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Atomisme
au dix neuvieme siecle

Chimie

Théorie cinétique des gaz



LES ATOMES

PAR

JEAN PERRIN

de chimic ph la Faculté des Sc

Avec 13 figures

LIBRAIRIE FELIX ALCAN
1913

Jean Perrin
1913

CONCLUSIONS

449. — La convergence des déterminations. — Par-
venus au terme actuel de cette étude, si nous
jetons un coup d'eeil sur les divers phénoménes
qui nous ont livré les grandeurs moléculaires,
nous serons conduits & formerle Tableau suivant :

PIIENOMENES OBSERVES

Viscosité des gaz {uludtmn de Van der Waals),
Répartitionde grains

\ Déplacements

’ Rotations .
Iiffusion. .

Repqrtmonnreﬂu]wte t Opalescencecritique
des molécules . . . { Bleuduciel . . . |

Spectre du corps noir. . . .

Charge de sphérules (dans un gaz) .

( Lharqea pl‘ﬂJPtLeb
Hélium engendré.

Mouvement brownien.

Radioactivité

( Radium disparu . .
Energie rayonnée. .

Jean Perrin (1870 - 1942)



Des phénomenes nouveaux

1895 - Rayons de Rontgen - Rayons X
1896 - Rayons uraniques de Becquerel -> Radioactivité

1897 - Corpuscules d'électricité par J.J. Thomson -> Electrons



Contexte

Etude des
décharges électriques
dans les gaz

1897 - Corpuscules d'électricité par J.J. Thomson (Electrons)



1896 - Rayons uraniques de Becquerel (Radioactivité)

Contexte

Etude de la
phosphorescence
des sels d'uranium

Travaux développés par
Pierre et Marie Curie

Découverte
du Polonium et du Radium
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J. C. Maxwell
Lord Rayleigh
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E. Rutherford
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Rayons cathodiques ?

J.J. Thomson (1856 - 1940)

s

1897

Fig. 2.

Déviation des rayons cathodiques dans un champ électrique

Travaux de
Perrin, Lenard, Kaufmann, Wien, Towsend...

Les rayons cathodiques : 1906
Prix Nobel de physique

Corpuscules
d'électricité négative recherches héoniaues ¢t expér mentales

sur la conduction de |'électricité dans les

(Electrons) gaz



THE CORPUSCULAR
THEORY OF MATTER

BY

J. J. THOMSON, M.A. FRS. D.Sc. LL.D. Ph.D.

PROFESSOR OF EXPERIMENTAL PHYSICS, CAMBRIDGE, AND PROFESSOR
OF NATURAL PHILOSOPHY AT THE ROYAL INSTITUTION, LONDON.
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Distribution des corpuscules en anneaux Analogie avec les expériences
(Calculs de J. J. Thomson) de Mayer (1877)



Ernest Rutherford

1871 Naissance a 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 a McGill, Montreal (Canada)
1908 Prix Nobel de chimie pour ses recherches sur la

désintégration des éléments et la chimie des substances radioactives




Ernest Rutherford

1871 Naissance a 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 a 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 Manches‘rer 1919 Cavendlsh Labora’ror'y
1931 Bar'on Ru’rher'for'd of Nelson (Lor'd) e |

1937 Déces a Cambridge



Les expériences de Geiger et Marsden

1909 sSur la réflexion diffuse des Particules a *

ians Geiger (1882 - 1945) '

I W' ||/ Ernest erfor
A Manchester de 1906 a 1912+ g (18717 37) S

* H. Geiger and E. Marsden. On a diffuse Reflection of the alpha-particles
Proceedings of the Royal Society, 1909, A82, p.495-500



Le modele de Rutherford

1911  La diffusion des particules a et p par la matiére
et la structure de I'atome *
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Lu le 7 mars 1911 a Manchester
Literary and Philosophical Society

* The Scattering of the a and p Particles by Matter and Ph”OSOphiC(ﬂ Magazine, Mai 1911
the Structure of the Atom '



