
It has now become feasible to demonstrate the possiblity of a 

nuclear chain reaction and to mninta.in auch a chain reaction in a. 

lar e quantity of certain mixtures o uranium a.nd other elements. Ex

periments carried out at Columbia University were performed on small 

quant ities of material of the order o a t'ew kilorra:ms. In view of 

the fur reachinv pete 1t ial co1oequences of this development it would 

appear necessary to carr y out large-scale experiments a.a speedily 

-as posoiblet and for this reason it is requlred that experiments be 

stB,rted £~ t once with t ons of material rather than the small quanti ties 

"hitherto used. 

1.) Tho eXperiments at Columbia University were financed partly 

by the Physics Departmen t and partly by the Association for Scientific 

Collaboration. Tho proposed experiments will make it necessary to ap ... 

peal for fUnds either through Un.iversity Laboratorie.s or through the 

above-mentioned Associat ion. SuCh an appeal shoulu be directed in the 

first nlace to public-spirited private pe1·sons; if that fails an at

tEnapt might be made to enlist the co-operation of the leading indust

rail firms of the electrical and chemical industry. 

2.) It appears to be desirable that a la.rze stock of pitchblend, 

b.ich is the common ore of both radium and uranium, be brought over 

from Bel3itm1 or directly from Beleian Congo and be stored in this 

country for ~tture possible use. 

In taking action along this line it would not be necessary to 

disclose that the uranium content of the ore is the point of interest, 

and action mi_;;ht be taken on the ····round that it is of value to secure 

the ore on account of its radium content for possible future extract

ion of the radium for medical purposes. Perhaps it might be possible 
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to obtain a. large quantity of this ore as a token repa:t·ation payment 

from the Belgian Government; a.t present this ore is practically with

out oommerciel value. 

In the oiroumstances it appears advisable to keep the Administt'

a.tion of the United States informed of these developments so that 

they should be able to take action along this line if required. 

It also appears desirable that the Jlelgia.n Government be advised 

at once of the potential value of the -pitoh.blend in Bel,.:>ian Congo, 

so that it be in the position to prevent the supply of this ore to 

countries which must be considered potential enemies both of Belgium 

and the United States. 



Recent experimental work and calculations based on its 
results make it appear possble that in the imme iate future a 
nuclear chain reaction might be set up under certain well speci
fied conditions in a system composed of uranium oxide and graphite. 
In view of this and other possibilities it seems desirable 

1. that it should be made the responsibility of some person 
or persons to watch on behalf of the government the further develp
ment of this branch of research, so that the government should 
be at any time in the position of taking such action as it deems 
appropriate; 

2. that some person or persons who have the confidence of the 
government should take upon themselves the task of furthering this 
branch of research, of insuring that it should not suffer from lack 
of facilities, and of preparing the grounds for experiments on a 
large scale, which might become necessary. 

Observation to the above. 

The f airly large quantities of material, which might be required 
for performing large - scale experiments, might perhaps be secured, 
without drawing on existing funds, by enlisting the assistance of 
certain industrial f irms in the U.S.A. and of the Union Mini~re 
du Haut Katanga. Most of the amteria& required are produced by 
large corporations who own uranium mines and would therefore 
directly bene f it if the present development created a market for 
uranium. Some of these firms could be approached now with a view 
of obtaining the promise of their assistance. 

THE POSSIBILITY OF A LARGE-SCALE EXPERIMENT 

IN THE I ilivfED IATE FUTURE. 

At present it appears quite possible that a nuclear chain 
reaction could be set up in a system composed of uranium oxide 
(or uranium metal) and graphite. The graphite would have to . 
be piled up in a space of perhaps 4 x 4 x 4 metres and might weigh 
about 100 metric tons. Perhaps 10 x 20 tons of uranium oxide 
would have to be used, embedded in some such pile of graphite . 

The probable success or failure of such large-scale experiment 
can not be forecast at present with any degree of assurance, The 
properties of a system composed of uranium and graphite have been 
calculated independently, for a homogene ~us mixture by Fermi, for 
a lattice of sphe res of uranium oxide, or uranium metal, embedded 
in graphite, by m~self. The results of these two independent 
calculations are in reasonable agreement and show that the two 
independent calculations are in reasonable agreement and show 
that the two arrangements have different properties. For instance, 
i n the case of using a lattice of spheres a great advantage could 
be obtained by using uraniuill mGtal inst ead 8f uranium oxide, whereas 
in the case of the uomogeneous mixture the us e of uranium metal 
wou ld be of no great advantage. In s pite of these calculations, we cc: 
cannot foretell with ce r t ainty whether or not a nucle ar chain 
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reaction can be maintained in such a system because the absorption 
cross-section of carbon for slow neutrons is not sufficiently 
known. 

In order to remove this incertainty Fermi and I have devised 
two different experimetns by means of which the absorption cross
section of carbon, which is very small, could be measured. It is 
assumed that one of these experiments, or both of them, will be 
started at Giumbia University as soon as the facilities required 
can be obtained. 

If the absorption of carbon should turn out to be comparatively 
large we could conclude that the large-scale experiment is bound 
to fail, and in this case it need not be started. If the absorption 
of carbon should prove to be exceedingly small the large-scale 
experiment would appear to be very promising, and it can be assumed 
that everybody will then be in favor of starting it without delay. 

Unfortunately, we must be also prepared to find an inter -
mediate va lue for the carbon absorption. Int his case a large-scale 
experiment will have to be performed in order to find out whehter 
or not a nuclear chain react ion can be achieved with a combination 
of uranium and graphite. So we may have ro make the experiment 
and risk its possible failure. 

It should be borne in mind that a negative result of the large
scale exper iment could also be of value by showing with certainty 
that a chain reaction cannot be achieved with simple means in the 
near future. Otherwise there remains an ever present pota __ ntial 
threat arising out of experiments on uranium, which are carried 
out in certain other countries. Therefore, in my personal opinion 
a large-scale experiment ought to be performed unless the possibility 
of its success can be excluded with reasonable assurance on the 
basis of experiments which are designed to determine the absorption 
of carbon, or other similar experiments which can be carried out 
on a moderately small scale. 

RECOi NDATIONS CONCERNING LAR GE-SCALE EXPERIMENTS. 

No expenses need be incur red in connection with large-scale 
experiments until the absorption of carbon has been measured. On 
the other hand, steps ought to be taken now in order to prepare 
the ground for a large-scale experiment, so that this can be started 
without delay at the proper time . For instance, the possibility 
of converting uranium oxide into uranium metal ought to be explo~ed. 
An attempt ought to be made to obtain a pr omise on the part of · 
certain industrial corporations to supply at the proper time the 
quanti ties of t h e materials, 7;hich are re quired. If possible, these 
materials ought to be loaned wi htout any financial consideration. 
Barring an accident in the case of a successful l ar :::;e-scale experiment 
most of t he mat erials used would remain unaff3cted and could be 
returned after t he experiment is completed. 
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100 metric tons of graphite represent a va lue of ab0ut 
$ 33 . 00 at the rate of$ .15 perlb . If a purer brand of graphite 
has to be used, 'Vhich rates at ~ . 24 per lb, the value involved 
would be $ 53.000.-

20 metric tons of uranium oxide repr sent a value of $ 100.000 
at the rate of $ 2.50 per lb. If it need not be converted into 
uranium metal but can be used in the form of oxide i n the large
scale expe:ciment, this mat ,rial could be kept pure and could be 
returned undamaged . It would be desirable to ha.ve up to 50 tons 
of uranium oxide readily available for experiments in the United States. 

ST1 TElv ENT CONCERNING T.dE PUT ;~NTIAL ASSISTANCE OF THE 

UNION MINIERE DU .J.-irtUT KaTANGA_. 

It would be of particular value to enlist the assistance of 
this Belgian corporation which is to some extent controlled by 
t he Belgian Government. It appears to be the only corporation whi ch 
could supply at s hort notice 20 metri c tons of uranium oxide, and probab 
even 50 tons. I understand tha-c the 1Vlana ::;ing Director, r.E. Sengier 
is on a short visit in America. 

Fr om conversations which Professor G.B. Pe~am of Columbia 
University had with a representat ive of -che Eldorado Gold Mines , Ltd. 
it appears that thi s Cancadian corporation might be able to supply 
uranium oxide for our purposes a t the rate of 1 ton per week . If the 
uranium oxide were to be bought r at h er than obtained as a sift or a 
loan, it might be secured from Canada probably just as easily as from 
Brlgium.. On th~-;. othe.L" side, the Canadian corporation i s rather small 
and can hardly be asked to give away l a rge quantities of material 
without financial compensation . 

So far, radiQm up to about 2.5 grams was t~ed in our experiments, 
and we had to pay high r ent to a subsidiary of the Union hniere, t he 
only corporation from ·which l a r ge quanti ties of radium can be 
readily rented in this country . An attempt oi ght to be made to 
obtain radium for the purposes of such experiments rent-free from 
the Union l~liniere in the future . 

Carnotites cont aining uranium are mined in the U. S .A. by the 
U. S . Vanadium Corporation which is owned by the Union Carbon and 
Carbide Corporation . A c onvers~tion which I recently had with 
William F. Barrett, Vice- President of this corporation, did hot 
encourage the hope of obtaining large quantities of urani um oxide 
from this firm, b ut the issue could perhaps be reopened . 

