Integration by Parts and Substitution — Justified
Lesson 85 - Module 7 — The Riemann Integral - Real Analysis - dailymaths.uk/analysis

Practice problems

1. Evaluate the definite integral foﬂ/ o cos(z) dx using integration by parts.

2. Evaluate fol 22e®” dr using u-substitution.

3. Evaluate ff In(z) dz using integration by parts.



Solutions

1. Evaluate the definite integral foﬂ/ o cos(z) dx using integration by parts.

o Let u = x, then du = dz.

e Let dv = cos(z)dx, then v = sin(x).

e Apply the formula: [z sin(x)]g/2 - 07r/2 sin(z) dx.

e Evaluate the boundary term: (7/2)sin(n/2) — 0 = 7/2.

e Evaluate the integral: [— cos(:v)]g/2 = —cos(m/2) — (—cos(0)) =0+1=1.

e Combine results: 7/2 — 1.
Answer: \frac\pi2 - 1
2. Evaluate fol 22e%” dr using u-substitution.

o Let u = 23, then du = 322dz, so 2%dx = %du.

Change limits: £ =0 —= u=0z=1 = u=1.

Rewrite integral: fol et du.

Integrate: [3e"]} = 1(e! —€).
Simplify: (e — 1).

Answer: \fracl3(e - 1)
3. Evaluate fle In(z) dz using integration by parts.

e Let u = In(z), then du = 1dx.

e Let dv = dz, then v = x.

e Apply formula: [zIn(z)]§ — [{ 2 - 1 da.

e Boundary term: eln(e) — 1In(1) = e(1l) -0 =e.
e Integral term: [ 1da = [z]{ =e—1.

e Combine: e — (e — 1) = 1.

Answer: 1
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