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Electric-dipole transitions within configurations of
‘f electrons are allowed if the on involved is
situated at a site that does not possess inversion
symmetry, For a rare-earth ion in solution, the in-
tensities involve only three parameters. [The SC,e
indicates that this paper has been cited in over 480
publications since 1962.]
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“While a graduate student at Oxford Uni-
versity in the early 1950s, I was working on
the paramagnetic resonance of rare-earth
ions in crystals. In order to obtain reason-
ably good eigenfunctions for the low-lying
states of the configurations 4fN, I began
searching for optical data that could be used
in my analyses. It soon became clear that
almost nothing was known about the optical
transition probabilities for electric-dipole
radiation within the f shell. I realized that
the noncentrosymmetric part of the crystal-
field potential could admix states of oppo-
site parity (such as those of 4fN.15d) into 4f N,

and thus allow the transitions to take place.
The effective transition operator would have
to have even rank, and I experimented with
a sixth-rank tensor taken between the
ground level of the Nd

3~
ion and the levels

of the
4

F multiplet.
“By a remarkable piece of good fortune, I

was sharing, a room with several other re-
searchers, and one of them, D. Bill, had a
copy of Hoogschagen’s 1947 Leiden thesis’
on the absorption spectra of the rare earths
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in solution, which gave the experimental re-
sults for the transitions in question. The rela-
tive intensities of the four lines were not too
far from the numbers I had calculated. How-
ever, the methods I had used were based on
determinantal product states and were ex-
tremely tedious. I also took no account of
deviations from pure Russell-Saunders cou-
pling, and it was clear that this would have
to becorrected if it was goingto be possible
to account for transitions involving a change
in the total spin quantum number.

“I was further deflected at that time by
the need to write a thesis, and the problem
of the intensities lost its priority for my at-
tention. Seven years later, in 1961, I
emerged from writing a book entitled
Operator Techniques in Atomic Spec-
fY05cop y,2 and I was anxious to make a con-
tribution to the research literature. By that
time I had learned the tensorial techniques
of Racah,

35
and it was much easier for me to

cope with the mathematics. In the mean-
time, Wybourne’ had carried out the
intermediate-coupling analysis for the f

3

configuration of the neodymium ion, so ac-
curate eigenfunctions were available. It only
took me a few weeks to put the pieces
together and work out the parameters that
gave the best fit to the neodymium data. I
then went to the complementary configura-
tion, f

1
1, and did a similar analysis for the er-

bium ion in solution. Just three parameters,
corresponding to the three possible tensors
of even rank, seemed to be sufficient to fit
the many data for each ion extremely well.
And so it has turned out: not only for other
rare-earth ions, but also for the members of
the actinide series. The frequent citation of
my article merely reflects the interest in
understanding the spectroscopic properties
of f-electron ions.

“For a recent review, see Hessler and Car-
nail.”
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