Example 6.38 (Bandpass filtering). Consider a LTI system with the impulse response

h(t) = %sinc(t)cos(4t). Jrom BT topye ¢
T
Using frequency-domain methods, find the response y of the system to the input I &> 270 §(w)
-1y T
x(t) = M+ 2 cos(2t) + cos(4t) — cos(6t). Coslwgt) e 1T [g(_w_u,o) + J(w"'wo)]

Solution. 'Taking the Fourier transform of x, we have
toking FT
X(w)=-2n8(0)+2(n[6(0—2)+0(0+2)])+7[6(0—4)+d(w+4)] —7[6(0—6)+ 5w+ 6)]

= —18(0+6)+18(0+4) +218(0+2) — 218(0) + 278 (0 —2) + 1S (0 — 4) — 7S (0 — 6).

The frequency spectrum X is shown in Figure 6.22(a). Now, we compute the frequency response H of the system.
Using the results of Example 6.36, we can determine H to be

Exompie 6.3 found the H(w) = F{2 sinc(t) cos(4r)} (W) D uslng resuit from Exompie 6.36
FT poir —rect( )+rect “’+4 with wy = | , Waz4
2‘;:-5 S"'IC(UB'E) C.os(wa'l') H _ 1 3 S |a)| S 5 ) defl-f\;t}cn a{ rect {unction
re.t.t(“"“") + rec;b(““;'“‘::‘) 0 otherwise.

The frequency response H is shown in Figure 6.22(b). The frequency spectrum Y of the output is given by
Y(0)=H(0)X (o) > onty two shitted deits {unc%;ong
=n6(w+4)+nd(w—4). dre nanzero when H(w) #£Q

See Figures 6.2
Taking the inverse Fourier transform, we obtain ) [ ‘9 2(3 2nd (b) J

y(1) =F H{nd(0+4)+18(0—4)} (1) toking iaverse FT

=5 Hald(o+H)+8(@-DO ) o g
= cos(4t). f -

FT poaics
T
Cos (Wot) <« rrLJ(w-w.,) +¢§(-“""""'°ﬂ
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Figure 6.22: Frequency spectra for bandpass filtering example. (a) Frequency spectrum of the input x. (b) Frequency
response of the system. (c) Frequency spectrum of the output y.
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