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Lorenz and Coulomb Gauges

Lorenz Gauge: Coulomb Gauge
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Electron-Photon Interaction

Hamiltonian in the absence of light
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+ For a brief review of Hamiltonian classical mechanics, see
http://en.wikipedia.org/wiki/Hamiltonian_mechanics#Using_Hamilton.27s_equations
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Optical Matrix Element
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Typical Values of Optical Matrix Element

Po

V'ba

ed ~ = = - 4, -
H =——2%¢-Po=—¢E rmu=—ciw 2°e Tba =

2m

0 mow

The optical matrix element is often expressed in £ :

2

A —

m
e'Pcv =_0Ep

Typical values of E, (Table K.2 on p.709 of Chuang textbook)
~0.4 nm

V'ba

GaAs: E =25.7eV The corresponding

AlAs: E =21.1eV
InAs: Ep =222¢eV
InP: E = 20.7 eV
GaP: E =222¢V
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Fermi’s Golden Rule

Two level system, monochromatic light:

Unit: [— ! le——] By —
Js ]
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Final state with density of states p,, monochromatic light:
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Two-level system, non-monochromatic light:
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where P(hw): number of photons per unit volume per energy interval Prof. Ming Wu

Two-Level System in
Non-Monochromatic EM Field

27; 2
h |Hba n N ( )
| T
n, = T ] Average number of photons per state (Bose-Einstein distribution)
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To calculate density of states for photons: ¢"*” satisfies periodic boundary condition

ke .. . . .
w, =— dispersion relation (~ E-k relation for electrons)

r

Number of states with photon energy E,  per unit volume, per energy interval
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Joint Density of States for
Semiconductor

The electron states associated with optical transition
r o r

r
are related by conservation of mementum: k» = ko =k

h2 2 h2 2
E-E +25 g g MK
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2’ me mh
272
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Joint density of states for the pair of electron states:
.\ 32

p,,(hw-Eg)=L(2’"r) ho—-E

2”2 hZ g
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Absorption Coefficient

% CB completely full, VB completely empty, total upward transition at 7w:
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Absorption Coefficient for GaAs
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