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ECS 455 Chapter 1  
Introduction & Review 

1.2 Fourier Transform and 

Communication System 

Office Hours:  

BKD 3601-7 

Wednesday 15:30-16:30 

Friday 9:30-10:30 
 



Notes #1 
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 Fourier Transform 

 Modulation 

 DSB-SC and QAM 



Fourier Transform in Auditory System 
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Human Audiogram (Audibility Curve) 

[http://psyc254.uconn.edu/Lecture18/] 

Approximate best frequencies of 

various places along the basilar 

membrane, in hertz. 

Schematic showing the cochlea unrolled, in cross-section. 

[Schnupp, Nelken, and King, 2010, Fig 2.2] 

[Schnupp, Nelken, and King, 2010, Fig 2.1] 

[Schnupp, Nelken, and King, 2010, Fig 2.2] 

The cochlea has sometimes been described as a biological Fourier analyzer. 



Spectrum of Digital Data (1/4) 
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Can you sketch the spectrum of s(t)? 



Spectrum of Digital Data (2/4) 
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This is also the spectrum of 

 for any .c t kT k



Spectrum of Digital Data (3/4) 
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This is also the spectrum of 

 for any .c t kT k



Spectrum of Digital Data (4/4) 
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This is also the spectrum of 

 for any .c t kT k



Example: Convolution 
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Frequency-Domain Analysis 
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Modulation:        
1 1
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Important Formula 
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Instantaneous Frequency (Ex 1/6) 
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 Suppose you want the frequency of  

 

 

to change as a function of time  

 Intuitively, the following substitution makes sense: 

 

 But will it work? 

  2f t t

 cos 2 ft

  2cos 2 t t



Instantaneous Frequency (Ex 2/6) 
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At t = 2, frequency = ? 



Instantaneous Frequency (Ex 3/6) 
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At t = 2,   f = t2 = 4 Hz?  cos 2 ft

Correct? 



Instantaneous Frequency (Ex 4/6) 
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At t = 2,   f = t2 = 4 Hz?  cos 2 ft



Instantaneous Frequency (Ex 5/6) 
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Instantaneous Frequency (Ex 6/6) 
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Instantaneous Frequency 
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QAM 
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 Complex baseband signal 

 Complex envelope of s(t) 

 Compex lowpass equivalent signal of s(t) 

In-phase component Quadrature component 

 m t


