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3.15 Fourier Transformation: Properties

(i) Linearity:
f(x), g(x), F (p), G(p), a, b ∈ R

F {af(x) + bg(x)} = aF {f(x)}+ bF {g(x)}
= aF (p) + bG(p)

(ii) Differential Properties: f(x) and derivative: f ′(x) = df
dx

F {f ′(x)} = ipF {f(x)} = ipF (p)

fn(x) =
dnf

dxn
n-th derivative: F {fn(x)} = (ip)nF (p)

⇒ derivative leads to a factor ip

(iii) Convolution theorem:

F−1
{√

2πF (p) ·G(p)
}

=

+∞∫
−∞

f(x− t)g(t)dt = f ⋆ g(x)

and F
{√

2πf(x)g(x)
}

= F ⋆ G(p) =

+∞∫
−∞

F (p− p′)G(p′)dp′

Definition 34 Convolution f ⋆ g

f ⋆ g(x) :=

+∞∫
−∞

f(x− t)g(t)dt

t has negative and positive values (±direction)
f ⋆ g(x) = g ⋆ f(x)


