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

A = wavelength in vacuum < 100 nm = 0.1 micron
W, =2mc/A > 2x10% /s

AE = hw /2n > 15eV

mass = m,

permittivity

IR = molecular vibrations

A\ = wavelength in vacuum > 1000 nm = 1.0 micron
w, =2 c/A < 2x10% /s

AE = hw /2n < 15eV

mass > 2000 m_

Then make plots...
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Glass ; UV and Optical wavelengths

Classical electron dynamics; Lorentz model

(* units =*)

{Ukg, Um, Us, UC}

Umicron = 1.0%A-6 % Unm

UJ =Ukg*+UmA2 /UsA2;

UvV = UJ/ UC;

(* universal constants =)
cl =3.0*A8 *xUm / Us;
ee=1.6*A-19 % UC;

me = 9.11*A-31 % Ukg;

eps0 = 8.85*A-12 « UC/ UV / Um;

{Ukg, Um, Us, UC}
1.x10°°Um

(* Model paramater values =)
atomicradius = 1.0*A-10 % Um;
volume = 1.33 » Pi » atomicradiusAn3;
= 1.0/ volune;
w0 =2%*Pi%xcl/ (0.1%Umicron) (* UV %)
nuxeen2/ (2+mexepsld) /wOA2 (% should be a small »)
gamma = 0.3 *me * w0 (* damping parameter =)

1.88496 x 10*¢

Us

1.06941

5.15158 x 1071° Ukg

Us

ffac = 0.6; (* fudge factor =)

epslw_] :=1+ ffacs*nuxeenr2/ (mexepsl) »

(w0A2 -wA2) / ((wON2 -wA2) A2 + (0w +* gamma / me) A2)
epsl[ {w0/2, w0, w0 %2} )

UVl = Plot[epsl[2 % Pixcl/ (A% Umicron)], {A, 0, 1.0},
Evaluate[fancy), FrameLabel » £11, PlotStyle -» Black,
PlotRange -» {{0, 1.0}, {0, 4}},

Epilog » {1lred, lvio, vis, 115sq}]

{2.64525, 1., 0.588688)
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Index 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!)
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Real part of € produced by IR
natural frequency in the
Lorentz model

Imaginary part of € produced
by IR natural frequency in the
Lorentz model
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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 /e, .
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Resonant absorption of infrared waves by molecules
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Absorption of sunlight by atmospheric molecules

Spectral Distribution of Sunlight and Molecular Absorption

—— Extraterrestrial Sun

— Sunlight at Sea-Level
(air mass m=1)
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Exam Questions

/A/ Why do molecules absorb infrared light?

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




