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FOURIER TRANSFORMS 



Write the Fourier transforms pair. 

 

Question 1 



The Fourier transform of f(x)  is defined by, 

             𝑭 𝒇(𝒙) = 𝑭 𝒔 =
𝟏

𝟐𝝅
 𝒇(𝒙)

∞

−∞
𝒆𝒊𝒔𝒙𝒅𝒙 

The inverse Fourier transform of F(s)  

is defined by  

              f 𝒙 =
𝟏

𝟐𝝅
 𝑭(𝒔)

∞

−∞
𝒆−𝒊𝒔𝒙𝒅𝒔 

The Fourier transform F(s) of f(x) and the inverse  

Fourier transform 𝒇 𝒙 = 𝑭−𝟏 𝑭(𝒔)  are jointly 

called Fourier transform pair 

 

Solution 1 



Find the Fourier sine transform of f(x) = e-ax , a >0  

Question 2 



The Fourier sine transform of f(x) is 

Fs[f(x)] = 
𝟐

𝝅
  𝒇 𝒙 𝒔𝒊𝒏𝒔𝒙 𝒅𝒙

∞

𝟎
 

             = 
𝟐

𝝅
  𝒆−𝒂𝒙𝒔𝒊𝒏𝒔𝒙 𝒅𝒙

∞

𝟎
 

            = 
𝟐

𝝅
 [

𝒔

𝒔𝟐+𝒂𝟐]     [since  𝒆−𝒂𝒙𝒔𝒊𝒏𝒃𝒙 𝒅𝒙
∞

𝟎
 = 

𝒃

𝒂𝟐+𝒃𝟐 ] 

Solution 2 



  Find the Fourier Cosine transform of e-ax , x >0. 

 

Question 3 



The Fourier Cosine transform of f(x) is, 

𝑭𝒄[f(x)] = 
𝟐

𝝅
  𝒇 𝒙 𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

∞

𝟎
 

             = 
𝟐

𝝅
  𝒆−𝒂𝒙𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

∞

𝟎
 

            = 
𝟐

𝝅
 [

𝒂

𝒔𝟐+𝒂𝟐]  [since  𝒆−𝒂𝒙𝒄𝒐𝒔𝒃𝒙 𝒅𝒙
∞

𝟎
 = 

𝒂

𝒂𝟐+𝒃𝟐 ] 

Solution 3 



If F(s) is the Fourier transform of f(x),  

show that F[f(x-a)] = eias F(s) 

 

Question 4 



W.K.T ,   F[f(x)] = 
𝟏

𝟐𝝅
  𝒇 𝒙 𝒆𝒊𝒔𝒙 𝒅𝒙

∞

−∞
 

         ⇒ F[f(x-a)] = 
𝟏

𝟐𝝅
  𝒇 𝒙 − 𝒂 𝒆𝒊𝒔𝒙 𝒅𝒙

∞

−∞
 

    Put x-a = y , dx = dy 

              When x = -∞, y = -∞ 

              When x = ∞,  y = ∞                     

        ∴ F[f(x-a)] = 
𝟏

𝟐𝝅
  𝒇 𝒚 𝒆𝒊𝒔 𝒚+𝒂  𝒅𝒚

∞

−∞
 

        = 
𝟏

𝟐𝝅
  𝒆𝒊𝒔𝒚𝒇 𝒚 𝒆𝒊𝒂𝒔 𝒅𝒚

∞

−∞
 

                           =  𝒆𝒊𝒂𝒔   
𝟏

𝟐𝝅
  𝒆𝒊𝒔𝒚𝒇 𝒚  𝒅𝒚

∞

−∞
  

            F[f(x-a)] = eias F(s) 

  

 

 Solution 4 
 



Find Fourier cosine transform of e-2x 
 

Question 5 



W.k.t Fc[f(x)] = 
𝟐

𝝅
  𝒇 𝒙 𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

∞

𝟎
 

                       = 
𝟐

𝝅
  𝒆−𝟐𝒙𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

∞

𝟎
 

                       = 
𝟐

𝝅
 [

𝟐

𝒔𝟐+𝟒
]              

   [since  𝒆−𝒂𝒙𝒄𝒐𝒔𝒔𝒙 𝒅𝒙
∞

𝟎
 = 

𝒂

𝒔𝟐+𝒂𝟐 ] 

 

Solution 5 



If F(s) is the Fourier transforms of f(x),  

show that the Fourier transform of eiaxf(x) is F(s+a) 

 

Question 6 



F[eiax f(x) ]  = 
𝟏

𝟐𝝅
  𝒆𝒊𝒂𝒙𝒇 𝒙 𝒆𝒊𝒔𝒙 𝒅𝒙

∞

−∞
 

                       = 
𝟏

𝟐𝝅
  𝒇(𝒙)𝒆𝒊 𝒔+𝒂 𝒙 𝒅𝒙

∞

−∞
│ 

  F[eiax f(x) ]  = F(s+a) 

Solution 6 



State Parseval’s identity for Fourier transform 
 

Question 7 



If f(x) is a given function defined in (-∞, ∞),  

then it satisfies the identity, 

 

                │𝒇(𝒙)│𝟐  𝒅𝒙
∞

−∞
 =  │𝑭(𝒔)│𝟐  𝒅𝒔

∞

−∞
 

 

 Where F(s) is the Fourier transform of f(x). 

 

Solution 7 
 



State Fourier Integral Theorem. 

 

Question 8 



If 𝒇 𝒙  is piecewise continuous, has piecewise 

continuous derivatives in every finite interval 

in (−∞,∞) and absolutely integrable in 

(−∞,∞), then 

  f(x) = 
𝟏

𝝅
    𝒇 𝒕 𝒄𝒐𝒔 𝒔 𝒙 − 𝒕 𝒅𝒕 𝒅𝒔

∞

−∞

∞

𝟎
   

 

Solution 8 



If F[f(x)] = F(s), then find 𝑭 𝒇(𝒙) 𝐜𝐨𝐬 𝒂𝒙  

Question 9 



F[f(x)cosax]   = 
𝟏

𝟐
𝑭 𝒇 𝒙 𝒆𝒊𝒂𝒔 + 𝒆−𝒊𝒂𝒔   

                          = 
𝟏

𝟐
𝑭 𝒇 𝒙 𝒆𝒊𝒂𝒔 + 𝑭 𝒇 𝒙 𝒆−𝒊𝒂𝒔   

[Since If 𝑭 𝒇 𝒙 = 𝒇 (𝒔), then 𝑭 𝒆−𝒊𝒂𝒔𝒇 𝒙 = 𝒇 (s+a)]  

                           =
𝟏

𝟐
 𝒇 (s+a) + 

𝟏

𝟐
 𝒇 (s-a) 

 F[f(x)cosax]  = 
𝟏

𝟐
 [ 𝒇 (s+a) + 𝒇 (s-a) ] 

 

Solution 9 



State inversion theorem for a  

complex Fourier transform. 

Question10 



If 𝑭(𝒔) denote the complex Fourier 

transform of 𝒇 𝒙 , then the inverse 

Fourier transform is 

f(x) = 
𝟏

𝟐𝝅
  𝑭[𝒔] 𝒆−𝒊𝒔𝒙 𝒅𝒔

∞

−∞
 

Solution 10 



If F(s) is the Fourier transform of f(x), 

find the Fourier transform of f(ax)  

where a > 0. 

