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Introduction

The study of Hamiltonian systems around the elliptic equilibrium points,
which is a non-generic subject in the study of Hamiltonian systems, has
received attention in recent decades. Such systems appear in many applied
models, including molecular physics, galactic dynamics, and mechanics.

Consider a Hamiltonian of n degrees of freedom, whose quadratic part is as
follows,

T | ®
HZ(qp) = Ez (A)](q] +p1), (leEZ, ] = 1.....n.
=1

The vector w = (w4, w5, ..., wy) is called frequency vector (related to H,) and
its components are called frequency. If all frequencies are non-zero, w is
called non-degenerate, and if at least one of the frequencies is zero, we say w
is degenerate.

Definition. Any integer-valued vector perpendicular to the frequency vector
w is called a resonance or annihilator vector. In other words, k € Zn/{o}is a

resonant vector for the frequency vector w if

n
j=1

If there is such an annihilator vector for w, we call the w resonance frequency
vector. If at least one of the components of the non-degenerate resonance
frequency vector w is negative, the Hamiltonian resonance is called indefinite.

Materials and Methods

In this paper, we focus on indefinite Hamiltonian resonances, introducing
important physical models to illustrate their occurrence in various fields of
science, including the satellite problem, plasma interactions, Pais-Uhlenbeck
oscillators (PU), and a problem in cosmology. Then, by using the normal form
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of indefinite Hamiltonian resonances, we will discuss the space structure of
the corresponding vector field.

Results and discussion

As we mentioned, there are many models passing indefinite Hamiltonian
resonances. We present and describe the properties of the space of orbits of
indefinite Hamiltonian resonances topologically. Specifically, we will see that
it can be unbounded in comparison to the space of orbits of other Hamiltonian
resonances unless we deal with some degeneracy conditions.
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