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ABSTRACT, The effect of different perturbing factors on
the rectangular coordinates of outer satellites of Jupiter
(VI-XII) and Saturn (VI-IX) is investigated by the numeri-
cal integration of the equations of motion, The effect of
relativistic terms in the equations of motion is conside-
red among other perturbations., The effect of weak pertur-
bations is compared with the accuracy of modern observa-
tions of satellites.

The present paper deals with the problem of developing
high accuracy theories of motion of outer satellites of
Jupiter (VI-XII) and Saturn (VI-IX).

The existing theories of motion of Jupiter VI-XII
(P.Herget, 1968, T.V.Bordovitsyna and L.E.Bykova, 1978,
T.V.Bordovitsyna, T.S.Boronenko, L.E.Bykova and A.M.Cher-
nitsov, 1980) represent the modern observations with the
error of 1,5-2.,0" (in the geocentric coordinate system)
that corresponds to the error of 5000-7500 km in the pla-
netocentric Cartesian coordinates of the satellite, The
theories of motion of Saturn VI-VIII, i,e, Titan, Hyperi-
on, Iapetus (A.T.Sinclair, 1977, 1974, J.Woltjer, 1928)
represent the observations with higher accuracy of 0O.1-
-0,7", i.e, 700-4800km in the Cartesian coordinates. The
numerical theory of motion of Phoebe, Saturn IX, which has
recently been developed by us (L.E.Bykova and V.V.Shikha-
lev, 1982, 1984) and at the same time by A .Bec-Borsenber-
ger and P.,Rocher (1982) gives the error in the presentati-
on of observations of order 1.,5" that corresponds to
10400 km,

The main source of so large errors is insufficient
accuracy of satellites observations and initial parameters
of their orbits (constants of theories) determined from
the observations,

It may be expected that the use of modern methods of
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observing with the help of spacecrafts and ground radar
equipment will increase 10 to 100 times the accuracy of
measuring outer satellites positions up to 50-100 km

( D.Pascu, 1980).

With the purpose of developing satellites motion mo=-
dels corresponding to the given accuracy of 50-100 km we
carried out comparative analysis of the effect of diffe-
rent disturbing factors on the satellites motion, At the
same time we estimated the relativistic perturbations, We-
ak perturbations were compared with the accuracy of modern
observations and time intervals on which these perturbvati-
ons begin to act are given, Since the existing theories
of Saturn VI-VIII are sufficiently complete we dealt only
gith the relativistic effects for this series of satelli-

€Se

Our investigation of perturbations due to the Sun,
major planets and satellites was based on the numerical
integration of the differential equations of motion by
Everhart method (E.Everhart, 1974). The equations of moti-
on were taken in the form given by T.V.Bordovitsyna and
L.E.Bykova (1978),

The perturbations due to the central planet oblate-
ness were computed on the basis of the solution of the ge-
nera%ized problem of two fixed centres (E.P.Aksenov,

1977) .

The relativistic effects were estimated on the secu-~
lar change of the satellite orbital elements (V.A.Brum-
berg, 1972). This is the Schwarzschild displacement of the
pericentre oI caused by the central planet, the displace-
ment due to the proper planet rotation and the geodesic
precession, i.,e. the relativistic perturbations due to the
planet revolution around the Sun,

The results of the perturbations analysis are presen-
ted in tables 1-4, Here the Jupiter satellites are desig-
nated by JN, those of Saturn by SN, where N is the number
of a satellite, AT is the perturbations in the position
vector of a satellite:

Ar = (Ax2+ Ay2+ Azz)y2 ,

where Ax, Ay, 4z are the differences of the integration
results in the Cartesian planetocentric coordinates calcu-
lated with the considered disturbing factor being taken
into consideration and without it, AY¥Y is a corresponding
angular displacement in the geocentric system of coordina-
tess A¥Y= Ar/p, where P is a geocentric satellite dis-
tance,

The estimations of the maximum values of perturbati-
ons in the 100 years interval are given in table 1, In es-
timation of the perturbations due to the Galilean satelli-
tes, Titan and the ring of Saturn the masses of these ob-
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Table 1. The effect of different disturbing factors in
100 years time interval
Disturbing JVI,VII,X JVIII,IX XTI ,XII SIX
factor Ar, km AY,"|Ar, km AWY," |Ar, km AP,
Sun P5000000 6700 KB5000000 11900 OOOO000 1500
Galilean
satellites 3300000 860 | 2100000 560 - -
Titan - - - — | 3400000 490
Saturn's
ring - - - 82000 12
Oblateness 16000 443 3200 0.9 4900 0.7
Jupiter - - - 94000 13
Saturn 14000 348 65000 17 - -
Uranus 24 0,006 400 0.13 460 0,08
Nep tune 9 0,002 122 0.04 110 0.03
Earth 140 0.04 470 0.14 30 0,008
Venus 110 0.03 370 0.11 25 0.007
Mars 15 0.004 50 0.01 3 0,0008
Relativis-~
tic effects 8 0,002 5 0,001 2 0,0003

