 103 -18
1417 27039 18988 -991 1328 27289 4024 ~199
«5421 14738 6773 2310 ~-5399 15176 1377 489
«133 -965 127 5 =224 ~708 -1 -8
2 -10 6 1 -2 -20 2 0

0 0 0 0 -1 1 0 ¢}
-22 13 13 27 ~50 18 3 8
~1636 175 157 1330 -1622 268 43 279
739 5483 3772 ~481 T06 5520 797 -104
=325 2003 870 118 -313 2094 173 26
~10 -48 11 0 ~15 -13 -1 -1
-2 -3 -4 2 -3 -6 -1 1
=23 ~158 ~138 22 ~30 -157 -29 5
~433 76 60 350 -431 86 14 73
173 778 524 ~109 166 783 111 ~-24
-12 218 88 2 -9 231 17 1
-1 -3 1 0 -1 1 0 0

o] o] ¢} -1 1 Q 0 [«

19 -4 b -17 18 -4 -1 -4
=11 =53 -46 9 -12 -53 -10 2
-73 19 14 58 ~72 19 3 i2
30 95 63 ~-19 29 96 13 -4

1 22 8 -1 1 24 2 0

1 2 2 -1 1 2 0 0

8 -2 -2 -7 8 =2 0 -1

-3 -11 -9 3 -3 ~-11 -2 1
-10 3 3 8 ~10 3 i 2
4 11 7 -3 4 i1 1 -1

o 2 1 0 (¢] 2 0 0

0 1 1 0 0 1 0 o

2 -1 0 -2 2 -1 [ 0

~1 -2 -1 0 -1 -2 0 0
-1 1 [ 1 -1 1 ¢ 0

1 1 1 0 1 1 ] 0
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Table A-3.- (Cont.)
Secular Terms

d) Jupiter on Earth

DX DY Dz
(IN UNITS OF 10#%#%x(~16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J CcoSs SIN cos SIN [@V}) SIN
0 16303171 0 -23271172 0 542420 0
1 136707 65054 65054 227866 - ~-21559226 553536
2 ~-5431333 7755966 -T754875 ~5430569 -180773 4641
3 ~136640 195095 -195082 -136631 =2274 58
4 ~-3055 4362 -4362 =3055 -34 0
5 -67 95 -95 -67 0 0
6 -1 2 -2 -1 0 0
NDZ NU UscostI)

(THE TERMS ARE IN UNITS OF 10#%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#*T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FRUM EPOCH)

J cos SIN cus SIN cos SIN
0 624 0 109 0 650 0
1 -37209 -26069 13035 -18604 -25851 664
2 -156 -109 109 ~-156 =217 6
3 "0

-1 -1 1 -2 -3
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Table A-3. (Cont.)
Periodic Terms

e) Saturn on Earth

cCccoccocc

RARCN RS R RRVR R i e e e b

B e R o< A< K. - (URC U RCRERURT RN E PP rrs WWW W W e Wb

@ o

S WN - O

N oo

-6
-5
-4
-3
-2
-1

-6
-5
-4
-3
-2
-1

-5
-4
-3
-2
-1

-4
-3
-2
-1

DX oY 174 U/cos
(IN UNITS OF 10%#(-12)) (10%# (~4) SECONDS OF ARC)

cos SIN cos SIN €05 SIN cos SIN
2785 0 132 0 %2 0 0 0
-55924 ~161 ~152 ~55237 0 0 0 0
921 133 -134 924 -12 6 0 0
65 26 -26 65 0 0 0 0
2 0 0 2 0 o 0 0
-8 -2 -2 8 0 0 0 0
-337 -75 -75 337 0 0 0 0
-14376 ~3054 ~3054 14374 0 7 0 0
~504790 -96530 ~96528 504684 29 702 [ 1
816389 -3648 -10271 -802666 ~218 ~35071 0 ~72
1505201 277919 ~280301 1494182 -1415 4690 -3 10
~765564 9860 -9877 ~765421 4831 -24558 10 =51
-14820 544 ~544 -14819 40 ~205 0 0
-289 15 -15 -289 0 -3 0 0
-6 0 0 -6 0 0 0 0
1 0 0 -1 0 v 0 0
57 21 21 -57 0 0 0 0
2232 824 824 -2232 0 0 0 0
70630 26632 26625 -70620 -17 63 0 0
123392 55220 56514 ~122413 -819 1432 -2 3
-369835 -148074 158239 -449682 -89185 138567 ~184 286
-350261 -156421 156305 ~350615 2327 -3406 5 -7
-41251 -6516 6514 ~41243 292 ~1081 1 -2
-757 -90 90 -757 2 -9 o 0
-14 -1 1 ~16 0 0 0 o
2 0 0 -2 0 0 0 0
63 34 34 -63 0 0 0 0
1784 955 955 -1785 0 3 0 0
14421 5305 5314 ~14489 0 9 o 0
5501 -574 15911 -33240 629 -607 1 -1
-80459 -29785 31165 ~85789 -11531 18227 -24 38
~53860 -21295 21250 ~53876 320 ~485 1 -1
-3018 -865 865 -3017 23 -65 0 0
-54 -14 14 -54 0 0 0 0
-1 0 ] -1 0 0 0 0
2 2 2 -2 0 0 0 0
59 46 46 -59 0 0 0 0
439 243 248 ~449 0 o I 0
1362 140 1338 -2755 39 -28 0 0
-1731 -1494 3102 -6107 199 ~210 0 0
-11491 ~4133 4275 -11885 -1164 1862 -2 “
~5926 ~2177 2177 -5927 34 ~52 0 0
=240 -87 87 -240 2 -4 0 0
-4 -1 1 -4 0 0 0 0
2 3 3 -2 0 0 0 0
18 14 15 -19 0 0 0 0
37 -6 91 -117 3 -1 0 0
0 -126 303 ~502 14 -11 0 0
-480 -330 481 -922 37 -40 0 0
-1387 -489 502 ~1418 -107 173 0 0
~582 ~200 200 -582 3 -5 0 0

-20 -8 8 -20 0 o o 0
o 0 i 0 0 0 0 0
1 -1 7 -6 0 0 0 0
-6 -15 27 -28 1 0 0 0
-27 -37 56 -83 3 -2 0 0
-80 -51 65 -122 5 -6 0 0
~153 ~53 54 ~155 -9 15 o 0
-54 -17 17 -56 0 0 0 0
-2 0 0 -2 0 0 0 0
0 -2 3 -2 0 0 0 0
-3 -5 6 -6 0 0 0 0
-6 -7 9 -12 0 0 0 0
-11 -7 8 -15 o 0 0 0
-16 -5 6 -16 0 1 0 0
-5 -1 1 -5 0 0 0 )
0 0 1 -1 0 0 0 0
-1 -1 1 -2 0 0 0 0
-1 0 0 -2 0 0 0 0
-2 o 0 -2 0 0 0 0
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Table A-3. (Cont.)
e) Saturn on Earth

EaB N R W W [AVE SRV NI,V Y g p o oo

LSRRV IR RN

-3
-2
-1

~4
-3
-2
-1

~4
-3
-2
-1

-4
-3
-2
-1

-4
-3
-2
-1

NDZ : NU D (LONGs) D LOG(R)
------ wwmme=(IN UNITS OF 10%##(~4) SECONDS OF ARC)=ww=erec=rem= (IN UNITS OF LO%#(=9))
CoS5 SIN CosS SIN €o0s SIN Cos SIN

0 0 ~-115 0 0 0 -24 [0}

0 0 6 1 0 0 1 0

0 1 -1 0 0 1 o 0

0 0 0 0 -1 2 0 0
-13 43 36 10 -26 112 15 4
-775 4163 2025 377 -775 4108 420 19
=22 -3318 73 3 -35 -3248 8 -1
-3 ~-16 8 -2 -4 -70 7 0
0 0 0 0 Y -1 0 0

0 [ 0 0 o -1 0 0

2 -7 -9 -3 9 -24 -4 -1
371 =991 -712 -266 378 -1007 ~152 -57
428 -955 -468 =209 435 ~974 -97 -43
i7 -151 2 -1 24 ~168 2 1
0 -1 0 o] ] -3 0 0

0 0 0 0 1 -1 0 0
19 =33 -28 -16 20 -36 -6 -4
73 ~201 ~143 =53 75 ~204 ~30 ~-11
58 ~147 -71 -28 60 ~150 -15 -6
2 -9 0 [ 3 -12 0 ]

1 -2 -1 -1 1 -2 [ o

5 -9 -8 -4 5 -10 =2 -1
10 -28 «20 -7 10 -29 -4 -2
6 ~16 -8 -3 6 -17 -2 -1

0 -1 0 0 0 -1 0 0

0 -1 -1 0 0 -1 0] 0

1 -2 -1 -1 1 -2 0 0

1 -3 -2 -1 1 -3 -1 ¢

1 -2 -1 0 1 -2 0 0



Table A-3. (Cont.)
Secular Terms

e) Saturn on Earth

DX DY DZ
(IN UNITS OF 10%%x(-16))
(TO 8EC MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J Ccos SIN cosS SIN cus SIN
0 86268 0 -624693 0 46514 0
1 723 1746 1746 1206 -1848763 =-392717
2 -28740 208202 ~208172 -28736 -15502 -3293
3 -723 5237 =5237 -723 -195 -41
4 -16 117 =117 =16 -3 0
5 0 3 -3 0 0 0
NDZ NU u/7Cos(I)

(THE TERMS ARE IN UNITS OF 10#%(=6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N=xT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPCCH)

J Ccos SIN cos SIN coS SIN
0 17 0 0 0 56 0
1 =999 ~-138 69 ~-499 -2217 ~471
2 -4 -1 1 -4 -19 -4

A-69



Table A-3. (Cont.)
Periodic Terms

f) Uranus on Earth

W W W W R RN R R B b e e ccc

E O R

ACRURTRY )

-4
-3
~2
-1

-4
-3
-2
-1

-3
-2
-1

NN N PRS-

w W

-2
-1

-2
-1

-2
-1

DX DY . ¥4 i U/€astl)
(IN UNITS OF 10%%(-12)) (10#%(=4) SECONDS OF ARC)
cos SIN Cos SIN cos SIN ()] SIN
63 o] -5 0 0 7] [+] 1]
~1039 0 ("] ~-1038 (4] v 1] [+]
28 -5 5 28 0 0 0 -0
-2 8 8 2 0 0 (4] 0
-79 332 332 79 0 0 4] ¢}
=-3817 12488 12486 3817 3 0 0 [+
36545 878 920 -36866 127 -204 [¢] (4]
13762 -37043 36863 12478 10 13 ¢} 0
=36120 =1304 1304 =36114 -152 =332 0 -1
-820 9 -9 ~820 -1 -3 0 0
-17 0 0 -17 0 o] 0 o
-32 -32 -32 32 0 0 o] 0
~1038 =979 -979 1038 0 €] 0 o
-6524 =5129 =5142 6520 7 =22 0 0
6614 5291 ~5248 4209 786 ~2553 2 -5
19286 15145 ~15150 19242 -19 67 0 [¢]
~958 149 -149 -957 -5 =10 0 o]
-24 3 -3 -24 (4] [ [¢] ]
-17 0 o] 17 ¢} (] 0 0
-161 -161 -161 163 [¢] o [+] 0
-583 -679 -566 843 3 [ e} 0
937 896 -897 837 90 -278 0 -1
2083 1818 -1818 2081 -2 7 0 0
-25 21 -21 ~25 0 0 0 o
-3 (] 0 3 0 0 1] 0
-18 -23 -15 18 (] [ o] 0
~30 -69 ~44 92 [ o 0 0
103 106 ~106 98 8 -24 0 0
178 163 ~163 178 0 0 0 o}
0 2 -2 0 0 0 o 4
-2 -3 ¢} 2 o 0 o 0
4] ~6 =3 9 o o 0 0
10 11 =11 10 0 -2 0 4
14 13 ~-13 14 0 0 0 (¢]
1 1 -1 1 (¢] 0 [} 0
NDZ NU O (LONG.) D LOG(R)
------ wemem= ([N UNITS OF 10%%(=-4) SECONDS OF AR(C)~rmem=-mcermer=e {IN UNITS OF 10%%(=9))
cos SIN Cos SIN cos SIN coS SIN
[¢] 0 -2 [+] [+] 4] 1] (¢]
1 0 0 -1 2 0 ¢} 0
102 36 18 =50 102 34 4 -11
3 =151 1 0 5 -150 o 0
0 -2 1 0 0 -4 0 0
=13 13 10 9 -14 14 2 2
-42. 53 26 21 -42 53 5 4
0 -5 0 0 0 -4 0 0
-2 2 2 2 -2 2 0 o}
-5 6 3 2 ~5 6 1 1



Table A-3. (Cont.)
Secular Terms

f) Uranus on Earth

DX by bz
(IN UNITS OF 10#%(~16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850,0)

J CoS SIN [@¢)) SIN CusS SIN
0 -3429 0 ~-18857 (0] 243 [¢]
1 -29 53 53 -48 -9653 4950
2 1142 6285 -6284 1142 -l 42
3 29 158 ~-158 29 -1 0
4 0 4 -4 0 0 0
NDZ NU uv/COS(1)

(THE TekMS ARE I UNITS OF 10%%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED bY Nx7
WHERE N=THE MEAN MOTION OF THE OISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FRuUM EPOCH)

J CoS SIN coS SIN Cud SIN
¢] 0 0 -0 0 0 0
1 -30 5 -3 -15 -12 6



Table A-3. (Cont.)
Periodic Terms

g) Neptune on Earth

DX oY DZ
(IN UNITS OF 10%#x(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J coS SIN Cos SIN Ccos SIN
0 122 0 -6120 0 167 : 0
1 1 17 17 2 -6647 -3808
2 -41 2040 =2040 -41 -56 -32
3 -1 51 -51 -1 0 0
4 0 1 -1 0 0 0
NDZ NU U/COS(I1)

(THE TERMS ARE IN UNITS OF 10#%##(=6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J C0S SIN cos SIN cus SIN
0 0 0 -0 0 0 0
1 =10 0 0 -5 -8 =5
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Table A-3.

{Cont.)

Secular Terms

g) Neptune on Earth

0z

Dx Dy
(IN UNITS OF 10#8(-12})
€os S5In [«e13 SIN €os
20 [} 0 0 1
-318 o 0 -317 0
9 ¢} ] 9 o
-1 -2 -2 1 0
-65 -107 ~107 65 o
2592 ~4205 ~4204 2591 o
3795 -337 -286 -3846 -19
1998 12498 -12538 7834 -5
-3708 450 «450 -3707 31
«90 14 ~-1l4 «90 0
-2 Q 0 -2 0
-6 14 14 [ 0
-203 450 450 203 0
-2109 4586 4589 2110 -18
815 ~2022 2116 1032 -2119
6264 ~13635 13635 6267 56
177 -199 199 177 1
3 -3 3 3 1]
-3 0 o 3 ]
~ 12 12 5 ]
~9 90 98 b4 [}
21 =61 63 25 -45
109 ~278 278 109 1
3 -4 4 3 0
[} i 2 2 0
o -1 1 o Q
1 -4 & 1 o
NDZ NU O (LONGs)
—————— mee=(IN UNITS OF 10%%(=4) SECONDS OF AR(C)-r==merem=~e
cos SIN ¢€0s SEN cos SIN
1] 0 -1 0 0 0
o 0 0 [} -1 [
34 22 11 17 =35 22
~1 -16 0 0 -2 -16
5 2 2 -4 & 3
37 17 9 -19 38 17
0 0 o o 1 1
1 0 0 0 1 (]
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SIN

cOoC

[}
&

1
[
oW OoOCoO

-25
~-2982
77

o~wooo

[=R=¥-]

cos

aNo

oNno

UsCostly
{10%#(-4) SECONDS OF ARC)
C0s SIN

0 v

0 0

o 0

] 0

0 0

] 0

o 0

(1} Q

0 ]

0 0

0 0

0 ]

0 0

0 0

-ty -6

0 0

[+] 0

0 0

0 0

[} [}

o [}

[+] 0

0 9

0 0

o o

0 0

[+ ]

D LOGIR)
(IN UNITS OF 10##%(=-9})

SIN
o
[¢]
4
0
-1
-4
o
[+
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Table A-4, Mars
Periodic Terms
a) Earth on Mars

DX

. oY 02
(IN UNITS OF 10#%{~12))

s SIN s Sin €os SIN <os
-87550 [+ ~46185 0 85801 0 116
2453065 -6403 -21920 2330139 0 ] o
362182 45620 438217 356523 -34806 13337 -47
26056 ~5364 5188 25597 -5371 2479 -7
1866 =700 33 1823 ~801 452 -1
132 -96 95 128 -122 79 [
8 12 i2 8 ~19 14 v
o =1 1 4] -3 3 o
[ 1 1 o [ o [}
“ 10 10 -4 0 0 [
36 86 86 -36 0 2 [
303 731 31 ~303 0 10 [
2586 6296 6¢93 -2584 2 62 0
22364 55082 55046 ~22346 48 429 0
197411 «92813 92379 197404 624 3295 1
1802189 4569896 456385 -1799533 7698 30760 10
17105298 45022431 44923136 -17062968 120296 418831 163
22538496 29574724 30203247 -23233a87 ~70569 -251463 -96
-19156788 ~51735142 50345230 -18009400 ~445068 ~444695 -602
~12119043 ~18144282 1808244 ~12069448 =12365 ~13908 -17
-1304220 -1938354 1933974 ~1300555 12301 7606 17
-154972 -22a150 2271719 154664 2043 1082 3
~1#311 -26429 26195 -1B285 337 151 0
-2168 -3174 3170 ~2167 S6 21 0
-257 -378 478 ~257 9 3 [
-30 -45 45 -30 2 [} 0
-3 -5 6 -4 0 [ ]
1 -3 -3 -1 0 [ 0
12 =28 -28 =12 0 o o
107 -236 -¢36 =107 3 -2 o
934 ~2035 -2034 -934 17 -1l o
8292 -17808 -17796 ~8288 104 -78 [
75113 159498 ~159355 =75061 676 -590 1
704249 -1482442 ~1480>68 -703471 5092 5067 7
7027425 -14575429 -14646122 -7014186 51025 55663 69
13180185 -33973214 33545118 ~12938235 56666 61461 ~77
-10465407 23803900 ~11060957 ~6808664 -218600 466201 296
-6152988 15548686 ~15735927 ~6217268 ~126 52507 -1
~526743 1077412 -1073896 ~526072 562 -48911 1
-62459 55400 ~55156 ~62420 -1035 ~1097 -1
«4657 5673 -5656 ~4645 -125 -992 [
~490 416 416 -487 =30 -153 0
-55 25 -26 ~55 -6 -24 [
-7 o 0 -7 -1 -4 o
-1 0 0 -1 ] o o
-8 1 1 6 0 0 [
-49 9 9 «9 -1 [ 0
-431 68 67 %31 -6 -3 0
=3815 547 547 3813 -40 -16 0
~34393 4608 4601 34368 ~264 -84 [
~319440 40719 40650 319080 ~1941 -478 -3
-3107115 382435 381624 3101152 -15999 -3278 -23
-12691019 2369609 2362810 12549539 37691 5957 51
7835009 -1534288 -798521 -352389 219796 -2107% 298
7375037 -1590005 751282 5256113 -87910 21687 -119
5408 88355 ~330659 119363 -24713 13159 -33
-94002 %2420 ~43922 ~96090 ~16759 11929 =23
-2171% 8697 ~B676 “21724 -1928 1504 -3
-3409 977 ~969 -3408 294 254 0
~441 173 -170 -440 ~43 4 0
-5% 25 -2 -59 -6 7 0
-8 4 -4 -8 0 1 ]
-1 0 [ 0 0 (] 0
1 i 1 -1 [ 0 0
9 10 10 -9 [} 0 0
80 88 88 -80 0 2 0
698 796 195 -698 2 14 [+}
6212 7273 7469 ~6207 21 86 o
56987 67844 67170 -56920 179 565 o
545156 654202 632922 -544108 1525 4059 2
3613841 3947300 3912017 -3588750 =7470 ~16643 ~10
-2298358 -2394761 -915386 1257909 -54075 -7120% -73
-2652699 ~2667036 1716645 ~1369472 51277 54901 69
-177194 -115407 ~257468 431967 22130 18153 30
119304 80091 49334 53951 11136 5000 15
19312 14758 ~15493 21838 8862 2798 12
5013 3634 -3449 4961 835 269 1
694 492 494 688 148 32 3
97 61 -62 95 24 4 0
15 8 -8 14 4 o 0
2 0 v 2 0 o 0
i 5 -5 -1 0 0 [}
11 -3 -43 =11 Q 0 0
108 -377 =371 -108 “ -3 0
1025 «3392 -3390 =102¢ 20 =21 [
9704 ~31251 31215 =-9693 117 -134 -0
93618 ~299043 -298472 93423 612 -852 1
694032 ~2502709 ~2488198 692551 ~4910 1536 -7
. ~352793 1681649 1161680 160160 -12917 34339 «17
-471552 2011990 ~1149288 ~402184 14413 -50399 20
10514 143027 426238 5889 3602 «20170 5
19559 s8821 206695 -5016 126 -11049 o
~3461 -43526 215% 6028 -143) ~5837 -2
R 2144 w321 -75 -1477 -4190 -2
~128 ~1580 1526 -77 ~60 274 [
b -201 199 -2 24 ~55 0
-4 -30 30 -3 4 -9 0
-1 -5 s -1 0 -1 [}
-2 o 0 2 0 ] 0
=22 7 7 22 0 0 [
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24
~23
=22

=20

-196
-1762
=-16204
~185231
-1506237
945827
1274055
39742
54580
26697
-11251
604
=383
-42

-&

0

2

1%

i3l
1160
10567
101307
1076430
=596780
~282316
-5286
44311
~46640
19466
7567
-129¢
282

14

90611
964010

-909391
-55577
22117
9768
9794
3893
-2327
559
~114

2

-1

-1168
=-5688
3907
4166
1003

5T

493
4451
42566
443160
=358314
~-4231931
-36363
~53294
-28591
Y1666
-1174

-1

-9

-81
-700
~6172
~-56022
~535866
5772326
11683068
5528137
207441
36020
32144
24440
8312
~3243
113
-12%

-3

=1

-63

-5G44
-18136
13619
Least
3729
4157
5178
5683
4992
2925
545
-374
111
=18

-2

LLF4
3750
~21712
~3111
-1160

Table A-4.

a)

(Cont. )
Earth on Mars

57 196 -2
«93 1760 -9
4hsh 16184 -51
42498 154945 -230
441826 1499991 «7%6
318455 ~153933 15579
224859 897539 -34917
-136¥26 -233220 ~11s38
-94411 ~138452 -6888
-43545 -53691 -4051
57 4670 -1984
-50% -383 -1219
-338 -384 -60
-32 -2 -12
-T -6 -2
-1 0 °
2 -2 [
13 -15 o
817 -131 0
145 ~1139 9
9545 -10555 4
91432 ~101141 -9
932020 -1073371 -1577
~384142 534932 -5637
739528 -805087 21196
~72003 141588 5631
-41678 94625 3969
~20U34 63085 2366
-5906 25032 2583
13 <7151 1139
i68 206 1099
~29 204 -15
-4 14 12
0 3 1
-1 0 [
-9 -2 0
-81 -14 I
-t60 -119 o
=-6i67 =1046 ]
-55960 ~3491 -1
~535060 -90471 -56
-575891% -961649 ~1696
1082607 75741 -1466
“5445251 911774 8600
-130924 -64063 695
«0240 ~13093 32
40130 -11403 -250
28v83 ~10423 ~482
9452 -4065 -608
-3423 2609 -568
81 -242 -351
8% ~46 40
4 [ -5
i -1 0

1
& 10 0

39 91
540 801 o
3076 7268 -5
29427 69292 -55
308085 737671 -878
150978 286342 -958
314U45 767643 12141
12198 160776 -798
4523 4590 -1013
-15416 -12846 -957
16677 -12%45 -858
-12383 -7874 ~553
-3414 -1998 -377
2643 934 -162
-236 38 -70
-0 -23 -6
° o o
3 -% 0
28 -38 [
<33 -341 0
2229 ~3230 6
23438 33280 73
29476 ~50385 47
22v61 «27150 -1734
11540 -16070 562
~1484 7274 s28
~1908 10806 573
-1u98 12158 647
=38 11427 692
581 7388 622
11 1438 468
~482 -1573 291
131 156 130
-2 21 =21
° 0 H
=62 -2 [
~590 -20 1
-5930 -246 9
-17/68 591 -14
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Table A-4. (Cont.)
Secular Terms

a) Earth on Mars

DX Ly DZ
(IN UNITS OF 10%%(~16))
(TO oF MULTIPLIEV bY TIME IN DAYS FROM EPOCH 1850.0)

J COos SIN cos SIN Cud SIN
0 =-6477798 ¢} ~64455232 0 -5251489 0
1 ~301717 1004843 1004843 ~504282 3741788 14283628
2 2121802 21391902 ~21298252 2112377 174050 664888
3 297175 2982959 ~2976416 296517 12146 46416
4 36916 370006 =-369465 36861 1005 3840
5 4476 44828 -44779 4471 9l 349
6 540 5406 -5401 540 9 34
7 65 652 -652 65 0 3
8 8 79 =79 8 0 0
9 0 10 -10 0 0 0
10 a 1 -1 0 0 0
NDZ NU U/Cos(I)

(THE TERMS ARE IN UNITS OF 10%*(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN Cos SIN Cos SIN
0 11922 0 =301 0 =777 0
1 ~127618 12854 -6427 ~63809 5538 21141
2 =-2970 299 ~299 =-2970 258 984
3 -138 14 -21 =207 18 69
4 -9 1 -2 -17 1 6
5 -1 0 0 -2 0 1
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Table A-4.

(C‘ont. )

Periodic Terms

b) Mercury on Mars

[
- C0S SIN €0s
-10835 4] -5658
90581 578 =-1526
6121 «~5520 5475
184 -883 881
=52 =109 109
-16 -3 9
-3 0 V]
-76 -566 =556
2% 440 -106
216 355 -l41
357 58 46
621 =137 «120
682 412 ~406
-91 -110 «103
~-11 -40 34
-13172 ~62529 63402
-39 -6 7
-9 2 -2
0 1 -1
0 -3 -3
6 =24 -24
62 =237 =237
2 -2 -2
2 -8 -6
-10 -19 -18
=49 =29 -28
123 -5 -3
-158 T4 79
2 -5 -2
-26 © 11 -11
-1337 -6366 6431
-6 3 3
-2 0 ]
-5 2 3
-t 8 8
0 17 16
5 17 16
-13 5 2
2 2 -3
-2 ] -1
-204 -972 981
7 2 2
0 1 0
2 3 -2
3 0 0
2 4] [¢)
[{] 3 3
-1 0 0
=37 =176 177
-2 -b -b
0 -2 0
-7 ~-35 35
-2 3 3
-2 =7 7
2 0 o
o -2 2

oy
(IN UNITS OF 10#%(=~32))}

SIN

0
90334
6152
189
=51
=16
-3

83
~209
-163
-386
~654
-707

107
114
~13206
-39

-9

0

0

-6

62

-2
-2

A-84

(372

F
OPrOOOOOOOO

CWOOOOOO

oN©

SIN

-215
=34

[t
-
OWNOO=O0O0O

Py
VPO~ OOCD0O00

-
DHPrO000Q00

Cwo

U/Cos I
(108 (=4} SECONDS OF ARC)
€os SIN
-2 0
0 0
0 0
0 0
0 )
0 0
0 0
0 0
0 0
0 0
0 0
o 0
.9 0
0 0
o 0
4 7
0 o
0 0
0 0
0 0
0 0
o 0
0 0
o 0
0 0
0 )
0 0
0 0
0 0
0 0
0 1
0 o
0 0
o 0
0 0
0 o
0 0
0 °
o 0
0 0
0 0
o 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 o
0 0
0 0
0 0
0 0
0 0
o 0



Table A-4. (Cont,)

b) Mercury on Mars

et s ot e b [« N =]

NN

-

-7
-h
-3
-2
-1

-2
-1

-1

NDZ NU D (LONG.) D LOG(R)
momemwenreee(IN UNITS OF 10%#(=4) SECONDS OF ARC)emerewem=wmmem (IN UNTTS OF 10#%(~=9))
cos SIN coSs SIN c0S SIN cos SIN

0 0 123 0 [¢] 0 26 0
0 0 5 -15 0 0 1 -3
-1 -1 0 -3 -l -1 0 -l
-1 0 Q 0 -1 (4] ] 0
[¢] o (¢} (1] 4] -1 0 [¢]
0 -1 1 =1 1 -1 0 0
3 =2 -1 -9 11 -3 [} -3
85 ~-18 =18 -85 84 ~-18 -4 =18
=12 3 0 0 -4 1 [¢] 1
1 0 [} 1 0 0 0 0
[ 0 0 -1 1 [] 0 [}
9 -2 -2 -9 9 -2 0 -2
~1 ] 0 0 0 0 ] [+]
1 0 0 -1 1 ] 0 o
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Table A-4. (Cont.)
Secular Terms'

b) Mercury on Mars

DX py D7
(IN UNITS OF 10##(=161)
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN cos SIN cos SIN
0 ~129830 0 . =223098 . 0 7028 0
1 -6047 3478 3478 -10107 -50072 ~113497
2 42526 74044 -73719 42337 ~2329 ~5283
3 5956 10325 ~10302 5943 =163 -369
4 740 1281 -1279 739 -13 -31
5 90 155 ~155 90 -1 -3
6 11 19 -19 11 0 0
7 1 2 -2 1 0 0
NDZ NU U/COs(1)

(THE TERMS ARE IN UNITS OF 10%x(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J coS SIN €05 SIN CoS SIN
0 41 0 -6 0 10 0
1 -442 258 =129 =221 =74 ~168
2 -10 6 -6 ~10 -3 -8
3 0 0 0 -1 0 -1

A-86
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Table A-4.

(Cont.)

