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Frenk B. Jewett, President
lNational Academy of Sclences
2101 Constitution Avenue
Washington, D. C.

Dear President Jewett:

Year intervalsg

not automatically declassifieq

’ The committee of the Lational Academz of Sciences to which
you have referred the matter of possible military aspects of atomlc
fission, held a meeting in VWashington, Aprll 30, with Dr. Briggs'
Wpanium Committee®, and a second meeting in Cambridge, hiay 5,
@urther conferences were held by mall and wire.

GROUP-3

Downgraded at 12-

We have been concerned primarily with question 1p" of your
letter of appointment, "as_to whether, 1 things consildered,

larger funds and facilitles and more pressure are indicated in
the 1light of our present seientific xnowledge and the probability

of applications useful in conneetion with national defense problems.”

Our primary recommendation’ is that durinec the next 6 months
a stroncly lntensified effort should be spent on this problem.
This is in accord with the view urged by Dr. Brigegs on behalfl
of his committee, and with the unanimous o inion~of the other
qualified persons with whom we have consulted.

Tt now appears probable that the results obtalned by that
time will show the need for a large scale program with regard to
atomic flssion. It remains possible that on the contrary the
results will then indicate that vigorous effort will no longer
be justified in view.of other urgent military demands on the atten-
tion of physicists. The possibilities associlated with a successful
outcome of the work are however of such importance and are so
imninent that, in our opinion, we must not risk glving an enemy
nation the advantage of first putting atomic fission to military
use.

Intensive immedlate effort will involve shaerply increased
appropriations in support of present work, and means for facllitating
the efficient use of the men qualified to work in this field. :

3

ANY STANNER

D STATES
On 1S PROHIBITED BY LAW,

For accomplishing these objectives'specific recomnendations ére
presented in the final section of this report.

JNAGE LAWS,
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Tt would seem to us unlikely that the use of nuclear flssion
can become of military importance within less than two yeers, though
1t would appear that some of the British experts/anticipate applica-
tions more prompt than this. If, however, the chain reaction can
be produced and controlled, it may rapidly become a determlning
factor in warfare. Lookinz, therefore, to a struggle walch may con-
tinue for a decade or more, it is important that we zaln the lead
in this development. That natlon which first producés and controls
the process will have an adventage which will grow as its applications

multiply.
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Possible liilitery Applications

Applications of military importence In connectlon with
atomic fission are based upon the expectatlon of producing a nuc-
lear ‘chain reaction. In this reaction, when a Ugz5 atom combines
with a slow neutron, it divides with great energy ?the process of
"rission"), emitting rays among which are fast neutrons. Vhen
these neutrons are slowed down by collision with other atoms,
such as deuterium, beryllium or carbon, they may be captured
by other Ugzs atoms, which in turn divide. This is the chain
reaction, ¢ontinuing as long as a sufficient number of Upzs atoms
and atoms of the slowing agent are present. The energy thus
liverated per atom of Ugzs is about 130,000,000 times that
developed per atom from such a chemicel reaction as combustion of
carbon in oxygen or about 2,000,000 times as much per pound of
Upzs as per pound of carbon burning in oxygen. It 1s anticipated
that under sultable conditions the reaction will be under control
with respect-to speed of development, but that under other condi-
tions it may proceed with explosive violence.

Proposed military applications of a uranium fission reac-
tion include:

(a) Production of violently radloactive materlals to be
used as missiles destructive to 1life in virtue of thelr lonlzing
radiations. For this purpose the functlon of the central instal-
lation for producing the chain fission reaction would be to produce
the artirically active materials. These might then be carried by
airplanes to be scattered as bomts over enemy territory. While
this might be the most promptly applicable military use of the
method, because of the hazards that will necessarily be Involved,
it could hardly be applied within less then twelve months from the
first successful production of a chain reaction. This would mean
not earlier than 1943.

(b) As a power source on submarines and other ships. This
" 1s perhaps the most straightforward use of atomic power, but because
of the engineering difficulties involved, and the necessary protec-
tion against hazards, it can hardly have lmportant application
within less than three years from the time of production of the
first chain reaction.

{c) Violently explosive bombs. It would now appear that a
strong concentration of uranjtm 235, or of some other element wnich
is -subject to fission on capturing thermal neutrons, will be
reguired in order to produce an explosive atomic reaction. The
aestructive power of such an explosion should be enormous as
compared with that from chemical explosives. Optimlistic estimates
of the time required for separation of adequate amounts of uranium
isotopes would te from three to five years. It 1s possible that
element 94, usable for this purpose, may be produced abundantly
by the chain fission reaction. If this is true, such atomlc
bombs mizht become available within twelve months from the time
of the first fission chain reaction. Eecause of the hazard in
its use, however, some years vwill be required for development.
This means that atomic bombs can Lardly be anticipated before

1945,
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In making these time estimates, we have been gulded by
‘normal, high pressure development of scientific and engineering
processes. It 1s possible that with luck the times would in cer-
taln cases be appreclably reduced. It seems to us more likely,
however, that the effectiveness of the methods concerned will
become most evident at later dates than those here indicated.

