D-ARCH MATHEMATICS ETH Ziirich
Dr. Cornelia Busch Problem Set 3 HS 2024

INTEGRATION PART 1

1. Compute the following integrals by finding an appropriate antiderivative.

(a) / ‘WBasode (b) / edr (o) / Vi da

(d) /Ome\/égdx (e) /;édx (f) /dx

2. Compute the following integrals using integration by parts.

(a) / coszIn(sing)dr  (b) / Ca (o) / et da

cos? x

(d) / In(z® + 1) dz (e) / rlnzdr () / sin® z dz.

Bonus: can you find foﬂ/ *sin® zdz directly, without using integration by parts?

3. The picture below shows the graphs of the functions

f(z) = 42® + 22 — 5z — 2 and  g(z) =22% — 1 —2.
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Figure 1: The graphs of the two functions f and g.

(a) Determine the z-coordinates r; < xg < x3 of the points where the graphs
intersect.

(b) Calculate the integral / (f(z) — g(z)) da.

(c) Calculate the area of the shaded region.
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4. (Optional: Food for thought...) Let f: [0,1] — R be a continuous function such

that
/ e

for all continuous functions g: [0,1] — R with ¢(0) = g(1) = 0. Prove that f
must be identically zero.

5. For which z € (0,%) is f(z) = [ o Lt a local maximum?
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