
Dispersion --- frequency dependence of optical properties --- for dielectrics



Review of the results from the classical electron 
model (H. Lorentz)
Electron dynamics
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Graphical analysis

Pick some characteristic values for the parameters 
(“guesstimates”) 

UV ⇒ electron transitions
Λ = wavelength in vacuum < 100 nm = 0.1 micron
ω0 = 2π c /Λ >  2 x 1016 /s
ΔE = hω /2π >  15 eV
mass = me

IR ⇒ molecular vibrations
Λ = wavelength in vacuum > 1000 nm = 1.0 micron
ω0 = 2π c /Λ <  2 x 1015 /s
ΔE = hω /2π <  1.5 eV
mass > 2000 me

Then make plots...

permittivity





nIndex of refraction produced 
by UV natural frequency 
(Lorentz model)

Energy absorption length  
produced by UV natural 
frequency in the Lorentz 
model (obviously not very 
realistic!)



Real part of ε produced by IR 
natural frequency in the 
Lorentz model

Imaginary part of ε produced 
by IR natural frequency in the 
Lorentz model





Comments
▪At frequencies corresponding to visible light,

n increases as wavelength decreases;
that explains prisms and the rainbow.

▪ “anomalous dispersion” at the resonance
▪ Absorption of light occurs strongly at the resonance;

absorption length ~ 1 /ε2 .

n





Resonant absorption of infrared waves by molecules



Absorption of sunlight by atmospheric molecules



Exam Questions

/A/ Why do molecules absorb infrared light?

/B/ Why is nitrogen (N
2
) not a greenhouse gas?


