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

Diffraction: 
Self Interference





Diffraction at a Small Aperature
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Diffraction through an Aperature





 Fraunhofer (far-field) diffraction: 𝑅 >
𝑎2

𝜆

 Fresnel (near-field) diffraction: 𝑅 <
𝑎2

𝜆

Fraunhofer and Fresnel Diffraction
Distance from the aperture: R
Aperture size: a
Wavelength: λ
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Single-Line Aperture

z
y
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𝐸 =  
−𝐷/2

𝐷/2 ℇ𝐿
𝑟
𝑒𝑖(𝑘𝑟−𝜔𝑡)𝑑𝑥

ℇ𝐿: Source strength per unit length

Position P: 𝑥𝑝, 𝑦𝑝, 𝑧𝑝

𝑟 = (𝑥𝑝 − 𝑦)
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𝐷/2 ℇ𝐿
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𝑒
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2+𝑧𝑝
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Fraunhore Diffraction

z

x

y

𝐸 = 𝑒−𝑖𝜔𝑡 
−𝐷/2

𝐷/2 ℇ𝐿

(𝑥𝑝 − 𝑥)
2+𝑦𝑝

2 + 𝑧𝑝
2
𝑒
𝑖
2𝜋
𝜆

(𝑥𝑝−𝑥)
2+𝑦𝑝

2+𝑧𝑝
2

𝑑𝑦

R = 𝑥𝑝
2 + 𝑦𝑝

2 + 𝑧𝑝
2 >> D

𝑟 = (𝑥𝑝 − 𝑥)
2+𝑦𝑝

2 + 𝑧𝑝
2

= 𝑅2 − 𝑥𝑝
2 + (𝑥𝑝 − 𝑥)

2= 𝑅2 + 𝑥2 − 2𝑥𝑝𝑥

= 𝑅 1 +
𝑥2

𝑅2
−
2𝑥𝑝𝑥

𝑅2
≅ 𝑅 1 −

2𝑥𝑝𝑥

𝑅2
≅ 𝑅 1 −

2𝑥𝑝𝑥

2𝑅2

= 𝑅 −
𝑥𝑝𝑥

𝑅
= 𝑅 − 𝑦 sin 𝜃

sin 𝜃 =
𝑥𝑝
𝑅





Fraunhore Diffraction

z
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𝐸 = 𝑒−𝑖𝜔𝑡 
−𝐷/2

𝐷/2 ℇ𝐿

(𝑥𝑝 − 𝑥)
2+𝑦𝑝

2 + 𝑧𝑝
2
𝑒
𝑖𝑘 (𝑥𝑝−𝑥)

