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The spectrum of neutral helium

A most significant feature of the success of the quantum theory in explaining the
sequence of radiation-frequencies forming the Balmer type of series in the spectra
of hydrogen and ionised helium is that it also offers an intelligible explanation of
the differences in the intensities of the successive lines in the sequence, and that its
postulates are not inconsistent with the known facts regarding the sizes of the
atoms in their normal states. The fundamental assumption in the theory is that
the states of the atom represented by increasing quantum numbers depart more
and more from the normal state, and the greater intensities of the earlier linesin a
“sequence are readily understood as due to the greater probability of transitions
actually occurring between states represented by smaller quantum numbers.

Any attempt to build up a theory of spectra which ignores these fundamental
considerations must be received with caution. The remark just made appears to
be particularly applicable to Dr Silberstein’s attempt (Nature, August 19) to
explain the spectrum of neutral helium on the assumption of the independence of
the electrons. Looking over the list of frequencies given in his letter, and
comparing them with the maps and tables of the helium spectrum contained in
Prof. Fowler’s report, it is noticed at once that the well-known intense yellow line
of helium at 45876, which is the first member of the diffuse series of doublets, is
given by Dr Silberstein the formula 9/6-15/6, while other lines which are of
vanishingly small intensity in comparison with it are assigned formulae with
much smaller quantum numbers. For example, the doublet at 13652, which is the
seventh in the sharp series and so faint that it fails to appear in the photographic
reproduction of the spectrum, is assigned the formula 6/4-9/5. Similarly, the first
diffuse singlet at 46678 gets the formula 9/6:24/7, while the fifth in the same series
is indicated by 7/5-19/5, that is, by much smaller quantum numbers, while it is
actually a far fainter line than the other.

These facts naturally lead one to question whether Dr Silberstein’s proposed
new combination principle has any real physical basis or significance. To settle
this point, I undertook a careful survey of the figures and carried out a series of
computations with the aid of my research student Mr A S Ganesan, and have
‘come to the conclusion that the approximate agreements between the calculated
and actual frequencies are merely fortuitous arithmetical coincidences. This is
clear from the following facts brought out by a survey of the figures:

(1) The proposed combination formula with its freedom of choice of four
numbers gives a very large number of lines out of which it is possible to pick out a
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- few coinciding approximately with practically any arbitrary series of frequencies

which may be proposed, the accuracy of fit increasing as the quantum numbers
chosen' are increased.

2 The coincidences between the calculated and observed frequencies are most

numerous and accurate precisely in the region where the density of either series of
frequencies is greatest, which is what we should expect according to the laws of
chance.
(3 Itis not, in general, possible to get a good fit for the earlier members of a
line-series except by using large quantum numbers. This is what we should expect
if the coincidences were fortuitous, as the frequency-differences between succes-
sive lines are greatest in the beginning of a series.

(4) More than one combination of quantum numbers will fit a given line
tolerably well. For example, the D, line of helium is also represented fairly well by
13-21/5-12.

(5) The quantum numbers giving the best fit do not fall into any regular
sequence when arranged either according to the frequencies of the lines or their
intensities, nor do they show any characterxstxc differences for the singlet and
doublet series.

Needless to say, the foregoing remarks apply with even greater force to the case
of the lithium atom when a choice of six numbers is permitted.

Finally, it may be remarked that the Rydberg constant 109723 chosen by
Dr Silberstein is appropriate only to the case of the ionised helium atom in which
only one electronis coupled to the nucleus. If both electrons exert reactions on the
nucleus and move s1multaneously, the value of the Rydberg constant cannot
remain the same in general.
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