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Lecture 3:

Quantization of the electromagnetic field



Electromagnetic modes as harmonic 

oscillators



Wave Equation in vacuum
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Helmholtz Equation: spatial mode structure
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Further requirements

Finite V → discrete modes
( ), , ,j l m n →

Physical fields
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Electromagnetic fields
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Time evolution
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Canonical quantization



Canonical quantization

Quadratures: 

canonical conjugate
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Quantum Hamiltonian
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Heisenberg Equations
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Quantum fluctuations



Photon number (energy)
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Conclusions

• Wave equation + boundary conditions → vector modes + quadratures

• Canonical quantization → quadrature commutation relations

• Hamiltonian: modes as an ensemble of harmonic oscillators

• Photons as discrete energy excitations on each mode

• Coherent states: “classical-like” → Poisson photon distribution