B'rATEl\llENT ABJUT URAlifiLJr ORE . 

As far as I was able do find out, pitchb~end ,which is 
an ore ri ch in uranium, is mined in Czechoslovakia , Canada and 
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Belgian Congo. The total content of uranium in t he deposit in Czechoslovakia is estimated to be between 1000 and 1500 tons. T he Canadian deposit visibly contains a total of 3000 tons. The amount of pitchblend in the Belgian Congo is not known, but it is be lieved to be very much larger. In t he United States uranium occurs chiefly in the form of carnotites, which is an ore poor in uranium , and is mined for the sake of its vanadium content. 
'l1he total deposit is estimated to contain 3000 tons of uranium oxide. (Perhaps there are in the United Stat es larger quantities of ore containing a very small amount of uranium which are not included in the above e s timate.) 

REOulVJ.J.uENDA·ri ON CO ~C:.ERNING URANIUlv ORE . 

Steps to secure .a stock of uranium ores for the government can hardly be reco~~ended at the present time if such steps would involve financial commitments in the part of the government. I t mLght, hQwever, be advisable to begin to study the question in what manner the 60Vernment coulQ s ecure such a stock at a later date if required. 

For :bnstance.,. the question has been raised whether it might not be possible to obtain for the government a large quantity of pitchblend from Belgium as a token reparation payment. Such a transaction would not cause alarm abroad if it were arranged before the world learns of th e results of some successful large-scale experiment. The transaction could be justified wihtout reference to the uranium content of the ore. Pitchblend is also the ore of radium, and action could be taken on the ground of securing the ore of radium, and action could be taken on the ground of securing the ore for the sake of its radium content, with a view of extracting the radium at some future date for medica l purposes. Action taken on this ground alone mi ght in fact be entirely justified~ 



MEMORANDUM: 

The sale of arms by Czechoslovakia to Egypt in ex

change for cotton deliveries might turn out to be a blessing 

if it forces the statesmen to face the problem of enforcing 

a limitation on armaments of the smaller nations even before 

it becomes possible for the great powers to disarm. Cash 

and carry might have represented the quintessence of a 

legitimate commercial transaction before the war, and the 

principle of cotton and carry is hardly different from it; 

but times have changed and an arms race between the smaller 

powers who are not completely controlled by either Russia 

or America or their close allies might well lead to an all 

out atomic catastrophy. 



COTTON AND CARRY 

The sale of arms by Czechoslovakia to Egypt in return 

for cotton deliveries might turn out to be a blessing if it 

forces the statesmen to realize that it is necessary to re-

adjust our thinking to the realities of the atomic age. 

Before the war, some people might have felt in America 

that to sell arms on long-term credit to another nation 

might represent an intervention, particularly if the other 

nation was on the brink of war. No one seemed to doubt 

that if the principle of cash and carry was observed, the 

sale of arms represented legitimate commercial transactions 

rather than military intervention. 

Before the war, it used to be cash and carry. Nowdays, 

it is sometimes cotton and carry. The principle is the 

same. The times have changed. For if arms anarchy is per

mitted to continue, where is the limit if tanks and guns are 

sold by the great powers to small nations in commercial trans

actions? Why not also atomic bombs? And if there are local 

arms races engaged in by small nations, how are we going to 

prevent a local war in which neighboring nations may join 

and in which, in the end, Russia and America might be com

pelled to join on opposite sides? 

This, it seems to me, is the likely path towards an 

all out atomic catastrophy, much more so than a direct attack 

of Russia on America, or vice versa. Such a direct attack 

would indeed be exceeding the unlikely once America and Russia 

reach the point where their strategic air forces are suffi

ciently dispersed and protected so that no sudden massive 

attack can appreciably decrease the power of the other to 

retaliate. Once this state is reached, we have a true stra

tegic stalemate between Russia and the Soviet Union and if 

certain precautions are taken to prevent an accidental trig

gering of an attack against each other, a comparatively 



stable situation would be reached. The danger of an all 
out atomic catastrophy would still be with us if in the 
absence of a political settlement America and Russia may 
very well line up on opposite sides in the war that starts 
out as a local conflict. If atomic bombs are then used by 
Russia and America in the tactical area, things can easily 
go from bad to worse. No one will be able to say "up to 
here and no further", and in the end, an all out atomic 
catastrophy might ensue. Neither America nor Russia can 
possibly want an all out atomic catastrophy and we may 
assume that they are exercising restraint and also _be 
able to restrain those nations whom they supply with arms 
and whom they control. 

But what about the nations who buy arms on a cash and 
carry or cotton and carry basis? And what about the world 
in which a number· of smaller independent nations have 
acquired stock piles of atomic bombs and means for their 
delivery? 

General disarmament may be a long way off, and in any 
case , such disarmament once agreed upon cannot be enforced 
against such giants as the United States or Russia. The 
best we can hope in this respect is' that secret violations 
of the disarmament provisions would be detected without 
delay and that the disarmament provisions which are secretly 
violated would be promptly abrogated by the other nations. 
But long before general disarma~ent is accomplished, it may 
be necessary to have some form of enforcement to prevent the 
smaller nations from endangering each other and the peace of 
the world through an uncontrolled arms race. What form can 
such enforcement take? And. what is the legitimate · level of 

' 
conventional arms which Israel , for instance, ought to have, 
and to how much arms is Egypt entitled? Either country can 
legitimately want what they regard as a safe margin of super
iority. If the race for the arm~between Egypt and Israel 
is indeed the mutual fear of an attack by the other, why not 
have Egypt and Israel agree on five to seven nations · to supply 
small but highly mobile forces, stationed partly in Egypt and 
partly in Israel, manned by the nations selected but armed and 



equipped and financed in part by the great powers and in part 

by Egypt and Israel. This mobile force, armed with conventional 

weapons, need not be large and yet it could prevent forcible 

territorial changes; for in case of an attack of one country 

against the other, it could penetrate to the capital and arrest 

officials of the offending government and it could penetrate 

to military headquarters and arrest the· commanding generals. 

With the fear of an attack gone, Egypt and Israel might have 

not been permitted to buy as much conventional equ~pment as 

they wished if they choose to waste their resources in such 

a manner, provided only that the ~quipment they buy is infer

ior in fire power to the original force. 



~~ORANDUM ON COOLING OF THE POVffiR PLANT 

A number of different cooling systems have been considered. I t was 

considered desirable to transfer about 106 KW in machine which contains 50 

tons of uranium. This is, however, not the upper limit that can be reached . 

~ethods have been devised to transfer 106 KW per ten tons of uranium. 

Though one could transfer without much difficulty larger amounts of heat , 

there does not seem to be any immediate necessity for pushing the figure 

higher. Every cooling system is characterized by a number of features . 

Obviously there is a large combination of these features possible , but only 

a limited number of the combinations appears to be of interest. In the 

' following these features will be enumerated and briefly described : 

l. The following cooling agents were considered : Air, hydrogen , 

helium, water, liquid bismuth. 

2. Direct cooling in which the liquid agent is in direct contact 

with uranium. Only helium and bismuth appear to be perfectly safe to be 

used in this way. 

3 . Indirect cooling in which the heat is transferred from the 

uranium to graphite and from graphite to the cooling agent. In the case of 

indirect cooling the cooling agent need not be in direct contact with graphite. 

For instance, it can be lead through pipes of beryllium, Karbade, or 

aluminum through the graphite. 

4 . Contact transfer to graphite, that is, a method of indirect 

cooling in which the heat is transferred from uranium metal direct to graphite . 

5. Bismuth transfer to graphite, that is , a system of indirect 

cooling in which the heat is transferred from uranium metal, uranium oxide, 

or uranium carbide to the graphite by a slow stream of liquid bismuth. 
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6. A system of indirect cooling in which air is lead in beryl-

lium, Karbade or aluminum tubes through the graphite pile. 

7. A system of indirect cooling in \'ihich there is an intermittent 

of water through beryllium, Karbade, aluminum, or lead tubes through the 

graphite pile. If this system is used it might be advisable to build twin 

machines which are exposed to each others neutron radiation. 

8. A system of direct cooling in which we have as cool ing agent 

either bismuth or helium. Uranium metal, oxide or carbide is arranged 

in form of more or less sphere-like shapes which have an internal structure 

so as to have a large surface for heat transfer without having a large 

surface for resonance neutron absorption (for instance, sphere-shaped cluster 

of uranium oxide in form of granules). The helium or bismuth coming in 

through a lead passes through one or more such clusters and follows to 

another lead. 

The inclosed diagram illustra tes the interconnection of the various 

cooling systems. The most interesting alternatives can be summarized as 

follows: 
~ 

(1) direct cooling by helium or bismuth in a double str1ug cluster 

arrangement; (2) water cooling of an intermittent twin power plant in which 

the water is lead in pipes through the graphite and the heat is transmitted 

from the uranium to the graphite either by liquid bismuth or by direct con-

tact between uranium metal and graphite ; (3) an air-cooled indirectly cooled 

continuous system. 



The table shows the factors which enter into 

the heat transfer number for bismuth, helium, air and 

water. The heat transfer number is given for the critical 

velocity,that is for the velocity at which the kinetic is 

equal to the heat transported for a temperature rise of 0 

If not otherwise stated, the values are given in c.g.s. units. 

