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� Theory of finite systems: second quantization

“Second quantization” formalism
systems of indistinguishable (identical) particles
We consider     Fermions in states � Creation-annihilation operators

State without 
particles (vacuum)

“Creates” one particle in  
single particle stateLabels : state, particle

We avoid particle labels

For Fermions :

State of N Fermions



Representation using “occupation numbers”

Fermions: � Operators in second quantization

One body

( for instance,  kinetic energy                     )1st quant.

2nd quant.

Sum over all basis
N not  used for the operator definition if the operator does not depend on spin



Two body

( for instance,  Coulomb potential energy)1st quant.

2nd quant.

Reversed ordering

Justification: matrix elements with N particle states
are the same in first and second quantization 

Again: Sum over all basis
N not used for the operator definition



� The“renormalized vacuum”

We are interested in matrix elements with a particular state of the N 
particle system, the reference state or renormalized vacuum:

Ordered single particle states

Fermi level

Obviously, for Fermions it is



� “Normal” operator product

Annihilation or creation operators.
Is that in which operators that annihilate the reference state are on the right.
Each inversion “carries a minus sign”.
Examples:

Expectation value with



� Contraction of  two operators

A and B are creation or annihilation operators.
It is a number (constant 0 or 1) due to the commutation rules.
It is always zero, except in two cases:

notation

Other cases



� Expectation values

With the reference state

Since

a number zero



�Wick theorem

Examples

One body

If  operator does not depend on spin



Two body

(direct-exchange)

(pairs)



� Hartree-Fock equations

They determine the single particle states
Variational method

Hamiltonian

1 body

2 bodies

1st quantization

Example, the atomic Hamiltonian



Variational principle (Rayleigh-Ritz)

Stationary

Diverse forms for      and for        give rise to different theories

variation



The Hartree-Fock method

Set of particle-hole 
transitions

Note that 





Rewrite, defining

Does not connect 
particle states with 
hole states

Natural choice: HF basis of orbitals
diagonalizes

HF equations



HF eigenvalues
(single particle levels)

Total energy of  
HF state for N 
particles
(reference)