Periodic Terms

px
<os SIN <os
=-156068 o =-3073
1515448 -172 «1309
125675 ~3022 2890
9112 ~533 517
701 -97 5
56 =18 17
5 -3 3
4 2 2
32 21 21
277 {344 177
2396 1533 1531
21138 13522 13530
192369 123004 122870
1851320 1182228 1180504
20353700 12936268 12907847
~640227% ~3432723 =3302748
~19421408 ~12260268 12086732
118665 -123189 123150
=15199%2 ~584065 685186
17374 6817 ~6794
2445 1062 -1058
320 152 ~152
“0 21 =21
5 3 -3
=15 =19 =19
-128 ~-167 =167
-1128 -1672 -1472
=10268 =13405 =-133%0
=-98760 =-128886 -128689
=1079967 ~1406767 ~1403377
675787 834234 193978
1066539 1373090 ~1131700
16119 14551 246537
82634 87895 162517
~15055 ~17236 %495
2263 2306 =2263
—blbb ~3164 3163
=110 =163 162
-1é =28 28
-2 -t 4
-2 -2 -2
949 503 501
904 4833 «B22
9888 52308 52169
-g004 -40930 ~-38411
~10831 ~53605 33912
«Z2045 -6509 =19728
=5786 -18863 =23649
=-9890 ~30546 =-33103
~10398 «31198 -32120
990 2667 3819
~T29 ~2095 1931
13 27 -26
-34 -1 1
-1 2 -2
1 [ [
10 51 51
-440 1723 1650
=550 2044 =866
~96 578 1169
~248 1565 1789
470 3290 3430
-78% 6265 6367
~1051 9587 9608
~Bhb 8670 8631
45 -995 ~1800
«53 107 ~%569
Q0 =17 15
3 ] 0
[] -2 -2
5 16 -16
&7 -1%9 ~159
516 =-1770 -1768
k3 s ~106 =84
195 -277 =145
322 =492 -479
654 =1047 =10%0
1181 ~19564 -1959
1640 -2819 -2779
1270 ~2237 ~2106
=185 373 655
109 ~208 128
-5 1 -9
-1 0 o
-1 1 1
-1t 183 14
«125% 163 182
~121 74 4%
-324 204 67
-445 301 280
«T4T7 525 517
«961 695 678
=649 478 437
13¢ -113 ~108
-5 53 -i8
5 -5 3
3 -1 -1
27 -16 ~16
312 -184 =183

DY
(IN UNITS OF 10##1-12)

Sin

0
1492401
124852
9057
696

56

5

-
-32

~277
-2396
-21119
-192159
«1848639
=20309897
6254269
-19002823
122411
~1519442
17410
2450

320

40

5

i5

128
1127
10257
98610
1077382
~b46168
860045
~215049
-145617
«3690
2073
«6156
~112
=16

-94

=903

~9862

~60

~lble
=1191

c) Venus on Mars
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Table A-4.

(Cont. )

c) Venus on Mars

~13
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Table A-4. (Cont.)

c¢) Venus on Mars

coocecc

[SENE VR NI.VE NE VY S VYN L e

[GRCRCRE RURV] rEPPEP N S W W W W W

[ -

~

NDZ NU D (LONG.) D LOGIR)
wrmrcmcmceee (IN UNITS OF 10##(c4) SECONDS OF ARC)=m=mmemma-c= (IN UNTTS OF 10%%(-91}
X cos SIN cos SIN cos SIN €05 SIN
0 o 0 2052 0 o 0 432 o
1 0 2 151 -8 o 0 22 -2
2 -1 -22 26 -2 -1 ~22 5 0
3 0 -2 3 0 0 -4 1 0
4 0 0 0 0 0 -1 0 0
-8 o 0 0 0 1 -1 0 0
-7 0 0 0 0 5 -9 -1 -1
-6 o 0 0 0 45 -170 -10 -6
-5 0 1 0 -1 169 -575 ~72 a6
-4 2 46 17 o 3172 -4946 -518 -333
-3 34686 ~54837 1747 1139 34150 -53828 473 298
-2 -5829 10960 ~-6009 -3168 -2539 5714 ~743 -334
-1 649 ~1516 -2836 -1277 467 -1057 ~626 -271
0 -154 348 -57 ~26 -112 254 -2 -1
1 0 1 -3 -1 -9 22 -3 -1
2 o o 0 0 -1 3 0 0
-10 0 0 0 9 -1 0 0 0
-9 o 0 0 o -5 4 1 1
-8 o 0 0 0 -40 31 4 5
-7 -13 9 4 6 -347 265 28 26
-5 -3749 2887 -182 -239 -3618 2781 -50 bl
-5 1388 -1127 619 761 1060 -876 100 121
-4 211 -178 le63 193 38 -267 40 47
-3 173 -150 164 186 217 -190 36 41
-2 175 -159 173 191 195 -177 3B 42
-1 5 -9 0 5 23 -26 2 3
0 Q 1 1 1 2 -2 1 1
~11 0 0 0 0 2 0 0 0
-10 1 o 0 0 13 -2 0 ~1
-9 137 -26 2 13 131 -25 1 3
-8 -66 5 -8 -38 -55 13 -1 -6
-7 -15 “ -4 ~14 -22 5 -1 -3
-6 -16 “ -5 -18 -20 5 -1 -4
-5 -24 7 -9 -30 -30 9 -2 -6
-4 -38 12 -15 -47 oS 14 -3 -10
-3 -43 14 -17 -50 -4 15 -4 -11
-2 2 -1 0 0 -3 1 e 0
-12 -5 -1 0 o -4 -1 0 0
-11 3 1 0 2 2 1 0 0
-10 1 0 0 1 1 0 0 o
-9 1 0 0 1 1 0 o o
-8 2 0 0 2 2 0 o 0
-7 3 1 -1 5 4 1 0 i
-6 7 1 -1 9 8 1 0 2
-5 11 1 -2 14 13 1 0 3
-4 12 1 -1 14 13 1 0 3
-3 -1 0 0 -1 o 0 0 o
-9 0 0 0 -1 -1 ) 0 0
-8 -1 -1 1 -2 -1 -1 0 0
-7 -2 -1 2 -3 -3 -2 0 -1
-6 -3 -2 2 -4 -4 -2 1 -1
-5 «3 -2 2 -4 -3 -2 0 -1
-4 1 0 0 0 ) 0 ) o
~12 o -1 0 0 0 -1 0 0
-9 o 0 -1 e 0 1 0 0
-8 1 1 -1 1 1 1 0 0
-7 1 1 -1 1 1 1 ° 0
-6 1 1 -1 1 1 1 0 o
-12 0 i -1 0 0 1 [ 0
-9 0 0 1 0 0 0 0 o
-8 0 -1 1 0 0 -1 c 0
-12 o -2 1 0 0 -2 o o
-12 -1 1 -1 -1 -1 1 o 0
-12 1 -1 0 1 1 -1 o 0

A-89



Table A-4. (Cont.)
Secular Terms

c) Venus on Mars

DX by Dz
(IN UNITS OF 1Ox#(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 185040}

J cos SIN Cos SIN CoS SIN
0 -241330 0 -13997273 0 -278209 0
1 -11229 218214 218214 -18776 1982137 «2601692
2 79048 4645524 -4625186 78697 92199 ~-121106
3 11071 647787 ~646367 11047 6434 ~-8455
4 1375 80352 -80234 1373 532 -699
5 167 9735 -9724 167 48 -64
6 20 1174 -1173 20 5 -6
7 2 142 =142 2 0 0
8 0 17 -17 0 0 0
9 0 2 -2 0 0 0
NDZ NU UsCos(I)

(THE TERMS ARE IN UNITS OF 10%%#(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY Nx*T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN CoS SIN cusS SIN
0 2589 0 -11 0 =412 0
1 -27714 479 ~239 ~13857 2934 -3851
2 =645 11 -11 ~-645 136 -179
3 -30 0 -1 -45 10 -13
4 -2 0 0 -4 1 -1

A-90
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Table A-4. (Cont.)
Periodic Terms

d) Jupiter on Mars

23 DY 02
(IR UNITS OF 108#(-12))

cos SIN [ SIN Cus SIN
2288968 ] ~1460916 [} ~131970 [
-6979041 28305 ~24600 =6941844 [} 0
1003479 140468 140222 1004538 6409 25511
69432 -8887 sas2 69523 516 -1676
4151 532 532 4160 42z ~-128
180 -25 25 181 4 -1l
-4 0 [ - 4 0
-3 [ 0 -3 o 9
-2 2 2 2 o (]
~16 15 15 16 o 1]
-136 128 128 136 0 0
-1127 1056 1056 1126 o 43
~9369 8756 8748 9361 -6 [
~78079 72636 72555 7799% b4 1
~649472 599948 599060 © 648537 -799 -16
~5309883 4844953 4834h14 5298635 11709 ~914
-39464168 35057007 34920224 39308302 ~233280 -45956
7844810 10308526 11009130 -9324829 -6076¢ 868044
103261533 ~86765691 87005613 101232736 ~62682 -802541
-600265 *=14774860 14743471 =555878 270716 176677
~433247 ~1417237 1415260 ~431089 «11970 -9891
-61841 ~151147 150988 - ~61688 842 =129
~780% ~le84l 16827 -7792 -70 b2
-956 ~1925 1924 =955 ¢ -6 -5
=116 =224 224 ~116 L] ]
-14 ~26 26 14 Q 0
-2 -3 3 -2 0 [
0 -2 -2 o 4 0
3 -14 ~14 -3 o (]
26 -113 ~113 =26 0 Q
206 -913 ~912 -206 a 0
1652 ~7360 -7353 -1651 -2 [V
13072 ~58836 58767 -13087 =21 -2
100857 461103 ~480379 ~100712 ~247 -17
132856 -3439515 «3431540 -731465 -3097 «111
4430127 -21970087 ~21876834 ~4419670 -41301 -1108
6914013 -48903115 ~47916702 ~7092030 -1567966 -170815
~17902939 80136807 -81678248 ~18446035 -2277320 -2064370
~16860790 112432819 ~112332080 -16894513 536356 394229
-1306024 8068602 -8061990 ~1304087 38165 22131
-124709 122402 -721823 ~1264571 2194 1246
-13248 764419 -74366 -13238 165 93
-1474 8135 ~8130 ~1473 14 8
-l68 319 -918 ~l68 1 [
-20 106 ~106 -20 0 0
-2 12 -12 -2 0
0 1 «1 0 0 0
0 -1 -1 0 [ ©
-2 -10 -10 2 0 0
-15 -80 -80 15 0 0
~-112 618 -616 111 [} [
-776 4643 ~4b41 7% -2 4
~4804 ~33558 33552 4792 -25 “4
-20938 222545 »222801 20856 -267 476
52324 -1189187 -1199001 -51772 ~2263 4537
2821601 -2518174 -2839529 -2749025 13297 1940
7058184 ~82589 «14061060 ~29488 432151 4033
-10656804 8646066 -8B43944 -1076707% ~162049 261715
~7315489 13843788 ~13827912 -7309731 35683 69725
~548763 1037464 1036420 ~548199 2847 4185
~51504 96852 ~96767 ~51658 170 249
-5411 10143 -10136 5407 13 19
~598 1119 -1118 597 1 2
-8 121 -127 ~68 o 0
-8 15 -1% -8 o ]
0 2 -2 0 [ 0
-1 0 -1 1 [ 0
-10 -8 -8 10 0 0
-69 =56 -58 59 [ 0
-481 -394 -396 483 [} 2
-3093 2621 ~264% 3113 0 17
-16871 -15576 ~15909 17186 12 157
~56989 -12339 «77216 62322 163 1088
165420 -148920 ~223846 ~64987 1386 -870
1578684 467455 -598250 539792 39062 22121
532797 608432 -237975%9 ~995408 91904 61983
-1778758 -78035 61431 -1793268 -8554 -25629
-1312a77 1396183 ~1394097 -1311221 366 7251
-102629 109708 -109579 -102513 83 419
-9944 10632 ~10621 -9935 5 26
~1058 1131 1130 1057 0 2
-118 126 =126 ~118 C a
-13 14 “14 -13 0 0
-2 2 -2 -2 0 0
-2 [ 0 3 [ 0
-17 [ o 17 0 0
-112 .3 -3 114 0 [
-673 -23 =27 693 3 “
-3385 «241 =270 3625 28 33
-10841 -2554 -2730 13856 172 164
14059 -21906 =20698 26171 106 «345
244183 ~46302 27099 186970 2548 -6617
202805 277213 206840 71903 1t181 494
47332 ~22353 -281020 -318110 9057 19804
~173045 ~178693 177124 ~17480% 644 =3402
~249435 187787 -18743% 249020 ~211 636
~20758 15771 -15750 ~20732 -7 3%
-2081 1585 -1584 ~2070 0 2
-225 17l =171 -225 o [
«25 19 =19 -25 0 (]
-3 2 -2 -3 o 0
«l 0 L] 1 [ 0

u/sCos
{10%8 (=4) SECOI
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(Cont. )

d) Jupiter on Mars
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Table A-4. (Cont.)

d) Jupiter on Mars

ND2Z

[

[NE NS VE VTSR RN YR N W N e e e e o e 0 e e cceocecce

w WW W e w

AU R RUEURU T RE RURT RV FEEEEEFEPE N

sCcocoCOOOTO

kel

SN D W N O

-6
-5
-t
-3
-2

1
L N

-7
-6
-5
-4
-3
-2
-1

£ WA T

-8
-7
-6
-5
~h
-3
-2
-l

-8
-7
-6
-5
-4
-3

-1

-8
-7
-6
=5
-t
-3
-2
=1

Cos

-21
-1

164134
20175

~5517
=137433
~204041
6093
179

-t

-56
-780
~11166
-13734
~26872
616

17

-1

-9
-98
~876
=-2170
357
-3113
49

34
«370
~14l

329
-492

“3
%2
-53

140
-453

NU D (LONLG)
mmmm—emmeeee (N UNITS OF 1O%#(<4) SECONDS OF ARC)wm—ceseweeaw
SIN Cos SIN Cos SIN
0 ~9278 o [} [¢]
21 3611 -386 0 0
-196 279 ~28 =21 -196
-12 22 -2 ~3 -30
-1 2 ] [+ -ty
0 ¢} (4} [} -1
4] 0 0 1 1
o 0 0 5 5
1 2 -3 40 42
14 26 =29 324 341
231 318 =352 2630 2775
5168 4594 =5006 21512 22925
193803 84332 ~71510 166575 191545
-291yh 5743 -1248 35555 -11265
=2071 1183 168 3909 -2687
=55 60 10 466 -~310
-3 4 1 57 - -37
] ¢} 0 7 -5
0 [ (] 1 -1
0 0 0 -1 0
0 0 0 -5 -1
[+} -1 4 ~40 -9
-6 -12 46 -323 -5
-90 -138 513 -2585 -598
-1507 -1641 6383 -20555 -4660
-30361 -20665 93685 -156893 -3321%
-29184 -12966 84821 -216335 -31975
584 448 3455 -14396 ~2468
-20 12 113 -1645 -322
-1 1 5 =202 -39
[}} 0 [+} =25 -5
¢} [+} o -3 -1
0 0 [+] -1 0
0 0 1 =5 1
1 3 9 -35 8
le 27 14 212 62
254 305 931 -2009 454
4494 3368 9103 -12808 2633
-14739 -11662 9804 -17281 -19511
-12854 -4828 8925 -28217 14521
319 «176 341 -2050 -107%
7 -5 12 =237 -127
] 0 1 -29 ~15
0 [} 0 -4 -2
0 0 (o} -1 i
1 2 2 -5 L3
12 19 14 -31 41
144 172 117 ~204 215
1507 i298 809 -1088 1422
-680 -401 1773 -2253 ~846
-3017 -1864 -31 144 ~3297
~2509 ~688 691 -3100 -2792
47 24 26 =240 -220
1 -1 1 =28 ~-26
o (] 0 -3 -3
[¢] 1 0 [} 2
5 7 [¢] (] 12
42 50 -2 1 73
313 290 =21 -1 328
150 159 313 -377 153
-246 -169 141 =150 -~260
~280 =174 =170 266 ~353
-557 -84 55 ~4563 ~585
6 -3 2 ~38 49
0 0 [ -4 -5
] [} 0 -1 -1
1 2 -1 2 2
8 10 -8 10 14
48 47 -39 39 55
T4 72 34 -43 76
-19 -7 49 -55 =15
~-29 -22 -2 12 -36
3 -1 -72 98 =59
-634 ~20 11 -4 -634
1 -1 o ~40 =58
] 4] [ -5 -7
o 0 0 -1 -1

D LOG(K)

CIN UNITS OF 10%%(=9))
cos SIn
~1954 o
759 -81
59 -6
7 -1
1 0
[V 0
[ [
1 -1
6 -6
49 47
377 -360
2821 -2685
17417 “15195
=715 1350
268 458
38 62
5 8
1 1
0 0
0 o
[} 1
-2 6
~12 50
~-90 386
-682 2964
4621 21660
-2425 16447
233 -1460
42 ~220
[3 =29
1 -4
v 5}
0 [4
[¢] 1
1 6
11 45
80 328
506 2080
2625 2216
~836 1723
114 -212
17 =31
2 -4
[} ~1
o 3}
1 1
7 5
49 36
261 191
-132 365
~412 1
~-114 145
24 -25
3 -4
o 0
u 0
2 0
14 0
62 -1
21 67
41 24
40 -33
=15 14
5 -4
1 -1
[} 0
[1] 0
3 -2
11 -8
14 8
-3 10
-5 -2
-6 -11
-t 4
6 -4
1 -1
0, 0
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Table A-4. (Cont.)
Secular Terms

d) Jupiter on Mars

DX DY 4
(IN UNITS OF 10%%(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850,0)

o cos SIN Cos SIN CosS SIN
0 -47996123 0 =353208407 0 -8971041 0
1 ~2235520 5506859 5506023 -3736389 63915494 38946489
2 15721127 117225585 -116712388 15651289 2973034 1812918
3 2201868 16346328 ~16310477 2196994 207474 126561
4 273520 2027599 -2024632 273117 1716l 10471
5 33163 245654 ~245384" 33126 1560 952
6 4001 29625 -29599 3998 150 92
7 483 3575 -3573 483 15 9
8 58 432 =432 58 2 0
9 7 52 -52 7 O 0
10 0 6 -6 0 0 0
NDZ NU usCosn)

(THE TERMS ARE IN UNITS OF 10##%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J cos SIN Cous SIN CoS SIN
0 65331 0 -2228 0 -13278 0
1 -699337 95239 -47619 -349669 94602 57645
2 -16277 2215 -2215 -16277 4400 2683
3 -757 103 -155 -1136 307 187
4 -47 7 -13 -94 25 15
5 -3 0 -1 -9 2 1
6 0 0 0 -1 0 0
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Table A-4. (Cont.)
Periodic Terms

e) Saturn on Mars
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DX oY 0z us€ostl)

C(IN UNITS OF 10#%(-12)) (10%%(~4) SECONDS OF ARC)
cos SIN <€os SIN cos SIN cos SIN
111609 0 -5553 0 -2516 0 -3 0
~319932 1613 ~463 =31333¢ 0 0 g 0
53120 =-5520 5496 531710 -268 -2192 o -3
4036 -421 420 4039 -10 -144 [+ o
289 =34 34 290 (1] -11 0 o
20 -3 3 20 1] 0 0 0
1 0 ] 1 [ 0 0 0
6 7 7 -6 0 o [+ 0
47 60 60 -47 0 (] 0 0
387 499 499 -387 0 ] 0 []
3214 4181 4176 -3211 -2 3 ] ]
26627 35035 . 34986 =-26590 -25 34 o 0
2165711 289953 289331 =-216129 -362 453 [} 1
1605744 2203947 2194192 «1600003 -1369 7542 =10 10
3005665 969621 703256 =2971378 ~-1380 66552 -2 90
«3483189 =5945800 5995142 =4025612 «17550 ~12070 -24 ~16
=-3033015 -1163581 1160801 «3017578 «50148 94794 -68 128
=-370186 -113880 113709 -369380 -2343 4229 -3 6
-42206 -12177 12164 -42146 ~165 297 [+ ]
-4852 ~-1358 1357 -4847 -l4 25 0 0
=565 -155 155 -564 -1 2 0 o
-b6 -18 18 -66 0 0 [+ 0
-8 =2 2 -8 Q 0 0 [}
-3 4 4 3 0 0 4] 0
=22 30 30 22 0 0 ] 0
-174 241 241 173 0 0 +] 0
-1377 1928 1926 1376 1 o 0 0
«10710 15117 15096 10697 12 10 o 0
=19462 113670 113457 79343 142 117 0 0
=517736 759284 757235 516952 1126 1436 2 2
-1878817 2976086 2971791 1893684 17323 16186 23 22
1535586 =1803346 2199216 1419960 371512 314767 503 426
5171528 ~-8026751 8032291 5149617 -68302 =53520 -92 -72
277635 -685970 685144 277938 11684 -1752 -16 -2
19793 -61292 61231 19797 «572 -120 =1 0
1828 ~6338 6333 1828 -41 -9 0 0
188 -695 694 188 -3 0 0 0
20 -79 19 20 0 0 4] 0
2 -9 9 2 o 0 o 0
0 -1 1 0 0 [+ 0 0
0 1] 1 [ 0 0 [} ]
L 8 8 b 0 0 0 0
26 61 61 -27 0 0 0 ]
125 463 463 ~-127 0 0 0 0
65 3394 3404 «-93 2 -1 [} [}
=9196 23214 23388 8683 i8 7 o 0
«150438 134948 138041 139669 130 847 0 1
=537667 417789 463838 253514 52 12705 0 17
496652 «405954 452528 510629 “7669 57318 65 78
1025964 -1129818 1130028 1024589 -9722 -10921 ~-12 =15
71995 -92287 92182 71959 -1324 -820 -2 -1
6134 -8284 8276 6130 -67 -45 0 0
620 -858 857 619 -5 -3 0 0
67 -94 9% 67 0 0 0 0
8 -11 11 8 0 0 (1] 1]
o -1 1 0 0 0 [} [+]
0 L -4 0 o o 0 0
5 =22 -23 -5 ¢ o 0 [
33 -80 =91 -33 o 0 0 0
201 129 -5 ~-195 ] o 0 0
168 5431 3650 23 57 -13 0 0
=-27052 27511 5938 31132 559 77 1 [}
-108795 31206 68600 15505 -1293 3663 -2 5
108063 -52818 57332 111289 4382 T763 [ 11
153215 =-120818 120802 153085 -988 -1663 -1 -2
11310 -9688 9677 11301 -122 ~-128 0 0
1001 =879 878 1000 b -7 0 0
103 -91 9l 103 L] 0 [ (1]
11 ~10 10 11 [ 0 0 (1]
1 -1 3 1 [ 0 [+ 4]
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Table A-4.

(Cont. )

e) Saturn on Mars
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Table A-4. (Cont.)

e) Saturn on Mars

NDZ NU D (LONG.)
----- m==maee{IN UNITS OF 10%%(=4) SECONDS OF AR()=wm==mw==m==
cos SIN cos SIN - €05 SIN
0 0 ~422 0 0 0
0 1 184 -15 0 0
0 -6 11 -1 0 -6
0 0 1 0 0 -1
0 0 0 0 2 -2
0 -1 -1 ~1 18 -14
8 -10 -14 -12 166 -116
179 =221 -198 -192 1225 -947
11018 ~6893 ~3271 -5216 11196 -7618
1712 ~7501 108 -175 2744 -8192
39 497 265 21 318 -1272
1 -12 13 1 38 -149
0 -1 1 0 5 -18
0 0 0 0 i -2
0 0 0 0 1 1
1 1 1 -2 11 8
10 9 14 -17 86 63
174 139 159 ~205 676 489
3687 2672 1944 -2689 5059 3547
14569 9320 4402 -6834 14902 9518
-134 -557 210 -280 1263 338
-5 -28 16 -3 145 24
0 -1 1 0 18 3
0 0 0 0 2 0
1 -1 -2 -1 3 -3
6 -15 -17 -8 24 -19
69 ~170 ~127 -69 162 -68
751 895 615 =537 948 1050
2055 1840 843 ~927 2123 1916
-29 -61 36 -36 171 119
-1 ~3 1 -1 20 13
0 0 0 0 2 2
-2 0 0 2 -3 0
-14 0 -1 11 -9 -3
34 -61 -47 -28 44 =40
92 195 129 -67 116 214
222 273 121 -95 231 290
=3 -7 5 -y 18 20
0 0 0 0 2 2
0 1 1 0 0 1
-7 0 -1 6 -6 -1
11 -12 -9 -8 11 -9
6 34 22 -5 9 36
21 36 15 -8 21 39
0 -1 1 0 2 3
0 1 1 0 0 1
-2 -1 0 2 -2 -1
3, -2 -1 -2 2 -1
0 5 3 0 0 5
2 4 2 -1 2 s
0 1 0 0 0 1
0 1 0 0 1
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(IN UNITS OF 10#x{-9))

cos

-89

39
2

0

-2
~-16
-119
=761
86
138
19
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72
498
895
-51
3
-1

-1

-ty
-15
149
168
-12

-2

-1
-8
30
24
-2
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O OO0

[~R ]

D LOG(R)

SIN

0
-3
0
0

~3
=20
-151
-1113
7

36

-2
-13
=99

=707
=1401

89

19

-1
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-25
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Table A-4. (Cont.)
Secular Terms

e) Saturn on Mars

DXx Dy Dz
(IN UNITS OF 10%%x(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J Ccos SIN CoS SIN cusd SIN
0 -1904634 0 -18872838 0 -7357171 0
1 -88712 294223 294223 ~148271 5242109 374135
2 623863 6263664 -6236242 621091 243837 17416
3 81377 873426 -871511 87183 17016 1216
4 10854 108340 -1081s81 10838 1407 101
5 1316 13126 =-13111 1315 128 9
6 159 1583 ~-1582 159 12 0
7 19 191 =191 19 1 -0
8 2 23 =23 2 0 0
9 0 3 -3 0 0 0
NDZ NU Us7Cos (1)

(THE TERMS ARE IN UNITS OF 10#%#(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N»T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J cos SIN cos SIN cos SIN
0 3491 0 -89 0 -1089 0
1 -37367 3779 -1890 -18684 7759 554
2 -870 88 -88 -870 361 26
3 -40 4 -6 -6l 25 2
4 -3 0 -1 -5 2 0
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Table A-4. (Cont.)
Periodic Terms

f} Uranus on Mars

DX DY 1172
(IN UNITS OF 10%%(-12})

cos SIN cos SIN €05 SIN
2028 0 13 0 -131 0
-5843 -12 -7 -5806 0 0
951 13 -13 952 16 -9
66 2 -2 67 1 0
4 0 o IS 0 0
2 0 0 -2 o 0
15 -3 -3 -15 0 0
128 ~24 -24 -128 0 0
1072 -201 -201 ~1071 0 0
8877 -1671 -1667 -8859 9 4
68080 ~12759 ~12700 -67814 140 58
134422 -6998 -4979 -127578 2242 1032
-152059 35737 ~35789 -176476 -150 ~238
-137978 8103 ~8090 -137307 ~1938 1293
~16775 742 ~741 -16739 -89 60
-1900 17 -7 -1897 -6 4
-218 9 -9 -217 0 0
-25 0 0 =25 0 0
-3 0 0 -3 0 0
7 -4 -4 -7 0 0
53 -30 -30 -53 0 0
425 -241 -241 424 0 0
3301 -1873 -1870 ~3296 2 -3
23844 -13491 ~13463 =23793 19 -35
130486 ~73355 -73290 -130307 299 -504
-19756 14408 -21067 ~41727 6097 -10564
-375968 212484 -212421 -376813 -915 1587
~34084 16500 ~16488 -34036 -206 274
-3077 1392 -1391 -3074 -10 13
-319 141 -141 -319 0 o
-35 15 =15 -35 0 o
-4 2 -2 -4 0 o
5 -2 -2 -5 0 o
46 =21 =21 ~45 0 0
410 -222 -218 =406 0 0
3411 ~2091 -2019 -3338 3 -1
16941 -10457 -8777 -15245 45 ~-102
-5491 3669 4464 ~7406 718 ~1355
-45753 27417 -27407 -45787 -113 212
-3775 2097 ~2095 -3111 -19 30
=331 178 -178 -330 0 1
-3¢ 18 -18 «34 0 0
-4 2 -2 -4 0 0
4 -2 -2 4 0 0
33 -11 -17 -38 0 o
361 -215 -282 -394 ° 0
1802 -1241 -755 -1349 6 -17
-828 587 -664 -988 66 -136
4408 2800 ~2799 -4409 -11 22
-352 212 -212 -351 -2 3
-31 18 -18 31 0 0
-3 2 -2 -3 0 0
2 -1 1 -2 0 0
31 -13 42 46 0 0
180 -140 -50 -103 0 -2
-101 78 -85 ~114 6 -12
-389 262 -262 <389 0 2
~30 20 -20 -30 0 0
-3 2 -2 -3 0 0
0 0 1 0 0 0
2 0 -6 5 0 0
17 -15 -2 -7 o 0
-11 9 -10 .12 0 -1
-33 24 -24 «33 0 0
-3 2 -2 -3 0 0
2 -2 0 o 0 0
-1 1 -1 -1 0 0
-3 2 -2 -3 0 0
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Table A-4. (Cont.)

f) Uranus on Mars

NN N N o o0

NNNNNNN

PN

W WO

-3
-2
~1

-2
-1

-1

ND2Z ) © D (LONGa) D LOG(R)
mmemmemmwace (IN UNITS OF 10%#(=4) SECONDS OF ARC)-e-mrmemmweme (IN UNTTS OF 10%#(=9))
cos SIN cos SIN cos SIN €05 SIN

0 0 -8 0 0 o -2 0
0 ° 3 o 0 0 1 0
o 0 0 o 0 -1 0 o
0 0 0 0 -1 Y -1 0
-1 -6 -6 1 -7 -37 -5 1
-85 -299 -147 32 -67 -331 ~34 7
-13 -335 -2 1 -19 ~368 2 0
0 -22 11 0 -2 -57 6 o
o -1 1 0 o -7 1 0
0 0 o o o -l o 0
o ) 0 0 -1 -2 0 0
-2 -4 -4 3 -10 -18 -3 1
-42 =73 -57 33 -78 -137 -19 11
-385 ~682 ~334 189 -388 -688 =70 39
9 2 -15 9 -27 -62 4 -2
o o o 0 -3 -7 1 0
0 o o 0 0 -1 ° 0
1 1 0 -1 -0 -2 o o
-8 -13 -10 6 -13 -21 -3 2
-50 -83 -40 24 -50 -84 -8 5
1 1 -2 1 -3 -7 0 0
o o o o 0 -1 0 0
-1 -2 -1 1 -2 -2 0 [
-5 -8 -4 2 -5 -8 -1 o
0 0 0 0 o -1 0 0
0 -1 0 0 o -1 0 o

A-101



Table A-4. (Cont.)
Secular Terms

f) Uranus on Mars

DX DY DZ
(IN UNITS OF 10%%(=~16))
{TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J co5s SIN Ccos SIN cus SIN
0 4528 0 -339074 0 =3440 0
1 211 5286 5286 352 24510 43218
2 ~1483 112534 -112042 -1476 1140 2012
3 -208 15692 -15658 -207 1¢] 140
4 -26 1946 -1944 =26 1 12
5 -3 236 -236 -3 0 1
6 0 28 -28 0 0 0
7 0 3 -3 0 0 0
NDZ NU u/Cos(I)

(THE TERMS ARE IN UNITS OF 10#%(~6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT =
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J C05 SIN CoS SIN CcoS SIN
0 63 0 0 0 -5 0
1 -671 -9 4 ~336 36 64
2 -16 0 0 -16 2 3
3 ~1 0 0 =1 0 0

A-102
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Table A-4. (Cont.)

