SYSTEMS:
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A system is a process that transforms an input signal into some output signal. 
Consider system S(x(t)). Assume that x1(t) 

y1(t) and 

x2(t) 

    y2(t). 

If (a x1(t) + b x2(t))

    (a y1(t) + b y2(t))  for any arbitrary real numbers a and b then we say that the system S is linear. Otherwise it is nonlinear.

Example 1: System  
[image: image1.wmf] is linear. Verify.

Example 2: System  
[image: image2.wmf] is nonlinear. Verify.

Time Invariant System: 

Consider a system with x1(t)  
     y1(t). If for any arbitrary t0 
x1(t- t0)  
     y1(t- t0) then we say that the system is time invariant.

Example 1: Consider the system, y(t) = x(t) + sin(x(t)) [or x(t)        x(t) + sin(x(t)) ]. 

Assume that x1(t)  
     y1(t). 


[image: image3.wmf] y1(t) = x1(t) + sin(x1(t)).

By the rule of the system x1(t- t0)       x1 (t- t0) + sin(x1(t- t0)) which is also y1(t- t0). 
[image: image4.wmf] the system is time invariant.

Example 2: 

System with Memory: A system is said to be “with memory” if it requires the entire past history of the input x(t) to produce the out put y(t) at any time t.

Example 1: System S takes velocity function as input and produces total distance traveled as output. 

Notice that to get total distance traveled, the input function must be integrated over the time interval [0,t]. We must know velocity at every point in the interval [0,t] to compute distance traveled in time t. 

Example 2: System P takes current I(t) as input and produces voltage V(t) as output. 

We have V(t) = R I(t). To produce the output at any instant t, we need to know input only at time t. Here P is a memoryless system.

Inverse System:




Example 1: 
Consider the systems y(t) = 2 x(t) –3 and z(t) = 1/2 (y(t) +3). Show that z(t) is inverse of y(t).

Example2: Consider the systems y(t) = 2sin(x(t)). This system is not invertible because the inputs x(t), x(t) + 2 x(t) +4  x(t) +6 etc. produce a single output. An inverter will not be able to return a unique value.
Stable System: Signal x(t) is bounded if 
[image: image5.wmf] < B < Infinity.

A system is Bounded-Input-Bounded-Output (BIBO) stable if a bounded input has always a bounded output.

[   

 EMBED Equation.2  


 < B1 < Infinity 
[image: image6.wmf] 

 EMBED Equation.2  
[image: image7.wmf]
 < B2 < Infinity   

where x1(t)  
     y1(t)]

Example 1:  Consider y(t) = ex(t). Show that this signal is BIBO stable.

Example 2: Consider y(t) = 
[image: image8.wmf]. Show that this signal is not BIBO stable. [ Let x( be unit step function which is bounded and show that the output is an unbounded function.] 

Convolution Integral: 
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Inverse of


S(x(t) )





z(t) = x(t)
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