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Emission Enhancement: Purcell-Effect

By increasing the density of final states 𝜌

for the photons emitted from a molecule

their spontaneous life time 𝜏 will decrease.
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Example
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Radiation of a Black Body at Temperature T

Knowing the density of states 𝜌 the spectral energy density 𝑢 𝜈, 𝑇

of blackbody radiation can be immediately derived:
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averaged excitational state 〈𝑛〉 of a 
quantum oscillator at temperature 𝑇

density of propagation modes in vacuum
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Stimulated Emission
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�̇�ଶ = 0Steady state solution: ⇒
𝑛ଶ

𝑛ଵ
=
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𝐵 𝑢 𝜈 + 𝐴

𝐵ଵଶ = 𝐵ଶଵ = 𝐵 

for non-degenerate states

Assume 𝑢 𝜈, 𝑇 is a blackbody radiation with temperature 𝑇 and the molecule is in balance
with the radiation. 
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The coefficient A (spontaneous emission) depends on the density of states!

�̇�ଶ = 𝐵 𝑢 𝜈  𝑛ଵ − 𝐵 𝑢 𝜈  𝑛ଶ − 𝐴 𝑛ଶ

𝑛ଵ(0) = 0,  𝑛ଶ (0) = 1   ⇒    𝑛ଶ 𝑡 ~𝑒ି  ௨ା  ௧    !Example:


