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Phonons in crystals
Part lIl: Quantum oscillator chain
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Quantizing the classical model
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e Introduce creation/annihilation operators for each oscillator:
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Py = (@f, + an) and p, =i h (af, — an)
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e [ hey satisfy the canonical commutation relations, [Ezn, a;rn] = dnm



Quantum oscillator chain in terms of creation/annihilation operators
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Quantum oscillator chain in terms of creation/annihilation operators




Creation/annihilation operators in the g-space

e | ets Fourier-transform the operators:
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Hamiltonian in the g-space

A = / A(g)ata + B(q)iga—q + H.c.
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e [ he coefficients:
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B(q)=—4 | 5 (1 —cosq)



