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1.  Using difference equation to describe a system 
 

• Analogue description: y(t) = F(x(t)). For example: y(t)= sin(x(t)) 
• For discrete control, we no longer have a continuous time domain 

function. Instead we have a series of numbers: 0, 1, 2, 3, 5, 
10,………. 

• Let us consider a set of real numbers with index value k, 
where k = (0, 1, 2, 3…).  

 

For a transfer function with input u(k), and output y(k): 

 

 
k:  present 
k-1:  previous sample 
ai, bj:  weighing factors 

 
For example, if we want to integrate the function of curve below by rectangular 
approximation: 
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2.  z- transform of simple sequence 
 
Assumptions: 

•  Only interesting in the positive time values (i.e. one-sided z-transform) 
•  There is some region of the complex z-plane where the series of F(z) will 

converge to a limit value. 
•  z-1 is the previous value, z-2 is the previous previous value. 
•  Under the above assumptions, the z-transform is denoted by: 

 

 
Example 1: unit step sequence 
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Example 2: exponential function 

 

 
Example 3: cosine function 
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Example 4: impulse function 

 

 
 
Example 5: ramp function 
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3.  Useful theorems associated with the z- transform 

 
Linearity 

 

 
 
Delay Theorem (shift theorem) 

 
 

Advance Theorem (shift theorem) 

 
 
 
General Exponential Function 
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4.  Inversion of the z- transform 
 
Method 1: By long division 
This is best to illustrate by an example 

 

 
Method 2: By partial fraction expansion 
This is best to illustrate by an example (for case with distinct real roots) 
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5.  Solving linear difference equations with the z- transform 
 

 

Example 
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6.  z- domain transfer function 
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7.  The z-plane pole locations 
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----- END ----- 


