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f(x) =
∫
RD F (u) exp(j2πu · x) du F (u) =

∫
RD f(x) exp(−j2πu · x) dx

(2.1) Af(x) +Bg(x) AF (u) +BG(u)

(2.2) f(x− x0) F (u) exp(−j2πu · x0)

(2.3) f(x) exp(j2πu0 · x) F (u− u0)

(2.4) f(x) ∗ g(x) F (u)G(u)

(2.5) f(x)g(x) F (u) ∗G(u)

(2.6) f(Ax) 1
| detA|F (A−Tu)

(2.7) ∇xf(x) j2πuF (u)

(2.8) xf(x) j
2π∇uF (u)

(2.9) f∗(x) F ∗(−u)

(2.10) F (x) f(−u)

(2.11) f1(x1) · · · fD(xD) F1(u1) · · ·FD(uD)

(2.12)
∫
RD f(x)g∗(x) dx =

∫
RD F (u)G∗(u) du

Table 2.1: Multidimensional Fourier transform properties.
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f(x, y) =
∫
R2 F (u, v) exp(j2π(ux+ vy)) dudv F (u, v) =

∫
R2 f(x, y) exp(−j2π(ux+ vy)) dxdy

rect(x, y) sinπu
πu

sinπv
πv

circ(x, y) 1√
u2+v2

J1(2π
√
u2 + v2)

exp(−(x2 + y2)/2) 2π exp(−2π2(u2 + v2))

exp(−2π
√
x2 + y2) 1

2π2
1

(1+u2+v2)3/2

cos(π(x2 + y2)) sin(π(u2 + v2))

exp(jπ(x2 + y2)) j exp(−jπ(u2 + v2))

δ(x, y) 1

Table 2.2: Two-dimensional Fourier transform of selected functions.

Solution. From Example 2.4 and property 2.6,

circ
( x
W
,
y

W

)
CDFT←→ W√

u2 + v2
J1(2πW

√
u2 + v2).

Noting that circ is symmetric about the origin, the duality property 2.10 yields

h(x, y) =
W√
x2 + y2

J1(2πW
√
x2 + y2).

Example 2.6. A reasonable model for the impulse response of a vidicon video

camera sensor is a separable Gaussian in the spatial dimensions and rect function

in the temporal dimension, specifically

h(x, y, t) = exp(−(x2 + y2)/2r2) rect(t/T − .5)

= exp(−x2/2r2) exp(−y2/2r2) rect(t/T − 0.5)

Using separability, and the standard results for the Fourier transform of 1D signal


