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Learning objectives

The learning objectives for this section are:
® manually compute CT convolutions in the time domain

e simplify calculations using LTI properties and standard formulas
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Reusing convolution formulas

If we know

y(t) = x(t) * h(t), (1)

we can use properties of convolu/tion/LTI systems to calculate:
C

A oy ) o2\ \\\:S
v(t—7)xh(t)=ylt—71) * (2)
x(t) * ah(t) = ay(t). (3)

So once we've computed a “template” y(f) we can use these
properties to compute convolutions involving delays and gains of our
x(t) and h(t) signals.
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Example: exponential and a step

We can often calculate convolutions just using calculus: : \ -
S g
OO 4
e~ "u(t) xu(t) = / e “Tu(T)u(t — 1)dT (4)
"ea Wit ) T  elep Eanetton>
) W\S y V('\ _ /.’ e—a’rdT OQQ \.> (5)
3V°V/w N x"‘\o U) =0 — o A\ SW\S o
Q"? g*"\l% 1 B J gr(,\u. , =0
" = —(1— e ")u(?t): (6)
a
b
Now that we have this, we can calculate others using properties of LTI
systems: o’ ?,
\,
3¢ u(t) xu(t —3) = Z(1 — e 43y (t — 3) (7)
a ,
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Example: exponential and difference of steps

A slightly more complicated example ’IJ L;

|

\ —

e u(t) * (u(t) — u(t — to))

___fd

00 — ~ L-to t
_ / T u(r) (ult — ) — ut — 7§ to))dr (8)
0 t<0
= [roeTdr  0<t<tyEe (9)
f;'t_to e dr top <t < oo &£
T — s
0 t<0 °“
= ¢ 1(1 — e~ 0<t<ty ( (10)

— Q

Ligmall=7) _e=\dr to <t < 0w
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What's going on in pictures
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What's going on in pictures
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What's going on in pictures
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What's going on in pictures
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What's going on in pictures
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What's going on in pictures
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Another template

Suppose x(t) = e~ *u(t) and h(t) = e "u(t) with |a| < |[b|. Then

N o N

J(O) = @ h)(t) & (11

_ /oo 6_a7'u(7_)7')u(tz-)d; (]_2)
T=00 » - W - T B

= Bjt /O‘G(b_a)TdT (13)

= e_btb i . (e(b_“)tia) u(t) (14)

e—at o e—bt
E: — u(t) . (15)

Compare this to the discrete-time analogue.
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Using the new template

What is the output of an LTI system with impulse response
h(t) = 3e~2tu(t) to an input z(t) = 2= =3yt — 3)7

e —

This is a total gain of 6 and a delay of 3 applied to the template:

—t _ -2t
e 2 _61 u(t) * (5(15/—_3) *6/: 6£e—(t—3) _ o273 (¢ — 3). (16)
—[/p"‘l }A“) ‘—b\.u\ f?\u(swx.. ‘o .
Oc- x_wﬁc—
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Try it yourself

Calculate the output of the system h(t) with input x(t):

x(t) = e 23y (t), h(t) = —2u(t) (17)
x(t) = u(t +2) —u(t — 3), h(t) = —e 2" Dy(¢) (18)
r(t) = 2¢ " 2u(t — 2), h(t) = e Hu(t) (19)

Make up different x(t) and h(t), convolve them, and use those as a
“template” to solve problems.
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