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Digital Signal and Systems

1.01: Fourier Transform and Spectrum
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Spectrum of a Non-periodic Signal
FS and Line Spectrum only for periodic 
signals 
Fourier Transform for periodic and non 
periodic signals
Change the expression of a signal in a time-
domain (variation of energy) to an expression 
in the frequency domain

Energy Compactness (data compression)
Signal Analysis & Synthesis
Frequency detection
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Signal Power and Parseval’s Theorem
Recall the Sinusoids’ Power Calculation using phasors:
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Fourier Transform Definition
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Fourier Transform Examples:

⎟
⎠
⎞

⎜
⎝
⎛==

−

−
=

−
−

=

−
=

−
===

−−+=

=−=−=−

==

−

−

−

−

−

−

−

−∞

∞−

−

∞

∞−

∞

∞−

∞

∞−

∞

∞−

⋅−∞

∞−

−

∫∫∫

∫∫∫
∫∫

2
sinc

2

)
2

sin()
2

sin(2

11)(rect)(

)
2
1()

2
1()(rect :Consider

)()()(

1)()(

)( and )( :Consider

2
1

2
1

2
1

2
1

2
1

2
1

2
1

2
1

000

0

0

000

ω
ω

ω

ω

ω

ω

ωω
ω

δδδ

δδ

δδ

ωω

ωωωω

ωωωω

ωω

j

j

j
ee

e
j

de
j

dtedtetR

tutut

edtttedtettdtett

dtetdtet

ttt

jj

tjtjtjtj

tjtjtjtj

jtj

Matlab: sinc(t) is 
actually sinc(pi*t)
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Fourier Transform Examples: (more …)
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Time Shift Properties:

 domain.  timein the shift   timethe
by  causeddomain  FT in theshift  phase  theis (radian) 
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Time Scale Properties:
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Frequency Shift Properties:
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Duality:
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Fourier Transform of Sampling Signal: 
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Convolution: (Linear Time Invariant 
Systems and Unit Impulse Response)
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LTI 
System

Unit 
Impulse Response

)(tha



Convolution and LTI Systems:
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Convolution Example:
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Convolution and Correlation:
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Fourier Transform of Convolution:
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Fourier Transform of Correlation Function:
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Correlation Function Example:
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Example (continuing): …
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