
Periodic orbits for an autonomous version of the Duffing-Holmes
oscillator

Guangfeng Dong1 Jaume Llibre2

1Department of Mathematics, Jinan University,
Guangzhou 510632, Guangdong province, China

Email: donggf@jnu.edu.cn
2Departament de Matemàtiques, Universitat
Autònoma de Barcelona, 08193 Bellaterra,
Barcelona, Catalonia, Spain

Email: jaume.llibre@uab.cat

Correspondence
Corresponding author: Guangfeng Dong
Email: donggf@jnu.edu.cn

Funding Information
This research was supported by the China
Scholarship Council (No. 202306780018) (the first
author), the Agencia Estatal de Investigación grant
PID2022-136613NB-100, the H2020 European
Research Council grant MSCA-RISE-2017-
777911, AGAUR (Generalitat de Catalunya) grant
2021SGR00113, and by the Acadèmia de Ciències
i Arts de Barcelona (the second author).

Abstract
In the autonomous Duffing-Holmes oscillator was detected numerically the existence of periodic orbits.
Here we prove analytically that such periodic orbits exist using the Hopf bifurcation theory. We also provide
the exact bifurcation value where the Hopf bifurcation takes place.

1 INTRODUCTION AND STATEMENT OF THE RESULTS

A classical nonlinear differential system with chaotic dynamics is the Duffing-Holmes nonautonomous oscillator

ẍ + bẋ – x + x3 = a sinωt. (1)

This oscillator has been studied intensively, see1,2,3,4,5,6,7,8,9,10,11,12,13,14. In article10, the authors considered the following
autonomous version of Duffing-Holmes oscillator

ẋ = y,
ẏ = x + ay – bz – x3,
ż = c(y – z).

a, b, c ∈ R, (2)

They constructed a specific electrical circuit to imitate solutions of the oscillator (2) and obtained the simulation and experi-
mental results and the corresponding electronic device. The irregular behavior of time series of the differential system (2) can
lead to chaos.

In the reference8, the authors provided the analysis of the differential system (2) around the specific values of parameters
a = 19/10, b = 5/2 and c ∈ (2.5, 3.85) ⊂ R. In this case system (2) has exactly three equilibrium points at (–1, 0, 0), (0, 0, 0)
and (1, 0, 0). They examined the characteristics of these points under the change of the variable c from 2.55 to 3.85 and got


