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HISTORY  OF

Sources from https://en.wikipedia.org/wiki/Laplace_transform 



In Mathematics, Laplace 
Transform is an integral 
transform that converts 

a function of a real 
variable, 𝑡 to a function 
of a complex variable, 𝑠. 

The transform has  
many applications in 

science and engineering 
because it is a tool for 

solving differential 
equation.

What  is
LAPLACE TRANSFORM



2 WAYS of
SOLVING LAPLACE TRANSFORM

01.

02.

DEFINITION OF 
LAPLACE TRANSFORM

USING THE TABLE OF 
LAPLACE TRANSFORM



Definition of
Laplace Transform

Note to students:

F 𝑠 = න

0

∞

𝑒−𝑠𝑡 𝑓 𝑡 𝑑𝑡

F 𝑠 = 𝐿 𝑓 𝑡

Symbol of Laplace Transform

Use this formula !

SOLVING LAPLACE TRANSFORM



1. Constant

3. Polynomial

eg. 𝑓 𝑡 = 2 , 𝑓 𝑡 = 𝑚

eg. 𝑓 𝑡 = 𝑒−3𝑡, 𝑓 𝑡 = 𝑒5𝑡

eg. 𝑓 𝑡 = 2𝑡, 𝑓 𝑡 = 𝑡2

3 types 𝒇 𝒕

2.Exponential Function



EXAMPLE 1
𝒇 𝒕 =𝟑

F 𝑠 = න

0

∞

𝑒−𝑠𝑡 𝒇 𝒕 𝑑𝑡

F 𝑠 = න

0

∞

𝑒−𝑠𝑡 𝟑 𝑑𝑡

Notes:

F 𝑠 =
3𝑒−𝑠𝑡

−𝑠

∞

0

F 𝑠 =
3𝑒−𝑠 ∞

−𝑠
−

3𝑒−𝑠 0

−𝑠

F 𝑠 = 0 − −
3

𝑠

𝐅 𝒔 =
𝟑

𝒔

Write down the 
definition of the 
Laplace Transform

Substitute the 
value of f(t)

Perform the 
integration process



F 𝑠 = න

0

∞

𝑒−𝑠𝑡 𝒇 𝒕 𝑑𝑡

F 𝑠 = න

0

∞

𝑒−𝑠𝑡 𝟐𝒌 𝑑𝑡

Notes:

F 𝑠 =
2𝑘𝑒−𝑠𝑡

−𝑠

∞

0

F 𝑠 =
2𝑘𝑒−𝑠 ∞

−𝑠
−

2𝑘𝑒−𝑠 0

−𝑠

F 𝑠 = 0 − −
2𝑘

𝑠

𝐅 𝒔 =
𝟐𝒌

𝒔

Write down the 
definition of the 
Laplace Transform

Substitute the 
value of f(t)

Perform the 
integration process

EXAMPLE 2
𝒇 𝒕 =𝟐𝒌



EXAMPLE 3
𝒇 𝒕 = 𝒆𝟐𝒕

F 𝑠 = න

0

∞

𝑒−𝑠𝑡 𝒇 𝒕 𝑑𝑡

F 𝑠 = න

0

∞

𝑒−𝑠𝑡 𝒆𝟐𝒕 𝑑𝑡

F 𝑠 =
𝑒−𝑡 𝑠−2

− 𝑠 − 2

∞

0

F 𝑠 =
𝑒−∞ 𝑠−2

− 𝑠 − 2
−

𝑒−0 𝑠−2

− 𝑠 − 2

F 𝑠 = 0 −
1

− 𝑠 − 2

𝐅 𝒔 =
𝟏

𝒔 − 𝟐

Write down the 
definition of the 
Laplace Transform

Substitute the 
value of f(t)

Perform the 
integration process

F 𝑠 = න

0

∞

𝑒−𝑠𝑡+2𝑡 𝑑𝑡

F 𝑠 = න

0

∞

𝑒−𝑡 𝑠−2 𝑑𝑡

Make the function in 
single index form

Factorize the index

Notes:



EXAMPLE 4
𝒇 𝒕 =𝟓𝒕

F 𝑠 = න

0

∞

𝑒−𝑠𝑡 𝒇 𝒕 𝑑𝑡

F 𝑠 = න

0

∞

𝑒−𝑠𝑡 𝟓𝒕 𝑑𝑡

Notes:

F 𝑠 =
5𝑡𝑒−𝑠𝑡

−𝑠
− න

5𝑒−𝑠𝑡

−𝑠
𝑑𝑡

∞

0

F 𝑠 = 0 − 0 − 0 −
5

𝑠2

𝐅 𝒔 =
𝟓

𝒔𝟐

Write down the 
definition of the 
Laplace Transform

Substitute the value 
of f(t)

Perform the integration 
process by using 
integration by part
F 𝑠 = 𝑢𝑣 − න𝑣 𝑑𝑢F 𝑠 =

5𝑡𝑒−𝑠𝑡

−𝑠
−
5𝑒−𝑠𝑡

𝑠2

∞

0

F 𝑠 =
5 ∞ 𝑒−𝑠 ∞

−𝑠
−
5𝑒−𝑠 ∞

𝑠2
−

5 0 𝑒−𝑠 0

−𝑠
−
5𝑒−𝑠 0

𝑠2



QUESTION ANSWER

𝑓 𝑡 = 10

𝑓 𝑡 =
𝜋

2

𝑓 𝑡 = −𝑎

𝑓 𝑡 = 𝑒−3𝑡

𝑓 𝑡 = 𝑒𝑚𝑡

𝑓 𝑡 = 3𝑡

𝑓 𝑡 =
𝑡

2

𝑓 𝑡 = 𝑡2

𝐹 𝑠 =
10

𝑠

𝐹 𝑠 =
𝜋

2𝑠

𝐹 𝑠 =
−𝑎

𝑠

𝐹 𝑠 =
1

𝑠 + 3

𝐹 𝑠 =
1

𝑠 − 𝑚

𝐹 𝑠 =
3

𝑠2

𝐹 𝑠 =
1

2𝑠2

𝐹 𝑠 =
2

𝑠3

EXERCISE 1

“

”



𝑎
𝑎

𝑠

𝑎𝑡
𝑎

𝑠2

𝑡𝑛
𝑛!

𝑠𝑛+1

𝑒𝑎𝑡
1

𝑠 − 𝑎

𝑒−𝑎𝑡
1

𝑠 + 𝑎

sinh𝜔𝑡

𝑡𝑒−𝑎𝑡
1

𝑠 + 𝑎 2

cosh𝜔𝑡

𝑡𝑛𝑒𝑎𝑡 𝑒𝑎𝑡 sinh ω𝑡

sin𝜔𝑡
𝜔

𝑠2 + 𝜔2
𝑒−𝑎𝑡 sinh ω𝑡

cos𝜔𝑡 𝑒−𝑎𝑡 cosh ω𝑡

1

𝑠 − 𝑎 𝑛+1

𝑠

𝑠2 + 𝜔2

𝜔

𝑠2 − 𝜔2

𝑠

𝑠2 − 𝜔2

𝜔

𝑠 − 𝑎 2 − 𝜔2

𝜔

𝑠 + 𝑎 2 − 𝜔2

𝑠 + 𝑎

𝑠 + 𝑎 2 − 𝜔2

𝑡 sin ω𝑡
2𝜔𝑠

𝑠2 + 𝜔2 2

𝑒−𝑎𝑡 sin ω𝑡
𝜔

𝑠 + 𝑎 2 + 𝜔2

𝑒−𝑎𝑡 cos ω𝑡

𝑡 cos ω𝑡
𝑠2 − 𝜔2

𝑠2 + 𝜔2 2

𝑠 + 𝑎

𝑠 + 𝑎 2 + 𝜔2

𝒇 𝒕 𝒇 𝒕𝐅 𝒔 𝐅 𝒔

SOLVING LAPLACE TRANSFORM

Table of
Laplace Transform



Let f t =2t

HOW to   use
Table of Laplace Transform

Find f(t) in the table that matching f(t) 
in the question

f(t) F(s)

at a

s2

1.

matching to f t =2t where a=2
F(s) is determined by substituting a=2 .2.

