
Module 1 

DFT properties 



DFT 

• Q1 Determine DFT of x(n)=[1 2 3 4] 

• Solution: 
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DFT 

• Find IDFT of X(K)=[10  -2+2j  -2  -2-2j]  
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DFT 

• Find IDFT of X(K)=[10  -2+2j  -2  -2-2j]  
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DFT 

Quiz:  

1. Determine DFT of x(n)=[5,6,7,8] and find IDFT of 
result to verify answer 

2. Determine x1(n)*x2(n)=y(n) 

When x1(n)=[1,2,3,4] 

X2(n)=[5,6,7,8] 

Hint: 1)find X1(k) and X2(k) 

          2) Y(k)= X1(k).X2(k) 

          3) IDFT(Y(k))=y(n) 



Circular frequency shift property 

• Proof 

 X(k)= 𝑥 𝑛 𝑊𝑁
𝐾𝑛  𝑁−1

𝑛=0  

 DFT of x(n) 𝑊𝑁
−𝑙𝑛=  𝑥 𝑛 𝑊𝑁

−𝑙𝑛𝑊𝑁
𝐾𝑛  𝑁−1

𝑛=0  

=  𝑥 𝑛 𝑊𝑁
(𝑘−𝑙)𝑛𝑁−1

𝑛=0  

=(X(k-l)) 



DFT 

• Circular frequency shift/ frequency translation 

DFT of x(n) 𝑊𝑁
−𝑙𝑛=X(k-l) 

DFT of x(n) 𝑊𝑁
+𝑙𝑛=X(k + l) 

DFT of x(n) 𝑊𝑁
𝑁𝑛/2

=X(k+
𝑁

2
) and  

x(n) 𝑊𝑁
−𝑁𝑛/2

=X(k- 
𝑁

2
)  

Hence DFT of ( (−1)𝑛x(n))=X(k - 
𝑁

2
) 

 

 

 



DFT 

• Example: Find DFT of x1(n)=[1, -2, 3, -4] using the DFT of 

      x(n)=[1 2 3 4] 

 

Solution: 

Using,   x1(n)=how can we get this using  
x(n)? 

 

 

 

 

 

 



DFT 

• Example: Find DFT of x1(n)=[1, -2, 3, -4] using the DFT of 

      x(n)=[1 2 3 4] 

 

Solution: 

Using,   x1(n)= (−1)𝑛x(n) 

Step 1….X(k ) 

 

Step 2….. DFT of ( (−1)𝑛x(n))=X(k - 
𝑁

2
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DFT 

• Example: Find DFT of x1(n)=[1, -2, 3, -4] using the DFT of 
      x(n)=[1 2 3 4] 

 
Solution: 
Using,   x1(n)= (−1)𝑛x(n) 
Step 1….X(k ) = 

 

Step 2….. DFT of ( (−1)𝑛x(n))=X(k - 
𝑁

2
) 

                                                       =X(k -2)????? 
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DFT 

• Example: Find DFT of x1(n)=[1, -2, 3, -4] using the 
DFT of 

      x(n)=[1 2 3 4] 
 

 Solution: 
 Using,   x1(n)= (−1)𝑛x(n) 
 Step 1….X(k ) = 

 

 Step 2….. DFT of ( (−1)𝑛x(n))=X(k - 
𝑁

2
)= X(k -2)  

                                                                     =[-2,  -2-2j, 10,  -2+2j]  
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DFT property:Circular time reversal / 
Circular folding 

 
• Example: find DFT of x1(n)=[1, -2, 3, -4] 

Solution:Summary 

x1(n)= (−1)𝑛x(n) 

 

DFT of (−1)𝑛x(n)=X(k- 
𝑁

2
)=X(k -2) 

=[-2,  -2-2j, 10,  -2+2j]  

 

 

 

 



DFT property:Circular time reversal / 
Circular folding 

 
• Circular time reversal / Circular folding 

• DFT of x(-n)=X(-k) 

Example Find DFT of x1(n)=[1,4,3,2] 

• Solution: X(-k)= 

 



DFT property:Circular time reversal / Circular 
folding 

 

Solved example:- 

Using x(-n)=X(-k) or/ Circular time reversal property of 
DFT find DFT of x1(n)=[1,4,3,2]. 

