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Question # 1: 

A particular LTI system is described by the difference equation: 

𝑦 𝑛 +
1
4𝑦 𝑛 − 1 −

1
8𝑦 𝑛 − 2 = 𝑥 𝑛 − 𝑥 𝑛 − 1  

Find the impulse response of the system. 
Solution: 

The use of the Fourier transform simplifies the analysis of the difference equation: 

𝑦 𝑛 +
1
4
𝑦 𝑛 − 1 −

1
8
𝑦 𝑛 − 2 = 𝑥 𝑛 − 𝑥 𝑛 − 1  

𝑌 𝑒𝑗𝜔 +
1
4
𝑒!!"𝑌 𝑒𝑗𝜔 −

1
8
𝑒!!!"𝑌 𝑒𝑗𝜔 = 𝑋 𝑒𝑗𝜔 − 𝑒!!"𝑋 𝑒𝑗𝜔  

𝑌 𝑒𝑗𝜔 1 +
1
4
𝑒!!" −

1
8
𝑒!!!" = 𝑋 𝑒𝑗𝜔 1 − 𝑒!!"  

𝐻 𝑒𝑗𝜔 =
𝑌 𝑒𝑗𝜔  
𝑋 𝑒𝑗𝜔

=
1 − 𝑒!!"

1 + 14 𝑒
!!" − 18 𝑒

!!!"
 

𝐻 𝑒𝑗𝜔 =
𝑌 𝑒𝑗𝜔  
𝑋 𝑒𝑗𝜔

=
1 − 𝑒!!"

1 + 12 𝑒
!!" 1 − 14 𝑒

!!"
 

Using Partial fraction expansion, we see that: 

𝐻 𝑒!" =
1− 𝑒−𝑗𝜔

1+ 12𝑒
−𝑗𝜔 1− 14𝑒

−𝑗𝜔
=

𝐴

1+ 12 𝑒
!!"

+
𝐵

1− 14 𝑒
!!"

→ 𝑒𝑞1 

Cross multiplication yields: 

1 − 𝑒!!" = 𝐴 1 −
1
4
𝑒−𝑗𝜔 + 𝐵 1 +

1
2
𝑒−𝑗𝜔  

Putting 𝑒!!" = 4, gives: 

1− 4 = 𝐴 1−
1
4× 4 + 𝐵 1+

1
2× 4  

1− 4 = 𝐴 0 + 𝐵 1+ 2  
−3 = 𝐵 3 ⟹ 𝐵 = −1 



1 = 𝐴 1−
3
4 𝑒

!!" + 𝐵 1−
1
2 𝑒

!!"  

Putting 𝑒!!" = −2, gives: 

1− −2 = 𝐴 1−
1
4× −2 + 𝐵 1+

1
2× −2  

1+ 2 = 𝐴
2+ 1
2 + 𝐵 0  

3 = 𝐴
3
2 ⟹ 𝐴 = 2 

Putting values of A and B in eq(1) gives: 

𝐻 𝑒!" =
2

1+ 12 𝑒
!!"

+
−1

1− 14 𝑒
!!"

 

Taking the inverse Fourier transform, we obtain: 

ℎ 𝑛 = 2 −
1
2

!

𝑢 𝑛 −
1
4

!

𝑢 𝑛  
 

 
 

Question # 2: 
Determine the z-transforms of the following two signals. Also sketch the pole-zero plot and ROC for 
each signal: 

1. 𝑥! 𝑛 = !
!

!
𝑢 𝑛  

2. 𝑥! 𝑛 = − !
!

!
𝑢 −𝑛 − 1  

 
Solution: 

1. 𝑥! 𝑛 = !
!

!
𝑢 𝑛  

 
Solution: 

𝑋 𝑧 = 𝑥 𝑛 𝑧!!
!

!!!!

 

𝑋 𝑧 =
1
2

!

𝑢 𝑛 𝑧!!
!

!!!!

 

=
1
2

!

𝑧!!
!

!!!

⟹
1

1 − 12 𝑧
!!

 

𝑧𝑒𝑟𝑜𝑠 𝑖𝑠 𝑎𝑡 0 𝑎𝑛𝑑 𝑝𝑜𝑙𝑒 𝑖𝑠 𝑎𝑡 1 −
1
2 𝑧

!! = 0⟹ 𝑧 =
1
2  

𝑅𝑒𝑔𝑖𝑜𝑛 𝑜𝑓 𝐶𝑜𝑣𝑒𝑟𝑔𝑒𝑛𝑐𝑒 =  𝑧 >
1
2 

 
 
 
 
 



 
 
 
 
 
 
 
 
 

 
 

2. 𝑥! 𝑛 = − !
!

!
𝑢 −𝑛 − 1  

 
Solution: 

𝑋 𝑧 = 𝑥 𝑛 𝑧!!
!

!!!!

 

𝑋 𝑧 = −
1
2

!

𝑢 −𝑛 − 𝑧!!
!

!!!!

 

= −
1
2

!

𝑧!!
!!

!!!!

 

Let n = -m, we have: 

𝑋 𝑧 = −
1
2

!!

𝑧!
!

!!!

 

= − 2𝑧 !
!

!!!

 

 

= −
2𝑧

1 − 2𝑧⟹
1

1 − 12 𝑧
!!

 

𝑧𝑒𝑟𝑜𝑠 𝑖𝑠 𝑎𝑡 0 𝑎𝑛𝑑 𝑝𝑜𝑙𝑒 𝑖𝑠 𝑎𝑡 1 −
1
2 𝑧

!! = 0⟹ 𝑧 =
1
2  

𝑅𝑒𝑔𝑖𝑜𝑛 𝑜𝑓 𝐶𝑜𝑣𝑒𝑟𝑔𝑒𝑛𝑐𝑒 =  2𝑧 < 1, 𝑜𝑟 𝑧 <
1
2 

 
 
 
 

Im	

Re	

Pole	

ROC	extends	towards	∞		



 
 
 

 
 
 
 
 
 
 
 
 
 
 

 Good Luck 