Is the average temperature difference which is used fo~ cal

culating from h {heat tranfer number), the amount of energy 

actually transferred? 



MEMORANDUM ON CYLINDERS 

A lattice of cylindrical rods, 
JJ 

shortly, cylinders, has been considered in 1939 and again 
II 

in 194i. Formulae were derived for calculating the frac-

tion of 

in such a 

piled for the August meeting of the theoretical subcommittee 

of the uranium committ e e (Tables dated August22, 1941. Photo-

copies available on request). 

These formulae were numerically , 
it 

for cylinders of 2 to 6 em. radius and .various ratios of 
;£.... 

evaluated ?Y B. Feld 
, CJP J 

uranium to carbon. were completed in 

September, 1941, and the results 

-~ PCC bg±h q P 9 e~'l!!'ii"tietrea i-~~iUBI' 

~ 
.liQ th cerhan-..I~)l.J.' int~.x;.ut~ewe¥e".l""f- ~ret:e that if we consider 

spheres of abou~ em. radius and cylinders of 2! em. and a weight ratio 
~J,.-" 4 .['4 / 

of/ uranium~ ~aMoot:l of i to &, 1 the thermal utilization factor for the 

sphere is .86, whereas for the cylinder it is only .8. This shows that 

we lose about a factor of 1.07 or about 7% by going over from spheres to 

equivalent cylinders in this range of radii. Let us also compare an 8 em. 

sphere with a 6 em cylinder which are equivalent from the point of view 

of average thermal neutron density inside ths metal. Our data show that 

we have for both the same thermal utilization factor of about .82, but 



the multiplication factor for cylinders close to the multiplication factor 

for spheres by introducing neutron slits (see below) . Whether long 
~~ t ... 

cylinders or spheroid bodies of uranium should be used will be ultimately 

determined by practical considerations connected with the cooling problem 
.......,c.p( ~I"'-->""\ ~-c; ~ . ._/ 

and we alae &epeft9~upon the nature of the cooling agen~ whieh will ee w•ed. 

' // .. AI"' 
~,.e!. ttl> ~-A-

_ _...!( ______ ~- --
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MEMO ON HEAT TRANSFER 

In order to be able to compare various cooling systems it is useful 

to derive certain general formulae which are approximately correct under the 

conditions under which the projected plan would operate. 

Helium Helium Cooling 

Orders of Magnitude,--10-6 KW plant requires flow of about 400 kilograms 

of helium per second. This corresponds at room temperature to 2.2 x 10-6 

liters at one atmosphere pressure. For ten atmospheres we have 2.5 x lo-5 

liters and would have to put up 2200 KW if we have to pump against 1/10 atm 

pressure difference. At 100 meter velocity the helium flow requires a cross

section of 2.2 m2. 

Characteristic Velocity.--We define as the characteristic velocity .the 

velocit~ which the kinetic energy is 1% of the heat which the helium carries 

away if a temperature rise of ~ 4 T is permitted • ..___ 
t1rv--o ___ ._...~ 

With M = 4. R = 8.31 x lo-7 we have for 4 T = 300°C 

'I= 1. 7 x lQ-4 em. = 170 meters 
() ~ ,~ ~~ ~ e: .Jc ~t::. 

The t:;l.'tJ.t.e temperature of the helium may be about 689 hsfilanth an sa 

""-'" y -
leav:i:ng the )9:1!-le. Accordingly, the density ef helium at exit will be about 

half, the velocity about t wice, and the friction loss per unit lengths of pipe, 

also twice 4 ~~ 

Critical Length.-The helium is flowing through a duct or pipe and we 
f..# 11/C 

define as ~critical length the length of the pipe in which the loss due to 

~iction is equal to the kinetic energy which corresponds to the velocity of 

the flow. Up to Re = ~000 we have A .. ::::. 

• 
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By putting 

--
length 

we find for the critical 
t),\~-

.~ e. 

We see from this equation 

that the critical length varies proportionately with the radius of the pipe/ 

&ut inasmuch as it goes with the fourth root of Re it is practically independent 

of the density between 1 and 10 atmospheres. 
~ 

If Re = 10,000 we have for the length~ : 
,.. ,. 

r =.1 em.; 1 = 7.5 em. ,. r = 5: cm.; 1 = 375 em. 

"' r = .3 em.; 1 = 22.5 em. r = 10 em.; 1 = 750 em. 

r = 1 em.; 
,I. 

1 = 75 em. 

In a pile of 3.4 x 3.4 x 3.4 meters we may have in a cross section 300 units. 

Each doubl~ duct serves 4 units so that we have 75 double ducts. One double 

duct would have an area of 300 cm.2 (corresponding to a radius of 10 em. if it 

were a single duct, which it is not). 