Solution:- 

    X(-k)=                                     …………Answer [10,  -2-2j,  -2,  -2+2j] 



DFT:  Symmetry property 
 

• Symmetry property 

     For  a real valued sequence x(n), X(k)= 𝑿∗(N-
k)  

• Solved Example 

• First five  samples of 8-point DFT of sequence 
x(n) are  given as below.  

• X(K)=[   0.5,  2+j,    3+2j,    j,    3,…………….] 

    Determine remaining samples of X(k)? 
 



DFT:  Symmetry property 
 

• Symmetry property 

     For  a real valued sequence x(n), X(k)= 𝑿∗(N-k)  

• Solved Example 

• First five  samples of DFT of x(n) are  given as 
below. Determine value of remaining samples. 

• X(K)=[   0.5,  2+j,    3+2j,    j,    3,  __  ,___   ,___    ] 

• X(5)= ? 

• X(6)= ? 

• X(7)=? 



DFT:  Symmetry property 
 

• Symmetry property 

     For  a real valued sequence x(n), X(k)= 𝑿∗(N-k)  

• Solved Example 

• First five  samples of DFT of x(n) are  given as 
below. Determine value of remaining samples. 

• X(K)=[   0.5,  2+j,    3+2j,    j,    3,  __  ,___   ,___    ] 

• X(5)= 𝑋∗(8-5) = 𝑋∗(3) =? 

• X(6)= 𝑋∗(8-6)= 𝑋∗(2) = ? 

• X(7)= 𝑋∗(8-7)= 𝑋∗(1) = ? 



DFT:  Symmetry property 
 

• Symmetry property 

     For  a real valued sequence x(n), X(k)= 𝑿∗(N-k)  

• Solved Example 

• First five  samples of DFT of x(n) are  given as 
below. Determine value of remaining samples. 

• X(K)=[   0.5,  2+j,    3+2j,    j,    3,  __  ,___   ,___    ] 

• X(5)= 𝑋∗(8-5) = 𝑋∗(3) =-j 

• X(6)= 𝑋∗(8-6)= 𝑋∗(2) = 3-2j 

• X(7)= 𝑋∗(8-7)= 𝑋∗(1) = 2-j 



DFT Properties 

• Solved Example:- If x(n)=[1+j5, 2+j6, 3+j7, 4+j8] find DFT of 
x1(n)=[1, 2, 3, 4] and x2(n)=[5, 6, 7, 8] 

• Find DFT of x(n).Also find the DFT of x1(n) and x2(n) using the 
DFT of x(n) 

 

 

 
Solution:-X(k)=[???????] 

X1(k)=
X(k)+ X∗(−k)

2
=[?????]  

X2(k)= 
X(k)− X∗(−k)

2𝑗
=[???????] 
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DFT Properties 

• Solved Example:- If x(n)=[1+j5, 2+j6, 3+j7, 4+j8] find DFT of 
x1(n)=[1, 2, 3, 4] and x2(n)=[5, 6, 7, 8] 

• Find DFT of x(n).Also find the DFT of x1(n) and x2(n) using the 
DFT of x(n) 

 

 

 
Solution:-X(k)=[10+j26, -4, -2-j2, -j4] 

X1(k)=
X(k)+ X∗(−k)

2
=[?????]  

X2(k)= 
X(k)− X∗(−k)

2𝑗
=[???????] 
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DFT Properties 

• Solved Example:- If x(n)=[1+j5, 2+j6, 3+j7, 4+j8] find DFT of 
x1(n)=[1, 2, 3, 4] and x2(n)=[5, 6, 7, 8] 

• Find DFT of x(n).Also find the DFT of x1(n) and x2(n) using the 
DFT of x(n) 

 

 

 
Solution:-X(k)=[10+j26, -4, -2-j2, -j4] 

X1(k)=
X(k)+ X∗(−k)

2
=[10,  -2+2j,  -2,  -2-2j]  

X2(k)= 
X(k)− X∗(−k)

2𝑗
=[26,-2+2j,-4,-2-2j] 
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N-Point DFTs of Two seqences 
Real Sequences …using N point DFT 

 

 

 
 

 Find DFT of g (4 point) and h (4 point)  using  

 DFT of X (4 point) 

 



N-Point DFTs of Two seqences 
Real Sequences …using N point DFT 
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N-Point DFTs of Two seqences 
Real Sequences …using N point DFT 

 

 

 

 

 

 

 

Answer…. 



