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...   avant 1932 Noyau 

Composants du noyau 
 

Protons Electrons  Autres ? 

Bertrand Russel,  Analysis of Matter,  1927 
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Radioactivité 
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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 

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.*  
 

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) 

Joël Pouthas     LPC - ENSICAEN Séminaire IPHC Strasbourg   14 février 2013 



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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Diffraction par les atomes 

Rayons X 

Moseley,  1913   

1914 

Every element from aluminum 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. 

1913 

,  1914 

Van Laue  ,  Braag (Père et fils)  ,  Barkla    

Joël Pouthas     LPC - ENSICAEN Séminaire IPHC Strasbourg   14 février 2013 



Rutherford   1920 

Introduction 

BAKERIAN  LECTURE : Nuclear Constitution of Atoms 

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. 

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. 
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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 

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. 

We have seen that so far the nuclei of three light atoms 
have been recognized experimentally as probable units of 
atomic structure, viz., 
  +  + +  + + 
 H1  X3  He4 
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Rutherford   1929 
Discussion on the Structure of Atomic Nuclei 

 

Ernest Rutherford, F.W. Aston, J. Chadwick, C.D. Ellis, 
G.Gamov, R.H. Fowler, O.W. Richardson, D.R. Hartree 

 

Royal Society, London, February 7, 1929 
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Rutherford   1929 
Discussion on the Structure of Atomic Nuclei 

 

Ernest Rutherford, F.W. Aston, J. Chadwick, C.D. Ellis, 
G.Gamov, R.H. Fowler, O.W. Richardson, D.R. Hartree 

 

Royal Society, London, February 7, 1929 

Trois méthodes expérimentales 

1- Détermination précise des masses des isotopes   Aston 
 

 Proton Composant unitaire (masse ≈ 1) du noyau 

2- Désintégration des éléments par bombardement avec des alphas  Chadwick 
 

 Constituant ultime du noyau : protons et électrons 
 Unités secondaires pour les éléments lourds : noyaux d’hélium 

3- Etude des longueurs d’onde des rayons gamma   Ellis 
 

 Informations sur les ‘’modes de vibration’’ des particules composant le noyau 
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Rutherford   1929 
Discussion on the Structure of Atomic Nuclei 

 

Ernest Rutherford, F.W. Aston, J. Chadwick, C.D. Ellis, 
G.Gamov, R.H. Fowler, O.W. Richardson, D.R. Hartree 

 

Royal Society, London, February 7, 1929 

Dr. Chadwick and I have been especially interested in recent years in the question of 
the dimensions of the nucleus and the laws of force which hold in its neighbourhood. 

Observations of the scattering of α-particles by hydrogen and helium indicate that 
both the hydrogen and helium nucleus appear to be surrounded by a field of force 
unknown origin where the laws of force are quite abnormal. 
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Rutherford   1929 
Discussion on the Structure of Atomic Nuclei 

 

Ernest Rutherford, F.W. Aston, J. Chadwick, C.D. Ellis, 
G.Gamov, R.H. Fowler, O.W. Richardson, D.R. Hartree 

 

Royal Society, London, February 7, 1929 

If we try to construct a nucleus on 
classical ideas and to make the 
model self-consistent, we are driven 
to the conclusion that whatever 
system of forces is adopted, the 
field of force round the uranium 
nucleus must consist of an 
attractive force at small distances 
and a repulsive force at large 
distances 

Get further information by applying the wave mechanics …  
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Rutherford 
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Niels Bohr 

On the Constitution of Atoms and Molecules 
 

Philosophical Magazine July 1913 
 

Part II. – Systems containing only a Single Nucleus    September 1913 
Part III. – Systems containing Several Nuclei             November 1913 

Communicated by Prof. E. Rutherford, F.R.S. 

1923 
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On the Constitution of Atoms and Molecules 
 

Philosophical Magazine July 1913 
 

Part II. – Systems containing only a Single Nucleus    September 1913 
Part III. – Systems containing Several Nuclei             November 1913 

Communicated by Prof. E. Rutherford, F.R.S. 

Bohr 1913 
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Bohr   1930 

Chemistry and the Quantum Theory of Atomic Constitution 

Journal of the Chemical Society, 1932, pp 349-384 

Faraday Lecture 

Delivered before the Fellows of the Chemical Society 
At the Salters’ Hall on May 8th, 1930 

Constitution du noyau de l’atome 

Preuves empiriques (charges, masses, radioactivité, désintégration) 
 

 Noyau est construit avec des protons et des électrons 
 (Pour les noyaux  lourds, possibilités d’entités en particules α)  

La formulation actuelle de la mécanique quantique échoue en grande partie 

Difficultés  avec les spins      Azote 14 … avec 21 particules 

Problème des électrons intra-nucléaires 
 

Taille. Charges négatives dans le noyau 
 

Radioactivité β 
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Niels Bohr 
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Niels Bohr 

1930 
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Niels Bohr 

1933 
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Niels Bohr 

1917 

1925 
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Convegno di Fisica Nucleare   1931 

Reale Accademaia d’Italia      Alessandro Volta foundation 
 

Rome , 11 au 18 octobre 1931 
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Rutherford   1920 

BAKERIAN  LECTURE : Nuclear Constitution of Atoms 

Constitution of Nuclei and Isotopes  

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.  

It seems very likely that one electron can also bind two H nuclei and possibly also 
one H nucleus. In the one case, this entails the possible existence of an atom of 
mass nearly 2 carrying one charge, which is to be regarded as an isotope of 
hydrogen. In the other case, it involves 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 

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 

J. CHADWICK 

Prix Nobel 1935 
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Un noyau de protons et neutrons ?  

Werner Heisenberg 
 
 

Über den Bau der Atomkerne 
 
 
 

Zeitschrift für Physik 
 

I      Vol. 77, p. 1-11      1 9 juillet  1932 
 
II    Vol. 78, p. 156-164 21 septembre  1932 
 
III   Vol. 80, p.587-596       16 février  1933 
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Bruxelles du 22 au 29 octobre 1933 

Un noyau de protons et neutrons ?  
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Institut International de Physique Solvay 

Bruxelles du 22 au 29 octobre 1933 
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Institut International de Physique Solvay 

Bruxelles du 22 au 29 octobre 1933 

 

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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Institut International de Physique Solvay 

Bruxelles du 22 au 29 octobre 1933 

 

P.A.M. Dirac Théorie du positron 
 

G. Gamov  L’origine des rayons γ 
 

W. Heisenberg Considérations théoriques générales 
  sur la structure du noyau  

Joël Pouthas     LPC - ENSICAEN Séminaire IPHC Strasbourg   14 février 2013 



Institut International de Physique Solvay 

Bruxelles du 22 au 29 octobre 1933 

 

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

Le nouvel esprit scientifique 1934 

1961 
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