 

Question 11 



W.k.t       F[f(x)] = 
𝟏

𝟐𝝅
  𝒇 𝒙 𝒆−𝒊𝒔𝒙 𝒅𝒙

∞

−∞
 

              F[f(ax)] = 
𝟏

𝟐𝝅
  𝒇 𝒂𝒙 𝒆−𝒊𝒔𝒙 𝒅𝒙

∞

−∞
 

             Put ax = y,  adx = dy,   dx = 
𝒅𝒚

𝒂
 

                   When x = -∞, y = -∞ 

                   When x = ∞ , y = ∞ 

             F[f(ax)] = 
𝟏

𝟐𝝅
  𝒇 𝒚 𝒆

−𝒊𝒔𝒚

𝒂
𝒅𝒚

𝒂
 

∞

−∞
 

                            = 
𝟏

𝒂
 

𝟏

𝟐𝝅
  𝒇 𝒚 𝒆

−𝒊
𝒔

𝒂
𝒚
 

∞

−∞
𝒅𝒚 

                   = 
𝟏

𝒂
 F ( 

𝒔

𝒂
 ) 

 

Solution 11 



State the convolution theorem for  

Fourier transform. 

 

Question 12 



The Fourier transform of the convolution of two functions 

is the product of their Fourier transforms .   

 

  (ie) if 𝑭 𝒇 𝒙 =F(s) and 𝑭 𝒈 𝒙 =G(s) , then 

 

  𝑭 𝒇 𝒙 ∗ 𝒈 𝒙 = 𝐅 𝐬 . 𝐆(𝐬) 

Solution 12 



Find the Fourier transform of  

  f(x) =   
𝒆𝒊𝒌𝒙, 𝒂 < 𝒙 < 𝒃

  𝟎  , 𝒙 ≤ 𝒂 𝒂𝒏𝒅 𝒙 > 𝒃
 

Question 13 



W.k.t    F[f(x)] = 
𝟏

𝟐𝝅
  𝒇 𝒙 𝒆−𝒊𝒔𝒙 𝒅𝒙

∞

−∞
 

              = 
𝟏

𝟐𝝅
  𝒆𝒊𝒌𝒙𝒆−𝒊𝒔𝒙 𝒅𝒙

𝒃

𝒂
 

                      = 
𝟏

𝟐𝝅
  𝒆𝒊(𝒌−𝒔)𝒙 𝒅𝒙

𝒃

𝒂
 

             = 
𝟏

𝟐𝝅
 

𝒆𝒊 𝒌−𝒔 𝒙

𝒊(𝒌−𝒔)
 
𝒃
𝒂
 

                                      = 
𝟏

𝒊(𝒌−𝒔) 𝟐𝝅
 𝒆𝒊 𝒌−𝒔 𝒃 −  𝒆𝒊 𝒌−𝒔 𝒂  

 

Solution 13 



Find the Fourier sine transform of 1/x 

 

Question 14 



W.k.t       Fs[f(x)] = 
𝟐

𝝅
  𝒇 𝒙 𝒔𝒊𝒏𝒔𝒙 𝒅𝒙

∞

𝟎
 

                              =  
𝟐

𝝅
   

𝟏

𝒙
 𝒔𝒊𝒏𝒔𝒙 𝒅𝒙

∞

𝟎
 

                     = 
𝟐

𝝅
 . 

𝝅

𝟐
                   

                      [ since   
𝒔𝒊𝒏𝒂𝒙

𝒙
  𝒅𝒙

∞

𝟎
 = 

𝝅

𝟐
, a > 0 ] 

                               = 
𝝅

𝟐
 

Solution 14 



Write down the Fourier cosine  

transform pair formulae. 

 

Question 15 



           Fc[f(x)] = 
𝟐

𝝅
  𝒇 𝒙 𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

∞

𝟎
 

   F-1[ Fc[f(x)]] = 
𝟐

𝝅
  𝑭𝒄 (𝒇 𝒙 )𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

∞

𝟎
 

Solution 15 



If Fc (s) be the Fourier cosine transform of  

  f(x), then prove that  

             Fc [f(x) cosax] = 
𝟏

𝟐
 [Fc(s+a) + Fc(s-a) ] 

 

