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Composants du noyau 
 

Protons Electrons  Autres ? 

Bertrand Russel,  Analysis of Matter,  1927 
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Radioactivité 

Rayons uraniques de Becquerel en 1896 

Isolation d’éléments Polonium et Radium (P. et M. Curie) 
(« Radio-activité », 1898) 

Analyse des rayons 
 

Séparation α β γ (Pénétration, déviation dans des champs) 

β  -> électrons 
α  -> atome d’hélium projeté 
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Ernest Rutherford 

1920 

1871 Naissance à Nelson (Nouvelle Zélande) 
Boursier au Nelson puis au Canterbury College 
de Christchurch (N.Z.). B.A., M.A et B.Sc. 
1895 Bourse pour le Cavendish de Cambridge  
1898 Professeur à McGill, Montreal (Canada) 
1908 Prix Nobel de chimie pour ses recherches sur la 

désintégration des éléments et la chimie des substances radioactives 

1907 Université de Manchester 1919 Cavendish Laboratory 

1937 Décès à Cambridge 

1912 
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1931 Baron 
Rutherford of Nelson 
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BAKERIAN  LECTURE : Nuclear Constitution of Atoms 

 
By Sir E. Rutherford, F.R.S., Cavendish Professor of Experimental Physics, 

University of Cambridge  

 
(Received June 3, - Lecture delivered June 3, 1920.) 

Rutherford   1920 
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BAKERIAN  LECTURE : Nuclear Constitution of Atoms 

Rutherford   1920 

Introduction 

The conception of the nuclear constitution of atoms arose initially from attempts to 
account for the scattering of α–particles through large angles in traversing thin 
sheets of matter.* Taking into account the large mass and velocity of the α–
particles, these large deflexions were very remarkable, and indicated that very 
intense electric or magnetic fields exist within the atom. To account for these 
results, it was found  necessary to assume+ that the atom consists of a charged 
massive nucleus of dimensions very small compared with the ordinarily accepted 
magnitude of the diameter of the atom. This positively charged nucleus contains 
most of the mass of the atom, and is surrounded at a distance by a distribution of 
negative electrons equal in number to the resultant positive charge of the nucleus. 
 
 * Geiger and Marsden, ‘ Roy. Soc. Proc.,’ A, vol. 82, p. 495 (1909) 
 + Rutherford, ‘ Phil. Mag.,’ vol. 21, p. 669 (1911) ; vol. 27, p. 488 (1914) 
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Utilisation des particules α comme sonde 

Radioactivité 

Geiger et Marsden, 1909 
 

On a Diffuse Reflexion of the α-Particles  

Rutherford, 1911 
 

The Scattering 
of the 

α and β Particles by Matter 
and the 

Structure of the Atom  
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Rutherford   1920 

Introduction 

Every element from aluminium to gold is 
characterized by an integer N which determines its 
X-ray spectrum. 
 

This integer N, the atomic number of the element, 
is identified with the number of positive units of 
electricity contained in the atomic nucleus. 
 

The order of the atomic number is the same as that 
of the atomic weights, except where the latter 
disagrees with order of chemical properties  

Regarding the periodic classification of the elements, the atomic number, or its 
equivalent the nuclear charge, is of more fundamental importance than its atomic 
weight. 

This relation received an interpretation by supposing that the nuclear charge varied 
by unity in passing from atom to atom, and was given numerically by the atomic 
number.  

BAKERIAN  LECTURE : Nuclear Constitution of Atoms 

1913 1914 

Henry Moseley 
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Rutherford   1920 

Introduction 

The dependence of the properties of an atom on its nuclear charge and not on its 
mass thus offers a rational explanation of the existence of isotopes in which the 
chemical and physical properties may be almost indistinguishable, but the mass of 
the isotopes may vary within certain limits. 

Isotopes 

Francis W. ASTON 
 

Prix Nobel de chimie 1922 “pour sa  découverte à l’aide de son 
spectrographe de masse d’isotopes pour un grand nombre d’éléments 
non radioactifs et pour l’énonciation de la règle des nombres entiers. 

La découverte des isotopes 
 

Extrait de son livre ‘’Isotopes’’ de 1922 

BAKERIAN  LECTURE : Nuclear Constitution of Atoms 
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Rutherford   1920 

Dimensions of Nuclei 

The diameter of the nuclei of the light atoms except hydrogen are probably of the 
order of magnitude 5 x 10-13 cm. and in a close collision the nuclei come nearly in 
contact and may possibly penetrate each other’s structure. Under such conditions, 
only very stable nuclei would be expected to survive the collision and it is thus of 
great interest to examine whether evidence can be obtained of their disintegration. 

The general problem of the structure of the atom  thus naturally divides itself into 
two parts : 
 

     1. Constitution of the nucleus itself. 
 

     2. The arrangement and modes of vibration of the external electrons. 

BAKERIAN  LECTURE : Nuclear Constitution of Atoms 
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Rutherford   1920 

Long Range Particles from Nitrogen 

BAKERIAN  LECTURE : Nuclear Constitution of Atoms 

 

E. RUTHERFORD       (1919) 
 

Collisions of α Particles with Light Atoms 
 

IV. An Anomalous Effect in Nitrogen 
 

We must conclude that the nitrogen is 
disintegrated under the intense forces 
developed in a close collision with a swift  α 
particle, and that the hydrogen atom which is  
liberated formed a constituent part of the 
nitrogen nucleus 

The passage of α–particles through 
dry nitrogen gives rise to swift 
particles which closely resembled in 
brilliancy of the scintillations and 
distance of penetration hydrogen 
atoms set in motion by close 
collision with α–particles. 
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Rutherford   1920 

Constitution of Nuclei and Isotopes  

In considering the possible constitution of the elements, it is natural to suppose 
that they are built up ultimately of hydrogen nuclei and electrons. On this view the 
helium nucleus is composed of four hydrogen nuclei and two negative electrons with 
a resultant charge of two. 

BAKERIAN  LECTURE : Nuclear Constitution of Atoms 

It seems premature at this stage to attempt to discuss with any detail the possible 
structure of even the lighter and presumably less complex atoms.  

Lithium 
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Rutherford   1920 

Structure of Carbon, Oxygen, and Nitrogen Nuclei 

BAKERIAN  LECTURE : Nuclear Constitution of Atoms 

In the light of the present experiments, it may be 
of interest to give some idea, however crude, of 
the possible formation of the above atoms to 
account for experimental facts. 

Both nitrogen and oxygen give rise to atoms of 
mass 3, while carbon has not yet been investigated 
from this point of view. 

It will be remembered that nitrogen alone gives 
rise to H atoms while carbon and oxygen do not 

The carbon nucleus is taken to consist of four 
atoms of mass 3 and charge 2, and two binding 
electrons. The change to nitrogen is represented by 
the addition of two H atoms with a binding electron 
and an oxygen nucleus by the substitution of a 
helium nucleus in place of the two H atoms. 
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Rutherford   1930 

University Press, Cambridge  
1930   (Reprinted 1951) 

1904 Radioactivity 
 Enlarged edition 1905 
 
1912        Radioactive Substances 
  and their Radiations 

Since 1912… the literature has rapidly expanded 
 

Many thousands of new papers has been published 

Allemagne    Stefan Meyer and Egon v Schweidler,  Radioaktivität  (1916 , 1927) 
       K. W. F. Kohlrausch   Radioaktivität (1928, Handbuch der Experimental Physik) 
 
Etats Unis    A. F. Kovarik and L. W. McKeehan,  Radioactivity (1925) 
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Rutherford   1930 
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Niels Bohr   1931 

Chemistry and the Quantum Theory of Atomic Constitution 
 

Faraday Lecture, Chemical Society , London 
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Rutherford   1920 