Therefore,   F s = a
s2



example 1 

𝒇 𝒕 = −𝟒.

SOLUTION

𝑓 𝑡 = −4

𝐹 𝑠 = 𝐿 −4

Refer to the table of Laplace Transform
𝒂

𝒔

𝒇 𝒕 𝑭 𝒔

𝒂

𝑭 𝒔 =
−𝟒

𝒔

Which is 𝒂 = −𝟒



example 2 
SOLUTION

𝑓 𝑡 = 𝜋𝑗

𝐹 𝑠 = 𝐿 𝜋𝑗

Refer to the table of Laplace Transform
𝒂

𝒔

𝒇 𝒕 𝑭 𝒔

𝒂

𝑭 𝒔 =
𝝅𝒋

𝒔

Which is 𝒂 = 𝝅𝒋

𝒇 𝒕 = 𝝅𝒋.



example 3 
SOLUTION

𝑓 𝑡 = 𝑒−4𝑡

𝐹 𝑠 = 𝐿 𝑒−4𝑡

Refer to the table of Laplace Transform
𝟏

𝒔 + 𝒂

𝒇 𝒕 𝑭 𝒔

𝒆−𝒂𝒕

𝑭 𝒔 =
𝟏

𝒔 + 𝟒

Which is 𝒂 = 𝟒

𝒇 𝒕 = 𝒆−𝟒𝒕.



example 4 
SOLUTION

𝑓 𝑡 = 2𝑡3

𝐹 𝑠 = 𝐿 2𝑡3

Refer to the table of Laplace Transform
𝒏!

𝒔𝒏+𝟏

𝒇 𝒕 𝑭 𝒔

𝒕𝒏

𝐹 𝑠 = 2
𝟑!

𝑠𝟑+1

Which is 𝒏 = 𝟑
𝐹 𝑠 = 2 𝐿 𝑡3

𝑭 𝒔 =
𝟏𝟐

𝒔𝟒

𝒇 𝒕 = 𝟐𝒕𝟑.



example 5 
SOLUTION

𝑓 𝑡 = sin 2𝑡

𝐹 𝑠 = 𝐿 sin 2𝑡

𝐹 𝑠 =
𝟐

𝑠2 + 𝟐2

Which is 𝝎 = 𝟐

𝑭 𝒔 =
𝟐

𝒔𝟐 + 𝟒

Refer to the table of Laplace 
Transform 𝝎

𝒔𝟐 +𝝎𝟐

𝒇 𝒕 𝑭 𝒔

𝒔𝒊𝒏 𝝎𝒕

𝒇 𝒕 = 𝒔𝒊𝒏 𝟐𝒕.



example 6 
SOLUTION

𝑓 𝑡 = 2 cosh 5𝑡

𝐹 𝑠 = 𝐿 2 cosh 5𝑡

Refer to the table of Laplace 
Transform 𝒔

𝒔𝟐 −𝝎𝟐

𝒇 𝒕 𝑭 𝒔

𝒄𝒐𝒔𝒉 𝝎𝒕

𝐹 𝑠 = 2
𝑠

𝑠2 + 𝟓2
Which is 𝝎 = 𝟓

𝑭 𝒔 =
𝟐𝒔

𝒔𝟐 + 𝟐𝟓

𝐹 𝑠 = 2 𝐿 cosh 5𝑡

𝒇 𝒕 = 𝟐 𝒄𝒐𝒔𝒉 𝟓𝒕.



example 7 
SOLUTION

𝑓 𝑡 = 𝑒−𝑡 𝑐𝑜𝑠 2𝑡

𝐹 𝑠 = 𝐿 𝑒−𝑡 𝑐𝑜𝑠 2𝑡

Refer to the table of 
Laplace Transform 𝒔 + 𝒂

𝒔 + 𝒂 𝟐 +𝝎𝟐

𝒇 𝒕 𝑭 𝒔

𝒆−𝒂𝒕𝒄𝒐𝒔𝒉 𝝎𝒕

𝐹 𝑠 =
𝑠 + 𝟏

𝑠 + 𝟏 2 + 𝟐2 Which is 𝐚 = 𝟏,𝝎 = 𝟐

𝑭 𝒔 =
𝒔 + 𝟏

𝒔𝟐 + 𝟐𝒔 + 𝟓

expand

𝒇 𝒕 = 𝒆−𝒕 𝒄𝒐𝒔 𝟐𝒕.



QUESTION ANSWER

𝑓 𝑡 = 𝑡5

𝑓 𝑡 = cos 4𝑡

𝑓 𝑡 = 𝑒−3𝑡 sinh2𝑡

𝑓 𝑡 = 𝑡 sin 4𝑡

𝑓 𝑡 = 𝑡2𝑒−5𝑡

𝑓 𝑡 =
𝑡2

𝑒4𝑡

𝑓 𝑡 =
sin 5𝑡

𝑒6𝑡

𝑓 𝑡 = 𝑒4𝑡 sin
2𝑡

3

𝐹 𝑠 =
120

𝑠6

𝐹 𝑠 =
𝑠

𝑠2+16

𝐹 𝑠 =
2

𝑠+3 2−4

𝐹 𝑠 =
8𝑠

𝑠2+16 2

𝐹 𝑠 =
2

𝑠+5 3

𝐹 𝑠 =
2

𝑠+4 3

𝐹 𝑠 =
5

𝑠+6 2+25

𝐹 𝑠 =
6

9 𝑠−4 2+4

EXERCISE 2

“ ’ ”



3 PROPERTIES of
LAPLACE TRANSFORM

01.

02.

Linearity

First Shift Theorem

03. Multiplication with 𝒕𝒏

𝑳 𝜶𝒇𝟏 𝒕 ± 𝜷𝒇𝟐 𝒕 = 𝜶𝑭𝟏 ± 𝜷𝑭𝟐

𝑳 𝒆𝒂𝒕𝒇 𝒕 = 𝑭 𝒔 − 𝒂

𝑳 𝒕𝒏𝒇 𝒕 = −𝟏 𝒏
𝒅𝒏

𝒅𝒔𝒏
𝑭 𝒔



PROPERTIES of
LAPLACE TRANSFORM

01. Linearity

To find the Laplace Transform of 

2 or more functions added
together, we simply find the transform 

of each individual function and then 

add together these transform.

𝑳 𝜶𝒇𝟏 𝒕 ± 𝜷𝒇𝟐 𝒕 = 𝜶𝑭𝟏 ± 𝜷𝑭𝟐



Notes:

𝐿 3 − 𝑡2 + 5𝑡

QUESTION:

SOLUTION:

𝐿 3 − 𝑡2 + 5𝑡 = 𝐿 3 − 𝐿 𝑡2 + 𝐿 5𝑡

= 
3

𝑠
−

2!

𝑠2+1
+

5

𝑠2

= 
𝟑

𝒔
−

𝟐

𝒔𝟑
+

𝟓

𝒔𝟐

Break the function

Refer to the 
table of Laplace 

Transform



Notes:

𝐿 2𝑒−𝑡 + 3sinh 2𝑡

QUESTION:

SOLUTION:

= 𝐿 2𝑒−𝑡 + 𝐿 3 sinh 2𝑡

= 2
1

𝑠+1
+ 3

2

𝑠2−22

= 
𝟐

𝒔+𝟏
+

𝟔

𝒔𝟐−𝟒

Break the function

𝐿 2𝑒−𝑡 + 3sinh 2𝑡

= 2𝐿 𝑒−𝑡 + 3𝐿 sinh 2𝑡

Refer to the 
table of Laplace 

Transform



Notes:

𝐿 cosh 4𝑡 + sin 2𝑡

QUESTION:

SOLUTION:

= 𝐿 cosh 4𝑡 + 𝐿 sin 2𝑡

= 
𝑠

𝑠2−42
+

2

𝑠2+22

= 
𝒔

𝒔𝟐−𝟏𝟔
+

𝟐

𝒔𝟐+𝟒

Break the function

𝐿 cosh 4𝑡 + sin 2𝑡

Refer to the 
table of Laplace 

Transform



Notes:

𝐿 𝑒2𝑡 𝑡3 − sin 𝑡

QUESTION:

SOLUTION:

= 𝐿 𝑒2𝑡𝑡3 − 𝑒2𝑡 sin 𝑡

= 
3!

𝑠−2 2 +
1

𝑠−2 2+12

Break the function

Refer to the 
table of Laplace 

Transform

𝐿 𝑒2𝑡 𝑡3 − sin 𝑡

=𝐿 𝑒2𝑡𝑡3 − 𝐿 𝑒2𝑡 sin 𝑡

= 
𝟔

𝒔𝟐
+

𝟏

𝒔𝟐−𝟒𝒔+𝟓

Expand the function



EXERCISE 3

QUESTION ANSWER

𝑓 𝑡 = 2𝑡3 − 5

𝑓 𝑡 =−4𝑡2 + 5𝑡 − 2

𝑓 𝑡 =4𝑒−2𝑡 + 3𝑒2𝑡

𝑓 𝑡 = 2𝑡𝑒𝑡 − 3𝑡2𝑒−𝑡

𝑓 𝑡 =1 + 𝑡 − 3𝑒−2𝑡

𝑓 𝑡 = 𝑡2𝑒𝑡 − 4𝑡

𝑓 𝑡 = 2sin 5𝑡 + cosh 𝑡

𝑓 𝑡 = 𝑒5𝑡cos 2𝑡 + 3𝑡4

𝐹 𝑠 =
12

𝑠4
−
5

𝑠

𝐹 𝑠 =−
8

𝑠3
+
5

𝑠2
+
2

𝑠

𝐹 𝑠 =
4

𝑠+2
+

3

𝑠−2

𝐹 𝑠 =
2

𝑠−1 2
−

6

𝑠+1 3

𝐹 𝑠 =
1

𝑠
+
1

𝑠2
−

3

𝑠+2

𝐹 𝑠 =
2

𝑠+1 3
−
4

𝑠2

𝐹 𝑠 =
10

𝑠2+25
+

𝑠

𝑠2−1

𝐹 𝑠 =
2

𝑠−5 2+4
+
72

𝑠5

“ ”



PROPERTIES of
LAPLACE TRANSFORM

02. First Shift Theorem

The first shifting theorem provides a 
convenient way of calculating the 

Laplace Transform of functions that 

are of the form 𝐠 𝒕 = 𝒆𝒂𝒕𝒇 𝒕
where 𝒂 is a constant and 

𝒇 𝒕 is a given function.

𝒈 𝒕 = 𝒆𝒂𝒕𝒇 𝒕
𝑳 𝒆𝒂𝒕𝒇 𝒕 = 𝑭 𝒔 − 𝒂



Notes:

𝐿 𝑒2𝑡 sin 3𝑡

QUESTION:

SOLUTION:

𝑓 𝑡 = sin 3𝑡
Define f(t). f(t) should be function 

other than exponential function.
Refer to the table of 

Laplace Transform𝐹 𝑠 =
3

𝑆2 + 32
=

3

𝑆2 + 9

𝐿 𝑒𝟐𝑡 sin 3𝑡 = 𝐹 𝑠 − 𝒂 =
3

𝑠 − 𝒂 2 + 9

=
3

𝑠 − 𝟐 2 + 9

=
𝟑

𝒔𝟐 − 𝟒𝒔 + 𝟏𝟑

Use the first shift 
theorem with a = 2



Notes:

𝐿 𝑡2𝑒3𝑡

QUESTION:

SOLUTION:

𝑓 𝑡 = 𝑡2
Define f(t). f(t) should be function 

other than exponential function.
Refer to the table of 

Laplace Transform𝐹 𝑠 =
2!

𝑠2+1
=

2

𝑠3

𝐿 𝑡2𝑒𝟑𝑡 = 𝐹 𝑠 − 𝒂 =
2

𝑠 − 𝒂 3

Use the first shift 
theorem with a = 3

=
𝟐

𝒔 − 𝟑 𝟑



Notes:

𝐿 𝑒−𝑡 cos 2𝑡

QUESTION:

SOLUTION:

𝑓 𝑡 = cos 2𝑡
Define f(t). f(t) should be function 

other than exponential function.
Refer to the table of 

Laplace Transform𝐹 𝑠 =
𝑠

𝑠2 + 22
=

𝑠

𝑠2 + 4

𝐿 𝑒−𝑡 cos 2𝑡 = 𝐹 𝑠 − 𝒂 =
𝑠 − 𝒂

𝑠 − 𝒂 2 + 4

Use the first shift 
theorem with a = -1

=
𝑠 + 𝟏

𝑠 + 𝟏 2 + 4

=
𝒔 + 𝟏

𝒔𝟐 + 𝟐𝒔 + 𝟓



EXERCISE 4

QUESTION ANSWER

𝑓 𝑡 = 2𝑡 + 3 𝑒−2𝑡 𝐹 𝑠 =
3𝑠+8

𝑠+2 2

“ ’ ”

𝑓 𝑡 = 𝑡𝑒−𝑡 𝐹 𝑠 =
1

𝑠+1 2

𝑓 𝑡 = sinh2𝑡 𝑒3𝑡 𝐹 𝑠 =
2

𝑠2−6𝑠+5

𝑓 𝑡 = 𝑡2𝑒2𝑡 𝐹 𝑠 =
2

𝑠−2 3

𝑓 𝑡 = 𝑒2𝑡 cos 2𝑡 𝐹 𝑠 =
𝑠−2

𝑠2−4𝑠+8



PROPERTIES of
LAPLACE TRANSFORM

03. Multiplication with tn

This proposition describes the 

relationship between the 

derivative of the Laplace Transform 

of a function and the Laplace 
Transform of the function itself.

𝑳 𝒕𝒏𝒇 𝒕 = −𝟏 𝒏
𝒅𝒏

𝒅𝒔𝒏
𝑭 𝒔



Notes:QUESTION:

SOLUTION:

𝐿 𝑡𝑒3𝑡

𝐿 𝑡𝑒3𝑡

𝑓 𝑡 = 𝑒3𝑡
Define f(t). f(t) should be function 
other than exponential function.

Refer to the table of 
Laplace Transform𝐹 𝑠 =

1

𝑠 − 3

= −1 1
𝑑1

𝑑𝑠1
1

𝑠 − 3

= −1 𝑛
𝑑𝑛

𝑑𝑠𝑛
𝐹 𝑠

= −
𝟏

𝒔 − 𝟑 𝟐



Notes:QUESTION:

SOLUTION:

𝐿 𝑡 sin 2𝑡

𝐿 𝑡 sin 2𝑡

𝑓 𝑡 = sin 2𝑡
Define f(t). f(t) should be function 
other than exponential function.

