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Chapter Four 

Discrete Fourier Transform 

1-1 Introduction 

     The Discrete Fourier Transform (DFT) may be regarded as a logical 

extension of the Discrete-Time Fourier Transform (DTFT). By sampling the 

DTFT X (Ω) at uniformly spaced frequencies Ω = 2πk/N, where k = 0, 1, 2… 

N−1, we can define the DFT of x[n]. Let x[n], n = 0, 1, 2… N−1, be an N-point 

sequence. We define the DFT of x[n] as: 

 

    The DFT can be represented by the operator “F” the opposite of it is the 

Inverse Discrete Fourier Transform (IDFT) denoted by F-1 as: 
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     Now for simplicity, we can use Matrices to calculate both DFT and IDFT. To 

do that we need to define the Twiddle factor “W” which is: 

𝑊𝑁 =  𝑒−𝑗2𝜋/𝑁   now the equation of the DFT becomes: 

𝑋(𝑘) = ∑ 𝑥(𝑛)

𝑁−1

𝑛=0

 𝑊𝑁
𝑘𝑛    𝑎𝑛𝑑 𝐼𝐷𝐹𝑇 𝑖𝑠 ∶        𝑥(𝑛) =

1

𝑁
∑ 𝑋(𝑘)

𝑁−1

𝑘=0

 𝑊𝑁
−𝑘𝑛 

Where n= 0, 1, 2, … , N-1 
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    We can solve equations using WN , let x(n) be written as xN and X(k) written as Xk 
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And for 4-points (N=4) WN is: 

 

And for 2-points (N=2) WN is: 
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Solved problems using WN (Twiddle factor): 

 

Note: Using the Twiddle factor makes the computation of DFT very easy using Matrices, 

Hence, using computers. 
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Sol: here the given sequences are of length 4 so N = 4, so the circle will have only 4 points 

as shown: 
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Step 1 – Finding y (0) here m = 0 makes the equation like this: 
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Step 2 – 

 

Step 3: 
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Step 3: 
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More examples in Reference DSP Katre page 594 