Periodic Terms

g) Neptune on Mars

X
cos SIN cos
603 o 0
-1781 -8 -8
215 0 o
20 1 -1
1 o 0
-2 5 5
<13 45 45
-103 374 374
-829 3030 3023
-5818 21966 21872
8207 9447 570
20508 -62478 63328
-7183 -12330 12296
-975 -1245" 1243
-113 -134 134
-13 -15 15
-2 -2 2
-3 -2 -2
-21 -18 ~18
~-173 -144 -144
-1373 -1147 -1145
-10347 -8639 -8620
-63684 -53137 -52982
3910 2740 -8503
187504 156251 -156348
14423 12575 -12564
1211 1081 -1080
122 110 -110
13 12 -12
1 1 -1
-6 -2 -2
-33 -24 -24
“112 -253 -244
-579 -1488 -1257
26 231 -368
2263 4012 -4013
168 317 -317
14 27 -27
1 3 -3
0 -1 0
0 -10 2
7 =21 ~23
-3 5 -7
8 b4 64
0 5 -5

DY
(IN UNTTS OF 10#%(=-12))

SIN

~-1760
275
20

13
i03
827

5791
-8868
18741
=7137

-972

=113
~13

-2

21
173
1371
10324
63492
9463
187474
14413
1210
122
13

34
127
972

82

2262
168
14

12
-3

A-103

Y4

€os

-4l

cCoOPO

oo v

-4
208

~504
-23
-2

SIN

oc

U/COS{I)
(10#% (=4} SFCONDS OF ARC)
cos SIN
[} 0
0 0
[¢] o
0 0
0 Q
0 0
[¢] 0
0 0
o 1]
0 0
0 1
0 Q
-l [V}
0 ]
0 0
0 0
0 0
[} 0
[¢] 0
0 Y
0 o
[} 0
-1 0
-i8 8
3 -1
[} 0
[} 0
0 0
0 Q
0 0
(¢} 0
0 0
0 [}
0 0
0 0
0 0
0 0
V] 0
0 0
0 0
0 0
0 4]
0 0
0 o
0 0



Table A-4. (Cont.)
g) Neptune on Mars

oc

i s ot s

NNNNNN

-3
-2
-1

-4
-3
-2
-1

-2
-1

ND2Z NU D (LONG.) D LOG(R)
reammaecmmee { IN UNITS OF 10##(=4) SECONDS OF ARC)=esmree—wme- (IN UNITS OF 10%%(=9))
€oS SIN cos SIN cos SIN cos SIN

0 0 2 0 0 0 0 0

0 0 1 0 0 o 0 0

0 0 0 0 2 [ 0 5}

3 1 1 -3 14 4 0 -2
114 36 18 -57 116 33 3 -12
18 25 1 -3 28 =21 0 1
1 -2 1 0 4 -4 0 0

0 0 0 o -1 1 0 0
-1 1 1 1 -6 7 1 1
-19 23 19 16 46 55 7 6
~283 340 168 140 ~284 341 35 29
5 -8 8 6 -21 24 -2 -l

0 0 ] 0 -2 3 0 0
-1 0 0 1 -1 1 0 0
-7 4 2 4 -7 % o 1
0 [] 0 0 -1 0 0 0
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Table A-4., (Cont.)

Secular Terms

g) Neptune on Mars

DX DY DZ
(IN UNITS OF 10%##(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J Cos SIN Cos SIN cos SIN
0 -189 0 ~98340 0 ~3635 0
1 -9 1533 1533 =15 25899 13853
2 62 32638 -32495 62 1205 645
3 9 4551 =4541 9 84 45
4 1 565 =564 1 7 4
5 0 68 ~68 0 0 0
& ] 8 -8 0 0 0
NDZ NU Uscos(l)

({THE TERMS ARE IN UNITS OF 10%#(=-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J cos SIN cos SIN cos SIN
0 18 o -0 0 -5 0
1 ~195 0 0 -97 38 21
2 -5 0 0 -4 2 1
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Table A-5. Jupiter

Periodic Terms .

a) Mercury on Jupiter

bz

DX oY
(IN UNITS OF '10%%(-12))
cos SIN <os SIN cos
=23640 4] =4560 0 ~-1413
295771 354 -526 295738 0
4928 -4538 4537 4930 -l
42 ~246 246 42 0
-5 ~-10 10 =5 [
1 2 2 =1 0
0 1 1 o (1]
29266 ~57173 57713 28573 4376
2975 -5834 5868 2916 444
454 -892 896 446 68
82 =162 162 81 12
16 -32 32 16 2
3 -7 7 3 0
0 -1 2 0 ]
NDZ NU D (LONGe)
------ wmmece (IN UNITS OF 1O%%(-4) SECONDS OF ARC)--==—comcacw
K Cos SIN <0s SIN cos SIN
0 0 0 117 [} 0 (o}
1 0 (¢] -2 -l 0 0
-2 1 [¢] 1 -1 2 1
-1 23 11 11 =23 23 11
0 -2 -1 4] 1] -1 o
-1 2 1 1 -2 2 1

A-106

SIN

-24
-1

0
5521
563
86

iée

u/cos(y
(10%#%(~4) SECONDS OF ARC)
cos SIN
1 0
0 o
0 0
0 0
0 0
0 0
0 0
2 2
0 o
0 ]
0 0
0 0
0 0
0 0

LOG(R)

D
(IN UNITS OF 10##(=9))

cos

(=R -]

SIN



Table A-5. (Cont.)
Secular Terms

a) Mercury on Jupiter

Dx DY Dz
(IN UNITS OF 10%%(=-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 185040}

J CcoSs SIN Cos SIN Ccos SIN
0 ~1348 0 -3369 0 419 0
1 -33 27 27 =54 -5785 -2048
2 447 1122 ~-1120 447 ~-139 -49
3 32 81 -81 32 -5 -2
4 2 5 -5 2 0 0
NDZ NU u/scos (1)

(THE TERMS ARE IN UNITS OF 10#%(=-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Ccos SIN CcoS SIN CoS SIN
0 1 0 -1 0 1 0
1 -12 5 =3 -6 -16 -6
12 0 -1 0 0 0 0
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Table A-5. (Cont.)

Periodic Terms

b) Venus on Jupiter

DX Dy 2rd
(IN UNITS OF 10%#(<12))

cos SIN C0S SIN €os SIN
~305000 [¢] -4178 0 -1291 [}
4304562 301 ~505 4301223 0 0
110594 ~4155 4152 110541 375 -333
4068 -267 267 4067 22 =20
175 -15 15 115 1 =1
8 [¢] 0 8 [} 0
0 -2 -2 0 0 0
4 ~11 =11 -4 0 o
11 =48 =48 =11 0 -2
=27 -49 =46 27 2 -9
-9 =21 19 [+] -1 =2
~819668 ~1571475 1571077 ~820964 64411 26535
-10 =14 14 ~10 -1 0
~1 2 2 1 0 0
-9 12 12 9 0 0
-55 76 76 55 0 0
-208 299 297 207 0 4
3 -5 -22 -1l6 0 2
-38 55 =55 -38 0 11
-2808 -5378 5377 -2813 221 91
2 0 o -2 1] 0
8 1 1 -8 0 0
25 3 3 -25 o 0
-2 0 ] 3 0 0
& 0 0 3 0 ]
-14 -28. 28 ~l4 1 o
o -2 -2 o 0

o

-3
-2
-1

-1

ND2Z v D {LONG.)
wemwemeen—ce (IN UNITS OF 10##%(«4) SECONDS OF ARC)-we=memcawes
€os SIN cos S5IN cos SIN

0 0 1708 0 0 [
1] 0 5 -3 0 0
1 0 -1 -2 3 -2
15 -8 ~16 =30 45 -23
623 -325 ~325 -623 621 -324
45 24 0 0 -15 8
2 -1 -1 -2 2 =1

A-108

u/Cos¢I)
{10%%(~4) SECONDS OF ARC)
oS SIN
-1 0o
0 0
[+ 0
(4] 0
] 0
0 0
0 ¢}
(] 0
0 0
0 0
0 0
26 11
0 0
0 0
0 0
0 0
0 0
0 o
[ 0
[ 0
0 0
0 0
0 0
[ 0
0 0
0 0
] 0
D LOGI(R)
(IN UNITS OF 10&%(~9))
SIN
o
-1
-1
-9
~131
3
o

cos

360
1

-5
-68



Table A-5. (Cont.)
Secular Terms

b) Venus on Jupiter

DX Dy Dz
(IN UNITS OF 10#%(=16))
(TO BE MULTIPLIED By TIME IN DAYS FROM EPOCH 1850,0)

J cos SIN Cos SIN cos SIN
0 -4372 0 -203806 0 5107 0
1 -105 1640 1640 -176 =70501 -83854
2 " 1450 67856 -67777 1449 -1700 =2022
3 105 4907 ~4904 105 -61 -73
4 7 316 =315 7 -3 -3
5 0 20 -20 0 0 0
6 0 1 -1 0 0 0
NDZ NU u/Cos(l)

(THE TERMS ARE IN UNITS OF 10%%(~6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Ccos SIN cos SIN CoS SIN
0 36 0 -1 0 14 0
1 -T44 16 -8 -371 -193 -229
2 ~9 0 0 -9 -5 -6
5 0 0 0 -1 0 0
10 1 Q 0 0 0 0
12 0 -1 o 0 0 0
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Table A-5. (Cont.’)
Periodic Terms

c) Earth on Jupiter

<

PP WLk LW W LVE NE SN VR SR VLS 8 e N e R e e e o ooooccCco

[LRC AU

oo

WPwn o

-6
-5
-4
-3
-2
~1

-7
-6
-5
-4
-3
-2
-1

-7
-6
-5
-4
-3
-2
-1

-7
~6
5
-4
-3

e coo

NN

DX DY Dz usCosth
C(IN UNITS OF 10%%(-12)) (10#% (~4) SECONDS OF ARC)

Cos SIN €os SIN <os SIN cos SIN

-381410 ] =20504 [} 1168 0 0 0

5415199 1338 -2617 5410386 0 0 0 0

141399 -20387 20356 141330 ~711 111 0 0

4986 ~1446 1445 4985 -42 9 0 ]

197 -92 92 197 -2 0 0 0

8 -6 é 8 ] 0 0 0

1 o 0 -1 4 D 0 0

7 ] 0 =7 0 0 0 0

43 -2 -2 -%3 0 ] 0 o

218 ~-30 =30 -217 0 3 o 0

712 =243 -242 -709 -2 15 0 0

2 -84 -971 27 =5 54 [} 0

26 -96 53 157 -6 8 0 0

82140 -3039147 3040153 82079 -1732 -69506 -1 -28

~46 ~59 59 -45 2 5 o [¢]

-6 -4 4 -8 4 0 0 0

-2 [ 0 2 ] 0 o 0

~-16 -4 =4 16 0 0 0 0

=115 -23 -23 115 0 [¢] 0 0

=683 ~35 -84 682 0 [¢] 0 0

-2566 ~136 -133 2550 3 [¢] ] ¢]

42 o 18 ~180 7 0 0 0

=438 -24 24 ~437 42 0 Q 0

669 -25488 25496 669 -13 =583 0 o

0 3 2 0 0 ] [¢] 0

b 16 16 4 ] o 0 0

-13 82 82 13 0 0 0 0

-24 244 242 23 o 0 0 0

-17 -10 ~25 14 0 -1 [¢] ]

-2 32 -32 -4 0 -5 o 0

-3 ] 0 =3 0 0 0 0

9 =321 321 9 0 -1 0 0

3 ] ] -2 ] 0 0 0

12 2 2 ~12 0 7] 0 [+]

29 4 4 -28 0 0 0 0

-2 3 3 4 0 0 0 o

3 0 0 3 0 0 0 0

0 -5 5 0 Y] [ 0 (]

-2 ] 0 2 o o o 0

0 -3 ] 0 0 0 0 o

0 -4 -4 4] (4] 0 0 0

0 3 2 0 0 0 [+] 0

~1 0 [} 0 o 0 0 o

2 0 0 -2 [ [ 0 0

0 -1 -1 ] o 0 0 0

NDZ NU D (LONGe) D LOG(R)
———————— wm== ([N UNITS OF 1O%##{=4) SECONDS OF AR()~~=cmewecees {IN UNITS OF 10%#%(-9))

K cos SIN €os SIN cos SIN cos SIN
0 0 0 2149 0 0 o 452 0
1 0 0 9 ~16 o o 2 -3
2 © -1 1 -1 0 -1 0 0
-3 1 0 0 -3 6 0 0 -1
-2 29 1 2 ~58 87 2 1 ~-18
-1 1205 33 33 ~1205 1202 32 7 =253
0 -87 -2 o 0 -29 -1 0 3
i 1 ] o 1 0 0 o 0
-2 0 1 -1 -1 1 1 o 0
-1 10 Q 0 ~10 10 o 0 -2
o =1 0 o 0 0 0 0 4]
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Table A-5, (Cont.)
Secular Terms

c) Earth on Jupiter

DX Dy bz
(IN UNITS OF 10#%#(=16))
(TO BE MULTIPLIED By TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN cos SIN CcoS SIN
0 -41164 0 «494368 0 -595 0
1 =993 3979 3979 -1656 8215 156281
2 13658 164598 ~164406 13642 198 3769
3 989 11903 ~11896 988 7 136
4 64 765 -765 64 0 6
5 4 48 =48 4 0 0
6 0 3 -3 0 0 0
NDZ NU U/scos(n

(THE TERMS ARE IN UNITS OF 10%%(~-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#T7
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J cos SIN Cos SIN cos SIN
0 87 0 -3 0 -2 0
1 -1804 150 -75 -901 22 427
2 -22 2 -2 -22 1 10
3 0 0 0 -1 0 0
4 0 -1 0 0 0 0
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Table A-5. (Cont.)
Periodic Terms

d) Mars on Jupiter

D2

DX DY

(IN UNITS OF 10%#(=12))
cos SIN cos SIN cos
~55718 0 12604 0 1245
594271 -1040 1392 594557 o
1690 12569 -12577 1694 109
10 7 7 -10 0
200 139 139 ~200 0
~482 411 ~405 473 [
=620 -689 -484 328 3
-902 -2049 -2237 1122 2
842 ~6163 -6303 963 -9
1697 1636 1463 -1607 -104
~360 ~152 195 385 -56
380376 302908 -303522 379417 ~6091
~169 33 -33 ~168 5
-14 -2 3 -14 o
6 -4 -4 -6 0
74 7 7 ~14 0
429 392 393 =428 -2
634 2875 2877 -628 -9
-5 -100 -145 77 0
87 392 -390 90 43
17673 14096 -16116 17641 -283
-1 0 0 -1 0
2 0 0 -2 0
10 10 10 -10 0
16 99 99 -16 o
-173 288 287 175 0
34 77 62 ~30 0
-21 40 -48 ~18 8
3 15 -15 3 2
1234 984 -985 1232 -20
o 4 3 0 0
-10 19 19 10 0
67 37 37 67 )
-7 24 21 5 0
-5 6 0 -8 0
-1 3 -3 -1 0
102 81 -8l 102 -2
-5 3 1 5 o
-15 -2 -2 15 o
-6 4 4 5 0
-2 1 2 -1 0
9 7 -7 9 o
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(=4~

[~R=N~]

usCos(I)
(10®#(~4) SECONDS OF ARC)
cos SIN
0 0
[ [
0 Y
0 Y
0 [+
0 ]
0 [}
0 o
0 0
0 0
0 0
-2 4
0 Y]
0 Q
0 0
0 [
0 0
0 0
'] o
0 0
0 [
] 0
0 0
0 0
0 o
0 0
0 0
0 0
[¢] 0
o 0o
0 0
0 0
0 [
1] 0
0 0
0 ]
0 o
0 0
0 0
0 0
0 0
0 0



Table A-5. (Cont.)
d) Mars on Jupiter

(o X (- - -3

LV ]

N

-3
-2

-2
=1

NDZ NU , D (LONG.) D LOG(RY
cmswmecescn=(IN UNITS OF 10%#(eé) SECONDS OF ARC)=wccesmce=ae (IN UNITS OF 10%%(-9))
(s} SIN cos SIN cos SIN cos SIN

0 0 236 0 0 0 50 0

0 0 ~10 10 0 0 -2 2

0 0 =1 0 0 0 0 0

-] 1 9 -1 . -1 1 0 0
-5 4 1 3 =11 11 2 1
~120 150 181 121 =120 180 32 25
9 =11 ] 0 3 -4 -1 =1

1 0 1 2 1 0 0 0

-6 7 7 6 L) 7 1 1

0 -1 ¢ 0 0 0 0 0
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Table A-5. (Cont.)
Secular Terms

d) Mars on Jupiter

DX DY bz
(IN UNITS OF 10%%(~16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN Ccos SIN CoS SIN
0 58339 0 -61381 0 3329 0
1 1407 494 494 2347 -45951 5834
2 =19356 20436 -20413 -19333 -1108 141
3 ~1401 1478 -1477 =1401 -40 5
4 -90 95 =95 -90 -2 0
5 -6 6 -6 -6 0 0
NDZ NU usCos(l1)

(THE TERMS ARE IN UNITS OF 10#%#(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J CcoSs SIN cos SIN coS SIN
0 11 0 1 0 9 0
1 =224 =213 106 -112 =126 16
2 =3 -3 3 -2 ~3 0
3 1 0 0 0 0 0
12 0 -1 0 0 0 0
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Table A-5.

(Cont. )

Periodic Terms

e) Saturn on Jupiter

DX
cns SIN cos
9R84NTE 0 ~-8750368
-60511823 1080078 272001
6592R98 ~4198591 4203294
213388 -153943 153398
4612 -7832 7841
0 -4T74 466"
1 -39 36
5 4 -3
-3 2 =2
<] -1 1
2 1 1
-4 6 5
-9 32 33
-33 651 655
-913 10653 10639
-16783 171860 171805
~309042 2780380 2779267
~5844897 44714066 44685710
~1248484R0 676179493 675775457
11507935 77287991 91605760
257994658  =1321400021 1316791236
~73184184 -104749188 104808011
-50323R7 -4991282 4989625
-323527 -269007 268909
-20222 -15572 15573
~1256 -938 934
-72 -59 59
b 0 1
-1 0 [+]
1 =2 -1
=2 3 2
-97 -33 -35
~1336 =620 ~613
-21116 -9346 ~9338
-335508 -146459 =146447
~5270920 ~2265810 -2764866
~-A0093640 -33588605 -33570361
-1061345880 ~421201595 -42080617%
~1446211280 27902024 35492463
3520457884 1530730436 «1486R15762
1925819778 14364752 ~14679648
79018610 -9178007 9173919
4032038 -599302 598877
222512 ~37294 37283
12822 -2322 2321
758 -150 148
48 -9 9
3 0 1]
-2 ~2 -2
7 -2 -1
-2 25 22
-101 113 109
=950 1769 1792
~13702 28614 28596
-184226 439609 439198
=2071914 66435427 6426511
-10533737 81509344 81261485
358544648 480138926 476268677
394506R1 ~367072966 176617907
~8R6305551  ~1198150455 1194936711
92996024 31306849 -31220984
5535065 2575079 -2572858
316791 164040 ~163976
18528 10056 ~10051
1103 614 -61%
67 36 -36
5 3 -2

DY
(IN UNITS OF 10%#(-12))

SIN

0
~61112315
6616708
213644
4616
8
-3
%
-3
0

=1

3

7

38

921

16759
309070
5838297
124475835
-1334426572
249713904
-73064330
-5027104
~323400
-20209
-125%5

-3

-ty

-1

-1

3

95

1331

21128
335408
5268674
80041489
1059814448
1391300314
3504940619
1924713930
78999559
4031207
222464
12823

758
48

1

-6

5

91

946

13742
184131
20724%6
10628152
-351694893
371442010
~B86999550
92891677
5532820
316685
18523 °

1104

67

5

A-115

Nz

€os SIN
931967 0

0 4]
~370574 1956R0
-12729 2?2743
=249 ~96

-12 3

0 o

4] 0

[¢] 0

0 0

[¢] 0

0 0

0 4]

0 o

A ~10

-35 =191
1444 «?2705
~1072091 =-103311
«1491200 =6535066
-1287201 -292RAARG
«7708801 117265165
747218 2476214
16410 63398
=251 1645

10 R7

4] 5

] a

0 0

1] 0

4] n

0 0

0 0

0 0

-3 [
=51 -6

-R31 44
-37322 15758
~1546722 ~27762
4R14708 -2735051
11079943 11496940
-9427210 -462645
~-755392 121250
=11148 1745
«397 23

-17 3

0 0

0 0

1] 0

0 0

0 V]

0 o

0 4]

0 2

-21 26

=250 574
=-1417 19775
«100315 519570
«93112 «1054917
21934470 ~13992895
~739194 4786040
1072340 843100
18925 28342
639 787

36 33

? ?

0 [+]

0 ]

H/COSLT)
(10##(=4) SFCONDS OF ARC)
cos SIN
349 0

0 (]
=147 8
-5 -1
4] 0

0 o

] o

0 0

)] 0

4] ]

0 ]

(] 0

0 0

0 0

0 o

4] 0

£ | -1
-40 =41
=591 ~?591
-510 ~1141
«3056 4466
296 9R2
-7 25

0 1

0 0

4] [¢]

o (/]

0 0

4] 0

0 0

0 o

0 0

0 0

0 0

] o

1] ]
~15 6
=613 -1l
1909 =10R4
4393 4637
=3735 ~183
=101 48
-t 1

] 0

0 o

0 4]

0 0

o 0

[} o

4] Q

o 0

0 o

4] 0

0 0

0 [+]

-1 a
-40 206
-37 -418
8696 -5547
-293 1897
425 334
- 8 11
4] 0

0 [¢]

0 ]

4] 0

1] 0
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-16
=-15
-14
~13
=12
=11
=10

1222623
«t83I5A4Q0
=38950840
274411279
«217846620

«51H154

=31746
=189
16
-2

tel

2949

416A8

. S16790
5T12a86
SANTA200
706950538
=53N4861470
~7291505713%
5124676756
250252662

13636304
TRORTA
46025
2743

ing

10

0

[}

&

-5

-33

w2

113

(33

1576
6028
3591
1635479
19R2929
-3931018
4947569
~20012413
~380666
~3738
A0

11

0

0

-t

1

?3

-35

b6

177

=181
~3318
~26732
-1273&5
410290
4014200
-6659158
-6R93173
20909801
~-A606419
«35R096
-17827
~9R9

-57

-t

-?1

17

LY
S
-57
336
~-Ag4
5285

1021750
-2145%94
=T421610

214402

9441
-bsB
=25
-1

-3
-R3

1

-9

5

T

430

4583

90215
1088038
10054989
38R58917
101324533
«135460884
«2627730%57
=-9331748
=428006
~22588
-1274

=75

-5

5849

90118
1926635
462%3170
692212105
12581095209
~225364594
=12417070734
«60392R630

~32455005
-1AA0455
-110792
6852
-408

-25

-2

-1

0

14

.21

66

69

=630
-ABRY
=R2666
«4ST705
10640069
15476627
1131eln6
=29411232
=20958573
~136P659
-75220
4064
=234

-14

-1

3

-7

9

36

-58

=98

120

~1401
~R404
-21319
7234145
726136
13777040
11525526
=-20913870
=19707575
«R62154
-45181
-2523
=146

33903
-189507
=15647337
1566950
1972528
~17719R0
1420351
«-304880
-51760
-2934
=171

-10

2

=34

Table A-5.

(Cont. )

e) Saturn on Jupiter

0
-8

7

b6

432

6638
90132

. 1089007
10140839
42957352
219351889
130780623
262626282
9331999
421938
22584
1274

i2

426
H142

94475
2012657
46Q7T7873
H65587349
12602085782
223898270
12409712103
6034692062

32845367
1RB0OO14
110771
6651
405

2?5

2

-1

1

12

-21

-45

43

-708
~-R666
-824R1
=-487717
=52427
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Table A-5. (Cont.)

e) Saturn on Jupiter

V2T SO

P g e b et e it A

B [FURNUR TV U R R e R |

PP P

VR AR AR OO a RN

NN NN N

ND7 NU D (L ONGa) D LDG(R)
emcmmememwme (IN UNITS OF 10#%#(~4) SFCONDS OF ARC)ememscemcase (IN UNTTS OF 10%%(-9))
K cos SIN cos SIN c0s SIN cns STN
o 171 0 -8752 0 0 0 -1838 [
1 -1 1483 6835 -1601 0 ] 1593 -3138
2 200 -327 483 384 370 ~397 m 90
3 21 15 -3 46 55 -11 C2 12
4 2 1 -1 5 7 1 0 1
5 0 0 2} 5} 1 4] 0 0
-6 0 0 0 4] 1 0 0 [
-5 [+} -1 -2 0 13 -1 0 -2
-4 4 =11 ~-14 =12 208 3 -1 =29
-3 362 -115 -108 ~429 3337 195 19 -452
-2 13853 -2494 -1177 ~10444 52091 4634 498 -6227
-1 789754 153190 49483  +256082 792518 14R998 10004 ~54069
0 43789 ~R84359 17913 5091 81897 -77087 2987 50R8
1 ~904 -2897 2246 ~665 3572 -h528 845 374
2 75 -89 130 72 792 -46% 70 46
3 3 -5 1 8 24 ~-36 6 4
4 0 0 1 1 ? -3 0 4}
-7 0 0 0 [ -1 2 0 0
-6 -1 1 2 2 =15 30 5 2
-5 -16 21 42 29 =216 462 AR 37
-4 ~393 588 954 563 -3796 7226 1016 471
-3 ~14156 24867 26604 13981 ~51017 114959 15150 6815
-2 -766576 1792371 1007658 430870 ~764985 1853179 218309 90409
-1 45683 1235977 182371 9311 9233 1321922 29734 ~1991
] 13547 ~13123 6898 6776 13484 5169% -5477 1371
1 79 =527 696 176 an7 2711 =283 108
2 -1 ~-16 52 4 48 141 15 7
3 ¢} -1 4 0 3 7 -1 0
-7 0 0 1 0 3 2 0 0
-6 1 6 10 -4 43 32 5 -6
-5 40 123 169 -97 678 453 73 ~100
~4 2504 3482 3476 -3133 11030 6242 992 -1597
-3 137561 87156 60136 ~-97908 169754 63447 10140 -23920
-2 659232 =502145 ~209564  =2872540 662162  «491868 -43932 -58398
-1 ~80333 124685 -21384 -19102 ~48076 100774 ~1985 -643
0 -4282 757 =338 ~6109 “6344 5294 -51g =1461
1 -98 10 -12 =479 -678 316 -39 -148
2 -3 1 -1 -136 -h? 20 - -3 ~13
3 0 (s} 0 -3 -5 1 0 -1
-8 0 s} 0 0 1 4} 0 [}
-7 3 1 1 -5 17 -2 0 -3
-6 45 12 -2 -94 239 48 -7 -40
-5 1586 <349 =542 -1498 3174 -1074 =181 -527
-k 27919 -22862 -17426 22552 31648 ~16369 ~?9R83 -5134
-3 65520 136733 82821 =41719 74780 134515 17433 . =9479
-2 164457 ~23434 -2630 -39990 167514 ~-16779 -1278 ~8062
-1 «3050 135 1579 «1069 5072 -588 401 634
0 ~50 ~18 181 7 3146 -152 50 49
1 0 -1 14 3 23 -18 4 4
2 0 0 1 0 2 -2 0 0
-9 0 0 (] o} 4] -1 0 0
-8 1 -1 -3 -2 2 ~8 -1 4]
-7 18 =33 -47 -15 18 -117 =20 -3
-6 29 ~723 -T194 36 -5 1514 =258 4
=5 -5063 -10006 ~-8858 4081 =~1648 -14953 ~2448 437 .
-4 26868 ~24513 -23270 -19705 60947 -8T414 ~11159 -8396
-3 113076 ~1548259 -767068 -56817 593654 =1346087 ~139979 -62251
-2 9934974 4216139 -56121 87890 9940702 4141504 -3934 19071
-1 3RA3 2760 -1400 1929 483475 201639 ~211724 50873
0 45 30 =30 46 29144 12141 -1530 3680
1 1 1 ~1 2 1827 761 -10% 251
2 0 o 0 0 116 4R -7 17
3 0 4] 0 0 7 3 [} 1
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Table A-5, (Cont.)
Secular Terms

e) Saturn on Jupiter

DX DY nz
(IN UNITS OF 10%%(=16))
(TO BF MULTIPLIFD BY TIME IN DAYS FROM FPOCH 1850.0)

J Cos SIN CoS SIN cos STN
0 =278771242 0 -313267738 0 «-3326362 0
1 ~6723968 2522170 2520535 -11214868 45916343-104009663
2 92491329 104301143 =104179501 92383040 1107067 ~2508215
3 6696557 7542798 -T7538397 6692641 40040 =90725
4 430721 484962 ~484773 430553 1716 -38R9
5 27051 30451 «30442 27043 a1 =183
[} 1691 1903 ~1903 1690 4 -9
7 106 119 -119 106 0 0
R 7 7 -7 7 0 0
NDZ NU uszcostn)

(THF TERMS ARE IN UNITS OF 10%*(-6) SECONDS OF ARC AND ARF TO RF MULTIPL.IFD RY NxT
WHFRE N=THE MFAN MOTION OF THF DISTURRED PLANET (RAD/DAY) AND T=TIME TN DAYS FROM FPOCH)

N] cos SIN cos SIN cos STN
0 55169 0 -12289 0 ~-9093 0
1 -1142851 1017595 -508798 571425 125%23 «~?284334
2 ~13780 12267 -12267 -13780 30726 -6857
3 -332 296 bbb =498 109 -248
& -11 9 =19 -22? 5 =11
5 0 1 ~1 -1 0 -1

A-122



Table A-5. (Cont.)
Periodic Terms

f) Uranus on Jupiter
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[LAVRURCEUACET RURUNERC RV
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LR g

DX oY 0z u/sCos (1)
(IN UNITS OF L0##(=12)) {10#%(~4) SECONDS OF ARC)

() SIN oS SIN cos SIN €os SIN
178428 0 -10103 0 ~8247 0 -3 0
-841454 2494 539 -835718 0 0 0 0
97802 -10107 10085 97804 1485 453 1 0
3672 -524 523 3672 40 16 0 o
134 -30 30 134 2 0 0 0
5 -2 2 5 o 0 0 0
6 2 2 -6 0 0 0 o
91 32 32 -91 0 0 0 0
1488 538 538 -1487 0 0 0 1
24294 9031 9028 ~264285 12 0 0 0
394489 152827 152737 «394271 331 -32 0 o
6012226 2501130 2497503 ~6005431 14605 -582 6 0
4064105 587523 291302 -36856466 51568 -4317 20 -2
~14902544 -6414324 6394548 -15249010 28424 -27408 -11 -11
~3868822 ~597346 597400 ~3863461 -33314 ~22863 -13 -9
~262914 -26109 26101 ~242773 -703 -518 o 0
~14490 ~1374 1374 -14485 =27 -19 0 0
-868 -8 78 -868 -1 0 0 0
-53 -5 5 -53 0 0 (3 0
-3 0 0 -3 o 0 o 0
3 3 3 -3 0 0 0 0
40 44 44 -40 0 o 0 0
605 668 668 -605 0 0 0 0
8973 9833 9830 -8969 -2 0 0 0
124908 135303 135257 ~124862 -50 -13 0 0
1428617 1516179 1515966 ~1427541 ~1322 -384 -1 o
2951780 2754439 2806854 -2964468 5567 5886 2 2
-6256442 -6952949 7106726 -6744983 61852 189618 25 75
-6912603 ~6566449 6564808 -6922732 ~11295 -27211 ~4 -11
-422328 -283575 283506 -422037 ~1938 -2389 -1 -1
-22095 -13317 13314 ~22087 -41 -59 0 )
~1251 ~717 717 1251 -2 =2 0 0
-73 -41 41 -73 o o 0 )
- -2 2 -4 o ) o 0
4] -4 -ty 0 [+ ] Q [
«10 ~54 -54 10 0 0 0 0
-120 -684 -685 120 o 0 0 o
-990 ~7210 ~7245 990 10 12 0 0
4032 ~41631 ~42746 -3927 161 199 0 0
407026 545226 506176 -399367 -561 389 0 0
816625 1391249 -198915 ~259383 -1403 22560 -1 9
~1739917 -2305984 2325867 -1780406 6974 28533 3 11
-1113871 -1249298 1248953 ~1114053 ~1540 ~4998 -1 -2
-53330 -51398 51383 -53305 ~139 -260 0 0
-~2689 -248%4 2484 -2689 -3 -7 0 Q
-150 -135 135 -150 o 0 0 0
-9 -8 8 -9 o 0 0 0
-2 9 9 2 o 0 0 0
-18 99 100 19 o 0 0 0
~167 932 951 174 -1 -4 0 0
~1012 4950 5404 1148 -11 -43 0 0
-256 -28846 ~18114 2498 120 14 0 6
96813 29461 252780 -77055% 856 -1578 0 -1
164460 411810 -176642 -18231 -1639 9137 -1 4
-347423 -569118 571600 -351225 611 3171 0 1
~165435 ~217007 216935 ~165399 -166 -771 0 [
-7359 -8936 8933 -7356 -10 -30 0 0
-373 -444 444 -373 0 0 0 0
.21 -24 24 -21 0 0 0 0
-1 -1 1 -1 0 0 0 0
0 -1 -1 0 0 o 0 0
9 -13 -13 -9 0 0 0 0
72 -100 -106 -78 0 0 0 °
303 -334 -459 -407 -2 8 o 0
~1523 4225 1947 ~94 -24 -13 0 0
-8680 9348 ~21744 -8952 -206 176 0 0
26662 ~12519 86806 -9167 491 -699 0 0
28206 96949 ~436471 -7291 ~757 2685 0 1
64760 ~135485 135814 ~65166 66 260 0 0
-27623 -42814 %2798 -27612 -18 ~123 0 o
-1217 -1811 1810 ~1216 0 - 0 0
-63 -93 93 -63 0 0 0 0
-4 -5 5 -4 o 0 0 0
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-12
-10
-9
-8
-7
-6
-5
-4
-3
-2

12

=12
-11

-8
-7
-6
-5
-k
-3
-2
12

-12
-0
-9
-8
-7
-6
-5

11
12

-2
=15
-35
557

2230
-5289
7929
6214
~13825
=-7130
=323
-17

~139
-447
1727
~1316
10494
75304
~17587
=77038
~3692
=200

-11
0

=512

10
~498
-850
7165

~1176
23681
-38908
-13208
-586
~31

-2

=763
“228
29452
166514
~73374
-168464
-8057
=436

=25
-1

439
-B826

f)

Table A-5.

