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Albert Einstein
014 Grove Rd.
Hassau Point
Peconie, Long Island
August 2nd, 1939
Roosevelt,
President of the United States,
White House
ington, D.C.
. ~mw o
s TE”Y h t = e "t e ) 0 h
E < © < ® Sips 7 €« C *
. ~
ot o 'Yt C m ’Ea [0} h ™ @ome recent worf byXg.Permi and L. 3zilard, which iEtqu com-
- <

y . "o * micat.d?m m*-anuscrlpt., 13:11 me to expect that the element uran-
(atomICherltageorg fum may be turned into a new and important source of energy in the im-
mediate future. Certain espects of the situation which has arisen seem
to call for watchfulness and, if necessary, qulci: action en the part

of the Administration. I believe therefors that it is my duty to bring
to your attention the followiny faots and recommendationss

In the course of the last four months it has been made probable -
through the work of Joliot in 7rance as well as Permi and Szilard in
America - that it may become possible to set up a nuclear chaim reaction
in a large mass of uranium,by which vast amounts of power and large quant-
ities of new radium-like elemente would be generated. How 1t appears
almost certain that this could be achieved in the immediate future.

This new phenomenon would also lead to the construetiom of bombs,
and it is conceivable - though rmch less certain - that extremely power-
ful bombs of a new type may thus be constructed. A single bamb of this
type, carried by boat and exploded in a port, might very well destroy
the whole port together with seme of the surrounding territory. However,
such bombe might very rell prove to be too heavy for transportation by

air.
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The United States has only very vpoor ores of urenium in moderate -
quantities. Thu.'e is some good ore in Canada and the former Czechoslovakia,
while the most important source of uranium is Belzian Congo.

In view of this situation you may think it desirable to have some
permanent contact maintained between the Administration and the group
of physicists working on chain reactions in America. One possible way
of achierving this might be for you to entrust with- this task a persocm
who has your confidence and who could perhaps serve in an inofficial
capacity. ilis task misht comprise the following:

a) to approach Government Departments, keep them informed of the

dations for Gov action,

further development, end put forward r
Ziving particular attention to the problem of securing a supply of uran-
ium ore for the United States;

) to speed up the experimental work.which is at present being car-
ried on within the limits of the budgets of University laboratories, by
proviaing funde, if such funds be required, through his contactes with
private persons who are willing to make contributions for this cause,
and perhaps also by obtaining the co-operation of incdustrial laboratories
which have the necessary ejuipment.

1 understand that Germany has aotually stopped the sale of uranium
from the Czechoslovakian mines which she has taken over. That she shbuld
have taken such early action mizit perhaps be understood on the ground
that the son of the German Under-Jecretary of State, von Weizsicker, is

attached to the Kajser-Wilhelm-Institut in Berlin where some of the

THE WHITE HOUSE
WASHINGTON

October 19, 1939

3y dear Frofessor:

I want to thank you for your recent letter and
the most interesting and important enclosure.

1 found this data of such import that I have
convoned a Foard consisting of the head of the Bureau
of Standards end a chosen representative of the Army
and liavy to thoroughly investizate the possibilities
of your suggestion regarding the element of uranium.

I wn glad to say that Ur. Sachs will cooporste
and vork with this Committee end I feel this is the
most prectical and effective method of dealing with
the subject.

Please accept my sincere thanks.

Very sinocerely yours,

s Al Lo a0

Dre Albert Einstein,
Old Grove Road,
Nasszau Point,
Pooconie, Long Islend,
¥ew Yorke.

American work on uranium is now being repeated.

Yours very truly,

(Albert Einstein)
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Niels Henrik David Bohr
Otto Robert Frisch
James Franck

Leo Szilard

Albert Allen Bartlett
Isidor Isaac Rabi

Klaus Emil Julius Fuchs
Victor Weisskopf
Richard Feynman

J. Robert Oppenheimer
Enrico Fermi

Ernest O. Lawrence

Sir RudolPeierls

Arthur Compton

James Bryant Conant
VannevamBush

Edward Teller

Hans Bethe

John von Neumann Von Neumann

Edwin McMillan
Glenn T. Seaborg

Ernest Thomas Sinton Walton

Sir John Cockcroft
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Nobel Prize in Physics (1922

Nobel Prize for Physics (1925)

Nobel Prize in Physics (1944)

Nobel Prize in Physics (1965)

Nobel Prize (1938)
Nobel Prize in Physics (1939)

Nobel Prize for Physics (1927)

~ ~ N

Nobel Prize in Physi¢:967) - T4 om th T T X ofErpESt O Lawrengérthur H.
Compton VannevamBush, James B. Conant, Karl T. Compton, and Alfred L. Lc

Nobel Prize in Chemistry (1951)

Nobel Prize in Chemistry (1951)

Nobel Prize in Physics (1951)

Nobel Prize in Physics (1951)
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Country Plutonium HEU Total Fissile Material
United States 95.4 544 639

Russia 128 712 840

United Kingdom 7.6 25 32.6

France 5.3 30.5 35.8

China 1.9 194 213

Total 238 1,330 1,570 (rounded)

