
Solutions to Test 2

1. Let ϕ ∈ S. Then

(∂H)(ϕ) = −H(∂ϕ)

= −
∫ ∞
−∞

H(x)(∂ϕ)(x) dx

= −
∫ ∞
−∞

H(x)ϕ′(x) dx

= −
∫ ∞

0

ϕ′(x) dx.

Using the fundamental theorem of calculus, we have

(∂H)(ϕ) = −ϕ(x)|∞0 = ϕ(0) = δ(ϕ).

Therefore
∂H = δ.

2. We first note that

f(x) =
1

2
(1− cos (2x)) =

1

2
− 1

4
ei2x − 1

4
ei(−2)x, x ∈ R.

Therefore

f̂ = (2π)1/2

(
1

2
δ − 1

4
δ−2 −

1

4
δ2

)
.

3. See 6.3 in Assignment 4.

4. Since δ is a tempered distribution on Rn, we have

u(·, t) = δ ∗ kt = kt, t > 0.

Therefore a solution u of the initial value problem is given by

u(x, t) = kt(x), x ∈ Rn, t > 0.
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