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Analysis I: Tutorial Exercise Sheet 5

Exercise 01:
1. Using the definition of the definite integral (by Riemann sums), approximate

∫ 2

1
dx
x and give a geometric

interpretation of the result.
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∫ 2

1
dx
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2. Show how the approximation in part (1) can be improved. ( . (1) Z 	Qm.
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Exercise 02
Prove the following (constants of integration are omitted): ( :(
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1.
∫

up du =
up+1

p+ 1
, p ̸= −1.

2.
∫

du

u
= lnu.

3.
∫

(u+ v) dx =

∫
u dx+

∫
v dx.

4.
∫

cosu du = sinu.

Exercise 03
Find the following integrals. ( .
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(1)

∫
x
√
x2 + 1dx (2)

∫
x2ex

3

cos(ex
3

)dx (3)

∫
1− cosx

x− sinx
dx (4)

∫
x3

√
1− x4

dx (5)

∫
ex sin(ex)dx

Exercise 4: Integration by Parts
(a) Prove the formula for integration by parts:

∫
u dv = uv −

∫
v du ( �é
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by starting from the product rule for differentiation. (. ��A
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(b) Use the formula to find:
∫
xe2x dx (: XAm.�'
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Exercise 5: Definite Integrals Using Substitution

Evaluate the following definite integrals: ( �
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∫ 1

0
3x2

x3+1dx (2)
∫ π/4

0
sec2(2x)dx

Exercise 6: Area Under a Curve
Find the area under the curve y = cosx between x = 0 and x = π/2.

. x = π/2 ð x = 0 	á�
K. y = cosx ú
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Exercise 7: Mixed Substitution and Definite Integral

1. Find
∫

lnx

x
dx using an appropriate substitution. ( .I. �A
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∫
lnx

x
dx Yg. ð
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2. Evaluate
∫ 1

0

xe−x2

dx. ( I. �k@)

Exercise 8: Integration by Parts with Trigonometric Functions

Find:
∫
x cos(3x) dx (: Yg. ð
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Exercise 9: Definite Integral of a Rational Function
Evaluate:

∫ e

1
dx

x(1+ln x) ( :I. �k@)

Exercise 10: Area Between Curves
Find the area enclosed between y = x2 and y =

√
x from x = 0 to x = 1.

. x = 1 úÍ@


x = 0 	áÓ y =
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Exercise 11: Proof and Application

1. Prove that
∫

sec2 x dx = tanx+ C. ( 	
à
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2. Use this result to evaluate
∫ π/4

0

sec2 x dx. (H. A�mÌ
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Exercise 12: (Integration of Rational Fractions)

Compute the following integrals: (: �éJ
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1)I1 =

∫
2x− 1

(x− 1)(x− 2)
dx, 2)I2 =

∫
x dx

(x+ 1)(x+ 3)(x+ 5)
, 3)I3 =

∫
x5 + x4 − 8

x3 − 4x
dx.

Exercise 13:
Approximate using Taylor series:

∫ 1

0
1−e−x
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Exercise 14:
Prove the following equalities: (: �éJ
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1.
∫

x
x2−3x+2 dx = 2 ln(x− 2)− ln(x− 1) + C

2.
∫

dx
x2+x−2 = 1

3 ln
∣∣∣x−1
x+2

∣∣∣+ C

3.
∫

dx
(x−1)2(x−2) =

1
x−2 + ln

∣∣∣ (x−2)
(x−1)

∣∣∣+ C

4.
∫

x−8
x3−4x2+4x dx = 3

x−2 + ln (x−2)2

x2 + C

5.
∫

x5

x3−1 dx = 1
3

[
x3 + ln |x3 − 1|

]
+ C

6.
∫

arcsin x
x2 dx = ln

∣∣∣ 1−√
1−x2

x

∣∣∣− 1
x arcsin(x) + C
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