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Chap 4 Fourier representation
• 4.1 Sinusoidal signals and their properties
• 4.2 Representation of continuous-time signals
• 4.3 Representation of discrete-time signals 
• 4.4 Summary of Fourier series and transform
• 4.5 Properties of the discrete-time Fourier 

transform
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Continuous-time sinusoids

EE3660 Intro to DSP, Spring 2020 3

Period

Angular frequency

Negative 
frequency

4.1



Harmonically related signals
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Fundamental frequency

Orthogonality property



Discrete-time sinusoids
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Periodicity
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LTI system

Periodicity in time

⟺

Periodicity in frequency



Harmonically related signals
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Orthogonality property



Continuous-time Fourier series (CTFS)
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Continuous-time signals with 
period 𝑇𝑇0 = 2𝜋𝜋/Ω0

Discrete Fourier series 
coefficients

𝑐𝑐𝑘𝑘 =
𝐴𝐴𝜏𝜏
𝑇𝑇0

sinc(𝑘𝑘
𝜏𝜏
𝑇𝑇0

)

4.2.1



Gibbs phenomenon
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Ripples’ energy decreases, but 
their overshoot amplitudes do not.



From Fourier series to Fourier transform
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Continuous-time Fourier series Continuous-time Fourier transform



Continuous-time Fourier transform (CTFT)
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Continuous-time aperiodic 
signals

Continuous transform 
spectrum

4.2.2

Parseval’s relation



Example of causal exponential signal
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Sampling an aperiodic signal with a periodic one
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Sampling an aperiodic signal with a periodic one
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Information carried by k-th
sinusoidal modulation

𝑥𝑥(𝑡𝑡) can be perfectly 
recovered from 𝑥𝑥𝑠𝑠(𝑡𝑡) if

� 𝑋𝑋 𝑗𝑗2𝜋𝜋𝐹𝐹 = 0 for 𝐹𝐹 > 𝐵𝐵;
𝐹𝐹0 > 2𝐵𝐵.



Discrete-time Fourier series (DTFS)
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Discrete-time signals with 
period 𝑁𝑁

Discrete Fourier series 
coefficients with period 𝑁𝑁

4.3.1

𝐿𝐿−𝐿𝐿



From Fourier series to Fourier transform
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Discrete-time Fourier series Discrete-time Fourier transform



Discrete-time Fourier transform (DTFT)
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Discrete-time aperiodic signals Continuous transform spectrum

4.3.2

Parseval’s relation



Example of finite length pulse
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Summary of Fourier series and transforms
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Real-world signals Discretely sampled signals

Computable signals

4.4



The z-transform vs. DTFT
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Symmetry properties of the DTFT
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Example
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Example
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Ideal lowpass sequence Rectangular pulse sequence
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