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Background.

The van der Pol oscillator is a non-
conservative oscillator with non-linear damp-
ing. Energy is dissipated at high amplitudes
and generated at low amplitudes. As a re-
sult, there exist oscillations around a state at
which energy generation and dissipation bal-
ance. Van der Pol himself came across the
system as he was building electronic circuit
models of the human heart. Due to the unique
nature of the van der Pol oscillator, it has
become the cornerstone for studying systems
with limit cycle oscillations. In fact, the van der Pol equation has become a staple model for
oscillatory processes in not only physics, but also biology, sociology and even economics.

Project description and methodology.

Originally, the van der Pol oscillator was described in terms of a second order ODE. Later the
model was extended to the fractional-order setting in the Riemann-Liouville sense, known for
its memory effects.

In this project you will:

1. Explore possible modifications of the Van der Pol oscillator, using the Hilfer fractional
operator;
2. Analyse the obtained model(s);
3. Approximate its solutions using the Bernstein polynomials.
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