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Aufgabe 5 (5 Punkte): Diffusion in a gravitational field

A strongly damped Brownian particle moving in a constant gravitational field (strength g) is
described by the Fokker-Planck equation
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Solve for stationary distribution p*(x) on the interval (a,b) with reflecting boundaries. What

conditions does normalisability place on a and b? By comparing your solution with what you know
from equilibrium statistical physics, relate the diffusion constant D to temperature.

Aufgabe 6 (4 Punkte): Wiener process with absorbing boundaries
By making an appropriate series Ansatz, solve Fokker-Planck equation %p = D%p for p(x,t)
on the interval (0, 1) with absorbing boundary conditions such that p(0,¢) = p(1,¢) = 0. What

would be the analogous conditions for reflecting boundaries and what Ansatz would one make in
that case?

Aufgabe 7 (6 Punkte): Ornstein-Uhlenbeck Process

The Fokker-Planck equation for the Ornstein-Uhlenbeck process reads
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1. With k£ > 0 and x € (—00,00) show that the moment generating function is
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for initial condition p(z,0) = d(x).

2. With £ < 0, find the stationary distribution p*(x) on the interval (—a, a) subject to periodic
boundary conditions.

Aufgabe 8 (5 Punkte): Kramers-Moyal expansion for the symmetric random walk

Consider the master equation of the symmetric random walk

DPn = Pn+1 + Pn—1— 2Pn

For large n, p, can be approximated as a continuous function of n, and we can approximate the
master equation by performing a Taylor expansion of p,+; about n to second order. Solve the
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resulting Fokker-Planck equation for p,(t) and compare graphically with the solution of the full
master equation (at both long and short times).
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