Example 6.15 (Frequency-domain convolution property). Let x and y be functions related as

¥(t) = x(t) cos(@ct),
where @, is a nonzero real constant. Let Y = Jy and X = Jx. Find an expression for Y in terms of X.

Solution. To allow for simpler notation in what follows, we define

v(t) = cos(@.t) ®
&— toble af FT poirs
and let V denote the Fourier transform of v. From Table 6.2, we have that

® V(o) = 1[8(0—a.) +8(0+ ). ¢« From 1oble of FT pains
From the definition of v, we have
y W) = Xt
® 1) =x(t)v(r). &« SNCE Y ) cas Ltu;a
Vit

Taking the Fourier transform of both sides of this equation, we have

Y(0) = F{x(t)v(t) o)

Using the frequency-domain convolution property of the Fourier transform, we obtain

) -l:aking FT of both sides of @

-ff'eunnC\/ ~doemain
Convosut o rogerl
Y(0) = LX «V(0) ~ Progerty

1 mX(/l)V(w—l)dl- ) definitron af convelution

2 |
Substituting the above expression for V, we obtain Subsititute V from @
27;/ X(A)(x[8(0 — A — @) +8(0 — A + @,)])dA
L) Cancer TT’s

= %/ X(A)[8(0—1— o)+ 8(0— A+ o)]dA

ﬁ selit intq twa
:% / XA)o(w—A — a)L dl—i—/ XA (W—)u+a)c)dl] integeals
& is even
4| [ xs- 0+ ajir+ [ X250~ 0 0)ai]
rthouP
| / X(A)3[A - (0— ) d;L+/ X(A [A—(w+wc)]dl]
=1X(0—o)+X(0+ o)) -— vy ——
= 1X(0— @)+ X (0+ @) n9 property -

exgand
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