
EE322/522 
Digital Signal and Systems

1.01: Fourier Series and Line Spectrum
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Fourier Series Representation
Periodic Signal (Frequency and Period)
Analysis (Fourier Series Coefficients and Line 
Spectrum: Phase and Magnitude)
Synthesis (Sinusoids)
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Fourier Series of a Real Valued Signal
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Real Valued Signal:

Complex 
Conjugate 
Symmetry:
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Synthesis Equation for Real Valued Signal
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Phasor and Fourier Series Coefficients
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Phasor:

Fourier Series Coefficients and Phasor:

Unit Circle and Principal Phase Value:

Delta function and Sampling 
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Sample values:

Fourier Series of the Sampling Signal
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Sampling of Sinusoids
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Sampling of Sinusoids …
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• Sampling frequency must be at least higher than the twice of the highest 
frequency components in the signal.
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Sampling of Sinusoids …
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The normalized frequencies of a periodic signal must 
all equal to rational numbers multiplying 2π.

Sampling of Sinusoids …
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• Considering a different sampling frequency
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Plots (sampling frequency=450π)
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Omega5: 9 
(smpls) cover 
4x2π

Omega3: 15 
(smpls) cover 
4x2π

Omega2: 45 
(smpls) cover 
8x2π
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Plots (sampling frequency=500π)
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Omega5: 5 
(smpls) cover 
2x2π

Omega3: 25 
(smpls) cover 
6x2π

Omega2: 25 
(smpls) cover 
4x2π

Discrete Fourier Series (DFS):
Sampling a Periodic Signal (T and N)
Analysis (DFS)
Synthesis (Inverse DFS)
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Matlab function: Xk=fft(xn);

DFS …
Synthesis (Inverse DFS)
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Matlab function: xn=ifft(Xk);
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DFS of a Periodic Signal (ωs=450π)
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DFS of a Periodic Signal (ωs=500π)
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DFS Properties:
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DFS Example: (ωs=450π, Ν=45, m=4)
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Periodic Signal Synthesis
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