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Tentative Syllabus

1. Introduction

2. History

3. Radiometry / photometry

4. Optics review

Ray optics

Electromagnetic / wave optics

Quantum description of light

Wave-particle duality

Biomedical Optics
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4.1 Ray Optics

Light travels in different optical media in accordance 
with a set of geometrical rules.

4.2 Classical (Wave) Description

Light is an EM wave

4.3 Quantum (Particle) Description

Localized, massless quanta of energy – photons

4.4 Wave / Particle Duality

Appropriate description depends on experimental device 
examining light

Description of Light:
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Quantum Optics  Explanation of virtually all optical phenomena.

Electromagnetic Optics  Most complete treatment of light within the 
confines of classic optics (Maxwell’s equations). 

Wave optics (Fourier)  Scalar approximation of EM optics. This scalar 
wavefunction represents any component of the 
electric or magnetic fields (no physical meaning).

Ray optics  Limit of wave optics when wavelength is very short.

Quantum Optics 

Electromagnetic Optics 

Wave optics 

Ray optics 

Descriptions of Light:

All descriptions are

considered in

Biomedical optics !
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Pioneers in Ray Optics

4.1 Ray Optics
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Postulates of Ray Optics

Basic concepts
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Postulates of Ray Optics

Basic concepts
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Postulates of Ray Optics
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Postulates of Ray Optics

A

B
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Postulates of Ray Optics

All rules governing the propagation of light rays in 

homogenous or inhomogenous optical media can be 

determined by the Postulates of Ray Optics.
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Hero’s Principle
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The reflected ray lies in the plane of incidence; the angle of 

the reflection equals the angle of incidence.

The Law of Reflection
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The refracted ray lies in the plane of incidence; the angle of 

refraction 2 is related to the angle of incidence 1 by

n1 sin 1 = n2 sin 2

The Law of Refraction (Snell’s law)
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Proof of Snell’s law
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But “n” is not the same for all wavengths ! Why?
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Imaging Equation (Paraxial rays)

Simple Optical Components

If 1 and 2 are small
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Simple Optical Components
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Simple Optical Components
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Thin Lens (aberration-free)

Imaging Equation:

Paraxial Optics/First–order Optics/Gaussian Optics
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Thick Lens (Non-paraxial)
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Total internal reflection

Snell’s Law:

n1 sin 1 = n2 sin 2
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Total internal reflection
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Optical Waveguide
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Optical Waveguide

nsin a = (n1
2 – n2

2)1/2

n

NA=
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Numerical Apperture of Optical Waveguide
(step-index)
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Optical Waveguide (step-index)
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Ray Optics enables to explain the transfer of 

an image by a fiberoptics endoscope
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Graded-Index (GRIN) Optics
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Graded-Index Slab

Pitch = 2/

n(y)=n0 (1-2y2)
1/2

Maximum excursion of the ray:
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Graded-Index Lens



Georges Wagnières, IPHYS, EPFL Biomedical Optics, Fall 2025

4.1 Ray Optics

31

Frontal Light Distributor

Grin Lens

Typical Light 

Intensity Profile

(FD1, distance to 

screen : 100 mm)
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Frontal light Distributor inserted through the biopsy channel

of a flexible bronchoscope
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