
Computational Optical Imaging
Lecture 1b

Free space propagation



Computational Optical Imaging  
A.  Graded weekly exercise sessions (60% of the grade)
B. Final  (40% of the grade)
C. The graded will be based on the top 10 out 13 graded exercises
D. No weekly homework 
E. 4 hours per week, 13 weeks 

1. First hour (Friday 10:15 to 1100): Lecture introducing the topic
2. Second hour (Friday 11:15 to 12:00) : Lecture and code on topic
3. Third hour (Friday 12:15 to 13:00): In class exercise on topic
4. Fourth hour (Wednesday 10:15 to 11:00): Graded exercise on topic



Course website
All information, lecture notes, presentations, 
homework, and announcement for
the course will be available on:

http://moodle.epfl.ch
course ID: MICRO-421
password for resources: imaging 



Topics

Optical wave propagation  
Free space propagation
Angular spectrum and Beam propagation method
Thin transparencies-Lenses and gratings 
Imaging 
Holography 

Multi-layer networks 
U-Net

Microscopy 
DNN - Unet superresolultion
DNN - Unet digital staining 
DNN - Phase from Intensity 

Endoscopy
DNN for focusing and imaging through MMFs
Matrix method 

Scattering media 
Phase conjugation 
Ptychography
Optical diffraction tomography
Inverse scattering-MaxwellNet 
                                



Plan for today

1. Plane waves and the angular spectrum
2. 2D Fourier transforms
3. Examples of free space propagation
4. Code for angular spectrum



Just after sunset 
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Charge Charge Coulomb force

F and E are vectors
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Black Body Radiation
Ultraviolet catastrophy





MAXWELL EQUATIONS



𝐸𝐸 𝑥𝑥,𝑦𝑦, 𝑧𝑧, 𝑡𝑡 = |𝐴𝐴 𝑥𝑥,𝑦𝑦, 𝑧𝑧 | cos ωt − ϕ′ 𝑥𝑥,𝑦𝑦, 𝑧𝑧

𝐸𝐸 𝑥𝑥,𝑦𝑦, 𝑧𝑧, 𝑡𝑡 = |𝐴𝐴 𝑥𝑥,𝑦𝑦, 𝑧𝑧 |cos ωt − 𝑘𝑘𝑘𝑘 − ϕ 𝑥𝑥,𝑦𝑦, 𝑧𝑧

𝐸𝐸 𝑥𝑥,𝑦𝑦, 𝑧𝑧, 𝑡𝑡 = 𝑅𝑅𝑅𝑅{|𝐴𝐴 𝑥𝑥,𝑦𝑦, 𝑧𝑧 |e−𝑗𝑗ϕ 𝑥𝑥,𝑦𝑦,𝑧𝑧  e𝑗𝑗 ωt−𝑘𝑘𝑘𝑘 }

         

Electric Field Notation 



Plane waves
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Eigenmodes and eigenvalues?
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Angular spectrum



2D Fourier transform 
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Fourier Transform pairs

FT
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FT
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Fourier Transform pair

FT
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Isaac Newton

Log of 
absolute value of 

2D FFT of 
Sir Isaac Newton



Extraction of a frequency component of  Isaac Newton
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Angular spectrum
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Angular spectrum

3 steps

1. Take the 2D Fourier transform of f(x,y)
2. Multiply each spatial frequency component by its eigenvalue
3. Take the inverse 2D Fourier transform to get g(x’,y’)  



Angular Spectrum Method

Step 1
2D FT

Step 2
Propagate
each 
wave

Step 3
Inverse FT



The 3 steps





Diffraction of light
x-z  plot
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Envelope



Diffraction of water waves



Diffraction of circular aperture
x-z plus xy-z plots






λ = 800nm
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Δφ = π

Phase vs amplitude comparison
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λ = 800nm

Amplitude and Phase Gratings
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Young’s experiment
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Diffraction Sir Isaac Newton vs Square aperture
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Air Force chart
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