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Maxwell’s equations in simple media 

with no free charges nor currents…



Lecture 2: Fresnel’s equations and 

applications, geometrical optics
Goals today
• Fresnel’s equations

• Applications of Fresnel’s equations: Fabry-

Perot etalon, Bragg mirror

• Relation between geometrical and wave

optics: the eikonal equation

• Matrix Optics (geometrical optics)



Fresnel equations
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Find the reflection and transmission 

coefficients.

How much of the wave

is transmitted?

How much of the wave

is reflected?



Fresnel equations
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Fresnel equations: reflection and 

transmission coefficients
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Fresnel equations: reflection and 

transmission coefficients
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In terms of the indices of refraction for 

an interface between two dielectrics: 1 2 0µ µ µ= =
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Fresnel equations: air / perfect conductor interface
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“Impedance matching”
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Energy transport
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How much energy (intensity) is reflected?
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Energy transport
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How much energy (intensity) is transmitted?
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Energy conservation
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Reflection coefficient: amplitude and phase for an 

air/glass interface
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Reflection coefficient: amplitude and phase for a 

glass/air interface
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Total internal reflection
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Evanescent wave: propagates in the x-direction, decays 

exponentially in the z-direction



Frustrated total internal

reflection
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Scanning Near-Field Optical Microscope 
(SNOM): “optical tunneling”
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http://iramis.cea.fr

This is a topographic picture showing a Scanning Near-Field

Optical Microscopy (SNOM) image of a sub-micrometric

triangular pattern of holes drilled on polymethyl methacrylate

(PMMA) by electron beam lithography and wet etching,

performed in the Materials and Microsystems Laboratory.

http://www.azonano.com

6 µm



Fabry-Perot interferometer
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Fabry-Perot: phase difference?

18

1

n

θ
t

θ
iθ

i

1

r
t

r '

r 'r '

r 'r '
t ' t '

t ' t '

d l

a

s
t '

θ
i

sin sini tnθ θ=Recall:



Fabry-Perot interferometer
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Stokes relations
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Time reversal



Stokes relations
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Fabry Perot interferometer
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Fabry-Perot interferometer
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Highly reflective mirror
Metallic mirror: R ~ 99 %. Can we do better? 
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n z( )

Matrix optics (for paraxial rays)

′r z( ) ≡ n z( ) dr

dz

Reduced slope

θ ~ θ

n z( ) : local index of refraction

R z( ) ≡
r z( )
′r z( )















Ray vector:
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Matrix optics: free space propagation
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Matrix optics: thin lens of focal length f in air

f

dJust before the lens:

Just after the lens:
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Matrix optics: thin lens of focal length f in air
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f > 0 for a convergent lens

A = 1 ; C = - 1/f

Just before the lens:

Just after the lens:


