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Previously, we have learnt…

 Scaling, additivity and time-invariance properties 
of LTI systems

 Discuss impulse responses – physically and 
mathematically – how to compute it.

Today, we will look at:

 Convolution – derivation, properties and 
computation.

 Causality and stability of LTI.

 Response to sinusoid or complex exponential signal.



Convolution



Convolution



Derivation of Convolution (5 steps)

a)

b)

c)

d)

e)



5 steps of Convolution

Make use of definition of impulse response and the 

properties of LTI systems:

a) Here we use the definition of impulse response

b) Make use of time invariance property of LTI system: 

delay of input and output



5 Steps of Convolution

c) Make use of scaling property of LTI systems: input 

and output scaled by an amplitude

d) An impulsive excitation at     for input will generate 

corresponding output.

Similarly, if     will give



5 Steps of Convolution

If the LTI system is excited by both      and     at the 

same time, the additivity property of LTI assures that 

the output will be equal the sum of both outputs.  

For a continuous-time input extending over

the input and output become definite integrals:  



5 Steps of Convolution

e) From the sampling property of impulses, we have

Therefore, 



 Convolution is Commutative:

 For Causal Signals and Systems



Computing Convolutional Integrals

Method (a) is straightforward but algebra is tedious.

Method (b) allows visualisation but is slow.

(a)analytically, by performing the integration to obtain an 

expression for y(t), and then evaluating y(t) as a function of 

time,

(b)Graphically, by simulating the integration using plots of the 

waveforms of x(t) and h(t),

(c) Analytically with simplification, by taking advantage of the 

expedient conclusion properties discussed later, to simplify 

the integration algebra,

(d)Numerically on a digital computer.



Example: Response of Circuit with RC=1s to 

Triangular Pulse







Example: RC circuit with rectangular 

pulse



Example: RC Circuit

Excited by a Pulse



Example: RC Circuit

Excited by a Pulse



Example:

 Convolution of 

1 cycle of 

square wave 

with Triangle



Example:



Example:



Convolution Properties

 Commutative



Convolution Properties

 Associative



Convolution Properties

 Distributive 



Convolution Properties

 Time Shift property



Example:



Convolution Properties

 Convolution with an Impulse



Convolution Properties

 Width Property 

(see example of time-shift property)



Convolution Properties

 Area property



Convolution Properties

 Convolution with a Step Function



Convolution Properties

 Differentiation and Integration Properties







Stability





Example







LTI Sinusoidal Response

Later we will learn that a complicated periodic signal can be 

expressed as 



LTI Sinusoidal Response

This is how filtering of signals is performed by LTI systems to 

remove noise, unwanted frequency components etc.  

Now, we will learn how: 



That is:                                         and



Properties of H(w)



Properties of H(w)



H(w) of linear, constant-coefficient, 

differential equation (LCCDE)

 If an LTI is a LCCDE, we can determine H(w) without 

having to know h(t). Consider 





LTI Response to Sinusoid

 Consider a cosine signal, BY Euler’s identity, we 

have:

Using the additivity property of LTI system:



In symbolic form:




