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OVERVIEW OF THE COURSE
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week Topic

Week 1 Introduction to micro-scale optical components

Week 2 Light propagation in free space

Week 3 Geometric optics and raycasting

Week 4 Diffraction limit & Abberations 

Week 5 Quiz + Beam propagation

Week 6 Refractive optical elements Microlenses

Week 7 Blazed Fresnel lenses

Week 8 Digital lenses

Week 9 Diffractive optical elements

Week 10 Quiz + Wave guides and beam propagation

Week 11 Wave mixing

Week 12 Gratings, periodic structures

Week 13 photonic crystals

Week 14 Whole optical system optimization



Optical Systems for imaging
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IMAGING

• Light reflected from object

• Small angle of light captured by optical system
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DIRECTING LIGHT: SPHERICAL SURFACES

• Single surface
• Curvature radius 𝑅

• Refraction index 𝑛2

• At surface: Snell’s law

• Rays from 𝑆 to 𝑃 ?

• Apply Fermat’s principle
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SPHERICAL SURFACES

• Optical Path Length 

• Fermat’s principle
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SPHERICAL SURFACES

• Problem: depends on  𝜑 

• Paraxial approximation
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LENSMAKER’S FORMULA

• Paraxial approximation

• Thin lenses, in air

• Perfect focus, 
image in plane
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A THIN LENS

• Paraxial approximation

• Thin lenses, in air

• Perfect focus, 
image in plane

• The Lensmaker’s formula
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WHOLE IMAGING SYSTEM

• Lenses

• Aperture stops

• Sensor, sensor size 
and field stops
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VIGNETTING

• Intensity depends 
on angle 𝜃

• Angle 𝜃2 < 𝜃1 

• Edges have less 
intensity

• Apertures and clear 
lens diameters are 
important
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The Diffraction Limit
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THE FOURIER SERIES

• Express signals in cosine + sines

• Examples 
• Square wave

• sawtooth
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THE FOURIER SERIES

• Express signals in cosine + sines

• Examples 
• Square wave

• Sawtooth

• Artifacts 
• Larger when series finite

• Can persist for infinite series
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THE FOURIER TRANSFORM

• Complex form

• Forward Spatial Fourier transform

• Inverse Spatial Fourier transform

30.11.2025 15

ሚ𝑓 𝑘 = 𝐹𝑥[𝑓(𝑥)] =
1

2𝜋
න

−∞

∞

𝑓 𝑥  𝑒−𝑖𝑘𝑥 𝑑𝑥

𝑓 𝑥 = 𝐹𝑘
−1[ ሚ𝑓 𝑘 ] =

1

2𝜋
න

−∞

∞
ሚ𝑓 𝑘 𝑒𝑖𝑘𝑥 𝑑𝑘

𝑒𝑖𝜙 = cos 𝜙 + 𝑖 sin 𝜙



THE FOURIER TRANSFORM

• Spatial Fourier transform

• Frequency Fourier transform
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THE POINT SPREAD FUNCTION

• Airy disk diameter

• First ring of the Point Spread Function 
84% of the intensity
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Aberrations
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Ideal spherical 
wavefront

Real 
wavefront

Wavefront error or
optical path difference ODP

Ideal image 
point

Real image 
point not same

OPTICAL PATH DIFFERENCE
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RAY ABERRATION CURVES
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ABBERATION TYPES AND RAY ABERRATION CURVES
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ZEMAX Practical session
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SPOT DIAGRAM

Start ZEMAX

Save your file

Open convenient tabs:

1. System Explorer

2. Lens Data

3. Field Data Editor

4. Wavelength Data

5. Layout
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SPOT DIAGRAM

Analysis – Rays & Spots 

– Standard Spot Diagram
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IMAGE SIMULATION

Analysis - Extended Scene Analysis 

– Image Simulation


	Slide 1: PHOT 451: Microscale optical system design LECTURE 04
	Slide 2: Overview of the course
	Slide 3: Optical Systems for imaging
	Slide 4: imaging
	Slide 5: Directing light: Spherical surfaces
	Slide 6: Spherical surfaces
	Slide 7: Spherical surfaces
	Slide 8: Lensmaker’s formula
	Slide 9: A thin lens
	Slide 10: Whole imaging system
	Slide 11: vignetting
	Slide 12: The Diffraction Limit
	Slide 13: the fourier series
	Slide 14: the fourier series
	Slide 15: the fourier transform
	Slide 16: the fourier transform
	Slide 17: The point spread function
	Slide 18: Aberrations
	Slide 19: Optical path difference
	Slide 20: Optical path difference
	Slide 21: Optical path difference
	Slide 22: Ray aberration curves
	Slide 23: Abberation types and ray aberration curves
	Slide 24: ZEMAX Practical session
	Slide 25: Spot diagram
	Slide 26: Spot diagram
	Slide 27: Image simulation

