Section 15.1
Integration by parts
1.5 Lectures

Dr. Abdulla Eid

College of Science

MATHS 104: Mathematics for Business |l

Dr. Abdulla Eid (University of Bahrain) By parts



Integration by Parts

Theorem 1
(Integration by parts)

/udv:uv—/vdu

We have to choose v and v such that

© vu is easily differentiated.
@ v is easy to be integrated.

Most of the time, we choose u according to the rule

LIPE

where
© L stands for “logarithmic functions”
@ | stands for “inverse functions*
© P stands for “power functions*
@ E stands for “exponential functions”
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Example 2
(Old Final Exam Question) Find fxex dx J

Solution: We need to use the integration by parts.

u=x dv = ¥ dx

du = 1dx v =¢e"

/xexdxzuv—/vdu
:xex—/exdx

=xe*¥—e*+C
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Example 3

Find flenxdx J
Solution: We need to use the integration by parts.
u=Inx dv = x? dx
1 1
du = — dx v=-x3
X 3
/X2Inxdx= uv—/vdu
1 1 1
= 3 x3Inx— x3= dx
:—x Inx——/x dx
1

—§x Inx — 9 3—|—C

Dr. Abdulla Eid (University of Bahrain) By parts 4 /11



Example 4
(Old Final Exam Question) Find [ x?e* dx J

Solution: We need to use the integration by parts.
u=x° dv = e~ dx

du = 2x dx v =¢e"

/x2exdx: uv—/vdu
= x%eX — /2xex dx
= x%eX -2 (uv—/vdu)
= x%e¥ -2 (xex —/eX dx)

= x2e* — 2 (xe* — &¥)
= x%2eX — 2xe¥ 4+ 2e" 4+ C
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Example 5

Old Final Exam Question) Find x In x° dx
(

Solution: We need to use the integration by parts.

u=Inx°

du:9l dx
X

/\/)?Inxgdx=
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Example 6
(Old Final Exam Question) Find fle In x dx

Solution: We need to use the integration by parts.
u=lInx dv = dx

1
du = — dx vV=x
X

/Inxdx:uv—/vdu

e 1
= [xInxf = ["xd
[x In x]] e
e
=[xInx]]— [ dx
1

= [xInx]y =[xy
=e—e+1=1
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Example 7
(Old Final Exam Question) Find [(e* + x)? dx J

Solution:
/(ex +x)?dx = /(e2x +2xe* + x?) dx
= 162)( +2(uv — / vdu)+ 1x3
2 3
1 2x X X 1 3
= 5e +2(xe —/e dx)+§x

1 1
= §e2x +2(xe* — e*) + §x3 +C
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Example 8
Find fx\/3x—i— 1dx

Solution: We need to use the integration by parts.

u=x dv:\/3x+1:(3x+1)%dx
du = 1dx v= §(3X+1)%

/X\/3x+1dx=uv—/vdu

:x§(3x+1)% —/g(3x+1)2dx
2 3 2 3

= x5 (3x+ 1)} —5/(3x+1)2dx
2 4

=x§(3x—|—1)%—£(3x+1)%
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Example 9
Find [(Inx)? dx

Solution: We need to use the integration by parts.
u=(Inx)? dv = 1dx

du:2|nx1dx vV=x
X

/(Inx)zdxz uv—/vdu

=x(Inx)>— [ 2In xlx dx
X

=x(Inx)> =2(xInx —x) + C
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Substitution and Integration by Parts

Example 10
Find fx*o’e"2 dx J
Solution: We need to use the integration by parts.
u= x> dv = xe* dx
du = 2x dx v = %ex2

/x3ex2 dx = uv—/vdu

1 2 2
= —x%e¥ —/xex dx

2
1 1
= §X26X2 — Eexz + C
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