Date: 1401/03/24

In the name of God

Department of Physics, Shahid Beheshti University
STOCHASTIC PROCESSES

Final exam

(Time allowed: 3 hours)
NOTE: All questions must be answered. Please write the answer of each question in separate sheet.

1. Suppose that a brownian particle is living in a potential well with time independent potential as ®(z) = ax?/2
and it is affected by noise as n(t) with (n(t)) = 0, (n(t)n(t")) = 2¢ép(t —t'). According to the evolution

equation for position as:
de d® ()
dt  ~dx g

here v is a constant.

(a) Write the Fokker-Planck equation for p(x,t). (5 points)
(b) Suppose that p(zg,t = 0) = dp(zg) and zg = 0. Calculate (z(¢)) and (z(¢)?). (10 points)

(¢) Describe your results for ¢ — 0 and ¢ — co. (5 points)

2. Self-similar and self-affine processes:

(a) Define Self-similar and self-affine processes and explain the difference between them. To make more
sense, give an example for each mentioned processes. (10 points)

(b) What is the relation between Hurst exponent and fluctuation function derived in e.g. DFA method. (5
points)

3. First passage time: the p(z,t) is the probability density of finding the particle in location x at ¢. According to
mentioned PDF one can define the first passage time probability density function as the probability density
function that a particle has first reached a given point such as x; at exactly ¢ty. To this end we rely on
so-called survival probability as the probability that the particle has remained at a position z < x for all
times up to t, as:

S(xy,t) = /wf p(z,t)dz

— 00

0S(xz st .
7% and for common brownian

therefore, the probability of reaching the particle to xy at ¢t is f(xy,t) =
motion we have:

p(x,t) =

1 < 22 >
—— exp |-
\/4mg2t 4g%t

Flopst) = e (- 22
I \/4mrg2t3 4g%t

(a) Derive the (t") for the first passage time probability density function in terms of survival probability.
(5 points)

(b) For t — 0 and ¢t — oo regimes, derive f(zs,t) and explain the physical meaning of your results. (10
points)

Good luck, Movahed
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