Histoire du nucléaire

Les découvertes fondamentales (Pr. J. Foos)

Pierre et Marie Curie aux origines de I'énergie nucléaire

L.a genése de 1I'énergie nucléaire (1939-1945)

Le premier réacteur et la premiere bombe
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L.a genése de 1'énergie nucléaire (1939-1945)

Etat des connaissances au 1° septembre 1939

Les connaissances scientifiques acquises et ce qui reste a faire

Etat des équipes de recherche au moment de la guerre

Le premier réacteur : la pile de Chicago (CP1)

Description du réacteur : les grands principes

L'aventure de Fermi et la premiere divergence

Le projet Manhattan (vendredi prochain)

Objectifs et moyens mis en place

Les réalisations : Alamogordo, Hiroshima et Nagasaki
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La communauté scientifique d'avant-guerre (1927)
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Congrés de SOLVAY (1933)

H. &. Kramers M.F. Mot G Gamow P Blackett M. Comms A, Piczard

E.Stahel P.A M. Dirac J. Erera C.D.Elis  E.O. Lawrence
E.Henriot F.Joliot W, Heizanberg E.'Walton P Debywe B Cabrera W.Bothe E.Bsawer J. Yerschaffelt J Cockoroft L. Rosenfeld
F. Perin E.Fermi M. Rosenblurn W, Pauli E.Herzen R. Peieds
E. Schroedinger | Joliot M. Bohr A, Joffe B Curie O Richardson E. Ruthetford M. De Broglie L. Meither J. Chadwick
F. Langewin T. D Donder L. De Broglie

Abzant: A Einstein and E. Guwe
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1932 : CHADWICK "naissance" du neutron 9%Be (o, n) 12C.

Découverte du neutron par bombardement o0 du Béryllium 9

= To Amplifier - ﬂsqillug r'l.F"i

Fo Source Be

Curie montre que ce rayonnement est particulaire neutre

par déplacement d'un faisceau dirigé d'ion H+
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1934 : Premiére réaction de fission de I’'Uranium

Enrico FERMI bombarde des noyaux d'uranium avec des neutrons

Il obtient des transuraniens inconnus au tableau de Mendeleiev

Otto HAHN reprend l'expérience et analyse les produits
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1938: Hahn et Strassman étudient le phénomeéne

“Verification of the Creation of Radioactive Barium Isotopes from Uranium and Thorium by Newtron Irradiation: M.mqu.
tion of Addirvional Radfoactive Fragments from Uranium Fission™

0. HAHN AND F, STRASSMANMN

Naturnwissenschafien, Yolume 27, pp. 89-95
(10 February 1939)
translated by H. Graetzer

. . Summary:
1. The creation of barium isotgpes from Mgnium was conclusively demonstrated.
2. For thorium, the formation l'h.a.num isgtopes was al.s-u;: established.
3. Some suggestions are made rdps : hgrium isotopes.
4. Evidently, some of the barium Imll}pﬁ produced frog d uranium are identical. '
5. It is our belief that the “transuranic 5 ~aill rety i ithout change, as previously described.
6. A second group of fission fragment %l lement 38] a ent 39], was determined.
1. By an appropriate experimental arra e formation of gas-was established, which in turn decays into an
alkali metal. It has not been possible yet to show if the substances in quulmn are xenon-cesium or krypton-rubidium.

In a rather short time it has been possible to identify numerous new reaction products described above—with considerable
certainty, we believe—only because of the previous experience we had gathered, in association with L. Meitner, from the
systematic study of uranium and thorium reaction products.
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Lise Meitner et Otto Frisch modélisent la réaction

Le phénomeéne dégage environ 200 MeV

et produit plus de neutron qu'il n'en consomme

L. de Broglie
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xo. 3615, FER. 11, 1939

NATURE

Letters to the Editor

The Editor does mot hold himself responsible for opinions erpressed by his rorrespondents,
He connot undertake to return, or to correspond with the writers of. rejected manwseripts
sndended for this or any other part of NATURE. No notice ir token of anonymous commumnieations,

XOTES ON POINTS IN SOME OF THIS WEEE'S LETTERS APFEAR ON P. 7.
CORRESFONDEXTS ARE INVITED TO ATTACH SIMILAR SUMMARIES TO THER COMMUNICATIONS.

