
uOttawa.cauOttawa.ca

ELG3125 Signal and System Analysis

Frequency Content of Discrete-Time Signal

Presented by: Mohammad Sadeghi

msade033@uOttawa.ca

School of Information Technology and Engineering

Slides and assignments:

http://www.site.uottawa.ca/~msade033/



uOttawa.ca

Frequency Content

Time 

Domain

Frequency

Domain

Fourier Transform (non-periodic signals)

Fourier Series (periodic signals)

*Fourier Transform in MATLab: fft()

**There is a relationship between Fourier Series and Fourier Transform
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The relation between Fourier series and 
Fourier Transform

3

• In this lab, we learn to investigate the frequency content of 

the discrete-time signals. For a periodic signal with period N.
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Frequency Contents for Periodic Signal

x[n]:periodic signal

ak=1/N*fft(x)

stem(ak)

*We use stem() because output of Fourier Series is always Discrete
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Example 1:

N=50;

n=linspace(0,N-1,N);

x=[ones(1,10) zeros(1,N-10)];

stem(n,x);

xlabel('n');

title('x[n]'); grid on;

• Periodic signal with

period N = 50

𝑥 𝑛 = ቊ
1, 0 ≤ 𝑛 < 10
0, 10 ≤ 𝑛 < 50
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Example 1 (Cont.)

ak=1/N*fft(x);

stem(n,abs(ak));

xlabel('k');

title('|a{_k}|');

• Frequency content without shift
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Example 1 (Cont.)

• Frequency content with shift

ak=fftshift(ak);

k=n-N/2;

stem(k,abs(ak));

xlabel('k');

title('|a{_k}|');

*fftshift() is a function to shift 

zero frequency to the center.
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Frequency Contents for Non-periodic Signal
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Frequency Contents for Non-Periodic Signal

x[n]:non-periodic signal

X=fft(x)

plot(X)

*We use plot() because output of Fourier Transform is always continuous.



uOttawa.ca

Example 2:

• Finite-length signal with

duration of N = 50

𝑥 𝑛 = ቊ
1, 0 ≤ 𝑛 < 10
0, 10 ≤ 𝑛 < 50

N=50;

n=linspace(0,N-1,N);

x=[ones(1,10) zeros(1,N-10)];

stem(n,x);

xlabel('n');

title('x[n]'); grid on;
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Xw=fft(x);

Xw=fftshift(Xw);

k=n-N/2;

w=k*2*pi/N;

plot(w,abs(Xw));

xlabel('rad./sample');

title('Magnitude Fourier Transform');

• Codes to obtain frequency contents(respect to 𝜔): 𝜔 = 𝑘
2𝜋

𝑁
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Thank you!

Now, you do the assignments and send codes to 

msade033@uottawa.ca
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