Table 2.

the central planet

Perturbations due to the oblateness (J ) of

Time interval in years
Satellite 20 60 100
Ar, km AY," Ar, km AY," | Ar, km A¥,"
SVI 360000 55 1000000 145 1600000 235
Jvl 2800 0.8 8200 2.2 16000 4.3
SIX 1000 0.2 3000 0.5 4900 0.7
JIX 360 0.05 1100 0.2 2000 0.3
Table 3. SIX: perturbations due to Titan
Time interval in years
Estimated 20 60 100
value
Ar, km AW " Ar, km AY,"| Ar, km AY,"
Total
erturb, 630000 91 2300000 330 3400000 490
F Or 2300 0.3 7900 1.1 12000 1.7
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Table 4. Relativistic perturbations

Satel-|Schwarzschild | Displacement due to Geodesic
lite |displacement the proper rotation | precession

due to the of the central pla-

central planet net

Asc,"/cent. |AW,"/cent.| AR,"/cent.|Aqx=AR,"/cent.

SVI 3.1 -0.14 0.07 0.007
SVII 149 -0.08 0.04 0.007
SVIII 0.2 -0,005 0.003 0.007
SIX 0.009 0.0002 0.00006 0.007
JVli 0.07 0.0012 0.0007 0.03
JIX 0,012 0.0002 0.00006 0.03

jects were_zﬁken correspondingly as M.= 1.7'10'4MJ,
Mp= 2.41-10" Mg, Mog= 6-10~ Mg (H; is %ne mass or YJupiter,

M. is the mass of Saturn). In computing the motion of
o&ter satellites perturbations due to other satellites of
the system are usually determined by including the masses
of disturbing satellites into the central planet's mass.
On the example of Phoebe (SIX) table3 shows that part of
perturbations due to Titan (G&) which is usually neglected
in the approach of this kind. The value of this part is
67=1.7" per century. For Jupiter VI and IX the neglected
part of perturbations due to Ganimed amounts to 2.3" and
0.1" per century respectively.

The given estimates show that for Jupiter VI,VII,X
and Saturn IX only relativistic effects and the perturba-
tions due to the major planets with the exception of Jupi-
ter and Saturn are beyond the scope of the accuracy of mo-
dern photographic observations. For Jupiter VIII,IX,XI and
XII perturbations due to the major planets excluding Mars
and Pluto amount to accuracy of modern photographic obser-
vations., To ottain the accuracy of 50-100 km it is neces-
sary to teke into account practically all the perturbati-
ons considered except the relativistic ones. For Saturn
VI,VII end VIII the relativistic effects are given in tab-
le 4 and for Saturn VI they amount to 20 km per century
in the planetocentric satellite position vector.

Moreover tables 5, 6, 7 show how much the satellite
position is affected by the errors in the value of the
following constants: the mass and the gravitational field
coefficient J., of the central planet as well as the error
in the planetgcentric coordinates of the Sun, Here the va-
riation of values of the enlisted parameters wag made wi-
thin the limits of the mean-rooti-square error of the
parameter under500nsideration: GZSMJ)= 0.005, 6"(1\'18)= 0.2,

6(J2)J= 41077, 6(J2)S= 31 .
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Table 5. The estimate of the effect of the error in
the mass value of the central planet

Time interval in years

Satellite 20 60 100
Ar, km Ay," |Ar, km AY," |AT, km A¢,"

JVI 20000 5 58000 15 90000 24
JIL 12000 3 30000 8 47000 13
SIX 140000 20 |530000 75 |780000 110

Table 6. The estimate of the effect of the error in
the value of coefficient J2

Time interval in years

Satellite 20 60 100

Ar, km AQ," |Ar, km AY," |Ar, km AY,"

SVI 650 0.09 2000 0.2 3300 0.4
JVvl 8 0.002 23 0,006 40 0.01
SIX 2 0.0003 6 0.0009 9 0,001
JIX 1 0,0002 3 0.0007 6 0,001

Table 7. The estimate of the effect of the error in
the planetocentric coordinates of the Sun

Time interval in years

Satellite 20 60 100

Ar, km AY¥," |Ar, km AY," [Ar, km AY,"

JVI 10 0,003 30 0,006 50 0.01
JIX 46 0.01| 160 0.04 | 200 0.06
S IX 3 0.0005 10 0,002 16 0,005

For the Jovicentric Solar coordinates we took
6= 6-107" a.u,.and for the Saturnocentric Solar coordi-
nates 6= 1-10"" a.u.

The data given in these tables show that the errors
in modern determination of the planetary masses exceed the
effect due to all the disturting factors except the solar
ones, Inaccuracy of the coefficient J, and of the coordi-
nates of the major planets, i.e. Jupi%er and Seturn, gives
the errors of 50-100 km in determining position of outer
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satellites. The value of this error is equal to or even
exceeds the relativistic effects.
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