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Des électrometres aux émulsions nucléaires

Au coeur du premier age d’or
de la |
recherche sur les rayons cosmiques

Sofia Talas
Musée d’Histoire de la Physique, Université de Padoue, Italie



“... appareils pour radiation de Wulf..."
(Victor F. Hess, 1912)






L'électroscope de Jean Antoine Nollet, 1747

)

“je me suis servi, pour connoitre les progres de I'électricité, d'un moyen assez simple...’
(Jean-Antoine Nollet, 1747)



L’électrometre a feuilles d’or
d’Abraham Bennett, 1787




i

Adolphe Ganot, Cours de Physique purement expérimentale,
Paris 1859



| 'électrometre de Pierre Curie

Marie Curie, Traité de radioactivité, Paris 1910



’électrometre de Julius Elster et Hans Geitel

J. Elster et H. Geitel, Annalen der Physik, 1900



Electrometres de Elster-Geitel et de
Exner, signés “Gunther & Tegetmeyer
Braunschweig’




Piles seches

Modéle de Dolezalek et | .
Nernst, 1896 Modéle de Giuseppe Zamboni

1812




|’électrometre de

Theodor Wulf, 1909

Th. Wulf, “Uber die in der Atmosphére

vorhandene Strahlung von hoher
Durchdringungsfahigkeit”, Physikalische

Zeitschrift, 19009.
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Ernest Rutherford et Hans Geiger, © nivaraity of MancHbdtes » 4 "
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E. Rutherford and H. Geiger, “An Electrical Method of Counting the Number of a-Particles from Radio-
active Substances”, Proc. R. Soc. London, 1908.



Hans Geiger et Walther Muller, 1928




Circuit a coincidences de Bruno Rossi, 1930

B. Rossi, “Method of Registering Multiple Simultaneous Impulses of
Several Geiger’s Counters”, Nature 125 (1930).



Etude de I'effet est-ouest

Arthur Compton, 1933
Thomas Johnson, 1933
Bruno Rossi, 1934

Dispositif alt-azimuthal utilisé par Bruno Rossi
pour les mesures de distribution angulaire des
rayons cosmiques, 1933-34



La découverte des grandes gerbes atmosphériques

Pierre Auger — Roland Maze (1938)

P. Auger e R. Maze, “Extension et pouvoir pénétrant des grandes gerbes de rayons
cosmiques”, Comptes Rendus Académie des Sciences, 208 (1939)
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Extensive and Penetrating Atmospheric
Showers

K. Maze, A. FrEoy, J. Daumn, axp P, AUGeEn
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F16.f1. Arrangement and spacing of counters.
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F1G. 1. Disposition of counters, absorber, and magnetized iron plates.
All counters D’ are connected in parallel.

"As a personal opinion, | would suggest that modern particle physics started in the last days of WWII, when a
group of young i OR\VRASHE BRCINixRIBCion) &ex&eﬁIM@ﬁdm $1Q45rman occupying forces,
initiated a remarkable experiment’

Luis Alvarez, Nobel Lecture, décembre 1968



e (Charles T. R. Wilson - 1897

* C.T.R. Wilson - Application pour la
visualisation de particules - 1911




C.T.R. Wilson, “On an Expansion Apparatus
for Making Visible the Tracks of lonising
Particles in Gases and Some Results
Obtained by its Use”, Proceedings of the
Royal Society of London, 1912
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C.T.R. Wilson, “On an Expansion Apparatus for Making
Visible the Tracks of lonising Particles in Gases and
Some Results Obtained by its Use”, Proceedings of the
Royal Society of London, 1912



[ ] GEIGER-MUELLER TUBE [EEERETleIfRvelalife]|1e1S
par compteurs

CLOUD CHAMBER Patrick Blackett et

Giuseppe Occhialini,
1933

[ ] GEIGER-MUELLER TUBE

“We have recently developed a method by which the high speed particles associated
with penetrating radiation can be made to take their own cloud photographs.”

P. M. S. Blackett; G. P. S. Occhialini, “Some Photographs of the Tracks of Penetrating
Radiation”, Proceedings of the Royal Society of London. Vol. 139 (1933)



P.M.S. Blackett, “The Measurement of the Energy of Cosmic Rays”,
Proceedings of the Royal Society of London, 1936
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P.M.S. Blackett, G.P.S. Occhialini, “Some Photographs of the Tracks of
penetrating Radiation”, Proceedings of the Royal Society of London, 1933




Quelques-unes des difficultés techniques
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Fig. 28. Photography of trucks on planes at right angles, (Blackett.)
05 010 015 020
Lateral displacement (em.)