Taking viscosity of helium at some high temperature to bej'i- = 350 x 10-6 

we obtain for 100 ' meter velocity and 5 em. radius for Re : f. "V-!: 
(} ,~ (- 4 /" 
I~ -::- '!- , ..; x I 0 

Changing Pressure.--If we keep the velocity of the helium and the 

geometrical arrangement but reduce the pressure by a f actor lO~d accordingly 

the heat transport from 10-6 kw. to l0-5 kw.) the pump work will drop by a factor 

of 10. The critifal length as defined above does practically n9t change· with 

pressure, and the pump work is therefore the same fraction of the transported 

heat in both cases. 



HEHORANDIDl ON HEAT TRAllSJ'ER 

Taking as a baaig figure~ 10 to 6 kilowatts for 10 tons of uranium we 

obtain 1/8. 10 to the sec. W E p·er sec. per unit length for a uranium cylinder 

of 3 em. radius and density 17 Gms. per c.c. or about 600 Gms. of uranium. 

This would require a heat transfer from the uranium to the liquid metal 

of about 800 cal. per em. aq. and sec. This would be far too much even if the 

h$at conductivity of uranium were equal to that of copper; i.e., about 1. 

The h t conductivity of uranium metal appears to be 25 times leas. 

Cluatart 

In order to improve the heat transfer, the uranium can be clusterised as 

shown in Figure 2. it one uranium cylinder is replaced by n cylinders. The 

~urtaee of the uranium is increased by a factor of and the depth 

is decreased by the same factor. Consequently, the amount of heat transferred 

for a given temperature difference between the maximum temperature in the ura

nium and the cooling liquid is increased by the factor n. 

If the cross-section of the cooling liquid is retained, then clusterizatioD 

by the factor n will decrease the symbolic ra~us r which enters into the pres

sure loss equation by ~ factor; • 

Clusterization ~s desirable if t he beat conductivity or the uranium co~ 

pound used is small or the cooling liquid does not wet the uranium compound. 

The arrangement shown in Figure 3 may then be resorted to ~or the ~pos of 

keeping the velocity of the cooling liquid low and thereby keeping friction 

losses in moderate bounds of excessive clusterization. In thia arrangement, 

bismuth appears _to be the best choice for a cooling liquid. The bismuth trans

fers its heat to a good conductor such as graphite and the graphite is cooled 

__ by another stream of bismuth, or if a twin araangement is used ( see below) 

to s liqui'd metal like till• lead, eto. 

Anotner alternative arrangement 1e used. which is shown in Figure 3; h•· 

the bismuth flowing through a cluster unites with another direct bismu~ atre 

This arrangement is meant for the exclusive use of bismuth only and does not 

foresee intermittent operation in a twin arrangement 

Figure 4 and 5 of the two different simple types of cooling and Fi~ re 

6 Shows a modification described in Figure 5. If a metal is used as a cooling 

liquid which has an absorption for neutrons too great to permit the chain reac 

tion to continue, it is necessary to operate in an intermittent ~· Such a 
'1 

metal, for instance, tin, is then periodically pumped into and through the 

graphite system and periodically drained from the graphite. The chain reactio 



la stopped 'While the tin flowe through the graphite and atarta agat11 when the 

tin is drained out of' the ey-stem. Such an intermittent operatioQ requirea, 

however, the use of a twin or multiple arrangement. This is neceasary for the 

following reasons after the chain reaction is stopped the neutron density 

:falls off quite rapidly corresponding to the increased abaoeytion due· to the 

pres.ence of the cooling liquid in the system. When the cooling liquid is 

drained out of the graphite the Cha in reaction starts again but ~nc6 the 

neutron density is very low it would take a long t'ime to reach the required: 

intensity. On the other hand ,. if two gra.phite systems are used (shown in ' 

F igure 7) one of the twins iJ drained of tin and maintains a ebai:n react ion. ' . •· 

while the other is being cooled. The chain rea.cti on of the first of the twins 
. . 

will then maintain a considerable neutron density in the second of 'the twins so 

·i,;hat when during the next period the second twin is emptied. there is a very 

short time required for t he chain reaetion to reach f'ull intensity. 

If an intermittent way of operation is used the length of the active 

period i s limited by the heat capacity of t h e u ranium and its heat output. 

For instance: 

This being a severe limitation it is· of interest to note that the effective 

heat capacity limiting the length of the active phase is 0ons!derably ·increase 

by using an arrangement as shown in Figure • 

If" a. cluster arrangement i s used the nuelear effects or bismuth ean be 

taken into aeoount by consdering t h e cluster a.s a homogeneous mi xture of 

uranium and bismuth. 
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The principle of the system is il l ustrated in Figure 1. In this 

Figure we se e two leads; cold liquid bismuth, at a temperature slightly 

above the melting point is passing through Lead 1. From Lead 1, the 

liquid bismuth passes through a number of transverse connections into 

Lead 2. These transverse connections carry the bismuth through a 

spherically shaped cluster of granules of uranium or uranium carbide. 