(Cont. )

Uranus on Jupiter

1449

34853
160486
73432
168368
8054
436

-17

14
~18

-10
-6
-1

2 ]

i8 0

81 1

38 4
2808 43
~5791 ~129
-7130 156
-4782 ~320
-13881 19
-T126 0
-323 0
-17 o

o [+]

-4 0
~-15 ¢
=29 [
~652 -8
1833 30
-2605 -45
-8426 23
75240 =756
~17640 53
~-76993 3
~3690 0
=200 o
-11 o

0 [

3 0

10 )
122 1
=485 -6
697 11
~529 -11
283 9
~109 11
121 -1
=35 0
-2 (¢]

-2 0
~18 0
106 1
=197 -3
193 3
~119 -2
49 2
-17 0

1 0

-2 0

[} 0

0 0

2 0

=19 0
47 0
-58 0
44 [o}
=23 Q

9 0

-4 0

0 0

4} [1}

1 0

] 1]

2 [

-9 [+]

15 0
-l4 0

9 0

-t [

1 0

[+] 0

-1 0

0 ]

0 0

3 0

-3 0

4 0

-3 (1]

2 0

] ]

=1 4]
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Table A-5. (Cont.)

f) Uranus on Jupiter

[oR R
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0O

-
-3
-2
-1

W O

-5
-4
-3
-2
-1

-5
-4
-3
=2
-1

-5
-4
-3
-2
-1

-6
-5
e
-3
-2
-1

-6
-5
-l
-3
-2
-1

s
-5
4
-3
-2
-1

-2

A-125

NDZ NU ' D (LONGs) D LOG(R)
wmmmeswmwees ([N UNITS OF 10##(=4) SECONDS OF ARC)=me-cmmmcsow (IN UNITS OF 1Ox#(-9))
Cos. SIN cos SIN cos SIN cos SIN

0 0 ~331 0 (] o =70 [

0 0 94 -8 0 o 20 -2

0 -2 3 . 0 4} -2 1 0

0 0o 0 0 1 -2 0 [+

[¢] -1 -2 0 9 -28 -4 -1
-8 -55 -61 -4 163 —463 =56 -19
3529 =-8294 -3661 ~-1557 3540 -8427 =784 ~329
252 -2691 114 T -15 421 -3096 66 15
-5 =95 54 =3 17 =249 28 2
o} -1 1 0 1 ~15 2 0

0 0 0 0 0 =1 0 0

(¢} 0 Y] 0 1 -1 0 (¢}

3 -2 -4 -4 18 -i6 -2 -3
90 =76 -85 ~38 263 =-238 -35 -39
3372 -3126 <2141 =2309 3546 =3310 469 =504
3518 -3739 ~1550 -1477 3680 -3895 =311 =294
-18 -95 -12 =27 162 -285 18 13
-1 -3 2 0 9 ~-19 2 1
0 0 0 0 1 -1 [ 0
-1 0 0 1 =2 [¢] 0 0
=16 4 5 18 -28 6 1 5
-324 103 17 253 -268 60 12 47
T 1las -861 =559 =135 1160 -88% -121 =160
670 -608 =222 =250 T24 -649 -42 =47
-5 -3 -2 -4 30 -34 3 3
0. [¢] 0 0 2 -2 0 0

3 1 1 -4 5 1 0 -1
44 ] 5 -37 39 3 1 -7
-128 28 22 96 -111 20 4 19
289 -174 -107 «175 289 -177 -23 -38
118 ~-93 -28 -37 131 -101 =5 -6
-1 0 0 -1 6 -5 0 1
=1 0 0 1 -1 -1 0 0
-6 -4 -3 5 -5 -3 -1 1
21 4 3 =17 19 4 1 -4
-31 4 3 23 =27 2 0 5
70 -33 -19 -40 70 -34 ~4 -9
24 =16 -4 -6 27 -18 -1 -1
0 0 0 0 1 -1 0 0

1 1 1 -1 1 1 0 0
-3 -2 -2 3 -3 -2 0 1
6 2 1 -5 5 2 [¢] -1
-6 0 0 4 -5 (¢} 0 1
20 -7 -4 =11 21 -7 -1 ~2
8 -5 -1 -1 9 -5 0 0

0 1 1 0 Q 1 Q 0
~1 -1 -1 1 ~1 -1 0 0

1 0 o -1 1 0 ] 4]

-l 0 0 0 2 -1 0o 0
39 -9 ~5 -20 45 -12 =1 -5
130 ~60 -1 -1 132 =60 0 0
¢] 0 [¢] [} [} -3 ] 1
-1 0 [¢] 0 -l 0 0 0



Table A-5. (Cont.)
Secular Terms

f) Uranus on Jupiter

DX , DY Dz
(IN UNITS OF 10#%(-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850,0)

J Cos SIN CoS SIN Cos SIN
0 -545901 0 ~5373884 0 21793 0
1 -13167 43252 43252 -21961 ~300823 641465
2 181120 1789211 ~1787124 180908 -7253 15469
3 13113 129391 -129316 13106 -262 560
4 843 8319 -8316 843 -11 24
5 53 522 =522 53 0 1
6 3 33 -33 3 0 0
7 0 2 -2 0 0 0
NDZ NU uscostnn

(THE TERMS ARE IN UNITS OF 10#%#%(-~6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J CosS SIN cos SIN CoS SIN
0 946 0 -26 0 60 0
1 ~19605 1993 -996 -3802 -822 1754
2 =237 24 -24 -236 =20 42
3 -5 1 » =1 -8 -1 2
4 0 -1 0 -1 0 0
5 0 1 0 0 0 0
8 0 1 0 0 0 0
12 0 -1 0 0 0 0
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Table A-5.

(Cont. )

Periodic Terms

ox
(<) SIN o5
43467 o =428
-262949 200 117
20111 -429 “29
156 =38 38
26 ~3 3
-2 1 1
-29 19 18
«bh69 296 296
-7508 4723 4721
=117601 73657 73615
-1656812 1028525 1027418
=740%9 2074858 182239
4606722 ~2829929 2840580
194386 274513 2746359
7020 ~14665 14659
336 -827 827
18 =48 48
1 -3 3
6 -12 =12
91 -177 =177
1343 ~2612 -2611
18551 -36182 ~36162
211141 =-413781 -413419
570339 ~1166984 ~1148038
~9T4749 1893561 =1936544
~1531580 3072606 «3072381)
-58563 121428 «121400
=2620 5477 ~5476
~138 290 =290
-8 i6 ~16
] -9 ~10
-5 =127 -127
=54 ~1489 =148]1
=217 =12640 =12734
8532 4852 526
25592 120808 ~138330
-39938 «15040 14731
~40364 21118 -21116
-1573 832 -832
-T2 38 ~38
-4 2 -2
5 -8 -9
-59 -88 -89
=402 -622 5467
583 296 =407
6852 9817 -9582
=3047 860 =921
218 =603 602
-343 53 53
~13 2 =2
[} -1 -1
0 0 0
=7 -3 -5
“49 ~24 -27
a6 13 -48
1202 528 «515
-256 286 -288
~19 =53 51
8 3 -3
-3 2 -2
-5 -2 -2
2 [} 0
] 0 ]
13 wh "]
158 =21 21
-8 50 -50
-b -4 %
-} [+] 4]
~13 1 1
5 -h 1
[] -6 &
17 =13 13
3 7 -7
-1 0 0
-2 2 2
-18 13 15
L =12 13
& 14 14
1 0 1]
-l 5 H
-10 31 32

oY
(IN UNITS OF i0wme(~12))

SIN

0
~242173
20118
156

26

-6

-9}
~1342
~1854]
«210981
=-572081
~993202
«1531393
-58581
-2619
-138

-8

«638%
~404T5
«40358

-1573

-12
-

6943

g) Neptune on Jupiter

(173
cos SIN
697 [}
] 0
=96 =293
-3 =10
0 0
0 L]
0 0
0 ]
0 -2
=17 =71
=566 =-2739
«353 2585
-6913 ~6378
-4838 -2129
=117 -55
-4 -2
0 [
0 0
(] 0
0 ]
0 0
=12 L
=292 -177
~3624 =702
-135003 26542
12504 2330
691 9T
18 3
0 o
0 o
] 0
0 0
-l 0
-19 b
90 =35
3371 -1292
-63%5 ~1371
64 143
-3 [
0 o
o 0
[+] Q
0 [
-2 0
T -8
156 =194
59 13
5 -9
0 0
o [+]
0 0
] ]
] 0
0 0
0 -2
3 -25
7 3
0 1
0 0
[} 0
] 0
0 o
0 0
0 0
-1 -3
0 0
0 0
] [}
0 ]
0 0
0 0
0 1]
0 0
o 0
0 0
0 0
o 0
0 0
0 0
] 0
0 o

uscoscly
{10#%(~4) SECONDS OF ARC)

€0s SIN
0 0o
9 0
0 0
0 []
0 o
0 ]
0 ]
0 0
0 0
0 0
0 =1
2 1
=3 -3
-2 -1
[} 0
o o
0 0
0o 0
0 [}
0 0
[} o
0 o
0 0
-1 (4]
-54 -1l
5 i
0 ]
0 0
0 ]
0 0
0 1]
0 0
o 0
Q o
0 [}
1 =1
0 -1
0 0
0 o
0 [}
0 0
0 0
o o
0 [}
0 1]
[} 0
0 0
] 0
0 0
0 0
o 1]
0 0
¢ o
[} [}
0 0
0 0
0 0
[+] [}
0 0
0 ]
o 0o
0 0
0 0
0 0
0o [}
0 o
0 0
0 0
0 0
o ]
0 0
0 [}
o 0
[ 0
0 ]
0 0
] o
0 0
M 0 0
0 [}
0 4]



Table A-5. {(Cont.)

g) Neptune on Jupiter

NN (ol o e R L OCC

W Ww

L

LU SN ]

-4
-3
-2
-1

-4
-3
-2
-1

-4
-3
-2
-1

-4
-3

NDZ NY D (LONGs) D LOG(R)
me=meememaee (IN UNITS OF 10##(~4) SECONDS OF ARC)=me=veew-ne- (IN UNITS OF 10%#({=9)}
cos SIN cos SIN cos SIN cos SIN

0 0 -96 0 0 0 -20 )

o 0 21 0 0 ° 4 0

0 0 1 0 0 0 o 0

[ 0 0 o 0 1 0 0

1 1 1 -1 6 10 1 -1

22 32 30 -20 96 152 .19 -12
1530 2483 1169 -720 1536 2484 246 -152
S 114 -21 27 “12 188 99 -7 5
3 -3 2 1 13 3 0 1

° 0 0 o 1 o 0 0

-1 o -1 1 -5 -2 0 1
-22 -12 -13 26 -71 -37 -6 il
-921 -472 -335 654 -1000 -512 -75 146
-1622 -808 378 758 -1666 -830 =77 155
20 11 -8 17 -61 -29 3 -5

0 0 0 0 b -2 0 0

-2 0 0 3 -5 0 0 1
56 4 3 46 -56 . 3 1 10
11 -19 -13 -5 7 -20 -3 ~1
-12 -21 -10 5 -12 -22 -2 1
0 0 o [ 0 -1 0 0

-t 3 3 4 -4 3 i 1

0 -2 -1 0 o -1 0 0
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Table A-5. (Cont.)
Secular Terms

g) Neptune on Jupiter

DX DY Dz
(IN UNITS OF 10%x#(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J CoS SIN CoS SIN cos SIN
0 ~23428 0 -1122961 0 -18457 0
1 =565 9038 9038 =942 254783 =74010
2 7773 373885 -373449 1764 6143 -1785
3 563 27038 -27023 562 222 -65
4 36 1738 -1738 36 10 -3
5 2 109 =109 2 0 0
6 0 7 -7 0 0 0
NDZ NU U/Cos (i)

(THE TERMS ARE IN UNITS OF 10%##(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N»T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Ccos SIN Cos SIN Cos SIN
o 198 0 -2 0 -50 0
1 =4097 85 -43 -2048 697 =202
2 =50 i -1 -49 17 ~5
3 =1 0 0 -2 1 0

A-129
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Table A-6.

Saturn

Periodic Terms

a) Mer‘cury on Saturn

€05

-50105
536673
o117
261

7

59
-72
52700
-73
=2

-14
4377
-14

-3
518
-3

67

NDZ NU
cecesceamama (IN UNITS OF 10##(<4)

cos

(=N =]

SIN

=118
1297
80

16
-19
13579

SIN

Qo

<os

1305
174
-1296

=80

-4

-2

cos

116
-2

Dy .
(IN UNITS OF 10%#{«12))

SIN

536479
10114
261

-5
-63
-77

52103
-74
-2

-7
-15
4337
-14

-1
514

-3

66

SECONDS OF ARC)=-reswecm~——

SIN

Lok =]

owo

A-130

274
Cos
-1703
0
-13
0
o
0
0
4]
5488
[
0
0
0
557
0
0
0
85
0
15
3
D {LONG.)
cos SIN
0 0
o] o
0 1
=3 11
[} 0
0 1

us€os{I
(10%#(~4) SECONDS OF ARC)
SIN Cos SIN
0 0 0
(1] 0 0
-6 0o o
[} 0 0
[} 0o 0
0 0 0o
0 0 [+
0 0 0
4645 1 1
0 0 0
0 0 ¢
0 o o
0 [} 0
473 0 0
o 0 [+
0 [¢] 0
] 0 o
72 0 0
0 1] 0
13 0 0
3 0 0
D LOG(R)
(IN UNITS OF 10#%{~9))

cos SIN

24 0

0 o

[ 0

2 1

0 0

0 0



Table A-6. (Cont.)
Secular Terms

a) Mercury on Saturn

DX DY Dz
(IN UNITS OF 10#%%(=~16))
(TO BE MULTIPLIED BY TIME. IN DAYS FROM EPOCH 1850,0)

J cos SIN cos SIN Cus _SIN
0 33 0 -919 0 41 0
1 0 9 9 3 -487 1323
2 -11 306 =305 -11 -14 37
3 0 26 -26 0 0 2
4 0 2 -2 0 0 0
NDZ NU UsCos(l)

(THE TERMS ARE IN UNITS OF 10#x%{=-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#*T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN Cos SIN CoS SIN
0 0 0 -3 0 0 0
1 -4 0 1 -2 =2 5
3 0 -2 0 1 ] 0
4 0 -1 -1 0 ¢ 0
5 0 1 0 0 0 0
6 1 0 -1 0 0 0
7 -2 -1 0 0 0 (0]
8 0 2 0 0 0 0
9 1 0 0 0 0 0
10 0 0 1 0 0 0
11 0 1 0 1 o 0
12 0 -1 0 0 0 0

A-131



P e B s cooccooc

RN N

ww

e e

-0

-3
-2
-1

-1

Table A-6,

(Cont. )

Periodic Terms

b) Venus on Saturn

Dz

X DY
(IN UNITS OF 10%%({-12))
cos SIN cos SIN cos
~655260 0 -2894 0 -287
7752221 233 =415 T745609 0
214480 -2871 2865 214358 -240
B8T74 «250 250 8770 =16
423 -19 19 423 -1
22 -1 i 22 o
1 o 0. 1 o
10 -8 -8 -11 0
133 -107 -109 -135 0
1385 -1137 «1180 -}1437 0
689 566 =655 «797 0
1283619 «1054753 1054415 1284757 62387
=725 595 -595 =725 0
-25 20 =20 -25 0
-1 0 [+ -1 0
1] -2 -2 . /] 0
2 -9 -9 -2 0
7 -32 -32 -7 [¢]
& -3 -l -l 0
-3 -1 1 -4 0
4110 -3378 33717 4114 213
-4 4 ey -4 0
) -1 -1 0 )
20 -16 16 20 1
NDZ NU D (LONGe)

cmcceamam==(IN UNITS OF 10%%(~4) SECONDS OF ARC)=—m=—cmm-omn
cos SIN cos SIN o5 SIN
0 0 1678 0 ) 0
0 0 -1 -1 0 0
0 0 1 -1 1 2
P 8 15 -13 19 23
228 277 278 =228 227 217
-19 -24 0 ‘0 -7 -8

-1

A-132

UsCos(hy
(10%%(=4) SECONDS OF ARC}

SIN cos SIN

0 0 o

0 0 0

-127 0 0

-9 0 4]

0 0 0

0 o 0

0 0 0

0 0 0

0 0 0

0 0 0

o 0 0

-12259 13 -3

o 0 0

0 0 0

0 0 0

o 0 0

0 0 0

o 0 0

0 ) 0

0 0 0

-2 0 0

0 0 0

0 0 0

0 0 o

D LOG(R}
(IN UNITS OF 10%%(=91)

cos SIN
353 )
o 0
o 0
5 -4
58 -48
=2 1
0 )



Table A-6. (Cont.)
Secular Terms

b) ‘Venus on Saturn

DX by DZ.
(IN UNITS OF 10%%(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN cos SIN cus SIN
0 -368 0 -49736 0 854 0
1 -10 465 465 -17 -10139 18832
2 122 16553 -16527 122 -284 528
3 10 1390 -1389 10 ~12 22
4 0 104 -104 0 0 1
5 0 8 -8 0 0 0
NDZ NU U/cos (1)

(THE TERMS ARE IN UNITS OF 10%%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N»*T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN CoS SIN CusS SIN
o] 14 0 =3 0 3 0
1 ~246 1 -1 =122 -38 70
2 T =3 0 0 -3 -1 2
3 1 0 1 0 Y 0
4 0 -1 -1 0 0 0
5 0 1 0 0 0 0
6 1 1 0 1 0 0
7 0 -1 0 1 0 0
8 0 1 0 0 0 0
9 -1 0 -1 1 0 0
10 1 0 -1 0 0 0
11 -1 1 0 0 0 0

A-133



Table A-6. (Cont.)

Periodic Terms
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e
~3
-2
~1

-5
-4
-2

oo

o e g

-3
-2
-1

-1

c) Earth on Saturn

DX DY bz us€osth
(IN UNITS OF 10##(=12)) (1o#t{=4) SECONDS OF ARC}
cos SIN €os SIN Cos SIN Cos SIN
-827743 0 -3452 . 0 ~258 0 ] 0
9658587 300 -473 9650616 0 [+] 0 0
255892 ~3428 3426 255752 =283 710 [} 0
9944 -231 231 9939 -19 48 0 0
455 -13 13 455 -1 3 0 4]
23 0 0 23 [} 0 [} 4]
1 o -0 1 0 0 ] [
16 0 -0 -16 0 0 ] 4]
286 -44 -45 =291 4] 0 0 4]
3221 -583 ~600 =3312 -2 -3 o o
~1044 189 -232 -1274 [ 0 o ]
2874898 ~518719 520437 2872224 27509 «129549 6 -28
-1106 199 ~199 ~-1106 0 0 [} 0
-40 8 -8 =40 [} [} 0 o
-2 0 0 -2 0 0 0 0
1 0 1] -1 0 ¢ 0 0
10 ~3 -3 ~-10 0 o 0 0
54 ~20 =20 =54 0 0 .0 0
191 -71 =71 ~-190 0 [/} 0 0
20 -3 1 =10 0 1 0 ]
17 -9 9 i¢ . 0 6 0 0
23179 -4182 4197 23156 231 -1086 0 [+
-15 3 -3 -15 0 0 0 4]
& "2 -2 -4 0 o 0 o
10 -6 -6 «10 0 [+] 0 0
1 0 Q [ o 0 0 0
280 =50 51 280 3 ~-l4 0 0
4 0 0 4 Q 0 0 ]
»
NDZ NU . D (LONGe} D LOG(R)
wopmemmmes=e{ [N UNITS OF 10##({=4) SECONDS OF ARC)e-mmcccre—o= (IN UNITS OF 10#%(~9})

€os SIN €oS SIN €0os SIN cos SIN

0 0 2091 ] 0 0 440 0

0 0 -6 . =1 ] o -1 o

[} 1 2 0 1 4 1 0

3 17 35 -5 9 52 11 -2

112 621 622 ~112 112 619 131 -24

-10 ~53 0 0 -3 ~-18 -h 1

0 [} 0 ] 0 -1 o 1]

1 5 S -1 1 5 1 ]

A-134




Table A-6. (Cont.)
Secular Terms

c¢) Earth on Saturn

DX - DY DZ
(IN UNITS OF 10%#%(~16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850,0)

J cos SIN cos SIN cos SIN
0 -839 0 ~115450 0 -4847 0
1 -26 1080 1080 -39 57574 23528
2 278 38423 -38362 278 1612 659
3 23 3227 -3225 23 68 28
4 2 241 -241 2 3 1
5 0 18 -18 0 0 0
6 0 1 -1 0 0 0
NDZ NU U/Cos (1)

(THE TERMS ARE IN UNITS OF 10##(-6) SECONDS UF ARC AND ARE TO BE MULTIPLIED BY N»T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN CoS SIN Ccos SIN
0 32 0 -3 0 -18 0
1 =570 4 -1 ~285 213 87
2 -8 0 0 -8 6 2
3 1 -1 1 0 0 0
4 -1 -1 =1 0 0 0
5 -1 1 -1 0 0 0
6 1 0 0 4] 0 0
8 1 2 0 0 0 0
9 -1 -1 -1 0 0 0
11 1 2 0 0 0 (v}
12 0 -2 0 -1 0 0
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Table A-6. (Cont.)
Periodic Terms

d) Mars on Saturn

DX DY
(IN UNITS OF 10%#(=12))

cos SIN cos SIN
77024 0 15863 0
1027551 -1119 2434 1026004
38237 15724 ~15675 38216
1722 1567 «1565 1722
72 138 -138 72
2 12 -12 2
3 2 2 -3
16 14 14 -16
59 5 75 -58
115 278 278 -113
~295 566 565 311
45 ~69 106 118
-214227 423217 ~424582 -213597
34 -107 107 34
-1 -5 .5 -1
-3 0 0 3
-13 -7 -7 13
-48 42 42 48
-109 ~146 -145 108
-10 24 33 0
-15 -32 36 -14
~9766 19302 -19352 -9744
4 -8 8 4
1 -1 -1 -1
6 -3 -3 -6
13 -4 -4 -13
-5 -6 -5 6
1 1 2 2
0 -2 2 0
-667 1320 -1323 -666
0 1 1 0
1 0 0 -1
-54 107 -107 54
-5 10 -10 -5

Ccos

475

=238
~18

1
(-3

WoOoOOoOo

-3
-1297

.
o*
COM=OOoO0O

FO0O00OQQO0O

[~R-R=]

NDZ NU D (LONGs)
cemmcemmvems ([N UNITS OF L0%#(=4) SECONDS OF ARC)=wm=—mm=me-==
cos SIN cos SIN cos SIN
0 o 222 o ) 0
° 0 4 7 0 o
° o ° 1 0 o
0 [ 0 0 -1 o
-2 -1 -3 5 -8 -4
-92 -46 -66 92 =91 46
8 4 0 0 3 1
-4 -2 -2 4 - -2

A-136

0z U/s€ostly
(10%# («4) SECONDS OF ARC)
SIN €os SIN
0 0 o
o ] V]
24 0 (]
-1 [ [+]
0 0 0
0 0 0
0 (] . 0
0 0 0
o o 4]
-2 [ 1]
-4 0 0
=3 [+] 0
19983 0 4
-1 0 0
0 0 Qo
] Q Q
0 0 0
0 0 4]
0 0 [¢]
) 4] 0
3 0 0
931 ] 0
0 [} 0
0 0 0
0 0 (]
0 ] o
0 0 ]
V] o ]
Q 0 0
65 (1] 0
0 1] 0
0 0 0
5 0 ]
o ] o
O LOG(R)
(IN UNITS OF 10##{=9))
cos SIN
47 0
1 1
0 0
1] 0
-1 2
~10 19
[} -1
] 1



Table A-6. (Cont.)
Secular Terms

d) Mars on Saturn

DX by Dz
(IN UNITS OF 10%%(~-16))
(TO BE MULTIPLIED BY TIME -IN DAYS FROM EPOCH 1850.0)

J cos SIN cos SIN cus SIN
0 9011 0 -35221 0 -4 19 -0
1 252 329 329 421 5695 13578
2 -2985 11722 -11703 -2980 159 380
3 -251 985 -984 -251 1 16
4 -19 74 -73 -19 0 ]
5 -1 5 -5 -1 0 0
NDZ NU uscost(n

(THE TERMS ARE IN UNITS OF 10%x(=6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N*T
WHERE N=THE MrAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J cos SIN CoS SIN Cus SIN
0 9 0 -3 0 -2 0
1 -173 -46 22 -85 21 50
2 4 0 0 -2 1 1
3 0 -1 1 -1 0 0
4 0 0 -1 0 0 0
5 0 2 0 0 0 0
6 1 -1 0 0 V] 0
7 ~-1 0 -1 1 0 0
8 0 1 0 0 0 0
9 1 -1 0 0 0 0
10 0 1 0 1 0 0
11 -1 0 0 0 0 0
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Table A-6.

(Cont.)

