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Abstract

Since Voyager 2 space mission, we know some
properties of the main Uranian satellites (Miranda,
Ariel, Umbriel, Titania, Oberon): on the one hand,
we observe an important resurfacing of both Miranda
and Ariel, and on the other hand some strangenesses
in the orbital elements such as the anomalously high
inclinaison of Miranda or the anomalously high
eccentricity of Ariel. The aim of this study is to
use some modern methods including advances in
computing resources to revise some studies developed
in the last 20 years (see for instance [1], [2], [3], [4]).
We therefore consider a model of a n-body problem
which takes into account of the mutual perturbations
of the five main satellites and of the planet Uranus and
meet/improve some previous results.

1. Introduction
As already known, the combination of the obser-
vations of some satellite resurfacings and some
abnormalities in orbital elements of these satellites
are a sign of a resonant configuration between some
satellites in the past of the Uranian system. The
resurfacings of the satellites are the consequence of a
deep energy dissipation. Considered tidal evolution
can lead to a resonant configuration because it is
the principal source of energy dissipation which can
have some geophysical (resurfacing) and dynamical
consequences. In a dynamical point of view, the
energy dissipation via tidal effects leads to a variation
of the semi-major axis and a migration of the satellite
in the system. This migration leads to the meetings of
resonance zones or chaotic zones.

In the case of the Uranian satellites, the resonance
configurations are mean-motion commensurabilities
and some of them have already been studied by
considering the gravitational interactions by pairs. We

can mention in particular the 3:1 commensurability
between Miranda and Umbriel suspected to be the
origin of the high inclinaison of Miranda or the 5:3
between Miranda and Ariel which can explain the
curent eccentricity of Ariel

2. Tidal effects
Tidal effects are the consequence of a gravitational
force applied to a system of non-ponctual bodies. The
result of this effect is a distorsion of the bodies in ellip-
soidal forms and a deep energy dissipation. The conse-
quence on orbital motions is variations on semi-major
axes and on eccentricities of the satellites. To modelise
these variations, we use the Kaula’s formulations (see
for instance [5]) :
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with i, the number of the satellite and p the index for
the planet. The variables R is the radius of the body,
n the mean motion and m the mass. We observe that
these formulations depend on the Love number k2 and
on the dissipation function Q.

3. Numerical simulations
We add the tidal effects on semi-major axes and on
eccentricities to the n-body equations of motion and
integrate the problem with an Adams-Bashforth-
Moulton 10th order predictor-corrector algorithm over
1000 kyr. We have made many simulations depending
on the parameter

(
k2
Q

)
for the planet and the satellites.

We obtain the 3:1 mean-motion resonance between
Miranda and Umbriel by considering a system with
6 bodies (Uranus+5 satellites): we recognize the
resonance in inclination i2M (see Fig. 1) for Miranda
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wich leads in some case to the rise of the inclination
to 4◦ (see Fig. 2).

Figure 1: Resonant argument : λM − 3λU + 2ΩM .

Figure 2: Evolution of Miranda’s inclination iM vs
time.

We also observe the break of this resonance by another
mean-motion resonance: the 5:3 Ariel-Umbriel whose
consequence is a jump in the eccentricity of Ariel.

4. Conclusions
Our first results on orbital evolution of the main Ura-
nian satellites are promising. We meet some previous
results and we can improve them with modern meth-
ods. We are convinced that a better comprehension of
the orbital evolution of the main Uranian satellites can
lead to a better knowledge of the dynamics of the inner
satellites, which could be helpful.
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