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Abstract

This paper discusses our determination of the Sat-
urn’s pole orientation and precession using a com-
bination of Earthbased and spacecraft based ob-
servational data. From our model of the polar mo-
tion and the observed precession rate we obtain a
value for Saturn’s polar moment of inertia.

1. Introduction

There are three major reasons for our interest in
the direction and precession of Saturn’s pole: (1)
to orient the Saturn gravity field for satellite and
spacecraft orbit modelling, (2) to orient the ring
plane for studies of ring structure and dynamics
(the ring plane is assumed to coincide with the
planet equator), (3) to determine Saturn’s polar
moment of inertia for studies of Saturn’s interior
(the precession rate depends upon that moment
of inertia).

2. Previous Work

Some of the earliest work on the pole was done as
part of the development of Struve’s Saturn satel-
lite theory [11]. He included the pole precession
due to torques exerted by the Sun and Titan.
More recently, the modern satellite theory of Vi-
enne and Duriez [12] extended the pole precession
model by adding the torque from Iapetus. Boué
and Laskar [3] published an informative general
theoretical discussion of polar motion which is ap-
plicable to Saturn.

Jacobson [8] presented a pole model in the
standard IAU trigonometric series representation
based on the rigid body rotational equations of
motion with couples exerted by the Sun, Titan,

and Iapetus. The series coefficients are explicit
functions of Saturn’s J2, spin rate, and moment
of inertia, and the masses and orbital elements
of Saturn and its satellites. He determined the
orientation and precession by fitting Saturn ring
occultation measurements, in particular: the ra-
dio occultation of Voyager 1, the occultation of
the star δSco seen with the Voyager 2 Ultravio-
let Spectrometer, the 1989 occultation of the star
28 Sgr seen from the Earth, the 1991 occultation of
the star GSC 6323-01396 seen from HST, and ring
plane crossing times [10]. Jacobson and French [9]
updated that work by adding measurements from
the 1995 occultation of the star GSC 5249-01240
seen from HST and a revised reduction of mea-
surements of the 1991 occultation [5].

Figure 1 shows the pole precession during the
1000 year time period from 1600 to 2600. The
large periodic signature is the effect of Titan; the
period is that of Titan’s orbital precession. The
mean rate is −0.

′′87 yr−1, but the rate at the year
2000 is only −0.′′56 yr−1. The normalized moment
of inertia associated with the precession is 0.18.
The rate at 2000 compares favorably with the pre-
vious estimates of the precession given in Table 1
which, with the exception of Struve’s and Vienne’s
theoretical values, were obtained from ring occul-
tation and ring plane crossing data. The moment
of inertia lies between the theoretical bounds of
0.16 to 0.22 [4]; the lower bound is set by the
point-core model for Saturn, and the upper bound
is from the Radau-Darwin relationship for a fluid
planet in hydrostatic equilibrium. Current think-
ing is that the upper bound may be too high by
as much as 50% [7].



3. Current Work

In this paper we present our latest results. We
have replaced the original 1989 occultation data
with an improved data set which takes into ac-
count the finite size of the occulted star, and we
have added the radio and stellar occultation mea-
surements obtained with the Cassini spacecraft.
We have also improved our pole model to include
the previously neglected effect of the precession of
the Saturn orbit.

4. Figures

Figure 1: Pole Precession Rate.

5. Tables

Table 1: Annual Precession Rates.

Value Source

−0.′′46 Struve [11]
−0.

′′50† Vienne and Duriez [12]
−0.′′63± 0.′′23 French et al. [6]
−0.′′41± 0.′′19 Bosh [1]
−0.′′52± 0.′′07 Bosh et al. [2]
−0.′′51± 0.′′14 Nicholson et al. [10]

†at J2000
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[3] Boué, G., Laskar, J.: Precession of a planet with
a satellite. Icarus, Vol. 185, pp. 312-330, 2006.

[4] Dermott, S. F.: Rotation and the internal struc-
tures of the major planets and their inner satellites.
Phil. Trans. Roy. Soc. Lond., Vol. 313, pp. 123-139,
1984.

[5] French, R. G., Marouf, E. A., Rappaport, N. J.,
McGhee, C. A.: Occultation observations of Sat-
urn’s B ring and Cassini division. AJ, Vol. 139,
pp. 1649-1667, 2010.

[6] French, R. G., et al.: Geometry of the Saturn sys-
tem from the 3 July 1989 occultation of 28 Sgr and
Voyager observations. Icarus, Vol. 103, pp. 163-214,
1993.

[7] Hubbard, W. B., Dougherty, M. K., Gautier,
D., Jacobson, R.: The interior of Saturn. In:
Dougherty, M. K., Esposito, L. W., Krimigis, S. M.
(Eds.), Saturn from Cassini-Huygens. Springer,
Dordrecht, pp. 75-82, 2009.

[8] Jacobson, R. A.: The orientation and precession of
the pole of Saturn. BAAS, Vol. 39, pp. 317, 2007.

[9] Jacobson, R. A., French, R. G.: The orientation
and precession of the pole of Saturn–revised. BAAS,
to appear, 2011.

[10] Nicholson, P. D., French, R. G., Bosh, A. S.:
Ring plane crossings and Saturn’s pole precession.
BAAS, Vol. 31, pp. 1140, 1999.

[11] Struve, H.: Beobachtungen der Saturnstraban-
ten. In: Publ. l’Obs. Cent. Nicolas., ser. 2. Vol. 11.
Imprimerie de L’Académie Impériale des Sciences,
1898.

[12] Vienne, A., Duriez, L.: A general theory of mo-
tion for the eight major satellites of Saturn: III.
long-period perturbations. A&A, Vol. 257, pp. 331-
352, 1992.

c©2011 California Institute of Technology. Govern-

ment sponsorship acknowledged.


