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During the Munich Crisis, I happened to be in Urbana, Illinois, and I 

spent one week listening to the news over the radio. When it was all over, 

I was convinced that within one year there would be war. I resigned my po-

sition at Oxford. 

In Januaryf 1939, I learned of the discovery of the fission of uranium 

by Otto Hahn. I saw at once thnt i f neutrons are emitted in t he fission process 

it might be possible to set up a chain reaction. "H.G. Wells, her e we come! 11 

'I said to myself. Immediately I was obsessed with two thoughts: To do, as 

quickly as possible, an experiment to discover whether or not neutrons are in 

fact emitted in the fission process, and to contact those laboratories in 

America, England and France where such an experiment conceivably could be 

thought of, and performed. This I thought had to be done with a view to 

reaching an agreement that if neutrons were in fact emitted, this fact should 

remain a secret of the three countries involved, lest the Germans developed 

the atomic bomb first and used it in the impending war. I was not affiliated 

at the time with any university, but after scouting around I borrowed $2,000.00, 

> radium 
rented ·a red~, and teamed up with Dr. Walter Zinn, at that time instructor 

at City College. The experiment was actually set up at the Phy ~ic s Department 

of Columbia University, and was performed on March 3, 1939. When I saw the 

neutrons emitted in the fission of uranium, I knew that the worlo was headed 

for trouble. 
I 

At that point I thought Ti}mrir<ijlj!mmriJm~mtqw- dry. that from this point on there .. 

should be no difficulty about obtaining financial support for this work. 

But in this I was quite mistaken . · 
( C..C. t <- .-

1 o( ) 
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My attempt to keep the neutron emission of uranium secret ran into 

difficulties, and it collapsed when Joliot in Paris published his results 

and doclined to cooperate. The circumstances survounding this collapse 

are not without human interest. 

Fermi and I teamed up and performed an exp.erd.lilent which we thought would 

show that a chain reaction could be maintained in a system composed of water 

and uranium. We actually thought that we had shown this when the experiment 

was completed, but then George Placzek dropped in for a visit and showed us 

that we were in error. 

In July, when I was left alone in New York, I recognized that a graphite 

uranium system would have a much better chance to sustain a chain reaction, 

and that accordingly the liberation of nuclear energy on an industrial scale 

was at hand. My first concern was to warn the Belgian Government of this 

possibility, lest being unaware of it, they make available uranium to Germany 

from the Belgian Congo. It was this consideration which brought me into 

contact with Einstein, a contact which resulted in Einstein's historic letter 

to President Roosevelt. 

•' \··
\ ·. ( 
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In response to Einstein's letter, the President appointed a committee which 

rret for the first time on October 21, 1939. 'vle did not look to the Federal 

Government for funds but rather for official recognition that would have enabled 

us to obtain private funds. During the meeting, through what might be described 

as a comedy of errors, the issue of funds came up and the committee promised 
::-= ..... 

to provide us with $6,000.00 in order to enable us to buy a few tons of graphite. 

By February, 1940, we had not heard anything further f~om the Government, and 

in the period from June 1939 to April 1940, not a single experiment was under 

way in the U.S. that was concerned with the possibility of setting up a chain 

reaction. 

In February, 1940, I decided to take sorr£ drastic action. I sent a paper 

to the Physical Revievr,describing how a chain re~ction may be set up in a 

graphite-uranium system. And I took a copy of this paper to Einstein in Princeton. 

Einstein wrote ·a letter saying that if the Governrr£ nt was not interested in pur-

suing this matter, my paper would be published in due course of tirre . 

This provoked another meeting of the uranium Committee at which I was 

asked to defer publication of my paper. In the mean time, the $6,000.00 

promised to us were received by Columbia University, and some of the most urgent 

expenditures got under way, ~t nothing remote~ resembling the scale that was 

needed. 

At this point I received a letter from Turner in Princetor., v1ho pointed 

. out that in the ~hain reaction which I hoped to be able to set up there would 

be formed a new elemant which might be c~pable of . undergoing fission. As we { ow 

know, this is in fact the case, and the element formed in the chain react,ion is 

now called plutonium. Neither Fermi nor I had thought of this possibility, which 

was obvious~ of the utmost importance, and this -realization increased mY sense 

of urgency. 

7/l2/6? 
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On Rabi' s advice, .I enlisted the help of H. C. Ur'ey, v1ho prevailed on the 

Chairman of the Uranium Committee to appoint those of us who were actively 

interested in this problem to serve as a · technical subcommittee of the Ur~nium 

Committee. \'le thought this would put us in a position to approach various 

laboratories in the U.S. and to enlist their cooperation in pursuing the-vario~a 

aspects of the problem, including the possibility raised by Turner's suggestion. 

The Committee, having been duly appointed, met in \'Jashington and Y.mml when 

' 
the meeting was opened by the chairman, he told us that the committee would be 

dissolved upon termination of the current meeting, because if the government 

were to spend a substantial amount of money---vm were discussing sums of the order 

of a half million dollars--~ and subsequently it would turn out that it is not 

possible to set up a chain reaction based on uranium, there might be a Congressional 

Investigation. If this were the case in such a situation, it would be · awb1ard 

if the Government had made available funds on the recororrendation of a committee 

whose rrembership comprised men other than ~~erican citizens of long standing. 

Bermi and I were not American citizens. Though Higm r was an American citi7 en, 

he was not one of long standing. Thus the work on uraniw~ in the United States 

was brought to a standstill for the next six months. :tv'Jr. Wigner wrote ~ very 
to the Chairman of the Uranium CorrillDt tee 

polite letter/saying that he would hold himself in readiness to work for the 

Government on all matters related to defense, with the exception of uranium. 

After reorganization in Washington, which put the Uranium Co:;-;_,littee under 

Dr. Vannevar Bush's committee, Columbia University 1-1as given a contract in the 

amount of $40,000 .00 to develop the Fermi-Szilard system. On November 1, 1940, 

I was put on the payroll of Columbia University under this contract. Since I ( 

was instrumental in inducing the GovernrrenJ11 to assume expenditures for exploring 

the possibility of s~tting up a chain reaction, and with a v:iew to the possibility 

that our efforts might come to nothing, it was deemed advisable to set ~ salary 

at a low figure, i.g 
• J $4,000.00 a year• 
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NSHERS TO OTTTi'"TTONS - ':\ - May 9, 1963 
The fission of uranium was discovered by H hn and Str~s~~~~ -~ · e in 1938 and when 

I heard of it in January of 1939, it occurred to me hat 'f neutrons Here emit ed in 

the fission process of uranium , uranium ight sus ~i· a c a··n reaction. 

L. r' , 

In order to i nduc e ::~ 2 £:. s sio::- :J :: ur.::. illi-n, u:. .::::1::.'-·:.: ::.::.s ::o ·:Je o::1bc:: :cded Hi .::1 neu rons 

and t h e problem ~vas hmv to distinugish the n eutro •. s ~v i ch may be emi ed in the f'ssion 
t., . / _,.....-
,/ / .·· .. ~... -

process, from t he neutrons ~vhich are used to induce fission in urani<:: .:ft SC"t.~ - ~o-ur-e. 

that the right ~vay of solving t his problcm\-E S to use photo - neutrons fro. beryllium p ich 

are slo"tv1to induce fis sion in ura i um an then to look for fast neutrons which might be 

emitted in the fission process. This is what Dr. Wa lter Zinn and I have actually done on 

}l rch 3rd, 1939, ~vorking as guests o f the Physics Department of Col· . bia University. T e 

experiment showed t hat about two neutrons re emitted in ::.:1c fission o£ uranium for ea ch 
_, 

neutron \vhich is absorbed, and this me nt that it mig' .!: be possib\iL t o se up a chain 

reaction in uranium. Anderson and Fermi, a s \·Jell as Hal' a:::, Joliot nc KovJarski have 

independently rea c· ed he same conclusion;just about the same time. 

--------------------------------------------------------- --
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I came over to America (on January 2, 1938) and 

did nothing but loaf. I didn't look for a position, I just thought 
0 I would wait and see . Then came the Munich crisis, and I was at the 

time that the Munich crisis broke visiting Goldhaber in Urbana, 

Illinois ; and I spent a week listening to the radio, giving news 

about Munich, and when it was all over I sat down and wrote a 
\..., 

letter to Lindeman~ , later Lord Cherwell, who was director of the 

Clarendon Laboratory where I was employed . The letter said that 

I am now quite convinced that there will be war, and therefore there 

will be little point in my returning to England unless they would 

want to use me for war work . If as a foreigner I would not be 

used for war work, I would not want to return to England but rather 

stay in America. And so I resigned at Oxford and stayed here. 

I was still intrigued with the possibility of a chain 

reaction, and for that reason I was interested in elements which 

became radioactive when they were bombarded by neutrons and where 

there were more radioactive isotopes than there should have been. 

In particular, I was interested in indium. I went up to Rochester 

and stayed there for two weeks and made some experiments on indium, 

[I) ~G.-c ~ 
3-14 -G<f 

17 

I 

which finally cleared up this mystery. And it turned out that indium l 
is not instable and that the phenomenon observed could be explained 

without assuming that indium is split by neutrons . 

At that point I abandoned the idea of a chain reaction and 

of looking for elements which could sustain a chain reaction, and I 

wrote a letter to the British Admiralty suggesting the patent which 

has been applied for should be withdrawn because I couldn't make the 
( 

process work. Before tlat letter reached them, I learned of the 

0 discovery of fission. This was early in January when I visited 
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Munich crisis : Last weeks of September 1938, ending with the 
agreement of September 30th. 

Telegram, Szilard to Lindemann. October (?) 1938 

Letter, Szilard to Lindemann. January 13, 1939 . 

Letter to British Admiralty withdrawing patent application. December 21, 1938 

Telegram to British Admiralty cancelling above. 
r/LfA -4..ll__ tl II u 
Letter, Szilard to Strauss . January 25, 1939 

January 26, 1939 (not in tapes) 
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Bohr arrived in New York January 16, 1939 



Mr . Wigner in Princeton, who was ill with jaundice . Wigner told me 

of Hahn 1 s discovery. Hahn found that uranium breaks into two parts 

when it absorbs the neutron and this is the process which we call 

fission . When I heard this I saw immediately that these fragments, 

being heavier than corresponds to their charge, must emit neutrons; 

and if enough neutrons are emitted in this fission process, then it 

should be, of course, possible to sustain a chain reaction, for all 

the things which ·H. G. Wells predicted appeared suddenly real to me . 

At that time it was already clear, not only to me but to 

many other people, and certainly it was clear to Wigner, that we are 

at the threshold of another world war. And so it became, it seemed 

to us, urgent to set up experiments which would show whether, in fact, 

neutrons are emitted in the fission process of uranium. I thought 

that if neutrons are in fact emitted in fission , this fact should be 

kept secret , I mean, it should be kept secret from the Germans, and 

so I was very eager to contact J oliot and to contact Fermi, the 

two men who were most likely to think of this possibility . I was 

still in Princeton and staying at Wigner 1 s apartment Wigner was 

in the hospital with jaundice and I stayed at his apartment and 

I got up in the morning and wanted to go out . It was raining cats 

and dogs, and I said, nMy god, I am going to catch a cold!n because 

at that time, the first years I was in America, each time I got wet 

I invariably caught a bad cold. However, I had no rubbers with me, s~o 

I had no choice, I just had to go out . I got wet and I came home 

with a very high fever, so I was not able to contact Fermi; but I 

went home and I went back to New York and as I opened the drawer to 
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take my things out I saw there were Wigner ' s rubbers standing . I 

could have taken Wigner's rubbers and avoided the cold . Bu~s it 

was I was laid up with fever for about a week or ten days, I don ' t 

know precisely how much . In the meantime, Fermi also thought of the 

possibility of a neutron emission and the possibility of a chain 

reaction and he went to a private meeting in Washington and talked 

about these things . Since it was a private meeting, the cat was not 

entirely out of the bag, but its tail was sticking out; and when I 

recovered I went to see Rabi, and Rabi told me that Fermi had similar 

ideas and that he had talked about them in Washington . Fermi was 

not in, so I told Rabi to please talk to Fermi and say that these 

things ought to be kept secret because it ' s very likely that neutrons 

are emitted, because this may lead to a chain reaction, and this may 

lead to the construction of bombs . So Rabi said he would, and I 

went back home to bed and to the Kings Crown Hotel . A few days later 

I got up and to see Rabi and I said to Rabi "Did you talk to Fermi?" 

Rabi said "Yes, I did ." I said ''What did Fermi say? " and he said 

Fermi said "Nuts ." So I said 11Why did he say ' Nuts'?" and Rabi said, 

11Well, I don ' t know, but he is in and we can ask him ." So we went 

over to Fermi's office , and Rabi said to Fermi, "Look, Fermi, I told 

you what Szilard thought and you said 'Nuts !' and Szilard wants to 

know why you said 'Nuts! 111 So Fermi said, 11Well, there is the 

remote possibility that neutrons may be emitted in the fissi on of 

uranium and then of course that a chain reaction can be made . 11 So 

Rabi said, "What do you mean by ' remote possibility? 111 and Fermi 

said, "Well, ten per cent . 11 And Rabi said, 11Ten per cent is not a 

remote possibility if it means that we may die of it . If I have 

pneumonia and the doctor tells me that there is a remote possibi lity 

that I might die, and that it's ten per cent, I get excited about it.
11 



From the very beginning the line was drawn; the difference 

between Fermi's position throughout this and mine was marked on the 

first day when we talked about it . We both wanted to be conservative, 

but Fermi thought that the conservative thing is to play down the 

possibility that this may happen, and I thought the conservative 

thing is to assume that it will happen and take all the necessary 

precautions . I then went and wrote a letter to Joliot of which 

some time I can give you a copy, in which I had told J oliot that we 

were discussing here the possibility of neutron emission of uranium 

in the fissi on process and the possibility of a chain reaction, and 

that I personally felt that these things should be discussed privately 

among the physicists of England, France and America ; and that there 

should be no publication on this topic, if it should turn out that 

neutrons are, in fact, emitted, and that a chain reaction may be 

0 
possible . This letter was dated February 2nd, 1939 . I sent a 

telegram to England asking them to send a block of beryllium which 

I had made in Germang{ with the kind of experiments in mind which I 

now was actually going to perform. c=) 

This block of beryllium can be used to produce slow neutrons, 

because if you put in the middle of this beryllium block radium, under 

the influence of the gamma rays of radium the beryllium splits and 

gives off slow neutrons . If uranium in the process of fission, which 

can be caused by slow neutrons, emits fast neutrons, these fast neutrons 

can be distinguished from the neutrons of the source by virtue of 

their higher energy . 

There was at Columbia University some equipment which was 

very suitable for these experiments . This equipment was built by 

Dr . Walter Zinn who was doing experiments with them . And all we 

needed to do is to get a gram of radium, get a block of beryllium, 

1 



expose a piece of urani um to the neutrons which come f r om beryllium, 

and then see by means of the ionization chamber which Zinn has 

built whether fast neutrons are emitted in the process . Such an 

experiment need not take more than an hour or two to perform, once 

the equipment has been built and if you have the neutron source . 

But of course we had no radium . 

So I first tried to talk to some of my wealthy friends, but 

they wanted to know just how sure I am that this would work; so 

finally I talked to one of my not - so- wealthy- friends . He was an 

inventor ; his name is Benjamin Liebowitz, and he had some income, 

he derived some income from royalties . And I told him what this 

was allabout, and he said "How much money do you need?" and I said, 

"Well, I ' d like to borrow two thousand dollars." He took out his 

0 
checkbook, he wrote out a check, I cashed the check, I rented the 

gram of radium, and in the mean time the beryllium block arrived 

from England. And with this radium and beryllium I turned up at 

Columbia and said (having talked to Zinn) , said to the head of the 

department, "I would like to have permission to do some experiments . " 

I was given permission to do experiments for three month~ I don ' t 

know what caused this caution, because they knew me quite well ; but 

perhaps the idea is a little too fantastic to be entirely respectable . 

And once we had the radium and the beryllium it took us just one after- ~ 

noon to see those neutrons . Mr . Zinn and I performed this experiment . () 

In the mean time Fermi, who had independently thought of this 

possibility, had set up an experiment . His did not at first work 

so well, because he used a neutron source which emitt ed fast neutrons, 

I &' 
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Letter from Liebowitz to G.W.S. Check was dated March 9, 1939 

Letter, Pegram to Szilard . April 6, 1939. Guest at Columbia from 
March l to June 1, 1939 . 

Experiment with Zinn performed March 3, 1939. Physics papers Nos . 13, 14 . 

Telegram to Strauss re experiment with Zinn (undated) 
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DEPARTMENT OF PHYSICS 

April 6, 1939 

Dr. Leo Szilard, 
Pupin PhYsics Laboratories, 
Columbia University. 

Dear Dr. Szilard: 

I told you that I would write you a letter 
to put on record my invitation to you to be a guest 
of the Department of Physics until June 1, 1939 to 
wor on certain researches with Dr. Zinn and to have 
the privileges that are appropriate for a guest in 
our laboratory. Laboratory keys have already been 
issued to you, and I enclose \rlth this a card by 
the use of which you ca~ obtain a key to the outer 
door of the building by calling at Room 111 Low 
Memorial Library so that you may have access to 
the laboratory at times when the outer door is 
closed. The key obtained with this card is to be 
returned on leaving the building. 

Sincerely yours, 

GBP:H George B. 
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but then he borrowed our neutron source and hts experimen~ which 

was of completely different design, also showed the neutrons . 

And now there came the question : shall we publish this ? 

There were intensive discussions about this 



0 ~ ) 
So , Zinn and I, and Fermi and Anderson, each sent a paper 

to the Physical Review, a Letter to the Editor. But we requested 

that publication be delayed for a little while until we can decide 

whether we want to keep this thing secr et or whether we will permit 

them to be published . Throughout this time I kept close touch with 

Wigner and with Edward Teller, who was in Washington; and I went down 

to Washington. Fermi also went down to Washington on some other 

business, I forget what it was, and Teller and Fermi and I got 

together to discuss whether or not this thing should be published . 

