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Solution of Difference Equations in the Time Domain
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wherethe #U� ’s aretherootsof thecharacteristicpolynomialof thesystem:
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�� is theparticular(steady-state)solutionwhichdependson theinput:
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If the characteristicpolynomialhasa root at the valueof an input exponential(e.g., #�!p� !Y and �q� 
��'�r !Yts % ) youwouldusê/
X# %� for 	3O+� 
�� (e.g., 	3O+� 
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 r !Yfs % ).

Thereare :<�u= 0wv ’s. If : xy= thereareno 0�v ’s.

To find theimpulseresponse,thereis no 	3O�� 
�� , andthereare :z�1= & @ 0�v ’s. If : {)= thereareno0 v ’s for theimpulseresponse.

Solve for the unknowns by finding 	�� V�� , 	��L@$� , 	��}| � , (�(�( until you get asmany equationsasyou have
unknowns.Solve theseequationsfor theunknowns.

You can solve the differenceequationfor the case�q� 
��~��V , subjectto the initial conditionsof the
system.This is thenatural response or zero-input response, 	f� v � 
�� , of thesystem.You canfurthersolve for
thecase	�� 
��Z��V for 
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�� . This is the forced response or zero-state response,	f�T�3� 
�� , of thesystem.Thetotal responseis thesumof thetwo: 	�� 
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A systemis BIBO stable if, for everyboundedinput, theoutputis bounded.If theinput �q� 
�� is bounded,
thentheparticularsolution 	3OP� 
�� will bebounded.Thus,theonly possibleunboundedtermsin Eq. (1) are
the # % � ’s. Thesetermsarebounded( # % ��� V as 
 ��� ) if � #+� � {�@ . Hence,thesystemis BIBO stableif� #U� � {�@ for all the � ’s. ( # % � doesn’t blow up if � #U� � ��@ . However, if � #+� � ��@ , the input �q� 
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