Refer to the table of 
Laplace Transform𝐹 𝑠 =

2

𝑠2 + 22
=

2

𝑠2 + 4

= −1 1
𝑑1

𝑑𝑠1
2

𝑠2 + 4

= −1 𝑛
𝑑𝑛

𝑑𝑠𝑛
𝐹 𝑠

= −
𝟒𝒔

𝒔𝟐 + 𝟒 𝟐



Notes:QUESTION:

SOLUTION:

𝐿 𝑡2𝑒−3𝑡

𝐿 𝑡2𝑒−3𝑡

𝑓 𝑡 = 𝑒−3𝑡
Define f(t). f(t) should be function 
other than exponential function.

Refer to the table of 
Laplace Transform𝐹 𝑠 =

1

𝑠 + 3

= −1 2
𝑑2

𝑑𝑠2
1

𝑠 + 3

= −1 𝑛
𝑑𝑛

𝑑𝑠𝑛
𝐹 𝑠

=
𝑑

𝑑𝑠
−

1

𝑠 + 3 2

=
𝟐

𝒔 + 𝟑 𝟑



EXERCISE 5

QUESTION ANSWER

𝑓 𝑡 = 2𝑡𝑒−2𝑡 𝐹 𝑠 =
−2

𝑠+2 2

“

”

𝑓 𝑡 = 𝑡2𝑒−𝑡 𝐹 𝑠 =
2

𝑠+1 3

𝑓 𝑡 = 𝑡2 sinh 𝑡 𝐹 𝑠 =
−2 𝑠2−4𝑠−1

𝑠2−1 3

𝑓 𝑡 = 𝑡𝑒−𝑡 𝐹 𝑠 =
1

𝑠+1 2

𝑓 𝑡 = 𝑡 sin 2𝑡 𝐹 𝑠 =
−4𝑠

𝑠2+4 2



In Mathematics, the 
Inverse Laplace Transform 

of a function 𝐹 𝑠 is the 
piecewise-continuous and 

exponentially-restricted 
real function 𝑓 𝑡 .

Or in simple word we call   
it as a reverse process of 

Laplace Transform.

If  𝐿 𝑓 𝑡 = 𝐹 𝑠 , then 

𝐿−1 𝐹 𝑠 = 𝑓 𝑡

WHAT is
INVERSE LAPLACE TRANSFORM



Find the inverse Laplace Transform of 
𝐹 𝑠 =

4

𝑠

f(t) F(s)

a
a

s

Refer to the table of 
Laplace Transform

Example 1

Read the table in reverse 
way than before which is 
from the right to the left. 

𝐹 𝑠 =
4

𝑠

Solution

𝑓 𝑡 = 𝐿−1
4

𝑠
𝒇 𝒕 = 𝟒

matching to F s =4
swhere a=4



Find the inverse Laplace Transform of 
𝐹 𝑠 =

1

𝑠+3

f(t) F(s)

e−at
1

s+a

Refer to the table of 
Laplace Transform

Example 2

Read the table in reverse 
way than before which is 
from the right to the left. 

𝐹 𝑠 =
1

𝑠 + 3

Solution

𝑓 𝑡 = 𝐿−1
1

𝑠 + 3
𝒇 𝒕 = 𝒆−𝟑𝒕

matching to F s = 1
s+3where a=3



Find the inverse Laplace Transform of 
𝐹 𝑠 =

12

𝑠4

f(t) F(s)

tn
n!

sn+1

Refer to the table of 
Laplace Transform

Example 3

Read the table in reverse 
way than before which is 
from the right to the left. 

𝐹 𝑠 =
12

𝑠4

Solution

𝑓 𝑡 = 12𝐿−1
1

𝑠4

𝑓 𝑡 =
12

3!
𝐿−1

3!

𝑠3+1

𝒇 𝒕 = 𝟐𝒕𝟑

matching to F s = 15
s4where n=3



Find the inverse Laplace Transform of 
𝐹 𝑠 =

5

𝑠2+25

f(t) F(s)

sin ωt
ω

s2+ω2

Refer to the table of 
Laplace Transform

Example 4

Read the table in reverse 
way than before which is 
from the right to the left. 

𝐹 𝑠 =
5

𝑠2 + 25

Solution

matching to F s = 5
𝒔𝟐+𝟓𝟐where 𝜔=5𝑓 𝑡 = 𝐿−1

5

𝑠2 + 25

𝑓 𝑡 = 𝐿−1
5

𝑠2 + 52

𝒇 𝒕 = 𝐬𝐢𝐧𝟓𝒕



Find the inverse Laplace Transform of 
𝐹 𝑠 =

4

𝑠3
−

2

𝑠+5
+

3

𝑠2−9

Example 5

𝐹 𝑠 =
4

𝑠3
−

2

𝑠 + 5
+

3

𝑠2 − 9

Solution

…….. Transform individually

𝑓 𝑡 =
4

2!
𝐿−1

2!

𝑠2+1
−2𝐿−1

1

𝑠+5
+ 𝐿−1

3

𝑠2−32

𝒇 𝒕 = 𝟐𝒕𝟐 − 𝟐𝒆−𝟓𝒕+𝐬𝐢𝐧𝐡𝟑𝒕

Refer to the table of Laplace Transform……..

𝑓 𝑡 = 𝐿−1
4

𝑠3
−𝐿−1

2

𝑠+5
+ 𝐿−1

3

𝑠2−9……..



Find the inverse Laplace Transform of 
𝐹 𝑠 =

𝑠+1

𝑠2+1

Example 6

𝐹 𝑠 =
𝑠 + 1

𝑠2 + 1

Solution

……..  Break the fraction

𝑓 𝑡 =

𝑠

𝑠2+1
+ 

1

𝑠2+1
𝐹 𝑠 =

𝐿−1
𝑠

𝑠2+1
+ 𝐿−1

1

𝑠2+1

𝒇 𝒕 = 𝐜𝐨𝐬 𝒕 + 𝐬𝐢𝐧 𝒕

𝑓 𝑡 = 𝐿−1
𝑠

𝑠2+12
+ 𝐿−1

1

𝑠2+12

Refer to the table of Laplace Transform……..



Find the inverse Laplace Transform of 
𝐹 𝑠 =

𝑠+3

𝑠2+6𝑠+13

Example 7

𝐹 𝑠 =
𝑠 + 3

𝑠2 + 6𝑠 + 13

Solution

……..  Use completing the 
square method to reform 
the quadratic function

𝑓 𝑡 =

𝑠 + 3

𝑠 + 3 2 + 4
𝐹 𝑠 =

𝐿−1
𝑠+3

𝑠+3 2+22

𝒇 𝒕 = 𝒆−𝟑𝒕𝐜𝐨𝐬𝟐𝒕

𝑠 + 3

𝑠 + 3 2 + 22
𝐹 𝑠 =

Refer to the table 
of Laplace Transform

……..



Find the inverse Laplace Transform of 
𝐹 𝑠 =

𝑠+3

𝑠2−4𝑠+9

Example 8

𝐹 𝑠 =
𝑠 + 3

𝑠2 − 4𝑠 + 9

Solution

……..  Use completing the 
square method to reform 
the quadratic function

𝑓 𝑡 =

𝑠 + 3

𝑠 − 2 2 + 5
𝐹 𝑠 =

𝐿−1
𝑠−2

𝑠−2 2+ 5
2 + 𝐿−1

5

𝑠−2 2+ 5
2

𝒇 𝒕 = 𝒆𝟐𝒕𝐜𝐨𝐬 𝟓𝒕 + 𝟓𝒆𝟐𝒕𝐬𝐢𝐧 𝟓𝒕

𝑠−2 +5

𝑠−2 2+ 5
2𝐹 𝑠 =

𝑓 𝑡 = 𝐿−1
𝑠−2

𝑠−2 2+ 5
2 +

5

5
𝐿−1

5

𝑠−2 2+ 5
2

Refer to the table of Laplace Transform……..



