
( )( )

2

2 2 2 2

0

x
dx

x a x b



+ +
 (b)

( )( )2 2 2 2

0

1
dx

x a x b



+ +
 using Fourier transforms. 

Solution: 

(a) Assume ( ) ; ( )ax bxf x e g x e− −= =

The Fourier sine transform f(x) is  

 
0

2
( ) ( ) ( )sins sF f x F s f x sx dx





= =  . 

0

2
sinaxe sx dx





−= 

2 2 2 2

0

2
( ) sin here ;ax ax

s s

s b
F s F e e bx dx a a b s

a s a b



− − 
 = = = = =   + + 



Similarly  

2 2

2
( ) bx

s s

s
G s F e

b s

−  
 = =   + 

We know that  

0 0

( ) ( ) ( ) ( )s sF s G s ds f x g x dx

 

= 

2 2 2 2

0 0

2 2 ax bxs s
ds e e dx

a s b s 

 

− −   
=   + +   

 

( )( )

2

2 2 2 2

0 0

2 ax bxs
ds e dx

a s b s

 

− −
 
  =

+ +  
 

( )( )

2
( )

2 2 2 2

0 0
2

a b xs
ds e dx

s a s b


 

− +
 
  =

+ +  
 

( )

0
2

a b xe dx




− += 

( )

0
2 ( )

a b xe

a b




− + 
=  

− + 

0

02( )
e e

a b

 
− −−

 = − +

  00 1 0; 1
2( )

e e
a b

 − −−
= − = =

+

( )( )

2

2 2 2 2

0
2( )

s
ds

a bs a s b


  
  =

++ +  


Put s=x we get 

Evaluate (a) 

4.4 CONVOLUTION OF FOURIER TRANSFORM



( )( )

2

2 2 2 2

0
2( )

x
dx

a bx a x b


  
  =

++ +  


 

(b) Assume ( ) ; ( )ax bxf x e g x e− −= =

 The Fourier cosine transform f(x) is  

  
0

2
( ) ( ) ( )cosc cF f x F s f x sx dx





= =  . 

0

2
cosaxe sx dx





−=   

2 2 2 2

0

2
( ) cos here ;ax ax

c c

a a
F s F e e bx dx a a b s

a s a b



− − 
 = = = = =   + + 


 

Similarly  

2 2

2
( ) bx

c c

b
G s F e

b s

−  
 = =   + 

 

We know that  

0 0

( ) ( ) ( ) ( )c cF s G s ds f x g x dx

 

= 
 

2 2 2 2

0 0

2 2 ax bxa b
ds e e dx

a s b s 

 

− −   
=   + +   

 
 

( )( )2 2 2 2

0 0

2 1 ax bxab
ds e dx

a s b s

 

− −
 
  =

+ +  
 

 

( )( )
( )

2 2 2 2

0 0

1

2

a b xds e dx
abs a s b


 

− +
 
  =

+ +  
 

 

( )

0
2

a b xe dx
ab




− += 
 

( )

0
2 ( )

a b xe

ab a b




− + 
=  

− +   

0

02 ( )
e e

ab a b

 
− −−

 = − +
 

  00 1 0; 1
2 ( )

e e
ab a b

 − −−
= − = =

+
 

( )( )2 2 2 2

0

1

2 ( )
ds

ab a bs a s b


  
  =

++ +  


 

Put s=x we get 

( )( )2 2 2 2

0

1

2 ( )
dx

ab a bx a x b


  
  =

++ +  


 



 
Evaluate (a) 

( )( )

2

2 2

0 9 16

x
dx

x x



+ +
 , (b) 

( )( )2 2

0

1

1 4
dx

x x



+ +
   using Fourier transforms. 

Solution:  

(a) Assume ( ) ; ( )ax bxf x e g x e− −= =  

The Fourier sine transform f(x) is  

  
0

2
( ) ( ) ( )sins sF f x F s f x sx dx





= =  . 

0

2
sinaxe sx dx





−=   

2 2 2 2

0

2
( ) sin here ;ax ax

s s

s b
F s F e e bx dx a a b s

a s a b



− − 
 = = = = =   + + 


 

Similarly  

2 2

2
( ) bx

s s

s
G s G e

b s

−  
 = =   + 

 

We know that  

0 0

( ) ( ) ( ) ( )s sF s G s ds f x g x dx

 

= 
 

2 2 2 2

0 0

2 2 ax bxs s
ds e e dx

a s b s 

 

− −   
=   + +   

 
 

( )( )

2

2 2 2 2

0 0

2 ax bxs
ds e dx

a s b s

 

− −
 
  =

+ +  
 

 

( )( )

2
( )

2 2 2 2

0 0
2

a b xs
ds e dx

s a s b


 

− +
 
  =

+ +  
 

 

( )

0
2

a b xe dx




− += 
 

( )

0
2 ( )

a b xe

a b




− + 
=  

− +   

0

02( )
e e

a b

 
− −−

 = − +
 

  00 1 0; 1
2( )

e e
a b

 − −−
= − = =

+
 

( )( )

2

2 2 2 2

0

(1)
2( )

s
ds

a bs a s b


  
  = − − − − −−

++ +  


 

Put a=3 & b=4 and s=x we get 

( )( )

2

2 2

0

(1)
2(3 4)9 16

x
dx

x x




 =
++ +


 



( )( )

2

2 2

0
149 16

x
dx

x x




=
+ +


 

(b) Assume ( ) ; ( )ax bxf x e g x e− −= =

 The Fourier cosine transform f(x) is  

  
0

2
( ) ( ) ( )cosc cF f x F s f x sx dx





= =  . 

0

2
cosaxe sx dx





−=   

2 2 2 2

0

2
( ) cos here ;ax ax

c c

a a
F s F e e bx dx a a b s

a s a b



− − 
 = = = = =   + + 


 

Similarly  

2 2

2
( ) bx

c c

b
G s F e

b s

−  
 = =   + 

 

We know that  

0 0

( ) ( ) ( ) ( )c cF s G s ds f x g x dx

 

= 
 

2 2 2 2

0 0

2 2 ax bxa b
ds e e dx

a s b s 

 

− −   
=   + +   

 
 

( )( )2 2 2 2

0 0

2 1 ax bxab
ds e dx

a s b s

 

− −
 
  =

+ +  
 

 

( )( )
( )

2 2 2 2

0 0

1

2

a b xds e dx
abs a s b


 

− +
 
  =

+ +  
 

 

( )

0
2

a b xe dx
ab




− += 
 

( )

0
2 ( )

a b xe

ab a b




− + 
=  

− +   

0

02 ( )
e e

ab a b

 
− −−

 = − +
 

  00 1 0; 1
2 ( )

e e
ab a b

 − −−
= − = =

+
 

( )( )2 2 2 2

0

1

2 ( )
ds

ab a bs a s b


  
  =

++ +  


 

Put a=1 & b=2 s=x we get 

( )( )2 2

0

1
(1)

2(1)(2)(1 2)1 4
dx

x x




 =
++ +


 

( )( )2 2

0

1

121 4
dx

x x




=
+ +

  


