
Discrete-time Fourier Transform 
• To distinguish between the frequency domains of DTFT and CTFT, we will use Ω  

for CT and ω  for DT. 

• Discrete-time Fourier Transform (DTFT) 
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• Integration: [-π ,π) or (-π ,π] 
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• ( ) ( )ωπω XkX ˆ2ˆ =+  ⇒ Therefore, consider only on -π  < ω < π  
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Frequency-shift: [ ]0jne x nω  ( )0X̂ ω ω−  
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Convolution in time: 1 2[ ]* [ ]x n x n  ( ) ( )1 2
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Convolution in frequency: 
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The figures below shows the summations when k goes as far as 10 and 

100, and 
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• Can see this by expanding ( )2
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p kω ω π+  into its Fourier series. 

DTFT and Z-transform 
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• If |z| = 1 is in (ROC)X, 
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• If |z| = 1 is bounded away form (ROC)X, 
x[n] has no DTFT 
• Example 
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• If |z| = 1 is a bounding circle (edge) for (ROC)X  
x[n] may or may not have a DTFT 

If it does, DTFT usually contains impulses 
• Example 
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• Real x[n] ⇒ ( ) ( )( )*ˆˆ ωω XX =−  

Even: x[-n] = x[n] ⇒ even: ( ) ( )ωω XX ˆˆ =−  

Odd: x[-n] = -x[n] ⇒ odd: ( ) ( )ωω XX ˆˆ −=−  

Real & even x[n] ⇒ real & even ( )ωX̂  

Real & odd x[n] → pure imaginary & odd ( )ωX̂  


