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EXAMPLE
Find the 4-Point DFT of the sequence x 𝑛 = cos

𝑛𝜋

4
.

Solution:
Given N =4

x(n) = {cos( 0), cos(
𝜋

4
), cos(

𝜋

2
), cos(

3𝜋

4
)} = {1, 0.707, 0, -0.707}

The N-point DFT of the sequence x(n) is defined as

X(k) = σn=0
N−1 x n e−j2πnk/N , k = 0, 1, 2, … , N − 1

X(k) = σn=0
3 x n e−j2πnk/4 , k = 0, 1, 2, 3

= σn=0
3 x n e−jπnk/2 , k = 0, 1, 2, 3

For k = 0

X(0) = σn=0
3 x n e−jπ(0)n/2 = σn=0

3 x n = 𝟏
For k = 1

X(1) = σn=0
3 x n e−jπ (1)n/2 = 1 + 0.707𝑒−𝑗𝜋/2 + 0 + −0.707 𝑒−𝑗3𝜋/2

= 1 + 0.707 −𝑗 + 0 – 0.707 𝑗 = 𝟏 – 𝒋 𝟏. 𝟒𝟏𝟒
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EXAMPLE
For k = 2

X(2)= σn=0
3 x n e−jπ (2)n/2 = 1 + 0.707𝑒−𝑗𝜋 + 0 + −0.707 𝑒−𝑗3𝜋

= 1 + 0.707 −1 + 0 – 0.707 −1 = 𝟏

For k = 3

𝑋(3) = ෍

n=0

3

x n e−jπ (3)n/2 = 1 + 0.707𝑒−𝑗3𝜋/2 + 0 + −0.707 𝑒−𝑗9𝜋/2

= 1 + 0.707 𝑗 +0 – 0.707 −𝑗 = 𝟏 + 𝒋 𝟏. 𝟒𝟏𝟒

X(k) = {1, 𝟏 − 𝒋 𝟏. 𝟒𝟏𝟒, 1, 𝟏 + 𝒋 𝟏. 𝟒𝟏𝟒}
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EXAMPLE
Find the inverse DFT of  X k = {1, 2, 3, 4} .
Solution:
The IDFT is given by 

x(n) = 
𝟏

𝑵
σ𝒌=𝟎
𝑵−𝟏𝑿 𝒌 𝒆 𝒋𝟐𝝅𝒏𝒌/𝑵 , 𝒏 = 𝟎, 𝟏, 𝟐, … ,𝑵 − 𝟏

Given N = 4,     x(n) = 
1

4
σ𝑘=0
3 𝑋 𝑘 𝑒 𝑗2𝜋𝑛𝑘/4 , 𝑛 = 0, 1, 2, 3

When n = 0

x(0) = 
1

4
σ𝑘=0
3 𝑋 𝑘 𝑒 𝑗2𝜋(0)𝑘/4 =

1

4
1 + 2 + 3 + 4 = 5/2

When n = 1

X(1) = 
1

4
σ𝑘=0
3 𝑋 𝑘 𝑒 𝑗2𝜋(1)𝑘/4 =

1

4
1 + 2𝑒𝑗𝜋/2 + 3𝑒𝑗𝜋 + 4𝑒𝑗3𝜋/2 =

1

4
1 + 2(𝑗) + 3(−1) + 4(−𝑗) =

1

4
2 − 2𝑗 =

𝟏

𝟐
−
𝟏

𝟐
𝒋
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EXAMPLE
When n = 2

X(2) = 
1

4
σ𝑘=0
3 𝑋 𝑘 𝑒 𝑗2𝜋(2)𝑘/4 =

1

4
1 + 2𝑒𝑗𝜋 + 3𝑒𝑗2𝜋 + 4𝑒𝑗3𝜋 =

1

4
1 + 2(−1) + 3(1) + 4(−1) =

1

4
−2 = −

𝟏

𝟐

When n = 3

X(3) = 
1

4
σ𝑘=0
3 𝑋 𝑘 𝑒 𝑗2𝜋(3)𝑘/4 =

1

4
1 + 2𝑒𝑗3𝜋/2 + 3𝑒𝑗3𝜋 + 4𝑒𝑗9𝜋/2 =

1

4
1 + 2(−𝑗) + 3(−1) + 4(𝑗) = −

𝟏

𝟐
+
𝟏

𝟐
𝒋

X(n) = {
𝟓

𝟐
, 
𝟏

𝟐
−

𝟏

𝟐
𝐣 , −

𝟏

𝟐
, −

𝟏

𝟐
+

𝟏

𝟐
𝐣}
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FAST FOURIER TRANSFORM (FFT) 
ALGORITHM

• The FFT is a fast algorithm for computing the DFT. If we take the 2-point DFT and 4-
point DFT and generalize them to 8-point, 16-point, ..., 2r-point, we get the FFT 
algorithm.

• The equation DFT

• X(k) = σ𝒏=𝟎
𝑵−𝟏𝒙 𝒏 𝒆−𝒋𝟐𝝅𝒏𝒌/𝑵 , 𝒌 = 𝟎, 𝟏, 𝟐, … ,𝑵 − 𝟏

• Then X(k) = σ𝒏=𝟎
𝑵−𝟏𝒙 𝒏 𝐰𝑛𝑘

𝑁, 𝒌 = 𝟎, 𝟏, 𝟐,… ,𝑵 − 𝟏

• where           𝐰𝑘
𝑁 = 𝑒−𝑖2𝜋𝑘/𝑁 ,N = 2,4,8,16,…….2𝑛
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FAST FOURIER TRANSFORM (FFT) 
ALGORITHM

w8
𝟎
=1+i0 w8

𝟏
=0.707-i0.707 w8

𝟐
=0-i=-i

w8
𝟑
= -0.707-i0.707 w8

𝟒
= -1-i0 =-1 w8

𝟓
=- 0.707+i0.707 

w8
𝟔
=0+i1=i w8

𝟕
=0.707+i0.707          
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HOW TO CREATE A 2 POINT INPUT  BUTTERFLY
Example: find the FFT for the signal X(n) 

X(n)=[0 1]

e
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EXAMPLE

Find the FFT for the signal X(n)

X(n)=[2-2i 2]

The X(k) = [4+2i -2i]
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HOW TO CREATE A 4 POINT INPUT  BUTTERFLY
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EXAMPLE
Find the FFT for the signal X(n)

X(n)=[1 2 3 4]

Xe(n)=[1 3] Xodd(n)=[2 4]
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EXAMPLE
Find the FFT for the signal X(n)
X(n)=[0 0 0 2]
Xe(n)=[0 0] Xodd(n)=[0 2]

X(k)=[2 2i -2 -2i]
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EXAMPLE
Find the FFT for the signal X(n)
X(n)=[x(0), x(1), x(2), x(3), x(4), x(5), x(6), x(7)]
N=8
Xe(n)=[x(0), x(2), x(4), x(6)]      N=4     
Xo (n)=[x(1), x(3), x(5), x(7)]     N=4 
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EXAMPLE
Then the X(k) in frequency domain is

X(k)= [ -1    3     -9      3      -1        3    -9     3 ]

of the signal x(n) in time domain 

X(n)=[-1      0       2      0       -4       0      2       0]
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