Question 16 



We know that Fc[f(x)] = 
𝟐

𝝅
  𝒇 𝒙 𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

∞

𝟎
 

            Fc[f(x) cosax] = 
𝟐

𝝅
  𝒇 𝒙 𝒄𝒐𝒔𝒂𝒙 𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

∞

𝟎
 

                                   = 
𝟏

𝟐

𝟐

𝝅
 𝒇 𝒙 . 𝟐𝒄𝒐𝒔𝒂𝒙 𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

∞

𝟎
 

                                  = 
𝟏

𝟐

𝟐

𝝅
  𝒇 𝒙 . {𝒄𝒐𝒔 𝒔 + 𝒂 𝒙 + 𝒄𝒐𝒔 𝒔 − 𝒂 𝒙} 𝒅𝒙

∞

𝟎
 

        = 
𝟏

𝟐

𝟐

𝝅
  𝒇 𝒙  𝒄𝒐𝒔 𝒔 + 𝒂 𝒙 𝒅𝒙 + 

𝟏

𝟐

𝟐

𝝅
  𝒇(𝒙)

∞

𝟎
𝒄𝒐𝒔 𝒔 − 𝒂 𝒙 𝒅𝒙

∞

𝟎
 

           

             Fc[f(x) cosax] = 
𝟏

𝟐
 [Fc(s+a) + Fc(s-a) ] 

 

Solution 16 



  State the Fourier transforms of the 

  derivatives of a function. 

 

Question17 



F
𝑑𝑛(𝑓 𝑥 )

𝑑𝑥𝑛  = (−𝑖𝑠)𝑛F(s) 

Solution 17 



 Find the Fourier sine transform  

  of 𝒆−𝒙. 

 

Question18 



We know that      

        Fs[f(x)] = 
𝟐

𝝅
  𝒇 𝒙 𝒔𝒊𝒏𝒔𝒙 𝒅𝒙

∞

𝟎
 

         Fs[e
-x] = 

𝟐

𝝅
  𝒆−𝒙𝒔𝒊𝒏𝒔𝒙 𝒅𝒙

∞

𝟎
 

                    = 
𝟐

𝝅
 

𝒔

𝒔𝟐+𝟏
                

                     [since  𝒆−𝐚𝒙𝒔𝒊𝒏𝒃𝒙 𝒅𝒙
∞

𝟎
 = 

𝒃

𝒂𝟐+ 𝒃𝟐 ] 

 

Solution 18 



Find the Fourier cosine transform of  

f(x) =   
       𝒙   ,  𝟎 < 𝒙 < 𝝅

𝟎 ,      𝒙 >  𝝅
 

 

Question 19 



We know that Fc[f(x)] = 
𝟐

𝝅
  𝒇 𝒙 𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

∞

𝟎
 

                           = 
𝟐

𝝅
  𝒙 𝒄𝒐𝒔𝒔𝒙 𝒅𝒙

𝝅

𝟎
 

                           = 
𝟐

𝝅
 𝒙 

𝒔𝒊𝒏𝒔𝒙

𝒔
−  𝟏 

−𝒄𝒐𝒔𝒔𝒙

𝒔𝟐
𝝅
𝟎
 

                                   = 
𝟐

𝝅
  𝟎 + 

𝒄𝒐𝒔𝒔𝝅

𝒔𝟐 − 
𝟏

𝒔𝟐  

                                    = 
𝟐

𝝅
   

𝒄𝒐𝒔𝒔𝝅−𝟏

𝒔𝟐  

 

Solution 19 
 



State the shifting properties on 

Fourier transform 

 

Question 20 



(i) If 𝐹 𝑓 𝑥 = 𝐹(𝑠),then 

         F[f(x-a)] =𝑒−𝑖𝑎𝑠𝐹(𝑠) 

(ii) If 𝐹 𝑓 𝑥 = 𝐹(𝑠), then 

         𝐹 𝑒−𝑖𝑎𝑥𝑓(𝑥) = F(𝑠 + 𝑎) 

 

Solution 20 



Fourier Transform will be  
          updated  
                 then and there…… 