Le modele de Rutherford

1911 La diffusion des particules a et p par la matiére
et la structure de I'atome *
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* The Scattering of the a and p Particles by Matter and Phi|osophica| Magazine, Mai 1911
the Structure of the Atom



Le modele de Rutherford

Difficultés d'un “Atome saturnien”

1901  Perrin (Conférence, sans développement)

1904 Nagaoka (Professeur de physique a I'Université impériale de Tokyo)

Cinétique d'un systeme de particules qui explique
les spectres de lignes et bandes et les phénomeénes
de la radioactivité

Lu le 5 décembre 1903 a Tokyo
Physico-mathematical Society

Hontéiro‘; Nagaokg. { ;
(1865-1950) | : : :
En Europe-ae#; 51901 Philosophical Magazine, 1904

* Kinetics of a System of Particles illustrating the Line and the Band Spectrum and the Phenomena of Radioactivity

Le modele d'atome de Rutherford n'est pas stable !l



L'atome de Bohr




Niels Bohr

1885 Naissance a Copenhague

Fils de C. Bohr, professeur de médecine, recteur

1903 Etudes a I'Université de Copenhague

1911  These (Copenhague) sur “la théorie
électronique des métaux”

1916  Professeur a Copenhague
1921 Institut de physique théorique

1922
Prix Nobel
de physique
pour ses contributions a la
recherche de la structure

des atomes et sur le
rayonnement qu'ils émettent

1962 Déces a Copenhague



Niels Bohr

13 mai 1911 a Copenhague
These : la théorie électronique des métaux

Début octobre 1911
Laboratoire Cavendish a Cambridge

16 mars au 3 mai 1912 a Manchester
Introduction aux méthodes
expérimentales en radioactivité

Fin juillet 1912 Retour au Danemark
Mariage le 1¢r ao(it

Septembre 1912 : Cambridge, Manchester... Ecosse
Automne 1912, Contrat temporaire d'assistant de Knudsen a Copenhague
En juillet 1913, Professeur a Copenhague (Etudiants en médecine)

Sur proposition de Rutherford (mai 1914)
Professeur a Manchester (octobre 1914 a juillet 1916)



Bohr a Manchester en 1912

Georg von Hevesy
(1885 - 1966)

Chimiste hongrois
A Manchester de 1910 a 1913




Bohr a Manchester en 1912

Intéret pour les travaux théoriques de
Charles Galton Darwin (1887-1962) sur la
perte d'énergie des particules a dans la matiere

"Sur la théorie de la perte de vitesse de
Particules chargées traversant la matiere"

Manuscrit prét en aout 1912, publié dans
Philosophical Magazine en janvier 1913




L'atome de Bohr

Manuscrits
(Juin et juillet 1912) o =4 Yow
Pour discussion R THE
Avec RUTher‘for‘d i ‘_"."-. e T LONDON, EDINBURGH, ano DUBLIN

PHILOSOPHICAL MAGAZINE

AND

1 I JOURNAL OF SCIENCE.

[SIXTH SERIES.]

JULY 1913.

I. On the Constitution of Atoms and Molecules.
By N. Bouwr, Dr. phil. Copenhagen®.

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

On the Constitution of Atoms and Molecules
Philosophical Magazine  Juillet 1913
Part II. - Systems containing only a Single Nucleus Septembre 1913
Part ITI. - Systems containing Several Nuclei Novembre 1913



L'atome de Bohr

I. On the Constitution of Atoms and Molecules,
By N. Boug, Dr. phil. Copenhagen®.

Introduction.

N order to explain the results of experiments on scattering
of « rays by matter Prof. Rutherfordt has given a
theory of the structure of atoms. According to this theory,
the atoms consist of a positively charged nucleus surrounded
by a system of electrons kept together by attractive forces
from the nucleus; the total negative charge of the electrons
is equal to the positive charge of the nuclens. Further, the
nucleus is assumed to be the seat of the essential part of
the mass of the atom, and to have linear dimensions ex-
ceedingly small compared with the linear dimensions of the
whole atom. The number of electrons in an atom is deduced
to be approximately equal to half the atomic weight. Great
interest is to be attributed to this atom-model ; for, as

Philosophical Magazine

THE
LONDON, EDINBURGH, axo DUBLIN
PHILOSOPHICAL MAGAZINE

AND

JOURNAL OF SCIENCE.

[SIXTH SERIES.]

JULY 1913.

I. On the Constitution of Atoms and Molecules.
By N. Bouwr, Dr. phil. Copenhagen®.

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

On the Constitution of Atoms and Molecules
Juillet 1913

Part II. - Systems containing only a Single Nucleus
Part ITI. - Systems containing Several Nuclei

Septembre 1913
Novembre 1913



Congres international de physique - Paris - 1900

/ﬂ[fz/ T° X 495.4
Lundi 6 au dimanche 12 aout 1900 s Rapports
CONGRES INTERNATIONAL Publiés en 1900

I

Environ 1000 participants Tomel:1et2
: TomeIl:3 et4

Tomelll : 5,6 et7

Tome IT » I Tome IV : Travaux
OPTIQUC = EleCTr'iCiTé - Magnéfisme : (Proces verbaux)

I'ages
Sur le mouvement d'un sochide €lastique traversé par un corps agissant sur
lui par attraction ou répulsion; par Lord KeLvin

Addition au Rapport précédent
Les lois théoriques du rayonnement; par W. WIEN . .
Le rayonnement des corps noirs; par O, LUMMER ................
Sur 'émission des gaz; par E. PRINGSHEIM . ............. Cr ke et

Les forces de Maxwell-Bartoli dues 4 la pression de la lumiére; par PIERRE
LEBEDEF

Le spectre infra-rouge; par H. Runens

Les théories et formules de dispersion; par E. CArvALLD

La disiribution des raies spectrales; par J.-R. BYDBERG. ... ...............




Spectres de sources lumineuses

Spectre de |'hydrogene
’5"-'|

Soleil

Couronne solaire

Sodium
Potassium
Lithium
Césium
Rubidium
Thallium
Calcium
Strontium
Baryum
Indium
Phosphore
Hydrogéne

CLOPRY Pl PR R A T R

Prizm

Blue- Blue-
Violet wiolet areen

Formule de
Johann Balmer (1825-1898)

ERUPE (=07 s T SO BAXS 25910

R R

Généralisation
Johannes Rydberg (1854-1919)



L'atome de Bohr

. . . V4
- TR Discontinuite
LONDON, EDINBURGH, axo DUBLIN
PHILOSOPHICAL MAGAZINE Constante de Planck
AND (Quantum élémentaire d'action)

JOURNAL OF SCIENCE.

4 . OF o

| [SIXTH SERIES.]
JULY 1913. See f.inst., “Théorie du rayonnement et les
quanta.” Rapports de la réunion a Bruxelles,
I. On the Constitution of Atoms and Molecules. Nov. 1911 Paris 1912

By N. Bour, Dr. phil. Copenhagen ®.

On the Constitution of Atoms and Molecules
Philosophical Magazine  Juillet 1913

1910 Calculs de Erich Haas (Autrichien, 1884-1941)
avec le modele de Thomson (Cités par Lorentz au Conseil Solvay de 1911)
1911 et 1912 Travaux a Cambridge de John William Nicholson (1881 - 1955)

avec le "modele planétaire” (Oscillations transversales des orbites)



On the Constitution of Atoms and Molecules

Philosophical Magazine

[.—BixpiNG oF KLECTRONS BY PosITIVE NUCLEL
§ 1. General Considerations.
'
uacy of the classical electrodynamics in ac-
countir he properties of atoms from an atom-model as
Rutl ill appe:
stem consisting ot a positively charged nucleus of

clearly if we consider a s

small dimensions and an electron describing c¢
around it. Kor simplici let us assume that

the electron is negligibly smail in comparison with that ¢
hat the velocity of the ele

vith that of light.

is no energy radiation.
ibe stationary elliptical
lution @ and the major-axi
t amount of energ
o the system in order to remove
the el ¢ innni - di '@ apart from the
. : .

nucleus. ) ti 10 charge ¢ e elect ‘.n‘l‘n? the
nucleus by and etively ¢ ¢ ) y electron

by m, We

el &/ m

‘ther, it can easily be shown alue o

inetic energ " the el on t  a whole revolution
ju Ai to \‘»; 7\\’“ see that if he 1€ ( W is not i\:‘l]:
1 . {

there will be no values for the
rstem in question. )
Let us now, take ) y radia-

tion into account, calculated in from t]uj

acceleration of the electron. In this the electron will

no longer describe stationary orbits. W will continuously
increase, and the electron will approach the nucleus de
scribing orbits of smaller and smaller dimensions, and with
g wter and o1 ter t quency ; the stron on the averag
gaining in kinetic ene t the same time as the whole
ystem loses energy. This process will go on until the
dimensions of the orbit are of the same order of maoni-
tude as the dimensions of the electron or those of the nucleus.
A simple calculation shows that the energy radiated out
during the process considered v be enormou .
compared with that radiated out by ordin: 3 molecular

processes.

Juillet 1913

Let us now assume that, du
a homogeneous radiation is emitted of
to half the frequency of revolution of setron 1n 1ts final
orbit ; then, from Planck’s theory, we might expect that the
amount of er y emitted by the process considered is equal
to Thv, where 7 is Planck’s constant and 7 an entire number.
If we assume that the radiation emitted is homogeneous, the
second assumption concerning the f]wluc-m'_\‘ of the radiation
suggests itself, since the fr quency of revolution of the
electron at the beginning of the emission is 0. The question,
however, of the rigorous validity of both assumptions, and
also of the application made of Planck’s theory, will be more
(’in\(']»\ (“\(‘ll.\\vw( n 3 l

Putting 2)
t by help of the formula (
R '.’7?‘7”“"]‘;' ; d THh*

T T 27tmeR "

2T

Putting in the above expressions =1 and E and
introducing the experimental values

0 (1 L 31.107

-86m,; @©=162.101 ; 3 volt.
BeC.
We see that these values are of the same order of magni-
tude as the linear dimensions of the atoms, the optical
frequencies, and the ionization-potentials.




On the Constitution of Atoms and Molecules

Philosophical Magazine

of the more special assumptions, viz. that the different
stationary states correspond to the emission of a different
number of Planck’s energy-quanta, and that the frequency of
the radiation emitted during the passing of the system from
a state in which no energy is yet radiated out to one of the
stationary states, is equal to half the frequency of revolution
of the electron in the latter state. We can, however (see
§ 3), also arrive at the expressions (3) for the stationary
states by using assumptions of somewhat different form.
We shall, therefore, postpone the discussion of the special
assumptions, and first show how by the help of the above
principal assumptions, and of the expressions (3) for the
stationary states, we can account for the line-spectrum of
hydrogen.

Juillet 1913

We see that this expression accounts for the Jaw connecting
the lines in the spectrum of hydrogen. If we put 7, and
If we put

7;=23J, we get the series in the ultra-red observed by Paschen®
and previously suspected by Ritz. If we put 7,- and
Ty=4, 5,.., we get series respectively in the extreme ultra-

let 7y vary, we get the ordinary Balmer series.

