
Computational Optical Imaging
Lecture 4

4F imaging system



oultine

• Imaging with a single lens 

• Resolution Δ𝑥𝑥 = 𝜆𝜆
2 𝑁𝑁𝑁𝑁

• Exercise 1 
• 4F system
• Intensity detection
• Dark field imaging 
• Exercise 2 



3 ways to simulate free space propagation
 BPM, ASM, Fresnel integral
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BPM Angular Spectrum

Fresnel Diffraction 



Thin and thick transparencies

Δz

Thick transparencies or objects



Toolkit

Detector
CCD

CMOS

Illlumination
e.g. 𝐴𝐴𝑒𝑒𝑗𝑗(𝜔𝜔𝜔𝜔−𝑘𝑘𝑘𝑘)
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Imaging lens
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Exercise 1

F F

Plane wave
illumination



F F

Fourier transforming lens
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Reminder:  Far Field
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F F F F

4F Imaging System
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Transform
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Phase objects



λ = 800nm
Propagation profileInput
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Δφ = π

Phase vs amplitude object
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λ = 800nm

Amplitude Grating
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λ = 800nm

Thin Phase Grating
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λ = 800nm

Amplitude and Phase Gratings (square profile)
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F1 F2

Bright Field Microscope for an 
amplitude object



F1 F2

Bright Field Microscope for a phase 
object



F1 F2

Dark Field Microscope

Circular
Block



Zernike Phase 
Contrast microscope
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Zernike Phase contrast
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FTabs φ Introducing π/2
shift at the center



Zernike Phase contrast
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Contrast inversion?



Zernike Phase contrast

π/2 shift 3π/2 shift
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Exercise 2

•   Zernike 
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