3. The Nature of Ferromagnetism

Heisenberg’s Theory

Heisenberg’s theory of ferromagnetism attributes the ferromagnetic
state to an alignment of electron spins in atoms due to exchange
forces. In wave-mechanical terms, the probability that an electron in
one atom will change places with an electron in an adjacent atom 1is
given by an exchange integral which is positive or negative according
to the ratio of the radius of the relevant electron shell » and the
atomic spacing d. In general, this integral is negative since the
attractions between the atomic nuclei and the electrons are greater
than the repulsions between the nuclei and between the electrons. It
is positive when there exists a certain ratio d/r of the distance between
the adjacent atoms of the crystal and the radius of the electron shells
containing the uncompensated electron spin. Slater (1930) presents
the data:

Metal | Fe  Co

Ni } Cr Mn Gd

|
dir 326 364 | 394 | 260 294 310

The conclusion drawn from this is the empirical presumption that,
for ferromagnetism to exist, d/r must be greater than 3-0 but not
much greater.*

As Bates (1951, ¢) points out, in Heisenberg’s theory the exchange
forces depend upon the alignment of the electron spins but the forces
between the spins themselves are not responsible for the ferro-
magnetic state. Ferromagnetism is presumed to be due to interaction
forces between the atoms because these forces apparently have a
common feature if the ratio d/r has an approximately common value,
evidently greater than 3-0 but not much greater. However, is this a

* In this chapter the symbols r and d are used to denote dimensions in an atomic
lattice, whereas in the remainder of this book they are used consistently to denote
dimensions of the space-time lattice. The coincidental feature that the ratio d/r
is slightly more than 3 in the space-time lattice is deemed to be fortuitous.






