Dynamics Near the Librations Points

Elena Fantino! & Gerard Gémez2

!Department of Aerospace Engineering, Khalifa University of Science and Technology
2|EEC & Departament de Matematiques i Informatica. Universitat de Barcelona

Recent Trends in Nonlinear Science
Universitat de les llles Balears

January 21-25, 2019



Lecture 0.
Lecture 1.

Lecture 2.

Lecture 3.

Lecture 4.
Lecture 5.

Course Content

Motivation. Some interplanetary space missions

The n-body problem, the restricted n-body problem,

and other restricted models

Computational tools. Equilibrium points, periodic and
quasi-periodic orbits

Computational tools. The Lindstedt-Poincaré method
Applications

Hyperbolic invariant manifolds and low-energy transfers

The phase space around the equilibrium points of the CR3BP

The slides of the lectures will not be published in the RTNS workshop
webside. If you are interested in them, please put in touch with either
Elena Fantino (elena.fantino@kustar.ac.ae) or Gerard Gémez
(gerard@maia.ub.es)



Lecture |. The n-body problem, the restricted
n-body problem and other restricted models

[.1 The n-body problem

I.1.1 The general n-body problem

[.1.2 The n-body problem as a perturbation of Kepler's problem

[.1.3 The n-body problem as an autonomous Hamiltonian system
[-2° Autonomous models of the n-body problem (n = 3)

[.2.1 The restricted 3-body problem (RTBP)

[.2.2 Equilibrium points and zero-velocity surfaces (curves)

[.2.3 The restricted 3-body problem as an autonomous Hamiltonian

system
[.2.4 A limit case: Hill's problem
[.2.5 The restricted 3-body problem for a solar sail

[.3 Non-autonomous models of the n-body problem

[.3.1 The bicircular 4-body problem (BCP)
1.3.2 The quasi-bicircular 4-body problem (QBCP)
[.3.3 The n-body problem as a perturbation of the RTBP
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Lecture Il. Computational tools. Equilibrium points,
periodic and quasi-periodic orbits

2.1 Continuous and discrete dynamical systems

2.2 Equilibrium and fixed points

2.3 Periodic orbits

2.4 2D Invariant tori

2.5 Computation of stable and unstable invariant manifolds

2.6 Dynamical substitutes of the equilibrium points
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Lecture Ill. Computational tools. The
Lindstedt-Poincaré method. Applications

3.1 Problem setting and an academic example
3.2 Application of the LP method to the CR3BP
3.3 Lissajous orbits

3.4 Halo orbits

3.5 Quasi-halo orbits

3.6 Orbits and manifolds

3.7 Elliptic HCW equations
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Lecture V. The phase space around the equilibrium
points of the CR3BP

V.1 The equilibrium points of the circular restricted 3-body problem
V.2 The linear dynamics around the collinear equilibrium points

V.3 The linear dynamics around the equilateral equilibrium points
V.4 Nonlinear dynamics near the collinear points

V.5 Reduction to the centre manifold

V.6 The triangular equilibrium points



Lecture V. References

1. B. Le Bihan, J. J. Masdemont, G. Gémez, and S. Lizy-Destrez. Invariant
manifolds of a non-autonomous quasi-bicircular problem computed via the
parameterization method, Nonlinearity, vol. 30, no. 8, pp. 3040-3075,
2017.

2. V. Szebehely. Theory of Orbits. Academic Press, 1967.

3. A. Haro, M. Canadell, J.L. Figueras, A. Luque, J.M. Mondelo, J.M. The
Parameterization Method for Invariant Manifolds. From Rigorous Results
to Effective Computation. Springer 2016.

4. A. Jorba, J.J. Masdemont. Dynamics in the Center Manifold of the
Collinear Points of the Restricted Three Body Problem. Physica D. 132,
189-213, 1999.

5. G. Gémez, A. Jorba, J.J. Masdemont, C. Simé. Dynamics and Mission
Design near Libration points, Vol. 4. Advanced Methods for Triangular
Points. World Scientific, 2001.



