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Aufgabe 8 (20 Punkte): Delayed feedback control

Consider an overdamped active Brownian particle at the time-dependent stochastic position, 7(t).
The particle is subject to a delay force Fy; which depends on the instantaneous and on the delayed
particle position in the form of

Fy= —k(r(t) — r(t - 0))

with § being the delay time and & is some constant. A physical realization of such a force could be
an optical trap which follows the position of the particle with a time delay §, centered at 7 (¢ —9).
The delayed Langevin equation reads

i(t) = wpcosd — k(z(t) —z(t —8)) + /2DpEh(1) (1)
g(t) = wosing —k(y(t) — y(t - 9)) + V2Dréz(t)
é(t) = \/2Drér(t)

where fllfT is a Gaussian white noise with zero mean and delta correlation, i.e. (511%2T(t)) =0 and
({}%’QT(t)f}%’QT(s» = 6(t—s). Dy and Dp, are the translational and rotational diffusion coefficients.

1. Apply the small delay approximation by expanding the delayed position in terms of § keeping
only the linear term, and rewrite the Langevin equation.

2. Calculate the mean position (r(t)), and the mean squared displacement (r2(t)) of the
particle.

3. Write down the corresponding Fokker-Plank equation for the probability density function of
the particle position and orientation, P(r, ¢,t).

4. Calculate the stationary solution for the probability density function of the particle position,
P(r,t) by coarse-graining.
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