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Photoelectric effect



Hamiltonian

• H = 𝐻𝑚 + 𝐻𝑟𝑎𝑑 + 𝐻𝐼
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Quantize radiation field

• Take A into hamiltonian 𝐻𝑟𝑎𝑑 = σ𝑘σ𝑟 ℏ𝜔𝑘𝑎𝑟
∗(𝑘)𝑎𝑟(𝑘)

• Similar to oscillator Hamiltonian 
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Commutation relation [𝑎𝑟(𝑘), 𝑎𝑠
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So  𝐻𝑟𝑎𝑑 = σ𝑘σ𝑟 ℏ𝜔𝑘𝑎𝑟
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Transition rate
• Photon emission, initial electronic state ۧ|𝐴 , 𝑝ℎ𝑜𝑡𝑜𝑛𝑖𝑐 𝑠𝑡𝑎𝑡𝑒 ۧ|𝑛𝑟 𝑘
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• Since 𝑖ℏ ሶ𝑟𝑖 = 𝑟𝑖 , 𝐻 , 𝑠𝑜 𝐵 𝑝𝑖 𝐴 = −𝑖𝑚𝜔 𝐵 𝑟𝑖 𝐴

• Transition rate from time-dependent perturbation
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Transition matrix element
• ۧ|𝐴 = ۧ|𝑅𝐴 ۧ|𝑌𝑙𝑚 , ۧ|𝐵 = ۧ|𝑅𝐵 ۧ|𝑌𝑙′𝑚′ , 𝑥 = 𝑟𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜑, 𝑦 = 𝑟𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝜑, 𝑧 = 𝑟𝑐𝑜𝑠𝜃

Angular matrix 

• 𝑠𝑖𝑛𝜃𝑒±𝑖𝜑 ۧ|𝑌𝑙𝑚 = ±𝛼 ൿ|𝑌𝑙+1,𝑚±1 ∓ 𝛽 ൿ|𝑌𝑙−1,𝑚±1 , 𝑐𝑜𝑠𝜃 ۧ|𝑌𝑙𝑚 = 𝛾 ൿ|𝑌𝑙+1,𝑚 + 𝜗 ൿ|𝑌𝑙−1,𝑚

• So 𝑙′ = 𝑙 ± 1,𝑚′= 𝑚 ± 1 𝑜𝑟 𝑚

Selection rules: ∆𝑙 = ±1, ∆𝑚 = 0,±1

But for intersystem transition,

selection rule can be ignored, 

transition is only forbidden by

Spin direction.


