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Example8: 

Find x(n) if 

Solution: 

Dividing both sides of the previous z-transform by z yields 
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1.4. Solution of Difference Equations Using the z-Transform 
      To solve a difference equation with initial conditions, we have to deal with time 

shifted sequences such as y(n - 1), y(n - 2), . . . , y(n - m), and so on. Let us examine 

the z-transform of these terms. Using the definition of the z-transform, we have 

 

 

 

It holds that 

 
Similarly, we can have 
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where y( - m), y( - m + 1), . . . , y( - 1) are the initial conditions. 

If all initial conditions are considered to be zero, that is, 
 

 

 

 

Then 

  

    

The following two examples serve as illustrations of applying the z-

transform to find the solutions of the difference equations. The procedure 

is: 
1. Apply z-transform to the difference equation. 

2. Substitute the initial conditions. 

3. Solve for the difference equation in z-transform domain. 

4. Find the solution in time domain by applying the inverse z-transform. 

 

 



 

 
 
 
 
zahraa.eisa@uomus.edu.iq 

 Al-Mustaqbal University 
Medical Instrumentation Techniques Engineering Department  

Class: 3rd 
Subject: Digital Signal Processing 

                       Lecturer: Prof Dr Bayan Mahdi Sabbar & MSc. Zahraa Eisa Mohammed 
                                2st term – Lect 7. (The z - Transform) 

 
1st/2nd term – Lect. Classification of Signals 

 

 

Example9: 

A digital signal processing (DSP) system is described by the 

difference equation 

Determine the solution when the initial condition is given by y(-1) = 1. 

Solution: 

Applying the z-transform on both sides of the difference equation 

Substituting the initial condition and Z(0.2nu(n)) = z/(z – 0.2), we achieve 

Simplification yields 

 

Factoring out Y(z) and combining the right-hand side of the equation, it 

follows that 

 

 

 

 

 
Then we obtain 

 
 

Using the partial fraction expansion method leads to 
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Thus 

which gives the solution as 

 

 


