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Linearity 



Time invariance 



Causality 

A causal system is one in which the output 

y(n) at time n depends only on the current 

input x(n) at time n, its past input sample 

values such as x(n-1), x(n-2), . . . : Otherwise, 

if a system output depends on the future input 

values, such as x(n+1), x(n+2), . . . , the 

system is noncausal. 





Diference equations 

A causal, linear, time-invariant system can be 

described by a difference equation having the 

following general form: 



System Representation Using 

Its Impulse Response 
A linear time-invariant system can be completely described by its 

unit-impulse response, which is defined as the system response 

due to the impulse input d(n) with zero initial conditions 

 

 

 

 

 

 

With the obtained unit-impulse response h(n), we can represent 

the linear time-invariant system 

 

 

 

 



Example 

Given the linear time-invariant system 

y(n)=0.5x(n) + 0.25x(n-1) with an initial 

condition x(-1)=0,  

 Determine the unit-impulse response h(n). 

 Draw the system block diagram. 

 Write the output using the obtained impulse 

response. 





Convolution 

(Digital convolution sum) 



Example 

Given the difference equation 

y(n)=0.25y(n-1) + x(n) for n ≥ 0 and y(-1)=0, 

Determine the unit-impulse response h(n). 

Draw the system block diagram. 

Write the output using the obtained impulse 

response. 

For a step input x(n)=u(n), verify and compare 

the output responses for the first three output 

samples using the difference equation and digitial 

convolution sum 







“... a linear time-invariant system can be 

represented by the convolution sum using its 

impulse response and input 

sequence.” 

 





Digital convolution sum 

A linear time-invariant system can be represented by using a digital 

convolution sum. Given a linear time-invariant system, we can 

determine its unit-impulse response h(n), which relates the system 

input and output. (The sequences h(k) and x(k) in equations are 

interchangeable). 

 

 



... para un sistema causal 



Methods to implement 

convolution 

Graphical (need reverse and shifted sequences) 

Formula 

Table 

 
The reversed sequence is a mirror image of the original 

sequence, assuming the vertical axis as the mirror (If h(n) is 

the given sequence, h(-n) is the reversed sequence) 



Example 







Example 



Graphical method 



Animation 

Animación 1 

Animación 2 

Convolution_of_box_signal_with_itself2.gif
Convolution_of_spiky_function_with_box2.gif


Formula method 



Table method 



Convolution 





Example 
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Convolution 



Examples convolution 




