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In a non-magnetic system, we have equal number of spin up and spin down electrons (n↑ = n↓ = n). For Ferro-
magnetism to exist, there must be an imbalance. This is attributed to the presence of repulsive interaction.

Let us consider a simple model with on-site repulsion (i.e. an energy cost U when two electrons occupy the same
site). As per the Pauli exclusion principle, it is required that if two electrons were to occupy the same site, they need
to have opposite spins.

With this in mind, let consider the situation when δn down-spin spontaneously flip. Then the number of up spins
n↑ = n+ δn and the number of up spins n↓ = n− δn. This restructuring of the spins leads to a change in the energy
of the system. The potential energy of the system is given by UE = Un↑n↓The change in potential energy is

dUE = U(n+ δn)(n− δn) − Un2 = −U(δn)2 (1)

The change in the kinetic energy due to the δn spins occupying larger energy states is

FIG. 1. Spontaneous change in the occupation of up/down spin states

dKE = δn dE (2)

The density of states is defined as the number of states in the energy interval [E,E + dE]

D(E) =
dn

dE
(3)

Since the occupation change happens close to the Fermi level, we can relate the variation in number density δn and
the change in energy dE through the density of states at the Fermi level.

δn = DF dE (4)

Thus the change in kinetic energy

dKE =
1

DF
(δn)2 (5)

The change in total energy is the addition of the kinetic and potential energy changes

dET = dKE + dUE

=
(δn)2

DF
[1 −DFU ]

(6)

The above equation provides the Stoner criterion for itinerant Ferromagnetism. When DFU/geq1, the system can
lower its energy by creating an imbalance in the number of up and down spins, thereby becoming magnetic.
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