Control of noisy oscillations in the
Van der Pol system

J. Pomplun, A. Amann, A. Balanov, and E. Scholl
Insitut fur Theoretische Physik, Technische Universitat Berlin

DY 34.23

0. Introduction 4. Mean field approximation of the Van der Pol system

We present a mean field approximation for the noisy Van der Pol system
with time-delayed feedback below the Hopf bifurcation. It goes beyond
the usual linearization of a stable focus and takes into account the
nonlinearity self-consistently.

We compare our analytical results to numerical simulations of the power

Self-consistent linearization of the Van der Pol system without control
(for €<0):
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spectral density and the correlation time in a regime with large noise
intensity.

1. Model

Noisy Van der Pol oscillator with time-delayed feedback control.
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noise control

€ : Bifurcation parameter w, : Basic frequency

& : Gaussian white noise D : Noise intensity

T : Delay time K : Feedback strength
2. Noise induced oscillations
Phase portrait of the system below the Hopf bifucation:
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Aim: Use time-delayed feedback to control important oscillation
features like coherence and timescales [1].

3. Multivariate Ornstein-Uhlenbeck process

dx(t)=—Ax(t)dt+BdW(t)

B =const., W(t) Wienerprocess

Stationary variance matrix:

Time correlation matrix:
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Autocorrelation function:
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self-consistent mean field approximation with (6),(8):
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5. Mean field approximation of the correlation time
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Very good agreement between theory and simulations over a large
range of noise intensities

6. Analytical approximation of the power spectral density

Power spectral density S P of linearized Van der Pol oscillator [2] with
mean field €
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Very good agreement between theory and simulations even for large
noise intensities

7. Conclusions

- Van der Pol system with time-delayed feedback can be approximated by a
mean field model.

- Very good agreement of the power spectral density and correlation time
with simulations even for large noise intensities.
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