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The magnetic dipole-dipole energy of an array of ferromagnetic localized magnetic moments in a crystal is shown
to be zero when the atom arrangement of the magnetic atoms is of cubic space group symmetry.

In the RA;, (R = rare earth) intermetallic com-
pounds, the magnetic dipole-dipole contribution to
the magnetic anisotropy energy has been calculated
and found to be zero [1]. The rare earth magnetic mo-
ments in these compounds are ferromagnetically align-
ed and the rare earth atom arrangement consists of
two interlocking face-centered cubic lattices, i.e. there
are two atoms per unit cell. Kittel [2] has shown the
vanishing of the dipolar anisotropy energy only in the
case of a ferromagnetic array of magnetic moments
whose atom arrangement consists of a single cubic lat-
tice, i.e. with only one atom per unit cell. We show be-
low, for an arbitrary number of atoms per unit cell,
that the dipole-dipole contribution to the magnetic
anisotropy energy of a ferromagnetically aligned array
of magnetic moments on an atom arrangement of
cubic space group symmetry is necessarily zero.

The magnetic dipole-dipole energy per unit cell in a
crystal with ferromagnetically aligned magnetic mo-
ments can be written as

Edipole =S ?E () (1)

where §'is the localized magnetic moment of a magnet-
ic moment of a magnetic atom and the sum in over

the positions r; of all magnetic atoms in the unit cell.
The dipolar field at r; due to a ferromagnetic array of
magnetic moments at positions 7’ is given by:
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where r; above the summation sign denotes that the
sum is over all values of r’ except 7' =r;.
Let (Rt (R) + £) denote an element of F, the space

group of the magnetic atom arrangement. R is a rota-
tion matrixJ{R) the non-primitive translation associat-
ed with R, and ¢ a primitive translation. Using (2) we
can write:
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Since (R |t(R)) is an element of F we can change the
summations on the right hand side of eq. (3) from
overr' to over 7" = (R|t(R))~! r'. Noting that
IR(r;—r")| = |r;—r"] and summing both sides of (3)
over all elements R of the point group of F, we have
that the k th component of the resulting sum is
i
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where N is the order of the point group of F.

If F'is a cubic space group, i.e. with point group
T, Ty, 0, Ty, or Oy, the matrices R constitute a real
three dimensional irreducible representation of the
point group. One can then perform the summation
over R on the right-hand side of (4) using the orthog-
onality relation [3] Zg Ry, R,y =5 N 8 8,y Doing
this and then summing over m, n, and [ one derives:

?E(Rri +e(R) =0. )

Since r;, Ry r; t1(Ry), ..... R yr; +t(Ry) constitute
a set of equivalent positions in the unit cell of F, (5)
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is interpreted as follows: The vector sum of the dipole

fields, due to a ferromagnetic array of magnetic mo-
ments whose magnetic atom arrangement is of cubic
symmetry F, on a set of equivalent positions in the

unit cell of F is zero. Since the sum over r; in (1) can
be subdivided into sums over sets of equivalent posi-
tions in the unit cell, we have that when F is a cubic
space greup, as in the rare earth intermetallic com-

pounds, the magnetic dipole-dipole energy vanishes.
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