
Exercise 1

Solution 1

We have the DFT coefficients formula:

Thus, for k=0: 𝑋 0 = σ𝑛=0
3 𝑥 𝑛 𝑒−𝑗0 = 𝑥 0 𝑒−𝑗0 + 𝑥 1 𝑒−𝑗0 + 𝑥 2 𝑒−𝑗0 + 𝑥 3 𝑒−𝑗0 = 1 + 1 − 1 + 0 = 1

For k=1: 𝑋 1 = σ𝑛=0
3 𝑥 𝑛 𝑒−𝑗

𝜋

2
𝑛 = 𝑥 0 𝑒−𝑗0 + 𝑥 1 𝑒−𝑗

𝜋

2 + 𝑥 2 𝑒−𝑗
2𝜋

2 + 𝑥 3 𝑒−𝑗
3𝜋

2 = 1 + 1 −𝑗 − 1 −1 + 0 = 2 − 𝑗

For k=2: 𝑋 2 = σ𝑛=0
3 𝑥 𝑛 𝑒−𝑗𝜋𝑛 = 𝑥 0 𝑒−𝑗0 + 𝑥 1 𝑒−𝑗𝜋 + 𝑥 2 𝑒−𝑗2𝜋 + 𝑥 3 𝑒−𝑗3𝜋 = 1 + 1 −1 − 1 1 + 0 = −1

For k=3: 𝑋 3 = σ𝑛=0
3 𝑥 𝑛 𝑒−𝑗

𝜋

2
3𝑛 = 𝑥 0 𝑒−𝑗0 + 𝑥 1 𝑒−𝑗

3𝜋

2 + 𝑥 2 𝑒−𝑗3𝜋 + 𝑥 3 𝑒−𝑗
9𝜋

2 = 1 + 1 𝑗 − 1 −1 + 0 = 2 + 𝑗



Exercise 2

Solution 2

Since N=4, we have 𝑊𝑁
−𝑛𝑘= 𝑒𝑗

𝜋

2
𝑛𝑘, using IDFT Equation

Thus, for n=0: 𝑥 0 =
1

4
σ𝑘=0
3 𝑋 𝑘 𝑒𝑗

𝜋

2
𝑘0 = 𝑋 0 𝑒𝑗0 + 𝑋 1 𝑒𝑗0 + 𝑋 2 𝑒𝑗0 + 𝑋 3 𝑒𝑗0

=
1

4
[ 1 1 + 2 − 𝑗 1 + −1 1 + 2 + 𝑗 1 ] = 1

For n=1: 𝑥 1 =
1

4
σ𝑘=0
3 𝑋 𝑘 𝑒𝑗

𝜋

2
𝑘 = 𝑋 0 𝑒𝑗0 + 𝑋 1 𝑒𝑗

𝜋

2 + 𝑋 2 𝑒𝑗𝜋 + 𝑋 3 𝑒𝑗
3𝜋

2

=
1

4
1 1 + 2 − 𝑗 𝑗 + −1 −1 + 2 + 𝑗 −𝑗 =

1

4
1 + 2𝑗 + 1 + 1 − 2𝑗 + 1 = 1

For n=2: 𝑥 2 =
1

4
σ𝑘=0
3 𝑋 𝑘 𝑒𝑗𝜋𝑘 = 𝑋 0 𝑒𝑗0 + 𝑋 1 𝑒𝑗𝜋 + 𝑋 2 𝑒𝑗2𝜋 + 𝑋 3 𝑒𝑗3𝜋

=
1

4
1 1 + 2 − 𝑗 −1 + −1 1 + 2 + 𝑗 −1 =

1

4
1 − 2 + 𝑗 − 1 − 2 − 𝑗 = −1

For n=3: 𝑥 1 =
1

4
σ𝑘=0
3 𝑋 𝑘 𝑒𝑗

𝜋

2
3𝑘 = 𝑋 0 𝑒𝑗0 + 𝑋 1 𝑒𝑗

3𝜋

2 + 𝑋 2 𝑒𝑗3𝜋 + 𝑋 3 𝑒𝑗
9𝜋

2

=
1

4
1 1 + 2 − 𝑗 −𝑗 + −1 −1 + 2 + 𝑗 𝑗 =

1

4
1 − 2𝑗 + 1 + 1 + 2𝑗 − 1 = 0

Finally, we obtain: 𝑥 0 = 1, 𝑥 1 = 1, 𝑥 2 = −1, 𝑥 3 = 0.



Exercise 3

Solution 3

a. We have:  △ 𝑓 =
𝑓𝑠

𝑁
=

20000

8000
= 2.5 𝐻𝑧

b. The folding frequency: 𝑓𝑚𝑎𝑥 =
𝑓𝑠

2
=

20000

2
= 10𝑘𝐻𝑧



Exercise 4

Solution 4

We have N=4, and  𝑥 0 = 4, 𝑥 1 = −1, 𝑥 2 = 2, 𝑥 3 = 1.

First we determine the DFT coefficients:

For k=0: 𝑋 0 = σ𝑛=0
3 𝑥 𝑛 𝑒−𝑗

𝜋

2
𝑛0 = 𝑥 0 𝑒−𝑗0 + 𝑥 1 𝑒−𝑗0 + 𝑥 2 𝑒−𝑗0 + 𝑥 3 𝑒−𝑗0 = 4 1 + −1 1 + (2)(1) + (1)(1) = 6

For k=2:𝑋 2 = σ𝑛=0
3 𝑥 𝑛 𝑒−𝑗𝜋𝑛 = 𝑥 0 𝑒−𝑗0 + 𝑥 1 𝑒−𝑗𝜋 + 𝑥 2 𝑒−𝑗2𝜋 + 𝑥 3 𝑒−𝑗3𝜋 = 4 1 + −1 −1 + 2 1 + 1 −1 = 6

For k=3: 𝑋 3 = σ𝑛=0
3 𝑥 𝑛 𝑒−𝑗

𝜋

2
3𝑛 = 𝑥 0 𝑒−𝑗0 + 𝑥 1 𝑒−𝑗

3𝜋

2 + 𝑥 2 𝑒−𝑗3𝜋 + 𝑥 3 𝑒−𝑗
9𝜋

2 = 4 1 + −1 𝑗 + 2 −1 + 1 −𝑗 = 2 − 2𝑗

For k=1: 𝑋 1 = σ𝑛=0
3 𝑥 𝑛 𝑒−𝑗

𝜋

2
𝑛 = 𝑥 0 𝑒−𝑗0 + 𝑥 1 𝑒−𝑗

𝜋

2 + 𝑥 2 𝑒−𝑗
2𝜋

2 + 𝑥 3 𝑒−𝑗
3𝜋

2 = 4 1 + −1 −𝑗 + 2 −1 + 1 𝑗 = 2 + 2𝑗

Amplitude Spectrum



𝐴0 =
1

4
(6)2+(0)2= 1.5, 𝐴1 =

1

4
(2)2+(2)2= 0.707, 𝐴2 =

1

4
(6)2+(0)2= 1.5, 𝐴3 =

1

4
2 2 + −2 2 = 0.707

Power Spectrum

Phase Spectrum



Exercise 5

DFT coefficient using decimation-in-frequency FFT method

We have:

Solution 5



Exercise 6

Solution 6



Exercise 7

Solution 7



Exercise 8

Solution 7