Both Teller and I thought that it should not . Fermi thought that 

it should . But after a long discussion, Fermi took the position 

that after all this is a democracy, if the majority is against 

publication he will abide by the wish of the majority, and he said 

that he would go back to New York and advise the head of the 

department, Dean Pegram, to ask that publication of these papers be 

indefinitely delayed . While we were still in Washington, we learned 

0 
that J oliot and his co-workers have sent a note to Nature reporting 

the discovery that neutrons are emitted in the fission of uranium, 

and indicating that this might lead to a chain reaction . At this 

point Fermi said that in this case we are going to publish now 

everything . I was not willing to do that, and I said that even 

though Joliot has published this, this is just the first step, and 

that if we persist in not publishing, J oliot will have to come around; 

otherwise, he will be at a disadvantage because we will know his 

results and he will not know of our results . Prom that moment on 

Fermi was adamant that withholding publication makes no sense . I 

still did not want to yield and so we agreed that we will put up 
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this matter for a decision to the head of the department, the physics 

department, Professor Pegram . Pegram hesitated for a while to make 

this decision, and after a few weeks he finally came and said that 

he had decided that we should now publish everything. He later 

told me why he decided this, and so many decisions were based on 

the wrong premise . Rabi was concerned about my stand because he 

said that everybody is opposed to withholding publication, only I 

want it in the Columbia group . This will make my position difficult, 

in the end impossible, and he thought that I ought to yield on this . 

He visited Urbana, this is what Pegram told me, that Rabi had 

visited Urbana and found that Goldhaber in Urbana knew of our 

research at Columbia ; and from this Rabi concluded that these 

results are already known as far as Urbana, Illinois, and there is 

no point in keeping them secret . The fact was that I was in constant 

communication with Goldhaber and I wrote him of these results, and 

Goldhaber was pledged to secrecy . He talked to Rabi, because of 

course Rabi was part of the Columbia operation . So on this false 

premise, the decision was made that we should publish. c:> 
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Unedited Manuscript of Leo Szilard 

(Next four pages edited by Leo Szilard) 

In the following months Fermi and I teamed up in order to 

explore whether a uranium-water system would be capable of sustaining 

a chain reaction . The experiment was actually done by Anderson, Fermi, 

and myself . We worked very hard at this experiment and saw that 

under the conditions of this experiment more neutrons are emitted by 

uranium than absorbed by uranium . We were therefore inclined to 

conclude that this means that the water- uranium system would sustain 

a chain reaction . Whether finally we should have said that in print 

I do not know . However, the fact is that we believed it until George 
(/ ·. 

Placzek dropped in for a visit . Placzek said that our conclusion was 

wrong because in order to make a chain reaction go, we would have to 

reduce the absorption of water; that is, we would have to reduce the 

amount of water in the system, and if we reduced the water in the 

system we would increase the parasitic absorption of uranium and he 

recommended that we abandon the water - uranium system and use helium 

for slowing down the neutrons . To Fermi this sounded impractical, and 

therefore funny, and Fermi referred to helium thereafter as Placzekts 

helium . I took Placzek more seriously, and while I had, for purely 

practical reasons, no enthusiasm for helium, I dropped then and there 

my pursuit of the water- uranium system . Thus, while Fermi went on 

examining this system in detail and trying to see whether by changing 

the arrangements he could not improve it to the point where it would 

sustain a chain reaction, I started to think about the possibility 
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of using perhaps graphite instead of water . This brought us to the end 
0 

of June. We wrote up our paper (Phys. 14), Fermi left for the summer 

to go to Ann Arbor, and I was left alone in New York . I still had no 

position at Columbia ; my three months (March l - June l, 1939) as a 

guest were up, but there were no experiments going on anyway and all 

I had to do was to think . Some very simple calculations which I made 

early in July showed that the graphite uranium system was indeed very 

promising, and when Wigner came to New York, I showed him what I had 

done . At this point, both Wigner and I began to worry what would 

happen if the Germans got hold of some of the vast quantities of the 

uranium which the Belgians had in the Congo . So we began to think 

through what channels we could approach the Belgian Government and 

warn them against selling any uranium to Germany . 

It occurred to me then that Einstein knew the Queen of the 

Belgians, and I suggested to Wigner that we visit Einstein, tell him 

about the situation, and ask him whether he might not write to the 

Queen of the Belgians . We knew that Einstein was somewhere on Long 

Island but we didn 1 t know precisely where, so I phoned his Princeton 

office and I was told he was staying at Dr . Moore 1 s cabin at Peconic, 

Long Island . Wigner had a car and we drove out to Peconic and tried to 

find Dr . Moore 1 s cabin . We drove around for about half an hour . We 

asked a number of people, but no one knew where Dr . Moore ' s cabin 

was . We were on the point of giving up and about to return to New 

York when I saw a boy of about seven or eight years of age standing 

at the curb . I leaned out of the window and I asked : "Say, do you by 

any chance know where Professor Einstein lives?" The boy knew and he 



offered to take us there, though he had never heard of Dr . Moore ' s 

cabin . 

This was the first Einstein heard about the possibility of 

a chain reaction . He was very quick to see the implications and 

perfectly willing to do anything that needed to be done . He was 

reluctant to write to the Queen of the Belgians, but he thought 

he would write to one of the cabinet members of the Belgian government 

whom he knew, and he was about to do just that when Wigner said that 

we should not approach a foreign government without giving the State 

Department an opportunity to object . So Wigner proposed that 

Einstein write the letter and send a copy to the State Department 

with a covering letter~Einstein should say i n that covering letter 

that if we don ' t hear from the State Department within two weeks, 

then he will send the letter to Belgium . 

Having decided on this course, in principle, we returned to New 

York and Wigner left for California . (This goes to show how "green" 

we were . We did not know our way around in America, we did not know 

how to do business, and we certainly did not know how to deal with 

the government . ) I had, however, an uneasy feeling about the approach 

we had decided upon and I felt that I would need to talk to somebody 

who knew a little bit better how things are done . I then thought of 

Gustav Stolper . He used to live in Berlin, where he had published 

a leading German economic journal and had been a member of the German 

parliament ; now he was living as a refugee in New York. I went to 

see him and talked the situation over with him . He said that he 
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thought that Dr . Alexander Sachs, who was economic adviser to the 

Lehman Corporation and who had previously worked f or the New Deal, 

might be able to give us advice on how to approach the American 

government, and whether we should approach the State Department or 

some other agency of the government . He telephoned Dr . Sachs and I 

went to see him and I told him my story . Sachs said that if Einstein 

were to write a letter to President Roosevelt, he would personally 

deliver it to the President, and that there was no use going to any 

of the agencies or departments of the government; this issue should 

go to the White House . Thi s sounded like good advice, and I decided 

to follow it . 

In the meantime, Teller arrived in New York and I asked Teller 

whether he would drive me out to Peconic . Teller and I went to see 

Einstein and on this occasion ( second visit) we discussed with 

Einstein the possibility that he might write a letter to the President . 
~ 

Einstein was perfectly willing to do thi . We discussed what should 

be in this letter and I said I would draft it . Subsequently, I sent 

Einstein two drafts to choose fro~ a longer one and a shorter one . 

We did not know just how many words we could expect the President 

to read . How many words does the fission of uranium rate? So I sent 
(~ 

Einstein a short version and the longer version; Einstein thought the 

longer version was better, and this is the version which he signed . The 

letter was dated August 2, 1939 . I handed it to Dr . Sachs for delivery 

to the White House . 
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I should perhaps say that this was not the first approach 

to the government . Soon after we had discovered the neutron emission 

of uranium, Wigner came to New York and we met, Fermi and I and 

Wigner met in the office of Dr . Pegram, head of the department; and 

Wigner said that this is such a serious business that we cannot 

assume the responsibility for handling it, we must contact the 

government and inform the government. Wigner said ihat "Well, we 

can do that," he would call the new Charles Edison, who was, I 

think, the new Assistant Secretary of the Navy or Secretary of the 

Navy and told Charles Edi son that Fermi would be in Washington 

the next day and would be glad to meet with a committee and explain 

such matters which might be of interest to the Navy. 

0 
So Fermi went there. He was received by a committee . He 

told in his cautious way the story of uranium and what potential 

possibilities were involved. But there the matter ended . I got an 

echo of this through Merle ~ve . Ross Gunn, who was an adviser to 

the Navy and who attended this conference, telephoned Tuve and asked 

him, "Who is this man Fermi? What kind of a man is he? Is he a 

Fascist or what? What is he?" Nothing came of this . 

In July, after I took a rather optimistic view of the possibility 

of setting up a chain reaction in graphite and uranium, I approached 

Ross Gunn and told him that the situation does not look too bad . The 

situation, as a matter of fact, looked so good that we ought to 

experiment at a faster rate than we have done before, that we had no 

money for this purpose, and I wondered if the Navy could make any 
0 

funds available . Afterward T hiid 8. le ~~-~·~,. in (' -..,;ly) in "l·l.1i (!h R)s :'> 



Gum explained that there was almost no way in which the Navy 

could support this type of research , but that if we got any 

results which might be of interest to the Navy, they would 

appreciate it if we would keep them in __ formed . This was the 

second approach to the government. 

The letter of Einstein was dated August 2nd. August passed 

and nothing happened . September passed and nn hing happened, and 
0 

finally I got together with Teller and Wigner and we decided we 1 d give 

Sachs two more weeks, and if nothing happens we will use some other 

channel to the White House . However, suddenly Sachs began to bestir 

himself and we received a phone call from him in October saying that 

he had seen the President and transmitted Einstein's letter to him , 

and that the President has appointed a committee under the chairmanship 

of Lyman J. Briggs as Director of the National Bureau of Standards, 

and other members of the committee ~ere Colonel Adamson of the Army 

and Admiral Hoove$)f rom the Navy~ The committee was to meet on 

October 21st , and Briggs wanted to know who else he should include . 

Well , I told Sachs that, apart from Wigner and me , I thought that 

Edward Teller ought to be invited because he lives in Washington and 

he could ac~s liaison between us and the committee . This was done . 

In addition , Briggs invited Dr . Tuve . Dr . Tuve had to go to New York 

and so he suggested that Dr. Roberts sit in for him . 



It was our general intention not to ask the government for 

money, but to ask only for the blessing of the government so that we 

then, with the blessing of the government, would go to foundations, 

raise the funds, and get some co- ordinated effort going . However, 

these things never go the way you have planned them . 

After I presentedfue case, and Wigner spoke, Teller spokej 

and Teller spoke in two capacities . In his own name he strongly 

supported what I had said and what Wigner had said . Then he said, 

now having spoken for himself, he will now speak for Dr . Tuve . Dr . 

Tuve could not att end the meeting, but he had visited New York and 

he ~d a discussion with Fermij and it is Dr . Tuve 1 s opinion that 

at this time it would not be advisable 11 No' !I said Teller' 11That Is 

not what he said . He said it would not be possible to spend more 

money on this research than $15,000 . 11 We had no intention to ask 

for any money from the government at this point, but since the issue 

of money was injected , the representative of the Army asked "How 

much money do you need?" And I said that all we need money for at this 

time i s to buy some graphite j and the amount of graphite which we 

would have to buy would cost about $2,000 . Well, I don 1t know : maybe 

a few experiments which would follow would raise the sum to $6,000 -

in this order of magnitude . ~ 
At this point the representative of the Army started a rather 

longish tirade, and he told us that it is naive to believe that we 

can make a significant contribution to defence by creating a new 

explosive . He said that if a new weapon is created, it usually takes 
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two wars before one can know whether the weapon is any good or not . 

And then he explained rather laborj_ously that it is in the end not 

weapons which win the wars, but the morale of the troops . He went on 

in this vein for a long time, until suddenly Wigner, the most polite 

of us, interrupted him; and he said in his high- pitched voice that 

it was very interesting for mim to hear this . He always thought that 

weapons were very important and that this is what costs money; and 

this is why the Army needs such a large appropriation . But he was 

very interested to hear that he was wrong it 1 s not weapons but 

the morale which wins the wars and if this is correct , perhaps 

one should take a second look at the budget of the Army, maybe the 

budget could be cut . Colonel Adamson whee led around to look at Mr . 

Wigner and said, "Well, as far as those two thousand dollars are 

concerned, you can have it . " This is how the first money promise was 

made by the government . 

I should mention that, until the government showed interest, and 

the first interest it showed was the appointment of this committee, I 

was undecided whether this development ought to be carri~d by industry, 

or whether it ought to be carried by the government . And so, just a 

week or two before the meeting in Washington, I had met with the~rector 
( 

of Research of the Union Carbon and Carbide Company, ~W .fBarrett . The 

appointment was made by Strau~ and there was some mix- up about it, 

because they expected Fermi and it was I who turned up . 

I saw five people sitting around the table, and I told them 

that the possibility of a chain reaction between uranium and graphite 

must be taken seriously; and at this point we cannot say very much 

about this possibility; and that we could talk about it with much 

greater assurance if we first measured .the absorption of neutrons in 

? Cr 



Notes to p . 1. 4 

Meeting with Barrett took place October 16, 1939 . 



graphite . It was for this purpose that we would need about two 

thousand dollars 1 worth of graphite, and I wondered whether they might 

lend or give us this amount of graphite on loan ; the experiment 

would not damage the graphite and we could return it to them. 

F .W. Barrett said, "You know, 1 1m a gambling man myself, but 

you are now asking me to gamble with the stockholders 1 money, and I ' m 

not sure that I can do that . What would be the practical applications 

of such chain reaction?" And I said that I really cannot say what 

the practical applications would be at this point, that there is 

very little doubt in my mind that such a revolution is phenomenal, and 

will find its practical applications ultimately, but it is too early 

to say that . We had first to see whether we can get it going, and 

under what conditions it can be set up . 

After I left the meeting I had an uneasy feeling that I did 

not convince anybody there . After all, I was a foreigner and my name 

was not so well known . 

not to these people . 

I was not well known as a physicist, certainly 

So I sat down and I wrote a lette~in which I 

wrote to Mr . Barrett that - in which I invited him to lunch with 

Dr . Pegram, . who was head of the department and dean of the graduate 

school, and Dr . Fermi, who after all was a Nobel Prize winner and 

his name was quite well known, one day at his convenience the following 

week at Columbia University . He replied that the following week he 

would not be in town, he did not suggest an alternate date, and he 

wrote that they had decided that they would not be in a position to 

let us have any graphite except on a straight purchase basis . I 

remember that I was quite depressed by that letter, and showed it to 



Notes to p . 30 

Letter, with memorandum, Szilard to Barrett , October 18, 1939 . 



Pegram, who thought that I was too easily discouraged . And maybe I 

was . 

The Washington meeting was followed by the most curious period 

in my life . We heard nothing from Washington at all . By the first of 

February (1940) there was still no word from Washington at least, 

none that reached me . I had assumed that once we had demonstrated that 

in the fission of uranium neutrons are emitted, there would be no 

difficulty in getting people interested, but I was wrong . Fermi 

didn 1 t see any reason to do anything, since we had asked for our money 

to buy graphite and since we hadn 1 t yet gotten the money, and was 

interested in working on cosmic rays . I myself waited for the 

developments in Washington, and amused myself by making some more 

detailed calculations on the chain reaction of the graphite-uranium 

system. 

It is an incredible fact in retrospect that between the end 

of June 1939 and the spring of 1940, not a single experiment was under 

way in the United States which was aimed at expl oring the possibilities 

of a chain reaction in natural uranium . 

Late in Janu~ry or early in February 1940, I received a reprint 

0 
of a paper by J oliot in which J oli ot investigated the possibilities of 

a chain reaction in a uranium- water system . In a sense this was a 

similar experiment to the one which Anderson, Fermi and I had carried 

( 
out and published in June (1939) . However, J oliot 1 s experiment was 

made in a different set- up, and I was able to conclude from it what I 

was not able to conclude from our own experiment : namely, that the 

water- uranium system comes very close to being chain- reacting, even though 
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it does not quite reach this point . However, it seemed to come so 

close to being chain- reacting that if we improved the system somewhat 

by replacing water with graphite, in my opinion we should have gotten 

over the hump . 

I read J oliot 1 s paper very carefully and made a number of 

small computations on it, and then I went to see Fermi, with whom I 

was no longer in daily contact because my function at Columbia had 

ceased. We had lunch together and Fermi told me that he was on the 

point of going t o California . I asked him, "Did you read J oliot 1 s 

paper?" And he said he did, and I asked him "What did you think of 

it?" and Fermi said "Not much . " At this point I saw no reason to 

continue the conversation and went home . 

I then went to see Einstein again in Princeton, and told him 

that things are not moving at all . And I said to Einstein that I think 

the best thing I can do now is to go definitely on record that a 

graphite-uranium system would be chain- reacting, by writing a paper 

on the subject and submitting it for publication to the Physieal 

Review . I suggested that we reepen the matter with the government, 

and that we propose to take the position that I am going to publish 

my results unless the government asks me not to do so and unless the 

government is willing to take some action in this matter . 

Accordingly, I wrote a paper for publication and sent it to 
( 

Physical Review on February 16th (1940)~ And I brought the paper over 

to Pegram, who was somewhat embarrassed because Fermi was out of town 

and Pegram did not know what action he should take . However, he said 

that he must take some action, so he went to see Admiral Bowen in 
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Washington, who Pegram thought might take some interest, because, after 

all, atomic energy might be used for driving submarines . 

On the basis of the conversation which I had with him, Einstein 

wrote to Sachs, ,. and Sachs wrote again to the President, and the President 

replied that he thought that the best way to continue research would 

be to have another meeting of the Uranium Committee . And now something 

most tragic and comic happened . Sachs called up Briggs, having received 

a letter from the White House, and suggested a meeting be called . And 

Briggs said he was on the point of calling a meeting, and that he 

wanted to invite Sachs and Dr . Pegram to attend . And Sa chs said, "Well, 

what about Szilard and Fermi?" and Briggs said, "Well, you know, these 

matters are secret and we do not think that they should be included . " 

The fact of the matter is , Sachs blew up at this point, 

because this was after all his meeting, and why should the people 

who are doing the job and who produce the figur es not be included? 

