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3.2 CONVOLUTION INTEGRAL

The response of a continuous-time LTI system can be computed by
convolution of the impulse response of the system with the input signal, using a
convolution integral, rather than a sum.

The response to the input signal x(t) can be written as a convolution integral:

y(t) = f @Rt - D)dr

or it can be expressed symbolically
y(t) = x(t) * h(t)

Calculation of convolution integral

The output y(t) is a weighted integral of the input, where the weight on x(t) is
h(t -t) To evaluate this integral for a specific value of t,
- First obtain the signal h(t -t) (regarded as a function of t with t fixed) from h(z) by
a reflection about the origin and a shift to the right by t if t >0 or a shift to the left by

It 1ist <0.

- Then multiply together the signals x(t) and h(t -t) .

- y(t) is obtained by integrating the resulting product from t= -00 t0 =+
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Example: Let x(t) be the input to an LTI system with unit impulse response h(t) ,

where
x(t)=e “u(t). a>0 and h(f) =u(t).
Solution:

Stepl: The functions A(T).x(T) and h(f —T) are depicted

h(r)
A

v
=

t<10
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Step 2: From the figure we can see that for 7 < 0, the product of the productx(7) and h{f —7) is
zero. and consequently. y(f) is zero. For ¢ > 0

e ™. t=0

0. otherwise

x()hit—-1)= {

Step 3: Compute v(f) by integrating the product for ¢ > 0

[ —ar _ 1 —a!’r _ 1 —at
y(f}=JGe d’r——Ee n_E(l_E ).
The output of y(f) forall  is

y(t) = l(1 —e ™ ™u(t) . and is shown in figure below.
a

y(t)
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Example: Compute the convolution of the two signals below:

1. 0<t<T f. 0<t<2T
x(t) = ~and h(t)= ]
0. otherwise 0. otherwise
Solution:
xiT)
1
= T
0 T
hir—1)
2T
l\ B
= T
t-2T i 0

hit-1) x(rYhit-1)

2T T
OotaT i U
> T >

t-2T 0 1 0f

hit-1) x(rYhit-1)

2T T
T<ie2T i Tecte2T
(2T g f " 07 g
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