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THE NATURAL
AND ARTIFICIAL DISINTEGRATION
OF THE ELEMENTS


By Professor Sir ERNEST RUTHERFORD, Kt., D. Sc.,


LL. D., Ph. D., D. Phys., F. R. S.


IT is not my intention in this paper to give a detailed account of the
natural disintegration of the radio elements or of the methods employed
to effect the artificial disintegration of certain light elements. I
shall assume that you all have a general knowledge of the results of
these investigations, but I shall confine myself to a consideration of
the bearing of these results on our knowledge of the structure of the
nuclei of atoms.



There is now a general agreement that the atoms of all elements have a
similar electrical structure, consisting of a central positively
charged nucleus surrounded at a distance by the appropriate number of
electrons. From a study of the scattering of α particles by the
atoms of matter and from the classical researches of Moseley on X-ray
spectra, we know that the resultant positive charge on the nucleus of
any atom, in terms of the fundamental unit of electronic charge, is
given numerically by the atomic or ordinal number of the element, due
allowance being made for missing elements. We know that with few
exceptions all nuclear charges, from 1 for the lightest atom, hydrogen,
to 92 for the heaviest element, uranium, are represented by elements
found in the earth. The nuclear charge of an element controls the number
and distribution of the external electrons, so that the properties of an
atom are defined by a whole number, representing its nuclear charge, and
are only to a minor degree influenced by the mass or atomic weight of
the atom.



This minute but massive nucleus is, in a sense, a world of its own which
is little, if at all, influenced by the ordinary physical and chemical
forces at our command. In many respects, the problem of nuclear
structure is much more difficult than the corresponding problem of the
arrangement and motions of the planetary electrons, where we have a
wealth of available information, both physical and chemical, to test the
adequacy of our theories. The facts known about the nucleus are few in
number and the methods of attack to throw light on its structure are
limited in scope.



It is convenient to distinguish between the properties assigned to the
nucleus and the planetary electrons. The movements of the outer
electrons are responsible for the X-ray and optical spectra of the
elements and their configuration for the ordinary physical and chemical
properties of the element. On the other hand, the phenomena of
radioactivity and all properties that depend on the mass of the atom are
to be definitely assigned to the nucleus. From a study of the
radioactive transformations, we know that the nucleus of a heavy atom
not only contains positively charged bodies but also negative electrons,
so that the nuclear charge is the excess of positive charge over
negative. In recent years, the general idea has arisen that there are
two definite fundamental units that have to do with the building up of
complex nuclei, viz., the light negative electron and the relatively
massive hydrogen nucleus which is believed to correspond to the positive
electron.



This view has received very strong support from the experiments of Aston
on Isotopes in which he has shown that the masses of the various species
of atoms are represented nearly by whole numbers in terms of O = 16.
From the general electric theory, it is to be anticipated that the mass
of the hydrogen nucleus in the nucleus structure will be somewhat less
than its value 1.0077 in the free state on account of the very close
packing of the charged units in the concentrated nucleus. From Aston's
experiments, it appears that the average mass of the hydrogen nucleus,
or proton as it is now generally called, is very nearly 1.000 under
these conditions. We should anticipate that the whole number rule found
by Aston would hold only to a first approximation, since the mass of the
proton must be to some extent dependent on the detailed structure of the
nucleus. In the case of tin and xenon Aston has already signalized a
definite departure from the whole number rule, and no doubt a still more
accurate determination of the masses of the atoms will disclose other
differences of a similar kind.
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