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Abstract

The gravitational interaction with external bodies per-
turbs the rotational motion of a given celestial body
and induces deformations as well. In most cases the
celestial body can be considered to have a simplified
structure, e.g. be rigid or made up of a few lay-
ers like the so-called Poincaré model consisting of a
rigid mantle and a liquid core, among diverse mod-
els composed of solid and liquid layers. The expla-
nation of different phenomena (e. g., [2]), as well as
the demand of high accurate solutions, requires to con-
sider the elastic or in-, an-elastic behavior of the solid
layers. It entails a yielding of those layers under the
action of the external forces and the rotation of the
body itself, causing a time dependent redistribution of
masses that is usually expressed in terms of Love num-
bers.

A detailed analytical study of this problem is pre-
sented here by assuming that the celestial body is a
fast rotator, continuing in this way previous works of
the authors [4] [5] [6].

The approach follows the Hamiltonian formalism:
the problem is expressed in Andoyer variables (e. g.,
[13], [1]) and then approximate analytical asymptotic
solutions are derived by means of Hori’s perturbation
method ([12]). This methodology has been used suc-
cessfully in other studies of the rotation of celestial
bodies, like the Earth, Moon or Mercury, as well as
in rigid or non-rigid cases and simple or multilayered
models (e. g., [8], [9], [10], [11], [3]).

By doing so, we compute the evolution of the figure
axis of the body (precession and nutation). Apart from
the simplest case in which the body response is fully
elastic and the Love numbers are thus independent on
the forcing frequency, special attention is paid to most
realistic hypothesis in which deviations from elasticity
and dissipations are allowed and the Love numbers be-
come frequency dependent and complex. Applications
are made to the case of the Earth precession and nuta-
tion, showing that this effect cannot be disregarded at

the present level of accuracy [7].
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