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Question 1: Two LTI systems are connected in parallel as shown in figure below. The input-
output relationships of the DT systems are also given.  
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(a) Determine and plot the impulse responses ( )nh1  and ( )nh2  of the DT Systems 1 and 2, 
respectively. 
(b) Determine whether the DT Systems 1 and 2 are stable. Justify your answer. 
(c) Determine whether the DT Systems 1 and 2 are causal. Justify your answer. 
(d) Determine and plot the impulse response of the overall system. 
(e) Determine the outputs  of the overall system, when the inputs are: ( )ny
   (i)  ( ) ( ) ( )3−−= nununx  

(ii) ( ) ( ) ( ) ( )[ ]21 −−−= nununx n  
        Hint: Note that ( ) ( ) ( )1−−= nununδ  

 
Solution: 
 
(a) ( ) ( ) ( ) ( )211 −+−+= nnnnh δδδ   and  ( ) ( ) ( ) ( ) ( 76542 −−− )−−−−−= nnnnnh δδδδ  
 
 
 
 
 
 
 
  

(b) Since ( ) ∞<=∑
∞
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nh  and ( ) ∞<=∑
∞
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n

nh the systems are stable. 

(c) Since h  for  and ( ) 01 =n 0<n ( ) 02 =nh  for 0<n the systems are causal. 
 
(d) Impulse response of the overall system is 
 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( 76542121 −− )−−−−−−−+−+=+= nnnnnnnnhnhnh δδδδδδδ  
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(e) (i) Here ( ) ( ) ( ) ( ) ( ) ( )213 −+−+=−−= nnnnununx δδδ  
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Hence        

⊗  ( )ny = ( ) ( )nxnh
( ) ( ) ( ) ( ) ( ) ( ) ( )+−−−−−−−−−+−+ 765421 nnnnnnn= δ δ δ δ δ δ δ         

         ( ) ( ) ( ) ( ) ( ) ( ) ( )+−−−−−−−−−+−+− 8765321 nnnnnnn δδδδδδδ    
( ) ( ) ( ) ( ) ( ) ( ) ( )9876432 −−−−−−−−−+−+− nnnnnnn δδδδδδδ   

    ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )982736352322312 −−−−−−−−−−−+−+−+= nnnnnnnnn δδδδδδδδδ  
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(ii) Here ( ) ( ) ( ) ( )[ ] ( ) ( )121 −−=−−−= nnnununx n δδ  
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Hence        

⊗  ( )ny = ( ) ( )nxnh
        ( ) ( ) ( ) ( ) ( ) ( ) ( )+−−−−−−−−−−+= 1nn + 76542 nnnnnδδδ δ δ δ δ  

                       ( ) ( ) ( ) ( ) ( ) ( ) ( 8765321 −+− )+−+−+−−−−−− nnnnnnn δδδδδ δ δ          
      ( ) ( ) ( ) ( )843 −+−−−−= nnnn δδδδ    
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