Example 4.16. Consider the LTI system J{ with the impulse response % given by
h(t)=96(r—1).

(a) Find the system function H of the system J{. (b) Use the system function H to determine the response y of the
system J{ to the particular input x given by

x(t) = €' cos(mt).

Solution. (a) We find the system function H using (4.49). Substituting the given function 4 into (4.49), we obtain
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(b) We can rewrite x to obtain
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So, the input x is now expressed in the form

where

Now, we use H and the'eigenfunction properties of LTI systems to find y. Calculating y, we have
S
y(1) =Y axH (sp)e’"! .
k=0 !> expond Summati1on
:aOH(SO)eSOZ—&—alH(sl)eW ___>
j ; substitute for 9, S
SH(1+ jm)e™ 7 4 LH(1 (1—jm)r : K > Sk

—jm)e
o (LR 1 =(1=7) (1 evatudte HC...)

(ST SIE SR

et71+]7rt7]7r + %etflfﬂrhwﬁ

ol 1imit=1) + %et—le—jﬂ(t—l) rearronqge
| [% (ejn(tfl)_kefjn:(tfl))]

=¢"leos[m(t—1)]. é—) Euler

Observe that the output y is just the input x time shifted by 1. This is not a coincidence because, as it turns out, a LTI
system with the system function H(s) = ¢~* is an ideal unit delay (i.e., a system that performs a time shift of 1). H

NOTE: THIS SOLUTION DID NOT REQUIRE THE COMPUTATION OF A CONVOLUTION!
THIS IS THE POWER OF EIGENFUNCTIONS!
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