Heat is developed in these granules and is transmitted to the bismuth 

in the clusters. We may figure on a temoerature increase of the bis-

muth in the clusters of about 300 centigrades. The bismuth which is 

thus overheated collects in Lead 2. The flow in Lead 1 and in Lead 2 

is parallel. The cross section of Lead 1 decreases along the direction 

of flow and the cross section of Lead 2 increases co r respondingly along 

the direction of the flow. In this way the pressure difference driving 

the bismuth through the cluster may be the same for all clusters along 

the direction of the flo w. 

In orde r to see the various factors which h ave to be considered, 

we shall make use is based on the assumption 
6 

that 10 ill~. are liberated by 1 0 tons of uranium. Each cluster contains 

2 kg. of uranium and develops 50 Cal. ~r second. Al lcwing a tem~ r Pture 

irnrease of 300 centigrades, we have to press 500 cc. bismuth~ r second 

through each cluster. Assuming that the cluste r has a cubic shape of 

about 5 x 5 x 5 em. and that t of the volume of the cluster is fi l1 ed 

with bismuth, the tot a l cross section of the bismuth flow within the 
2 

cluster is about 5 em. • This corresponds to'bismuth velocity of 

1 em. pe r second within the cluster. I f the energy corresporrlirg to 

this velocity is lost 20 times within the cluster, then we have a 

pressure drop of 1 atmosphere . This will correspond t o granules of 

about 2.5 m diameter. 
"""-

Allowing a temperature rise of 300 centigrades, the dissipation 
6 

of a heat production of 1 0 kw. requires a total flow of 2500 liters 

of bismuth p e r second. To pump this quantity of bismuth against the 

~essure of 1 atmosphere requires about 250 kw.~xclusive of losse 

Assuming an average velocity of 7! m. in the le ads, the total 
2 

cross section of the flow of bismuth in the leads amounts to 113m • 

If we furthe r assume that we have about 225 nairs of le ads, each ~ ir 
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of lead would have a cross section of about 22 em • 

Figure 2 il l ust r ates a device which is proposed to be used as a pump 

for the liquid bismuth. A device of this type has been originated by 
~d-o 

A. Einstein and L . Szi~lard, and various me~eps were built and used to pump 

mercury and liquid alloy~of potassium and sodium between 1930 and 1933. In 

Figure 2, 21 is a steel tube; 22 is a l aminated iron core inside the steel 

tube, which leaves a circula r gap 23. 
c.c .. 

The g ap 23 is filled with liquid bismuth. 

A number of copper 88118 are placed around the steel tube 21 31tei ~Ps/ embedded 
~ / 

in the laminated stator of the motor. 
I I 

By means of these ssFss, a magnetic 

field is generated across t h e bismuth in the gap between the s~eel tube and 
L~ 

the iron core. The direction of the magnetic lines of force ~ the bismuth 

~ is perpendicular to the axis of the arrangement. The magnetic field moves 

parallel to the axis and g enerates an electric current which is perpendicul ar 

to the axis and encircles the iron core . The ponderamotive force acting on 

the bismuth is paral l el to the axis and puraps the bismuth through the tube. 

It may be mentioned that if the granules are wetted by bismuth so that 

we have no temp erature drop 8 t the interphase, the temperature difference 

between the center of the granules and the bismuth is inversely proportionate 

to t h e number of granules p er unit area. In our present case, was habe 

examined 400 granules ove r an area of 25 2 em • Howeve r , if the bismuth does 

not wet the gr anules and i f the tempera ture at t h e interphase dominates, then 
f 

the over-temperature of the granules wi l l b e inversely proportionate to the 

square root of the number of granules per square centimeter. 
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In the paper which I submitted to the Physical Review in FebrUl. ry 

1940, it was envisaged to cool by means of liquid bismuth a system of 

uranium spheres embedded in graphite. In the present memorandum, certain 

aspects of this system of cooling are illustrated. The estimates made 

in the present memorandum are based on a heat production of 106 kw. per 

10 tons of uranium. 