This, however, was a misunderstanding . Briggs did not want to call 

the meeting because he has heard from the White House ; he wanted 

to call the meeting at the initiative of Admiral Bowen, whom Pegram 

had contacted; so that Sachs and Briggs talked to each other to cross 

purposes . They were talking not about the same meeting but about 

different meetings . However, somehow things got straightened out and 

0 ~ ' 
the meeting was called which Fermi and I did in fact attend . ~ . 7 

I now have to go back to the summer of 1939, when in July I 

made the first beginnings to compute the uranium- graphite system, and 

relate something that I forgot to relate earlier. As soon as I saw 
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that the uranium- graphite system might work, I wrote a number of c I 

letters to Fermi telling him that I felt this is a matter of some 

urgency, and that we should not waste our time by making detailed 

physical measurements of the individual constants involved, but 

rather try to get a sufficient amount of graphite and uranium to 

approach the critical mass and build up a chain- reacting system . 

Fermi ' s response to this crash program was very cool . He said that 

he thought of the possibilities of using carbon instead of water, that 

he has computed how a homogenous mixture of carbon and uranium would 

behave, and that he found that the absorption of carbon would have 

to be indeed exceedingly low in order to make such a system chain-

0 reacting . I knew very well that Fermi must be aware of the fact that 

a homogeneous mixture of uranium and carbon is not as good as a 

heterogeneous uranium- carbon~stem; he computed the homogeneous 

mixture only because it was the easiest to compute . And this showed 

me that Fermi did not take this matter really seriously . And this 

was one ofthe factors which induced me to approach the government 

quite independently of whatever Fermi or Columbia University might feel . 

In July, (1939) when I reported to Pegram my optimistic views 

about graphite, and told him why I thought the matter was urgent, he 

took the position that even though the matter appears to be rather 

urgent, this being summer and Fermi being away, there is really nothing 

that usefully could be done until the fall September, or perhaps 

October . This was the second factor which induced me to disregard 

everything else and go to the government directly . 
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Now, in the spring of 1940 we were advised that the money, 

$6,000 which the Committee promised us, was available . We bought 

some graphite, and Fermi started an experiment to measure the absorption 

of that graphite . When he finished his measurement, the question of 

secrecy again came up . I went to his office and said that uNow that we 

have this value, perhaps the value ought not to be made public . u 

At this point Fermi really lost his temper, at this poj_nt he really 

thought that this was absurd . There was nothing much more I could 

say, but next time when I dropped in his office he told me that 

Pegram had come to see him, and Pegram thought that this value should 

not be published . From that point on, secrecy was on . 
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_the bag but its .tail was sticking out and when recovered went to see · 

~o:b 1 : i . ·· .· ~r~ 1-
~~ a~d: ~bhtold me that~ had similar id~as and that he had 

- . ? 
~ ·--11- · .... - .... -·· • 

tal _l<ed about -~hem in Wa~hington; u F~·~was not in, so I told Rabi 

to p 1 ease . ta·l ~-: to· . ~j and say that these things ought to be kept secret 

neutrons are emitted and because . ~/· 
because it's very 1 ike'ly that./this may lead to a chain reaction CA..t.<i. l~\S 

. . . . 
~ t''. ~ le..'-Jjr() x c..o~stv-u..C..lO~ 0~ so Ro.:br ;said he would and 1 went back. 1 · · ·· I' ~ loalfi\b 

A Few 
~ home _to bed and • f~~z days later I got up and went to see .. 

,so 

Ro...h-i and I said to him: uoid you talk to F,c"...:-.7~' R~ said, "Yes, ·1 did." 
\.A "*''I 

I 

. I said,· 1\tJha-t did F~ say?" and he said Fe~tt''said "Nuts!" So I said, 
& I . ,· 

'~hy_ ~i d -0he say 'Nuts"' 711 and . , he said, 1\o/ell, I don't know, but /he is . 

~'""""~'~ . ~·, 
In and we can ask him~~ So we went over to ~i:s:-of f i ce and~ ·said: . 

' 
-"Look, F~~;"' I to 1 d you what Sz i 1 a rd thought and you sa i dl "Nuts!' and 

., .. 

, 
Szilard wants to know why you said, ''Nuts!"' So F~'\1\\said: ·~e-e-1-li,: .. 

there _i~ the r~ ~?ssibll it¥ that neutrons may be emitted in the 
'• . 

fission of uranium and then of course that a chain reaction can be made." . 

' 
' 

.... 

:. 
• I ' • 

• •• v • ~. , •• 

. . : ' 

!,; • • I 
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So, Rabi said, ·what do you mean by 'remote poss ibility'?" 

11Well, . l0 per cent." An'd Rabi · saidi "Ten per .cent is not a remote 
..... ... . 

possibility if · lt means that we may die of it. If I have pneumonia and . 

I ' 
:-··.· . . 

the doctor tells me that there ts· Cl . remote possibility that .might die, 

and that it's ten p~r ~ent, I get excited about it." 
·.if. ' ! ~ 

From the :yery beginning the 1 i ne was drawn; the difference ~~tween Fermi 1 s .· 
/(~ .. 

.·'. 
! 

position throughout this and mine was mark~d on the first day when we 

talked about it. We both wanted to be conservative but Fermi thought that · : 

the cons~rvat i ve thing was to p 1 ay down the. poss i b i 1 i ty that this may happen 

and th~ught the conservative thing is to assume that . it will happen and 

take all .the necessary ' precautions. then wrote a letter to Joliet (of 

, ~ 

which sometime 1 can give you a copy), · in which 1 had told Joli6t that 
··,·:' 

c 
~ • I 

we were discussing here the po~sibility of neutron ~mission of uranium 
'· J . _, . : 

;.; 

' ,' 
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:·.' :~""-<-· in the .fission process and the possib i lity- of a chain reaction and that, . .... 
I I . 

.. ·. :: . ' f . .'~ . 

. : ~·. ~. j 
' r .·: 

. · 

: .. ; .. 
I 

/ 
personally decided that this thing shou l d be discussed privately among 

the physicists .of England; '' Fra.nc·e and America and that ·there should be no 

publication on this . topic, i f it should turn out that neutrons are, in fact, . 

emitted and ·that a . chain reaction may be possible. This · letter was .dated 

February 2nd, 1939. ·sent · a telegram t.o ·England asking them to send a - 7 ~jlj)z {_. i c.-;~ ~ ·1. ~r:.. a,_._v.,.· · ·. · · ·. 

block of ,beryllium which I· had made· in.Germ;ny, wi fh t.he· kind .-of .experiments 
. . . ~ . 

. . ' 

.... r·; . . - . . 
. ;, . . 1·; '. : . ·.· ~- r~ 

. r.~ ·. ' . 
. . . ·c . 

l . ' 
,·. ·:. ! 

. i 

: ... . . : ' . 
', ' 

\';fj 
.... . ,··.:.··.·:J .·· ·: ~~::.: 
. . ..... ! : ,. " 

... ·:: .. · . :~ r~··. 

· in mind which l : now . was ,. actu~llly going to pe!_form • . 
. ·, 

. ' ·"· '. 
• L • - ~ ' ',. :• ~ ' ' ' ' ' ~ , -: 

:.· . l •· ' I •,\ ' 
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This block of beryllium can be used to (distor t ed several -about 3--

lines undecipherable here - ~} 

'' 

· (from about 90 to end of tape only a few di sj oi n~ed 
-words .come through) 
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.This block of beryllium can be used to produce slow neutrons, be-

cause if you put' in the middle of this beryllium block radium, under · the 

lili1D1Uall::i influence pf, the gamn1a rays of radium the beryllium splits and gives 
! 

off slow neutrons. If uranium in the process of fission (which can be caus'ed 

by slow neutrons) emits fast neutrons, these fast neutrons can be distinguished . 

from the neutrons of the source by virtue of their .. higher energy. 

. . 
There was at Columbia University some equipment ~hich was very suitable 

for these expe~iments; this equipment was built by Or. Walte·r Zinn ytf who was .· 

.;: '. 
doing experiments with them, And a 11 we needed to do is · to get a dram of 

d 

radium, get a block of beryllium, expose a ~ieee .of uranium to ~he neutrons 

· which come from beryllium, 'and then see by means of· t he ionization chamber 

which Zinn had built whether fast neutrons are · emitted in the proce$s. ·Such . 
o.J 

. . '\. . an experiment need not take more than an hour or two to perform, once the 
' 

equipment . has been built and you have the neutron source. But of course we 
~ 0 ' 

had no radium. 

· ·. · ·· first tried to ta 1 ~ to my wea 1 thy friends, but they wanted to know 

, just how sure 1 am that this would work, so finally I talked to one of my not-

so-we~lthy friends he was an inventor, he was not poor but he was not e~actly . 

Ue- -& ow1t6 · 
.wealthy. He was a su<;;cessful inventor; . his ·name is ' Benjamin·~i-be.~, · and he 

. '· 
...... ,. 
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• •'j 

·: . . 
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had some income, mainly derived from royalties. I told him what this was 

all about, and he said ''How much money do you need7 11 and 1 said ''-'Jell, 

'~I'd All:i 1 ike to borrow two thousand dollars. 11 He took. out his chec.kbook, . 

he wrote out a check, cashed the check, I rented the gram of radium, and ··. 

in· the meantime the beryllium block arrived from England and with this 

· rad i urn and beryll i urn turned up at Columbia and said (having talked to 

Zinn) said to the head of the department''! would 1 ike to have permission ·· ... 

to do some experiments.'' I was given permission to do experiments for 

f . three months. 1· don'tknow. why was caused all ' this caution, because . they 

.. 
.... -,- ·- -· -· knew me quite well; but perhaps the idea was a little too fantastic to be 

~ 1,. • ' 

·-.-·-· ·:·:.·,: ... .. ·entirely respectable. , And once we had the radium and the beryll ium .·it took 

. ~ · . 

\:, 

. . ~ . 

.. .'· ,·.. . . ~ . . ·. 
. · . . 

us jus ·.: one afternoon to see those neutrons. Mr. ·zi.nn and I performed this 
.J 

In the meantime.· Fe·rmi, who had i'ndependently thought of this possi-

bil ity, set up an experi.men,t; his did not at first work so well, because he 

used a neutron source which Vemitted fast neutrons, but . then he : borrowed our 

neutron source and he did an experiment , which was of completely differen,t design 

but 
': .. ·.·;· 

~Ht;l a 1 so showed the neutrons • . :' ., . 
.. 
. • 

should we:publish . this.? .There ::. :.- . · .· 
: . 

. ·. :·': ·,. ·r·> :. :; ., 
I'.'. • : ~ · .... 
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were intensive· discusiions about this, and 

(END OF TAPE # . .'_1). 
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So, I, and · Anderson, c-- h :. cnt a paper to __ _ 

________ , a letter to the editor. We requested that the publ icatlon ~x 

~be delayed for a 1 ittle while until we could decide whether we want . 

to keep this thing secret or whether we · would permit them to be published • . . 

Throughout 
BD..Xaxil th i s t i me had kept in close touch -with'/VIgner\JJ and with Edward 

I 

·'· 'I 

f-e...\Vv\ \ 
Teller, who was in Washington, and I went down to Washington, {4iaififfi•t7--fbt~ 

also went down to Washington on s~Tie other business, 1 forget what It was) 

'Fer-w-.'\ 
~""' . and Teller,~ and I got together to discoas whether or not this thing 

d'v" I · I v ....... ,_. 1./o;-

should be published. Both Teller and I thought t-hey should not. 
I 

'Fe\'v\'\ \ 
thought that they should, But after a long discussion, ...&'· 'If" took the 

position that after al 1 this is a democracy, the majority is against publ i- " 

cat i on~ he wi l l abide by the wish of the majority and he said that he would 

?~ 
go back to New York and advise the head of the department, Oean r:&~·P"a~{:'?) 

l, 

I 

to ask that publication of these papers' be indefinitely delayed. While we 

were still in Washington, . we learned that ~~Jol l oi)f~~ and his co-

workers have sent a note to · reporting ~~ the discovery that 

neutrons are e~ itted in a fission of uranium and indicating that this might 

lead to a chain · reaction. 
·. . ~r"'!Mi 

At this point ~?670"~,~~~) said that ~ in this 

case we are now going to publish everything. wa~ not wi~ling to do that 
. ·. 

... 

I 
·J 

I 
I 
I ' . ; 
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I 

I! 
~-· 
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~ .,. 
and I said that even thoughJol iot ~,r) has publ is heci/ this, this is just 

the first step, and tha·t if we persist in not publishing,Joliot will have 

to come around. Otherwise, he will be at a disadvantage because we will 

know his resu 1 ts and he wi 1. 1 not know our resu 1 ts. From that moment on 

~~M~ 
/ . ~ 9'J was adamant that withholding publication made no sense. still ~ . 

up 
did not want to yield and so we agreed that we will put aKi this matter 

for a decision to the head of the department, the physics 'department, 

~~ f;_,~~"!:C'-<--~-
Professer £-----~ . . 6~ hesitated ~ to make this decision and after a few 

I 

weeks he finally came and said that he had decided that w~ should now 

publish everything. He later 'told me why he decided this and so many 
I 

I Ro-b i ' ·' decisions ~) were based on the wrong premise. ~ j;i) was concerned 

about ~my stand because he said that everybody is opposed to withholding ·. 

publication, only I in the group. This wi 11 make my 

posit iOi'l in t he e• . very difficult, ~~hm impossible, and he thought 

this is what 

UrbSna .J~~ 

that I ought to y ield on this. 

. f .(2-t~V,•v\.. . 

B+g~~am (?) t o l d me, that 
Urbana 

visited-~~bzna and found that Goldt~aub~}in 

~~~~~knew of ~xaxi~ our research at Columbia and from this 

~~~ are already known 
I • 

~~concluded that . these results/ as far as Urbana, Illinois, and there is 

· no point .in keeping them secret. · The fact was that ,I was in constant communi• 

w .. ·~ D··~ . !¥~"~ : 
. I 

,' . . · 

·' • I • /, .. 

. ;' . 
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In the follol·;ing months 11\~r.:-.i and I teamed up in .. . order . to ·:: 

, explore \ihether a uraniu;n v-m.tcr system would be capable · of sustain.;. ·, 

.. . : ·; 

... : ... ·. ··. ing a chain reaction. The experiment wa::> actually done by Anderson, 

.· . . 

,' ,:, .. : .Fermi and myself. \·le worked very hard at this experiment and ':,',·:· 
'· .· -

.. : .... _ \ 

. · ·. · saw tha~ U.."1C:2r the conditions of this experiment mor.;;; noLi:~--ons are 
·· .. ~ - .: ::. . 

.. 
: : I~-, I • : ' •' 

.' . 

.·· \ 

. ..... 
'\ 
\ 

, : . 

inclined to conclude tha~G this means that the water uraniurn system 

would sustain a ch~in l"'eacJcion·. . vfnethcJ:> finally we should hav ::; 
... -. 

:I . "'~ . ': 

.aid ·that i. 
-{) 

:::rint; J.. ao :.ot 
. ·f 

icnow • ..' .· Howt:~ver 1 the . fact ·· :is t c::. t v; ..;; 
. ·' 

be:.ieved i'~ r.1>il Geo: .. : ..,,,-- · ~ .acl .... il<: dropped in for a visit. Plac::: 

said that o . conclusion was wrong because in order to make a ch~in 

reaction .go., we \'lOuld h:.: ·:a to -~~ate the absorption of watel"i 

that 1s, we vlould have ·co reduce the amount of \'later >.r. '~he sys;; 

, : . 

·.·-
J' 

i;· " 

.•· 

__ _...... ________ ,.., 

\ 
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and if t·:e reduced the water 1n the syste:n we would increase the 

parasitic absorption of uranium and he recommended that wa abandon 

~t . . 

-~he 'l.'l:ltor \ll'anium system ano use heliun .for slowing do\m the neutrons. 

To Fermi this sounded irnpractical and therefore funny 1 and Fermi :::·:-.· ... ·; . 
.. . 

~ 
Pl2.cs~ l-c 's 

referred to · heli~u thereafter as . J2x;~r;:r>:::k~ helium. I took P1aosek . 
.. 

more seriously and 1 while I had, fo:.:- pure.ly· practical reasons~ no '- : ·, 
•. :· ... I'. ' 

_;..,.,, 

'· . 

. enthusiasm for helium1 I d~oppcd then ~~d there my pursuit of the 
... ~ . . . . 

. · :;;. . ) :: · uran:tu.11 water system; thus 1 while Fermi wen'c ·on .examining this 

. . -.. . 

. ,\• 

< . • 
'· . . : .. 

~ • • ; . , f 

.. 
' . 

system in detail and trying ' to see : 'I'The·cher by · cnane;ing the ar-.cange-

ments he · could not ·improve it to tho point where it -v;ould sus'(;ain a 

chain reaction# I started to think .about the possibilitY. of using~ · 
' . . . 

:_:':>~~ -. 
. : .. ; _- . - . 

... .... ··-~ 
perhaps graphite instead of vrater .;-.. This brought . us to the end of 

f. 

· . ( T~ l ~;; .· ) l/) . 
~. June. He Vlrote up oUI'. pa~er, Fermi· left for.· the SUu-uner to go to · 

· .. , 

Ann Arbor,; ·and I '!.'las left .alone i.."l . Ne.,1 Y~rk • .. ·.r .. ·still had no poaiJ~ion 
. - . . . . I l/. ,. , · - : ." , ,. . · 

,. :. · R~{"- ·. nc..~. ( VI~~~ · ·· ' . . . . . . . '" .. ... 
. · ·: .: .. ~ .· at Colu.11bia; :my three months as a guest were up; but there were no 

• ' . 

experiments going ._on anyvray and all I had to do was to think. Some · 

vary simple calculatic..-, . which I ' rno.c~c 
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graphi.te. u.raniu;ri ·system was indeed very promising 1 and when Wign<;:r 
: · · ' 

came to Ne;IJ' Yorl<:., I shm'led him what I hud done. At this point, 

. :.· . 
,• . ~ 

both Higncr and I began to worcy who.'~ \·Jould happen if the Germans . ·· ·._, . 
.. · , '.· . ' '·.:· ;· . . ' .. ·· ··: .. ·: . 