Fig. 19. Distortion of a counter-controlled cloud track by convective drift.
Left, schematic; right, measurements on an actual track,




Emulsions photographiques



On radioactvity, a new
property of matter,
Nobel Lecture,
décembre 1903

Henri Becquerel, 1896

“Sur les radiations émises par phosphorescence”, Comptes Rendus de
['’Académie des Sciences, vol. 122



Les perfectionnements et les découvertes de
Cecil F.Powell et de ses collaborateurs

Lattes, Occhialini, Powell,
“Observations on the tracks
of slow mesons in
photographic emulsions”,
Nature, 1947




Microscopes utilisés pour I'analyse des émulsions photographiques,
Université de Padoue, 1953-55




Fig. 1. OBSERVATION BY Mas. 1. POWELL, CoOKE X 95 ACHROMATIO OBJECTIVE ; 2 TLFORD NUOLEAR REEE__A__}:L!E:.' HHELSII'Z"-‘-“_ LOATED
Wit BORON. THE TRACE OF THE u-MESON IS GIVEN IN TWO PARTS, THE POINT OF JUNCTION BEING INDICATED BY & AND AN ARROW

Lattes, Occhialini, Powell, “Observations on the tracks of slow mesons in photographic emulsions’,
Nature, 1947



Ultérieurs perfectionnements

* La méthode “Temperature Development’
pour émulsions epaisses

* Les “stripped emulsions”

Developpement des émulsions épaisses, Michelangelo
Merlin, Institut de Physique de Padoue, 1953



Institut de physique de Padoue, 1953

Les premieres grandes
collaborations internationales
(Sardaigne, 1952-53)




Le G-Stack ou Stack Géant,
1954




Emulsions photographiques

Le G-Stack ou Stack Géant,
1954




Donald A. Glaser, 1952

Bubble Chamber Tracks of Penetrating
Cosmic-Ray Particles®







Pietro Bassi et collaborateurs, 1955







Le piston de BEBC

BEBC (Big European Bubble Chamber), 1966
30.000 litres d’hydrogene liquide — Utilisée jusqu’en 1984



Chambre a bulles Gargamelle

Diametre 2 metres; longueur 4,8 métres

Environ 12 métres cubes de freon.

Construite en France, opérative de 1970 a 1978.



Rayons cosmiques, instruments et prix Nobels

Charles T.R. Wilson — 1927 - “pour sa méthode de rendre visibles les
trajectoires de particules chargées électriquement par condensation de
vapeur’

Patrick M.S. Blackett — 1948 - “pour avoir développé la méthode de la chambre
a brouillard de Wilson, et les découvertes qu'il a pu en tirer dans les
secteurs de la physique nucléaire et de la radiation cosmique”.

Cecil F. Powell — 1950 - “pour le fait d’avoir développé la méthode
photographique pour I'étude des processus nucléaires et ses découvertes sur
les mésons faites avec cette méthode”.

Donald A. Glaser — 1960 - “pour l'invention de la chambre a bulles”



NUCLEAR PHYSICS
IN PHOTOGRAPHS

TRACKS OF CHARGED PARTICLES
IN PHOTOGRAPHIC HEMULSIONS

BY
C. F. POWELL

OXTFORD
ATl THE CLARENDON PRESS
1947




NUCLEAR PHYSICS
IN PHOTOGRAPHS

TRACKS OF CHARGED PARTICLES
IN PHOTOGRAPHIG S MULSIONS

BY
C. F. POWELL
AND
G. P. 8. OCCHTALINT

THE Ho M. WILLS FHYSICAT, BAOTRATY
TRIVERSITY OF BRISTOL

There are, ns T have said, some minds which ean go on contemplating with
satisfaction pare quantities presented to the eve by symbols and to the mind
i form which nene but mathematicians can econeeive.

Thore are others who foel more enjoyment in following peometrical forms,

which they draw on paper, or build up in the empiy space before them.

Others; again, are not content unless they ean project their whole physical

erergies inta the scene which they eerjure up.  They learn at what n mte the
phnnl: rizh ﬂ:rnur_;h space, arel they II"J-!}-'*:I'i-i_‘IH‘E- a delichtful feeling of exhili-
mation.  They caleulate the forces with wihach the beuvenly bodies pull at one
nnother, sl they feel their own muscles straining with the effoe,

Ta sach men mamentum, CHENTY, Mhss are npot mene a st ract --*-,i.-r.ﬂi-.:-.-a_
of the resulta of scientilie inguicy. They are wonls of power, which stir ther
soula like the memories of childhood,

For the sake of persons of these ditferent tvpes, soentifie truth should be
presented in different forms, and should be regarded as equally seientifie, whether
it appears m the robust formn and the vivid 4-..E-'~1ui:~.i_i of & plvsical Hlusteation,
or in the tenuity and paleness of a sviholical expression.

James Clerk Maxwell, 1870




For whatever may be said about the importance of aiming at depth rather than
width in our studies, and however strong the demand of the present age may
be for specialists, there will always be work, not only for those who build up
particular sciences and write monographs on them, but for those who open up
such communications between the different groups of builders as will facilitate
a healthy interaction between them [...] | suppose that when the bees crowd
round the flowers it is or the sake of the honey that they do so, never thinking
that it is the dust which they are carrying from flower to flower which is to
render possible a more splendid array of flowers, and a busier crowd of bees,
in the years to come. We cannot, therefore, do better than improve the shining
hour in helping forward the cross-fertilisation of the sciences”.

J.Clerk Maxwell, “The Telephone”, Nature, vol. XVIII
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