Periodic Terms

e) Jupiter on Saturn

DX
cos SIN cos
=-355923703 0 141118264
3950609411 ~3958273 39546234
219027395 180529427 ~179549311
5759753 11974843 ~11943661
~-200423 632450 -~632302
=-51803 18395 -185%32
=-5741 =-1475 1454
-486 ~-363 361
-34 -47 “7
-2 -5 5
~10 3 3
=131 32 32
=-1770 384 383
-23947 4995 4993
-328952 72370 72372
=4648488 1135421 1135623
~68376511 18533316 18533849
-1054932852 299587795 299431081
-12506184199 =42046958 -61011172
1930425968 3459040424 4724666030
7031786817 113503225 ~109077491
1366593676 4085357575 «~4089019840
12541718 ~77855813 77692636
353177 «6842200 6826523
6376 -581269 579888
874 «48919 48810
268 -4079 4073
49 -335 336
& -28 28
0 -=3 3
0 -2 -2
-9 =23 =23
=130 =322 -321
-1827 -4507 =4506
-25841 ~63770 -63755
-370470 ~914107 -313867
~5415374 ~13349137 ~13344921
~-81554497 -200634526 =200555451
«1293946666 -3170885056 ~3169222172
-23073889298 ~55948875405 =55904946195
2613700806 =22506336313 «22340469699
23303980520 58997459496 -56217120992
~914577069 11420930646 -10315711623
153925355 662336310 ~704122752
45744722 28805580 -29572647
33623313 113454444 -113551818
893624 =-452079 447542
81944 =49635 49380
7603 -4726 4723
Ti4 ~405 408
68 ~34 35
7 -4 4
1 0o o

DY
(IN UNITS OF 10%%{-12})

SIN

0
39376064792
219444264
5810993
~196198
=-51509
-5726
-486

-34

-2

10

131

1769

23935
328787
4646187
68340628
1054225180
12485779332
273016577
7156098941
1371331124
12764437
364387
6763

858

262

4«8

[

0

0

9

130

1827

25835
370372
5413677
81522799
1293281256
23056408861
-2783409697
25151029069
1696913218
96756654
462237178

33631572
891346
81637
1573

713

69

8

1

A-138

DZ
cos SIN
-14995714 v
0 G
-9419362 3100257
-811103 -47195
-56213 -29184
-2962 -4059
~55 -408
13 -33
2 -2
o 0
0 0
0 0
-4 8
-90 60
~1325 l62
-16238 -4975
-176823 «135868
«1754907 22353995
-931698 33013844
~98468438 94915826
-20264738 29853100
75233515 35560389
-1325591 -2008599
~23255 ~209839
6003 -17132
1105 -1099
128 -42
12 2
o 0
0 0
0 0
0 0
0 o
0 0
-2 -1
-1l4 ~41
-42 -836
2276 -16251
91247 -351074
3517185 ~10975681
28654176 7576594
412996229 -49463974
6643452 10634874
-3223746 -3929152
2520251 . ~11684777
2847279 434897
55728 -33597
5372 565
“28 161
26 30
0 3
o 0
0 o

/C0S(1)

(10%%(=4) SECONDS OF ARC)

cos SIN

~3243 0

0 0

-2037 670

-175 -10

-12 -6

-1 -1

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

I 0

-4 -1

-38 -29

~379 -509

201 7139

-21292 20524

~4382 6455

16268 7689

-287 -434

-5 -45

1 -4

0 0

0 0

0 0

0 0

0 0

0 0

0 0

) 0

0 0

0 0

0 0

0 0

0 -4

20 ~76

761 -2373

6196 1638

-89305 ~10696

1437 2300

697 -850

545 -25217

616 94

12 -7

1 0

0 0

0 0

0 0

0 0

0 0
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~11
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-6
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-2
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g

0

3

53

713

11060
161291
2557450
60517440
-141209481
~175550760
-174678095
«161304507
5198239
-3002281
119302
983792
13557

1483

157

20

4

69

982

14310
214340
3368148
58548251
62862132
-7154848%
~36007469
-8249716
18550822
61799716
-8055230
2944378
~278782
-9601

236
3515
55170
813941
-879766

-853154
377330
2906235
11030380
25270117
27590602
356680
1177501
99275
~14194
-985
1685

-21

-11

=5

-2

1

21

~1

~15

-212

«2963
-42452
-631676
~9881752
~130685996
101919071
82804871
-118395887
-252861735
18307668
=-6706673
783135
4208154
673

171

31

5

2

=63

=901
-13155
=197716
=3129001
~55309050
-17166057
57126676
-2122576
«31193913
-64855626
-66803620
~1154294
-2572830
~198754
29771
181386
272

45

12

4

1

-5

=25
=396
-5983
44830
-568306

~843021
«1728477
~3782733
~5000509
1476902
15575069
-4228602
953856
~167649
~4112
1179
8532

30

~N~NOoOOm®

Table A-6. (Cont.)

e) Jupiter on Saturn

«l

~15

-212
-2962
~42434
~631361
-9874817
~130440752
84028300
=72598402
~88107125
~-248310667
13129604
5818062
-789259
=4209009
-623

=163

=31

-6

-2

-63
=901
-13151
-197699
-3127404
-55267609
-16526116
~62471376
~20389699
~33350521
«66482994
-68312119
245572
3247357
183146
-29398
-181394
~281

-50

-14

-5

-1

-5

=25
=391
~5974
45469
~604700

-766077
~1984346
~3971228
-5195559

1342657
15661983
4274874

-661801

183366
3604
-1202
-8541
-31
-8

~NOooO

0

-3

=53

-772
«11056
«161205
-2556190
=60543118
141801240
99991354
220802393
192335716
8857188
-3826187
108607
983070
13467
1486

160

21

4

=69

-982
«14306
~214255
=3366379
-58502156
~62596133
~51333698
~15196160
6978711
~17171650
~61346794
8464622
2593116
-294625
-9666
38584

167

25

3

0

o

-5

=237
«3517
-55133
-812709
795345

=159691
-65027
-2798197
«11036790
~25358288
~27430418
1079711
1642110
85716
=14423
=993

1674

=26

=13

=5

-2

-1

=21

A-139

0

0

0

=3

~10

224
5956
«145323
-1585383
2736402
490214
-1124072
1438076
3987389
219256
101962
824

10

-5

0

0

0

0

2

46

990
28948
~2334
=310396
-116866
=385402
~816735
«758366
616968
308784
14844
334

[+]

0

[

-6

-81
~1006
-11248
108638
~111483%9
4181989
3809679
3028759
-1200367
21644
«~36012
47105
1200
126

10

0

0

0

0

-2

~19
=214
-3470
126180
-1855325
324224
408740
282585
~98498
559636
1461743
50391
2940
1976

14

QOO0

~O0O000

-6
-8
-18
-31
=31
-6

§
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-10

~16
-15
-14
-13
-12
-11
-10
-9
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~7
~6
-5
~4
-3
~2
«1

=16

~10

164416
143919
-188261
«20127
198490
702698
1839624
3115803
1664248
=3303902
2185299
~298446
94764
1046
~841
~125

48

-13

=3

0

3

39

587
9206

3511
11355
31622
73602
87719

-226042
~1618951
~-4295073
-4761953

317304
-174766
-6680

5150

=110

~67
-1
14

6

3

-1
~22
=754

2377
999
-30345
~155003
=498902
-1044871
-1190950
-404326
=504719
44777
-23493
960

392

106

. 63

26

8

1

=1

=20
=333
-5981

78819
190641
-140603
-159370
=132465
-43998
865451
4208898
10370762
11508199
«1l84853
469739
33020
-8680
=217

27

409

=10

-6

-2

1

20

303
4689

-3713
-4573
9238
75419
321687
950065
1837227
1706533
-189236
1079596
-102885
48765
-512
~586
-107
-49

3

-5

0

12
188
3573

4344
17483
44955
78562

=13077
-583542
-~1740925
«1921717
276363
-62691
853

2723

-281

-103

-15

Table A-6,

e) Jupiter on Saturn

18773

190607
23267
=10297
=137914
=57659
854439
«207233
10361954
11333981
-929558

-754219 -

~17743
9022
213
=13

1671582
«298001
937808
-80393
-55500
1295
656

128

54

-3

4
[¢]

12
188
3569

4257
L4442
44855
78667

-13781
~586419
-1741723
-1887833
414489
136798
~-12393
-2713
317

92

s

-10

-9

-3

0

-10

=161
~3826

=-164267
~141410
-175721
~-103183
-206235
«708940
~1853968
~3131788
1638140
3448447
~2046405
' =58796
106317
450

-891
~139

46

-13

-2

0

-3

-39

~-587
-9202

-3566
=10546
~32299
-74855
-89455
224989

1620681
4289377
4675118
-651377
-329920
7521
5361
=123
~53

7

17

7
3
1
22

~-1708
3691
30663
155048
498577
1040185
1166958
336514

405994 .

-85139
=26240
1792

5972

A-140
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-16
-15
~14
~13
-12
-11
-10

-9

-16
~15
-14
-13

8lé
17294

269
26378
130819
305721
407459
237150
86672
=15670

5164

-357

-1

-5

-37
~539
-9226
-164291

-24158
-106368
=-112034

-65252

-835
~13481

«-20689
~83450
-56588
23552
231865
265204
~122070
9817

~1167
«236

534

239
73

9

-4
-3
-1

2

14
191
3148
61242

8519
61782
156610
216538
130756
28163
-9991
27157
85

100
=78
~103
=56
=20
-5

0

0

=5
-18
57
1879
5809

63287
142630
4669
~16701

-7
-1077
~20247

Table A-6.

(Cont. )

e) Jupiter on Saturn

=13448

-14873
=-19183
~52223
25801
235404
264915
«140042
«16943

6498
-221
=640
~243

-66

39963
~160
=923
1575
1161

563
198
44

2

-3

-2

-3

-9
=51
~1082
-20183

8402
21410
58743
47181

~176893

~672591

-731857

2647175
52125
~10170
-933
469
151

29

-5

-7

-4

-1

-%

-50
-816
-17280

-6116
41980
~132067
~304339
=399897
-216796
-54857
37917

3988
-1071
-208
-163
-111
~50
-16

-4

0

o

-2

-90
1669
=21581

«18047
14281
-16088
66520
84780
=T76040
-3731
3276
=1000
~§65
«378
-121
=21

3

4

2

1

5

38

543
9218
163947

35586
47764
105135
60783

=300
=1503
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Table A-6. (Cont.)

e) Jupiter on Saturn

¢ 16 82908 ~323086 ~321996 ~83389 -637 282
13 -le -84489 ~42552 -34925 ~29107 347 -1287
13 -15 ~166376 ~140737 36061 -145303 26 83
13 ~l4 -15219 ~ 36345 -20869 © ~13190 692 109
13 -13 ~19993 3146 6952 19947 1286 650
13 =12 2597 3767 7710 =534 658 534
13 -1} -87 -2134 1906 556 264 ~347
13 =jo0 849 ~1652 1638 1999 -87 -49
13 -9 1144 -868 744 1513 ~7 15
13 -8 710 -154 57 797 0 2
13 -7 290 75 -113 300 [1} 0
13 -6 80 70 -80 77 0 4]
13 -5 12 31 -33 10 1} 0
1s =4 0 9 -9 -2 1} 0
13 -3 ~1 2 -2 -1 0 [
1310 3 3 3 -3 [ 0
i3 11 6 20 20 -6 ] 0
13 12 ~11 87 91 7 0 0
13 13 -63 288 310 54 1 0
13 14 1370 993 1096 ~1355 3 v
13 15 32508 10160 10497 -32222 2 -19
13 16 444169 251623 252142 441540 ~130 -919
14 =16 51333 -91001 58633 -3085 8l ~342
la =15 139182 -144700 134276 117020 34 381
14 =14 4673 -19262 159 18109 -183 681
la =13 -1552 1096 728 7305 ~148 340
e =12 2971 -647 ~1058 4113 211 80
la =1l 2980 722 ~2180 3363 ‘13 =57
1 =10 1625 1343 ~1867 1559 -12 -2
14«9 430 932 =1071 330 -2 0
14 -8 -14 407 -429 -58 G 0
le 7 -67 121 =121 ~80 0 0
1o -6 -34 23 -21 -37 ] [9
14 =5 -11 1 0 =12 0 0
la =4 -3 -1 1 -3 o 0
14 9 -2 3 3 2 0 0
s 10 -15 7 8 15 0 0
14 11 -66 -3 0 68 [\} 0
e 12 =214 -113 ~103 230 [} 0
e 13 -510 -490 -485 587 0 2
14 14 ~1554 616 491 1824 -4 4
14 15 -19794 35721 34854 20405 7 3
14 16 ~369784 399524 394854 369754 659 -28
15 -l6 76130 57494 -48328 63409 1210 -322
15 ~15 17924 84897 ~99883 70702 -284 -52
1y =14 5168 6096 -15635 6321 -140 -31
15 =13 2418 4856 -7942 77 ~4 113
15 =12 =24 4931 -5919 =-1817 34 -4
15 =11 -1394 2185 ~2841 -2106 -2 ~11
15 =~10 ~1152 877 -788 ~-1356 0 -3
15 -9 ~540 100 =51 =579 "} -1
15 -8 -171 ~51 67 ~174 0 7}
15 -7 =37 =36 39 -38 0 &}
15 =6 -4 ~13 13 -4 0 0
15 =5 0 -3 3 o [} 0
15 8 -3 -1 -1 3 4} 0
15 9 -7 ~10 ~10 8 0 0
15 10 =7 -47 -48 10 i} [7}
15 11 56 ~160 ~170 46 1} 0
15 12 382 ~375 -429 ~-366 -2 0
15 13 1242 ~536 ~737 -1287 -3 -2
15 14 796 ~1378 -1892 -1240 -4 -7
15 15 ~27926 -24536 25249 26076 -1 =10
5 le ~222705 -262795 -261368 216650 65 ~112
16 «l6 186 76882 -77649 -17284 -290 788
16 =15 ~7997 25211 27353 -20877 13 -6
16 -l4 -6967 6885 -4491 -12757 ~50 23
16 -13 ~7605 1781 313 ~9503 11 15
16 =12 YY) ~-1095 2016 -4739 11 -5
16 ~11 -1553 ~1314 1597 -1496 5 -1
16 =10 -287 -680 740 -238 2 0
16 =9 18 -230 237 35 ] ]
16 =8 34 =54 54 38 0 0
16 =7 14 -8 8 15 0 0
16  «6 - 0 [ 4 0 0
lo 7 [+} -2 -2 "] 0 0
16 8 6 -7 =7 -6 0 4]
le 9 32 =12 -14 =32 [ 0
16 10 115 15 6 =121 0 0
16 11 286 200 181 -322 [ -1
le 12 424 793 194 =564 [ -2
16 13 50 1767 19717 =437 3 -3
16 14 ~1007 414 1405 317 (] -3
16 15 2418 ~27428 -24754 -2826 (] 15
16 16 32427 -71878 ~65763 =30746 194 428
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Table A-6. (Cont.)"

e) Jupiter on Saturn

~

o0 QCOoOCO

NRNRNRRNNRNRNRNONNRNNR e ot Ot ot (ot g

wiwww WHRWWBWRWW

R N A N N Y Y Y

(L RUEVRVEVEURUEUREURU RU YT RV RURV ]

NDZ - NY D (LONGs) D LOGIR)
mmememmemene ([N UNITS OF 10%#%(=4) SECONDS OF ARC)=mmem=mecmss (IN UNITS OF 10%#(=9))

K cos SIN €0s SIN cos SIN cos SIN

0 1156 0 950400 ° 0 ° 200521 0

1 ~306 10739 70528 90396 0 0 15968 18985

2 3733 -225%5 4519 7582 %899 ~5148 1152 1650

3 ~1681 -5 232 ~1571 -1435 ~466 93 -300

4 -65 145 171 -132 ~260 96 41 -36

5 -2 ° 1 -16 -27 -6 2 -5

6 o 1 o -1 -3 0 0 0
-1 2 0 -5 2 ° 6 1 0
-6 -5 3 =49 32 -6 106 13 3
-5 ~130 -80. -516 335 243 1869 225 -2
-t -2301 -8192 3690 1208 6605 24968 5611 ~707
-3 194697 282343 107749 -42120 186172 519891 47126 -7959
-2 -141989 4243751 ~1164270 17218 -129044 4262357 ~246375 17517
-1 3331 62725 322911 1768082 3377 301039 42769 370907
o 116207 «10335 -10443 32751 115993 9965 4676 6857
1 89 486 -936 634 6563 1350 -332 818

2 -82 ~395 332 -84 360 -322 57 «0

3 -16 2 26 -24 5 -38 7 -1

“ -1 5 8 -1 -2 1 .2 o
=-11 1] 0 [ 1 -3 1 0 o
-10 4] 0 o o -39 16 2 [
-3 1 0 o (+] =521 212 31 16
-8 3 3 -8 [ -7073 2860 393 975
-7 -73 -222 -189 66 -97179 39208 4957 12297
-6 -4006  -12151 -5475 2310 ~-1386616 560881 59092 146535
-5  -24217273 10282561 240134 457374 ~24581787 10236938 45909 134607
-4 =6514867 =814277 387201 ~3170256 -7860936 226431 221640  -811482
-3 187389 187593 -159271 129451 ~265720 199043 -32083  ~23904
-2 126342 295782 -282337 123088 102961 306524 -60506 22977
-1 -25161 8231 ~2896 26424 -19594 25512 <2447 6058
0 2171 -293 ~442 e 1139 1315 ~295 -94

1 104 ot 27 91 158 53 -9 23

2 -5 -8 10 2 1 -7 1 1

3 0 0 1 0 1 -1 ) 0
-11 0 0 -1 -2 1 -2 -1 -1
~10 -3 3 -17 -24 8 -23 -7 -5
-9 20 -12 -207 -263 7 -265 -71 -49
-8 -1585 -156 -2527 -2655 -2940 -1677 -112 -455
-7 ~52733  ~20458 -48%8  -38293 ~51076  -17735 -815 -8274
-6 25114 43525 -23636 6033 20816 44941 -4705 831
-5 4011 33098 -28907 1377 3387 38029 -6014 480
-4 -18054 43104 ~44708 21621 -20790 47338 -9383 -4210
-3 ~53502 38506 ~41591  -56754 -54406 41189 -9019  -12063
-2 1609 1636 -2676 559 -1511 3988 ~813 -202
-1 919 199 114 855 -1036 455 -7 162
0 104 21 ~36 23 46 52 ~11° -2

1 3 - 1 " 6 1 0 1
-14 0 0 3 -3 5 5 1 -1
-13 0 0 . 36 -35 46 &7 12 -12
-12 0 0 442 -429 390 396 132 -129
-11 5 9 5252 -5132 2198 2165 1328 ~1300
-10 -22100  -22876 61105  -60576 -22029  -22692 13019 -12813
-9 -10199  -37317 56444  -18938 ~14855  -41770 12001 -4a87
-8 79 -1813 5641 ~1457 ~1837 6574 1601 -461
-7 -3777 4035 -3346 -4165 -4316 3344 «637 -857
-6 -6654 2499 ~1892 ~7133 -7761 2547 -438 ~1569
-5 -13012 -2536 3805  -14885 -14255 -3091 711 -3091
-4 ~14337  -12919 14090  -16056 -15131  -12975 2988 -3458
-3 -539 1317 -1111 ~1010 -1394 585 ~157 -305
-2 38 19 -36 18 -55 43 -9 -7
-1 -50 21 -5 28 -55 25 -1 5
0 6 1 -2 2 2 3 -1 0
-15 0 0 0 0 -1 0 0 o
~l4 -2 -1 2 1 ~ -2 1 0
-13 -26 -18 33 -3 -34 ~30 7 -1
-12 -104 -515 432 -30 =11l -516 92 -6
~11 -256 194 249 -259 -275 143 -49 ~55
-10 =420 202 -211 -452 ~469 209 -46 -97
-9 -T46 -9 «7 -803 -837 -24 6 -169
-8 -1246 <704 865 -1315 -1377 -833 169 -275
-7 —1247 -2045 2544 ~1270 -1336 -2396 508 -277
-6 -48 ~4864 5797 223 50 «5316 1198 20
-5 3272 -5795 6564 3553 3219 -6082 1411 752
- ~780 -102 292 -776 -598 vy 99 ~l4é
-3 -1 4l -36 -17 =32 1n - -7
-2 -5 -3 2 -5 -8 -3 0 -1
-1 -2 2 -1 1 -3 2 0 o
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Table A-6. (Cont,)
Secula.r Terms

e) Jupiter on Saturn

DX Ly DZ
(IN UNITS OF 10%k(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 185040}

J cos SIN Co5 SIN Cus SIN
0 1082707325 0 =1748071321 0 -35335349 Q
1 30336596 16455863 16244568 50611567 419708419 299265120
2 «358636175 581781678 -580865311-358068306 11753799 8383022
3 -30170121 48864868 ~48826357 -30146265 493774 352215
4 -2254263 3649143 =-3647265 =2253075 24545 17538
5 ~164455 266148 -266043 ~164390 1345 959
[ =11940 19321 ~-19315 ~11937 78 56
7 -867 1404 -1403 -867 5 3
8 -63 102 ~102 =63 ¢ 0
9 -5 T -7 -5 0 0

NLZ NU U/s7Cos (1)
(THE TERMS ARE IN UNITS OF 10##(=6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N&T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN c0s SIN Cos SIN
0 484288 0 75154 0 ~130840 0
1 ~8640529 =5355925 2677962 <«4320264 1554094 1108117
2 -121019 ~74995 74995 -121019 43522 31041
3 -3389 -2101 3151 ~-5084 1828 1304
4 -128 =79 156 =253 91 65
5 -5 -3 8 ~-1l4 5 4
6 0 1 1 o | o 0
7 0 -1 0 0 ] 0
8 -1 0 0 0 0 0
9 0 0 1 4] o 0
10 1 1 -1 0 0 0
11 -1 0 0 0 0 0
13 1 1 «1 0 (¢ 0
14 -1 -1 0 1 0 0
15 1 0 0 0 0 0
16 o 0 0 -1. 0 0
17 0 -1 0 0 0 0
18 0 0 0 1 0 0
19 0 0 -1 0 0 0
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Table A-6. (Cont.)
Periodic Terms

f) Uranus on Saturn

23 . DY :

(IN UNTTS OF 10%8¢-121) (1008 0=4) SECONDS OF ARCY
ns SIKR <ns SN €08 SIN €as 51}
2693767 (4 ~755054 [} ~4ATARA [ -101 [}
11904101 90696 -78738 ~11865818 o o ., o 9
134R406 =760107 739587 1348702 «A987 -10690% -1 23
55206 ~26661 28705 55214 a97 -3798 [ Y
2043 =942 943 2068 n =142 e o
57 -24 24 57 H -7 L] o
[ 1 1 0 n ] ] 0
-2 18 18 2 0 0 0 n
26 244 264 26 [ [ o (]
373 3389 3387 n -3 3 [ Q
~5612 47262 47244 S41t 54 53 [ [3
-80743 £60990 660667 80714 <1100 1081 [ 0
~12%%130 9153993 . 9147755 1254974 «2h4%1 28073 T eh ()
=21644924 118441299 118268007 21641251 ~1431298 TA2SRA -309 158
17929404 17243917 18915053 ~21662194 437444 1683949 9% ke
47296160 263755282 243478503 48180317 ~21677h0 ~2R104RT =517 -h14
-11912120 ~-22923653 22904441 ~11097643 ~TRA125 «BN630 =170 -17
902606 =-1136721 1336157 ~901948 -2003R ~n427 -t -2
65260 -R6216 solan -65223 -861 311 n [3
~hh4f ~5789 5787 4848 -4h 16 [ 0
=312 -399 199 ~33? -2 0 0 0
24 -28 28 -26 0 0 [} o
-2 -2 2 -? [} ) [ [
-2 0 a ? [ (] a 0
=76 =11 =11 26 0 o 3 0
-330 -148 «148 330 © 0 ( 0 [
LYYy -2002 -2002 44Re a 1 [ 0
«60776 -26877 26866 60711 & 22 0 o
811766 31548515 =354313 811298 127 471 a o
-104379A7 ~4452725 44460876 10428763 1201 11178 1 2
115525828 =46759329 46686625 115322033 48529 157024 10 77
-153291046 ~17642ROAT -16959426 166786064 ~1781409 106605 -277 23
4109302466 1719172479 ~17370R889 611127835 ~4289074 2658419 -927 L34
232176846 32449225 -32459014 232043425 Q%7183 ~17064587 207 =149
10976972 585460 ~%R6399 10972429 4549 -71283 1 15
6646403 22797 -22807 644186 710 ~9T62 [ ~t
41338 1023 -1024 41324 34 -179 [ (1
2169 52 -52 2768 > -7 0 0
190 3 -3 1%0 a 0 0 [
13 o 0 13 a 0 0 0
0 ] 5 ] o 0 [ [}
-5 66 68 5 ) 0 (] 0
k4 883 889 “h n 0 I\
~7643 11963 11958 244 1% 5 [ [
1470 159152 159062 -3461 294 ne 0 [
181534 2060924 2059268 ~181073 5887 1554 1 [
51725AA7 24667497 764536959 -5103201 120258 37957 26 7
10RN96977 219741110 219251526 -106849582 220522 AR2173 48 191
~491277839 -410672210 -345428999 553524477 94TROTO 75838778 2050 S%A7
377423008 ~6R8741262 688256924 ~3RA226464% -1411950 -2309283 =349 499
472499655 326627132 -326329469 472098454 -13%4029 550208 =291 119
27412718 19239207 -19224280 27403723 =30224 13349 -8 3
1747244 1232431 «1231917 1748536 ~1603 sA7 o 0
116688 82495 82468 116618 -a0 29 [ 0
ROO4 5669 -5667 20027 -4 ? 0 0
559 396 -398 559 0 0 [} 0
40 28 -28 %0 0 0 0 0
3 2 -2 3 0 0 o o
3 9 9 -3 (] 0 [ 0
17 105 108 -28 [ D o 0
475 1264 1265 -47% ) -8 o 0
543 14275 14293 <5460 52 -147 n 0
53265 142430 162995 -52867 749 2437 0 -1
2644014 1057486 1076296 -239192 7429 ~-36293 ? -
-5227112 2376300 3006580 5194136 10268 29514 2 s
-5453437 5811670 21727872 -5603033 ~10n2764A 180081 221 29
26237860 -9312906 7355392 25411158 ~1R6203 1121198 -40 243
4701746 -28769616 28265668 4694187 ~RR567 ~214520 -19 46
S1R071 «433193 633400 517632 20034 -7920 -4 -2
35199 -22424 22433 38178 -828 347 [} o
7373 ~11%0 1s1 2322 26 ~1% [} [
158 ~h6 86 158 -1 0 o 0
1u -4 4 1 [ 0 [ o
4 o o -4 0 o o 0
1 -2 -3 ~33 o 0 [} o
£y ] -57 -55 -380 - -4 a 0
IRRG -747 ~722 ~3904 -69 56 [ [
32944 -8029 -7633 ~33661 1046 -702 [ o
120784 -39410 =33878 ~184134 ~1749% -5767 - ot
«445613 617673 641561 118798 9948 ~4899 ? -1
~6901308 552746 ~2649272 16420320 ~38441 206817 -8 “$
50193143 1548093 949136 3209071 ~RAN920 -417974 -190 -a9
14507248 4695854 -4777987 14534189 «372%4 126487 -7 27
6144608 5511001 5508298 4141302 17692 51800 3 -1
301258 2536086 753507 301126 =274 -1930 [} ]
18026 14540 T 14536 18020 2 -T4 0 o
1168 ~930 929 1167 0 - T e [
79 -42 62 19 [} [ [} o
s - . s o 0 0 0
0 -2 -2 [ [ o n [
5 =11 -1 -4 0 0 0 [
37 -128 ~§31 =18 -3 2 o o
% -1255 ~1267 -120 42 2 0 o
Q0 9620 -9952 ~4%4 —h64 4n3 ] [}
1203 ~41718 -49381 =6280 -3227 166 i 1
12R664 136477 18078 -16750% ~108? —540% o -1
270120 1682733 ~495T18 343908 AOTI0 21210 13 ]
«260908 2388344 2608682 ~1361886% 77606 127968 -17 27
~18101AN -1755436 2208877 Im11278 103047 «70188 Ty 102
~457122% «-6R08700 6813140 4572298 ~63061 40701 = -9
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Table A-6. (Cont.)

f) Uranus on Saturn

13 =16 2n0 179 39 137 0 6
13 =15 -241 184 -133 -116 ? -3
13 =14 -42 ~108 98 19 A -7
11 =13 ] ~443 377 175 ? 13
13 =12 24 -1316 1174 ~53 -8R -29
13 =11 3P45 308 -168 3740 126 171
13«10 ~1799 4366 ~4326 -1647 137 211
13 -y ~25R2 ~2475 2360 -2600 ~191 aR
13 -8 1820 =768 825 1751 23 -112
i3 -7 -67 932 -835 61 49 34
13 =6 ~-343 =-R] 263 -364 -39 26
13 =5 265 ~189 188 272 4 5
13 -4 -9 -163 163 -9 0 -1
12 -3 1 -7 7 1 0 0
13 14 -4 0 n 4 0 o
13 1% -41 -33 =33 41 0 0
13 16 496 —424 -423 -498 10 ?
14 =16 73 293 -63 92 20 -9
l4 =15 -156 42 19 ~688 Co=3 -5
la =14 -770 =-148 185 -189 6 (4]
le =13 -502 -1R9 156 «438 =21 34
1a =12 551 -1632 1608 494 -63 -73
14 =11 1849 1288 -1224 1847 112 T =4?
14 =10 =1490 1012 ~1028 -1447 -2 Q7
14 -9 ~209 ~1018 997 -229 -53 -?3
14 -8 457 105 -81 463 21 =20
14 -7 -207 155 -150 -19 4 13
14 -8 =179 73 229 47. -35 0
14 =5 287 18 ~19 288 3 0
14 -4 110 -170 170 110 0 (o]
14 =3 [ ~9 9 [ 0 0
la 12 4] ~1 -1 0 o [
14 13 3 J [ -3 0 (4]
14 14 -3 o] 4] 3 0 0
14 19 33 -73 -73 ~33 o] 0
14 16 1906 -53 48 -1908 14 11
19 =16 ~594 1361 ~1206 =593 -27 1
15 -5 -1048 225 ~105 -1067 [ -3
15 =14 -227 151 . =98 «214 12 13
15 ~13 -652 -444 428 -651 -39 20
15 =32 796 ~740 746 769 -8 -57
15 =11 4] 864 -828 351 47 1
15 ~10 -564 -2 -8 =547 -17 25
1% =9 104 -238 238 96 ~-f -13
15 -8 69 80 -71 70 7 0
15 -7 -31 17 -5 -44 o] 3
15 =6 2 -?20 .22 6 ? 1]
15 =5 -16 -15 15 ~16 4] 0
15 -4 0 -1 1 0 0 0
5 il -2 [+] 0 2 ] 0
15 12 3 -5 -5 -3 ] 0
15 13 9 7 7 -9 0 0
15 14 5 -32 -32 -5 0 0
15 15 292 452 ~451 -293 0 0
15 16 2654 -262 -241 . =2650 0 28
16 =16 408 2385 -2312 235 -10 =11
16 =~15 ~300 348 ~332 -371 7 -4
16«14 -341 233 «236 -347 5 19
1 ~13 ~2R4 -455 444 -291 -27 -2
16 =12 451 -77 az 445 1 -2
16 =11 ~64 291 ~289 59 1 12
1€ ~10 ~119 -83 80 ~119 -f 3
16 -9 50 ~30 31 49 0 -3
16 -8 0 22 =20 & 1 o
16 -7 -7 -1 5 -8 0 ]
16 =6 5 -4 4 5 [ 0
le -5 0 -3 3 L] 0 o]
1e 10 s} 2 2 4] 0 0
16 11 -6 -5 -5 6 0 0
16 12 17 -8 -9 ~-18 0 [¢]
16 13 0 27 27 0 -1 1
16 14 -51 -R6 -87 51 0 -?
16 15 * =50 -828 -832 58 ? 1
1¢& 16 1037 ~626 -603 ~1035 -5 £}
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Table A-6. (Cont.)