~nx=x got hold of ·somo ·or the vas_t quantities of the uranium which .."-
.·; •' .. ,: 

the Belzians had in the C~ngo. ·So we began 'tjo think through \IJ'hat · ... · 
· . . 

.. ... 
. . , . . · . 

channels we could approach . ~he . Belgian Government ·and \'lam 
Q : . 

them : .. ·· .. · .. 

. .. . . . 
-~ , 

against selling urcm1um to Gat'nlliny. 
: .'. • r ::. • 

any .·. 

lt. occurred · to me then tha'c Eins'~ein knew the Queen of . 

the Belr;io.ns, and I suggested 'co \Aligner 'chat we visit Eir~s'cein., tell 

him about the situa'cion . and asl{ him Hhethe4"' he might not \·n:'ite to the 

Queen of the ·Belgians. · We knew that Einstein was somewhere on Lcng 

Isl::~:-:d but "J:e didn 1t know precisely wher\3, so I phoned his Princeton . 

..i:':'iGe and I ,.;as told he .·was staying a'c Dr. Moore's cabin at Peconic.1 .. 

Long :rsiancl .. 

·,~ ; nfo 11, ) r~} 
Higm~r had a car and v1e drove out ·to Peconic and tr,ied 

·.· .·· .. 
l •• . 

. . 

to find Dr .. Moore 's cabin.- ·'· ~ve dl."OVe a.round "for about half an hour • 
. . , · . · 

. ·. • : . 

[ '· . , . ' . ~ 

~de aslced a 'n\l.1lber or people, .~ but no onr3 kne~Al wr.ere Dr. Moora 's cabin . 
~ :· ... ·.... :. 

·· .·. ' . . : 

v:c.s • We \'lo:r'e on the P?int o~ giv~g up and about to return ··to Ne\v 
. : : 

·.' . . .· . 

_, ; 
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·./t .. · .. 1'1 g ~ ~ ~cJr';· ... l?'~i;~.: ·.( /~) 
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.. ' . - lt 

Yorlc when I saw a boy of about seven or eight ycal"S of age standing 
• . 1'. 

'· . . 
' 

at the curb. I leaned out of the windo·w and 1 aslced 1 "Say~ ': do yo.u 

.· :,..., 

. ' · , ' · .. ) ' . ' .. · . ··: 
: .... 

.. 
and he offered _to . take 'us . there I though . he . had ne~er he~rd of Dr • . · .. . ~:· 

•• • • • . ' ... . ' ... •' ~ •. ;_I 
. • .· .. ,• .: ·:: ' 

•· . . ·, .' •.. . I, . 

.. ' : . ,• ,• , . .• :; ) ,';'' : ':~ .... · ·. · .. ~ . .. . . . ' · 

., 
. . . ,· , · 

Moore/s cabin. ·.-
t',• .· .. 

···-

This was the first Einstein ;~,;;lara. about the possibility ·. ·. ··: 

of a· chain reaction." . · He · was- ver.nJ ~uic ~" to see the implica"~ions and .; 
. . 
. .' ·~ . '· .. ._ .... .. 
'· . 

perfectly v:illing . to do anytfuing thu'~ needed to be done'.: He · was · 
., , .... 

-,: / -.·.· ... 

reluctant to. writ~· to the Que~m at: : t he Be l g ians but he though"c he .. 
... • t 

' ... . ,. ·' 

would v:rite .. to ·one of the ·. cabinet; mcmb,'3rs cf the Belgian Government . 

;o H .; 
~ · .. 

' ., ,. 

't·Jhom he knet·l, and he \'/as about; to do j ust that when vligner said 

· .. 
•,. 

"chat \'/e should not approach a foreign governrnent 't'lithout giving the ·· . · 
, .. 

State Department an opportunity to ·obje ct. So vligner proposed that··:·.· 

·Einstei.t"l \'T.('ite the· letter and sand a copy to the State. Department( 
. -.,_ 

, . -· .. ./, 
~ . 

·.:.; . 

·wi"~h ·a cove~ing letter. ·. · .. Einstein should say in. that . covering lottett". 
.. 

• .... :. '. • l l • 

. . :.. .. . 
. . ' .. 

-.\ . . .. . 
~· 

I 

tha'~ if 't'le don't 'hear .. l'rom the State D~partment ·within t\'lo .weeks·, :' ·.:_' :· .. · 
' •' ' .. ·, :>_; .··: ~; ... -.. . ... .. · ' 

<.;';:,>:·:: .. ; ::~·:/. · .. . :->·: .. ·>: ·. . .. ' ;. :·. ·. ~-.. > ·.· . .' .. 0,.. ' . ' . -. ·: .. , 
. . .. ..-._ ·. .' ',. . . :·. ~- . . . . . . .. . 

.( . 
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. ·. . . 'j' A t.J, 

.·: ... .. :: . .' ;· ~~ :·~· ~/1~~4 
. : - 5 ·- ....... · .. ·· .. ·:· ·.. . . 6> '/ 

. . ·. . .. . ,· . .--<:£· .. - I? I . 
' ' .. ·.' . .... ·· - /. ... 

' . . . . -~ ·.' 

I 

., 
' .. . 

then he . \<1111 send the .letter to Balgium. Having decided on ·this .: .'·.:. ~: · 
···. . . ;:_·:. :/· .. ' 

. ·· . . · ... : . ' 
course, in p4'inciple, \'le returned ·to N.;•t~ Yorl-c and Wigner left for . · ·. 

. . . ··. ~ . .. 

California. (This . goes to show how "green" we we~re •. We did not · :.' ·· · .. ":' ... . ·.· .. 

. ·, :· '' ; 

_ ... .. ·· .. , . ... ·and -v:a certainly ·did not knovr how to ·deal with the Government.) 
.. -

. ... ::: . . ' . 

:'· · :.• · ' had., ho\'lever, an uneasy feeling about; the approach ">~le had de·c1ded · 
\ .. 

. ~ .·· . . :: 

' . 

.. 
•. 

. . . .. 
. .. ~ :· .. ... . 

. ' 

upon and I felt that I would need to talk to somebody w·ho kne">~l a 

little bit betJ.:.e·r how things are dono. 
t 

I then thought or Gustav 3X 
......... . · .· . . ·. :-.·, 

Stolper. He used to live in Berlin., w~10re ·he. had published a lead- . 
. . .. 

. 1· .; . . . 
. : 

1ng Ge~"mari economic journal and had be ·~m a member or. ·the. Germun 
, ..... 

;" .· 

. parlia.11ent; "11o~·; he was · living as ·a r~fugee in New Yo~l~.. I went .. ~o 

,·. __ 

see 111m and talked the situation over wi'ch him. He said that he 
. , . / -.: 

. . . . . 

thought that Dr • . Alexandei' Sachs, >lho was ec onom1:

0

:dtvh1:eNI' ~wtoD .. et~. e1'~·~,:· .. · •. :: .·.:······.«-

. Lohman Corporation· and ·who had prcv:iously \1/0rked .~. ... ... • .... ... . ~ 
I_:: . :- .: .. ~ 

. - .. 
. .. : .. ~ . _:_ .. -, . ..· -.: .. .•· ., ' • •'·r 

···. ~· .> ·_ . ·. might . ba able to .. give . us · advice on hov-1 to approach the American · 
: ' ' , \ . '• .· . . . . 

. ' 

Government and .whether we should approach. the · state Department or 

•\ ~-- . ' ·- . . 
. .... . . . . : . :~ ~ 

... . . 

. _, .. 
·. ·- . 

' -: . 
.~. :- ; .: . . 

. .. · 

. ... ·• 

. .. ... . . . . . ·.- .. . .· \ . ..: .. · .. 
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·· , ,. , .. ·. . ' : : :~ \ ' ' ~: ~.:; :}· 
" y ·• . . . · 4 II/ o /. • .. T: 

Q ·, : · . some other Agency of the 'Government ( ;r;:o~d~~·Ls~~z/:,~jJ'; ~ 

went to see him and I told him my sto~y -~ Saohs Jtd t~at if Einste:t~, .: i' > 
>rol•a · to >r.-i,to ;;. a · letter to Pros1~ont Roosevelt: •he •wo"ld personally; ' { · 

· deliver it to tne . ,Pl."esiden'c, und that '~jhere was no use_ going to. any . -.-_ / 
•. . • ,. . ' ' - !,. ,. ,. ·' :·' ' ' . ··. . ' ~'·. : 

I ', , 

,.· .. ' . 

: ·. of the asencies or Departments of .the Governmen.t{> .tl?.is .. ·issua . should 

. . ;· . :. (, 

. . ') .. ··: . ··:.: · ..... 
: · ... •, 

. '• ,· 

. · .. go ·to the White House • . · 'l'his sounded .l1l<:e go.od advi~a., and I · decided ·. 
,· 

. . · •" . 
... , ' ·::; · . 

0 ' I o' . ·. 
: ..... .. -: . . 

.. ~ ~ , .. .. 
i •. . ~- ': ·. 

. .... _: . -~ ~ : 
· •. • . ·-· ·.· . :. to follol·l i .. .;. ·: .· ... 

.. · .. 

.· .. ... 
····. ,w •• •' 

. ·. · 

I . 

"\ 

. . :: 
· ... :~. 

:Cn the meantime, Teller ·ar-...... ived in 'New Yorl-<: and I asl<:ed • ' 
I 

I . 

-'· . ..... . 
·· .. 

.. 
Teller whether he would drive me out to Peconia ·~ · Tell0r and I uent 

( cw~~v ~~. ~~ 
1

Q '( tC( tLt-y .. J·' 
to see Einstein · and on '~his occasion we discussed ···with Einstein the 

'•, -. '· 
.J 

'• 

~·~;;;h::r ·possibil1'Gy that he might write a letter .to the President. 

E::.n:;;tein was perfec'~lY .. willing 'co '.do t his. · Ha ·discussed wha'G should 
. . / ;. . . 

. -~ · ··· . 

~ ; .. . . . ....:: 

. be in this let'~er ·and I said I \':ould draft · ~it~ : S.ub~equer~t=!-Y, I · 
~ . ·. . - · . : ·· .. ·· -. -.. . ' · . 

.. 
sGnt E:L"'lstein t wo drafts to· choose . !'l."Om~ a longer . one :·and a shorter · 

one. . ' 

.. ,' . . . -· . : . / .. ~. ;. :. . . . ; . . . . . 

• ' : •.• • •• ~:·.· • • ·:_··. ·\,.·.~.·.~;·. : ' . ·_ , ~: ·'.·.·, ••• r. • ••• ·.. .'; •• , ••• - ~ · ••• .. •• •.' •• : • • '.' •• • • : -: ' • .I 

. •' .· . : ~ . . ~: .··_ . ~ -:~. ·. ·~'· .. : .. : . ·-~ . . . .. 
• ,· : • '• • o •. ' • : • ' • •. :: • ' ,• • ' ... • : ~' •, • '• •• : '•: • : ·' • "'' ' ' • I ' ' ' ' 

.. , ·, .· . : ~·.:.:: .. . ,· .. .- . . . . . :. . . . . '··. •, . - . .. . · .. . : .· ' ·- . 
,, '.· ' · .. ,.. . • :, •' ' ":• ··,',: ... , '/ ·- • ,i•~~' f •T ;' I ' • • 

.. . . . .. . . ,. . . . . . - . ·:. -. :. . .. . . . ; . . ·~ '·. ' ·: .. _. ~ · .. : 
'.f-, • _. ' •• : •. ~- ' • • ,' •• ., • ! • 
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the President to · read. · How many words does the fission of uraniun( .. ,. ~ : 

rate? So :;: sent Einstein a short ve..,sion and the longer versio~/ ·~·,· J·~.'· 
. .. . 

. . . •\:.·:: .. : .. · ~ · . ,. ; . .. 
. · 

Einstein thought the ·longer version was better, and this 

version which . he signed •. The letter \lias dated ·August 2, 1939 .·.'>I / .: .... 

. ~ · · : (i0A: ./ ~· . .'(? 3· ~ 
handed it to ' Dr. ·Sachs f r delivery to 

. . 
' .· 

... . :·· .,. .. 
· .. ,. . ·.. ~ .. . . 

. :: ·' · · .. ; ·· .. 
_, . _ .... ···'· .· . 
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.. 

~ : .. 

t :/ .. ~ -~~~- ·: , 
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the White House. 
;- ·. ·. . ': ~ ' . . ... :~ - . . 
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. (~eft- rq . 

ctt. Soon after 
... 

v~~ 
V...\e:<had discovered the~~~;:.. emi ssion of . . uranium, \Vig~er 

.. , 

·. · : 

.. . .. - ···-·· ··. 

· . .... . · . .. 

. ·,'' 

.. ··. ·., 
. I . : 

.. ~ . . . . ~ . 

and we met Fermi and an~Wigner met in the office came through New 'York 

· ~ ~"'f~rC<..~vC... 
of Dr. ~ l~f'~ . · , · head .of the department and Wi gner said that this 

is such a serious ··business that we cannot assume the responsibility for :·· ·· 

' :'. · .. 
handling· it; we · must contact the . government and inform .the government.. . . 

' . 
' o I ~. 

\)'igner said tha~ "Well, we can do that"-- he would call ·the new . ~ .. 
•:._'> . 

.. . 
Charles Edison , · ~ho was (1 think) the new Assistant Secretary of ' the ·;·· .. ·<· 

. ·:. · 

Navy or ·Secretary of the Navy and told Charles Edison that Fermi would ... 

be in Washington the next day and would be glad to meet with a committee 

··. : .... · .·· and explain such matters as m.i ght be of interest .to the Navy. 

.~ . . 

.· ' • . ' 

· . .. · 
.' \'''·.' 

.. . . · 
·,. 

.. : . 

r •' • 

,'' 

. ; 

'· 

So Fermi went there, He was received by a com~ittee, He told in 

' his cautious way the story of uranium and what potential possibil~ties were 

i nvo 1 ved;. the matter ended. got an echo of this through 
Ut/1 1..-

who was an adviser to the Navy and who attended .this 
/ 

conference, ·telephoned Tufve and ;.sked him "Who is this man Fermi.?. What 

kind 'of a man is he? Is he a Fascist or what? What is .1e?" Nothing came 

. - \q ~.~ 
' ' 

In Ju1y, after I took a rather optimistic view of the 

·j'U'' • C.' I ~ 

setting up a chain ~~~~~H~H . between graphite and uranium; I 

~ .. j :.{: ~p-.L: ': · .: : .. ·. : • ·•·. ·~ ·~;: · .':.){},' ~::::j .. ;: >: <, 
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and told him that. the situation does not look too bad; the situaftion, as 

.· . 
a ~tter of fact ·, looked so good th:Jt ·we ought to experiment at a faster rate 

than we have done before; that we had no money for this purpose, and ! .wondered 

. ' . 
if the Navy could make any funds available. RHII:II:l Afterward had a letter 

~ 
in reply, in which that there~ almost no way in which 

... .. . 
•, 

·· .. · · .. the Navy cou 1 d support this type of research, but · that if we got any resu 1 ts 

. ' 

? 

·. 

- .. \ . 

,· . ·.,,·;., , .. 
. .. 

~ .. . .! 

. 
which might be of interest to the Navy, they would appre.ciate it if we would . 

keep them inforrned • . · This was the second approach to t{1e government. 

t~.:S1 
The . letter of Einstein was dated Au~ust 2: ~ August . passed and nothing 

· happene~. September passed and nothing happen~d# and finally got together 

with Teller andvVigner .and we decided ,we'd give Sachs two more weeks, ~nd 

. 
if noth in~ happened we wou 1 d use some other -chance =t'<rwf i te of£.,- However:' 

(Le4~ Q( k fR -4( . 
suddenly -Sachs began to bestir himself and ~ (we) received a phone call 

,~~ ) 

from him in :October · sa~ing that he had _seen the ~resident and transmitted -~ -
I 

I \ ( (. j. ;.J 
Einstein~s · letter .to him, and that t he President has appointed a co~~ittee . 

~'t-1j f v 
under the chairmanship of Lyman J. ~s as Director of the National Bureau 

· of Standards, and otner members of the committee were Colonel Adamson of .· 

the Army and Aefl\i,:.al Hoover from the ~avy. The committee was to meet ·on 

lq ·3. ~ ~·o.-o . 
d!. · 

October 21, anc! £h-rck:i wanted to know _who e 1 se he shou 1 d . include • .. We 11 ,: 
.. : 

thought that Edward Teller 
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ought_ to be i nv·i ted because he 1 i.ves in Washington and 'he cou 1 d act . as .a 1 i a i son 

between us and the committee. This was done. In addition, Bri~ invited . :· 7 . . 

It) h 
Dr • .Tu,~e • . Dr. Tuf ve had to ~-,_t-n- New· York and . so he suggested .that Dr.' , .. .. <·.·: .. 

.. . -. 

• If 1
'

1
• : 

~ - . ~ .. [ .; . ·> 
· . ldi_.o --- ., ·-.- . 
I /...._ .' • • ', • . . Roberts · sit in · for him. 

• 0 

It ~as our !t::::C\~e~o .ask the govemnent for money, 
."': 

. · . 

but to ask on 1 y for the blessing of the government so that we then (wi·th . : : ; 

the blessing of the government) would go . to foundations, raise . the funds, . • , . 

·· ·· . and get some co:..ordinated effort .going. However, these things never go 

.. 

... · , .. 

-'·. ·:,• 

the way .you -hava ._planned them. ,, . ' .. 

.. After I presented the .cas~ and Wigner spoke, Teller spoke; and "Ia 1er .-· · · 

spoke ' in . two capaci t 1 es. . In his own name he strongly supported w_hat , I had 

tvu>;t,+ 
said and what\Nigner had saiq; then he said t laat:, having_ AOW/tpoken for _:· 

. . . ~ . . .. himself,· he wi 1 i now speak for Dr. Tuf ve • Dr. Tufve .could not attend . the 

Ot.. j () t, ' 

meeting, ,. but he had -visited New York and he had discusse4-H: with Fermi; a~d 
I 

.- . , it is Dr. Tuf ve 1 s opi_nion that at this time it would . not be ~~liii~~lrll:iH~ fiHl:l~elHt:i 
. ... 