EXERCISE 6

QUESTION ANSWER

𝐹 𝑠 =
2

𝑠4
−

5

𝑠3
𝑓 𝑡 =

𝑡3

3
−
5𝑡2

2

“

”

𝐹 𝑠 =
1

2𝑠5
−

2

5𝑠2
𝑓 𝑡 =

𝑡4

48
−
2𝑡

5

𝐹 𝑠 =
𝑠+5

𝑠2+25
𝑓 𝑡 = cos 5𝑡 + sin 5𝑡

𝐹 𝑠 =
4

𝑠
+

2

𝑠−5
𝑓 𝑡 = 4 + 2𝑒5𝑡

𝐹 𝑠 =
𝑠+3

𝑠2−4
𝑓 𝑡 = cosh 2𝑡 +

3

2
sinh 2𝑡

𝐹 𝑠 =
𝑠+2

𝑠+2 2+9
𝑓 𝑡 = 𝑒−2𝑡 cos 3𝑡

𝐹 𝑠 =
𝑠+7

𝑠2+4𝑠+13
𝑓 𝑡 =

5

3
𝑒−2𝑡 sin 3𝑡 + 𝑒−2𝑡 cos 3𝑡



SOLVING
INVERSE LAPLACE TRANSFORM

using PARTIAL
FRACTION

in solving 

The function can’t directly being 
transformed by using the Table of 
Laplace Transform.

Partial Fraction method could 
split up a complicated fraction 
into forms that are in the Table  

of Laplace Transform.

01

02



Partial Fraction is a technique for 

expressing an algebraic fraction as a sum 

of simpler fractions. 

It is also can be used as an intermediate 
step to solve the Inverse Laplace 
Transform.

PARTIAL
FRACTION method

rule of 
PARTIAL FRACTION

𝑃 𝑠

𝑎𝑠 + 𝑏 𝑐𝑠 + 𝑑
=

𝐴

𝑎𝑠 + 𝑏
+

𝐵

𝑐𝑠 + 𝑑

𝑃 𝑠

𝑎𝑠 + 𝑏 2 =
𝐴

𝑎𝑠 + 𝑏
+

𝐵

𝑎𝑠 + 𝑏 2

𝑃 𝑠

𝑎𝑠2 + 𝑏𝑠 + 𝑐
=

𝐴𝑠 + 𝐵

𝑎𝑠2 + 𝑏𝑠 + 𝑐



𝑭 𝒔 =
𝟑𝒔+𝟏

𝒔+𝟏 𝒔−𝟏

𝐿−1
3𝑠 + 1

𝑠 + 1 𝑠 − 1

3𝑠 + 1

𝑠 + 1 𝑠 − 1
=

𝐴

𝑠 + 1
+

𝐵

𝑠 − 1

3𝑠 + 1 = 𝐴 𝑠 − 1 + 𝐵 𝑠 + 1

… Use partial fraction to 
break the fraction

When s = -1 ,

𝐴 = 1

When s = 1 ,

𝐵 = 2

∴ 𝐿−1
3𝑠 + 1

𝑠 + 1 𝑠 − 1
= 𝐿−1

1

𝑠 + 1
+ 𝐿−1

2

𝑠 − 1

∴ 𝑳−𝟏
𝟑𝒔 + 𝟏

𝒔 + 𝟏 𝒔 − 𝟏
= 𝒆−𝒕 + 𝟐𝒆𝒕

Refer to the table of 
Laplace Transform

……..

……..

3𝑠 + 1

𝑠 + 1 𝑠 − 1
=

1

𝑠 + 1
+

2

𝑠 − 1
Substitute value 
of A and B

3 −1 + 1 = 𝐴 −1 − 1 + 𝐵 −1 + 1

3 1 + 1 = 𝐴 1 − 1 + 𝐵 1 + 1



𝑭 𝒔 =
𝟏

𝒔𝟐−𝒔

𝐿−1
1

𝑠2 − 𝑠
= 𝐿−1

1

𝑠 𝑠 − 1
1

𝑠 𝑠 − 1
=
𝐴

𝑠
+

𝐵

𝑠 − 1

1 = 𝐴 𝑠 − 1 + 𝐵 𝑠

…….. Use partial fraction to 
break the fraction

When s = 0 , 1 = 𝐴 0 − 1 + 𝐵 0

𝐴 = −1

When s = 1 , 1 = 𝐴 1 − 1 + 𝐵 1

𝐵 = 1

∴ 𝐿−1
1

𝑠 𝑠 − 1
= 𝐿−1

−1

𝑠
+ 𝐿−1

1

𝑠 − 1

∴ 𝑳−𝟏
𝟏

𝒔 𝒔 − 𝟏
= −𝟏 + 𝒆𝒕

Refer to the table of 
Laplace Transform

……..……..

1

𝑠 𝑠 − 1
=
−1

𝑠
+

1

𝑠 − 1
Substitute value of A and B



𝑭 𝒔 =
𝒔𝟐+𝟔𝒔+𝟏

𝒔 𝒔+𝟏 𝟐

𝐿−1
𝑠2 + 6𝑠 + 1

𝑠 𝑠 + 1 2
=
𝐴

𝑠
+

𝐵

𝑠 + 1
+

𝐶

𝑠 + 1 2

When s = 0 ,

02 + 6 0 + 1 = 𝐴 0 + 1 2 + 𝐵 0 0 + 1 + 𝐶 0

𝐴 = 1

𝑠2 + 6𝑠 + 1 = 𝐴 𝑠 + 1 2 + 𝐵 𝑠 𝑠 + 1 + 𝐶 𝑠

CONTINUE >>>

When s = -1 ,

−1 2 + 6 −1 + 1 = 𝐴 −1 + 1 2 + 𝐵 −1 −1 + 1 + 𝐶 −1

𝐶 = 4

…….. Use partial fraction to break 
the fraction

……



𝑠2 + 6𝑠 + 1

𝑠 𝑠 + 1 2
=
1

𝑠
+

0

𝑠 + 1
+

4

𝑠 + 1 2

∴ 𝐿−1
𝑠2 + 6𝑠 + 1

𝑠 𝑠 + 1 2
= 𝐿−1

1

𝑠
+ 𝐿−1

4

𝑠 + 1 2

Refer to the table of Laplace Transform

Substitute value of A, B and C

Expand the equation

𝐵 =0Equalize coefficient of s2,

𝑠2 + 6𝑠 + 1 = 𝐴 𝑠 + 1 2 + 𝐵 𝑠 𝑠 + 1 + 𝐶 𝑠

𝑠2 + 6𝑠 + 1 = 𝐴 𝑠2 + 2𝑠 + 1 + 𝐵 𝑠2 + 𝑠 + 𝐶 𝑠

= 𝟏 + 𝟒𝒕𝒆−𝒕



𝑭 𝒔 =
𝟒𝒔𝟐−𝟓𝒔+𝟔

𝒔+𝟏 𝒔𝟐+𝟒

𝐿−1
4𝑠2 − 5𝑠 + 6

𝑠 + 1 𝑠2 + 4
=

𝐴

𝑠 + 1
+

𝐵𝑠 + 𝐶

𝑠2 + 4

Expand the equation

When s = -1 ,

4 −1 2 − 5 −1 + 6 = 𝐴 −1 2 + 4 + 𝐵 −1 + 𝐶 −1 + 1

𝐴 = 3

𝐵 = 1

4𝑠2 − 5𝑠 + 6 = 𝐴 𝑠2 + 4 + 𝐵𝑠 + 𝐶 𝑠 + 1

4𝑠2 − 5𝑠 + 6 = 𝐴 𝑠2 + 4 + 𝐵 𝑠2 + 𝑠 + 𝐶 𝑠 + 1

Equalize coefficient of s2,

𝐶 = −6Equalize coefficient of s,

CONTINUE >>>



4𝑠2 − 5𝑠 + 6

𝑠 + 1 𝑠2 + 4
=

3

𝑠 + 1
+

𝑠 − 6

𝑠2 + 4

∴ 𝐿−1
4𝑠2 − 5𝑠 + 6

𝑠 + 1 𝑠2 + 4

Refer to the table of Laplace Transform

……..

