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Lect. 18: Interaction between Light and Matter

What happens when photons interact with a matter 
whose electron transition energies are compatible with photon energies?
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For example: Electron energy levels in an hydrogen atom
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According to QM, energy levels inside matter are quantized

This interaction is basis for spectroscopic characterization of materials
and light light emitting devices 
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Consider for simplicity only two energy levels: ground state and first excited state

 Three interaction processes are possible
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output photons are “identical”
to input photons: amplification 

output photons are
“random” except energy
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Assume h = E2 – E1
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Determine the rate for each process
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What happens at equalibrium (No net change of N1, N2, 
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From another branch of physics 
(statistical mechanics),
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electron distribution at equilibrium

From Lect. 16, 
(Planck law for black-body radiation)
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For h = E1 – E2 , two expressions should be identical.
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Interpretations:

-Absorption and simulated emission have the same coefficeint
 The only difference is N1 and N2

-Spontaneous emission and stimulated emission are 
intrinsically related

 Spontaneous emission is simulated emission 
due to vacuum fluctuation (QM interpretation of EM waves)
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Which process is dominant at equilibrium?
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Stimulated emission vs. absorption

Absorption is dominant over stimulated emission at equilibrium
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Which process is dominant at equilibrium?

21 2 1

12

expR E E
R kT

   
 

Stimulated emission vs. absorption
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Almost all incident photons experience absorption

photonE h
1.24 1.24 0.8
[ ] 1.55

eV eV eV
m 

 

For example,
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Which process is dominant at equilibrium?
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Stimulated emission vs. spontaneous emission

Spontaneous emission is dominant over stimulated emission at equilibrium
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Which process is dominant at equalibrium?
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Stimulated emission vs. spontaneous emission
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Virtually all photon emission is due to spontaneous emission at equilibrium
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For example,
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How can we induce stimulated emission? 
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Make N2 larger than N1:

N2 = N1 : transparent

N2 > N1 : population inversion

Break equilibrium by pumping carriers into E2
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Homework:


