EE#301 Signal and Systems Tutorial#4 Eng. Mohammed Al alShaykh

o LTI systems & Convolution
Theoretical summary
If a system is linear and time-invariant (LTI), if the input is the unit impulse, the output is called the
impulse response h[n].

d[n] —»| system [—» A[n]

8[n — k] —»| system —» A[n — k]

x[k]8[n — k] —»| system |—» u[k]h[n — &]

afn] = > z[k|d[n— k] —»| system [—» yln]= > z[klh[n —&]

k=—o0 k=—00

-~ Response of an LTI system to an arbitrary input is;

z[n] —»| LTI [—> y[n]

>

ylnl = Y alklhln— K = (o * h)fn

k=—00

This operation is called convolution.
It is customary (but confusing) to abbreviate this notation:

yInl= ' x[klh[n — k] = (x  h)[n]= x[n] * h[n]

Note:- x[1] = h[1] #(x = h)[1] ; Convolution is an operation on signals not samples ™.

= Similarly in CT we find > jy(t) = x(t) * h(t) = [ x(?)h(t — T)dT

e Properties of convolution:-
1- Commutative:- x(t)* h(t) = h(t) * x(t)
2- Distributive:-  x(t) * [h1(t) + ha(t)] = x(t)*h1(t) + x(t)*ha(t)
3- Associative - x(t)* (ha(t) * ho(t)) = (x(t) * ha(t) ) * ha(t)

Note:- convolution with unit Impulse; [x(2) *8(t — to) =x(t — to)|

/1] Prof. Dennis Freeman, 6.002, OCW, MIT.
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Q1) Consider an LTI system with impulse response h[n] & input x[n] as illustrated. Find the convolution sum.

1 %x[n]
hn]

‘ 0.5

o 1 2 n 0 1 2 n
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Q2) For a LTI system given that h(t) = e u(t) and x(t) = €% u(-t), determine the output y(t).
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Q3) Consider an LTI system whose response to the input x1(t) is the signal y1(t). Determine and sketch the

response of system to Xa(t) xa(t)

x4 (1)

xgy(t)

{c) . id)
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