On the other hand, it should be kept in mind that the
outcome of a new process such as this will cértainly open new
possibilities now unthought of. B8ome of these may be of prompt
application, but most of them willl only gradually be realized.

Progress toward Securing a Chain Zeaction

The calculations seem to make it clear that a chain reaction
of atomic fission should easily be produced with a sufficiently:
lerge quantity of the 235 isotope of uranium. The separation of
this 1sotope 1s possible, but according to present indications,
can be achleved in quantity only by the installation of large,
expensive plants whose sultable design has not yet been determined.
In time, this may become a most important aspect of the problem,
and work now under way in studying the methods of isotope separation
must, therefore, be continued.

Those working on the fission problem are, however, agreed
that the probabllity of obtaining a chialn reaction with the normal
mixture of uranium isotopes 1s good. To make this process a
success involves the use of an agent to slow down the fast neutrons
literated at the time of fission to a speed so low that they will
not readlly be captured by uranium 238. The best estimates indicate
better than even chances that continued work slong the 1lines now
belng followed will effect this reaction. If given sufficient
support, adeguate tests of these methods should be completed and
the reaction perhaps obtalned within 18 months.

The time and cost required to complete the tests needed .
to produce the chain reaction, if the method is practicable, is
nov estimated as follows:

a. Mixtures of uranium and carbon.

1, Intermedlate experiment now in hend at Columbia Univer-
sity. Detalls are given in the ittached report by George B. Pegram,

Cost - materlals ’ % 117,000
Salaries ' 35,000 -
Incidentals 24,000 174,000

Time of completlion: atout July 1, 1942

Antlcipated results: Definite evidence whetner uranium-
carbon mixture can glve ckain reaction, and religble
data from which to determine amcunt of material
required to produce such reaction.

Present status: about (60,000 viorth of materiasl on order.
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2. Production of chain reaction with carbon and uranium.
This cannot be intelli‘ently planned until experiment (1) 1s complete.
As now anticipated, it will require at least 120 tons of graphite
snd the erection of suitable housing. The cost of this stage will
probably be between 500,000 and 1,000,000,

The uranium-carbon experiment 1s the most immediately
applicable of the proposed methods. This 1s becduse the materials
required are immedistely avallable. It 1s estimated by Ferml
to heve sn even chance of success. It does not appear as hopeful
as methods b. and c. mentioned below. Because of 1ts immediate
applicability, however, and the importance of learning what the
chain reaction will do, it is important to go ehead now with the
intermediate stage (1) of this experiment.

b. lixtures of urenium with beryllium or beryllium oxlde.

Be and BeO seem to have advantages over C as slowing agents,
because (1) the path required to bring the neutrons to rest 1is
shorter, and (2) additional neutrons are released within the
beryllium. EeO is available®in sultable quentity. Time will be
reguired to produce metallic Be,’.

1. Intermediate experiment on relative effectiveness of Be,
Be0, and C a3 slowing acents. Experiments now 1in nana at unlversity
of Chnicago. (5€e attacned report by S. I. Allison)

Cost- materials, includlng 2 tons )

BeO and 250 pounds Be w ©5,000
Salaries, ,15,000 + 50 percent . 22,500+ ]
Incidentals . 7,500 -,65,000

Completion date of experiment; December 1, 1941

Result: Knowledge of comparative value of beryllium and
carbon as slowing agent for neutrons, and an
estimate of relative smount of beryllium, beryl-
lium oxide, or carbon, required to produce & -’

- chain reaction.
NoT .

(see p- Ho) >

) 2, Determinative uranium-beryllium experiment. This will
involve use of larger quentities ol the materials. The deslgn
of the experiment will depend upon the state of the problem at
the time. It should give definite information witn regara to
amount of materisls required to produce the reaction. Its completion
will probably be limlted by the rate at which the materials can

- be supplled, but should not be later than July 1, 1942. Probable

cost, sbout 130,000 additional.

5. Chain reaction with beryllium oxide and uranium. On
the basis of present rough estirates comparable with those used for

experiment a-2, above, this exgeriment will require some 20 tons
of uranium oxide and o0 tons of beryllium oxlde. Total cost saould
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Tote added 5/17/41

Allison suggests that plans should be made now for an
experiment using about 1 cubic meter of BeO (3 to 4
tons}, some 200 lbs. of Be metal, and 2 to 3 tons of
uranium oxide or metal. Arranging the uranium in 2
concentric shells filled with beryllium, he bellieves

e definite answer to the possibility of a chain reaction
by this method can be given, and the amounts required
definitely determined. There would be pernaps some
chance of securing at once the chain reaction.

if the uranium and the metallie beryllium is borrowed
Lrom the carbon experiment, the material cost would
bé confined to that of the beryllium oxide, roushly
900 000. This would replace experiments bl and b2
here indicated.

A'E.c.
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be roughly somewhat less than tnat of the corresponding uranium carbon
experiment. Thls, however, is based upon uncertain data.

By Julg 1942, 1t should be possible to choosge rellably whether
the carbon or the beryllium slowing & ent 1s preferable and, ghus,

to select elther experiment a-2 or b-3. It will probably not be desir-~
able to carry through both at that time.

¢, TUsing mixtures of uraniwm with pure, heavy water.(See
attached report Dy L« Ge Urey).

The use of heavy water as a slowlng agent is the most promising
Tts effective use, however, awalts the

separ ~ ities of heavy hydrogen. Eventual-

1y it may be

other metnods may be the first to glve results and at

cost. Thne most promising method of separating deuterl

is, according to Urey, the chemlcal exchange reaction between water

and hydrogen, in which the water 1s fed through a countercurrent

system containing a catalyst, then converting this to hydrogen and

feeding the hydrogen pack through the catalyst system. -

Studies of the appropriate.catalyst and of the construction
of a pilot fractionation system are now in progress.

<. Tarce scale production of heavy water.  "The plant may
cost a half mIlllon or a milllon dollars®, The heavy water should
cost between ;10,000 and 425,000 per ton. As a rough -estimate,
ceveral tons will be required for effecting the flssion chaln reaction.

5. Tests of uranium and heavy water mixtures,Preliminary
tests of this type have been performed by Halben in England, using
120 kilograms of heavy watér:—”The'fesuit was very encouraglng, and
has apparently convinced the. British physicists that the chaln reactlon
can be produced by this metnod. The experiment 1s not however clear
cut, an pitition with perhaps & ton of heavy water before
the condltions for the chain reaction experiment itself can be -
definitely formulated. liaterials available for making this test may

be available by July 1942.

4, Chaln reaction with uranium and heavy water. This experi-
ment should be possible not Laver than 104% at a oost, in addition
to that for the bullding of the-deuterium separation plant, of from
., 200,000 to +400,000. A

Recommendations

, Budget _
/

We understand that the 1ntermediate.experiment on uranium
and graphite 1s already partielly financed, as is also a pilot
plant for the production of pure heavy water. In addition to siving

3 e g e e, TN
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hasls on its high importance

It 1s noteworthy that our emp
reflects the seemingly unanimous Judgment of those in this country
and England who have studied intimately the possibilities of atomic
fission. This includes all of the individual members of the Uranium
Committee, as well as the investigators with whom we have conferred.
(Sgezggpgcja]]y*thﬁﬁminutﬁg;Df_Ihe_Hayrﬁ—meetiﬁgﬁgﬁ:purnCQmmiItee)

Personnel

The question of employing/on this problem scientific men
ght be more useful at other national defense problems has
Thls difficulty is not as serious as would at
part of the expense
but rather into the

(2) The physicists

wiio mi
veen considered.
first appear, for two reasons: (1) The greater
does not go into the employment of physicists,
supplying of the expensive materials required,

of the material purchased

XIt may be noted thet the market value ° .
8 cost,

v1ll be a considerable fraction of tk
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to be used on this project are, and will continue to be, for the most
part, those whose qualifications do not fit them for importent posi-
tions in other national gdefense projects., This applies to most of
the physicists and, chemists now employed at Columbia and Chicago,
with the exception of Nr. Pegram and Mr. Allison,

In order to insure the rapid and efficient progress of
these studies we would recommend:

1. The formation of a sub-gormittee, called perhaps the

{,Research Comnittee of the Uranium Committee, consisting of

YS. K. Allison, G. Breit, E. Ferml, G. Pegram, and HA. C. Urey.

" As its cnairman, Coolidge, Slater and Compton favor Allison; Van
Vleck favors Urey, and Lawrence favors either Urey or Allison.It
would be the function of this sub-committee (1) to plan and carry
through the research program, (2) to confer continuously on the
developments as they occur, (3) to see that newly obtalned informa-
tion is promptly available to those investigators that need it, and
{4) to report as may be desired to the central uranium committee,

2. We consider it vital that every effort be made to insure
that those viorking on the uranium problem at the request of the
uranium comulttee be kept acquainted with tne advances made by
other investigators and be encouraged to confer upon their mutual
broblems, Zxperlience indicates that only thus can rapid progress
be made; and rapid brogress is 1in the present instance of fipst
importancs.

5. 1In order to progzress most rapidly, it will be of value
to bring immediately by air to the United States Mr. Ealban, now at
viork on this problem in Cambridge, England.X He has Information that
will greatly aid our investigations, and can take back to England
such information as we may have obtained that may be of value in
their study of the same problem.

We wish to congratulate the Uranium Committee on the excelleént
progress that has thus far been made., Tie would-encourage the National
Defense Research Committee to glve even more complete support to the
capable men now engaged upon this research. This we believe can
best be done by glving prompt and adequate finencial support along
the lines indicated above.

- - S Respectfully submitted,

Arthur H. Compton
7ith the expressed approval of the following members of the committee:

{. D. Coolidze, E. O. Lawrence, J. C. Slatpr, J. He Van Vleck. v
Because of illness, iir. Bancroft Gherardi has taken no part in the

comnltiee's discussions. fﬂ’f
. ] e .

*Tt 1is suggested that such an invitation be routed through
Lr. Cookcroft.






