Calculus II Section 1-1: Integration by Parts

Question 5

Evaluate the cyclic integral

/ e*® cos(3z) dx

using integration by parts. Do not guess the form of the antiderivative.
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Calculus II Section 1-1: Integration by Parts

Question 5 — Solution

Let
1= /62”” cos(3x) dz.

For the first integration by parts, choose

1
u=cos(3z), dv=e>"dux, du = —3sin(3z) dz, v= 5621.
Using [udv =uwv — [vdu, we get
1 2x 1 2z :
I= 3¢ cos(3x) — ¢ (—3sin(3z)) dx
1 2x 3 2z s
=3¢ cos(3x) + 5/¢ sin(3x) dz.
Now evaluate the remaining integral. Let
J = /62”” sin(3x) dz.
Use integration by parts again with
1
u=sin(3z), dv=e**dux, du = 3cos(3z)dx, v= 562‘76.
Then
_ 1 2x _ § 2
J = 5¢ sin(3x) 5 | € cos(3x) dx
1 3
= 5627” sin(3z) — 5[.
Substitute equation (2) into equation (1):
_ 1o 31 o 3
I= 5¢ cos(3x) + 5 (26 sin(3x) 2[)
1 3 9
= —e* cos(3x) + ~e*sin(3z) — ~ 1.
4 4
Move the I-term to the left and solve:
9 1 3
I+ 1[ = ieh cos(3z) + 162'"’3 sin(3x),
13 1 3
ZI = 5629“ cos(3x) + 162”3 sin(3z),
eZm
1= EF) (2cos(3z) + 3sin(3x)).
Therefore,
2x
/62’” cos(3z) dx = 61—3 (2cos(3z) + 3sin(3z)) + C
To check, differentiate the antiderivative:
4 ﬁ (2cos(3z) + 3sin(3z)) | = & [2(2 cos(3z) + 3sin(3z))
dx | 13 13

— 6sin(3z) + 9 cos(3z)]

= 2" cos(3x),

which is the original integrand.
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