
EPFL - Fall 2024 Dr. Pablo Antolin
Analysis III - 202 (c) GM EL MX Correction
Series 13 December 10, 2024

Exercise 2.
Applying the Fourier transform inversion theorem for the function f defined by
f(x) = xe−ω|x| (i.e., it is continuous) we obtain:

xe−ω|x| = 1√
2π

∫ +∞

−∞
F(f)(α)eiαxdα = 4ω

2πi

∫ +∞

−∞

α

(α2 + ω2)2 eiαxdα

= 2ω

πi

[ ∫ +∞

−∞

α

(α2 + ω2)2 cos(αx)dα + i

∫ +∞

−∞

α

(α2 + ω2)2 sin(αx)dα
]
.

As f(x) = xe−ω|x| ∈ R, we get:∫ +∞

−∞

α

(α2 + ω2)2 cos(αx)dα = 0,∫ +∞

−∞

α

(α2 + ω2)2 sin(αx)dα = π

2ω
xe−ω|x|.

The function g defined by g(α) = α

(α2 + ω2)2 sin(αx) is even, then we obtain:

∫ +∞

0

α

(α2 + ω2)2 sin(αx)dα = π

4ω
xe−ω|x|.

Evaluating it at α = t and chosing ω = 2 and x = 1
2 we obtain:

∫ +∞

0

t

(t2 + 4)2 sin
(

t

2

)
dt = π

16e
.


