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The properties of a multi-limit cycles variation of the van der Pol self sustained oscillator with random

excitations are reviewed [7, 8, 9]. Birhythmicity refers to the coexistence of two attractors characterized

by two different amplitudes and two frequencies: depending on the initial conditions, the system can pro-

duce self–oscillations at two distinct periods [4]. Such hysteretic behavior has been sometimes observed

in biological systems [1], glycolytic oscillations [4] or circadian rhythms [6] . As a prototype of birhyth-

mic oscillations, we consider a model that has been introduced to analyze enzymatic substrate reactions

in brain [2, 3, 10]. The global stability properties of birhythmicity can be investigated through the effect

random excitations, such as a Gaussian white noise, on the attractors global stability. Noise makes the two

limit cycles metastable, and induces switches between the two attractors. The mean escape time from each

limit-cycle can give an estimate of the effective activation energy barrier through the slope of the (log of

the) escape time as a function of the inverse of the noise intensity. Several properties can be retrieved, most

importantly that the trapping barriers of the two frequencies can be very different, thus leaving the system

on the same attractor for an overwhelming time. We conclude that although birhythmicity per se refers

just to the occurrence of two frequencies, actual observation is subject to much more restrictive conditions.

Moreover, the system is analytically particularly tractable by means of stochastic averaging; thus the effect
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of external periodic drive, noise correlation and the coherence of the oscillations, or time delayed feedback,

can be analyzed [1, 7, 8, 9, 10].
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[2] Fröhlich, H. (1986) Coherence and the action of enzymes. In: Welch, G.R. Editor, The Fluctuating Enzyme. New

York, Wiley, p. 421.

[3] Kaiser, F. (1977). Cycle model for brain waves. Biol. Cybernetics 27, 155.

[4] Goldbeter, A. (2002). Computational approaches to cellular rhythms. Nature 420, 238-245; (1996). Biochemical

Oscillations and Cellular Rhythms. The Molecular Bases of Periodic and Chaotic Behaviour. Cambridge, Cam-

bridge University Press.

[5] Graham R. , & Tél, T. (1985). Weak-noise limit of Fokker-Planck models and nondifferentiable potentials for

dissipative dynamical systems. Phys. Rev. A 31, 1109.

[6] Jewett, M.E., Forger, D.B., Kronauer, R.E. (1999). Revised Limit Cycle Oscillator Model of Human Circadian

Pacemaker. J. Biol. Rhythms 14, 493-499.

[7] Mbakob Yonkeu, R., Yamapi, R., Filatrella, G., & Tchawoua, C (2016). Pseudopotential of birhythmic van der

Pol-type systems with correlated noise. Nonlinear Dynamics 84, 627; Stochastic Bifurcations induced by corre-

lated Noise in a Birhythmic van der Pol System. Commun. Nonlinear Sci. Numer. Simulat. 33, 70; (2017). Effects

of a periodic drive and correlated noise on birhythmic van der Pol systems. Physica A: Statistical Mechanics

and its Applications, 466, 552-569.

[8] Yamapi, R., Filatrella, G., Aziz-Alaoui, M. A., & Cerdeira, H.A. (2012). Effective Fokker-Planck equation for

birhythmic modified van der Pol oscillator, Chaos, 22, 043114 .

[9] Yamapi, R., Chamgou, A.C., Filatrella, G. & woafo, P. (2017). Coherence and stochastic resonance in a birhyth-

mic van der Pol system. Eur. Phys. J. B. 90: 153. https://doi.org/10.1140/epjb/e2017-80118-4.

[10] Zakharova, A., Vadivasova, T., Anishchenko, V., Koseska, A., & Kurths, J. (2010). Stochastic bifurcations and

coherencelike resonance in a self-sustained bistable noisy oscillator . Phys. Rev. E 81, 011106.

c©DSABNS ISBN: 978-989-98750-7-4


