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Problem 1: Calculate the first derivative f ′(x) ≡ df
dx of the following functions (for any α ∈ R):

a) (1 point) f(x) = xα sinx,

b) (1 point) f(x) = sinxα := sin(xα),

c) (1 point) f(x) = sinα x := (sinx)α,

d) (2 points) f(x) = xα sin
1

x
. for α > 1 and x → 0.

Problem 2: An antiderivative F of a given function f is understood to be a function that
satisfies dF

dx = f(x). Two different antiderivatives only differ by an additive constant.
a) (1 point) Calculate all antiderivatives of f(x) = xα for α ∈ R, α ̸= −1.

b) (1 point) Calculate all antiderivatives of f(x) = x2 cosx.

c) (3 points) For x > 0 we define the function L(x) by the following properties:

dL

dx
=

1

x
and L(1) = 0. (1)

Use only eq. (1) to derive the following properties:

i) (0,5 point) L(x) + L(y) = L(xy).

ii) (0,5 point) L(xα) = αL(x) for α ∈ R.

The inverse function f−1 of a function f satisfies the properties f−1(f(x)) = x and f(f−1(y)) =
y. (for example, for x > 0: f(x) =

√
x has the inverse function f−1(y) = y2.)

iii) (1 point) Show that
df−1

dy
=

1

df/dx
, where y = f(x).

iv) (1 point) Express
dL−1

dy
by L−1(y).

Do you recognize L and L−1 from the Mathematik-Vorkurs?
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