Example 7.43. Consider the causal incrementally-linear TI system with input x and output y characterized by the
differential equation

YI(t) 43y (1) +2y(t) = x(1),
where the prime symbol denotes derivative. If x(r) = 5u(r), y(0~) =1, and y'(0~) = —1, find y.

Solution. We begin by taking the unilateral Laplace transform of both sides of the given differential equation. This
yields

L, {y"—l—3y/+2y} ) = Lox(s) h'neam"by
= Lu{Y"} () +3Lu{Y'} (5) +2Luy(s) = Lux(s) ? tace ULT
= [V (s)—sy(07) =y (07)] +3[s¥(s) —y (0*)}+2Y(s)=x(iJ multip]
= V() (0) YOIV B0 )2 =X T
= [ 43s+2]¥(s) = X(s) +59(07) +5/(07) +3y(07) "') ;'Gh*-hbnd side an: ;-I:t'-:rsou-ro
yis) = X(8)+5y(07) +y"(07) +3y(07) o 964 hend srde
= Y(s)= 243542 ® divide bath sides by
5243542
Since x(7) = 5u(t), we have toke ULT of @) ULT tobie
o) ~ 3 )
X(s) = LufSu(r)}(s) = 3.

Substituting this expression for X and the given initial conditions into the above equation yields

(D 4s—143  242+5 o subgtituting @)

Yis)= s243s+2  s(s+1)(s+2) into ©

Now, we mustfind a partial fraction expansion of Y. Such an expansion is of the form

Al Ao Ajz
s os+1 s+2°

Y(s) =

Calculating the expansion coefficients, we obtain
—— From formuia for Simpie pole cage
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So, we can rewrite Y as

52 4 52
s s+1 s+2°

Y(s)=
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recall:
{ 1
) Y= 2 H-4(za) * £ (53) /

Lakin 9 inverse ULT

Taking the inverse unilateral Laplace transform of Y yields

_ Lu_l{é}(t)—4ﬁgl{ 1 }(t)+§£;1{ 1 }(t? linearity
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