f) Uranus on Saturn

EX-E-R-1

VI IRSPLIU VRN e} NNNNNYNNNN - e

Y seprDre

ERERC JCRC RV IV AU R0

EYCE - SE R Y

NN NN N

TODIADOD

PrxE2PIRBOD

Hp7 Nit D {1 0NGLY n 106G
wemmmmmancen ([N UNITS OF 10#8(=4) SFCONDS OF ARC)ecmvcsommecs 1IN UNITS OF 108e(=91)

< €os SN s STN cns SIN ns SIN

(Y 0 0 ~2533 [} 0 0 =533 0

1 1 3 723 =319 Q o 152 -A7

2z -10 -20 29 -12 -10 -20 & -3

3 [ -1 2 -1 -1 -2 0 [
-5 0 o [ [} 2 a o [
-4 1 0 0 -2 32 2 0 bt
-3 15 -4 - -*$ 27 39 5 -57
-2 1493 247 =121 ~116% %03 570 A0 =708
-1 7R123 185117 52464 ~272%% 78445 14670 1065 ~5740

4 5158 ~7570 1633 179 9547 «A739 217 561

i “ =214 151 12 400 -579 49 7?2

2 o -4 6 [] w3 -4? 3 &

3 o o [ [4 &) -3 0 [}
-6 0 0 0 0 -2 4 1 [
-5 -t 2 5 3 -22 4R 7 3
-4 -3h 62 98 54 =293 639 9 %2
-3 -1148 2019 2200 11%9 «3AQ4H A637 hé 533
~2 ~4R409 112633 66616 28627 =4A909 117003 14461 60h6
-1 -7823 15916 16477 2735 ~10499 A2188 2199 286

0 731 ~854 )7 268 103 LLTY o1t -4

1 A R332 1 8 L3 268 =15 [}

2 [ [ [4 4 [ 20 -3 [}

3 a [} 0 o [} 1 0 o
-7 0 0 o 0 ] o 0 o
-6 0 1 1 -1 mn ? 0 -?
-5 11 12 16 ~21 133 20 4 -20
-4 331 276 2n 421 1771 193 41 255
-3 17457 5384 1546 ~9753 2300% -138 181 -31%4
-2 200RO0  ~114347 ~54819 «97144 192327 -101620 10287 ~1941%
-1 ~163658 221679 =9197 -R237 -152182 215312 ~1263 =542

0 ~45D 357 -1717 =230 ~AR3) 12332 ~1288 =913

1 -6 5 -5 -6 616 a6? ~108 ~77

2 0 0 [} [ b5 63 -9 -4

3 a 0 0 0 -3 5 -1 (]
-7 0 0 [ -1 ? ~1 0 0
-6 7 -1 -3 -9 23 -9 -1 -
-5 131 ~50 64 142 252 114 -20 - -43
-4 1958 ~1625 -1272 ~1614 2127 ~1253 «228 ~3%6
-3 2168 5626 4303 -15%4 27119 £591 922 -36R
-2 RS76 1003 538 ~3106 9077 1377 76 637
=1 ~50% 169 —44 -179 7 251 18 14

[ -7 2 -1 -t 1 17 -? 1

1 [ 0 0 ° n 1 0 [}
~8 0 0 [4 0 n -1 [ [4
-7 [ -3 -5 0 -1 -9 -2 [}
-5 -7 ~56 -61 " -20 ~91 ~t6 4
-5 -333 ~634 -552 274 261 ~62% -116 50
-4 1382 -1 =73 -1037 1294 126 13 =213
-3 -1392 %020 2308 735 ~1194 124 498 150
-2 2172 19R0 388 =312 2098 2204 L1} =73
-1 -30 -16 8 =15 a7 110 -2 9

0 -1 0 0 0 & A -1 1

1 0 0 0 0 [} 1 [+ [}
~8 -2 -1 -1 2 =k -1 [ 1
-1 24 -3 -2 76 -8 -t [ 7
-6 -222 58 46 201 =218 3% 7 %2
-5 SR -422 ~348 -38 A0 =409 -73 =13
-4 4RO 260 159 -354 593 164 28 -Af
-3 1973 -1378 -630 =920 2008 ~1300 127 «192
-2 139 1173 -101 «20 %2 1097 =13 [
-1 1 5 -3 [ 14 65 -1 H

0 0 0 0 0 1 5 -1 [
-9 -1 1 1 1 -1 ? 0 [
-A -4 10 11 3 -4 1% 3 1
-7 1 80 73 1 -6 7 15 1
-6 143 ~51 -4l 12% =137 <52 -10 26
-5 108 ~110 =90 -78 104 =102 1R -8
e 73 1717 109 =53 a7y 1m 26 11
-3 161 1 5 -52 16% 1n [] =11
-2 -5 4 -1 -2 4 5 Q 1
-10 0 0 [ 0 1 1] [4 ]
-8 4 3 3 -% ) 3 1 -1
=f 2R ki 7 =26 27 9 ? -5
-7 -31 50 45 27 =31 48 9 3
-6 .32 -8 34 29 -3 4% -& [
-5 45 -6 -1 -32 &2 -2 -1 -7
-4 -21 108 60 13 Rdd 110 13 3
-3 58 [¥3 7 -7 57 50 1 -?
-2 -1 0 0 [ 3 3 [} [}
-10 2 -1 -2 -2 ? -2 [} o
-9 5 «10 ~9 -5 [ -2 -2 -1
-8 17 17 15 ~16 16 17 3 -3
-1 -22 9 9 19 21 9 2 4
-6 1 -17 «13 1 [} =16 -3 ]
-5 12 6 3 -9 13 “ 1 -2
-t 24 =20 -9 ~31 2 ~19 -2 -2
-3 2 9 -1 [} 3 L] o o
-11 0 -1 -1 1 -1 -1 [} o
~10 -3 -3 -3 3 -3 -3 -1 1
-4 ] -5 -5 -8 ] -5 -] -?
-# 2 10 9 -2 ? 10 ? o
-7 -7 -2 -1 3 -7 -1 0 1
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Table A-6. (Cont.)
Secular Terms

f) Uranus on Saturn

DX DY n7
(IN UNITS OF 10%#%({=164))
(TO BF MULTIPt IFD BY TIME IN DAYS FROM FPOCH 1850.0)

4 cos SIN cos SIN c0s STN
0 =-15777601 0 ~-28930920 0 -R896218 0
1 -442060 270607 270590 737515 10645137 R139432
2 5226176 9628502 =-9613336 5217900 298114 228002
3 439650 808717 -808080 439302 12524 95R0
4 32850 60394 =60363 32833 624 477
5 2396 4405 =4403 2396 34 26
[ 174 320 =320 174 2 ?
7 13 23 =23 13 0 0
8 0 2 -2 0 0 0
NDZ NU uzscos(n)

(THF TFRMS ARE' IN UNITS OF 10%%(-6) SECONDS OF ARC AND ARE TN RF MULTIPLTED RY NxT .
WHFRFE N=zTHE MFAN MOTION OF THF DISTURRED PLANFT (RAD/DAY) AND T=TIME IN DAYS FROM FPOCH)

A Cos SIN cos STN cos STN
b 8021 0 -1098 0 -3319 0
1 -143003 TR047 =39023 =71500 39417 301139
2 -2003 1094 -1093 =-20013 1104 R44
3 -56 30 -45 -84 46 15
4 -2 1 -3 -4 ? ?
5 0 0 -1 0 0 0
6 0 2 0 0 0 0
7 -1 -2 0 0 0 0
8 0 1 0 0 0 0
9 1 ~1 0 0 0 0
10 1 1 0 0 0 0
11 -1 0 -1 1 0 0
13 1 0 0 0 0 0
14 -1 -1 0 -1 0 0
15 0 1 0 0 0 0
16 1 0 0 -1 0 0
17 -1 0 1 0 0 0
18 -1 0 0 0 0 0
19 1 -1 0 -1 0 0
20 0 1 0 0 0 0
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Table A-6.

(Cont. )

Periodic Terms

g) Neptune on Saturn

DX
coS SIN (ele}}
640434 0 14112
-2987553 ~-1382 1781
307573 14062 ~14048
13293 479 -479
534 13 =-13
19 0 o
-2 -3 -3
-34 ~38 -38
-476 =526 =526
-6620 ~7294 ~7291
-91991 -101021 ~100968
-1261270 «1377039 -1375976
-15913482 -17147213 ~17121904
=-1717271 ~3371405 «3104157
39342789 42127141 -42254451
2805848 4376026 -4371729
155722 265960 -265811
9855 17442 =17435
656 1182 ~1182
45 82 -82
3 6 -6
0 2 2
=2 33 33
-26 439 439
-351 57197 5795
-4597 74763 74721
57416 909399 908653
-607441 9156487 9142983
-1303802 14236840 14061444
2517684 ~40418896 40883491
2779284 =31479769 31470741
146971 ~1445040 1444513
A282 -79603 79578
526 -4988 4987
35 «330 330
2 -23 23
0 -2 2
-2 2 2
-27 25 25
=336 307 307
~3883 3561 3562
-39587 36832 36882
-217165 274305 276251
903787 «278004 =-193753
3684343 =2470030 2683006
~3525038 998317 -996267
«1100937 ~153944 153850
=51451 -~7268 7264
-2947 -417 417
-187 -2 27
~13 -2 2
-6 [¢] 0
-73 -6 -6
=780 -69 -69
-7098 -628 -628
-42917 -3389 -3bbb
61949 21758 18771
597306 15384 =144885
-325030 =-228586 176858
177598 235490 ~235799
16724 45329 -45308
804 2205 =2204
47 131 ~131
3 8 -8

DY
(IN UNITS OF 10%%(-12))

SIN

0
-2971098
307650
13297
535

19

2

34

476
6617
91944
1260312
15890203
1268017
39345961
2804168
155657
9851
655

45

3

[¢]

2

26

350
4594
57356
605988
1254002
2611452
2718752
146898
8279
526

- 35

2

0

2

27

336
3883
39628
278996

~B16881
2569180
-3537099
~1100514
=51431
-2946
-187

-13

783
7170
44685
-15500
695801
-310331
177493
16718
804

“7
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b2
cos SIN
11064 0
[4] [¢]
=795 -5976
=34 ~-220
-2 ~10
0 [
4] 0
[} ¢
0 0
4 -2
81 43
1980 -1059
70782 =-40548
3623 65373
125115 ~190543
93652 -54696
1467 -1572
64 -69
3 -3
o (o}
[¢] 0
0 3}
0 0
0 0
1 [}
25 6
541 123
12457 2851
29397 -9322
824892 -123981
~-127690 14246
~6385 234
=211 11
-10 1]
0 0
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0 ¢}
o} ]
0 o}
0 1]
3 7
59 118
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1445 5020
30 180
1 6
[¢] [¢]
1] 4]
0 0
o 1]
0 3
-13 38
-158 26
91 ~847
~1709 -15943
-7912 18042
-45 -684
179 =155
5 -4
0 ]
[¢] 1]

U/sCoS(1)
(10%% (=4) SECONDS OF ARC)
cos SIN
2 0
o 0
0 -1
0 0
0 o
) 0
0 0
0 0
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0 0
o 0
0 0
15 -9
1 14
27 -41
12 -12
0 0
o 0
0 0
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0 0
0 )
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3 1
6 -2
178 -27
-28 3
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0 o
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o o
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Table A-6.

g) Neptune on Saturn

-1
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Table A-6, (Cont.)

g) Neptune on Saturn

SFEPPEEP (VLR VRV VLR SURE VR VI NNNMODAKN N el ol e oCcC

AL R RGRE L T )

[+« el s

~

-

-4
-3
-2
-1

WK O

-5
4
-3
-2
-1

-5
-4
-3
-2
-1

-6
-5
-4
-3
-2
-1

-6
-5
-4
-3
-2
-1

-7
-6
-5
-4
-2

-7
-6

NDZ NU D (LONG.) D LOG(R)
memememcaaee (IN UNITS OF 10##(=4) SECONDS OF ARC)-wem=mcmmwac=- (IN UNITS OF 10##(-9))
cos SIN cos SIN cos SIN cos SIN

0 o} ~640 0 0 0 ~135 0

0 0 169 6 ) 0 36 1

0 -4 7 0 0 ~4 1 0

0 0 0 ] -5 5 1 1

-6 4 6 8 -68 61 8 9
-214 174 157 187 -936 845 104 115
-12807 11948 5088 5454 -12874 11975 1072 1153
-982 310 92 40 1702 980 -51 -67
-19 -1 0 -12 -125 b4 -8 -15
0 Q 0 0 -9 5 -1 -1

0 0 0 0 -1 0 0 [

o 0 0 -1 5 0 0 -1

9 0 1 ~15 69 4 1 ~10
267 12 15 -301 904 54 8 -131
10709 680 456 -7183 11239 728 101 -1565
9186 834 319 3653 9780 873 63 ~705
-119 -1 6 -81 438 49 -4 42
-2 0 0 -1 30 3 0 4

) 0 0 0 2 0 .0 ]

1 1 2 -2 5 6 1 -1

27 31 36 -32 61 68 11 ~-10
614 730 572 -485 599 674 114 -100
-313 -1001 -594 166 -274 -977 -131 38
73 -299 -108 -13 58 =352 -17 -4
0 4 -2 0 3 -17 2 0

0 0 0 ] 0 -1 0 0

0 1 1 0 0 2 0 o

-1 10 11 1 -2 18 3 ]
-17 148 127 14 -15 144 26 3
49 -88 -59 -37 45 -77 ~-13 -7
-68 55 28 38 -66 50 6 8
-11 2 1 3 -15 5 0 0
0 0 0 0 -1 0 ] 0

-2 2 2 2 -3 3 0 1
-23 17 15 20 22 17 3 4
18 -4 ~3 -14 16 ~3 -1 -3
=7 -1 -1 4 -6 -1 0 1

9 5 3 -5 9 5 1 -1

1 2 0 0 2 2 0 0

-1 o ] 1 -1 0 0 0
-6 -1 -1 6 -6 ~1 o 1

3 2 2 -3 3 2 0 -1

-1 -1 -1 0 -1 -1 0 o}

) 1 0 0 o 1 0 0

-1 -1 -1 1 -1 -1 0 o

0 1 1 0 0 1 0 [}
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Table A-6. (Cont.)
Secular Terms

g) Neptune on Saturn

DX DY Dz
(IN UNITS OF 10#%(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850,0)

J Cos SIN cos SIN cus SIN
0 304694 0 ~6797366 Q -116597 0
1 8537 63578 63578 14243 1384922 =304713
2 ~-100927 2262232 - -2258669 ~100767 38764 -8536
3 -8490 190009 -189860 -8484 1629 -359
4 ~-634 14190 -14182 ~634 sl -18
5 -46 1035 -1035 -46 4 0
6 -3 15 -75 -3 0 0
7 0 5 -5 4] 0 0
NDZ NU u/sCcos(y

(THE TERMS ARE IN UNITS OF 10#%#%(=6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N=*T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J C0S SIN cos SIN cos SIN
0 1884 0 19 0 ~432 0
1 «33598 -1508 754 ~16798 5128 ~-1128
2 -471 -21 21 -471 l44 -32
3 -13 -1 i =20 6 -1
4 =1 0 0 -1 0 0
5 0 0 0 1 0 0
[ 1 1 0 1 0 0
7 -1 -1 0 1 0 0
8 1 2 0 0 4] 0
9 -1 -2 0 0 0 0
10 0 1 -1 0 0 0
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Table A-7. Uranus
Periodic Terms

a) Mercury on Uranus

74

DX DY
(IN UNITS OF 10##(=~12))

cos SIN cos SIN &1
~75794 0 4999 0 -1171
1077284 -346 591 1076669 0
25316 4971 ~4966 25305 -6
865 353 -353 865 0
34 22 -22 34 0
1 1 -1 1 0
0 5 5 0 0
-3 62 71 4 o
9 -184 186 11 0
~2125 32973 -34237 -1539 3754
10 -185 183 11 ]

o -5 5 0
o 6 8 0 0
2 -37 37 2 )
~56 263 -387 20 381
2 -37 a7 2 0
0 0 1 o 0
0 -8 8 0 0
16 -432 413 30 58
0 -8 8 0 o
0 -2 2 0 0
1 -163 160 10 11
0 -2 2 0 0
2 -49 49 3 2
0 -14 14 0 0
0 -4 4 0 0
( -2 0 0 0

NDZ NU D (LONG.).

cmm———— (IN UNITS OF 10%#(=64) SECONDS OF ARC)wmemmmemm—m=
cos SIN cos SIN cos SIN
0 0 116 6 0 0
0 0 0 1 0 0
-4 0 0 4 -4 o

A-157

uscoscn)
(10#%{~4) SECONDS OF ARC)
SIN <us SIN
0 Y] 0
] 0 0
4 o 0
0 0 0
0 ] 0
0 [} 0
] o [}
0 0 o
1 0 [¢]
6008 Q 1
0 [ 0
0 0 o
0 0 Y]
0 0 ]
612 0 0
o 0 0
0 o 0
o 0 o
93 0 ]
0 0 o
o 0 0
17 o 0
0 0o 0
3 0 0
0 0 0
0 [} 0
0 0 0
D LOG(R)
(IN UNITS OF 10%%{~9))
cos SIN
24 0
0 0
0 1



Table A-7. (Cont.)
Secular Terms

a) Mercury on Uranus

DX (0} § DZ
(IN UNITS OF 10#%({~16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN Cos SIN cus SIN
0 -171 0 -141 0 -10 0
1 -4 1 1 -7 147 175
2 57 47 -47 57 3 4
3 4 3 -3 4 0 0
NDZ NU U/Cos (1)

(THE TERMS ARE IN UNITS OF 10%#%(~6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J cos SIN €os SIN cos SIN
0 -2 0 -9 0 -0 0
1 1 0 -4 -4 1 1
2 -4 1 1 -1 0 0
3 2 -3 -2 2 0 0
4 1 2 -2 1 0 0
5 0 0 -1 -2 0 0
6 0 1 0 -1 0 0
7 1 0 -2 0 0 0
8 -1 2 2 -1 0 0
9 0 -2 0 0 0 0
10 1 2 1 -1 0 0
11 -3 -1 1 0 0 0
12 2 -3 1 2 0 0
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Table A-7. (Cont.)

Periodic Terms

b) Venus on Uranus

oX
cos SIN €0s
-1099994 o] 2835
15537835 -167 335
358282 2819 -2816
12337 197 -197
502 12 -12
22 0 0
1 0 0
7 5 5
109 88 90
1410 1134 1202
-1596 ~-1283 1362
1120733 901328 -902579
-1633 -1313 1312
42 ~34 34
-2 -1 1
0 3 3
5 4 4
-i1 -8 9
2958 23719 -2384
-1l -9 9
11 9 -9
NDZ NU
------------ (IN UNITS OF 10#%(=4)

cos SIN cos

o ¢} 1672

4] 0 -1

Y] o (]

-2 3 5

-97 120 121

7 -9 0

DY
(IN UNITS OF 10%#(~12))

SIN

0
15528955
358143
12333
502

22

1

-7
-112
~1494
~1694
1122533
-1631
-42

-2

-5
~11
2965
-11

SECONDS OF ARC)

SIN

L =]

A-159

Lz usCos(iy
(10%#(~-4) SECONDS OF ARC)
cos SIN Cos SIN
-456 o [} 0
0 0 0 0
~143 5 1] %
-8 0 0 0
[¢] 0 0 0
.0 0 o 0
o 0 ] 0
(] v o 0
0 0 o 0
0 o 0 0
0 0 0 0
65253 48262 7 5
o 0 0 0
o 0 ] 0
0 0 0 0
0 0 0 Q
0 v 0 0
0 0 [+ 0
223 165 0 0
0 0 0 (¢}
1 4 0 0
D (LONGW) D LOG(R)
____________ (IN UNITS OF 10%%{=-9))
cos SIN c€os SIN
0 0 352 o
0 0 0 ]
0 1 0 0
-7 8 2 1
-97 120 25 20
2 -3 -1 -1



Table A-7. (Cont.)
Secular Terms

b) Venus on Uranus

DX 4 bz
(IN UNITS OF 10%%x(~-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 185040)

J cos SIN Ccos SIN cus SIN
0 31 0 -7202 0 -13 0
1 0 56 56 1 191 4709
2 -10 2398 =-2395 -10 4 110
3 0 169 -168 0] 0 4
4 0 i1 =11 0 0 o
NDZ NU U/Cos(

(THE TERMS ARE IN UNITS OF 10%%x(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MgAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN Cos SIN Cus SIN
0 3 0 -9 ¢ -0 0
1 -53 -2 -2 -25 1 25
2 -2 1 2 =2 0 1
3 4 -1 -1 0 0 0
4 -4 0 0 ‘1 0 0
5 1 1 -2 -1 0 0
] 2 -2 0 -2 0 0
7 -2 3 1 0 0 0
8 2 -1 0 0 0 0
9 -2 0 0 -1 0 0
10 0 -1 2 1 0 0
11 2 1 1 1 0 0
12 1 -1 0 1 0 0

A-160
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Table A-T7.

Periodic Terms

(Cont.)

¢} Earth on Uranus

DX
cos SIN oS
=1367687 0 17661
19298711 =-1226 2086
443559 17565 =17545
15174 1214 =1214
613 75 -75
27 4 -t
1 o 0
6 14 14
96 229 234
1201 2959 3076
~845 -2080 2282
1010736 2489360 ~-2489846
-874 =-2152 2152
=23 ~57 57
0 =2 2
-2 2 2
~9 11 11
10 24 25
-15 =32 34
7380 18177 -18181
14 ~34 34
79 195 =195
0 2 -2
ND2 NU
------- mm==e (IN UNITS OF 10##(<4)

cos SIN <0s

0 ] 2077

0 0 -2

0 o 0

-6 2 5

-267 109 109

19 -8 o

-2

Dy
CIN UNITS OF 10%#(-12))

SIN

0
19287622
443387
15169
613

27

1

-6

-98
~1249
-926
1010812
=874
«23

7381
-1%

19

bz

Cos

323

o

oo

~1870

COO~NOOCO

0
SECONDS OF ARC)=mmwmmmemmmm

SIN

[¢]
4

12
268

cos

oo

-1
~19
=267

-2

A-161

SIN

108
-3

SIN

cCoO0OCO0OC

~3651

coowcooC

-30

oproCCcCoO

-4

(LO%*#(~4) SECONDS OF ARC)

C

O LOG(R)

J/C0s
05 SIN
o o
0 0o
0 [¢]
0 0
0 0
0 0
Q Q9
[¢] 0
0 0
o ]
0 [¢]
-2 -4
o 0
0 0
0 0
Q 0
0 0
[ [¢]
] ]
0 [+
0 [+
0 0
0 0

(IN UNITS OF 10#%(=9))

€0s

437

SIN

-



Table A-7. (Cont.)
Secular Terms

c¢) Earth on Uranus

DX Dy . Dz
(IN UNITS OF 10#%#%(-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850,0)

J cos SIN CO0S SIN cus SIN
(o] 372 0 -17117 0 21 0
1 9 134 134 15 =291 -3292
2 =124 5699 -5693 -123 -7 -77
3 -9 401 -400 -9 0 -3
4 0 25 =25 0 0 0
5 0 2 -2 0 0 0
NDZ NU U/cos(l)

(THE TERMS ARE IN UNITS OF 10%%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#*T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN C0S SIN cusS SIN
0 5 0 -10 0 0 0
1 -120 -3 0 ~58 -2 =17
2 -3 1 3 -2 0 0
3 2 -2 -1 1 0 0
4 -2 2 -2 0] 0 0
5 0 -1 -1 -1 0 0
[ 3 1 -2 -1 0 0
7 -2 0 0 1 0 0
8 2 3 1 1 0 0
9 -1 =2 0 -1 0 0
10 -1 1 4 0 0 0
11 1 0 0 2 0 0
12 ~1 -1 0 2 0 0

A-162



RN NN e b ocoCcocC

wwww

=~

WS WO

-4
-3
-2
-1

-2
-1

[oR ]

-

(k=]

-2
-1

-1

Table A-7.

Periodic Terms

oX 224 DL v/CosS(l)
(IN UNITS OF 10#%(-12)) (10##{~4) SECONDS OF ARC)
cos SIN Cos SIN <os Sih Cos SIN
~126616 0 -4415 0 1296 Y] 0 0
2035967 275 =553 2033763 Y] o 0 0
64412 =4387 4377 64364 -33 36 0 0
2953 -382 382 2951 -2 2 [} 0
159 ~30 30 159 0 0 0 [}
9 =2 2 9 [¢] o 0 0
-6 -2 -2 6 [¢] [ 0 0
~52 -17 =17 53 [ 0 0 o
~518 -138 ~141 530 0 (¢] 0 Y
198 53 -62 235 0 0 0 0
=440169 -117380 117562 ~439108 ~8728 5162 -1 1
211 57 -57 211 0 4 0 0
5 2 -2 5 (o} o 0 0
2 2 2 -2 0 0 0 [}
7 5 5 -7 [} 0 ] 0
~23 -6 -7 24 2] 0 0 ]
18 5 -6 20 0 0 [} [+}
-19150 -5110 5114 -19116 =406 240 0 0
18 5 -5 18 0 0 0 0
-2 0 o] 2 [¢] o [} a
2 0 0 2 0 0 0 o
-1244 -332 332 -1242 -28 17 0o [}
2 o ] 2 0 0 0 ]
-95 -25 25 =95 -2 1 0 Q
-8 -2 2 -8 0 0 0 0o
NDZ NU D (LONG.) D LOG(R)
mmemmnmee-m={ [N UNITS OF 10#%{-4) SECONDS OF AR(C)=re=r-- ——e—- (IN UNITS OF 10##(=9})

(e} SIN cos SIN C0s SIN Cos SIN

[¢] ] 219 0 a 0 46 0

0 0 4 -1 0 0 1 Q

0 -1 -2 -1 1 -3 -1 o

13 -47 -47 -13 13 -47 -10 =3

-1 3 o 0 0 1 0 0

1 -2 -2 -1 1 -2 0 0

(Cont. )

d) Mars on Uranus

A-163



Table A-7. (Cont.)
Secular Terms

d) Mars on Uranus

DX DY Dz
(IN UNITS OF 10#%(-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J Cos SIN cos SIN Ccus SIN
0 -217 0 -5126 0 -64 0
1 -5 40 40 -8 905 922
2 12 1707 -1705 72 21 22
3 5 120 ~120 5 0 0
4 0 7 -7 0 0 0
NDZ NU U/Cos(l)

(THE TERMS ARE IN UNITS OF 10%*(~-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J CcoS SIN Cos SIN cus SIN
0 2 0 ~10 0 =0 0
1 =36 3 -3 -16 5 S
2 -3 0 1 -2 0 ¢]
3 2 -2 -1 2 0 0
4 -2 1 =1 0 0 0
5 0 3 ~1 -2 0 0
6 2 -2 -1 -2 0 0
7 -3 2 1 1 0 0
8 2 0 -2 0 0 0
9 0 -1 -1 -1 o] 0
10 -2 0 1 -1 0 0
11 0 2 2 0 0 0
12 1 -2 0 0 ¢] 0

A-164
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Table A-7. (Cont.)
Periodic Terms

e) Jupiter on Uranus

DX 34 0z
CIN UNITS OF 10#%(~12))

cos SIN cos SIN . €os SIN
=330504964 0 41315369 0 6308310 0
6406835133 -1681295 6062037 6390367255 0 0
270224800 4lus4a28l ~40881702 269839196 -764973 -1123517
13560597 3496992 -3887129 135644851 ~48650 ~84011
786583 346575 345934 785789 -2897 ~6097
49908 30375 ~30330 49863 -168 =453
3335 2636 «2632 3333 -9 ~34
229 227 -226 229 0 -3
16 19 -19 16 0 0
1 1 -2 1 (4 0
8194 -18057 ~18049 ~8195 0 [
156284 ~3643689 =343538 ~156221 2 5
3384530 -7394893 ~7390454 -3382554 150 333
~3471773 6215381 6131713 3440089 342 6167
~4070096 8196276 5412054 ~2192829 -2369 68169
-1522028 1533131 4652546 3332645 1175 -24936
=7436479 8077515 8686012 7819308 8908 ~58924
~19875153 18243767 18621019 20161349 44965 -170213
~20032925 8317256 8407501 20136674 159756 -379589
~2188004 557600 ~515303 1564471 : 188985 -20833
~4491502540 1965047356 =1965860537  -44p8773115 ~54563018 ~26099951
~318741 -220758 219594 -308195 36763 28243
-96793 -10213 10069 ~96082 3723 3474
-11055 ~1674 1660 -11007 323 354
-1078 -265 264 -1074 26 33
-98 ~35 35 ~98 2 3
-9 -4 4 -9 0 0
i -3 -3 -2 0 0
26 56 =56 -26 0 0
449 -972 ~972 -448 0 0
17 ~348 ~328 -20 -1 -1
293 ~1996 -1752 -308 3 4
2851 ~10682 ~10673 ~2853 14 23
22655 -59835 ~59829 -22651 61 126
158175 -318152 ~317864 -158121 231 649
955042 -1526450 -1523413 -954059 680 2917
4627757 -6031140 6006409 -4616560 88l 11104
14225392 =15376400 -15203275 ~14123099 «5240 26649
=246166 113422 1137259 1010113 42865 6496
2037658 ~2194260 2188188 2042445 -166235 -5497
~107078850 46605544 -46816083 -107038176 -1330227 ~632822
29091 -17109 17090 29082 643 -70
1066 -840 839 1065 -46 -6
48 -53 53 48 -3 0
2 -4 4 2 o ¢
1 13 13 -1 0 0
20 310 309 -20 0 0
100 377 327 =17 3 2
409 2434 1951 -229 -4 -3
609 12985 12933 ~591 -18 ~-16
=3503 69531 69390 3529 =77 -87
=47030 321845 320833 47106 272 -410
-281151 1165758 1189035 280968 ~635 -1524
~8379]2 2525016 2485527 832804 54 ~3794
281433 ~334366 523174 =325401 7607 4205
-113368 309762 278328 «82673 236434 9517
36688 =34740 34720 35901 -2200 ~362
-3837188 1678808 ~1679011 ~3836095 «47863 -22886
1164 =552 552 1164 -5 -2
39 =21 21 39 0 0
2 -1 1 2 0 0
0 =1 -1 0 0 0
=11 -27 -27 11 ] 0
=250 =669 668 249 0 [}
406 =623 =498 291 -5 -1
=1990 -3724 -2621 1132 L] 4
6204 ~16314 -16199 6119 24 12
~19411 =70091 =69830 19274 83 62
=h1946 ~227967 =226610 41326 200 265
~44761 416876 «408750 42403 117 718
=30707 113244 145413 24399 =1204 1449
3939 =54197 26688 -12413 «3029 nmn
=4124 11112 =1015% =3156 808 =312
941 =903 904 - 981 =58 -6
~162893 71279 =7128¢ =162856 =2050 ~980
87 =26 26 57 [} 0
2 0 0 2 [} [+
2 2 2 -2 ] 0
51 63 63 =50 0 [¢]
1218 1561 1558 =-1212 0 ]

A-165

w051
(1uR# (=4} SECONDS OF ARC)

€os S1n
618 0
0 [
-84 =121
-5 -9
0 -1
o 0
] 1]
1] 0
.0 [
0 0
0 0
[} 9
'] [}
0 )
Q -1
0 -3
1 -6
$ -18
17 -41
20 -2
-5867 -2806
4 3
0 [}]
0 0
L] V]
0 0
o [
[+ 0
0 o
0 0
[¢] 0
0 [
0 [
[ 0
0 ]
Y] 0
o 1
-1 3
-5 1
-18 -1
=143 -08
0 0
0 0
0 0
0 0
[ [¢]
0 0
0 o
0 0o
0 0
4] 0
[¢] 0
0 (1]
0 [+
1 0
3 -1
0 0
=5 -2
0 0
0 0
0 0
0 0
0 0
o 0
0 ]
0 0
[} 0
0 0
0 Q0
] ]
0 ¢
0 0
[¢] 0
0 Q9
0 0
[} 0
] 0
0 [
0 g
0 0
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-lu
-
-4

-5

-y
-H
-7
~-b

~10
-9
-8
-7
-6
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-
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nze
wh2h
11271
27712
31424
—-4875
2304
~21
~146
30
~7595
3

-4
-156
-3771

-1737
-6620
-9377
-10976
4204

~1329
259

1907
b868
2648
=-1579
545
-131
19

-19

-435
~10054

-1277
-3075
271
-19%

-11

-1
-2
-8
-15
355
7722

481

-156
-2772

28
=34

-3

-4
-11
-14

66

8u9
4259
13676
40201
b2222
~29713
11010
-2930
411
=28
3324
-1

-4
-102
-2570

=593
=2747
~5597
-72174
6279

=2409
715
~140
16

-1
165

86
2217

-42
121
300

~-9K0
489

~l64
40
-7

-2
-b
29
455

552
1222

-3109

627
-847
~61
“12

~3
-4
-12
-26
129
2619

398
151
27
15

13
19
-129
~437

Table A-7.