Disintegration of Uranium by Neutrons: a New
Type of Nuclear Reaction
(% bombarding vwraniwm witl neatrons. Feron ol

collnborator=" found that st b=t Tour melisect ive
P S it Eoateroy oo

| ]

pumbers  larger than 92 were ascribed,  Furtber
investigntions® demonst ed thie existence of as least
ning radioactive periods, wix of which werne assignesd
o elements bevond urmnimn, and nuelear isomeerism
had to be assumasd in order to wecount for their
chemical belnviour together with their genetic
olations.

In making chemiical assignmenis, it was abvays
psurned that these radiooetive bodies had atonsie
numbers near that of the element bombarded, sinee
only particlhes with one or two charges were Known
ta be emitted from nuckei. A body, for oxsmple,
with similar properties to those of osmium was
sesumed to be eka-osmium (£ = 84) rather than
camium (&£ = T8) or ruthenium (£ = 44).

Following up an observation of Curie and Saviteh?,
Hahn and Strassmann® found that a group of at
least three radioactive bodies, formed from wraniam
under neutron bombardment, were chemically similar
to barium and, therefore, presumably irotopie with
mdium. Further investigation®, however, showed
that it was impossible to separate these hodies from
barium (although mesothorium, an isotope of rediam,
waa readily separated in the same experiment). so
that Hahn and Strassmann were fo to coneluds
that isodopes of barium (& = 58) are forined as a
conmeguence of the bombardment of wraniwm (£ = 92)
with neutrons,

thist the surfues dension of o changged deoplit s
ilivpinishsd boe its clange, sl 6 rough = imete
shows that the sirfivee tension of nuebsd, deceeasing
witli i rvisinng mimelear elurge, oy become zoro for
o pianlsers of 1l orler of 1,

It sewams thercfore  posible i the  umniom
nuelens Juns only anoll seability of ferm, and oy,
after memtron capiiire, divide sl into two nwelo
of rernghily egual dize (8l procise w0 of siees depend.-
ing o finer st ruetursl fowt ures and porlisps par v on
chanee). These two nueled will regsel oncli otler aid
shwubd guin n total kinetie energey of o 200 Mev,, ns
wnlenlated from noclear rmwdins and charge,  This
amwunt of energye miy actually be expeeted to be
awvailable from the differencn in poacking fraction
betwern urnium and the elements in the mildle of
the periodic system. The whols “fission’ proces: can
thus bi described in an esentislly  clasien] way,
without hnving to  consider quantwm-mechanical
‘tannel effeet=", which would sctuslly be oxtremely
small, on necount of the large masses involved.

After division, the high neatron/profon ratio of
urmmium will tend to readjust illq*lrph;\' bota decwy
to the lower value suitable for lightor elements.
FProbably each part will thus give rise to a chain of
divintegmtions. If one of the paris s an ot
of barium?®, the other will be krypton (£ = 82 — 56),
which might deeay through rubidium, strontium
and  yvitrium to  zirconium.  Perhaps one  or
two of the suppossd bariem-lanthasum-ceriom
chaing are then actually strontium-yiUrium-Lirconiim
chaing.

It s possible®, and seems to u= rather probable,
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It might ba mentioned that the body with half.
life 24 min.* which was chemicslly identificd with
uraniwm is probably really ", and goes over into
an chka-rhonium which appears inactive but may
decay slowly, probably with emission of alpha
poarticles,  (From inepection of the natural radio-
active alements, U cannot be expected to give
more than one or two beta decaya ; the long chain
aof ebsarved decavs has always puzzled us.) The
formation of 1his boady is & typical resonance process® §
the compound state must have & life-time & million
times longer than the time it would take the
nuelens Lo divide itself. Perhaps this state corresponis
to some highly symmetrical type of motion of nuclear
matter which does not favour “fission’ of the nweleus,

Lise MerTves.
Plivsien] Institute,
Acndomy of Sciences,
Btockholm.
. K. Friscu,
Institute of Theoretical Physies,
Univermsity,

i Ferml, E.. Amakli, F., d'Agoatins, 0, Raseill, F,, asd Segré, E,
Froe, Rey. doc., A, 148, 453 (1034).