(rounded)
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Fig. 1. Elcctromuagnet of the separator. (1) Housing; {2) sepa-
ration 1ank (chamber) (3) ¢leciromagnet coils; (4) 1on source
seats: (5) 1on receiver seats: (6) diffusion pumps: (7) aobscrva-
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Manhattan Project i Electromagnetic project costs
through 31 December 1946 [86]

e ¢ 0e ™ TEeo )’*

Mz HEAVIER ISOTOPE
e Cost (1946 | Cost (2019 % of -
USD) USD) total —
Construction | $304 million $3.98 billion 53%
Operations $240 million $3.15 billion 41.9%
Research $19.6 million $258 million 3.4% :
The ¥12 electromagnetic plant
Design $6.63 million |  $86.9 million 1.2%
Silver - - 0
Program $2.48 million $32.5 million 0.4% .
Total $573 million | $7.51 billion
RAY SMITH
Clts btozHdets f.to.j.AfzO8 dsstctsH Mizh j.fi)lH6o00j0s0 o0 ClstedRodz] © " H j dzj dgdz” = H dz¥v ..HsdRE k' fisaf jj to JEAQ s s pAds
Ylsts sy jls fsdzsydls: Ctsdzjy Bdtetsos?2 o 52 dzj
steczHdzs ftej HMIsOadlsy, dets {1 Ists fcOoHO.
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At the peak p! duction during the war, Y-12 had 22,000 workers.

Mark|l ¢ [ OddittledBoy@® O dzc dz. )
CltB'"™ &zB®B BB " j ydgs2je3tc OB Sls O adgOO W
sBCONyiImifsddd Zh j yigE 3l ez L o @ tzlf ts 3Lz
ysts s Hdzddzy BtsdZ3B' ftetsatSHJdz 2
foliEsh ! 8 Cthtteets ZtwOdatse OW ¢ zitk
FtcOdzso z¥ ¢ dgdh j dz' e . I

The women working the
calutrons were known as
the “calutron girls.”
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Gustav Ludwig Hertz Klaus Emil Julius Fuchs Sir Rudolf ErnsPeierls Sir Francis Simon
1887¢ 1975 1911-1988 ¢ 1995 1898956

Technischédochschule Berlin ("THB")
now Technical University of Berlin
SiemengForschungslaboratoriurh

IsaakKonstantinovichKikoin

19081984
Academician of Academy of Science of USSR
one of founders of th&urchatovAtomic Energy Institute
- the first Soviet nuclear reactor (194&hd the Soviet atomic
bomb project (1949))
The Tube Alloys program in Britain and Canada was the first nuclear weapons project - R&D on gas kinetic technologyZ8¥U enrichment and lateg
https://en.wikipedia.org/wiki/Tube_Alloys centrifuge separation of isotopes

Gaseous diffusion process (later called th23project)

http://militera.lib.ru/memo/usa/groves/08.html - S.SoboleyYa SmorodinskyTheory of the diffusion selecting
machine and of cascade of separators1951

- Yu. Kagan. Theory of process of selection of gaseous mixtl
inside porous mediums 1958
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http://militera.lib.ru/memo/usa/groves/08.html
https://en.wikipedia.org/wiki/Tube_Alloys

WORLD NUCLEAR
/ ASSOCIATION
’ s ) na i
large plants in the USA originally developed for weapons programs and had a capacity of some f" ':"

8 million SWU per year. It was used to enrich some high-assay tails before being finally shut
down after 60 years' operation. At Tricastin, in southern France, a more modern diffusion plant
with a capacity of 10.8 million kg SWU per year had been operating since 1979 (see photo
below). This Georges Besse | plant could produce enough 3.7% enriched uranium a year to fuel
some ninety 1000 MWe nuclear reactors. It was shut down in mid-2012, after 33 years'
continuous operation. Its replacement (GB II, a centrifuge plant — see above) has commenced
operation.

In recent years the gaseous diffusion process had accounted for about 25% of world ey 4 I - A o -
enrichment capacity. However, though they have proved durable and reliable, gaseous diffusion ¥ caes v P Sy

plants reached the end of their design life and the much more energy-efficient centrifuge

e
enrichment technology has replaced them. _‘&J s

l [ ol = e
e . meom \r_n'(':;?;-"h -
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State Firm Technology 20013 2005

USA USEC Diffusion 19.20 19.20

France Consortium Eurodif Diffusion 10.80 10.80

Grate Britain | Consortium Urenco Centrifuge 2.00 2.10

Germany Consortium Urenco Centrifuge 1.30 1.80

Netherlands | Consortium Urenco Centrifuge 1.50 1.50

Japan Firm JNFL Centrifuge 1.05 1.05

Brazil Institute IPEN Centrifuge 0.10 0.10

China Corporation CNEIC Diffusion 0.60 0.60

China Corporation CNEIC Centrifuge 1.00 1.50

I Russia Rosatom Centrifuge 14.00 14.00 I
Plants of Argentne (0.0Z2 millions of kg SW) and South African Republic
(0.3 millions of kg SW) were stopped in 1994 and 1995 accordingly
Total 51.553 52.65
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