Computational Optical Imaging
Lecture 4

4F imaging system
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3 ways to simulate free space propagation
BPM, ASM, Fresnel integral

Angular Spectrum
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Fresnel Diffraction
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Toolkit

Free space propagation
Angular Spectrum method
Fresnel Diffraction

BPM \
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Illlumination Thin Thick Thin Thick Detector
e.g. Aej(wt_kz) Transparency Transparency Transparency Transparency CCD

t(X,y) BPM t(x,y) BPM CMOS



Imaging lens
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Z=0 Z=d1 Z=dq+d2
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Resolution

A
"= —— |NA is the numerial aperture
2 NA

. . A
NA = nsin@ where sinf ~ o

Ad;  Ad, A . d,
Ax'=M = = where the magnificaton M = —

A A 2NA d;
n= is the index of refraction
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Plane wave
illumination
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Fourier transforming lens
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Reminder: Far Field
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4F Imaging System
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Fourier Fourier
Transform Transform



4F Imaging System

Fourier Fourier
Transform Transform
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Phase objects




Phase vs amplitude object

A =800nm
[ Output

Input Propagation profile

D. Psaltis, Optical Waves Propagation - EPFL Photonics program doctoral course, Fall semester 2014
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Amplitude Grating

Aot = AinT' () T(z) = L + L cos (Tm)
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A =800nm




Thin Phase Grating

Ao = Anexpliof@)]  9(o) = 6o |5 +

A =800nm




Amplitude and Phase Gratings (square profile)

A =800nm
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Bright Field Microscope for an
amplitude object
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y coordinate [mm)]
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Bright Field Microscope for a phase

Abs of the input field
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y coordinate [mm)]

y coordinate [mm]
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Dark Field Microscope

F1

F2

Circular
Block

e’ =1+ j¢

Abs of the output field

1
=
[E—

1
ot
o
wh

y coordinate [mm]
=
)
wn S

-0.1 -005 O 0.05
X coordinate [mm]

028

0.2

0.15

0.1

0.05



Zernike Phase
Contrast microscope



Zernike Phase contrast
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Zernike Phase contrast

Contrast inversion?
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Zernike Phase contrast

1/2 shift 31/2 shift
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Exercise 2

e Zernike
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