Substitute value of A, B and C

= 𝐿−1
3

𝑠 + 1
+ 𝐿−1

𝑠 − 6

𝑠2 + 4

= 3𝐿−1
1

𝑠 + 1
+ 𝐿−1

𝑠

𝑠2 + 22
−
6

2
𝐿−1

2

𝑠2 + 22

= 𝟑𝒆−𝒕 + 𝐜𝐨𝐬𝟐𝒕 − 𝟑 𝐬𝐢𝐧𝟐𝒕



EXERCISE 7

QUESTION ANSWER

“ ”

𝐹 𝑠 =
5𝑠+4

𝑠2+2𝑠
𝑓 𝑡 = 2+

3

𝑠+2

𝐹 𝑠 =
𝑠+7

𝑠2+4𝑠+3
𝑓 𝑡 = 3𝑒−𝑡−

2

𝑠+3

𝐹 𝑠 =
3𝑠2+2𝑠+5

𝑠+1 𝑠2+1
𝑓 𝑡 = 2 sin 𝑡 + 3𝑒−𝑡

𝐹 𝑠 =
2𝑠2−3𝑠+1

𝑠−3 𝑠2+1
𝑓 𝑡 = 𝑒3𝑡 + cos 𝑡

𝐹 𝑠 =
−8𝑠−2

𝑠3−𝑠2−2𝑠
𝑓 𝑡 = 1 + 2𝑒−𝑡 − 3𝑒2𝑡

𝐹 𝑠 =
𝑠2+3𝑠+2

𝑠3+2𝑠2+2𝑠
𝑓 𝑡 = 1 + 𝑒−𝑡 sin 𝑡



SOLVING
DIFFERENTIAL EQUATION

THE LAPLACE TRANSFORM

STEPS :

1. Re-write the equation in terms of 
Laplace Transform. 

2. Insert the given initial conditions.

3. Rearrange the equation algebraically 
to give the transform of the solution.

4. Determine the inverse transform to 
obtain the particular solution.



THEOREM:
Transform  Derivatives

𝐿 𝑦 𝑡 = 𝑌 𝑠

𝐿 𝑦′ 𝑡 = 𝑠𝑌 𝑠 − 𝑦 0

𝐿 𝑦′′ 𝑡 = 𝑠2𝑌 𝑠 − 𝑠𝑦 0 − 𝑦′ 0



1

𝑑𝑦

𝑑𝑥
− 2𝑦 = 4 𝑦 = 1

𝑥 = 0

𝑑𝑦

𝑑𝑥
− 2𝑦 = 4

𝑦′ − 2𝑦 = 4

𝐿 𝑦′ − 2𝐿 𝑦 = 𝐿 4

𝑠𝑌 𝑠 − 𝑦 0 − 2𝑌 𝑠 =
4

𝑠

𝒚 𝟎 = 𝟏

𝑠𝑌 𝑠 − 1 − 2𝑌 𝑠 =
4

𝑠

𝑌 𝑠 𝑠 − 2 =
4

𝑠
+ 1

𝑌 𝑠 𝑠 − 2 =
4 + 𝑠

𝑠

𝑌 𝑠 =
4 + 𝑠

𝑠 𝑠 − 2

CONTINUE >>>

STEP 1 : Re-write the 
equation in terms of 
Laplace Transform. 

STEP 2 : Insert the 
given initial conditions.

STEP 3 : Rearrange the 
equation algebraically to 
give the transform of 
the solution. 



𝑌 𝑠 =
4 + 𝑠

𝑠 𝑠 − 2

STEP 4 : Determine the inverse transform. 

Use the partial fraction method. 
4 + 𝑠

𝑠 𝑠 − 2
=
𝐴

𝑠
+

𝐵

𝑠 − 2

4 + 𝑠 = 𝐴 𝑠 − 2 + 𝐵𝑠

When 𝑠 = 0, 𝐴 = −2

When 𝑠 = 2, 𝐵 = 3

4 + 𝑠

𝑠 𝑠 − 2
=
−2

𝑠
+

3

𝑠 − 2

𝑦 𝑡 = 𝐿−1 𝑌 𝑠

= 𝐿−1
4 + 𝑠

𝑠 𝑠 − 2

= 𝐿−1
−2

𝑠
+ 𝐿−1

3

𝑠 − 2

Refer to the table 
of Laplace Transform= −𝟐 + 𝟑𝒆𝟐𝒕



2

𝑑𝑦

𝑑𝑥
+ 𝑦 = 2𝑒3𝑡 𝑦 0 = 2.

𝑑𝑦

𝑑𝑥
+ 𝑦 = 2𝑒3𝑡

𝑦′ + 𝑦 = 2𝑒3𝑡

𝐿 𝑦′ − 𝐿 𝑦 = 𝐿 2𝑒3𝑡

𝑠𝑌 𝑠 − 𝑦 0 − 𝑌 𝑠 =
2

𝑠 − 3

𝒚 𝟎 = 𝟐

𝑠𝑌 𝑠 − 2 − 𝑌 𝑠 =
2

𝑠 − 3

𝑌 𝑠 𝑠 − 1 =
2

𝑠 − 3
+ 2

𝑌 𝑠 𝑠 − 1 =
2 + 2 𝑠 − 3

𝑠 − 3

𝑌 𝑠 =
2𝑠 − 4

𝑠 − 3 𝑠 − 1

CONTINUE >>>

STEP 1 : Re-write the 
equation in terms of 
Laplace Transform. 

STEP 2 : Insert the 
given initial conditions.

STEP 3 : Rearrange the 
equation algebraically to 
give the transform of 
the solution. 



𝑌 𝑠 =
2𝑠 − 4

𝑠 − 3 𝑠 − 1

STEP 4 : Determine the inverse transform. 

Use the partial fraction method. 
2𝑠 − 4

𝑠 − 3 𝑠 − 1
=

𝐴

𝑠 − 3
+

𝐵

𝑠 − 1

2𝑠 − 4 = 𝐴 𝑠 − 1 + 𝐵 𝑠 − 3

When 𝑠 = 3, 𝐴 = 1

When 𝑠 = 1, 𝐵 = 1

2𝑠 − 4

𝑠 − 3 𝑠 − 1
=

1

𝑠 − 3
+

1

𝑠 − 1

𝑦 𝑡 = 𝐿−1 𝑌 𝑠

= 𝐿−1
2𝑠 − 4

𝑠 − 3 𝑠 − 1

= 𝐿−1
1

𝑠 − 3
+ 𝐿−1

1

𝑠 − 1

= 𝒆𝟑𝒕 + 𝒆𝒕 Refer to the table 
of Laplace Transform



3

𝑦′ + 𝑦 = sin 𝑡 𝑦 0 = 1.

𝑦′ + 𝑦 = sin 𝑡

𝐿 𝑦′ + 𝐿 𝑦 = 𝐿 sin 𝑡

𝑠𝑌 𝑠 − 𝑦 0 + 𝑌 𝑠 =
1

𝑠2 + 1

𝒚 𝟎 = 𝟏

𝑠𝑌 𝑠 − 1 + 𝑌 𝑠 =
1

𝑠2 + 1

𝑌 𝑠 𝑠 + 1 =
1

𝑠2 + 1
+ 1

𝑌 𝑠 𝑠 + 1 =
1 + 1 𝑠2 + 1

𝑠2 + 1

𝑌 𝑠 =
𝑠2 + 2

𝑠2 + 1 𝑠 + 1

CONTINUE >>>

STEP 1 : Re-write the 
equation in terms of 
Laplace Transform. 

