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Difference Equations 



FIR Filters 

The two marked points 

around 1 are 𝟏 ±
𝟐𝝅

𝑴
. 



FIR Symmetries 

Suppose that 𝒉[𝒏] > ∞ 



FIR Symmetries 

We will see that later with an 
example. 



IIR Frequency Response 

𝟏. 𝟑 (𝟕𝟒. 𝟓𝟐𝐨) 

𝑵 − 𝑴 = 𝟐 − 𝟏 = 𝟏 
(one zero 

at the origin) 
 

= −2 



Negating z 



Negating z cont. 

𝝎 =
𝝅

𝟐
+ 𝒙, 𝑯 𝒆

𝒋
𝝅
𝟐

+𝒙−𝝅
= 𝑯 𝒆

𝒋 𝒙−
𝝅
𝟐  

 



Cubing z 



Cubing z 



Scaling z 



Scaling z 



Low-pass filter 

The red and blue curves 
are the same but in the 

blue curve the 
logarithmic scale is 

depicted in both axes. 
 



3 db approximation 

𝝎 = 𝐜𝐨𝐬−𝟏 𝒙 = 𝟐 − 𝟐𝒙 
 



Allpass filters 



Allpass filters properties 



Group delay 



Group delay properties 



Group delay from h[n] or H(z) 



Group delay example 



Minimum phase 



Energy concentration property 



Energy concentration property cont. 



Linear phase filters 



Summary 


