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3.2. PROPERTIES OF DISCRETE FOURIER TRANSFORM 

1. Linearity 

2. Periodicity 

3. Circular time shift 

4. Time reversal 

5. Conjugation 

6. Circular frequency shift 

7. Multiplication 

8. Circular Convolution 

9. Circular Correlation 

10. Parsevals relation  

3.2.1. LINEARITY: 

 The linear property of DFT states that the DFT of a linear weighted combination 

of two or more signals is equal to similar linear weighted combinations of the DET of 

individual signals. 

DFT{x1(n)} =X1(k) and DFT{x2(n)} =X2(k) 

DFT {a 1 x1(n) + a 2 x2(n)} = a 1 X1(k) + a 2X2 (k) 

Where a 1 and a 2 are constants 

3.2.2. PERIODICITY: 

 If a sequence x (n) is periodic with periodicity of N samples then N point DFT,  

X (k) is also periodicity of N samples. 

If x (n) and x (k) are N point DFT pair then 

x (n+N) = x(n)  : for all n 

X (k+N) = X (k); for all k 

3.2.3. CIRCULAR TIME SHIFT: 

 The Circular time shift property of DFT says that if a discrete time signal is 

circularly shifted in time by m units then its DFT is multiplied by 𝑒
−𝑗2𝜋𝑘𝑚

𝑁 . 

If DFT{x (n)} =X (k) then 

DFT{x (n-m)N}= X(k) 𝑒
−𝑗2𝜋𝑘𝑚

𝑁  
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3.2.4. TIME REVERSAL: 

 The time reversal property of DFT says that reversing the N point sequence in 

time is equivalent to reversing the DFT sequence. 

If DFT{x (n)} =X (k), then 

DFT {x (N-n)} =X (N-k) 

3.2.5. CONJUGATION: 

 Let x (n) be a complex N point discrete sequence and x*(n) be its conjugate 

sequence. 

If DFT{x (n)} =X (k), then 

DFT {x*(n)} =X*(N-k) 

3.2.6. CIRCULAR FREQUENCY SHIFT: 

 The Circular frequency shift property of DFT says that if a discrete time signal is 

multiplied by 𝑒
𝑗2𝜋𝑚𝑛

𝑁  its DFT is circularly shifted by m units. 

If DFT{x (n)} =X (k), then 

DFT{x (n)𝑒
𝑗2𝜋𝑚𝑛

𝑁 } = X (k-m) N 

3.2.7. MULTIPLICATION: 

 The Multiplication property of DFT says that DFT of product of two discrete 

time sequences is equivalent to the circular convolution of the DFTs of the individual 

sequences scaled by a factor 1/N. 

If DFT{x (n)} =X (k), then 

DFT{x1(n) x2(n)} = 
1

𝑁
[X1(k)* X2(k)] 

3.2.8. CIRCULAR CONVOLUTION: 

 The Circular Convolution of two N point sequences x1(n) and   x2(n) is defined as  

x1 (n) * x2(n) =∑ x1
𝑁−1
𝑚=0 (m)𝑥2 (n − m)𝑁 

3.2.9. CIRCULAR CORRELATION 

 The Circular Correlation of two sequences x (n) and y(n) is defined as 

𝑟𝑥𝑦̅̅ ̅̅  (m)= ∑ 𝑥(𝑛)𝑦∗ 𝑁−1
𝑛=0 (𝑛 − 𝑚)𝑁 

If DFT{x (n)} = X(k) and DFT{y(n)}=Y(k), then by Correlation property 

DFT{𝑟𝑥𝑦̅̅ ̅̅ (𝑚)} = 𝐷𝐹𝑇{ ∑ 𝑥(𝑛)𝑦∗ 𝑁−1
𝑛=0 (𝑛 − 𝑚)𝑁} = X(k) Y*(k) 
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3.2.10. PARSEVALS RELATION: 

Let DFT{x1(n)} = X1(k) and DFT{x2(n)} = X2(k) the by Parsevals relation 

∑ 𝑥1(𝑛)𝑁−1
𝑛=0 𝑥2

∗(𝑛) =  
1

𝑁
   ∑ 𝑋1(𝑘)𝑋2

∗ 𝑁−1
𝑘=0 (k) 

  

  

 

 

 

 

 

 

 

 


