
Fourier Optics Formulas

Two-Dimensional Fourier Analysis

Fourier Transform

F {g(x, y)} =

+∞∫∫

−∞
g(x, y) e−2π(fXx+fY y) dx dy

F−1 {G(fX , fY )} =

+∞∫∫

−∞
G(fX , fY ) e2π(fXx+fY y) dfX dfY

F {g(ax, by)} =
1
|ab| G

(
fX

a
,
fY

b

)

F {g(x− a, x− b)} = G(fX , fY )e−j2π(fXa+fY b)

F {g ? g} = |G(fX , gy)|2

Fourier-Bessel Transform

B {gR(r)} = 2π

∞∫

0

r gR(r)J0(2πrρ) dr

B−1 {G0(ρ)} = 2π

∞∫

0

ρG0(ρ)J0(2πrρ) dρ

B {gR(ar)} =
1
a2

G
(ρ

a

)

Scalar Diffraction Theory

u(r, t) = Re
{
U(r)e−j2πνt

}

(∇2 + k2)U = 0

Huygens-Fresnel Principle (First Rayleigh-
Sommerfeld Solution)

U(r0) =
1
jλ

∫∫

Σ

U(r1)
exp(jkr01)

r01
cos θ ds

U(x, y) =
z

jλ

+∞∫∫

−∞
U(ξ, η)

exp(jkr01)
r2
01

dξ dη

Angular Spectrum

A

(
α

λ
,
β

λ
; 0

)
= F {U(x, y, 0)}

∣∣∣
fX= α

λ ,fY = β
λ

Hz(fX , fY ) =

{
exp

[
j2π z

λ

√
1− (λfX)2 − (λfY )2

]
ρ < 1

λ

0 otherwise

Fresnel (Paraxial) Approximation

U(x, y) =
ejkz

jλz

+∞∫∫

−∞
U(ξ, η) exp

{
j

k

2z

[
(x− ξ)2 + (y − η)2

]}
dξ dη

U(x, y) =

ejkz

jλz
ej k

2z (x2+y2)

+∞∫∫

−∞

[
U(ξ, η)ej k

2z (ξ2+η2)
]
e−j 2π

λz (xξ+yη) dξ dη

U(x, y) =
ejkz

jλz
ej k

2z (x2+y2) F
{

U(ξ, η)ej k
2z (ξ2+η2)

} ∣∣∣
fX= x

λz ,fY = y
λz

Hz(fX , fY ) = ejkz exp
[−jπλz

(
f2

X + f2
Y

)]
, |λf | << 1

Fraunhofer Approximation

U(x, y) =
ejkz

jλz
ej k

2z (x2+y2)

+∞∫∫

−∞
U(ξ, η)e−j 2π

λz (xξ+yη) dξ dη

U(x, y) =
ejkz

jλz
ej k

2z (x2+y2) F {U(ξ, η)}
∣∣∣
fX= x

λz ,fY = y
λz

Coherent Optical Systems

tl(x, y) = exp
[
−j

k

2f
(x2 + y2)

]

Frequency Analysis

Coherent (Linear in Amplitude)

H(fX , fY ) = P (λzifX , λzifY )

Ii(u, v) = |h ∗ Ug|2 ⊂ [H · F {Ug}] ? [H · F {Ug}]
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Incoherent (Linear in Intensity)

H(fX , fY ) =
H ? H

H ? H
∣∣∣
fX=0,fY =0

Ii(u, v) = |h|2 ∗ |Ug|2 ⊂ [H ? H][Ug ? Ug]

δ = 0.61
λ

NA

Jones’ Calculus

Lrotate(θ) =
[
cos θ − sin θ
sin θ cos θ

]

Lretard(∆) =
[
1 0
0 e−j∆

]

Lpolarizer(α) =
[

cos2 α sinα cos α
sinα cos α sin2 α

]

R =
[−1 0

1 0

]

Lreflect = RLtL
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