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Abstract 

The discoveries of X rays and of radioactivity came as complete experimental 
surprises; the physicists, at that time, had no previous hint of a possible structure of atoms. 
It is difficult now, knowing what we know, to replace ourselves in the spirit, astonishment 
and questioning of these years, between 1895 and 1903. The nature of X rays was soon 
hypothesized, but the nature of the rays emitted by uranium, polonium and radhim was much 
more difficult to disentangle, as they were a mixture of different types of radiations. The 
origin of the energy continuously released in radioactivity remained a complete mystery for 
a few years. The multiplicity of the radioactive substances became soon a difficult matter: 
what was real and what was induced ? Isotopy was still far ahead. It appeared that some 
radioactive substances had "half-lifes" : were they genuine radioactive elements or was it 
just a transitory phenomenon? Henri Becquerel (in 1900) and Pierre and Marie Curie (in 
1902) hesitated on the correct answer. Only after Ernest Rutherford and Frederick Soddy 
established that radioactivity was the transmutation of one element into another, could one 
understand that a solid element transformed into a gaseous element, which in turn 
transformed itself into a succession of solid radioactive elements. It was only in 1913 - after 
the discovery of the atomic nucleus -, through precise measurements of X ray spectra, that 
Henry Moseley showed that the number of electrons of a given atom - and the charge of its 
nucleus - was equal to its atomic number in the periodic table. 

The discoveries of X rays and of radioactivity came as complete experimental 
surprises. The physicists, at that time, had no previous hint of a possible structure of 
atoms. The discovery of the electron in 1897 -the determination of its e/m- had the 
same feature : there the surprise did not arise from the fact that cathode rays consisted 
of charged corpuscles - which was more or less anticipated • but from the fact that the 
electron had such a very small mass (1/1800 of the mass of hydrogen, the lightest 
atom); something existed which was smaller than an atom ! No theory predicted the 
results of the observations of W.C. Rôntgen, H. Becquerel and P. and M. Curie and of 
JJ.Thomson. 

The theories were still to come, in particular the revolutionary ideas of quantas 
and relativity. These theories, which started from other experimental results, 
expected in fact that their verification would come from the new domains of knowledge 
opened by the experimental discoveries of 1895-1898. It is to be noted that the last 
paper of A. Einstein of 1905, in Annalen der Physik, - in which he arrives at the 
famous E - mc 2 • ends with the following suggestion : " It is not Impossible that a 



verification of the theory could be carried out with bodies the capacity of energy of 
which is variable in the extreme (for instance radium salts). " 

The nature of X rays was not fufly understood until the studies of C.G. Barkla in 
1904/1911 and the famous work of M. von Laue, with W. Friedrich and P. Knipping, 
in 1912. The nature of radoactivity was revealed in 1902/1903 by E. Rutherford and 
F. Soddy in Montréal; the understanding of the origin of radioactivity came much later 
(G. Gamow, 1928; E. Fermi, 1933/34...). 

The emission of "Becquerel rays" by uranium would have remained for several 
years a natural curiosity without the discovery by the Curies of polonium and radium, 
which showed that radioactivity was a general property of matter, at least for heavy 
elements. Radium appeared in fact as a breakthrough : it was 1.5 million times more 
active than uranium; it was the most active element one could still see and weigh. With 
radium it became possible to study thoroughly the behaviour and the properties of 
radioactive bodies, as well as the characteristics of their radiations. 

But important questions had still no answer; for instance : what exactly were 
these radiations ? where did their - apparently inexhaustible - energy come from ? 
New experimental observations and discoveries added to the puzzle and blurred the 
possible interpretations. The radiations appeared to be complex, a mixture of different 
types; there were a, p and y rays. The number of newly discovered radioactive 
substances increased : were they all different elements ? Some seemed to disappear 
with time : were they genuine or was it just a transitory phenomenon ? It was 
established that radium, thorium and actinium released continuously an "emanation'' 
and that an "induced radioactivity" appeared on bodies in the neighbourhood of radium. 
Doubts arose. 

