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Curriculum vitae 

This thesis deals firstly with the analysis of the dynamics of coupled systems 
considered here as a set of self-sustained oscillators (Van der Pol, Grudzinski-
Zebrowski, Hindmarsch-Rose) powering an electrical load (RLC, RL, RC or R). 
Secondly, we model the circadian clock of  cyanobacteria and studied the 
coupling between the transcriptional regulation and the post-translational 
regulation. The harmonic balance method, the Kirchoff’s laws, Runge-Kutta 
RK4 method and the criteria of synchronization have been used in our 
different projects.   

We considered an array of Van der Pol oscillators coupled to a load and found 
that after a threshold number of oscillators under which the power is equal 
to zero, the power increases with the number of oscillators. A high order 
nonlinearity in the damping of the Van der Pol oscillator increases the power 
in the load.  

In the case of an array of Grudzinski-Zebrowski oscillators coupled to a load, 
we design an equivalent electrical circuit whose equation is similar to the self-
sustained oscillator model presented by Grudzinski-Zebrowski. It is then 
demonstrated that the power in electrical loads (RLC, RL, RC and R) coupled 
to an array of such oscillators increases with the number of oscillators untill a 
constant value which depends on the types of loads and values of the load 
parameters. The synchronization domain is seen to depend on the values of 
the direct coupling, the values of the indirect coupling and on the number of 
oscillators in the array.  

In the case of an array of Hindmarsch-Rose oscillators coupled to a load, it is 
shown that varying the coupling coefficient leads to the appearance of chaotic 
dynamics in the system. It is also found that the voltage amplitudes decrease 
when the size of the array of the HR oscillators increases.  

We propose an in vivo model of cyanobacterial circadian clock based on the 
hexameric in vitro model and it is shown that there is a large range of values 
leading to an oscillatory behavior, both for the wild type cyanobacteria and 
for  the mutants lacking the transcriptional regulation. This result suggests 
that although the transcriptional feedback slightly enhances the robustness 
of the clock, the effect is not as strong as previously claimed. Our conclusion 
is in agreement with the experiments. 
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