' I ,· ' 

advisable. -- 11 No11
, said Teller, 11 that's . not what he said! " He said it. wou1d . 

.., 
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.not- be poss i b 1 e to spend more money on this research than $15,000. We had 

~ : 
·' .. ! .. 

. . . ; r t 
. :· . ' f ' 
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'1<-.-- T, .· -._.: r.; I . l .: 
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• • :_- •• I• •• ~~ :' • _ :. ·_. ' 

. . ·. . . '·: ·'. 

nee~ : money .. for . at· . . this . ,_. ' :; ;: ' ·:J 

no intention ~o ask for any money from the government . at this point, b~t since 
'. ·. 

the issue o'f. money. was ·I nj acted the. representative c;>f. the . Army asked. "HoW 

iv~ ~ Ofvo·.~. ·.- ·. ·-
much was _i &-yo'U· '"~~rneed7 11 • . And 

• • I I .' ~ ,' - ' ' 

1;· sa i d that a 11- we 
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time is to buy some graphite; and the amount of graphite we 1'9'~ have to 

buy would cost about $2000. Well, don't know: maybe a few experiments 

which would follow would raise the sum to $6000 in thi~ order of magnitude. . . 

At this point the representative of the Army s~arted a rather longish. 
~ ~l·ve 

' tirade, and he told us that· it wes 1,.:1:4 to believe that we can make a significant 

contribution to defense by creating a new explosive. He said that if a ·new 

weapon is created, it usually 'takes two ~ars before one can know whether the 

weapon is any good or not; and then he exp 1 a i'ned rather 1 abor i ous 1 y tha~ it 

is in the end npt weapons which win the wars, but the morali of the troops~ . 

He went on in this · vein for a long time until suddenlyVVigner, the most polite 

of us, interrupted him; and h~ said in his high-pitched voice that ;twas 

very ihteresting for 'him to hear this. He always thought thai weapons were 

. very important and t~at this .is what costs money and this is why the Army 

··--· ·-=- -~--....- · 

needs such a larg~ appropriatio~; but he was very interested to hear that 
! 

he was wrong it's not weapons but the moralo which .wins the wars and 

if this is correct, perhaps ~ne should take a second look at the budget of ' · ·.I 
the Anny, and m~ybe the budget could be cut. Colonel .Adamson wheeled around 

to look at tJ.r~\}Jigner and .said, "Well, as far as those two thousand dollars 
. • t' 

are concerned, you can have it." This is how the first money promise was 
• ' ' ' '~'I • • • •, ' • •• ' ' 
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I should mention that, until the government showed interest (and 

the first interest it showed was the appointment of this committee), , I was 

.. . 
-

undecided whether thi's development ought to be carried by industry. or 

whether it ought to be carried · by the government; and so-, · just a week or two 

before the meeting i~ Washington, had met with the Director of Research -of · 

F, W, .¥Q. vL c' (;-: I 
' . 

the Union Carbon and Carbide Company, ~. The appointment was 

made by Strau and there was some mix-ap about it because they expectad 

: Fermi and it. was who turned· up. 

~ ~· . 
i"hef"c were fi_ve ·.people si.tting around the table, and told them that 

: , 

the possibi·lity of a chain reaction between uranium and graphite must be 

().A.L( eM_. 

taken serious)y;Aat this point we ~ not say very much .about this possi-

bi 1 i ty; and that we could ·ta ,l k about it with much greater assurance if we 
, " 

· first measured the absorption of neutrons in graphite. It was for this 

·, . . 
. ' .... -~-:~ '" ~ 

----- ~ -----.---- . · purpose that we would need about two thousand dollars' worth of graphite, 

'•' 

/ 

and I wondered whether -they might lend-- o; give us this amount of graphite 

OQ loar.;. the ~xperiment would not damage the graphite and we could return it · 

to them. • .. I 

f: h/ . ~ r-11 
-~ · said, 11 Vou know, 11m a gambling man myself; but you · are 

.. 
• . 

. . . ··" . •' . . , . : ., 

nc·~ asking rna to gamble wi'th ' the stockhold'ers• ~oney, _ .and I'm not sure .that 
• I, • ' ' I ' ' 

.: . . .. ~ . :· . : . . 
. ~ . 
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·~u I 
can do~~ that. What would be the practical applications of~ chain 

Qc. 
reaction?" And sai'd that I really.eoal-d--not say what the practical applica-

- !.o 
tions·would be at this point, that there~ very little doubt in my mind that 

such a revolution is phenomenal and will find its practical applications ul-

. :' . . 
~,o · . 

timately, but it wa& too early to say that; we had first to see whether we · 

·~ ~c- ·~ ., '- . 
-eoc+d get -tfH..s. going, and under what conditions it ~trl-ci be set up • . 

After left the meeting had an uneasy feeling that I did not convince 

anybody there • . After a 11, I was a foreggner and my name was1 not so ..ye.ry-we 11 · 

known; was not well known as a physicist, cer-tainly not to these people. 

~ -J' Ti ~,(..}~ 

. So sat down and I wrote a letter, in which wrote to Mr. -Benne-t-v that 

t.:;:) r 
,.,.{:~/.:. (:.L.. "' ...... in which l invi~ed him to 6 

. ~1HH~n:-ll::lHH:1Hti;J~H:!HHHH~Hl:U:lHliHHei~ 1 u nch w i th Dr. S-i-g-;sam-(-1-)--, who was head of the 

(who 
tj--C 

department and dean of the graduate school, ·and Dr. Fermi after a 11 -WO+l 

\·h/vt,IA.-C.I'):.. <2-~C 
the Nobel Pi"i ze t"ft!:e~t< . tl:l.i~h is name was qu l te we 11 known) one day at his 

convenience the ·following week at Columbia University. He replied that the ·· 

following week he wou'ld not be · in town; he did not suggest an alternate date; ·· 

and he wrote that they ·had decided that they would not be in a position to 

~J..L, 
let us have any graphite except on a straight purchase basis • . ~-~lthat 

ra.0~ 
· 0 

was quite depressed by ' that letter, and showed it ·to &i-g-r>am,. who thought 
: •·. ·: :' . . :. :, , .... . .. .. ~:- ., .· 

· . . that 
~ 

was too ~asiii ~iscouraged; and maybe I ·, 

...... ·. ··. 

. •'. 0. , · ' . ... • • 

' I 
:I 
\ 

' f: , 
I 

' 
f 
t• 
! 

~ I 
I 
, .• 
' I 
I 
I 
I' 
i! 
I· 

' r 
~ I 
t 

r 
I 
! 

. ; 
r~ 

!, 
I' 

' I. 
r 
I' 

~· 
I 

l 
I 
1 

I 
! 

. . ( 

. l 
~ 

. . ! 
... ! 



.. 

,. :· 

. I 

·. :.~ ....... 
. :l\, 

'\ 
I 

. • .. ·. 

. ) 
'. 

J/ 
·. ·36 . .. 

(- / .. 

· The Washington meeting was followed by the most curious period · in 
I . 

my life. We heard nothing from Washington at all; by the first of Fe.bruary (~~; 

there was still no word from Washington at l~ast, none that reached me. 

I had 

uranium neutrons are ·emitted, there would be no diffi_culty in getting people 

intei'ested; but - was wrong. Fenni didn 1 t see any reason to do anything 

since we had asked for .our .money to ·buy·graphite a_nd since we hadn 1 t yet ., 

... :' . ... -

gotten the money, ' and was interested in working on cosmic rays. Ymyse 1 f ; 

L ( ' t I _t ' .;: 
' '• • I 

waited for the geverrnrr~ in Washington, and amused myself by making · some 
I • ~ · 

more detailed calculation~ on the chain reaction of the graphite-uranium 

System • . , . 

It i s an incredible fact in retrospect that between the end of June 
! " 

1939 and the spring of 1940, not a single experi ment was under way in the 

United States which aimed at exploring the possibllities of a ' chaln ' was 

reaction in natural uran-ium. __ 

. ' 
~ate i n January ~r early in February of 1940 received a reprint of 

a psper by Jbliot in which Joliot investigat~d the possi ·bili~ies of a chain 

reaction in a uranium-water system. In a sense ~his was a similar experiment 

' 

/ · 

to the one which .· Anderson, · Fenni and I had carried out and published in ·June; r?.a 9 
. ' . . • t 
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however, Joliot 1 s experiment was made in a different set-up, and I was able 

what 
to conclude from . lt HH~H~~~ was not able to conclude from our own experiment, 

namely, that the water-uranium system comes very close to . being chain-reacting, · 

even though it does not quite reach this' point. However, it seemed to come . ' I 

. ; . . so close to being chain-reacting that if we improved the syst~m somewhat by 

replacing water with graph(te~ in my opinion .we should have gotten . over the 

hump. 

/~Q.,u 
.. read Joliot 1 s paper very carefully and made a number of~comput_ations 1 

on it, and then went to see Fenni, with whom was no longer in daily contact 

because my functionf at Columbia had ceased. We had lunch together and Fermi 
I 

told me that he was on the point of going to California. asked him, "Did 

.... . ... ~v-_o( ~[:.0( 
· you &ead Jo 1 i ot 1 s paper7" Ae said he A-aQ., and asked him "What did you think .,, . . . . . 

' .. 
~ 

'· : .of · it7" and Fermi said 11 Not ~uch." At · this point I fG~A&-no reason . to continue 

... \ 
the . conversation, and went home. 

.. -. 
. \ 

· . . . -· , 

' • , 

.• • . 'i 

.. 

). 

' I 

i ~en went , to see· Einstein again in Princeton, and told him .that things 

~ 
~ .not. moving at all; and I said to Einstein that I think ~the best .thincg 

~L on 
eetttG do n~~ is to go definitely ~;mn .-e· record/ that : a graphite-uranium 

system would. be chain-reacting by writing a paper on the subject and sub.-ni,tting · 
. .. 

' . .... 

it for publication :t():::the Physical Review •. > L~·· sugge~t-~d that we . re_-opeJ n . the 

. . . ~- ::.:.,·· .. • . ·.;\·:·'·'.• .. : ~: .; .· :.. . : . ·. .•. . : ; ' : '; ·.·.····•·• .. H :. :;; .. ·r>.;.l· .. , . . .• : > :: . 
• j _, '.' • ·;:' • • : : •• ' .... • • : • • -

-------- --'-----'-· _' _: ··_ ... _ :___,_'.:._.': .· .• _: . ,.. :.· • · . ·,1 ' ·.: ·:. : .· • ( •· :~· . : .. ; :. 
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to take ·the .position that 

I am going to publish my results unless the government asks me not to do so 

and unless the government is willing to take some action · in this matter. 

Accordingly, 

on Feb;uary 

I wro~e a paper for publication and sent It to Physic~ ! Review 

\Q, ).,\0 

16; and 
. . ~lfi,'~~-- .. 

I brought the paper over to ~m, w~o was somewhat 

' ~- L.~- i-0...(,..."--"'- . 

b b • f d . ·. rf' d'd k . em arrassad ecause ,Ferm1 wa.s. _out o town an -S+g-;:.am 1 not now what act 1 on 

he should take. However he said that he.must take some act,ion, so he went 

~fJ1__~~-~
G 

. • . 

.to see Admiral Bowen in Washington, who B+g-Fam thought . might take some interest 

(because after all, atomic energy might be used for driving submarines). 

~, ·· [,~t.,_ {fl...·· .. v~ -~ 
v~ r 

On the basis ofAconver~ation which I had with him ·1 sAet e~~ to Sachs, 

and Sachs wrote again to the President and the President replied that he ... 

thought that . the best way to continue research would be to have another . 

mee~ing of the. uranium· committee. And now something most tragic and comic . .. 

/ 

., : . . 
• ! • 

.· 

l 
: :. ... 
I • 
j:l 

· .... L ' , .. 
! ·.'· 
I 
I 

! 
( 

i: 
' ! 
; 
! ' 
i 

l: . !' 
f · 

'!. 
;· 

!· 
I. 

J 
!: 
!: . ~ . 

. . ·P 
: ~ j 

happened. • . 1· 
c aJ»J.l t) P 'i3 Jl--1l g--~ · -· ·· I · 

~ , . 
Sachs~ t-e .&ri"cks, having received a letter from the \.Jhite House, · .. :· ---· r~ 

. I . t ·· .. <:>. ,,· '.:.: - ~~ ;· 
of. ·.·.·.; .. . . .. . -lL 

j:. 

f)...._l .,:"l />;:; 
' t't 

and suggested a meeting be called; and ~~~cks said he was on the _point 

1:0~ 
ca1 1i i'ig a meeting, and that he wanted to invite Sachs·.and Dr. s.i-g~m to ~ . 

'-'.· :~ .: .. t . ~ 
• - 1 · u;l" t-- · ~'Jf>-o .. 

a~tend. (!achs said, "Well, what about Szilard and Fermi7"· and ~said, ·,.··. 
\rl l.L_ ... '. •' . ~· 

. I ·· 

· ·You know, these matters · a.re secret :and we do not· think that they .sho.uld· ':· , .. :.· . . .. 
... · .. : :-:: .: :·· .. . ··. 

) . ~ • ·~ , ' ' ' ' ' • I i • 
• ~ . '· • l J • 

. : . : · .. -~· 1: " ~ .. · "; ... 
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· be i ncl uded. 11 

.. 
The fact · of the matter is, Sachs blew at this poi'nt, because this up 

. o.l{ ~ . 
.. 

was afte'i. his meeting, and . why should the people who are. doing the job and 

~0 i 
produce the figures not be included~ . This, however, was a --i;i' ef mi sunder-

... ) . '\ . 
~ .. ...,I ~-i0-'J /,' 

i r r 

standing • . -3-~i-cks d.id not want to call the meeti"ng because he ha~ heard from 

r~'d-:o-f,· rr--
the White House; ·he wanted to call the meeting .at the~ of Admiral Bowen, 

"'"::;. :]> . • 

f ... ~;)t cLL- <.A.A- j:i"/...·t /;f..-.:> · 
whom a+gr;;;m had contacted, so that Sachs and ·B·jLi-cks tal ked to each other .. to 

~:. 

. f, { ft I I t·l 
c;ross- purposes, . -rs:;p:d~~r not about the same meeting but . about different .... . : , ... .. 

· meetings~ However, somehow things got . straightened out arid the . ~eeting . was 

called which Fetmi and did ::;1.:., ':.uend, . ' .. . I , • 

~.: .' j ·Now A: have. t.~ .go back to the summer of 1939
1 

when . in )Ul y .1. made. the -·--~~ 
f •• 

first beginnings to. compute the uranium-graphite system, and tRel"e i s- something 

~r;: ~ 't. (l' V> 
.that . I forgot to __..;. - · t ·el 1-- be~ As soon as I saw that the u rani urn-graphite 

system might workp wrote a number of ;letters to Fermi telling -him that fe 1 t .. 
. . · ' 

. , ,. 

this is · a matter of some urgency and we should not waste our time by making ., .-·· 

1 ,~ • t\ · ~( L ,.Q...C . t.. c ( ' .... ~J .. r ·4 

I 

de ta i led . J· ~' 4. measurements of the i-A-te rva 1 cons.taAo&Y involved, but . / . 

rathe;- try to get a . sufficient amount of graphite -and uranium to approach the 

critical mass . and build "up a chain-react-.ing system •. , Fermi's. response to 
:' .· 

this crasb program. was. very cool: .. he said that . he ~ad . thought :·. of ·,· th~· possi-
.. · ., 

' ' ,' ' : • • ' ,·: -:· : •:· ·:.• ' ' ' ' ' ' • .. I~ o ._ ' · .-, ',• 
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bilities of using carbon instead of water, that he h~ c~mputed how ' . 

a homogeneous mixture of c~rbon and uranium would behave, and that he found 

~ . 
that absorption 'of carbon would have to be indeed exceedingly low in order 

A_· . . . . . 

to make such a system chain-reacting. l ' knew very well that Fenni must be 

·.aware ~H!:i of the fact that a homageneous. mixture of uranium and carbon is not 

as good as a heterogeneous ·uranium-carbon system; he computed the homogeneous 

~(.,J!( 
mixture only because it was the .easiest ·to compute~ A T~is shO'f{ed me that Fenni 

did not take this matter really seriously; and this was one of the factors 

which , induced me to approach the government quite independently· of whatever 
. ~ ~ . •. . 

.. , .· ~ ": 

..· 
Fenni ar Columbia University might feel. 

A.~~ 
In ,;Ju 1 y, · when reported to - my optimistic views about graphite 

and told him why 1. 'thought the matter was urgent, he took the position that 
.. , . ... 

even though ' the matte,r appears to be rather urgent, this being summer · and 

fermi bei ,ng c;.way, there is really nothing that usefully could be done until 

the fall Sept~~ber, or perhaps October. This was the second fac~or which 

induced me to ~isregard everything else and go to the government directly. 

Now, in the .spring of 1940 we were ' advised that the money ($6000 which 

the coil\~ittee promised us) was av_ailable; we bought some graphite, and Fermi ·~ 

. ··· 
· , . 

·· started an experi,ment to measure 
. ~ . . . . . •' ... · . ' . . ~ . 

. : . .' . . ')': ·~~-.. ·;: . .. ' 

\ • ' ' •,; ,I .:: • ' • • ' 

the absorption· of th~ graphite. When he ·.: -.: 
r • • ·. ~ ~ . • : • , .", , - ~ ·- 1 ~ .~ • • • • 
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finished his measurement, the question of , fi gtll=ei again .came up.· went ·to 

his office and said that "now that we have this value·, perhaps "the value 

ought not to be· made public." At this point Fermi really lost his temper--

. tJv~ ?- . 
at ,this point he .really thought ~ this was . absurd. There was nothing much 

':. : 
. ': 

more I could say, but next time when I dropped in his office .he told me .. ... • . 

that ~ram had .· come to ·see· him and ~ram thought that thi s ··value ·should · .. :: .. · 

~ 
·,: 

'· · · . 9ot be publ ishea • . From 
I 

that .point on, secrecy was ·~ 
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,H,p,: nt<Jd J•u>" .-.IATURE. l'ul. 14j. page 471, March 18, 1939.) 