In the "Comptes Rendus des Séances de l'Académie des Sciences" of the 16th of 
July 1900, Henri Becquerel presents a contribution on the radiation of uranium 
(C.R., 1 3 1 . 1900, p. 137). He had now performed a very thorough chemical 
separation of uranium. The product which he separates is very active and emits what 
we call now p rays; the remaining uranium is less active. He repeats this separation 
several times and finds, with the detection method he uses (photographic plates and an 
electroscope), that the remaining uranium has lost most of its initial activity. He 
concludes : " ...it results from these experiments, which have to be repeated and 
completed, that it is not yet possible to decide if uranium has its own activity, or if 
this activity is due to a foreign substance which one could then take away completely in 
order to obtain inactive uranium. " 

It was realized later that the chemical separations take away from uranium 
(which is a mixture of the isotopes 238, 234 and 235) the daughter substances 
pertaining to elements 90 (thorium) and 91 (protoactinium), in this case especially 
the short-lived p emitters UXi (half-life : 24.1 days) UX2 (1.2 minute) and, to a 
smaller extent, the p emitter UY (25 hours). These short-lived species were initially 
in radioactive equilibrium with uranium. The detection methods used by H. Becquerel 
(photographic plates wrapped in black paper and an electroscope) were much more 
sensitive to the p rays than to the a rays : the low energy a rays emitted by the 
uranium isotopes (less than 5 MeV) could hardly reach the detector through the black 
paper or the entrance window of the electroscope; they were also self absorbed in the 
uranium material itself. After the chemical separation, these p emitters grew again 
with their characteristic half-lifes in the uranium mother substance. These facts 
explain the results and the doubts of H. Becquerel. 

In the Comptes Rendus, 134, (1902), p.85, Pierre and Marie Curie present a 
note on radioactive bodies, in which they write : "Experiments during several years 
show that, for uranium, thorium, radium and probably also actinium, the radiating 
activity is strictly the same each time that the radioactive body is brought back to the 



same chemical and physical state, and this activity does not vary with time.'' And they 
add in a footnote : "Polonium, on the contrary, is an exception; its activity decreases 
slowly with time. This body is a sort of active bismuth; it has not yet been proved that 
it contains a new element Polonium distinguishes itself in several respects from the 
other radioactive bodes; it emits no rays which can be bent by a magnetic field and 
does not give rise to induced radioactivity.'" This was a serious doubt. 

Less than one year after this publication, this complicated mass of facts was 
reduced to order by Ernest Rutherford and Frederick Soddy, who were working in 
Montréal (Canada). They showed that radioactivity is the spontaneous transmutation of 
the atoms of one chemical element into the atoms of another element, accompanied by 
the emission of a or p particles (Phil. Mag., 4, 1902, p.370 and p.569; 5, 1903, 
p.576). This was again a complete surprise ! Each radioactive element transforms 
itself exponentially with a characteristic half-life; some of these are shorter, like the 
half-life of polonium (138,4 days), some are much longer, like the half-lives of 
radium (1600 years) or uranium 238 (4.5 1 0 9 years). Polonium transforms itself 
directry into stable lead 206; it emits only a rays, which are much less easily bent by 
a magnetic field than p rays. Induced radioactivity was shown soon afterwards to 
consist of the deposit of the solid radioactive elements resulting from the decay of the 
gaseous emanation (radon), arising itself from the decay of radium. Whole families of 
radioéléments were soon established. 

Several years later, in 1911, E. Rutherford, who in the meantime had moved to 
Manchester, showed that only the existence of an atomic nucleus could explain the large 
angle scattering of a rays by a thin gold foil, which had been observed by his associates 
H. Geiger and E. Marsden. In 1913, Niels Bohr worked out his nuclear atomic model, 
explaining that the peripheral electrons are responsible for the chemical properties of 
the atom, whereas the nucleus is the seat of radioactivity. The same year, Henry 
Moseley, by precisely measuring the characteristic K and L X ray lines emitted by 
many different elements, came to the conclusion that the number of electrons of an 
atom -equal to the number of positive charges of its nucleus- is the same as its atomic 
number in the periodic table of Mendeleïev. 
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