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Example 6.26. Let X and Y denote the Fourier transforms of x and y, respectively. Suppose that y(t) = x(t)cos(at),
where a is a nonzero real constant. Find an expression for Y in terms of X .

Solution. Essentially, we need to take the Fourier transform of both sides of the given equation. There are two obvious

ways in which to do this. One is to use the time-domain multiplication property of the Fourier transform, and another

is to use the frequency-domain shifting property. We will solve this problem using each method in turn in order to

show that the two approaches do not involve an equal amount of effort.

FIRST SOLUTION (USING AN UNENLIGHTENED APPROACH). We use the time-domain multiplication property.

To allow for simpler notation in what follows, we define

v(t) = cos(at)

and let V denote the Fourier transform of v. From Table 6.2, we have that

V (ω) = π[δ (ω −a)+δ (ω +a)].

Taking the Fourier transform of both sides of the given equation, we obtain

Y (ω) = (F{x(t)v(t)})(ω)

= 1
2π

X ∗V (ω)

= 1
2π

∫

∞

−∞

X(λ )V (ω −λ )dλ .

Substituting the above expression for V , we obtain

Y (ω) = 1
2π

∫

∞

−∞

X(λ )(π[δ (ω −λ −a)+δ (ω −λ +a)])dλ

= 1
2

∫

∞

−∞

X(λ )[δ (ω −λ −a)+δ (ω −λ +a)]dλ

= 1
2

[

∫

∞

−∞

X(λ )δ (ω −λ −a)dλ +
∫

∞

−∞

X(λ )δ (ω −λ +a)dλ

]

= 1
2

[

∫

∞

−∞

X(λ )δ (λ −ω +a)dλ +
∫

∞

−∞

X(λ )δ (λ −ω −a)dλ

]

= 1
2

[

∫

∞

−∞

X(λ )δ [λ − (ω −a)]dλ +
∫

∞

−∞

X(λ )δ [λ − (ω +a)]dλ

]

= 1
2
[X(ω −a)+X(ω +a)]

= 1
2
X(ω −a)+ 1

2
X(ω +a).

Note that the above solution is essentially identical to the one appearing earlier in Example 6.15 on page 1.

SECOND SOLUTION (USING AN ENLIGHTENED APPROACH). We use the frequency-domain shifting property.

Taking the Fourier transform of both sides of the given equation, we obtain

Y (ω) = (F{x(t)cos(at)})(ω)

=
(

F{ 1
2
(e jat + e− jat)x(t)}

)

(ω)

= 1
2

(

F{e jatx(t)}
)

(ω)+ 1
2

(

F{e− jatx(t)}
)

(ω)

= 1
2
X(ω −a)+ 1

2
X(ω +a).

COMMENTARY. Clearly, of the above two solution methods, the second approach is simpler and much less error

prone. Generally, the use of the time-domain multiplication property tends to lead to less clean solutions, as this forces

a convolution to be performed in the frequency domain and convolution is often best avoided if possible. �
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THE TAKEAWAY: Only use the time-domain multiplication property when absolutely 

necessary, since its use will result in the appearance of a convolution operation.


