
Summary of Lecture 11

This Lecture (12)

• Single-particle density matrix g( ⃗r, ⃗r′ ) = ⟨ψ̂†( ⃗r )ψ̂( ⃗r′ )⟩

• Density-density correlations

⟨ ̂ρ( ⃗r ) ̂ρ( ⃗r′ )⟩ = ⟨ψ̂†( ⃗r )ψ̂†( ⃗r′ )ψ̂( ⃗r′ )ψ̂( ⃗r )⟩ + δ( ⃗r − ⃗r′ )⟨ψ̂†( ⃗r )ψ̂( ⃗r )⟩

= ⟨: ̂ρ( ⃗r ) ̂ρ( ⃗r′ ) :⟩ + δ( ⃗r − ⃗r′ )⟨ρ( ⃗r )⟩

• Boson/Fermion Field Operators (position basis)

[ψ̂( ⃗r ), ψ̂†( ⃗r′ )]∓ = δ( ⃗r − ⃗r′ ) [ψ̂( ⃗r ), ψ̂( ⃗r′ )]∓ = [ψ̂†( ⃗r ), ψ̂†( ⃗r′ )]∓ = 0

• Density operator ̂ρ( ⃗r ) = ψ̂†( ⃗r )ψ̂( ⃗r )

• Two-body operators and Interactions 
• Bose-Hubbard Model 
• Bogoliubov Transformation 
• Interference of Condensates



Summary of Lecture 12

Next Lecture (13)

• Bose Hubbard model

• Density Operators
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• Bogoliubov Theory

• Time of flight, Interference & the single-particle density matrix 
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• Two-body operators
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