
Systems 



What are Systems? 

•Systems are used to process signals to modify or extract information 
•Physical system – characterized by their input-output relationships 
•E.g. electrical systems are characterized by voltage-current 
relationships 
•From this, we derive a mathematical model of the system 
•“Black box” model of a system: 



Classification of Systems 

Systems may be classified into: 
 
1. Linear and non-linear systems 
2. Constant parameter and time-varying-parameter systems 
3. Instantaneous (memoryless) and dynamic (with memory) systems 
4. Causal and non-causal systems 
5. Continuous-time and discrete-time systems 
6. Analogue and digital systems 
7. Invertible and noninvertible systems 
8. Stable and unstable systems 



Linear Systems (1) 

•A linear system exhibits the additivity property: 
    if                    and                     then   
 
•It also must satisfy the homogeneity or scaling property: 
    if                    then    
 
•These can be combined into the property of superposition: 
    if                    and                   then 
 
•A non-linear system is one that is NOT linear (i.e. does not obey the 
principle of superposition) 



Linear Systems (2) 



Linear Systems (3) 



Linear Systems (4) 

Is the system y = x2 linear? 



Linear Systems (5) 

A complex input can be represented as a sum of simpler inputs 
(pulse, step, sinusoidal), and then use linearity to find the response 
to this simple inputs to find the system output to the complex input. 



Time-Invariant System 

Which of the system is time-invariant?  
 (a) y(t) = 3x(t)     (b) y(t) = t x(t) 



Instantaneous and Dynamic Systems 



Causal and Noncausal Systems 

Which of the two systems is causal?   
a) y(t) = 3 x(t) + x(t-2) 
b) y(t) = 3x(t) + x(t+2) 



Analogue and Digital Systems 



Invertible and Noninvertible 

Which of the two systems is invertible? 
a) y(t) = x2 

b) y= 2x 


