
Math 118 Winter 2015 Lecture 6 (Jan. 14, 2015)

� Integration by parts.

� Observation: u; v di�erentiable, then

(u v)0=u0 v+u v 0=)u v 0=(u v)0¡u0 v: (1)

� Taking inde�nite integral: Z
u v 0dx=u v¡

Z
v u0 dx: (2)

� Use di�erential symbol: Z
u dv=u v¡

Z
v du: (3)

Exercise 1. Shall we use u v+C instead of u v? Explain.

Exercise 2. Assume further that u0 is continuous. Prove that
Z
u v 0 dx and

Z
v u0 dx both exist. (Hint:1 )

Problem 1. Are there u; v di�erentiable such that
Z
u v 0 dx does not exist? (Hint:2 )

� Examples

Example 1. CalculateZ
x exdx;

Z
lnxdx;

Z
arcsinxdx: (4)

Solution. We have Z
x exdx =

Z
x dex

= x ex¡
Z
exdx

= (x¡ 1) ex+C: (5)Z
lnxdx = x lnx¡

Z
xdlnx

= x lnx¡
Z

dx

= x (lnx¡ 1)+C: (6)Z
arcsinx dx = x arcsinx¡

Z
x darcsinx

= x arcsinx¡
Z

xdx
1¡x2

p

= x arcsinx+ 1
2

Z
d(1¡x2)
1¡x2

p

= x arcsinx+ 1¡x2
p

+C: (7)

Example 2. CalculateZ
x e2xdx;

Z
x2 cos 3xdx;

Z
x2 ln2x dx;

Z
arctanx dx;

Z
x arctanx dx: (8)

1. Let F (x)2
Z
v u0dx (prove the existence of this �rst), then there must hold [u v¡F ]0=u v 0.

2. Seems to me u= x2 sin(1/x3); v = x2 cos(1/x3) could work by trying to prove limx!0+F (x) =+1 if F 0= u v 0. Please
inform me if I am wrong.



Solution.
We have Z

x e2xdx =
Z
xd

�
e2x

2

�
= 1

2
x e2x¡

Z
e2x

2
dx

=
�
x
2
¡ 1
4

�
e2x+C: (9)Z

x2 cos 3xdx =
Z
x2 dsin3x

3

= x2
sin3x
3

¡
Z

sin 3x
3

2x dx

= x2 sin3x
3

+
Z

2x
3
d
�
cos 3x
3

�
= x2 sin3x

3
+ 2x cos 3x

9
¡

Z
2 cos3x

9
dx

= x2 sin3x
3

+ 2x cos 3x
9

¡ 2
27

sin3x+C: (10)Z
x2 ln2x dx =

Z
ln2x d

�
x3

3

�
= x3

3
ln2x¡

Z
x3

3
2 lnx 1

x
dx

= x3

3
ln2x¡

Z
2x2

3
lnx dx

= x3

3
ln2x¡

Z
lnxd

�
2
9
x3

�
= x3

3
ln2x¡ 2x3

9
lnx+

Z
2
9
x2dx

= x3

3
ln2x¡ 2

9
x3 lnx+ 2

27
x3+C

= x3

3

�
ln2x¡ 2

3
lnx+ 2

9

�
+C: (11)Z

arctanxdx = x arctanx¡
Z
xdarctanx

= x arctanx¡
Z

xdx
x2+1

= x arctanx¡ 1
2

Z
d(x2+1)
x2+1

= x arctanx¡ 1
2
ln(x2+1)+C: (12)Z

x arctanx dx =
Z

arctanxd
�
x2

2

�
= x2

2
arctanx¡ 1

2

Z
x2

x2+1
dx

= x2

2
arctanx¡ 1

2

Z �
1¡ 1

1+x2

�
dx



= x2+1
2

arctanx¡ x
2
+C: (13)
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