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Today’s class: Second quantization (Part 2)

● One-body and two-body operators in terms of
creation and destruction operators.

● Density operator. 
● Fermi-Dirac and Bose-Einstein distributions.



One-body operators

One-body operator written in a single-particle basis:

Matrix element:

Example: kinetic energy



Two-body operators

Two-body operator written in a two-particle basis:

Two-body operator written in a single-particle basis:

Matrix elements:



Operators in the N-body basis

Sum of N one-body operators written in a N-particle basis:

One-body operator written in an N-particle basis:

Position n ! 



Operators in the N-body bosonic basis

Orbitals: 

One-body operator:

N-body operators (sum):

Two-body operator:



Operators in the N-body bosonic basis

Let’s show that:

Number occupation representation: 

Now you show that (Assignment): Notice the order! 



Operators in second quantized form

We then write (Bosons): It turns out that, for Fermions, they 

take the same form  (Assignment):

“Diagrams”:



Example: non-interacting system

Hamiltonian: Single-particle basis:Hamiltonian:

In this basis: (Fermions)

(Bosons)

Many-body spectrum:



Density operator

Canonical :

Grand-canonical:

Thermal average:

Partition function:

Many-particle spectrum:



Assignment

calculate the grand-canonical thermal average of

Given the non-interacting Hamiltonian

for both Bosons and for Fermions.
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