(Cont, )

e) Jupiter on Uranus

590
2461
13498
39890
60774
~-34909
690
1944
-377
29
-3324

-
~102
~2564

~413
-1203
~5449
-7077
[ 2% ]

-134y
-190
101
=15

-165

86
2213

133
%32
320
-1008
445
=37
-1le

-8

-2
-5

444

-160
=926
=35
-93

-2
-2

la
=150
-3068

269
931
71

-4
-13
-30
112

2559

~464
~161
~36
-18
-7
-2

15

~-110
-388

—-642
=1987
-11022
~273%4
-36211
BaH8
3443
~541
-109

~7594

155
3760

¥38
1266
8898
10563
~5272

«245
298
-26

-t

=376

-4
-320
=666

=500
1100
=2059
1858
~236
=60
20

-19
-1
-5
-3

427

9994

=llp
-2258
~680
126

2721

-13
-8
-7
-2
-1

12

b7
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Table A-7. (Cont.)

e) Jupiter on Uranus

coCceoccoccc

R el e e i

LR LR o WO e W w RN RN NN

ACARCRE RV SN RS

oo oo

VoSN

-8
-7
-6
-5
-4
-3
-2
-1

Wk e O

-6
-5
-4
-3
-2
-1

-
-6
-5
-4
-3
-2
-1

-7
-6
-5
-4
-3

-2
-1

-7
-6
-5
-4
-3
-1

-7
-6
-5
11

11

11

NDZ Ny D (LONG,) D LOGIK)
wm—wemcmeacs (IN UNITS OF 10%#%(=4) SECONDS OF ARC)=mmomem=m=cn {IN UNITS OF 1O%#(~9))
cos SIN cos SIN cos SIN cos SIN

0 0 689432 0 0 ) 145161 o
-11 51 25904 8877 0 0 5449 1868
230 -1015 2196 865 230 © -1015 w62 182

9 ~43 140 67 20 ~90 34 15

0 -2 9 5 1 -7 2 1

0 0 1 0 0 -1 0 0

0 0 0 [ -4 -2 0 1

-2 -1 o 1 ~74 ~33 -3 8

-1569 -724 33 -13 ~1529 -702 9 -20
854 477 ~256 457 789 449 -50 88
le2 104 -100 146 210 129 -23 33
284 204 -317 349 279 117 -80 78
598 281 ~2022 1438 -109 ~1460 -639 392

-3085 -9326 ~24860 12007 -12877  -31748 -7595 3564

-210322  -480461 -485083 212336 -209765 -479294 -101920 44619

14949 34210 =341 42 5074 11655 2303 «1030
-101 12 -39 -100 21 295 -10 =20

-2 2 -5 -4 -1 16 -2 -1

0 0 0 0 0 1 0 0

-1 0 o -1 -1 ) 0 0
-4 -1 3 -7 -5 -2 0 -1
-21 -9 18 -36 -28 -14 3 -7

-109 -62 109 -177 -138 -86 20 -34
-483 ~359 522 ~706 -578 -471 98 -140

-1599 -1639 1205 -1650 -1856 -2192 199 -325

-5017  -11489 -11505 5020 -5075  -11527 -2410 1048
356 . 814 4 -3 116 271 56 ~26

-2 -1 1 -2 1 5 0 0

1 0 0 1 1 0 0 0

5 0 0 8 6 0 V] 2

24 3 -5 a8 29 4 -1 7

96 21 -33 138 108 25 -7 28
244 g2 -103 308 247 40 -22 66
-40 -38 12 -27 -37 ~53 0 -4
-180 -412 -413 181 -180 -412 =87 38

13 29 0 0 4 10 2 -1

-1 0 -1 -2 -1 1 o 0

- 2 -2 -8 -6 2 0 -2
-20 4 -5 -27 -22 4 -1 -5
-42 4 -5 =50 -42 4 -l -11

12 3 -4 13 9 3 -1 3

-1 -1 0 -1 -1 -2 0 0

-8 -17 -18 8 -8 -17 -4 2

1 i o 0 0 0 0 0

1 -1 1 2 1 -1 0 0

4 -3 3 5 4 -3 1 1

© -4 4 7 6 -l 1 2

-3 1 -1 -3 -3 0 0 -1

0 0 0 1 0 0 0 0

0 -1 -1 o o . -1 0 0

-1 1 -1 -1 -1 1 0 0
-1 1 -1 -1 -1 1 o o

1 o 0 1 1 0 0 0

o -1 1 0 o -1 o 0

0 1 -1 0 0 1 0 o0

0 -1 1 0 o -1 0 6

A-167



Table A-7. (Cont.)
Secular Terms
e) Jupiter on Uranus
DX DY D2

{IN UNITS OF 10%%(=16))
{TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN cos SIN cus SIN
0 23468109 0 -223702749 0 1575178 0
1 550224 1752042 1748158 917691 -2236%9489 19616925
2 -7788305 744857U5 ~74403631 -T7779692 524289 459860
3 -548124 5236357 5233471  ~547821 -18433 16169
4 -34271 3272175 -327155 -34258 ~768 674
5 -2092 19976 ~19971 -2092 -35 31
6 -127 1214 -1213 -127 -2 1
7 -8 74 -T4 -8 0 0
8 0 4 -4 0 0 0
NLZ NU U/Ccost

(THE TERMS ARE IN UNITS OF Loxx(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHAERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN Cus SIN cus SIN
0 73550 . 0 1920 0 8272 0
1 ~-1567662 ~164553 82274 ~783829 -117474 103018
2 -18377 -1927 1930 -18377 -275%3 2415
3 =429 -45 68 -645 -97 85
4 =15 -2 1 ~27 -4 4
5 3 0 0 0 0 0
6 -1 0 ~2 -2 0 0
7 1 0 0 -2 0 0
8 -1 3 1 -1 0 0
g 1 0 1 1 0 0
10 -1 -2 -1 0 0 0
11 1 2 1 0] 0 0
12 0 -3 -2 -1 0 0

A-168
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Table A-T7.

(Cont.)

Periodic Terms

f) Saturn on Uranus

DX

€o% SIN €0s
-139690943 0 95825083
2249899371 ~3327194 14994864
73732261 94852316 -9472879
«274621 4694639 -45698054
~218639 106799 ~107207
-17508 -7834 7812
~763 -1237 1236

-4 -91 91

2 -3 3

-8 5 5

~135 a8 a8
-2285% 1484 1483
-39065 2516% 25159
-676381 435310 «35212
~11989114 7779749 7777640
=221790694 146490239 146439332
~44564975781 3047781847 3046244192
~9306726115 1194569296 1130911220
5298834286 -2943458061 4433809803
3771560083 ~5B86696299 592387543
791728337 2527876823 -2530688408
9719457 -10585341 10551967
530150 -959727 958880
45118 ~70803 70830

3934 ~3984 3987

270 -147 147

10 o i}

-14 -4 -4

-234 -77 -17

«-4002 -1371 -1371
~69760 24318 -24312
-1262129 «434934 =434779
«24256350 ~8081867 -8077808
~140712675 ~138923852 -139014002
48047244 171992019 161807194
~55340099 258278162 130799619
=346850988 122314478 171785879
15116253 =20246088 8769515
-5069389 B64536 -817137
16360884 72534522 -72%574112
104702 -85746 86067
8250 ~3332 3347

430 -32 35

o [+ 1

-l -3 4

0 -1 1

646 385 ~386
=1l472 -6882 -6889
-213549 -128967 -128916
-2216872 ~2584079 -2583954
324513 4618512 4480009
2640816 6319220 3521273
~15427091 3524230 5174719
~39813235 ~15102269 -14078846
-45368995 -64306099 ~63962426
~2261609 4404726 4597170
-~2206817 ~3404649 3227619
-249976 152825 =-150532
639242 3091736 =3093120
~1069 363 =346

=136 -6 12

=12 «20 21

2 -6 6

1 -1 0

-2 -2 -2

-43 =36 =36

-43684 ~59498 ~59503
~5775% 124957 122926
-69614 140516 654067
~386687 38294 90632
~1188343 630494 -604046
-2031355% 4047179 ~4037769
1817797 -12604789 =12623544
14662177 ~16469410 -1639155%9
«~2277104 -1171378 ~3185%90
874743 ~887965 1104448
-102687 «127553 121995
~14895 188 ~109
31166 152566 -152617

«33 -110 108

18 ~14 12

7 o -1

1 1 -1

-7 -8 -8

-127 =140 «140

-2248 -2537 -2536

oY
(IN UNITS OF 10e#(-12))

SIN

0
2269657914
13939390
=265555
-218464
-17515
-T64

-t

2

8

135

2285

39058
676229
11985728
221707554
4452487821
9264981567
4888264876
3812899222
790486079
9723106
529145
45054

3930

269

10

14
234

4001
69740
1261667
24243133
140235452
11032209
182536259
347992567
-7019
-5037841
16307480
104886
8264

428

0

-t

647
11471
213434
2211573
179647
4941323
15506510
404643642
46391694
1553033
-2389000
~246337
637260
~1062
~-133

-11

2

1

2 -

43

43531
11076
122246
352684
1207956
2069591
~1782311
~14716544
2356606
907010
«106477
-14T764
31092
24

20

7

1

1

127

2247

A-169

0z
Cos SIN
19068058 0
o o 0
377718 -5768992
189416 =331298
19648 -11932
1340 18
61 45
1 4
0 0
0 0
0 0
] 0
16 9
185 380
194 9487
-65731 212010
-3185100 5617817
2091282 =12057490
235901677 142517701
2561465 -8360456
~48285871 64977717
1075436 -145038
73618 32720
3158 4250
38 313
~7 15
[} [
0 0
[ 0
3 “
i8 109
-494 2167
24972 43935
132006 -274877
4324984 4434128
~1736479 ~7067954
2353506 -6828839
2169883 ~B29575
5157917 2365427
-1369525% 2333886
4465 18404
~139 1019
-20 43
0 2
(1} 0
] ]
] 3
-5 26
-236 426
4532 -4514
57924 93276
-21827 -284806
191825 357140
733288 «377460
1316844 186737
362738 607682
-365176 1657590
25539 84215
-66003 92177
-54 238
-2 15
o 1
0 ]
[ o
(] ]
(] ]
71 -93
670 1875
651 -8961
7179 ~9650
29775 ~10019
85609 24913
138998 172233
19170 376091
-195066 174661
-573528 272
-21782 40324
330 1716
~3271 4480
-3 8
0 0
0 0
0 o
0 Q
0 ]
-2 7

usCosL)

1108%(=4) SECONDS OF ARC)

<os SIN

2050 0

0 a

41 -620

20 -36

2 -1

0 [+]

0 o

0 o

[ 0

o 1]

0 ]

] ]

0 [+]

0 1]

0 1

-7 23

-342 604

225% =1297

25386 15325

215 -§99

-5192 6987

1le ~i6

8 4

0 0

0 [}

1] ]

0 0

0 4]

0 4]

] o

0 [}

1] 0

-3 5

14 «30

465 417

~187 -760

253 -134

233 -89

555 254

-147 251

] 2

] [}

0 [}

0 [+]

0 4]

0 0

o ]

o )

(] 0

o [+]

6 10

-2 -31

21 -38

79 -41

142 20

39 65

-39 178

3 9

-7 10

[+] 0

[+] 0

(] 0

(1] 0

0 0

0 o

0 ]

0 ]

0 0

[ -1

1 -l

3 -1

9 3

15 19

2 40

-21 19

62 0

-2 &

0 [+]

4] o

[+] ]

<] 0

0 0

0 1]

0 0

0 ]

0 o
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v
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-11
=10
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-12
-1l
-10
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-5
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12
-1l
-i0
-9
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11

-#528
-28176
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301338
43559
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-237
18i4

18

o

-1

8
163
w433

4290
44052
2049807
541958
503112
-636186
575209
~40897
29353
3418
101
~-26

T4

~11

-3

0

16

331
5395

20770
35279
~140729
-628946
-905628
29772
~21043
-2053
1510
~203
~-180
-52

-2

4]

-8

~-137
-2783
-63718

-46790
=175321
-206068

-78719
-118636

5417
~6648
-1605

-452

-80
16
14

31
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3372
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-15425%
~117968
-46b324
~luapi63
-32455¢
3381490
~1172653
207310
-59237
-7560
-286
8344

22

9

2

-11
-205
-4415

~1240
~34561
16700
446245
1690612
2388933
59463
89422
12010
-c508
-28

120

515

4

0

2

37

721
18079

18094
101752
276691
352201
~-15628
268183
-12289

13569

1806
188

11

=24

16

-4

-4

-1l4
-32
~10698

27109
18566
-221035
-334097
39863
-1917
767

831
=356
~241
-5
~l4

-2
~15
-328
=7603

Table A-T7.

f) Saturn on Uranus

“l4
~19218
-118135
-469200
-1049122
-312691
3442507
~1130357
-208347
65753
7320

255
-8357
-24

-9

-2

~11
~205
~4411

-11250
=20751
17660
447205
1691312
2361076
-92866
-195610
=11125
2586
-15
-123
~514

-3

o}

2

37

721
18067

20308
93782
275206
346882
-34548
234048
-12386
~18509
-1720
~144

5

28

-15

4

-4

-14
-37
-10746

6266
-91720
~230588
-331062
62559
33773
-2237
~732
447

255

75

13

-1

-2

-15
~329
'=7589

8429
264240
43061

~134974
~1316205
~-4523536
~6172022
12450
465950
43435
-2676
-214
1808

17

3}

-1

-3
-163
-4432

~5384
-48U97
-210094
-540683
-493271
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=27797
35623
3340

61

-39

71

-12

-3

G
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11301
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-597
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63643
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«10
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~l0

104410

~24586
-3349
113553
-28704
=2399
=2114
-753
402
301
102

21

2

[1]

1

-2

-37
315
13237
211947

100296
246285
35313
-1429
3977
3201
1439
358

31

-12

-6

-1

-2

-15

-70
~224
-1439
=30242
-606316

32689
=20743
3g0l
7865
3116
54
=367
~166
~41
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o

-1

-1
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220
-957
1616
=-12023

70899
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-62238
-7994
-6243
-3224
=934
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70
-869
-4072
~4468
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-153679

-81626
-227191
-69564
«50236
3465
-4282
=2170
=863
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5

1

3
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819
13652
342887

-17705
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-17632
-3760
=4146
-1627
296
350
L1134
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4

0

1
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=47
~318
=565
12801
119301

98106
199095
11119
4873
4577
2217
600
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-1
-11
=50
~131
-60
=519
~30628

-546363

=-1438
-16785
12907
6230
807
-317
~193
=53
-9

0o

-1

-3

9

121
602
1714
2326
-697
64829

Table A-7. (Cont.)

f) Saturn on Uranus

-153327

~57873
15691
~49903
=35379
14484
7038
2229
840
172

=5 .

-15
-5
-1

3

22
118
84l
13746

342778 -

55648
80319
17935
-1211
4900
1021
~470
~383
-137
-30
-4

0

1

o

—46
-317
-614
12347
116548

~58381
~195656
«23719
-8079
~5177
-2284
=587
-71

8

6

2

-1

=11
=51
=142
-119
-697
~36618

~-542363

~10406
9239
-14101
-5700
=543
380
202

53

9

0

-1

-3

8

117
607
1841
3035
1606
69258

«104493 211 571
=25331 ~2808 -3530
-151652 220 2311
~121885 ~1809 3027
38327 ~3698 824
12335 -4527 «1847
-3239 =750 1616
=498 238 166
531 16 ~20
324 -3 -3
104 0 o

21 0 1

2 0 ]

0 0 ¢

-1 4] [}

2 o 0

35 0 0
«312 o -3
=1313% -21 -8
-216768 -1294 =101
-9726 4953 «1530
179248 -1325 =513
7588 «733 ~1487
12933 228 ~1947
6611 -882 ~153
3473 -65 152
1450 15 2
341 1 -t

264 (1] 0

~13 0 0

-b 0 Q

-1 0 0

2 0 0

15 0o 0

T2 0 4]

241 2 ¢
1519 6 5
30416 29 ~-14
605029 1110 =1661
65532 ~l64 3083
~31669 491 =374
5223 1317 -153
8539 -49 471
2604 -87 =30
~166 [ 5
-414 5 o
=172 0 0
-41 0 0

-6 o v

0 o [¢]

1 0 [V

2 0 0

~23 0 o
-217 o 1
-~978 -3 4
~1863 -13 &
10736 3 33
=-75492 1579 2251
12431 =1041 ~314
-74711 150 164
-12391 265 ~115
-7302 31 ~49
-3375 5 10
~929 5
-142 0 1
-2 0 ]

6 0 0

2 0 0

0 0 1]

-7 0 0

-36 0 0
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-112 -3 -2
728 -5 -7
3901 13 ~-18
5442 30 -39
=196215 ~861 830
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-10
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-l

-12
=11
-10
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-7
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-11
-10

-8
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Table A-7. (Cont.)

f) Saturn on Uranus

NDZ Nu D {LONGS)
mwwmmcmame={}N UNITS UF 10%#{<4} SECONDS OF ARC)eemce—woew—=
cus S5IN Cus SIN cus SIN

12 o 242731 o 0 [+]
—tele 62 4705 20817 [\ 0
99h ~43] «178 1643 1007 =450

50 =5 ~38 69 100 -27

P2 1 -3 2 7 -1

0 ) ) (1] 0 i

[H o [+] 0 7 1

o 1 [ 0 117 182

-16 271 20 3 1916 2919
-1359 1360 825 463 32672 50492
717272 966506 57005 ~7056% 124004 1031549
156144 1382322 «609240 89782 180749 1430365
~192976 58076 59052 358814 -182622 125408
22616 -2295 -2770 3289 14110 4389
-125 -2 =31 -92 438 290
-ty 2 -h -3 22 19

0 o 0 [} 1 1

a ] 4] 0 ¢ 1

0 0 o 1 =7 17

=13 10 3 17 =108 29%
~550 “B76 809 174 -1579 5888
-22871 22025 -3T01 ~7974 -21916 22148
19433 -2805 1084 14541 19434 =1132
21663 10900 -11987 20130 23242 12593
15948 37163 -384l1 171294 16677 37760
-a020 184 788 7984 ~Tl82 3632
564 -99 -hé 9 235 93

-5 -2 [+] -3 3 5

0 o o [+ -2 3

-5 36 8 1 -25 52
=460 364 -126 ~134 -433 366
54k -29 -2 382 550 a
572 3z7 =367 509 620 405
624 1430 -1639 495 586 1644
1041 3974 -4460 ~1566 -1318 4267
«6607 «775 =5391 =7326 =6b42 4981
274 319 ~4T1 190 -54 557
=335 10 55 329 -339 99
24 -5 -1 [+ 7 o

] 0 ] 0 -1 1

=11 1 -2 -3 -11 8

15 1 -1 i0 15 1

13 9 -9 11 L4 11

13 36 -4l 8 11 42
=38 118 =131 -b4 =55 130

-336 228 ~233 %45 =399 €36
-1196 -67 139 -1430 -1292 =126
~1688 -1505 1683 -1539 -1751 ~1498
-118 194 =186 ~180 -200 124
7 [ -11 4 -l 11

-17 3 3 16 =17 4

1 0 [ o 0 0

-1 -1 ] ] -1 -1

[} 1 -1 0 o 1

-l 3 -3 -2 -2 3

-9 [ -5 =13 ~12 5
=43 -k 14 -52 -48 =10

~109 «104 147 -120 «113 =125
-52 422 516 -%2 =51 -457
352 -637 132 387 344 659
-107 =34 56 -114 =91 ~65
-2 7 -7 -b -6 4
-1 0 0 1 =1 0

3 =1 0 1 3 -1

-1 0 1 -1 -1 0

-3 -3 5 -3 -3 -4

-2 ~18 24 2 0 -21

34 =53 62 50 41 -57
157 -58 59 193 170 =57
245 69 =72 279 252 o4

5 =54 60 12 16 =51
-5 0 2 -5 -b -3
-2 9 -4 -1 -2 9
i -2 2 2 2 -1
8 -2 2 1l 10 -2

26 10 =16 31 28 13

37 58 -T2 41 38 63

-4 93 -106 -1 -1 96

25 -4 1 29 25 i

=1 -3 3 o o -3

[+] 0 o ] ¢ 1
-22 -16 7 -11 -22 ~15
2 4 -5 2 0 4

-2 i3 =16 - -3 14
-21 20 =24 -26 =22 21
-35 7 -10 -39 =36 9

4 11 =13 & 3 11
2 =1 (1] 2 2

-1 0 [} 1 -2 o

50 -32 15 24 50 -32

- o 1 -7 -h -2
~10 -7 9 =12 =11 -7

-6 =-13 14 -8 -5 =-13

-4 3 -3 -6 ~5 2
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D LOGIKY
CIN UNITS OF 108%{-9))

cus

51110
993
-3

-5

5424
25154
-132761
5266
~-1372
-59

-4

32
276
-1868
184
~2335
~8132
-22

. =32
=1

-27
u

-69
=326
-323

-1154
~126

-1

co

-1

-3
-13
=23

LN N
CoOwWNWWRN

R~

SIN

o
4378
35%
20

1

-1

=16
-245
=3492
~L5568

T6457

~1784
2837
4250
3793
1765
~32

~31

11
-a7
-294
~hl4
-47

owo

-1
-3

-1
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~10
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=1
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-2
-1
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-3
-1
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Table A-7. (Cont.)
Secular Terms

f) Saturn on Uranus

DX DY Dz
(IN UNITS OF 10#%#x(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN C0S SIN cOS SIN
0 176457802 1] ~214850822 0 6615297 0
1 4136281 1682410 1679286 6699282 ~93945486 81119914
2 -58560626 71538288 ~71459462 -58495861 -2201866 1901613
3 ~-4121366 5029153 -5026361 -4119089 -77414 66863
4 -257682 314325 ~314209 ~257587 =3226 2786
5 ~15731 19186 -19181 -15727 -148 128
6 -956 1166 «~1165 -356 -7 6
7 -58 71 -71 -58 0 0
8 -4 4 -t -4 0 0
NDZ NU u/C0S (1)

(THE TERMS ARE IN UNITS OF 10#%%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN C0s SIN cus SIN
0 70644 0 14508 0 34740 0
1 ~1505634 =1237268 618629 ~-752814 -493356 426002
2 -17648 -14498 14502 ~17646 ~11563 9986
3 -412 =341 510 -619 ~-407 351
4 ~14 -10 18 -26 -17 15
5 0 -1 o] -1 -1 1
6 2 0 ¢] -1 0 0
7 -4 3 0 2 0 0
8 1 0 1 1 0 0
9 3 0 0 2 0 0
10 -2 1 0 1 0 0
11 1 0 0 1 0 0
12 0 1 1 0 0 0

A-174
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Table A-7.

Periodic Terms

(Cont.)

g) Neptune on Uranus

ox

cos SIN cos
175016361 0 13075817
75320641 2686 -182502
406463854 -2833808 2830407
~32112%1 248696 260318
206407 -16809 16909
~12664 -934 896
~an0 -129 140

-78 19 22

-7 -7 8

[ 2 -2

1 1. 2

-2 “11 =11

19 ~-10 -7

15 ~857 -870

a639 ~11986 -11926
146720 -206042 -20a197
2498797 -3533498 -3531432
42207714 -59639859 -59620080
6805927215 -968903742 -9673631597
954765491 -96162753 -119730318
~-11801236R9 1683410912 -1686859238
-106299014 126993563 «126825141
~5900242 6911524 6310531
-34427%54 399518 -399305
-201%59 23130 ~23132
~1091 1327 1327

-98 a4 -83

3 5 «5

-2 [ o

[ 3 3

al 60 60

318 926 925

5934 15460 154560

94982 251325 251240
1557891 4105882 4104785
25218645 66253114 66225476
393563682 1026650714 1026007453
5151319700 13117800325 13098471383
=42819937119 -138744070340 ~139584527720
~21013886264 =57459068807 57818335360
41209551605 133767988710  -133696540670
1952092344 6307430762 ~4305104156 -
103296542 333229341 ~333137638
5749111 18531704 -18527572
329304 1061149 ~1060963
19233 61889 -61877

1113 3665 -3665

69 218 -217

4 13 -13

1 -2 -2

-7 8 8

62 ~19 -22

270 159 172

6390 1502 1461

92874 25325 25419
1457565 397664 397432
21504058 5997811 5994823
265556066 77699060 77686289
594216360 281931262 279172217
=1042065202 278580714 269882547
-1074507308 502236903 502481226
~385050R3 ~1714749% 17136438
-1733538 ~749030 749145
-93523 -40388 40343
~5276 -2291 2301

-2A8 ~109 107

-19 ~13 14

0 0 -1

0 2 2

-2 =11 -12

-1 59 63

-106 -5 -95

-2599 2242 2328
-36542 25881 255717
~580777 411800 412762
~8727864 6023134 6026134
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Table A-7. (Cont.)
Secular Terms

g) Neptune on Uranus

DX DY n7
{IN UNITS OF 10##(~14))
(TO BF MULTIPLIFD BY TIME IN DAYS FROM FPNCH 1850.0)

J Cos SIN cas STN cos SIN
0 8205898 0 -81314370 0 1937083 0
1 192546 634456 637840 321035 -27508994 4515736
2 =2723272 27074916 «27045082 »2720260 -bha6T4R 152742
3 -191658 1903373 -19027324 =19155> -22668 5371
4 ~11983 118962 ~118918 -11979 ~945 274
5 -732 7261 -7259 =731 -43 10
6 -44 441 -441 -b4 -2 0
7 -3 27 -27 -3 0 0
8 0 2 -2 0 0 0
NDZ NU uscoSeT}

(THF TERMS ARE IN UNITS OF 10%%(~g) SECONDS OF ARC AND ARE TO RE MULTIPLIED RY N#*T
WHFRF N=THE MEAN MOTION OF THF DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM FPOCH)

J cos SIN cos SIN cos STN
0 26750 0 665 0 10173 0
1 -569836 -57537 28768 =284914 ~l44464 34217
2 -6681 -674 678 -6679 -33R6 802
3 -154 -17 24 -232 -119 ’8
4 -7 -1 -2 =10 -5 1
5 1 2 0 -1 0 0
6 1 0 1 1 0 0
7 -1 1 0 ¢] o] 0
8 0 -1 3 ? 0 0
9 2 -2 0 0 o] 0
10 1 3 0 1 0 0
11 -2 -1 2 0 ¢] 0
12 -2 -2 0 1 0 0
13 0 2 -3 ? 0 0
14 2 -3 1 -1 0 0
15 -3 1 -1 0 0 0
16 3 0 -2 ? ¢ 0
17 -1 0 1 0 0 0
18 -2 -3 -1 -1 ¢ 0
19 0 -2 1 -1 0 0
20 2 2 0 1 0 0
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Table A-8.

Neptune

Periodic Terms

a) Mercury on Neptune

Dz

DX oY
(IN UNITS OF 10%#(-12))
€os SIN cos SIN cos
-25827 0 ~2594 0 ~1714
1689156 38 -51 1689156 0
2917 ~2593 2593 2917 0
o -19 19 0 0
56 -35 -35 -56 0
-54 34 ~34 ~56 0
4635 ~2381 2337 2944 5434
-54 34 -34 -55 0
6 -3 -4 -6 0
-11 7 -7 ~11 0
~4662 2943 -2985 ~4860 552
-11 7 -7 -11 0
-3 2 -2 -3 0
~1494 935 =947 -1529 84
-3 2 -2 -3 0
-412 257 -260 -419 15
-110 69 -69 -112 3
-29 18 -18 -30 0
-7 s -5 -8 0
-1 2 0 -3 0
NDZ NU D {LONGs)

------------ (IN UNITS OF LO¥#(=4) SECUNDS OF ARC)=m=o-—m=mmem
cos SIN cos SIN cos SIN
o o 116 0 0 0
0 0 -1 0 0 0
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V/Cos (1)
(LO%*(-4) SECONDS OF ARC)

SIN €0s 5IN
o 0 0
[¢] 0 ¢]
0 0 [¢]
0 0 o
0 0 0
0 0 0

5721 0 0
[ 0 0
0 0 0
0 0 0

583 0 0
0 [ 0
0 0 0
B9 o 0
0 0 0
16 0 Qo
3 0 0
0 ] 0
0 0 0
0 o 0

D LOG(R)
(IN UNITS OF 10#%(=9))

Cos SIN
24 [
¢ [



Table A-8. (Cont.)
Secular Terms

a) Mercury on Neptune-

DX Dy Dz
(IN UNITS OF 10%#(-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J Cos SIN cos SIN cus SIN
0 191 0 -318 4] 1 0
1 0 0 0 1 -82 25
2 -64 106 ~106 -64 0 0
3 0 1 -1 0 0 0
NDZ NU J/Cosc

(THE TERMS ARE IN UNITS OF 10%**({~6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N¥*T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN cos SIN cubd SIN
0 2 0 ~16 0 0 0
1 -3 -3 1 -3 -1 0
2 -3 2 6 0 0 0
3 3 -1 -2 0 0 4]
4 0 -1 2 1 ] Q
5 0 5 -1 =2 0 0
6 1 1 -1 -3 0 0
7 0 -2 1 -1 0 Q
8 1 -3 1 2 0 o]
9 -3 4] -4 -3 0 0
10 =2 7 -1 0 0 0
11 4 i 0 -1 0 0
12 -3 -4 -2 0 0 0
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Table A-8.

(Cont.)

Periodic Terms

b) Venus on Neptune

DX
cos SIN cos
-3119%50 0 ~4501
24350303 57 —96
102411 ~4500 4500
654 -57 57
5 ) 0
2 -25 -25
122 -1824 ~1830
ot 704 ~728
75122 -1122981 1120183
~e8 713 -713
0 2 -2
) -6 -6
0 5 -5
110 ~1646 1633
0 5 -5
0 3 -3
NDZ NU
S (IN UNITS OF LO%*(-4)

cos SIN cos

0 0 1671

0 0 0

o 0 0

77 5 5

-1 0 0

oY
(IN UNITS OF 10##%(-12))

Dz

SIN fo(s)-)
0 ~-881
24349839 0
102409 V]
654 0
5 0
-2 0
-122 0
-49 ]
74893 85763
-48 0
o 0
Y 0
0 0
109 294
0 0
o 2
D {LONGs}
SECONDS OF ARC)=—wwm—we——a=
SIN cos SIN
0 0 0
-1 0 °
-1 1 [¢]
=77 77 5
o 0 0
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SIN

630

Cos

352
0

usCos¢
(10%*#(~4) SECONDS OF ARC)
(el SIN
0 0
0 0
] 1]
0 0
/] 4]
1] "]
0 0
Y] o
6 0
[ (4]
(4] 0
0 0
0 4]
0 0
0 0
0 0
D LOG(R)
(IN UNITS OF 10#%%(-9})
SIN
0
0
[
~16
4]

OoO~0



Table A-8. {(Cont.)
Secular Terms

b) Veénus on Neptune

DX DY DZ
(IN UNITS OF 10#%(-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN cos SIN €S SIN
0 ~10 0 424 0 21 0
1 0 0 0 0 ~1618 -11
2 3 141 -141 3 -7 0
3 0 2 -2 0 0 0
NDZ NU U/costl)

(THE TERMS ARE IN UNITS OF 10#%#%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N#T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J CoS SIN Ccos SIN cosS SIN
0 1 0 -15 0 0 Q
1 -6 1 -2 -2 -11 0
2 -4 3 6 -1 0 0
3 8 -1 -3 2 0 0
4 1 0 1 1 0 0
5 -3 3 -1 -1 0 0
6 2 1 V] -1 0 0
7 0 1 0 0 0 0
8 0 -4 3 1 0 0
9 -1 -2 -4 0 0 0
10 -1 9 0 =1 0 0
11 1 1 2 0 0 0
12 -1 -5 -1 0 0 0
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Table A-8.

(Cont. )

Periodic Terms

(c) Earth on Neptune

DX [24 174 u/costI)
(IN UNITS OF 10%%(~-12)) (10%% (=4) SECONDS OF ARC)
€os SIN €05 SIN €os SIN cos 5IN
~397035 0 «15943 [} 11647 0 [ 0
30226354 205 ~-337 30225879 o 0 0 0
117318 -15940 15939 1171317 -25 “ [ 0
661 ~189 189 661 0 0 0 o
4 -2 2 4 0 [ 0 o
24 -36 ~36 =24 0 0 0 [
1724 ~2658 -2664 -1728 0 0 0 0
-413 637 -670 ~-435 0 0 0 0
1280598 ~1973904 1975733 1281262 47050 ~82237 3 -6
~421 650 =649 -421 0 0 0 o}
=2 4 -4 -2 o 0 0 0
0 -3 -3 0 5} [1} 0 [+}
14 ~22 ~22 -14 0 0 0 s}
-7 10 ~-11 -7 0 0 0 0
7636 -11769 11786 7643 395 ~690 0 0
-7 11 ~11 -7 0 0 [} 0
57 ~88 88 57 5 -9 0 [
NOZ NU D (LONGe) . 0 LOG{R}
------ m==c==(IN UNITS OF 10#%(=4) SECONDS OF ARC)-=w=smmreew. (IN UNITS OF 10#%(=9)})
K cos SIN cos SIN o5 SIN cos SIN
0 o 0 2074 0 0 1} 437 0
1 1} 0 -2 -2 0 '} 0 [}
-2 1 0 1 -1 2 1 0 [1}
-1 135 88 88 ~136 135 88 19 -29
o} -2 -1 0 [} -1 0 0 0
-1 1 1 1 -1 1 1 0 0
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Table A-8. (Cont.)
Secular Terms

c) Earth on Neptune

DX DYy Dz
(IN UNITS OF 10%%(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 185040)

J cos SIN Cos SIN cus SIN
0 -69 0 -966 0 -2 0
i 0 1 1 0 136 2464
2 23 322 ~322 23 0 10
3 0 4 -4 0 0 0
NDZ NU U/scos(l)

(THE TERMS ARE IN UNITS OF 10##(~6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Ccos SIN Cos SIN Cos SIN
0 -0 0 =15 0 =0 0
1 -8 1 -2 -2 i i6
2 -5 2 6 -1 0 0
3 6 -2 -3 2 0 0
4 0 -1 1 1 0 ¢
5 -3 2 -1 -1 0 0
6 2 1 0 -1 0 0
7 1 1 0 0 0 0
8 1 -4 3 1 0 0
9 0 -2 -4 4] 0 0
10 -1 10 0 -1 0 0
11 1 1 2 0 0 0
12 -1 =5 ~1 0 0 0
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Table A-8. (Cont.)
Periodic Terms

d) Mars on Neptune

. ccecoo

NRNONN

LW

PWN—O

co

~1

-1

DX DY Y4 U/scos(I)
(IN UNITS OF LO®%(=12}) (10#%(-4) SECONDS OF ARC)
cos SIN [els? SIN <os SIN cos SIN
-46522 0 15967 0 1314 o 0 0
3185320 -224 319 3185362 0 0 0 0
7683 15964 -15964 7684 i -9 0 o
-65 134 -136 65 0 0 0 0
-1 0 0 -1 o 0 0 0
4 6 6 -4 0 0 0 0
177 486 486 177 0 0 0 0
=23 -64 69 -25 0 0 0 0
146350 400349 ~401591 145494 -9223 17927 -1 1
24 -65 65 -24 0 0 0 0
-1 2 2 1 0 0 0 0
8 22 22 -8 ) 0 0 0
-2 -5 6 -2 0 0 0 0
5890 16113 -16157 5853 -429 834 0 0
-2 s 6 -2 0 0 0 a
0 2 2 0 0 0 0 0
347 949 951 344 -30 58 0 0
23 64 64 23 -2 5 0 o
2 4 -5 2 0 () 0 o
NDZ NU D {(LONG.) D LOGIR)
memaimmmemen (IN UNITS OF LO#%(=4) SECONDS OF AR()===w==cw=—c-- (IN UNITS OF 10#%(-9))
cos SIN cos SIN €05 SIN cos SIN
0 "o 219 0 0 0 46 0
o o -1 2 0 ° 0 0
=27 10 10 28 -27 10 2 6
-1 0 0 1 -1 0 0 o
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Table A-8. (Cont.)
Secular Terms

d) Mars on Neptune

DX DY bz
(IN UNITS OF 10##(~16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 185040}

J cos SIN Cos SIN cos SIN
0 162 0 -191 ) 8 0
1 0 0 0 1 -601 538
2 =54 64 ~64 =56 -3 2
NDZ NU U/cost1)

(THE TERMS ARE IN UNITS OF 10%*#(«~6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J Cos SIN CosS SIN CoS SIN
0 2 0 ~16 0 0 0
1 -3 -3 0 -3 -4 4
2 -3 2 5 1 0 0
3 3 -1 -3 1 0 0
4 0 -1 1 1 0 0
5 0 5 -1 -1 0 0
6 1 1 -1 =2 0 0
7 0 -2 2 0 0 0
8 1 -3 2 3 0 0
9 -3 0 -3 -2 0 0
10 -2 7 ¢] 1 0 0
il 4 1 1 -1 0 0
12 -3 -4 -1 0 0 ¢]
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D00

10
10

WS WD

-7
-6
-5
-l
-3
-2
-1

-7
-6
-5
-4
-3

-2
-1

-8
-7
-6
-5
-4
-3
-2
-1

-8
-7
-6

-4
-3
-2

-9
-8
-7
-6
-5
-4

-9
-7
-6

-10
10

=10
-9

- 10

Table A-8.

(Cont.)

Periodic Terms

e) Jupiter on Neptune

[
cos SIN €os
~201944296 0 49211838
9706316421 -933658 T41172
~-36775554 49213700 -4921%523
-299498 ~-255008 255007
2211 =-4029 4029
40 -21 21
=15 -9 -9
-978 ~346 =346
~43812 ~34092 «-34091
«790741 ~-1718572 =1718558
6492611 3977190 3982930
=469420 -330831 368558
4143873104 2528566414 -2530719826
~303253 =937477 91564
-1827 -2551 2552
-86 172 -172
-4 L] -5
=16 2 2
~-173 =1142 =1142
67470 ~1756% -17566
1249456 2633040 2433239
111559 47032 55298
196116 389928 =-389329
97994700 59808737 ~59849035
-6211 -3698 3697
-18 -39 39
-2 -1 -1
48 -136 =136
7388 2399 2399
~16782 242310 262334
25712 45441 45285
1889 30793 =26602
3733 TrT2 -T1747
3474886 2120954 -2122207
-288 -176 176
0 -1 1
20 =12 -12
662 788 788
-15286 21769 21171
=360 9119 8019
=T34 3164 -829
90 1186 =997
91 201 -199
145976 89103 -89151
-15 -9 9
4 ] 0
21 146 146
~2976 1320 1320
-858 1285 1267
-230 434 239
-50 152 -79
S 45 -36
3 6 -6
6734 4111 =-4113
-9 21 21
k24 -52 -52
~235 109 107
-67 59 [ 1]
-18 21 &
-3 7 -t
] 2 -1
330 201 -201
-3 2 2
~&6 =36 -36
-43 -5 -5
-16 5 9
-k 3 3
-1 1 0
17 10 =10
=3 -8 -8
-6 -4 -4
=3 0 0
-1 [} o
0 -l -1
-l -2 /]
3 1 1
0 -1 0
1 ~2 1
-4 5 ]

oy
C(IN.UNITS OF 10%#(=12))

SIN

[}
9706566682
=36777431
~299512
2211

4“0

15
978
49811
790646
-6503051
-132570
#141054709
-303236
-1526
-86
-4

16

173
~67473
=1249575
-98180
195469
97946019
-6212
~18

-68
-7388
16786

-24323
~5893
3689
3473471
-288

~-20
-662
15288

-2074

-245
89
145925
~15

=21

owrw

Dz
(<13 SIN
~1691681 0
0 0
98671 ~50603
680 267
1 2
0 0
(] 0
0 0
14 3
~48 872
-33757 6766
-553 14010
22694134 18923325
3689 2981
18 62
0 0
0 0
0 0
0 0
-28 40
-1488 ~539
“745 21
8327 -30248
547493 1903885
9 10
[ 0
0 0
0 0
-4 2
-84 -103
~93 bt
2232 -2107
174 -605
19799 68865
0 0
0 [
0 [
0 [}
-2 -14
-7 14
362 ~Te
86 -81
s -16
849 2952
0 o
0 0
0 0
0 -2
[ -2
41 14
20 -4
3 -3
0 0
40 139
0 0
0 0
0 0
. 4
3 1
0 0
0 0
2 7
0 [
0 0
0 0
0 0
0 0
0 o
o 0
0 0
0 0
0 0
0 0
[ [
0 0
0 0
0 [
0 [
o 0

u/sCoscly
{10%%(=5) SECONDS OF ARC)

Cos SIN
~116 0
0 ]
7 -3
o 0
[} 0
o 0
] 0
0 o
] 0
[} [}
-2 o
0 1
1557 5416
0 0
0 0
[} [}
o o
0 0
0 0
0 0
] 0
0 0
1 -2
38 131
0 [}
[ o
0 ]
0 [}
[} [}
0 0
0 0
0 (+]
o 0
1 5
0 o
[:] 0
] 0
o 0
0 0
] [}
o o
[+] [}
[+] 0
0 [}
0 0
0 0
¢ 0
(] Q
[ [}
[+] ]
0 0
0 [+]
[ 0
o 0
] 0
-] o
0 0
o 0
0 (1]
0 0
0 0
0 o
0 0
0 -0
0 0
] Qo
0 0
[} 0
o 0
0 0
0 0
. 0 Q
[} (1]
0 0
] 0
0 L]
0 ]
o [+]
o ]



Table A-8. (Cont.)

e) Jupiter on Neptune

N NN e e e ococC

[ERCER R VR

R 3

W e O

-3
-2
-1

-4
-3
-2
-1

-4
-3
-1

NDZ NU D (LONGe) D LOG(R)

- o (IN UNITS OF 1O##(=4) SECONDS OF AR()wwemecececs==- (IN UNITS OF 10%##(-9))
Cos SIN cos SIN COoS SIN cos SIN
0 0 666085 0 0 0 140245 0
-1 0 ~10715 6754 0 0 -2256 1422
68 67 -99 5 68 67 -21 1
0 1 0 0 1 1 0 0
0 0 0 0 0 1 0 0
=5 10 19 11 ~28 4“6 8 5
~837 1249 2344 1335 -2311 3662 748 436
~173265 283734 284T17 173866 -173254 283714 59943 36605
2225 ~3636 -28 -3 750 -1222 ~260 ~156
«75 =94 94 -76 -T2 -99 20 -16
0 0 1 -1 -1 -1 0 0
-3 -3 6 -1 -2 -3 1 0
147 =56 150 217 112 i 38 49
-4100 6713 6731 4111 -4099 6712 1417 866
53 -86 0 0 18 -29 -6 -4
=1 -2 2 -1 -1 -2 0 0
0 0 1 0 0 0 0 0
15 1 -1 19 15 1 o 4
3 -1 4 4 2 1 1 1
=145 238 239 l46 ~145 238 50 31
2 -3 0 0 1 ~1 0 ]
1 1 -1 2 1 1 0 0
1 0 0 1 1 0 o 0
-6 10 10 6 -6 10 2 1
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Table A-8. (Cont.)
Secular Terms

e) Jupiter on Neptune

DX DY Dz
(IN UNITS OF 10%%(=16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850.0)

J cos SIN Ccos SIN cos SIN
0 5795606 0 373314 0 101279 0
1 24655 -529 =529 41092 =7935553 8696480
2 ~1931589 ~124434 124429 -1931519 ~-33758 36995
3 -24652 -1588 1588 -24651 =215 236
4 -280 ~-18 18 =280 -2 2
5 -3 0 0 -3 0 0
NDZ : NU U/Cos(l)

(THE TERMS ARE IN UNITS OF 10%%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED B8Y N*T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J CcoS SIN cosS SIN . Cos SIN
0 -29 0 91 0 666 0
1 3276 =50806 25398 1639 ~52166 57168
2 3 -100 111 11 -222 243
3 4 -7 2 -3 -1 2
4 -7 -7 3 1 0 0
5 8 9 -l -2 0 0
6 -1 -2 1 -1 0 0
7 -4 -3 0 0 0 0
8 3 0 -1 1 0 0
9 -4 4 0 -4 0 0
10 (-] 4 -5 1 0 0
11 -2 -2 0 -4 0 0
12 -2 6 0 2 0 0
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-9
-8
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-6
-5
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-10
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-7
-6
-5
-4
-3
-2
-1

-10
-9
-8
-7
-6
-5
-l
-3
-2
-1
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Table A-8. (Cont.)
Periodic Terms

f) Saturn on Neptune

0

DX oy 0z
(IN UNITS OF 10%%(-12))

€0S SIN C0S SIN cos SIh
-83552147 o -50624585 ] -1357472 0
3075417509 1330384 =392569 3076112065 0 a
=31204001 =50634212 50637397 «31216052 -4524385 =57900
-552388 794489 =-194643 -552367 -494 5435
17124 6911 -6910 17126 8 -36
5 =302 302 5 -1 =1
=5 3 -3 -5 0 0
12 -18 ~18 -12 o 0
896 -1512 -1512 ~B96 -1 -1
-96676 -92849 -92856 96680 23 =65
109457 =491429 ~494696 ~114847 ~1418 989
=3543440 989095 899341 3639919 ~14480 ~13377
3646741 39856449 39659802 -3694913 -50063 107631
17954941 -19187396 ~19042986 -17407093 859373 139745
-1961451 139410 ~246936 1933608 153650 35514
1844873767 -1962358665 1964117702 1843025309 9567086 44339207
~346980 17066 ~18303 -947450 ~25574 28476
i1 18294 ~18301 35 537 500
294 -1429 1430 294 3 -13

=38 -18 18 =38 0
-2 -1 -1 2 0 7
=5 31 31 5 0 o
506 ~120 =120 ~506 2 1
-5257 ~7438 =7436 5257 9 ~30
-86706 1301465 130144 86712 -486 21
2319064 575979 576450 ~2319297 2309 6036
~1626587 ~25459951 «25472406 1615875 ©5821 -34341
189911 229718 102283 173854 19325 -14176
~199945 ~3113401 3111702 -196226 =-220813 ~132939
51177683 ~54472254 54505960 51139882 269215 1255665
=3714 1965 -1967 ~3713 =19 73
=41 21 =21 -41 0 0
0 -4 4 0 0 [¢]
3 3 3 ~3 0 0
40 ~80 =79 ~40 0 0
-1699 ~-172 -172 1699 -3 -4
7340 28683 28689 -7336 =53 62
354530 -232393 -232357 -354702 957 399
-2988745 ~2487324 -2491111 2989365 1059 -8111
31693 467764 -433616 28337 947 -5449
~313150 -261726 263833 -317481 -45585 12732
-5543 -67710 67651 -5523 -4284 -2367
2134629 =-2272069 2273184 2133321 11330 52671
=-117 90 =30 -117 0 1
1 0 o -1 ] 0
-9 -23 =23 9 0 0
-339 310 310 339 -1 0
6550 3503 3506 -6551 . 2 19
16285 ~94095 -94123 -16323 201 -88
=742555 88518 88024 743342 ~930 -1193
-105216 -106238 -92485 108287 -826 ~-1163
=66065 =4649 =-20386 -66817 -4657 8841
~12841 ~10788 10721 ~13081 ~-1757 504
-207 -2107 2104 ~208 =130 -70
105475 -112265 112312 105418 565 2622
-6 5 -5 -6 o 0
-7 -3 -3 7 0 0
3 138 143 1 0 0
1963 -679 -679 -1965 4 3
-14400 -19112 ~19124 14398 18 -49
~-96832 129787 129855 97064 =316 -39
-45861 1857 4443 44073 -383 =59
~11587 5850 ~14043 -3278 735 2162
-4169 37 =913 =4208 -287 538
=549 =459 451 «563 «73 21
~9 -78 78 -9 =5 -3
5725 -6093 6096 5122 31 143
-6 6 & 6 0 0
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U/sCos iy
(10%#(=4) SECONDS OF ARC}
cos SIN
-93 ¢
[+ 0
-29 -l
0o [}
0 0
0 0
0 [}
o 0
0 0
] 0
o 0
-1 -1
-3 7
59 10
11 2
657 3043
-2 2
0 0
0 0
[} 0
0 0
] 0
0 0
[+ [
0 0
0 0
3 -2
1 =1
=15 -9
18 86
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 -1
0 0
-3 1
0 0
1 4
0 0
Q 0
0 ]
0 0
o 0
0 0
0 0
0 0
0 1
0 0
0 o
Q 0
0 [}
L] 0
0 ¢}
0 0
0 0
0 4
] 0
Qo 0
0 [}
0 0
0 0
0 Y
Qo 0
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(Y2« ¥ RV o BV o IV e BV e SV o3 o}

-10 34
-9 229
-8 ~6318
-7 6309
-6 ~9054
-5 ~-1955
-4 -831
-3 -229
-2 =25
-1 0

0 330
10 56

~10 -67
-9 =-1201
-8 1582
-7 467
-6 -145
«5 -83
-4 -52
-3 -12
-2 -1

0 20
9 -2
10 =372

~-10 18
-9 1764
-8 992
-7 139
-6 19
-5 -2
-l -3

o 1
9 2
10 1401

-10 313
-9 1297
-8 60
-7 20
-6 6
-5 0

8 0
9 -18
10 -2781

-10 621
-9 353
-8 35
-7 5

8 -4
9 ~136
10 826

29
~548
-692

37099

105927

2568
675

=21

=351
-28

~170
1132
5134
4183
977
279
49

-1
=21

26

430
-656
751
283

88
23

-1
22
558

=687
916

36

-1
61
-2804

~1354
-1507
11

-3

14
44l
4507

Table A-8.

(Cont. )

f) Saturn on Neptune
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4090
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374
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-4
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~290
-1081
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-1
-1
-1
61
~2809

1103
1500

14
440
4502
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6317
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8320
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474
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-4
~3
-2
-1

-5
-4
-3
=2
-1

-5
-4
-3
-2
-1

-5
-4
-3
=2
-1

-6
-5
-4

-6
-5

-7

NDZ NU D (LONGe) D LOG(R)
----- —mee—==(IN UNITS OF 1lO#%k(=4) SECONDS OF AR(C)w~=remmecce= (IN UNITS OF 10%4%(-9))
cos SIN cos SIN cos SIN cos SIN

0 0 211056 0 0 0 44438 (v}

1 0 -6080 -6949 0 (¢] ~-1280 ~l463
-81 34 -95 57 -81 34 ~-20 12
0 1 1 1 0. 2 0 0

-9 10 -3 -3 -9 10 -1 ~1
-41 ~12 6 -27 -4l -10 2 -6
38 272 =217 49 78 286 -44 [
3305 302 1325 1596 4440 1370 391 217
133411 125310 127754 -136013 133425 125299 26897 -28633
-1730 -1550 ~l88 -13 =595 =484 -152 117
60 =61 61 63 58 -63 13 13
0 ¢] 1 0 1 -1 [¢] 0

-1 0 0 -1 -1 0 0 (¢}

8 8 -6 9 8 6 -1 2

58 =148 172 42 46 =147 36 10
~1526 112 =93 ~1989 ~1494 141 ~16 -422
3740 3510 3510 -3743 3727 3511 739 -789
=48 -45 0 0 -16 -15 -3 3
1 -1 1 1 1 ~1 0 0

2 0 1 2 2 0 0 0
-13 -25 26 -17 -l4 ~23 é -3
-152 183 -227 -189 ~-153 183 -48 =40
~27 1 -1 -38 =27 4 0 -8
156 146 147 -156 156 146 31 -33
-2 -2 0 0 -1 -1 ] 0
-6 -2 1 -7 -6 -1 0 -1

[ 46 ~56 7 5 46 -12 1

-6 7 -9 -8 -6 7 -2 -2
-1 0 0 -1 -1 (¢} 0 0

8 7 7 -8 8 7 2 -2

-1 1 -1 -1 -1 1 0 0

8 6 -7 10 8 [} -2 2

o} 3 -3 0 0 3 -1 0

2 0 [0} 3 2 0 0 1

1 1 ~1 1 1 1 0 0

Q 4] 1 ) 0 0 0 0
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-19867317
~84518
6621480
84506
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DX

SIN

0

~11455
-2692533
=34362
~390
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NDZ
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34361
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DY : Dz

(IN UNITS OF 10%%(=-16))
BE MULTIPLIED BY TIME IN

DAYS FROM EPOCH 1850,0)

SIN Ccus SIN
0 146214 0
~140866 ~11456401 =7839446
6621241 -48736 =33349
84505 -311 ~213
959 -2 -2
11 0 0

NU U/Cos(I

(THE TERMS ARE IN UNITS OF 10#x(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY N*T
WHERE N=THE MEAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM EPOCH)

J

VXNV P WO

el ol o
N~ O

Ccos

-601
70804
147
6

-2
-2

4

-2

2

-5
-1

6

-4

SIN

174134

CoS

-387
-87066
-365
-3

0

-1

1

-3

2

-4
-2
-1

0

SIN cos SIN
0 961 0
35399 ~-75311 -51534
152 -320 ~219
2 -2 -1
-3 0 0
1 0 0
-2 0 0
-2 0 0
2 0 0
-1 0 0
1 0 0
=1 0 0
-4 o 0
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DX
~0s SIN cos
-28736285 0 16013978
652355496 -2057818 -4160259
45910542 -48797045 48704556
109338 -1667281 1469944
-64909 -44750 45163
~4976 1419 ~-1396
~145 327 ~326
16 24 =24
3 [ [
-4 -3 -3
-69 30 30
-746 2107 2109
-27199 131610 131597
~3104647 11752709 11751782
-350732986 1213808494 1213776882
-43564397645 141434572650 141431913880
14059916828 20209231427 20095247860
45914177579 -148895139980 148829017950
-5017816242 ~-§930519182 8932119611
-576646835 -99570594 99633279
-756702 -415530 917227
-2524 8617 -8678
1306 . 683 <690
120 46 46
4 ~12 12
-1 -2 2
1 12 12
185 106 108
7488 742 735
524897 105870 105796
52484807 15229975 15230079
6120292595 2205735862 2205745267
7470940319  -3521326625 -3545766276
-7164033798  -1353552502 3590450574
~2731478558 1253229206 -1248347738
19166043 -129254399 129229842
-10252524 -17745029 17743713
80913 -34826 33532
4173 -5338 5300
-98 <531 530
-48 -25 24
-7 3 -4
0 1 -1
2 0 0
20 ~-22 ~22
97 -689 -689
8125 -34630 -34623
1383449 -3173984 -3173751
211292592 -362395363 -362388237
-228586250 -861190732 -860264910
-41828821 536072423 «301041001
325883787 259283053 ~-388323001
-32165903 -9096058 17523026
-10904191 2420536 -2582176
-239611 -63222 62936
-412389 -580115 580871
-2241 -133 151
-138 174 -174
8 30 -30
6 3 -2
1 0 0
-2 -3 -3
-81 -19 -19
-2981 -753 -752
-234537 -139645 -139637
-25641760 -21899218 -21899088
-105810573 7841432 8194703
56782063 -4460954 -58707974
35390391 ~59131203 -53254800
66062890 47772474 -57661195
4012743 3091602 -3916884
106136 349898 -87582
67431 29849 28694
~3919 18491 ~18480
-15831 -22511 22533
121 -8 13
15 -20 21
-1 -6 6
-1 o 4
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4
69

44
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3104133
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“49
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-456308134
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-26951571
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1

2
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629141 1206329
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-11 -9
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-178 8l
-t 9.
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54 35
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[ 0
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5 3
536 9
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-1 13912
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NDZ NU D (LONGs) D LOGIR)
mommensamces ([N UNITS OF 10%#(-4) SECONDS OF ARC)erececmcecm- {IN UNITS OF 1O#%(-9))

19 <os SIN Co5 SIN Cos SIN [ds}) SIN

0 -80 0 98373 [+} [ 0 26724 [}

1 1 911 10227 ~11649 0 0 2249 ~2452

2 -138 =24 * 102 =403 -218 -98 26 -89

3 -2 0 -7 -9 -5 -2 -1 -2

4 [} 0 -1 [] [ 0 0 [
-5 [ 0 1 1 20 5 1 =2
-4 2 =-15 21 5 1801 494 70 ~226
-3 -877 -5812 -2088 -139 168697, 46437 5059 ~-17886
-2 19905674 6155146 162423 ~519514 19921898 6143664 33000 -111096
-1 1905218 -1340617 597758 849647 2074557 -1288248 120347 196717
0 2994 58 464 3525 20980 ~10769 1227 2675

1 68 37 44 90 285 -81 9 46

2 1 0 ¢} 4 4 -1 0 1
-7 1] [ 0 "] [} -1 v 0
-6 -4 -1 9 3 12 -71 -7 -2
-5 ~984 231 639 765 1476 ~6908 -620 ~99
-4 322180 «-875037 =1403 12031 319382 -880902 ~9509 2825
-3 -332179  -~700701 339467  =158475 -328457  =708256 72327 -33128
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Table A-8. (Cont.)
Secular Terms

g) Uranus on Neptune

DX DY DZ
(IN UNITS OF 10%%(-16))
(TO BE MULTIPLIED BY TIME IN DAYS FROM EPOCH 1850,0)

J cos SIN Cos SIN cus SIN
0 -49321389 0 -48834193 0 140537 0
1 -209422 69835 68666 -349308 ~11011604 27775318
2 16438083 16277480 -16276891 16437488 -46843 118157
3 209790 207732 -207729 209786 -299 754
4 2380 2357 -2356 2380 -2 6
5 26 26 -26 26 0 ¢
NDZ NU U/cos(1)

(THE TERMS ARE IN UNITS OF 10%%(-6) SECONDS OF ARC AND ARE TO BE MULTIPLIED BY NxT
WHERE N=THE MpAN MOTION OF THE DISTURBED PLANET (RAD/DAY) AND T=TIME IN DAYS FROM gPOCH)

J cos SIN Cos SIN cus SIN
o 3633 0 -935 0 924 0
1 -428033 432322 -216155  -214017 -72387 182586
2 -907 914 -913 -913 ~308 777
3 -5 -2 -4 -8 -2 5
4 2 2 0 1 0 0
5 -2 2 0 -2 0 0
6 -1 1 -1 2 0 0
7 4 -3 -5 2 0 0
8 -4 3 -2 -2 0 0
9 -2 -4 -1 -2 0 0
10 4 1 -4 0 0 0
11 -6 3 3 1 0 0
12 1 2 -2 0 0 0
13 3 -5 -2 0 0 0
14 -4 2 0 2 0 0
15 2 -3 -2 -2 0 0
16 4 -1 -1 0 0 0
17 -2 1 2 -1 0 0
18 -1 -2 2 -2 0 0
19 1 -1 1 -1 0 0
20 -3 5 -2 0 0 0
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pating in the U. S. space research program and to individual scientists
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