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This paper describes a relatively simple way
of obtaining crystal field matrix elements
for use with rare earth ions, and tables of
the most often needed elements are includ-
ed. [The SCI® indicates that this paper has
been cited in over 580 publications since
1961.3
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“By the late 1940s, electron spin reso-
nance at the Clarendon Laboratory was mov-
ing toward the study of rare earth ions. The
problem of working at helium temperatures
had been overcome and a wealth of spectra
were being observed on the ethyl sulphates.
It was not known that crystal field theory
would account for the results, which were
certainly not characteristic of small depar-
turr.s from cubic symmetry. Indeed, it was
kter learned that ).H. van Vleck, from anex-
amination of the macroscopic magnetic
properties of the ethyl suiphates, had con-
cluded that they could not be interpreted
using crystal field ideas. Fortunately, this
was not known in Oxford, and it was a
natural step to apply crystal field ideas to
the Dsh symmetry of the ethyl sulphates.

“Techniques for evaluating matrix ele-
ments were available, but they were ex-
tremely tedious to use. By chance I had be-
come interested in two apparently disparate
topics, group theory and nuclear quadru-
pole interactions. The latter had recently
been recognised”
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in the spectra of iron

group ions, and I had been puzzled as to
how electrostatic interactions could be re-
written in terms of angular momentum oper-
ators. The original reference (which was re-

printed in 1963) was to a prize essay, written
in 1936 by H.B.G. Casimir,
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and virtua’ly un-

obtainable. However, a copy was eventually
found and there it was shown how second
order spherical harmonics could be reex-
pressed in angular momentum form, using
the Wigner-Eckart theorem, with which I was
already familiar. The way was immediately
open to do something similar with the
higher order potentials of the crystal fields.
There remained the question of finding the
equivalence factors, and this could be done
by a trick. It was necessary to work out all
the relevant operators, their matrix ele-
ments, and the equivalence factors, but
within a few weeks Rj. Elliott and I knew we
could account for many of the observations.

“Only one British journal had previously
carried a paper
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on rare earth crystal fields;

my manuscript was rejected as being of in-
sufficient interest! It lay in a drawer for
some time after, while the technique was
happily exploited. Indeed, it might still be
there had B. Bleaney not suggested trying
the Physical Society.

“1 have been asked why I didn’t use a dif-
ferent normalisation, that more appropriate
to change of axes. The simple answer is that
we had enough to do with the obvious axes
and there was no desire to rotate. That all
came much later, along with recognisingthe
relevance of Racah’s work.
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So why is the

method still used and why is it highly cited?
Presumably because it is simple. Will it be
superceded? To some extent it has been, but
the use of noncommuting operator expres-
sions to form bases of irreducible represen-
tations seems likely to remain.

“The operators were originally obtained
from crystal field theory. More recent work’
has shown that they also arise in a more
basic theory of magnetic insulators, which
avoids the criticisms of crystal field theory.
The origin of the parameters is different,
which is an attraction for they have never
been satisfactorily derived using crystal
field theory!”
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