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11.3.3 Fourier Methods in Diffraction Theory

𝑓0 𝑥, 𝑦 = f 𝑥, 𝑦, 𝑧 = 0 =  𝐹(𝑘𝑥, 𝑘𝑦) 𝑒
𝑖[𝑘𝑥𝑥+𝑘𝑦𝑦]𝑑𝑘𝑥𝑑𝑘𝑦

f 𝑥, 𝑦, 𝑧 =  𝐹(𝑘𝑥, 𝑘𝑦) 𝐻(𝑘𝑥, 𝑘𝑦 , 𝑧)𝑒
𝑖[𝑘𝑥𝑥+𝑘𝑦𝑦]𝑑𝑘𝑥𝑑𝑘𝑦

𝐻 𝑘𝑥, 𝑘𝑦, 𝑧 = 𝑒𝑖𝑘𝑧𝑧 = 𝑒
𝑖 𝑘2−𝑘𝑥

2−𝑘𝑦
2𝑧

𝐹 𝑘𝑥, 𝑘𝑦 = ℱ{𝑓0 𝑥, 𝑦 }

𝐹 𝑘𝑥, 𝑘𝑦 𝐻 𝑘𝑥, 𝑘𝑦 , 𝑧 = ℱ{𝑓 𝑥, 𝑦, 𝑧 }
𝑓0 𝑥, 𝑦 𝑓 𝑥, 𝑦, 𝑧

𝐻(𝑘𝑥, 𝑘𝑦 , 𝑧)

ℱ−1{ℱ{𝑓0 𝑥, 𝑦 }𝐻(𝑘𝑥, 𝑘𝑦, 𝑧)}





10.2.4 2D Aperture

𝐸 =  
ℇ𝐴
𝑟
𝑒𝑖(𝑘𝑟−𝜔𝑡)𝑑𝑆

x

z

≅
ℇ𝐴
𝑅

𝑒𝑖(𝑘𝑅−𝜔𝑡) 𝑒−𝑖𝑘(𝑋𝑥+𝑌𝑦)/𝑅𝑑𝑆

Fraunhofer Diffraction

≅
ℇ𝐴
𝑅

𝑒𝑖(𝑘𝑅−𝜔𝑡) 𝑒−𝑖(
𝑘𝑋
𝑅 𝑥+

𝑘𝑌
𝑅 𝑦)𝑑𝑆

≅
ℇ𝐴
𝑅

𝑒𝑖 𝑘𝑅−𝜔𝑡 ℱ{𝐴(𝑥, 𝑦)}

𝑘𝑋 =
𝑘𝑋

𝑅
= 𝑘 cos𝛽 𝑘𝑌 =

𝑘𝑌

𝑅
= 𝑘 cos 𝛾

≅
ℇ𝐴
𝑅

𝑒𝑖(𝑘𝑅−𝜔𝑡) 𝑒−𝑖(𝑘𝑋𝑥+𝑘𝑌𝑦)𝑑𝑆





The Single Slit

𝐴 𝑥 =  
𝐴0 𝑥 ≤ 𝑎/2

0 𝑥 > 𝑎/2

𝐸 𝑘𝑋 = ℱ 𝐴 𝑥 = 𝐴0𝑎 sinc 𝑘𝑋𝑎/2

𝑘𝑋 =
𝑘𝑋

𝑅
= 𝑘 cos𝛽

2D:

𝐸 𝑘𝑋, 𝑘𝑌 = ℱ 𝐴 𝑥, 𝑦

= 𝐴0𝑎𝑏 sinc(
𝑘𝑋𝑎

2
) sinc(

𝑘𝑌𝑏

2
)





Young’s Double Slit





Three Slits





11.3.5 Transfer Functions




 Ch2. Wave motion (L2)

 Ch3. EM theory (L3-L4)

 Ch5. Geometrical optics (L5-L6)

 Ch6. Geometrical optics (L7-L8)

 Ch4. Light propagation (L9)

 Ch7. Superposition (L10)

 Ch8. Polarization (L11-L12)

 Ch9. Interference (L13-LL16)

 Ch10. Diffraction (L17-L20)

 Ch11. Fourier Optics (L21-L22)

Final Review




 Concept of wave

 Wave equation

 Superposition principle

 Complex representation 

Ch2 Wave Motion




 Maxwell equations (in vacuum/medium)

 EM Wave (connenctions between wavelength, 
frequency, K number/vector, phase velocity… )

 Enrgy & Momentum: Time-averaged energy, 
intensity (irradiance), power

 Photon

 Light in bulk (dielectric) matter

Ch3 EM Theory




 Ray optics

 Thin Lens & Lens combination

 Imaging with lens: How, AS, FS, Entrance & Exit pupils…

 Mirrors: Plane, Aspherical, Spherical

 Prisms, Fibers, Optical systems

 Thick lens & lens systems (focal planes, principle planes)

 Analytical ray tracing: ray vector and matrix

 Aberrations

Ch5-6 Geometry Optics




 Light in bulk (dielectric) matter

 Dispersion

 Reflection & Refraction

Ch4 Light Propagation




 Phasor addition

 Stabnding waves & beats

 Group velocity & phase velocity

Ch7 Superposition




 Polarizations: linear, circular, … (graphic + 

Mathematica)

 Polarizers

 Retarders (wave plates)

Midterm Exam

 Jones vectors & Matrix operations

Ch8 Polarization




 Math & Physics
 Temporal & spatial coherence
 Wavefront-splitting interferometers

 Young’s experiment
 …

 Amplitude-splitting interferometers
 Dielectric films
 Haidinger & Newton fringes
 Michelson interferometer
 Mach-Zehnder Interferometer
 Sagnac Interferometer
 Fabry-Perot Interferometer

 Applications: coating

Ch9 Interference




 Fraunhofer diffraction

 Single-slit
 Double-slit
 Many slits
 2D Aperatures

 Diffraction limited resolution
 Beam propagation & diffraction
 (Quaso) Bessel beam generation 
 Diffraction gratings (grating equation) & grating spectroscopy
 Fresnel Diffraction

 Obliquiy
 Fresnel zones
 Circular Apertures & Obstacles
 Fresnel zone plates 

Ch10 Diffraction




 Fourier transform (1D & 2D)

 FT and IFT of the standard waveforms

 Displacements & Phase shifts

 Lens as a FT

 Free-space transform function

 Point spread function (concept)

 Fourier method for Fraunhofer diffraction

Ch11 Fourier Optics


