
  
 

Exercises for Week 8 
 
 
 
1. Let the impulse response of a digital system be 
 

ℎ[𝑛] = {𝟏, 1,1} 
 

The first sample is at index 𝑛 = 0. Is it a linear-phase system? Determine its magnitude and 
amplitude response. Find also the corresponding phase responses. 
 
 
 

 
2. Let the impulse response of a digital system be 
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The first sample is at index 𝑛 = 0. Is it a linear-phase system? Why? 
 
 
 
 

3. Compute the energy for ℎ![𝑛]: 
 

ℎ![𝑛] =
𝜔"
𝜋 sinc 9

𝜔"𝑛
𝜋 :,																𝜔" = 0.1𝜋 

 
which is the impulse response of an ideal lowpass filter with cutoff frequency 0.1𝜋. 

 
 

 
  



  
 

Solution 
Question 1 

𝐻>𝑒#$@ = A ℎ[𝑛]𝑒%#$&
'

&(%'

 

 
= 1 + 𝑒%#$ + 𝑒%#)$ 

 
= 𝑒%#$>𝑒#$ + 1 + +𝑒%#$@ 

 
= 𝑒%#$[1 + 2 cos(𝜔)] 

 
The amplitude response is  

𝐻*>𝑒#$@ = 1 + 2 cos(𝜔) 
 
and the corresponding phase response is: 

∠𝐻>𝑒#$@ = −𝜔 
 
As ∠𝐻>𝑒#$@ is a linear function of	𝜔, the system is of linear-phase. 
 
On the other hand, the magnitude response is: 
 

G𝐻>𝑒#$@G = 1 + 2 cos(𝜔) 
 
and the corresponding phase response is: 
 

∠𝐻>𝑒#$@ = H
−𝜔 −
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2𝜋
3

−𝜔 ± 𝜋 −𝜋 ≤ 𝜔 ≤ −
2𝜋
3
	𝑎𝑛𝑑	

2𝜋
3
< 𝜔 < π

 

 
In(−𝜋, 𝜋), (1 + 2 cos(𝜔)) ≥ 0  for |𝜔| ≤ 2𝜋/3 and it is equal to zero otherwise.  
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Question 2 
 
No. It is not linear-phase because it does not fulfil the symmetric or anti-symmetric condition. 
 
 
 
 
 
Question 3 
 
Using Parseval’s relation for DTFT 
 

Signal	Energy = A |𝑥[𝑛]|)
'
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Based on the frequency domain formula, the energy is 
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On the other hand, it is difficult to compute the energy in the time domain. 
 


