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Exercise 1:
Consider the initial value problem

x2y′′(x)− 2x2y′(x) + (x2 − 2)y(x) = 0 , y(0) = y′(0) = 0 .

Prove that with y every multiple of y is also a solution of the initial value problem.
To compute a solution use a power series ansatz

y(x) =
∞∑
k=0

akx
k .

a) Determine a recursion formula to compute the coefficients ak .

b) Prove that with the additional condition a2 = 1 one finds

ak = 1
(k − 2)! ∀k ≥ 2.

Which function does the series represent?

Exercise 2:

a) Consider the initial value problem

y′(t) + y(t) = b(t), b(t) :=


0 t < 0
sin(t) 0 ≤ t ≤ π

2
1 t > π

2

, y(0) = 0. (1)

(i) Draw (t, b(t)) for t ∈ [−2, 4] and explain why the following equality holds for all
t ≥ 0 .

b(t) = sin(t) − hπ
2
(t) cos(t− π

2 ) + hπ
2
(t) . (2)

(ii) Determine the Laplace transform of b by
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1. applying directly the definition

B(s) := L [b(t)] :=
∫ ∞

0
e−stb(t)dt .

Hint:
∫
eαt · sin(t) dt = eαt

α2 + 1 (α · sin(t)− cos(t)) + C .

2. using (2) and the table or calculation rules for the Laplace transformation.
(iii) Solve the initial value problem (1) using Laplace transformation.

b) Solve the following initial value problems using Laplace transformation.

u′′ − 2(v − u) = 1 u(0) = v(0) = 0
v′′ + 2(v − u) = 0 u′(0) = v′(0) = 1.
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