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a b s t r a c t

In this paper we classify the centers and the isochronous centers of certain polynomial
differential systems in R2 of degree d ≥ 5 odd that in complex notation are

ż = (λ + i)z + (zz̄)
d−5
2 (Az5 + Bz4z̄ + Cz3z̄2 + Dz2z̄3 + Ezz̄4 + F z̄5),

where z = x + iy, λ ∈ R and A, B, C,D, E, F ∈ C. Note that if d = 5 we obtain the
class of polynomial differential systems in the form of a linear system with homogeneous
polynomial nonlinearities of degree 5.

Due to the huge computations required for computing the necessary and sufficient
conditions for the characterization of the centers and isochronous centers, our study uses
algorithms of computational algebra based on the Gröbner basis theory and on modular
arithmetics.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction and statement of the main results

The center–focus problem is one of the main problems in the qualitative theory of real planar polynomial systems. For
nondegenerate singular points this problem is equivalent to have an analytic first integral in a neighborhood of the singular
point, see [1–5].

We recall that a singular point is a center if it has a neighborhood such that all the orbits, with the exception of the singu-
lar point, in this neighborhood are periodic, and that a singular point is a focus if it has neighborhood such that all the orbits,
with the exception of the singular point, spiral either in forward or in backward time to the singular point.

In this paper we study the center–focus problem for a class of polynomial systems which generalize the class of polyno-
mial systemswith homogeneous nonlinearities of degree 5. The characterization of the centers of the polynomial differential
systems begun with the quadratic ones and the class of cubic polynomial systems with only homogeneous nonlinearities,
see [6–9]. See [10,11] for an update on these cases. Actually we are very far from obtaining a complete classification of
the centers for the class of all polynomial systems of degree 3. However some subclasses of cubic systems with centers are
known, see for instance [12,13] and references therein. The centers of polynomial systems in the form of a linear center with
homogeneous polynomial nonlinearities of degree k > 3 are not classified, but there are partial results for k = 4, 5, 6, 7
see [14–25]. However the huge amount of computationswhich usually are necessary becomes the center problem in general
computationally intractable, see [26] and references therein.
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