N-Point DFTs of Two seqences 
Real Sequences …using N point DFT: Review 

 

SOLUTION:- 

Answer 
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N-Point DFTs of Two seqences 
Real Sequences …using N point DFT 

• Solved Example:- 

• If x(n)=[1+j5, 2+j6, 3+j7, 4+j8] 

    ,  x1(n)=[1, 2, 3, 4] and  

        x2(n)=[5, 6, 7, 8] 

    Find DFT of x(n).Also find the DFT of x1(n) and      

    x2(n) using the DFT of x(n) and not otherwise. 



N-Point DFTs of Two seqences 
Real Sequences …using N point DFT 

• Solved Example:- 

• If x(n)=[1+j5, 2+j6, 3+j7, 4+j8]     ,  x1(n)=[1, 2, 3, 4] 
and  x2(n)=[5, 6, 7, 8].Find DFT of x(n).Also find the 
DFT of x1(n) and  x2(n) using the DFT of x(n) and not 
otherwise. 

Solution:- 

X(k)=? 

X1(k)=
X(k)+ X∗(−k)

2
)=? 

X2(k)= 
X(k)− X∗(−k)

2𝑗
)=? 

 



N-Point DFTs of Two seqences 
Real Sequences …using N point DFT 

• Solved Example:-If x(n)=[1+j5, 2+j6, 3+j7, 4+j8] find DFT of x1(n)=[1, 2, 3, 4] 
and x2(n)=[5, 6, 7, 8]Find DFT of x(n).Also find the DFT of x1(n) and x2(n) using 
the DFT of x(n) 

 
 

 
 
 
 
 

Solution:- X(k)=???? 

X1(k)=
X(k)+ X∗(−k)

2
= 

X2(k)= 
X(k)− X∗(−k)

2𝑗
= 
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DFT Properties 

• Solved Example:- If x(n)=[1+j5, 2+j6, 3+j7, 4+j8] find DFT of 
x1(n)=[1, 2, 3, 4] and x2(n)=[5, 6, 7, 8] 

• Find DFT of x(n).Also find the DFT of x1(n) and x2(n) using the 
DFT of x(n) 

 

 

 
Solution:- X(k)=[10+j26, -4, -2-j2, -j4] 

X1(k)=
X(k)+ X∗(−k)

2
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2N-Point DFTs of a Real Sequences 
Using an N-Point DFT 
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2N-Point DFTs of a Real Sequences 
Using an N-Point DFT 

 



Relation Between DFT and z-Transforms 

 



DFT 

• Long data filtering method 

• Overlap add 

• Overlap save 

 



DFT 

• Overlap add method 
• X(n)=[1, 2, 3, 4, 5, 6, 7, 8] h(n)=[1, 2] 
• Nx=8, Nh=2, required Nx=mNh so m=4 
• If Nx ≠ mNh ,padd zeros  
• Split X(n) in 4  block h(n)=[1,2,0,0] 
• X1(n)=[1,2,0,0] 
• X2(n)=[3,4,0,0] 
• X3(n)=[5,6,0,0] 
• X4(n)=[7,8,0,0] 
• Find  
• y1(n)=x1(n)*h(n)=[1,4,4,0] 
• Y2(n)=x2(n)*h(n)=[3,10,8,0] 
• Y3(n)=x3(n)*h(n)=[5,16,12,0] 
• Y4(n)=x4(n)*h(n)=[7,22,16,0] 

 
 
 
 
 
 
 



DFT 

1 4 4 0 

3 10 8 0 

5 16 12 0 

7 22 16 0 

1 4 7 10 13 16 19 22 16 0 
DISCARD 

Y(N)=[1,4,7,10,13,16,19,22,16] 


