
Fourier Analysis (MA433) — Autumn 2013 Daniel Ueltschi

Assignment 3

1. Show that
∫∞
0

sinx
x dx = π

2 .
Hint: Use

∫∞
0

sinx
x dx = limn→∞

∫ 1
0

sin(nx)
x dx. This is almost the integral

of the Dirichlet kernel, and we know that
∫ 1
0 Dn(x)dx = 1. Use Riemann-

Lebesgue to show that the difference goes to 0.

2. Properties of the Fourier transform. Suppose that f ∈ L1(R). Prove the
following facts:

(a) Riemann-Lebesgue lemma.

lim
|k|→∞

f̂(k) = 0.

(b) Convolutions: f̂ ∗ g(k) = f̂(k)ĝ(k).

(c) If f(x) and xf(x) are functions in L1(Rd), show that f̂ is differentiable,
and that

d
dk
f̂(k) = −2πix̂f(k).

(d) If f and d
dxf are functions in L1(Rd), show that

d̂
dx

(k) = 2πik̂f(k).

3. Let d = 1. Show that the Fourier transform of 1
x2+µ2 is π

µ e−2πµ|k| (use
contour methods).

4. Let d = 1. Show that the Fourier transform of e−2πµ|x| is µ
π

1
k2+µ2 .

5. Show that if f ∈ L1(R3) is invariant under rotations, then f̂ is also
invariant under rotations.

6. Let d = 3. Show that the Fourier transform of 1
|x| e

−2πµ|x| is 1
π

1
k2+µ2 .


