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Table A.1 Laplace Transform Properties and Theorems

Properties or theorems f ðtÞ FðsÞ

1 Definition of the Laplace
transform

f ðtÞ

ð1
0

f ðtÞe�st dt

2 Definition of the inverse
Laplace transform

1

2�j

ðcþj1

c�j!

FðsÞest ds FðsÞ

3 Linearity c1 f1ðtÞ þ c2f2ðtÞ c1F1ðsÞ þ c2F2ðsÞ

4 First derivative df ðtÞ

dt

sFðsÞ � f ð0Þ

5 Second derivative
d2f ðtÞ

dt2
s2FðsÞ � sf ð0Þ � f ð1Þð0Þ

6 nth derivative
dnf ðtÞ

dtn
snFðsÞ � sn�1f ð0Þ � � � � � f ðn�1Þ

ð0Þ

7 Integral

ðt
0

f ðtÞ dt
FðsÞ

s

8 Integral

ðt
�1

f ðtÞ dt
FðsÞ

s
þ
f ð�1Þ

ð0Þ

s

9 Double integral

ðt
�1

ðt
�1

f ðtÞðdtÞ2
FðsÞ

s2
þ
f ð�1Þ

ð0Þ

s2
þ
f ð�2Þ

ð0Þ

s

10 nth time integral

ðt
1

� � �

ðt
1|fflfflfflfflfflffl{zfflfflfflfflfflffl}

n times

f ðtÞðdtÞn
FðsÞ

sn
þ
f ð�1Þ

ð0Þ

sn
þ
f ð�2Þ

ð0Þ

sn�1
þ � � �

þ
f ð�nÞ

ð0Þ

s

11 Time scaling f ðatÞ
1

a
F

s

a

� �
(continued)
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Table A.1 (continued)

Properties or theorems f ðtÞ FðsÞ

12 Shift in the frequency

domain

e�atf ðtÞ Fðsþ aÞ

13 Shift in the time domain f ðt� aÞuðt� aÞ e�atFðsÞ

14 Multiplication of a function

by t
tf ðtÞ �

d

ds
FðsÞ

15 Division of a function by t
f ðtÞ

t

ð1
s

FðaÞ da

16 Multiplication of a function
by tn

tnf ðtÞ ð�1Þn
dn

dsn
FðsÞ

17 Division of a function by tn
f ðtÞ

tn

ðt
s

� � �

ðt
s|fflfflfflffl{zfflfflfflffl}

n times

FðsÞðdsÞn

18 Convolution

ðt
0

hðt� �Þuð�Þd� HðsÞUðsÞ

19 The initial value theorem lim
t!0

f ðtÞ lim
t!1

sFðsÞ

20 The final value theorem lim
t!1

f ðtÞ lim
t!0

sFðsÞ

Remark A.1.1 In the properties 8, 9, and 10, the constant fð�kÞð0Þ is defined as follows:

f ð�1Þð0Þ ¼
ð0
�1

fðtÞ dt; f ð�2Þð0Þ ¼
ð0
�1

ð0
�1

fðtÞdt2; etc.