STEP 2 : Insert the 
given initial conditions.

STEP 3 : Rearrange the 
equation algebraically to 
give the transform of 
the solution. 



𝑌 𝑠 =
𝑠2 + 2

𝑠2 + 1 𝑠 + 1

STEP 4 : Determine the inverse transform. 

Use the partial fraction method. 
𝑠2 + 2

𝑠2 + 1 𝑠 + 1
=

𝐴𝑠 + 𝐵

𝑠2 + 1
+

𝐶

𝑠 + 1

𝑠2 + 2 = 𝐴𝑠 + 𝐵 𝑠 + 1 + 𝐶 𝑠2 + 1

When 𝑠 = −1, 𝐶 =
3

2

Equalize coefficient of 𝑠2, 𝐴 = −
1

2

𝑠2 + 2

𝑠2 + 1 𝑠 + 1
=
−
1
2 𝑠 +

1
2

𝑠2 + 1
+

3
2

𝑠 + 1

𝑦 𝑡 = 𝐿−1 𝑌 𝑠

= 𝐿−1
𝑠2 + 2

𝑠2 + 1 𝑠 + 1

= 𝐿−1
−𝑠

2 𝑠2 + 1
+ 𝐿−1

1

2 𝑠2 + 1
+𝐿−1

3

2 𝑠 + 1

= −
𝟏

𝟐
𝒄𝒐𝒔 𝒕 +

𝟏

𝟐
𝒔𝒊𝒏 𝒕 +

𝟑

𝟐
𝒆−𝒕

Expand the equation
𝑠2 + 2 = 𝐴 𝑠2 + 𝑠 + 𝐵 𝑠 + 1 + 𝐶 𝑠2 + 1

Equalize coefficient of 𝑠, 𝐵 =
1

2



4

𝑦" + 4𝑦 = 5𝑒−𝑡

𝑦 0 = 2 𝑦′ 0 = 3

𝑦" + 4𝑦 = 5𝑒−𝑡

𝐿 𝑦" + 4𝐿 𝑦 = 𝐿 5𝑒−𝑡

𝑠2𝑌 𝑠 − 𝑠𝑦 0 − 𝑦′ 0 + 4𝑌 𝑠 =
5

𝑠 + 1

𝒚 𝟎 = 𝟐 𝒚′ 𝟎 = 𝟑

𝑠2𝑌 𝑠 − 2𝑠 − 3 + 4𝑌 𝑠 =
5

𝑠 + 1

𝑌 𝑠 𝑠2 + 4 =
5

𝑠 + 1
+ 2𝑠 + 3

𝑌 𝑠 𝑠2 + 4 =
5 + 2𝑠 + 3 𝑠 + 1

𝑠 + 1

𝑌 𝑠 =
2𝑠2 + 5𝑠 + 8

𝑠 + 1 𝑠2 + 4

CONTINUE >>>

STEP 1 : Re-write the 
equation in terms of 
Laplace Transform. 

STEP 2 : Insert 
the given initial 
conditions.
STEP 3 : 
Rearrange the 
equation 
algebraically



𝑌 𝑠 =
2𝑠2 + 5𝑠 + 8

𝑠 + 1 𝑠2 + 4

STEP 4 : Determine the inverse transform. 

Use the partial fraction method. 
2𝑠2 + 5𝑠 + 8

𝑠 + 1 𝑠2 + 4
=

𝐴

𝑠 + 1
+

𝐵𝑠 + 𝐶

𝑠2 + 4

2𝑠2 + 5𝑠 + 8 = 𝐴 𝑠2 + 4 + 𝐵𝑠 + 𝐶 𝑠 + 1

When 𝑠 = −1, 𝐴 = 1

Equalize coefficient of 𝑠2, 𝐵 = 1

2𝑠2 + 5𝑠 + 8

𝑠 + 1 𝑠2 + 4
=

1

𝑠 + 1
+

𝑠 + 4

𝑠2 + 4

𝑦 𝑡 = 𝐿−1 𝑌 𝑠

= 𝐿−1
1

𝑠 + 1
+

𝑠 + 4

𝑠2 + 4

= 𝐿−1
1

𝑠 + 1
+ 𝐿−1

𝑠

𝑠2 + 4
+𝐿−1

4

𝑠2 + 4

= 𝒆−𝒕 + 𝒄𝒐𝒔 𝟐𝒕 + 𝟐 𝒔𝒊𝒏 𝟐𝒕

Expand the equation
2𝑠2 + 5𝑠 + 8 = 𝐴 𝑠2 + 4 + 𝐵 𝑠2 + 𝑠 + 𝐶 𝑠 + 1

Equalize coefficient of 𝑠, 𝐶 = 4

= 𝐿−1
1

𝑠 + 1
+ 𝐿−1

𝑠

𝑠2 + 22
+
4

2
𝐿−1

2

𝑠2 + 22



5

𝑦" − 3𝑦′ + 2𝑦 = 𝑒−𝑡

𝑦 0 = 1 𝑦′ 0 = 1

𝑦" − 3𝑦′ + 2𝑦 = 𝑒−𝑡

𝐿 𝑦" − 3𝐿 𝑦′ + 2𝐿 𝑦 = 𝐿 𝑒−𝑡

𝑠2𝑌 𝑠 − 𝑠𝑦 0 − 𝑦′ 0 − 3 𝑠𝑌 𝑠 − 𝑦 0 + 2𝑌 𝑠 =
1

𝑠 + 1

𝒚 𝟎 = 𝟏 𝒚′ 𝟎 = 𝟏

𝑠2𝑌 𝑠 − 𝑠 − 1 − 3𝑠𝑌 𝑠 + 3 + 2𝑌 𝑠 =
1

𝑠 + 1

𝑌 𝑠 𝑠2 − 3𝑠 + 2 =
1

𝑠 + 1
+ 𝑠 − 2

𝑌 𝑠 𝑠2 − 3𝑠 + 2 =
1 + 𝑠 − 2 𝑠 + 1

𝑠 + 1

𝑌 𝑠 =
𝑠2 − 𝑠 − 1

𝑠 + 1 𝑠2 − 3𝑠 + 2

CONTINUE >>>

STEP 1 : Re-write the 
equation in terms of 
Laplace Transform. 

STEP 2 : 
Insert the 
given initial 
conditions.
STEP 3 : 
Rearrange 
the equation 
algebraically



𝑌 𝑠 =
𝑠2 − 𝑠 − 1

𝑠 + 1 𝑠2 − 3𝑠 + 2
=

𝑠2 − 𝑠 − 1

𝑠 + 1 𝑠 − 2 𝑠 − 1

STEP 4 : Determine the inverse transform. 

Use the partial fraction method. 
𝑠2 − 𝑠 − 1

𝑠 + 1 𝑠 − 2 𝑠 − 1
=

𝐴

𝑠 + 1
+

𝐵

𝑠 − 2
+

𝐶

𝑠 − 1

𝑠2 − 𝑠 − 1 = 𝐴 𝑠 − 2 𝑠 − 1 + 𝐵 𝑠 + 1 𝑠 − 1 + 𝐶 𝑠 − 1 𝑠 + 1

When 𝑠 = −1, 𝐴 =
1

6

𝑠2 − 𝑠 − 1

𝑠 + 1 𝑠 − 2 𝑠 − 1
=

1

6 𝑠 + 1
+

1

3 𝑠 − 2
−

1

2 𝑠 − 1

𝑦 𝑡 = 𝐿−1 𝑌 𝑠

= 𝐿−1
𝑠2 − 𝑠 − 1

𝑠 + 1 𝑠 − 2 𝑠 − 1

= 𝐿−1
1

6 𝑠 + 1
+ 𝐿−1

1

3 𝑠 − 2
−𝐿−1

1

2 𝑠 − 1

=
𝟏

𝟔
𝒆−𝒕 +

𝟏

𝟑
𝒆𝟐𝒕 −

𝟏

𝟐
𝒆𝒕

When 𝑠 = 2, 𝐵 =
1

3

When 𝑠 = 1, 𝐶 = −
1

2

=
1

6
𝐿−1

1

𝑠 + 1
+
1

3
𝐿−1

1

𝑠 − 2
−
1

2
𝐿−1

1

𝑠 − 1



EXERCISE 8

QUESTION ANSWER

“ ”

𝑑𝑦

𝑑𝑡
− 2𝑦 = 2𝑒3𝑡 , 𝑦 0 = 2 𝑦 𝑡 = 2𝑒3𝑡

𝑑𝑦

𝑑𝑥
+ 5𝑦 = 2𝑒−3𝑡 , 𝑦 0 =

1

2 𝑦 𝑡 = 𝑒−3𝑡 −
1

2
𝑒−5𝑡

𝑑2𝑦

𝑑𝑡2
−𝑦 = 2 , 𝑦 0 = 𝑦′ 0 = 0 𝑦 𝑡 = 𝑒𝑡 + 𝑒−𝑡 − 2

y"−𝑦′+𝑦 = 𝑡 , 𝑦 0 = 𝑦′ 0 = 1 𝑦 𝑡 = 1 + 𝑡

y"− 𝑦′+2𝑦 = cos 3𝑡 − 17sin 3𝑡 , 𝑦 𝑡 = 2sin3𝑡 −cos3𝑡
𝑦 0 = −1,𝑦′ 0 = 6



Student Name Matrix No.

EXAM

CLOSED BOOK OPEN BOOK

SINGLE SIDED PRINTED ON BOTH SIDES

MULTIPLE CHOICE ANSWER SHEETS

ANSWER IN BOOKLET

ANSWER ON EXAM

EXTRA BOOKLET PERMITTED: YES

DICTIONARY TRANSLATION ONLY REGULAR NONE

CALCULATOR NOT PERMITTED PERMITTED (non programmable)



Calculate 𝑓 𝑡 = 𝑒−4𝑡 by using the 

definition of Laplace Transform, 

𝐹 𝑠 = 0׬
∞
𝑒−𝑠𝑡𝑓 𝑡 𝑑𝑡 .

Question 1 Answer

Calculate the following Laplace 

Transforms by using the stated 

method:

i. ℒ cos 4𝑡 − 2𝑡3 + 4𝑒−2𝑡 ;       

Table of Laplace Transform

ii. ℒ 𝑒3𝑡sinh 2𝑡 ;                       

First Shift Theorem

iii. ℒ 𝑡2𝑒6𝑡 ;                 

Multiplication by 𝑡𝑛 Theorem

Question 2

Solve the Inverse Laplace 

Transform by using the stated 

method:

i. F s =
8

𝑠2+36
;                      

Table of Laplace Transforms.

ii. F s =
𝑠+4

(𝑠−1)(𝑠+5)
;               

Partial Fraction Method

Question 3

𝐹 𝑠 =
1

𝑠 + 4

𝐹 𝑠 =
𝑠

𝑠2 + 16
−
12

𝑠4
+

4

𝑠 + 2

𝐹 𝑠 =
2

𝑠 − 3 2 − 4

𝐹 𝑠 =
4

𝑠 − 6 3

i.

ii.

iii.

f 𝑡 =
4

3
𝑠𝑖𝑛6𝑡i.

ii. f 𝑡 =
5

6
𝑒𝑡 +

1

6
𝑒−5𝑡



Question 4 Answer

Question 5

Use the definition of Laplace 

Transform, 𝐹 𝑠 = 0׬
∞
𝑒−𝑠𝑡𝑓 𝑡 𝑑𝑡 to 

construct the Laplace Transform for 

𝑓 𝑡 = 0׬
∞
𝑚 𝑒−3𝑡 where m is any 

constant.

Apply the stated theorem to find the 

Laplace Transforms for the 

following functions:

i. 𝑓 𝑡 = 𝑡5 + 𝑐𝑜𝑠ℎ2𝑡 ;        

Linearity Theorem

ii. 𝑔 𝑡 = 𝑒3𝑡𝑠𝑖𝑛6𝑡 ;                  

First Shift Theorem

iii. 𝑘 𝑡 = 𝑡𝑒4𝑡 ;             

Multiplication by 𝑡𝑛 Theorem

𝐹 𝑠 =
𝑚

𝑠 + 3

𝐹 𝑠 =
120

𝑠6
−

𝑠

𝑠2 − 4

𝐹 𝑠 =
6

𝑠 − 3 2 + 36

𝐹 𝑠 =
1

𝑠 − 4 2

i.

ii.

iii.



Question 6 Answer

Question 7

Solve each of the following using 

the specified method:

i. ℒ−1
8

(s−1)2−4
+

3s

s2+16
;             

use the Table of Laplace 

Transforms. 

ii. ℒ−1
2

(s+1)(s+3)
;                      

use the Partial Fraction Method.

Solve each of the following using 

the specified method:

i. ℒ−1
24

(s+2)2−9
+

12

s3
;                 

use the Table of Laplace 

Transforms. 

ii. ℒ−1
8

(s−3)(s+2)
;                         

use the Partial Fraction Method.

f 𝑡 = 4𝑒𝑡𝑠𝑖𝑛ℎ2𝑡 + 3𝑐𝑜𝑠4𝑡i.

ii. f 𝑡 = 𝑒−𝑡 − 𝑒−3𝑡

f 𝑡 = 8𝑒−2𝑡𝑠𝑖𝑛ℎ3𝑡 + 6𝑡2i.

f 𝑡 =
8

5
𝑒3𝑡 −

8

5
𝑒−2𝑡ii.



Question 8 Answer

Question 9

Find the Laplace Transform for the 

following by using the Laplace 

Transform Table:

i. 𝑓 𝑡 = (𝑡 − 3)2

ii. 𝑓 𝑡 = 7𝑐𝑜𝑠3𝑡 − 3𝑠𝑖𝑛2𝑡

iii. 𝑓 𝑡 = −𝑡3 + 7𝑡2 − 1

iv. 𝑓 𝑡 = 𝑡3(𝑡 + 3)2

v. 𝑓 𝑡 =
𝑒5𝑡

3
− 2𝑡 + 7

Transform the functions below by 

using First Shift Theorem:

i. 𝑓 𝑡 = 𝑒2𝑡(cosh 3𝑡 + sinh 𝑡)

ii. 𝑓 𝑡 = 𝑒2𝑡𝑡2

iii. 𝑓 𝑡 = 𝑒−2𝑡 sinh 3𝑡

𝐹 𝑠 =
2

𝑠3
−

6

𝑠2
+
9

𝑠

𝐹 𝑠 =
7𝑠

𝑠2 + 9
−

6

𝑠2 + 4

𝐹 𝑠 =
1

3 𝑠 − 5
−

2

𝑠2
+
7

𝑠

i.

ii.

iii. 𝐹 𝑠 = −
6

𝑠4
+
14

𝑠3
−
1

𝑠

iv. 𝐹 𝑠 =
120

𝑠6
+
144

𝑠5
+
54

𝑠4

v.

𝐹 𝑠 =
𝑠

𝑠 − 2 − 9
+

1

𝑠 − 2 − 1

𝐹 𝑠 =
3

𝑠 + 2 2 − 9

ii.

iii.

i.

𝐹 𝑠 =
2

𝑠 + 2 3
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https://en.wikipedia.org/wiki/Laplace_transform
https://tutorial.math.lamar.edu/classes/de/laplacetransforms.aspx
https://mathworld.wolfram.com/LaplaceTransform.html
https://shorturl.at/otDMa
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