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Photon density of State (DOS)Photon density of State (DOS)
Optical mode density from E to E+dE, # of optical modes / volume (m3) /dE

3333
⎞⎛⎞⎛⎞⎛⎞⎛ dE

c
dE

c
E 3333

4
2
14

2
1

⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛ ωπ

π
π

π h

# of photons per optical mode
h 14 3p p p

1
1

/ −kTe ωh

dv
ec

hvhvhv kThv 1
14)( /3

3

−
=

πρ

In J/m3/Hz: Photon energy density per Hz
# of photons from E to E+dE

dEEn 141)(
33

⎟
⎞

⎜
⎛

⎟
⎞

⎜
⎛=

ωπ
1

8)( /3

3

−
= kThve

dv
c
hvhvhv πρ

dE
ec

En kT 1
4

2
)( / −

⎟
⎠

⎜
⎝

⎟
⎠

⎜
⎝

= ωπ
π h

44)(
33

=⎟
⎞

⎜
⎛=

dvhvdvhvEn ππ

2 polarizations

11
4)( /3/ −

=
−

⎟
⎠

⎜
⎝

= kThvkThv ec
dv

ec
En π



EE16.669 Lecture 4Photon density of state, Planck’s blackbody distribution
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)(hvρ In J/m3/Hz: Photon energy density per Hz

abR In #/m3 s, absorption rate per unit volum

21A In /s, spontaneous emission rate

B In m3/J/s/Hz, 
stimulated emission coefficient 
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A21 = B21x # optical modes
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Time independent perturbation theoryTime-independent perturbation theory
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Time-dependent perturbation theoryTime dependent perturbation theory
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