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THOMAS’ CALCULUS (12/E)

8.1 Integration by Parts
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1 Basic Integration Formulas

1.1 Substitution Rule: u = g(x),

�
f(g(x))g′(x) dx =

�
f(u) du

1.2 Basic formulas:

(1)

�
du = u+ c

(2)

�
k du = ku+ c

(3)

�
(du+ dv) =

�
du+

�
dv

(4)

�
un du =

un+1

n+ 1
+ c , n 6= −1

(5)

�
du

u
= ln |u|+ c

(6)

�
sinu du = − cosu+ c

(7)

�
sec2 u du = tanu+ c

(8)

�
csc2 u du = − cotu+ c

(9)

�
secu tanu du = secu+ c

(10)

�
cscu cotu du = − cscu+ c

(11)

�
tanu du = − ln | cosu|+ c = ln | secu|+ c
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(12)

�
cotu du = ln | sinu|+ c = − ln | cscu|+ c

(13)

�
eu du = eu + c

(14)

�
au du =

au

ln a
+ c

(15)

�
du√
a2 − u2

= sin−1(
u

a
) + c

(16)

�
du

a2 + u2
=

1

a
tan−1(

u

a
) + c

(17)

�
du

u
√
u2 − a2

=
1

a
sec−1 |u

a
|+ c

2 Product Rule in Integral Form

2.1 Integration by parts: if f and g are differentiable functions of x,

(a) The Product Rule:
d

dx
[f(x)g(x)] = f ′(x)g(x) + f(x)g′(x) .

(b) In term of indefinite integrals:

�
d

dx
[f(x)g(x)] dx =

�
f ′(x)g(x) dx+

�
f(x)g′(x) dx .

(c) Integration by parts:
�
f(x)g′(x) dx = f(x)g(x)−

�
f ′(x)g(x) dx .

2.2 Let u = f(x) and v = g(x), then du = f ′(x) dx and dv = g′(x) dx. Using substitution

rule, the integration by parts formula becomes

�
u dv = uv −

�
v du .

2.3 Note:

(a) The goal of integration by parts is to go from an integral
�
u dv that we

don’t see how to evaluate to an integral

�
v du that we can evaluate.

(b) The integration by parts does not always work.

2.4 Integration by Parts Formula for Definite Integrals

� b

a

f(x)g′(x) dx = f(x)g(x)|ba −
� b
a
f ′(x)g(x) dx
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� Ex. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (example1, p437)

Find

�
x cosx dx

sol:

� Ex. 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (example2, p3)563

Find

�
lnx dx

sol:

� Ex. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (example3, p437)

Find

�
x2ex dx

sol:

� Ex. 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (example4, p438)
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Find

�
ex cosx dx

sol:

3 Tabular Integration

� Ex. 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (example7, p440)

Evaluate

�
x2ex dx.

sol:
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� Ex. 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (example8, p441)

Evaluate

�
x3 sinx dx

sol:
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實習課練習 (EXERCISE 8.1)

1.

�
x sin

x

2
dx

6.

� e

1

x3 lnx dx

16.

�
p4e−p dp

19.

�
x5ex dx

21.

�
eθ sin θ dθ

25.

�
e
√
3s+9 ds

28.

�
ln(x+ x2) dx

36.

�
(lnx)3

x
dx

44.

�
e
√
x

√
x
dx

46.

� √
xe
√
x dx

62. Establish the reduction formula:

�
xn sinx dx = −xn cosx+ n

�
xn−1 cosx dx.
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