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0.1 Problem B 2-1

From Modern Control Engineering, 4th edition by Ogata

Question

1. Find Laplace transform for

𝑓 (𝑡) = 0 𝑡 < 0
𝑓 (𝑡) = 𝑒−0.4𝑡 cos 12𝑡 𝑡 ≥ 0

2. Find Laplace transform for

𝑓 (𝑡) = 0 𝑡 < 0
𝑓 (𝑡) = sin �4𝑡 + 𝜋

3
� 𝑡 ≥ 0

Solution

0.1.1 Part a

This is of the form 𝑒−𝑎𝑡𝑓 (𝑡), hence use the property of Laplace transform

ℒ�𝑒−𝑎𝑡𝑓 (𝑡)� = 𝐹 (𝑠 + 𝑎) (1)

Where 𝐹(𝑠) is Laplace transform of 𝑓 (𝑡) . But ℒ(cos𝜔𝑡) = 𝑠
𝑠2+𝜔2 , therefore

𝐹(𝑠) = ℒ (cos 12𝑡) = 𝑠
𝑠2 + 144

Hence (1) becomes

ℒ�𝑒−𝑎𝑡𝑓 (𝑡)� = ℒ�𝑒−0.4𝑡 cos 12𝑡�
= 𝐹(𝑠 + 𝑎)

=
(𝑠 + 0.4)

(𝑠 + 0.4)2 + 144

0.1.2 Part b

I can not solve ℒ�sin �4𝑡 + 𝜋
3
�� by using the property that

ℒ�𝑓 (𝑡 − 𝑎)� = 𝑒−𝑎𝑠𝐹 (𝑠)

Because here delay 𝜋
3 > 0 where the above property is valid for 𝑎 < 0. Instead, writing

sin (𝜔𝑡 + 𝜃) = sin (𝜔𝑡) cos𝜃 + cos (𝜔𝑡) sin𝜃

sin �4𝑡 + 𝜋
3
� = sin (4𝑡) cos 𝜋

3
+ cos (4𝑡) sin 𝜋

3
ℒ�sin �4𝑡 + 𝜋

3
�� = cos 𝜋

3
ℒ(sin 4𝑡) + sin 𝜋

3
ℒ(cos 4𝑡) (2)

But cos 𝜋
3 =

1
2 and sin 𝜋

3 = √3 and ℒ(sin𝜔𝑡) = 𝜔
𝑠2+𝜔2 ⟹ℒ(sin 4𝑡) = 4

𝑠2+16 and ℒ(cos𝜔𝑡) =
𝑠

𝑠2+𝜔2 ⟹ℒ(cos 4𝑡) = 𝑠
𝑠2+16 . Hence substituting into eq (2) gives

ℒ�sin �4𝑡 + 𝜋
3
�� =

1
2

4
𝑠2 + 16

+ √3
𝑠

𝑠2 + 16

=
1
2

⎛
⎜⎜⎜⎝
4 + √3𝑠
𝑠2 + 16

⎞
⎟⎟⎟⎠
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