Products of the Fission of the Uranium Nucleus 
0. Hahn ami F. , t rassmnnn 1 ha\·o discovered a 

new type of nuciP~t r r action, tho splitting in to two 
smaller nucki of the nuclei of urnnium and thorium 
under neu t ron i>omhn,rclrnont. Thus they d emon
strated tho production of nucl ' i of bariwn, la nthanum, 
strontium. yttrium. a nd, more rc'ccntly, of xenon and 
C<'('S i Ulll. 

It can h(' shown hy s imple cons idorn.t ions that t his 
t~1w o f mwl< •lll' l "llr" l.ion mn y h o ri <'f<r. rilwd in n.n 
csscnt,in lly cltlssien l w11y like Ll1 fi ss ion of 11 liquid 
drop, nnd that tho fission products must fly apart 
with kinetic energ ies of the order of hundred million 
electron-volts each'· Evidence for these high energies 
wa.q first g iven by 0. R . Frisch 3 and a lmost s imul
taneously by a mtmbci' of other in \'(•stigators •. 

The poss ibi li ty of m:Lking usc of those high energies 
in order to collect th o fi ssion prod ucts in t he same 
way as one coil cts tho acti\·o deposit from alpha
recoil ha.s boon pointed out by L . .l\Ic itnor (see ref. 3) . 
In the meantime, F . .Joliet has independently made 
expcri menLS of th is typ ·•. vVe have now eacriecl out 
some experiments . u s inrr t he recen t ly completed high
tension cq uipnwnt of t h o Instit ute of Theoretical 
Physics, Copenh agen . 

A t hin la yer of uranium hydrox ide , p laced at a 
di:;tan ce of l mm. from a collecting su rface, wa.s 
exposed to neu t ron bombardment. The neutrons 
wore prod uced hy bombardi ng li thi um o r beryllium . 
targets wi th deuteron of energies up to 800 kilovolts. 
In the fi rst experi ments, a piece of paper was used 
a.s a collecting surfac-e (after making Slu·e that the 
paper did not geL act i,·e by itself under neu t ron 
bombardment) . "\ bout two minutes after inter
rupti ng tl.e iH adialion. the paper was p laced near a 
Geigcr-2\Iiiller coun ter w ith a lum inium walls of 
0 · l mm. th ickness. \Yo fow1c.l a well -mea.surable 
acti,·ity which doon,yod fi rst quickly (about two 
minu tes half-\·aluc per iod) a nd t hen more slowly. 
X o attempt wa.s mado to analyse t ho slow decay in 
view of the la rge number of periods to be expec ted . 

The considerable in tensity, li owe\-eJ·, of tho · 
collected activity encouraged us to try to get furth er 
information by chemical separations . The simplest 
experiment was to apply the chemical m ethods which 
have been developed in order to separa te th e 
'tra nsuranium' elements from w·a nium and elemen ts 
immediately below it •. 'll1e methods had to be 
slightly modified on account of the absence of 
uranium in our samples and in \·iew of the light 



element acti,·itic di~covorcd by Hahn and St.rass
Jnann1. 

In th e exp riment , the collecting surface was 
water, contained in a hallow trough of paraffin wax. 
After irradiation (of bout one hour) a small sample 
of the wut r was entporate<..l on a piece of aluminimn 
foil ; its . a ctivity ' -~ found to decay to zero. 
It was ch eked in ot er ways, too, that the water 
was not contaminat bv w ·aniwn. To the rest of 
the water " ·e acl <..l d ISO mgm. barium chloride, 
15 mgm. lantlw.nmn nitrate, 15 mgm. platinum 
chloride and cn u • h hydrochloric acid to get an acid 
concentration of 7 per cent. Then the platinum was 
precipitated with hydrog n sulphide, i~ the usual 
way; the precipitate was carefully rinsed and dried 
and th n placed near our counter. 

The tesul ts of three such experim n ts were found 
to b e in mutual agreem nt. The decay of the act~vity 
,,-as in one case followed for 28 hours. For companson, 
a sample of w·aniurn irradiated for one hour was 
treated ch mically in he same ,,·ay. The two d cay 
curves w re in p rfec agreem nt with one an~ther 
and with an ·old cun·e obtained by Hahn, Mettner 
and trassmann under the same con~tions. In the 
accompa nying diagram the eire! s r present our re_coil 
exp rim nt while the full line represen~s the .ur::-n1um 
pr cipitatc. A comparison of the actn·l~Y. (w1thm the 
fir. t hour after irrad i tion) of the prec1p1tate and of 
the e,·apor d sample showed tha t the precir.~t~te 
contained about two thirds of the total actl\nty 
collected in the wa er. After about wo hours, 
how , ·er, the e, ·aporated ample ''a - fo~~ to 
d cay con id rab ly more low·ly than t11 ~ ~r<:c1p1tB:t , 
prcswnabh· on accounL of tl 1e more long -ll\·ed As ton 
products found by H hn and Strassmann1

• 

From these rc. uJ t , it can be concluded that 
tl JC tra n. u m ninm 1 cl0i oria in a by fi ssion of the 
uranium nucleus. ::\1crc capLur of a neutron would 

gi,· littl kin tic norgy to the nucleus tha t only 
a Yand1ina fraction of these nuclei could reach the 
water surface. So it app ars that the 'transuranium · 
periods, too, will have to be ascribed to elements 
considerably lighter than uranium. 

In conclusion, we wish to thank Dr. T. Bjerge, 
Dr. J. Koch and K. J. Brostmm for putting the high
ton ion plant at our disposal and for kind help with 
the irradiat ions. \¥e are also gratRful to Prof. N. 
Bohr for th hospitality extended to us at the 
Institut of Theoretical Physics, Copenhagen. 

Physical Tnstitute, 
.-\.cauemy of Sciences, 

, 'tockholm. 

In titute ofTh.Boretical Physics, 
Universitv, 

('op ,nhagl~n. 
~larch 6. 

LISE METTNER. 

0. H. FRlSClJ. 

1 Ha hn , 0 ., and Stra smann, F .. Naturwiu., 'i!:i, 11, 89, and 163 (1939). 
')1eitner , L. , and Frisch, 0. R., NATURE, 143, 239 (1939). Bohr, N., 

:\~T ORE, 143, 330 (1939). 
> Frisch, 0. R ., ~ATURE, 143, 276 (1939). 
'Fowler, R . D., and Dod on, R. W., NATURE, 143, 233 (1939). 

J entschke, W., and Prank!, F., Naturwiu., 27, 134 (1939). 
• J oli ot, F., C. R., 2)8, 3H (1939). 
• Ha hn , 0., ?11eitncr, L., and Stra smann , F., Chem. Ber. , 69, 905 

(1 9~6) : a nd 7u, 1374 (1937). 
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PJJYSIQUi£ NVCLI~A ll\E. - .\ur lfl cnplurc simpl1• dr.1· nrulrons llo?rmr'ques 

et des neutrons de resonance par !'uranium. Note ( 1) de lVIM. A~s 

VO~ I.tu.IIA~ jun., LEW l~oWAitSKI el PAUL s .\VITCII. 

Les travaux recents sur Ia partition nu c lca1 rc d e !'uranium e) et sur Ia 

liberation de neutrons qui en resulte (") ont fonrni des renseign cments 

quantitatifs dont Ia discuss ion cxige Ia possession de donnees precises su1· 

Ia capture simple, par !'uranium, des neutrons th ermiques et des neutrons 

· de reso nance ( d'energie voisine de 25 volts) (''). Nous rappel ons que ce 

processus, tout a fait distin ct de Ia capture conduisant a Ia partition, donne 

lieu ala formation d'un isotope de !'uranium (p robablement 2 ~~U) , qui se 

d esintcgre avec une period e de 2S minutes en emettant des rayon s~ · 

Nous avons chcrche a determiner Ia section efficace de !'uranium pour 

ce mode de capture des neutrons thermiques, en comparant l 'activite 

produite dans ['uranium par une source determinee de neutrons Ien ts avec 

l'activite produite dans un e fe uill e d'or pa r la mcme source et dans les 

memes conditions geometriques. On en deduit Ia valeur correspo nda nte 

pour !' uranium d'apres !'equation 

(I, activite d'une couche r'n.finiment epm~m: par rapport a la penetration 

d es rayons ~ ' mesuree au comp teur Geiger-~Iuller et ramen ee a Ia fi n 

I 

(') Seance du 24 avril •g3g . 

( ' ) l. Cuus et P. SAYITCH , Jo u rrt. de Phy s. et R adium , 9, •g38, p. 355; 0. Ifo~11." 

et F. STnASSMAl'il'i 1 1\'aturn ·iss ., 27. Ig3g, p. II ; F. JouoT, Co mptes rendus, 208 , Ig3g, 

p. 34I, et J ourn. de Phy s. el Radium, 10, Ig3g , p. I5g; L . l\1EIT:>un et 0. Fniscn, 

Nature, 14-3, •g3g, p. 23g; 0 . FniSCII , ibid., p. 276 . 

(') II. YON 11ALRAN juu., F. JoLI OT, L. KowAn SK I, Nature , 14.3, •g3g , p. 4;o et 68o; 

M. DoD(;, H. VON HALBAN jun., F. JouoT, L. .T\. owA nSKI , Comptes rendus, 208, Ig3g, 

p. gg5; R. RonEnTs, R. l\hvw, P. \VHG, Phy s. R e11 ., 55, Ig3g , p. 5Io. 

( 4 ) L. MsiTNEn, 0. flAnN, F. SntASS~IANN , Z. f. Phys., 106, xg37, p. 249 . 
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MISE EN EVIDENCE D'UNE REACTION NUCLEAIRE EN CHAINE AU SEIN D'UNE MASSE URANIFERE 

Par H. HALBAN JR, F. JOLIOT, L. I<OWARSKI et F. PERRIN. 
Laboraloire de Chimie nucleairc (College de France). 

Sommafre. - Les exporiences decrites dans cette Note donnent Ie nombre de neutrons produits dans 
une sphere d'oxyde d'uranium humide de 5o em. de diamctre irradiee par une .source de photoneutrons 
primaires. Une discussion de Ia valeur de ce nombre permct de conelure que Ies neutrons produits sont 
d'ori gi ne secondaire, tertiaire, etc., mettant en evidence, clans le systeme utilise, Ia production 
de reactions en chaine convergente. 

Poursuivant !'etude de Ia liberation des neutrons 
au cours de Ia rupture nucleaire de !'uranium [I], 
nons avons etudie Ia distribution de Ia densite des 
neutrons thermiques presents dans une masse a 
haute teneur d'uranium, irradiee par une source 
de photoneutrons (1). 

Une sphere en cuivre (diametre 5o em), immergee 
dans un reservoir plein d'eau, peut etre remplie d'eau 
ou de 3oo kg de poudre de U3 0 8 (seche ou additionnee 
d'une quantite variable d' eau). Une source de 
photoneutrons (I g Ra + I6o g Be) est placee au 
centre de Ia sphere. La clensite des neutrons presents 
clans Ia sphere est mesuree par l'activite I induite 
dans des cletecteurs en dysprosium places a l'interieur 
de Ia sphere ou clans l' eau environnante. La 
com· be I r2 = f (r), r etant Ia distance entre la source 
et l'un des cletecteurs, a ete tracee pour les ~c.::i 
suivants : \. 

sphere pleine d'eau; ( .. 
- spher.e pleine d'oxyde sec cl'uranium; 
- sphere pleine cl'oxycle mouille de fa c;o n a 

contenir 1 H pour r U; 
- sphere pleine cl'oxyde mouille a 2 H; 
- sphere pleine d'oxycle mouille a 3 H. 

Nous nous sommes assures que la distribution de 
l'eau dans . Ia poudre mouillee etait suffisamment 
uniforme. 

La forme des courbes obtenues presente des 
particularites interessantes, notamment clans le 
cas 2 H, oil deux maxima distincts sont visibles 
(pour r = df em et r = 28 em). Elle montre qu 'il 
est illusoire de tirer des conclusions quantitatives 
de Ia determination de Ia. densite neutronique it 
une seule distance : les conclusions qu'on tirerait 
ainsi changeraient avec Ia distance choisie. L'interet 
principal reside dans Ia valeur numerique de Ia 
surface , drs c0urbcs ohL(·n nc!l, En cfTct, ccttc VI\ lent· 
etant l'integrale de Ia densite neutronique etenduc 
sur un volume, Ia surface de Ia courbe est propor
tionnelle au nombre des neutrons thermiques presen ts 
a chaque instant dans le systeme. Happelons qu e 
ce nombre es t ega! au procluit Qr, Q etant le nombrc 
de neutrons de toute origine qui, par unite de tem ps, 
sont ralentis jusqu'a l'etat thermique cla ns le milieu, 

(') Les rcsultats donncs ici corresponden t it rles experiences 
faites avant le ,., scptcmb re •g3g. 

et -:- Ia vie moyenne-. d'un neutron thermique, c'est 
a-dire le temps moyen pendant lequel il diffuse 
dans le milieu, en eq uilibre thermique, avant d'etre 
absorbe. Le produit Q-r n'est reellement propor-

tionnel ~ l'integrale J I r2 dr qu 'a condition d'employer 

un cletecteur qui absorbe les neutrons thermiques 
suivant Ia Joi I jv; les d~nnees experimentales dont 
on dispose actuellement semblent montrer que le 
dysprosium suit cette loi d'asscz pres. 

Le Tableau suivant resume les resulta ts num e
riques de nos experiences : 

'1'1·nc ur· en ea u du mili e u (·a u 
(alomes H par alomc U ). 0 H. I H . 2H 31!. pun!. 

Surface to tal e de In co urb c 
( 11nite arbitrnire ) ...... o,;ll o,gH 1 ,o~ I , 17 I ,00 

:-;urface correspond a nt iJ 
l ' inleri e ur de Ia s pJ, i; re. o , ~ ~ o, 'J; o,5J 0 _ ,, . ' -

S urfa ce Cl>l'l'e> JlOIId311l a 
l'c xtt!rieur d e Ia s pl, cre. o,:n o,G 1 o, .'l-; 0.!,5 

ous essayerons de degager le sens physique de 
ces donnees et plus particulierement de celles 
concernant le cas 3 H. On pent ecrire, riotamment : 

Q, .... et Qc, .. : nombre de neutrons qui, par unite 
de t emps, cleviennent thermiques dans le milieu · 
interieur (exterieur), dans notre experience avec 3 II; 
''"'- ct -r,., .. : vie- moyenne cl'un neutron thermique 
clans Je milieu interieur (exterieur), dans Ia meme 
experience. 

Les unites de Q ct r sont choisies de fa r;o n :\ 
avoir Q = 1 et -:- = I dans notre experience avec 
l' eau pure; clans ces conditions lcs su rfaces indiquees 
dans le tableau ci-dessus sont numeriquement egales 
aux produits Q-r correspondanls. 

Jl faut, cepcndant, discuter !'influence des pheno
mcues d' chan~c de neulrous tt Ia surfm:e de di sco n
tinuite entre les deux milieux·. Des neutrons lcnts 
(E < Ioo eV) traversent cclle surface clans lcs 
deux sens; un neutron absorbe dans un milieu n'a 
done pas necessairement passe toulc sa vic de 
neutron lent dans ce memc milieu. Cet eiiet, qui inte
resse d'eux couches splteriqu es de faibl e cpaisseur 
de part et d'autrc de Ia surface de discon tinuite, 
entra lrie deux corrections de sens contraire sur les 
vies moyenncs :-,,... et :-"''- des neutrons observes 

I 
I 
I 

' I 
I 

I 

I 
·I 

I 
I 
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dans ce tle rcgwn. Un calcul approximalif montrc 

que ]a r c ultantc de ces deux corrections pcul clrc 
negligee. 

Nous pouvons evaluer ' '" .. en tenant compte des 
conccnlralions el des sections cffi caces .connucs. 
Av1•c II pour 1 U , en posunt pour lcs neutrons 
thermiqucs 

acilp. ll = t•. ·,S. It•- :! ~ c 1n 2 , 

a l'np . u = 1 ,·i . 10- 'l\ C lll 2 , 

{'t en negligcant Ia capture par !'oxygene, JlOUS 

avons :-," .. = o,(13, d'ou nous tirons Q," .. = 1,67 . 
E n y ajoutanl Q .. , .. = o,L15 (puisque '!',., .. = r) , 
nous obtenons un total de 2,1 2. Ainsi, malgre lc 
fa it que Ia presence cl c !'u ra nium cmpcche, par 
absorption par resonance unc partie notab le des 
neutrons primaircs de devcnir lhcrmiques, Ja pro

duction des neutrons Lhermiqucs dans le syslcmc 
est plus que doublce du fait de !'introduction de 
!'ura nium . 1 

Essayons de clisti nguer, clans le total observe 
de 2, 1 2, !'apport des neutrons primaires (iss us de 
Ja source) de cclui des neutrons i10n primaircs 
(issus de !' uranium) . Tout neutron primaire a Ia 
probahilite 1 - cp de dcvcnir thermique ·dans lc 

milieu U + H en nc tenant pas comp te de !'absorp
tion par resonance. D a ns cc milieu, au cours clu ra len

tissement, le neutron a Ia probabilite p d 'etrc absorbe 
par resona nce. Ainsi, seul e Ja frac tion (1- cp) (r - p) 
arrive a J'dal Llit:l'll1iquc a l'inlerieur du miiiCU 
et parmi ces neutrons th crmiques une fraction w 

seulemcnt produit des ru ptures (l e r este ela nt 
absorbe par simple capture dans !'uranium et !'hydro

gene) . Ccs ruptures produisent tous les neutrons 
non primaires, soit 

Q,.,.. - :;> a I 'ex te ri eur 

ct 
Q;,., , - ( 1-:;>)1 1 - p ) Qirr l. ..:......_:__:__-'----'.....:. = -- - !+ ::> a l' int l·ricur 

1- p 1- p . 

(Ia division par 1 - p est necessaire pour remonter 
des neutrons lhermiques observes a l'interi cur aux 
neut rons Ienis produits et dem eures a l'interieur). Le 
quotient 

() Qirrr. 
, n: t. + ---1 

1- p 

11 '( 1-y)( l -p ) 

represente done le nombre total des neut rons issus 
cl ' une ru pture produitc par un neutron primaire. 

