
Second Midterm Exam - May 28, 2025, Stochastic Analysis

Family name Given name

Signature Neptun Code

No calculators or electronic devices are allowed. One formula sheet with 15 formulas is OK.

1. (8 points) Let Bt = (B1(t), B2(t), B3(t), B4(t)) denote 4-dimensional Brownian motion
started from B0 = x0 ∈ R4, x0 ̸= 0. Let

Xt = (B1(t))
2 + (B2(t))

2 + (B3(t))
2 + (B4(t))

2.

(a) Find α ∈ R \ {0} such that the drift term of Mt := (Xt)
α vanishes.

(b) Let 0 < r1 < r2 ∈ R+ such that x0 is inside the ball B(r2) of radius r2 around the
origin, but x0 is outside of the ball B(r1) of radius r1 around the origin. What is
the probability that (Bt) exits B(r2) before it enters B(r1)?

2. (7 points) Let y0 ∈ R+. I know that Yt = y0 +
∫ t

0
4Yu dBu −

∫ t

0
Yu du holds for all t ≥ 0

and I also know that E(Y2) = e.

(a) What is y0?

(b) Show that Zt := (Yt)
3 is a time-homogeneous Itô diffusion process by finding the

functions µ : R → R and σ : R → R for which Zt = Z0 +
∫ t

0
σ(Zs) dBs +

∫ t

0
µ(Zs) ds

holds for all t ≥ 0.
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