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Fundamental exercises - make sure to try to solve and
understand the solutions

Exercise 1. Practice computing integrals by different integration methods in the
Moodle course Integral-Trainer. The aim is for you to be able to calculate integrals
quickly and reliably, especially using partial integration and substitution.

Exercise 2. (Old Exam Box-Question: only the final answer is marked and not the
resolution path) Please note that this was only one of several computation exercises
in the exam. You should be able to solve it reasonably fast.

1. Calculate the indefinite integral
∫

x2 cos xdx.

2. Calculate the integral
∫ 4

1
exp(

√
t+1)√
t

dt.

3. Calculate the indefinite integral
∫ 1

t2/3+t1/2 dt on R>0.

Exercise 3. (Exam-style question)

(a) Let f be a continuous and increasing function on the interval [1, ∞). Prove that
for every integer n ≥ 2,

f(1) + f(2) + · · · + f(n − 1) ≤
∫ n

1
f(x) dx ≤ f(2) + f(3) + · · · + f(n).

(b) Apply the previous formula with f(x) = log x to show that, for every integer
n ≥ 1,

nn

e n−1 < n! <
(n + 1)n+1

e n
.

Why can we deduce, from part (a), that in this particular case the inequalities
are strict?

(c) Use the previous part to prove that

lim
n→∞

(n!)1/n

n
= 1

e
.
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https://moodle-app2.let.ethz.ch/course/view.php?id=27005
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Further exercises

Exercise 4. (Box-Question) Compute the indefinite integral

I :=
∫

x log x dx.

The final solution is:

I =

Exercise 5. (∗ ∗ ∗) Let f : [0, 1] → R be an integrable function and ε > 0. Show that
there exists a continuous function g : [0, 1] → R such that∫ 1

0
|f(x) − g(x)|dx < ε.

Note: The aim of this Exercise is to show that every Riemann-integrable function can
be approximated “arbitrarily well” with a continuous function.
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