1 5‘11?'““%“* L., Hahn, O, snd Strasamsns, F., Z. Phys,, VDS, 249

*Curls, I, snd Savitch, P, O.R,, 053, 904, 13 (1935,

o Halm, 0., and Strmsamann, F., Xeturedi, 35 738 (1038

" Hakn, (b, and Strassmann, F., Nafenres, 27, 11 (1030},

* Bohr, X., NaTORE, LN, 344, 3531 (1938

T Behir, ¥, and Kalcksr, F., Kpl, Dasmabe Fid, Selsbad, etk Flys.
Mekd! T4, Nr. 10 (19371

# H!-“Hml.‘ﬂu.hf_ﬂ'. L., Stramsnann, F., and Habn, O, Z. Pl 108, K35

¥ Bethe, A, I0., and Flaceck, O., Phye, Ree, B, 850 {10370
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Les fragments de fission sont trop riches en neutrons

............................................................................
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1939 : Frédéric Joliot-Curie quantifient la réaction en chaine

Dépots des premiers brevets secrets... (1939-1940)
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SERVICE Gr. 12, — (L 2. N° 971384
de la PROPRIETE INDUSTRIELLE —_—

Perfectionnement aux dispositifs producteurs d’énergie.
MM. Hans Hemvrica von HALBAN, Jean-Fréoéric JOLIOT et Lew KOWE
en France (Seine).

Demandé le 30 avril 1940, i 11* 6°, & Paris.
Déliveé le 12 juillet 1950. — Publié le 16 janvier 1951,

SERVICE Gr. 12, — CL 2. N* 971.386
de la PROPRIETE INDUSTRIELLE _ o TE™

Perfectionnements apportés aux dispositifs de production d’énergie. |i<
MM. Hans Hemrica \’W‘I’W, Jeaw-Fréngric JOLIOT et Lew KOWARS f
en France (Seine). )
Demandé le 1 mai 1940, & 11* 307, & Paris,
gliggé le 12 juillet 1950. — Publié le 16 janvier 1951.

SERVICE
de la PROPRIETE INDUSTRIELLE

Dispositif de production d'énergie.

N° 976.541

s37039, i 16" 55%, & Paris.
e 1950. — Publié le 19 mars 1951,

N* 976.542

SERVICE 6r. 12, — CL 2.
de la PROPRIETE INDUSTRIELLE

Procédé de stabilisation d'un dispositif producteur d’ 2w T
CAISSE NATIONALE DE LA RECHERCHE SCIENTIFIQ igdant’ en France (Seine).

Demandé le 2 mai 1939, & 14" 12°, & Paris.
Déliveé le 1% novembre 1950, — Publié le 19 mars 1951.

de 1a PROPRIETE INDUSTRIELLE

Perfectionnements aux charges explosives, N \
Gk
CAISSE NATIONALE DE LA RECHERCHE SCP#TIFIQUE résidant mm’?ﬁm)

939, & 15" 35°, & Paris,
— Publié le 16 janvier 1951.

(wahmmmamm«aemMmmmarmwn,§7,
de la loi du § juillet 1844 modifiée par la loi du 7 avril 1902.)

On sait que Vabsorption d'un neutron par | en utilisant la formule suivante, valable pour
un noyau d'uranium peut provoquer la rupture | une masse sphérique :
de ce dernier avec dégagement d'énergie et

3
. . s émission d 4 T .
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— ainsi émis, un certain nombre peuvent & leur | dans laquelle :
tour g?nvaquer sur :llufhl:mm d'urf!ﬂum, d_e D est |II somme, pour tous les corps simples




Etat des connaissances...