La valeur numeriqu'e de w resulte immecliatcmcnt 

des sections efficaces et des concentrations donnees 
plus haut; elle es t egale a o,54 . 

La valeur de p depend dans une certainc mesure 
(determinee par Ia forme de Ia raie de r esona nce) 
de la teneur .en uranium du milieu . Nous l' avons 

estimee en utilisant ' une serie de m esures pour des 

:~oncentrations plus fa iblcs en uranium faitcs d' a pres 

unc methode decrile par aillcurs (2]. 

•4o II pour 1l l : fl = n , I I ± o , o ·•, 

li5 II pour 1 U : I' = o, 1 (j ± o ,o:>. 
(con l re o, I (i ± o , o:>.!) puhlir~ antc ri cur cm cnt), 

'(ol( JlOIII ' 1l l : f ! = O ,;>f) [: , , 1>~. 

Pour des raisons th eoriques on peut 's'at tendrc a 
ee qu e, pour des lencurs plus Clevees en U, p croisse 
.IJenuc.oup plus lcntement e t qu'il soit voisi n de o,5o 
pour 1:1 l c ll('llr .1 II / , . Pour le cult;ul ci -dcssus nous 

adoplcro ns par prudence p = o,!1o. Ce chifTre com
?rend,ra ega Iemen t Ia perle des ncu lrons par absorp
tion a J'ela t scmi-rap idc qui nc doil pas clre negli

~eablc (cf. (3]), a insi que le conflrme d 'a illcurs notre 
')Xperience avec l'oxydc sec (vo ir lc Tableau ci-dessus) . 

La valeur de <p pcut etre evalucc en ass im ilant 
les '25 em d 'epaisseur d'oxyde mouille a un certai n 
~quiva l e nt cl 'ca u pure. Pour calculcr cet equivalent 

. nous acloptons, pour les sec tions efficaces de difTusion 
elastiquc des neutrons, Ia valeur 13 . ro- 24 cm2 

pour :~ I-PO ct J5 . ro- 24 cm 2 pour .~ U3 0 8• Lc milieu 

renfcrmant o,4'2 g d'eau par centimetre cube, '25 em 
de m ela nge equivalent a '25 X o,L12 = 10,5 em d'ca u. 
Cepcncla nt, Ia clifTusion conlrc !' ura nium conduit a 
un nombre de chocs contrc J'hydrogene qui esl d 'un 

:acteur ( I3 + 1
.; )/I3 plus grand que clans un milieu 

,·.onlenant o,L12 g d'eau par cen timetre cube sans 
auLre ce uLre uiiTusaut. L'equivaicnc s'etabiit ainsi 

a 15 em d'eau ct Ia distribution bien connue de Ja 
densite des photoneutrons dans l'ea u (voir, par 
ex em pic, (!1]) montre que Ia proportion des neutron s 
devcna nt thermiques a des distances= J5 em de 
Ia source est egale a 85 %, d'ou 9 = o, 1,5. 

E n introduisa nt lcs valeurs numeriqucs de Q,,~. , 

Q,.,,, w, p, <p da ns J' cxprcssion ci-dessus, nous consta
tons qu 'unc rupture primaire produit un total d'a u 
moins 8 neutrons non primaires. Comme il paralt 
diffi cilc d'admettrc que tous ces neutr ons provienncnt 
d'un noya u uniqu e d'uranium (cf. Ia valeur 
de 3,5 + 0,7 neutrons par rupture que nons avons 
annoncec precedcmmcnt), nous en concluons que des 
ruptures secondaires, lerliaires, etc., onl eu lieu el que 
nous sommes en presence d'une reaction en chaine 
convergenle. 

i\lanu scril rc~u le 1 g scplcmbre 1 g3g. 
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Physical Evidence for the Division of Heavy Nuclei 
under Neutron Bombardment 

Fno111 ch.orn ical o,· idonco, II t·dm a nd Strassmn.nn 1 

conclude that rarliondivo lmritlln llllCioi (atomic 

number Z = lili) lLJ't' prucluootl when umnium (Z = !)2) 

is bombard d h~· nt• u trons. H lin.s been pointed out' 

tliat t his might he explained as a result of a 'fission' 

of the uraniun1 nu cle us, Rimilllor to tho division of a 

droplet in to tw o. 'l'ho energy I iboratod in such pro

coHJ>Oti 'l'afl rf.l l.inud r•d lo he n.hout 200 Mev., both 

from mass dof ct conRidorations a nd from tho r·opul

sion of the two nuclei resulting f r·om the 'fission' 

process. 
If th i:; picture is corr·cct, one " ·ould expect fast

moving nuclei, of atomic nwnber ahout 40-50 and 

atomic we ig ht 100- 150, and up to 100 ;\[ev . energy, 

to emer·ge frorn a lay r of uranium bombard d with 

neutrons. In sp ite of their high ene rgy, these nucl ei 

should have a ra nge, in air, of a few m illimetres only, 

on account of t he ir high effective charge (est imated 

to be about 20) . whi cl J implies very dense ionization. 

Bach such particle shou ld produce a total of about 

three million ion pn.irs. 
By means of a urani um-lined ionization chamber, 

connected to a li11 0ar amplifier, I ha,·e succeeded in 

d emonstrating tho occurronco of such bursts of 

ion ization. 'r'l •e arnpl irior was com1ectod to a th)Tatron 

which was b iased so as to count on ly pulses cerro· 

spending to n.t least 5 x 10' ion p<~ir·s. Ahout fifteen 

particle:; a rninutt' wure record ed wh en 300 mgm. 

of raditm1, mi xed with beryl lium , wa:; p laced one 

cen t imetre from tho uranium lining. No pu:ses at 

all were recorded during repeated chock rw1s of 

several how·s toLal dumtion v•hon oiLhor the neutron 

source or t l•e uranium li ning was removed. vVith 

tl •e neutron source at a distan ce of four centimetres 

from the urn,n iu m linin g, stuTounding tho source with 

paraffin wa,x en lJa.liO(•d t ho effect by a factor of two. 

It was chocked that the number of pu lses d epended 

linearly on tho strongLh of tho n eutron source ; this 

was d one in order to exclude the possibility that the 

pu:ses a.re produced by acc idental summation of 

sma ller pulses. vVhon the ampli fie r was connected 

to an oseillogmph, tho largo pu:sos could be seen very 

distinctly on t ho hn.ckgrow1d of much s:naller pulses 

due to the a lpha pa,rticles of tho uranium. 
By varying the b ias of tho thyratron, the maximum 

size of pulses was found to correspond to at least 

two million ion pai rs, or a n energy loss of 70 Mev. 

of the particle within th e chamber. Since the longest 

/'\.,_ 



p•~Lh of a pa rLi c!o itt t ho chn.ml or wn,r; Lhroe conti
mPtros n.ntl t hn chambor wm; fill ed wi ~h hycll·ogon 
at atmosplwr w pressure, Lho pa rti c les mns t ionize so 
l• e>wily , in t<pi lo of th e ir onorgy of at I as t 70 ?-lev ., 
t,ha t t.l10y can make two million ion pairs on a path 
oquiqtl onL Lo 0·8 em. of air Ol' loss. From this it 
fin h e OHLinmt.<·d tlmL Lho ionizing part iel oR muRt 

luwo an nt,omic woig hL of at leas t about so\·onty , 
asswning a J'('tl.Sonablo connoxion be tween a tomic 
we ight and c~Tec tive chttrge . This seems Lo be con
clus ive phys ical evidence fo r the breaking up of 
uranium nu clt·i into pMts of comparablo s ize , as 
iutlio•tkd l,y Lh o oxp<H·ir<l tHLI,f< of .llalrn rtlltl S~ntMH· 
mam1. 

ExporimonLs with Lh orium ins tead of uranium gave 
quito s imila r results , except that surrounding tho 
neutron source with pa raffi n did not enhance. but 
slightly diminished , tho effect . This gives eviden ce 
in favour of tho suggest ion 2 that also in the case of 
thorium, some, if not all, of the activities produced 
by n eutron bombardment' shou!d be ascribed to light 
ole'ments. I t Rh ould be m membered that no enhance
m ent by parn."fin has boon found for the activities 
produced in thorium' (except for one which is isotopic 
with thorium and is alm ost certainly produced by 
sin1ple capture of the nou Lron). 

Prof. MoiLnor ha s suggested another interesting 
experiment. If a moLal pl a te is placed close to a. 
uranium laye r bombarded with neutrons, one would 
expect an activo depos it of the I igh t atoms emittetl 
in the 'fission' of the uranium to form on the plate. 
We hope to carry out such experiments, using the 
powerful source of neutrons which our high-tension 
apparatus will soon bo abl e to provide. 

T nstitute of Theoretical PhyR ics, 
U niwlrRity , 

Copenhagen . 
. Tan. 16. 

0 . R. FRISCH. 
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Disintegration of Uranium by Neutrons: a New 
. Type of Nuclear Reaction 

ON bombarding uro.nium with n cut,rons , F ermi a nd , 
collaboro.tors' found that at least four ra dioact ive 
substances wore produc d, to two of which atomic 
numbers larger t han !)2 were ascriboc.l. Further 
invest igations• demonstmted t h o exi stence of. at least 
nine radioacti, ·e pe riods, s ix of which wore assigned 
t.o e l mnn1.A h ,, ,·nnrl w·~tnillm, n.n rl nu clN1.r iRo mori Rm 
had to bo as~um •< l in order to account for their 
chemical behn.v iour together with t h eir genet ic 
re lations. 

In making ch rnical ass ignmentR, it was always 
a ssumed t hat t lr eso rtl.lli oact.ivc bodies had atomic · 
ntm1bers ncar t lmt, of tho e lement bombarded, since 
only partic les with one or · two ch a rges were known 
to be emitted from nucle i. A body, for example , 
with s imila r properti es to those of osmium was 
asstm1ed to be ek a -osmiurn (Z = 94) rather than 
osmium (Z = 76) or ruthenium (Z = 44). 

Following up a n observation of Curi e and Savitch 3 , 

Hahn and Strassmann '' fOtmc.l that a group of at 
least t hree radioactive bodies, formed from uranium 
1mdor neut ron bomba rdment, wore chemically s imila r 
to barium a nd, t horofare, presumably isotopic with 
radiwn . Fw-ther investigation•, ho·wcver , sh owed 
that it was impossibl e to separate these bodies from 
barium (a lthough mesothorium, an isotope of radi um, 
was readily sep arated in the same experiment) , so 
that Hahn and Strassmann were forced to conclude 
t-hat isotopes of barium (Z = 56) are formed as a 
consequence of the bombardment of uranium (Z = 92) 
with n etLtrons. 

At first sight, t hi s result seems very h ard to. under · 
stand. The formation of c lements much below 
uranium has been considered before , but was always 
rej ected for physical reasons, so long as t h e ch emica l. 
evidence was not entire ly c lear cut. The emission, 
within a short t imo, of a large number of charged 
particles may be regarded as exc luded by the small 
penetrability of the 'Coulomb barrier', indicated by. 
Gamov's theory of a lp h a decay. 

On the ba is, howcYcr, of present ideas about t he 
behaviour of heavy nucle i•, an entire ly different and 
essentially classical picture of t hese n ew disintegrat ion · 
processes suggests itself. On accotmt of their close 
packing and strong energy exchange, the particles 
in a heavy nucleus would be expected t o move in a 
collective way which has some resemblance to the 
movement of a liquid drop. If t he movement is made 



~umci nt ly , ·iolcni by adding energy, .·twh a drop 
may divide it : If in o i wo . m a lle r lrops. 

In the dis ·u. s ian of he en rgi s involved in t be 
d formation of nucle i, t he cone pt of Rurface ten · 1011 

of nuclear ma t r ha. been u d 7 and its valu . , s 
uccn N:;t, im a1c-<i from simp] > ·onsid rations r gardJi1 g 
nuclear fore . ~. I t. mu~ b r>memb red, howev r, 
t bat. the smf<tce t n si n of a charged droplet is 
diminish ed by its cl1a ge, and a rough stimate 
shows that th . urfac nsion of nucl i, decreas ing 
with increru ina nuclcftr charge, may b eeom zero for 
atomic number of the order of 100. 

It . em therefore po . ible that t h e uranium 
nu l u h a. only small tab ility of form, and may, 
aft r n u ron capture, divide itself mto two nuclei 
of roughly equal .'iz (th pr i e rat io of s izes depend 
ing on fin r st ru · ural f •a.tm s and p erhaps partly on 
chance). The t wo nucl i will r ep el ach other and 
should gain a total kin ic nergy of c. 200 ::\1ev., as 
calculat d fr m nucl ar radius and charge . This 
amount o f energy rna~· actua.lly be •xpnctcd to b 
a,·ai lab le from th dif.:. ,r nc in packing fraction 
b tw en unmium and t • I m nts in the middle of 
t h e p eriod ic ~-.·t m. Th whole fission' pro· ss can 
thus b e d e cribed in an s ·ent.ially cia s ica! way, 
wi t hout having to c n~id r quantum-mechanical 
'ttmnd f~ ,ct. , whi 11 "·ould actually be extremely 
small, on account of th large mas. e. inv olv d. 

Aft (•r di,·ision, 1 h h iah n eutron /proton rat io of 
uranium will tend to !'('adjust its If uy beta deca~T 

to t ho low r valu t itabl for light r elements.· 
Probably' oach par will thu g ive ri. e to a chain of 
eli . ·int ,gratio1 . If on of h part i an i otope 
of ha rium 5 , tl1e oth r will be krypton (Z = 92 - 56), 
which might d ecay tl rough rul idium, strontium 
and yttrium to zir(· nium. P rhaps one or 
two of th . uppo <l barium-lanthanum-cerium 
c:hains are then actually :-trontium-yttrium-zirconium 
chains. 

[t is po~ible 5 , and m s to us rather probable. 
thn. th ' p riod::; which have b n a.-crib d to e lements 
b yond urani urn a.re also du ~ to 1 ight elements. 
From t.h ' c·hemicn.l , ·id nc , the two short p eriod. 
(I 0 .-cc. :1nd ..JO s c.) . o fa,r a.s ·rib d to 239U mi h t b e 
masurium isot opcs (Z 4-3) d >ca.ying through ruth
enium, rhodium, pal ladium and s ilver into cadmium. 

In a ll 1 h . ·a~<·. it might not b nc .- ary to 
assume n n I n.r isomt> ri~n ; butt he diff •r nt ra dioactive 
p eriods b<.~ l onging to tl1 • .-urn· ·hcmical 1 '111 nt may 
t hen b<• at tributed to diif. -n ·nt isot p •. uf this I rnent, 
r-; in c , ·ar,,·ing p roporti on · of n 'Utrons rnn.y be giv n 
to th two part. of th m·a.nium nu ·I u . 

By homba.nlin(r th r ium " ·ith neutr n .', act.i,· ities 

a r out.ained whi ·h hav be n ascribed to radium 
and actinium isotopes8 • Some of these p eriods are 
approximately qual to p riod of barium and 
la.ntl1anum i otop 5 r ul t ing from the bombard
m nt of uranium. \.Ye should therefore like to 
uggest that th s p eriods are due to a 'fission' of 

thorium which is like that of uranium and results 
partly in the same products. Of course, it would 
be especially interesting if one could obtain one of 
these products from a light element, for example, 
by m eans of n eutron capture. 

It might be m entioned that the body with half
life 24 min. 2 which was chemically identified with 
ura nium is probably r ally 239U, and goes over into 
an eka-rhenium which a pp ars inactive but may 
d cay slowly, probably wit h omission of alpha 
part icles . (From in peotion of the natural radio
active e lem nt s, 239U cannot be expect d to give 
more than one or two beta decays ; th long chain 
of obs n ·ed d ecays has always puzzl d u s .) The • 
fonnation of this body is at 'Pica] resonance process8 ; 

the compound tate must haYe a li~ -time a million 
tim long r than the time it would take the 
nucl ut:> to divid it elf. Perhaps t hi tate corresponds 
1 o orne highly symmetrical t)'Pe of motion of nuclear 
matter which do . not favour 'fission' of the nucleus. 

Phy::;ical Institute, 
Aead my of , ciences, 
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Liberation of Neutrons in the Nuclear Explosion of 
Uranium 

HEc E.N'£ experim ents '· 2 h t:w re vealed th e exis ten ce 
of a now kind of nuclear roacti n : neutron bombard
mont of untnium o,ncl thoriwn lead s to an explosion 
of the nucleus , which splits up into par t ic les, of 
inferior cha rge o.nd weig ht, a co ns iderable o,mount 
of energy l 0ing li bcmtod in t his process . Assuming 
a partition in t.o two pa r t icles nl y , so t h a i Lh o 
nuclear m ass a nti c loargo of umnium have · .to bo 
distribt1ted be tween two· ligh ter nucle i, the latte r 
contain cons idoro,bl v m ore neut rons th a n th o h eavies t 
stable isotopes wi th tho same nuclear cho,rges . (A 
sp li tting into, fo r example, ••n .b a nd 141Cs moans an 
excess of l J neu t rons in tho first, a nd of 8 neutrons 
in the seco nd of th ose two nucle i.) Thoro seem to 
be two possibi lities of get t ing rid of this neutron 
excess. By the emission of a ~ -ray , a neutron is 

. transformed into a proton, thus reducing t h e neutron 

.excess by two w1its ; in tho exa mple g iven above, 

.five and four su ccessive ~-activities respectively 
·would be need ed to restore tho neu t ron-proton 
stabili ty ra tio . ln fact, t ho explosion products have 
been observed to be ~-active and several periods" 
have been record ed, so that a pa r t, a t leas t, of the 
neutron excess is cer tainly di . p osed of in this way. 
Anoth er poss ible process is the direct libera ti on of 
neutrons, to,king p b co e it her as a p a rt of th e explosion· 
itself, or a s an 'evaporation ' from the resul t ing nucleU 
which would IJe formed in a n excited state . ; 

In order to find som e O\·idence of this sccon L1 
phenomen on, we s tudied th o density dis trib u tion o(. 
the. therma l neu trons prouuced by t he slowing : d own' 
of photo-neu t rons from a l \.a y -Be source in a I ·6 molar: 
solution of uran y l ni trate o.nd in o. 1·6 molar solution 
of ammoniwn nitrate (t ho hydrogen contents of 
these two solut ions diffe r by only 2 per cent) . • Plot ting 
lr 2 as a function of r (where r is the dis tance between 
the source a nd o. g iven poin t , and I is the local. density 
of thermal n eutrons a t th e so.me point, measurcd ,b.v 
the activity induced in a dysprosium .uet ector), · ;~ 
curve is obtained the area of whi ch is proportiona l .to 
Q.-r, Q being th o nwnber of n eutrons per s.econcl 
emitted by th o source or formed in the solut ion ,p.nd 
-r the m ean time a neu tron spends in the solution 
before being co.ptured'·'· Any additional nucle i, 
which do not produce n eutrons, brought in~o , tho 
solution, will increase the .chaqces of capture <J.nd 
therefore decrease -r and tho area. If, however, these 
dissolved nucle i arc neukon-producing •. Q \\;ill .lw 
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.rr ar of Lhe curv will tend to increase. 
E,·id n e of ncutr n production, as indicated by an 
a tua l incr o of the ar a , will only be obtained if 
the g1:1in thr ngh Q (n u ron production) is gr n .er 
than the los tlJrough -r (neutron capture ). This o s 
can anyway b . tudi d eparat ly, since it has n 
ho"·n ~ that the in tra uction of nuclei which tct 

merely by cap t.ure or by increasing the hydrc•gen 
content of the solution can affect the shape of the 
density cur,·e only in a characteristic way: the modi
fi ed cur ·e can always be brought to coincide with 
the primitive curve by multiplying all abscissro by 
a suitable factor and all ordinates by another factor. 