2+𝑦𝑝
2+𝑧𝑝

2

𝑑𝑥

R = 𝑥𝑝
2 + 𝑦𝑝

2 + 𝑧𝑝
2 >> D

𝑟 = (𝑥𝑝 − 𝑥)
2+𝑦𝑝

2 + 𝑧𝑝
2 ≅ 𝑅 − 𝑥 sin 𝜃

sin 𝜃 =
𝑥𝑝
𝑅

𝐸 =
ℇ𝐿
𝑅
𝑒−𝑖𝜔𝑡 

−𝐷/2

𝐷/2

𝑒𝑖(𝑘𝑅−𝑘𝑥 sin 𝜃)𝑑𝑥

=
ℇ𝐿
𝑅
𝑒𝑖𝑘𝑅𝑒−𝑖𝜔𝑡 

−𝐷/2

𝐷/2

𝑒−𝑖𝑘𝑥 sin 𝜃𝑑𝑥

=
ℇ𝐿
𝑅
𝑒𝑖𝑘𝑅𝑒−𝑖𝜔𝑡

𝑒−𝑖𝑘𝑥 sin 𝜃

−𝑖𝑘 sin 𝜃
−𝐷/2

𝐷/2

=
ℇ𝐿
𝑅
𝑒𝑖𝑘𝑅𝑒−𝑖𝜔𝑡

𝑒−𝑖(
𝑘𝐷
2
) sin 𝜃 − 𝑒𝑖(

𝑘𝐷
2
) sin 𝜃

−𝑖𝑘 sin 𝜃
=
ℇ𝐿
𝑅
𝑒𝑖𝑘𝑅𝑒−𝑖𝜔𝑡

−2𝑖 sin (
𝑘𝐷
2
) sin 𝜃

−𝑖𝑘 sin 𝜃

=
𝐷ℇ𝐿
𝑅
𝑒𝑖𝑘𝑅𝑒−𝑖𝜔𝑡

sin (
𝑘𝐷
2
) sin 𝜃

𝑘𝐷
2 sin 𝜃

=
𝐷ℇ𝐿
𝑅
𝑒𝑖𝑘𝑅𝑒−𝑖𝜔𝑡 sinc 𝛽 𝛽 = (

𝑘𝐷

2
) sin 𝜃
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Fraunhore Diffraction
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x
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R = 𝑥𝑝
2 + 𝑦𝑝

2 + 𝑧𝑝
2 >> D sin 𝜃 =

𝑥𝑝
𝑅

𝐸 =
𝐷ℇ𝐿
𝑅
𝑒𝑖𝑘𝑅𝑒−𝑖𝜔𝑡 sinc 𝛽

𝛽 = (
𝑘𝐷

2
) sin 𝜃

𝐼 𝜃 =
1

2
𝐸∗𝐸 =

1

2

𝐷ℇ𝐿
𝑅

2

sinc2 𝛽
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Single-Slit Fraunhor Diffraction

𝐼 𝜃 =
1

2
𝐸∗𝐸 =

1

2

𝐷ℇ𝐿
𝑅

2

sinc2 𝛽

sin 𝜃 =
𝑦𝑝
𝑅

𝛽 = (
𝑘𝐷

2
) sin 𝜃R >> D

x

zdx
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Single-Slit Fraunhor Diffraction

𝐼 𝜃 =
1
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𝐷ℇ𝐿
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sinc2 𝛽
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Single-Slit Fraunhor Diffraction
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Single-Slit Diffraction
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𝛽𝑚 = (
𝑘𝐷

2
) sin 𝜃𝑚=

𝜋𝐷

𝜆
sin 𝜃𝑚 = 𝑚𝜋 𝐷 sin 𝜃𝑚 = 𝑚 𝜆

𝑚 = ±1,±2,±3,…
Zeros of irradiance
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sinc2 𝛽

sinc2 𝛽

𝛽 = (
𝑘𝐷

2
) sin 𝜃

𝐷 sin 𝜃𝑚 = 𝑚 𝜆
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Two-Dimensinal Slit

𝐼 = 𝐼0 sinc
2 𝛽𝑥 sinc

2 𝛽𝑦 𝛽𝑥,𝑦 = (
𝑘𝐷𝑥,𝑦

2
) sin 𝜃𝑥,𝑦
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The Double Slit 

z

x

𝐸1 =
𝐷ℇ𝐿
𝑅
𝑒𝑖𝑘𝑅𝑒−𝑖𝜔𝑡 sinc 𝛽Recall: single slit

a
𝜃

Diffraction + Interference

𝐸 = 𝐸1 + 𝐸2 = 𝐸1+𝐸1𝑒
𝑖𝛿=𝐸1𝑒

𝑖𝛿

2 (𝑒−
𝑖𝛿

2 + 𝑒−
𝑖𝛿

2 )

𝛿 = 𝑘𝑎 sin 𝜃

= 2𝐸1 𝑒
𝑖𝛿
2 cos

𝛿

2

𝐼 =
1

2
𝐸∗𝐸 = 2𝐸1

∗𝐸1𝑐𝑜𝑠
2 𝛿

2
=4𝐼1𝑐𝑜𝑠

2 𝛿

2

=4𝐼0
𝑠𝑖𝑛2𝛽

𝛽2
𝑐𝑜𝑠2

𝛿

2
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The Double Slit

I=4𝐼0
𝑠𝑖𝑛2𝛽

𝛽2
𝑐𝑜𝑠2

𝛿

2

𝛽 =
𝑘𝐷

2
sin 𝜃

𝛼 = 𝛿/2 =
𝑘𝑎

2
sin 𝜃

=4𝐼0
𝑠𝑖𝑛2𝛽

𝛽2
𝑐𝑜𝑠2𝛼
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The Single-Slit and Double-Slit


