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Abstract

Phobos is in synchronous spin-orbit resonance, like
our Moon. The variations of its rotational motion are
described by oscillations, called physical librations.
The largest libration was first detected by [1] and the
determination of this libration has been recently im-
proved by [2] using Mars EXpress observations.

Here we present the large spectrum of Phobos’ li-
brations and highlight the relationship between dy-
namical and geophysical properties of the body [3].
The knowledge of the librational spectrum is also use-
ful for cartographic and geodetic purposes. The origin
of the libration results from the interaction of the non-
spherical shape of the satellite with the gravitational
field of Mars and they are driven by the orbital motion
of Phobos. The model of Phobos’ rotation includes
the point-mass Mars acting on the second degree and
third degree gravity field in order to take into account
the shape of Phobos and the effect of Mars’ oblate-
ness because Phobos is very close to Mars. The forced
librations spectrum is computed through a numerical
integration and we extract them through a frequency
analysis

We find that the libration in longitude presents a
quadratic term that coincides with the secular accel-
eration of Phobos falling on Mars. The primary libra-
tion in longitude has a period equal to the anomalistic
mean motion, whereas the primary libration in latitude
has a period equal to the Draconic mean motion (node
to node). Both librations have amplitudes around one
degree leading to a surface displacement around 200
meters. The amplitude of the primary librations in lon-
gitude and latitude dominate by a factor one thousand
for the libration in longitude and a factor one hundred
for the libration in latitude. However, even though the
amplitude of the following librations are small, their
amplitudes bear the signature of Phobos’ third degree
gravity harmonics and Mars’ oblateness at a level of
10~* degrees. These both signatures are present in the
primary librations and in librations whose frequencies

are close to the proper or free frequencies because the
amplitudes strongly depends on the proper frequen-
cies. The determination of these librations would bring
strong constraint on Phobos’ internal structure [4] and
on the principal torques acting on the moon. We also
investigate the obliquity variations of Phobos and find
that their amplitudes are larger than the mean value of
the obliquity.

Phobos exhibits a rich and varied set of librational
oscillations. The librations close to the proper frequen-
cies are the most sensitive to the interior structure, but
the main libration remains the best candidate to con-
strain the interior [4]. On the other hand, the super-
imposed effect of large amplitude librations is likely
to make the determination of the mean obliquity chal-
lenging.
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