§ 2. Emission r;," Line -spectra.
Spectrum of Hydrogen.—General evidence indicates that
an atom of hydrogen conmsists simply of : le electron
rotating round a positive nucleus of charge ¢*. The re-

Tormation ol & lydrogen atom, when the electron nas been
removed to great distances away from the nucleus—e. g. by
the effect of electrical discharge in a vacuum tube—will
accordingly correspond to the binding of an electron by a
yositive nucleus considered on p. 5. | (3) we put E=e,

get for the total amount of energy radiated out by the

ormation of one of the stationary states,

o i : 3 g

The amount of y the ssing of the
system from a correspondir to 7 to one corre-
sponding to 7=1;, is consequently

1
If now we suppose that the radiation in question is homo-
geneous, and that the amount of energy emitted is equal to
hv, where v is the frequency of the radiation, we get
W —W.=hy,,

% See f. inst. N. Bohr, Phil. Mag. xxv. p. ( 3). The conclusion
drawn in the paper cited is strongly supported by the fact that hydrogen,
in the experiments on positive rays of Sir J.J. Thomson, is the only
element which never occurs with u-pooi(iw charge corresponding to the
loss of more than one electron (comp. Phil. Mag. xxiv. p. 672 (1912)).

violet and the extreme ultra-red, which are not observed, but
Qw existence of which may be expected. j
Ilie agreement 1n question 1s quantitative as well as
qualitative. Putting

e=4'7.10-10, ¢ 5:-31.. T and h=6'5.10"7,

31 : 10",
The observed value he factor outside the bracket in the
formula (4) is

IO

The agreement between the theoretical and observed values
is inside the uncertainty due to experimental errors in the
constants entering in the expression for the theoretical value.
We shall in § 3 return to consider the possible importance
of the agreement in questi

[t may be remarked that the fact, that it has not been
possible to observe more than 12 lines of the Balmer series
in experiments with vacuum tubes, while 33 lines are ob-
served in the spectra of some celestial bodies, is just what we
should expect from the above theory. According to the
equation (3) the diameter of the orbit of the t-\wh‘un”1||
the different stationary states is proportional to 72, Ior
y cm., or equal-to

7=12 the diameter is equal to 1'6.10
the mean distance between the molecules in a s at a
pressure of about 7 mm. mercury; for 7= 33 the diameter
is equal to 1°2 . 107 em., corresponding to the mean distance
of the molecules at a pressure of about 0'02 mm. mercury.
According to the theory the nec vy condition for the
appearance of a great number of line therd fore a very
small density of the gas; for simultaneously to obtain an

# F. Paschen, Ann. d. Phys. xxvii. p. 565 (1908).




On the Constitution of Atoms and Molecules
Philosophical Magazine  Juillet 1913

I'he principal assumptions used are :

(1) That the dynamical equilibrium of the systems in the
stationary states can be discussed by help of the
ordinary mechanics, while the passing of the systems

between different stationary states cannot be treated
on that ba

That the latter process is followed by the emission
of a homogenec adiation, for which the relation

petween the i’l“".i’xl*'ﬂ‘ \} §1iik‘; ‘iH‘ amount of 6!]&,‘!‘{‘;"}'

emitted is the one given by Planck’s theory.

Part II. - Systems containing only a Single Nucleus Septembre 1913

Part ITI. - Systems containing Several Nuclei Novembre 1913



La’rome de Bohr' apr'es 1913

1
A

rnold Somn'lle fe! =
(1868 -1951)

Niels BOHR
A l'aube
de la physique
atomique

Giulio Peruzzi

Les génies de la
science (pour la
science.com)
N°34 en 2008



L'atome de

| Rutherford

1911

Michel Serres
Préface

Eléments d'histoire des sciences
(Ouvrage collectif, Bordas, 1989)
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Conseil de Physique

Institut International de Physique Solvay

La théorie du rayonnement et les quanta

GOLDSCHMIDT PLANCK RUBENS  LINDEMANN HASENOHRL
NERNST BRILLOUIN SOMMERFELD  DE BROGLIE HOSTELET
SOLVAY KNUDSEN HERZEN  JEANS  RUTHERFORD
LORENTZ WARBURG WIEN ENSTEIN LANGEVIN
PERRIN Madame CURIE POINCARE ~ KAMERLINGH ONNES

Bruxelles du 30 octobre au 3 novembre 1911



Conseil de Physique

Institut International de Physique Solvay

Bruxelles du 27 au 31 octobre 1913
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