Ir 2 

r 
5 10 20 25om. 

t::., Ammonium nltra~ 0 , Uranyl nitra.~ 

The accompanying graph sh ows the two curv:es 
obtained. At small distances from the source the 
neutron density is greater in ·the ammonium solution 
than in the uranyl solu tion ; at distanc s greater 
than 13 em., the re,·erse is true. In other words, 
the decrease of the neutron d nsity with the distance 
is _?.,ppreciably slower in the uranyl soll.ltion. 

The observed difference mu t be ascribed to the 
presence of uranium. , ince the two curves cannot 
be brought to coincide by the transforms ion 
rr ·ntioned above, the uranium nuclei do not ac by 
c pture only ; an elastic difTw;ion by uranium nuclei 
would ha,·e an opposite effect: it would 'contract' 
the absci. s:e, instead of stretch ing them. The density 
excess, shown by the uranyl urve beyond 1 3 em., 
must ther fore be considered as a proof of neutron 

-~ - .... - ... - - - -

production due to an interaction between the prunary 
neutrons and the uranium nuclei. A reaction of the 
well-known (n,2n) type is excluded because our 
primary neutrons are too slow for such a reaction 
(90 per cent of Ra + Be photo-neutrons h ave energies 
smaller than 0·5 Mev. and the remaining 10 per cent 
are slower than 1 Mev.). 

The degree of precision of the experiment does not 
permit us to attribute any significance to the small 
increase of the area in the uranyl curve (as compared 
to the ammonium curve), which we obtain by extra
polating the cur,·cs towards greater distances. In 
any event, an inferior limit for the cross-section for 
the production of a neutron can be obtained by 
assuming that the density excess due to this pro
duction is equal throughout the whole curve to the 
excess observed at r = 25 em. ; this limit, certainly 
inferior to the actual value, is 6 x 10-u cm. 1• 

Our measurements y ield no information on the 
energy of the n utrons produced. If, among these 
neutrons, some possess an energy sup erior to 2 Mev., 
one might hope to detect them by a (n,p) process, 
for example, by the 32S(n,p)3%P reaction. An experi
m nt of this kind, Ray - Be still being used as the 
primary neu tron source, is under way. 

The interest of the phenomenon observed as a step 
towards the produc ion of exo-energetic transmuta
tion chains i eYident. HoweY r, in order to establish 
such a chain, m ore than one neutron must be pro
due d for each n ut.ron absorbed. Thi.s se ms to be the 
case, since the cross-section for the liberation of a 
neutron seems to b e greater than the cross-section for 
the production of an explosion. Experiments with 
solutions of ,-arying concentration will give informa
tion on this question. 

H. VON HALBAN, JUN. 
F. JoLIOT. 

L. KOWARSKI. 
Laboratoire de himie ~ucl 'aire, 

oll r>o-e de FrancA, 
Paris. 
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Number of Neutrons Liberated in the Nuclear 
Fission of Uranium 

J~EC J,;J'T experiments h rwo sho\\·n tha.t neutrons 
lti'O liberated .in tho nuclear fi ssion of uranium in
duced by s low neutron bomlxwd mont: secondary 
n utrons have l..JOon obs rvcd which show spatia l', 
onorgotic • or t ompora.P propcrl.i e. difToront from 
those which prim:.try neutrons possess or may acqu ire . 
Snch observations rive no infortna.tion on tho moan 
number of neutron!< produced pC'l' nnolons split; this 
numb r v rnn.y lH' \'t•t-y ~mo ll (IN;R t.hrtn I) n,nrl l.ho 
result of tho oxporitncnt will still bo positive . 

'Ve are now able to g ive information on tho value 
of v. L et us consider the curve representing the 
d ensity distribut ion of n eutrons slowed down in an 
aqueous solution surrounding a primary neutron 
source ' ; t ho area S of this cun-o is proport ional 
to Q.T, Q being tho numhor of neutrons per second 
emitted by the source or formed in tho so lution, a.nd 
• the moan time a. neutron spend.· in t ho solution 
before being captured . Assu m ing that tlto solution 
contains only nucle i which absorb neu t rons according 
to the 1/v law (tho only exception to th i. rule will 
presently be deal t with) , T is proportiona l to 1/ LCiO'i, 

wh oro Ci is the concentration (atom gmms per litre) of 
an absorbing nucleus, cri its cross- cction for the capture 
of neutrons of velocity I and tho index i is extended 
to all kinds of neutron-absorbing reactions attributable 
to nuclei prese11t in tlto solut ion. Substituting tl1e 
symbol A; for CiO'i and A tot for L:Ai, we have identi
cally : 

6S 6 Q 
-s= Q (I) 

neglecting a.ll tc·rm.· of higbf r orders, such as those 
containing ( 6 Q)2, 6 Q. 6r11ot• etc . 

Let the symbol 6 stand ~·or t ho di ffc rcnc<'s observed 
between tho two soh., t:-.~ns (ura nyl a nd a mmoniw11) 
used in our previous experiment '. N eglect ing 6 Atot 
before Atot introduces an ambiguity in tho d efinition 
of Atot (uranyl vs . ammonium Ya luo) which is 
numerically unimportan t and can bo reduced by 
adopting the arithmetical mean (A tot(amm.) + 6 Atot) f2. 

In the quantity 6Atot tb uran ium nuclei are 
represented by several oparate terms standing for 
the different modes of neutron capture (see below) ; 
let AJ be the term for the capture leading to fission. 
Every neutron bas the probability Aj/Atot of causing 
a fission and, since one indiv idual fission process 



lib rat. v n uiron 

~ Q of neutron t lm 

quat ion (I) can b 

v = 

n the a,· ~rage , tho total numb r 
At . 

cr utcd Q.A- .v, and the 
tot 

rtlwrittcn as follows : 

Atot 6Atot 
Jij + Af . (2) 

Let u . Limate t.l1 Yalu s fall quantities n ces ary 
t.o calculat v accord ing to this formula. The area 
,·ariation 68/S can b e r ad from tho gmph gi,'en -i.n 
our pr ,-ious letter ,,·ith an rror of less than 20 per 
c nt (due to tho unc ·rtainti s of int r- and extra
polat,ion ; in ord r to facilitate the la.tt r, wo added 
to the curves a fu rth r oxp rimontal point for 
r = 29 em.). The ,-al ie of Atnt for the ammonium 
solution can b ' a ilv calculated from the known 
concentrations and capture cross-sections (hydrogen, 
nitrogen and oxy~en). A1 is equal to cu (1·6 in our 
<'xpN im nt). mult..ipli by the , -alue of crJ given in 
a r c: c ·nt paper by An rson et al. '· 6Atot contains 
a crm ' xpr s. ing th c::mall dift r nee of the hydrogen 
cant nt b ·tw n Lh :wo . olutions; and three t erms 
r la.ti,·e to uranium, nam ly, thefi . ion t rmAJ, already 
dealt wi t h, tl1 th rn: al ca1 ur t. rm Act which can 
b calcuht d by u in0 a r c ntly found value for 
act 5 and finally tl r onance capture t erm Ar which 
r quir · sam XJlrllM ion. 

Our r a nin cr Hf;~ ••m d that all ne 1Lrons intra
due d into th sohn i n spend -pract ically all their 
life , and ar b.-or1J d, in the th .rmal state. This is 
true in so far n tl1 l fv law is Yalid for absorption 
of n utron in all nucl i concerned ; and, therefore, 
not wl1olly tru for uranium, which shows a pro
nounc d r onance pture of n ut.rons of about 
25 volts8 • A c rta in roportion of neutrons entering 
tho solution is bound to como v.-ithin this resonance 
band and to be ab orb d by resonance ; therefore, 
it will neY r r · ach the thermal state. This proportion 
cl p nds on tho width of the resonance band and on 
tho concentration cc; its value in · our system of 
ymbols is qu::tl to A 1 /Atot and was numerically 

d t rmin ~ by an cxpcrim nt reported elsewherofi. 
Putting all numc~ric. I ,·alues in· th formula (2) (with 

J 0- ~c em. 2 .fiS the ' n it of Cr SS·S ction), that is : 
6 . I ' = 0·05 _._ 0·01; . I ,.t -=- 36 ± 3; At = l·G x 2 = 3·2; 
6 Atot = 8·7 ± 1·4-deconp abl into 6Au =1·2± 0·1, 

A cl = l· 6 Y ( l · 3 ± 0 · 45) = 2 ·l ± 0 · 7, Ar -= 6 · 4 ± l·l and 
AJ = 3·2, we find: 

v - 3 . 5 :1:: 0 . 7. 

" . 'Y r not abl ' 10 a llow for an rrnr in AJ, since 
(] , · vu.lu · of uf "i'·~1 IJy .Ander~-;o n eta/. ·ontains no 
indication of prohab ' error . Any rr r in CJf will 

a ffect v - 1 in an inv rscly proportional way; in 
any cas v will remain greater than 1. 

The int r st of the phenomenon discu sed here 8.s 
a m eans of producing a chain of nuclear reactions 
was already mentioned in our previous letter. Some 
furth r conclu. ions can now be drav.--n from the results 
reported here. L et u s imagine a medium containing 
only uranium and nuclei the total neutron absorption 
of which, as compar d to that of uranium, may be 
neglected (containing, for example, only some 
hydrogen for slowing down purposes). In such a 

1. ·r A, n c turn, 1 -A . v > 1 (Atot includes now only 
tot 

~eanium t erms), the fi ion chain will perpetuate 
ttself and break up only after reaching the walls 
limiting the m clium. Our experimental results show 
that this condition "'ill most probably be satisfied 

(the quantity AAJ . v - l, though positive, will be, 
tot 

howe\' r, small), especially if one keeps in view that 
the term Ar. because of the self-reversal of the 
resonanc absorption line, increases much more slowly 
than the oth r tu-anium t erms when th uranium 
cant nt of th m diu.m is increased. 

H. VON 1-lALBA-."l, JUN. 

F. JOLIOT. 

L. KOWAR KI. 

L alJoratoire de 'himie Nucleaire, 
oll lge d France, 

Paris. 
April 7. 
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208, 995 (1939). 

'Robert , R., :Meyer, R., Wang, P., Phys. Rev., 55, 510 (1939). 
• Anderson, H., Booth, E., Dunning, J., Fermi, E., Glasoe, G., Slack, F. 

Pltya. Rev., 55, 511 (1939). 
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Control of the Chain Reaction involved in Fission 
of the Uranium Nucleus 

1-.r ho.s ;ocontly h oon F; hown t hat t,hfl nnmbor' of 
neutrons lihnru.Lod • i 11 Lilo nu r. IC' n r fission of u. 
umnium nucleus is suf'fi cion t. ly hig h to m o.ko Lhe 
realjzation of a F;ol f-]H·rpot.u a l ing l'f•acLion c ho. in scorn 
possible . Tho d a ng r tha t. a systom containing 
uruniwn in l1igh co nconlrn l ion m ig h t e xplode, onco 
tho cilllin is. ;; I" rl ,.,] , is cons id <· t·ahl ,.. Tt. iA t ltm·0 foro 
nso fnl Lo p o int on L 1t mochnni>Hn "' hi ch g ivos Lho 
possibili t y of eo nt.ro lling th ~, d <wolo pmon L o f s uc h a 
cha.in. 

vVH form a n ox pn •;:;s ion whi <' h i» <' hn rac t.e ristic fo r 
th o b ohn\·iour of t h•• l' iln.in : 

v" 
,-If 
:::J v( I - <X), (1) 

AJ b e ing t he pi'OdU l' l of t. h" e r·oss-soc tion fo r nu cion r· 
fi ss ion for a l honn a l nou t ron o f t lr l' lll '[l.nium nucle us 
wi t h t he co nconlrn ti on o f th o ura nium; Ai th o 
produc t, of t lu• ,thso rp t ion cross -sectio n for t herm a l 
neutro ns of t lw nu c l<' us o f kind i mul t iplied wit.h its 
concen t ra ti on : A I h t• sum of all A i 's . whic h is to 
ho tak('n ovl'l' a ll kinds of nucl<' i presen t in t;h e 
soluti on ; v is til n.verago numbe r o f neu t rons 
iib('rated in o no fi ss ion, <X the average probab ility 
for n. neu t ron to d i ffuso on L o f t he syste m before 
h oing absorhocJ. 

Tho energy lilJo r·nt.ed by th o ch a in will b e 

N F', (2 ) 

Ji' b e ing th o Ollorgy liboratocJ in one fi ss ion and N 
t ho numb(l r o f fi f;s io ns prod ucod h y t ir o c ha in. W e 
h a ve 

N - v'' -~ v" 2 v"a + .(3) 

Tho cha in r, i1, r• · lh rr >< n. q ua n t ity o f onc rgy , whic h 
is increasing r·1pid ly "'i t lr Lim (' , if v" is g reater tha n J. 
Lot u s cons iL'h· i '"' r-aso of a c ha in w hich is rluo 
to fissiv::!... 1rrod u r<·d hy t h<· rrn a l nr u t rons ; that 
is , a c ha in pro png<U ing itself in o. systom con taining 
sufficie n t hyclrog('n for t ir o s lowing d own of tir e 
neu t rons . 

If th o cross-srr t ions fo r captu re o r fiss ion o f a ll 
nucle i presrnt. foll ow Llr o 1/v law, v" ·will not depe nd 
on Lh o ve loc ity o f LIH' ncu t.rons a nrl t h('r(l fore not on 
t.he tompera t,uro of Lil o systom (s iuco a: will in practice 
b o ~mall and s in<'(' it. dep ends in t ho first place on t-he 
distance noc('ssn r:v for slowing rlo>,·n the neutron; 
t lw tPmpor-atur(' hnR, of course , a n effect , although 
it will be V<'l'Y ~ r nn ll ) . 



Lot us, howo\"<11', int roduco an ttbsorhonL, such as cadmium, tho cr·o,-s -Ro<;Lion of which does not depend on tho noutr·on l'lllll'g,l' in tho thorrnal region. We will ha,·o . insLnnd of (I), 

" . .·lj 
v = v_,1, 1- Ac{l - C<), (4) 

\\'horo /J' is tl1o >H IItt of all Ai's fo llowing Lho I fv l:Lw and Ac is a constant, Lhe torrn duo to tho nowly ndrlou absorbent. v" will now doer aso with increasing Lomporut(ll'o. At a Lrmpomturo, whic h will bo charact orisLic for tho composition and tho goQmot.rical 
cnll~t.nnLA of thn ".YHinll t, v• will l>oOOlllu fllt1 l dlm· Limn unit.y and Lho sy:-;Lrtn w ill stabilize itself somnwhore n ar this temperature; tho equilibrium being dotermined by tho facL that Lho amount of onorgy given out per unit of t imo by t.ho system (in the form of heat 
a.nd nuclear radiat.ion) iH eq ua l to t,IH e ne rgy produeod by tho systrm. Similar quostions have boon discussed by F. Perrin'. 

Arlcled in proof: T n t.ho rc1..se of A. chain propagatin <:i it elf by thorm R. I nout.r·ons, tho timo necessary for tho s lowing clown and for t ho al >sorpt.ion of a noutron, that is, its moan life, ifl of Llll' orde r of I o-• soc. If one makes v" as smltll as I 007, it noods I 00 times the moan life of a n out.ron o r· R.bont 10- ' Roc. to double t he numbPr of nouLrons, and with t hat the oner~y liberated per unit of time. It i,~ Lher0foro possible to control thE' d cvdopmont. of tho chain by a periodical intora c t.ion or ~bsoriJcrs which brnak up the chains by rnt.nrinq tho ystem. 
F. ADLEit . 
A:. VON HALDAN. JUN . 

Laboratoiro d o Cltirnio Nucl \~L it·o . 
College do F ranco, Paris . 

1 von Tialbn.n. jun., H. , ,Jo liot, v·., a.nd Kowarski, L., NATURE, 143 470 (1039). 
• von Hnlban , jun. , H .. .Tollot, F., nnd Kownr.;ki , L. , NATlTRE, 143, 680 (19~0). ltobc rt~. 11., Moyer, R., J>nd Wang, P. , Ph11s. Rev, 55 , 510 (1939). Raenn;o, C., and Roscnbcr~ , A., C.R., 208, 898 (1039). Szilard nnd /linn (private communication). Huber and Buldinger (private communication). 

1 Perrin, F ., G.R. , in tho Press. 
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