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TOn the external gravitational potential of a three-layer Earth model and its influence on the
Earth’ s rotational motion

Modern theories describing the Earth’ s rotation require the consideration of a three-layer model
composed of a solid mantle enclosing a fluid that contains a solid inner core. The external grav-
itational potential of this body, which disturbs its free-rotation, is permanently affected by the
relative rotation of the inner core with respect to the mantle. Even for the simplest three-layer
situations, this fact gives raise to variations of the Earth’ s rotational motion that are not present
in one or two-layer models. We provide a general procedure for constructing the part of external
gravitational potential depending on the relative rotation of the inner core. By formulating the
problem in an Andoyer like set of variables, we derive the corresponding Hamiltonian equations
of the motion. We construct a first order analytical solution through a generating function that
eliminates the short period terms of the Hamiltonian following Hori’ s perturbation method. From
these expressions, we obtain the variations of the rotational motion of the Earth ~ s figure axis
due to the new terms of the external gravitational potential. The numerical evaluation of those
formulas shows that the amplitudes of some terms, in the frequency domain, are at the microarc-

second level, what is significative from the point of view of current astronomical standards.
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MVariational construction of some satellite orbits for the restricted n-body problem

The n-body problem concerns the motion of n celestial bodies moving in space in accordance with
Newton’s law of universal gravitation. When one of the celestial bodies has zero mass, the problem
is called a restricted problem. The orbit of an infinitesimal point mass for the restricted n-body
problem is called a satellite orbit. Classical existence proofs for periodic satellite orbits for the
restricted n-body problem are largely relying on a perturbation method due to Poincare. In recent
years variational methods have been successfully applied to the n-body problem to construct
miscellaneous solutions. In this talk I will briefly describe recent progresses related to satellite
orbits. In particular, I will outline a variational proof for the existence of some satellite orbits near

relative equilibria.
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MBetter symplectic integration of rigid body rotation

Accumulation of round-off deteriorates the standard symplectic integration of rigid body rotation.
by causing secular drifts in the total energy and other conservative quantities. This is a sort of
artificial dissipation mechanism. The phenomenon is eminent in single precision computations or
high order integrators with small step sizes. We report that this trouble is resolved by replacing the
2-dimensional rotation operation, which is a key operation in the rigid body symplectic integration,
by a leap-frog like scheme. The resulting new integrators will enable us to conduct meaningful
simulation of rigid body rotation at single precision computers like graphic processor units as
NVIDIA GeForce GPUs.
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FComputation and control of low energy Earth-to-Moon transfers with moderate flight time
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Mriangular solution to the general relativistic three-body problem

I will give a presentation regarding a triangular solution to general relativistic three-body prob-
lem, based on a collaboration with Takumi Ichita and Hideki Asada. The Newtonian three-body
problem admits the Lagrange’s equilateral triangular solution. We found a triangular solution
corresponding to the Lagrange’s one, with relativistic corrections to the each distance between
bodies, at the first post-Newtonian order in general relativity. [Ref: Ichita, Yamada, and Asada,
PRD 83, 084026 (2011)]