Que reste-t-il a découvrir...

Ou sont les centres de recherche...

Existe-t-il une théorie

et un modele de réacteur...

Réacteur ou arme ?

Le grand dilemme...
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Preévoir les interactions : mesures de sections efficaces
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Le Chopper de Fermi et Szilard
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Les premiers résultats... (cours de Fermi 1945)

Thermal

|
Darns I M
|
|
L/

! |
10° 10" ev
Neutron Energy —

Fig. 77. — Uranium cross sections (separated isotopes).
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Les mesures actuelles...

onis ection efficace 250 fors_Section efficace microscopique
plus élevee
i | de fission de ’Uranium 235

1000+ i

Section efficace 10 fois plus élevee,
 maisconcentration 100 fois plus faible
A .I; , {dansI'uraniun]naturel}
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Comprendre et modéliser la matiére...

E=m¢c?2, Einstein

Modele du noyau (Bohr, 1935)

Le modéele de la goutte...

Niveaux d'énergie et résonances

Faciliter la fission...
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Fig. 24. — Nuclear energy levels.
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Quel modérateur choisir ?

Eau lourde ou graphite ?
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La découverte du Plutonium (1940)
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La formule des quatre facteurs (E. Fermi, 1940)

De la matiere fissile...

Un modérateur...

Des absorbants...

Une géomeétrie...
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Structure du premier réacteur : la Pile de Fermi CP1
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1942 : FERMI Premieéere pile atomique (Chicago pile n°1)

Empilement de graphite, d'UO2 et d'uranium naturel a peu preés en
forme de sphere avec des barres de controle en Cadmium

Production de 0,5 W...
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Enregistrement de la premiere divergence
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L'équipe de la premiéere divergence

e
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Les nombreux PATENT de Fermi et Szilard
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Lettre d'Einstein au président Roosevelt : 2 aout 1939
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Albert Einstein

0ld Grove Rd.

Nassau FPoint
Peconic, Long Island

August 2nd, 1939
F.D. Roosevelt,
President of the United States,

White House
Washington, D.C.

Sir: '

Some rTecent work by E.Fermi and L. ard, which has%ggen com-

municated to me in manuseript, leads me enlgnt uran-

to call for watchfulness and, if necessary, gquich on the part
of the Administration. I believe therefore that it is my duty to bring
to your attention the following facts and recommendations:

In the course of the last four months it has been made probable =
through the work of Joliot in Trance as well as Fermi and Szilard in

gain reaction

America - that it nmay become possible to set up a nucl

in a large mass of uranium,by which vast amountg®of power and lar} quant-

ities of new radium-like elements would be sefferated. Now it appears

almost certain that this could be zchieved in\the immediate future.

such bombs might ove to be too heavy for transportation by
air.

ab9a 0Ol
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La bombe allemande : Haigerloch
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Le projet MANHATTAN : 3 objectifs

Q Richlynd

(Hanford Jingineer Works)

OWendaver £Projecf,5~nrr$ess]o MChﬂcagol {
i {Metallurgical Laboratory) (
] iz P Washington, .C.@}- :
) O Berkeley
{Radiation Laboratory)

; Uravan
Montmeﬂoo O{u.s.v' -

(Vanadium Corp.)

Ofnyokem

{Project Camel) O Los Alamos {Manhattan District Headqia
{Los Alamos Laboratory—Rroject Y) Clinton Engineering W)

OSyracauga
O Alamogordo {Alabama Ornance Works)
{Project Trinity)
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Les organisateurs : Oppenheimer et le G2l Groves

Et tous les chercheurs disponibles...
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Enrichir en U235, produire du Pu239 et conditionner le tout
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Deux principes de fonctionnement...

Deux types de matiere fissile...
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Fat Man (Alamogordo et Nagasaki)
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Un premier essai... TRINITY : The Gadget !

0.025 SEC. 100 METERS
N

Et deux bombardements...
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