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PERIODIC ORBITS OF A HAMILTONIAN SYSTEM RELATED
WITH THE FRIEDMANN-ROBERTSON-WALKER SYSTEM
IN ROTATING COORDINATES
CLAUDIO BUZZI1 , JAUME LLIBRE2 AND PAULO SANTANA3

Abstract. We provide sufficient conditions on the four parameters of a Hamiltonian system, related with the Friedmann-Robertson-Walker Hamiltonian
system in a rotating reference frame, which guarantee the existence of 12 continuous families of periodic orbits, parameterized by the values of the Hamiltonian, which born at the equilibrium point localized at the origin of coordinates. The main tool for finding analytically these families of periodic orbits is
the averaging theory for computing periodic orbits adapted to the Hamiltonian systems. The technique here used can be applied to arbitrary Hamiltonian
systems.

1. Introduction and statement of the main results
In astrophysics the study of the dynamics of the universe is an area where the
application of the techniques of the dynamical systems provide good results, mainly
in galactic dynamics, see the articles [2,9,13,14,19] and the references cited therein.
Recently it has been detected numerical and analytical existence of chaotic motion in the following simplified version of the Friedmann-Robertson-Walker Hamiltonian
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H = (p2Y − p2X ) + (Y 2 − X 2 ) + X 2 Y 2 ,
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introduced by Calzeta and Hasi in [6]. In fact this model is too simplified in order to
be considered realistic, but it is interesting due to its simplicity and for showing the
existence of chaos in cosmology, look for more details in [6]. Hawking [7] and Page
[12] used analogous models to analyze the relation between the thermodynamic
arrow of time and the cosmology.
The usual potentials in galactic dynamics are of the form V (x2 , y 2 ), see the article
[15] and the previous mentioned articles on galactic dynamics. These potentials
show a reflection symmetry with respect to both axes. Then in [10] was studied
the following generalized version of the Calzeta–Hasi’s model
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(p − p2X ) + (Y 2 − X 2 ) + X 4 + X 2 Y 2 + Y 4 .
2 Y
2
4
2
4

1

Paulo Santana is the corresponding author.
2010 Mathematics Subject Classification. Primary 70H12. Secondary 34C25.
Key words and phrases. families of periodic orbits, Hamiltonain systems, generalized
Friedmann-Robertson-Walker Hamiltonian, averaging theory.
1

