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The Discrete Time Fourier 
Transform-4. Properties (cont’d) 
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Today 

•  Applications of the Fourier Transform in 
image analysis 

•  Properties of the Fourier Transform (cont’d) 
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Overview of DTFT properties 

We have already discussed (and made use of) 
–  Periodicity X(ejω)= X(ejω+2π) 
–  Linearity 

We can group the other properties into meaningful 
categories: 
–  1. properties related to signal symmetry 
–  2. properties related to transformations of the independent 

variable (time domain and frequency domain) 
–  3. properties related to time and frequency differentiation 
–  4. properties related to convolution 
–  5. property related to the energy of the signal (Parseval) 

•  Our focus will be on understanding the properties and 
on knowing how to use them, rather than on their 
mathematical proof 



Table 2.1   SYMMETRY PROPERTIES OF THE FOURIER TRANSFORM 



Table 2.2   FOURIER TRANSFORM THEOREMS 



Table 2.3   FOURIER TRANSFORM PAIRS 



15 

Frequency shifting: discussion 

Frequency shifting has important implications because of DTFT  
periodicity 



Example 1 (using symmetry 
properties) 

•  The following facts are known about a signal x[n] : 

Determine x[n] 
16 

€ 

x[n] is real
x[n] = 0 for n > 0
x[0] > 0

Im X e jω( ){ } = sinω − sin 2ω

1
2π

X (e jω )
2

=
−π

π

∫ 3
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Example 2 (using the frequency 
differentiation property) 

•  Consider the DFT of x[n]=anu[n], where 0<a<1 
•  Show that  

€ 

(n +1)an DTFT← → ⎯ ⎯ X (e jω ) =
1

1− ae− jω( )  2
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Example 3 (using the convolution 
property) 

Consider a discrete LTI system with  

Determine its response to  


