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Today we will make further use of the symplectic transformations we had for bosons, which we
introduced yesterday.

Weakly interacting Bose gas
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Lots of particles in the non-interacting ground state, and some particles in other states. The
non-interacting ground state |Np) is not an eigenstate of the interacting Hamiltonian, since the
particles can change momentum upon interaction.

The number of particles IV, or Ny for that matter, is not necessarily a good quantum number.
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So b;g and by basically commute. The one in the commutator is not significant.
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The difference between Ny and N is proportional to volume, so it is a large number in the abso-
lute. N — NQ x ) Uo.
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When momenta match up pairwise:
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“Hartree” term
“Exchange term” or “Fock term”
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“Anomalous term”
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Let k=q—p:
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terms are dropped. (Need two momenta to vanish.)
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= “Effective Hamiltonian”
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Now we do a canonical transformation to construct new operators with energies on the diagonal.
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What we are looking for are the eigenvalues of
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