BAKERIAN  LECTURE : Nuclear Constitution of Atoms 

Constitution of Nuclei and Isotopes  

Such an atomic structure seems by no means impossible. On present views, the 
neutral hydrogen atom is regarded as a nucleus of unit charge with an electron 
attached at a distance, and the spectrum of hydrogen is ascribed to the movements 
of this distant electron. Under some conditions, however, it may be possible for an 
electron to combine much more closely with the H nucleus, forming a kind of neutral 
doublet. Such an atom will have very novel properties. Its external field would be 
practically zero, except very close to the nucleus, and in consequence it should be 
able to move freely through matter. Its presence would probably be difficult to 
detect… 

The idea of the possible existence of an atom of mass 1 which has zero nucleus 
charge.  

If the existence of such atoms be possible, it is to be expected that they may be 
produced, but probably only in very small numbers, in the electric discharge 
through hydrogen, where both electrons and H nuclei are present in considerable 
numbers. It is the intention of the writer to make experiments to test whether any 
indication of the production of such atoms can be obtained under these conditions. 
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James Chadwick 
1891 Naissance à Bollington (Angleterre) 
1907 – 1913 Université de Manchester 
       (2 ans Laboratoire de Rutherford) 
1913 Charlottenburg (TU Berlin, H. Geiger) 
 

1914 - 1918 Camp de Ruhleben 
 

1919 Cambridge, Gonville and Caius College 
 Gonville and Caius College 1923  
1923 Cambridge au Cavendish 
 Directeur assistant de la recherche 

1974 Décès à Cambridge 

1935 Professeur à 
l’Université de Liverpool 

1935 Prix Nobel de chimie 
 pour la découverte du neutron 
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James Chadwick 

Some personal notes 
on the 

Search for the Neutron 

Actes du Xème Congrès International d’histoire des Sciences, Ithaca 1962 
Réédition (revue par l’auteur) dans  Adventures in experimental ,physics, 1972 

1962 
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Découverte du neutron 

Allemagne (Berlin)    1930   W. Bothe et H. Becker 

 Bombardement du B et Be par les α du polonium 
 Mise en évidence d’un rayonnement très pénétrant… de type γ 

France (Paris)     1931 (décembre) I. Curie et F. Joliot 

 Etude de l’absorption de ce « rayonnement γ nucléaire » 

      1932 (18 janvier) 

 Ce rayonnement arrache des protons à des substances hydrogénées 

Angleterre (Cambridge)  1932 (17 février) J. Chadwick 

 Reprise et surtout interprétation des expériences par : 
 L’existence possible d’un neutron 
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Possible Existence of a Neutron 

J. CHADWICK 

Cavendish Laboratory 

Cambridge, Feb. 17 

The Existence of a Neutron 

NATURE      [FEBRUARY 27, 1932 

By J. Chadwick, F.R.S. 
 

(Received May 10, 1932.) 
 

Proc. Roy. Soc., 1932, A, 136, 692-708 



Institut International de Physique Solvay 

Bruxelles du 22 au 29 octobre 1933 

Joël Pouthas     IPN Orsay Séminaire  GANIL    18 novembre 2011 



Institut International de Physique Solvay 

Bruxelles du 22 au 29 octobre 1933 

Joël Pouthas     IPN Orsay Séminaire  GANIL    18 novembre 2011 

 

J. D. Cockcroft La désintégration des éléments 
  par des protons accélérés 
 

J. Chadwick Diffusion anormale des particules α 
  Transmutation des éléments par des particules α 
  Le neutron 
 

M et Mme Joliot Rayonnement pénétrant des atomes 
  sous l’action des rayons α   
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P.A.M. Dirac Théorie du positron 
 

G. Gamov  L’origine des rayons γ 
 

W. Heisenberg Considérations théoriques générales 
  sur la structure du noyau  
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W. Heisenberg Considérations théoriques générales 
  sur la structure du noyau  



Joël Pouthas     IPN Orsay Rencontres de physique    25 juillet 2012 

Gaston Bachelard 

Le nouvel esprit scientifique 1934 

1961 




