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Exercise 1: Brownian motion

Consider the one dimensional Brownian motion process

x(t) = x(t−h)+a · ε

with ε ∼ N(0,1), t ∈ [0,100], scaling constant a and integration step size h.

a) Simulate 1000 realisations of Brownian motion for x(0) = 0, h = 1 and a = 1. Plot the trajectories of the
first five realisations and the mean value, variance and standard deviation of the realisations as a function
of time.

b) Repeat the exercise for h = 0.1 and h = 0.01. Scale the noise such that the time-dependency of the variance
stays unchanged.

c) Plot trajectories for a reduced sampling step size t ∈ {0,2,4, . . . ,100} for the different values of the inte-
gration step size h.

d) Write down the stochastic differential equation of Brownian motion physicist’s like.

Exercise 2: Stochastic Van-der-Pol oscillator

Consider the Van der Pol oscillator

ẋ1 = x2

ẋ2 = µ(1− x2
1)x2− x1 +aε

with noise ε ∼ N(0,1).

• Simulate solutions of the oscillator using the Euler method for t ∈ [0,50] with sampling size ∆t = 0.1,
µ ∈ {1,5}, a = 0 and h = 0.01. Plot the result in the configuration and phase space.

• Evaluate the influence of the noise by comparing solutions for a ∈ {0,0.5,1,2}. Hint: remember how to
treat the noise term (see lecture).

• Test how the integration step size h affects the solutions.
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