The ratio of the weight of uranium to carbon is assumed to be about 

L ;lO. The number of uranium spheres is 17 x 17 x 17, each sphere weighing 

about 2 kg ., leading to a total of 10 tons. The grauhite is assumed to 
,It J,t,t 

have the shape of a cube of 3 .4 x 3 . 4 m3 or about 40m3 or 70 tons. 
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~Memo on population change-over • ~ ~Oh/ 

As long as the new strain is present at a low concentratio~ concentration ~~ 
of tryptophane 

~d ~are assuming here that we are working 

I tf) 
to have the growth rate}fof the parent strain proportionate to 

concentration ,g. f s long as the concentration of the new strain is low, the number 

of the bacteria of the new 
y t-~o~~+ 

strainj will ~ise exponentially where g is the 

i: 
number of _generations ( ..__ 

T 
for 

many generations it takes :· 

) and 4 the number which indicates how x 

~ ~ ~"f€4'1>~6~ .. ~ 

~X~~ 
e en of the population change-over, th~arent strain~ ~Peeent ir.r 

. < 

~ ~ The concentration of tryptophane in the growth tube is then 

determined by the 

of the tryptophane 

; r 
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Towards the end of the population change-over the parent strain will 

-..1- at,-; /yf!, ~ 
exponentially decrease ( x~ ~ £ f. Cle~ly, for 4 we may write ( ~~-=-- .1(~ C ) • 

. k'-.. '> tc, 
In the middle of the population change-over the concentration of the new 

strain will be one half of D where n is the concentration of all bacteria in the 

growth tube. Throughout the population change-over the total concentration of the 

bacteria x + y remains constant because both the new strain and the parent strain 

require an equal amount ~ tryptophane for one bacterium produced. 

At the mid-point of the change-over the tryptophane concentration in the 

growth tube will be given by c = Consequently, at this mid-point 

we may write 

On this basis, we may now compute for the total co~centrati~ 
A:;;-- ?t) 

resistant to T 5 ~ (~ :::::: -::t::, ') which gives the slope at the mid-point of the 

~ }~ . ~) . ~ 
change-over for the curve which gives the total number (Of mutants resistant to T5 as 

the function of the number of generations.f- ~ 

Before the change-over the number of mutants resistant to T5 belonging to the 

parent strain is given by 

After the change-over the number of mutants resistant to T5 belonging to the 
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to the new strain is given by 

~ = foj-k4. 

~re k represents the number of generations at which 

... 
. ·' \ ' "!:" 

. -~he or
5 

resistant mutants extrapolates back on the a~cissa • 

l 

During the change-over the number of mutants resistant to T5 is given by 

/ 

i 

I r 
' 

~ and_ *~~It the slope at the mid-point of the change-over is 

given by 

From this we may also write 

-- ------=---
• 



U/P~~~~~~~~··· 
~~ 

x. * ~r-4 -
CttJ-L'l- :::- C,. 

~ 



Memo on the deterioration of bacterial population 

The following assumptions are made: 

1) Anyone mutational step leads to a strain which has a decreased growth 

- - --~ 
r~te by the same factor~herefore, a bacterium having n mutation steps has a 

growth rate of ~~ 

2) No back mutations occur and all mutants have the same probability to go 

~dt~~ ~tt~~ pd .~~ 
through one~nal step. This ~nstant per unit time an has a value of~. 

/ 

3) 

~~ . 

chara~terized by function4" which gives the number of mutants 

=-. 
where tJG 

e g () 

' · •·• tf ~~~ 
~F any etationary or non-station~ population ~ __ /3 """"' 

~-11 ~ ~ /('-. -t) + liCo e 1Ft~· 
and for a 'Stationar~ population we sho$ have ~.,__ {!) ~@ 

tl - /' -ra~ /-A - /J - .1. -:- <( .. e 
~- /fk) I w. 

{ (f) _ 
for ~values of n tbQs gives irrespective of the value of beta 

from which we see that we obtain a stationary popula::::~ ~i 
~~~A ~rv~~~~~ 3 

~ A .#- A / ~<I ~)'... fr;:;.._~ 
pr~~rt- . ~ ...- ~ 
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Memorandum on the difficulties of an ov~r-all settlement with Russia ~ 

~ /? P-, Q 

The premis~ on which this memorandum is based is (expressed by Uu •e 4~" 
~Jf.•I do not know whether a negotiated settlement with the 

Soviet Union is possible. I do know, however, that no such attempt at a 

negotiated settlement has been made; instead we have wasted our time with 

polemics over isolated secondary issues which must remain insoluble as long 

as the basic issues remain unsettled. I also know that, in view of the 

present and foreseeable distribution of power between the United States and 

the Soviety Union, the choice before the world is between negotiated settle-

ment and war, that is, universal destruction. I finally know that no nation 

can survive the ordeal of a third world war, if it can survive it at all, 

without being convinced in its collective conscience that it has done every-

~hing humanly possible to preserve peace. It is for these reasons that I 

deem it worth while and even imperative to consider seriously the possibility 

of a negotiated settlement with the Soviet Union." ( Morgenthau, Bulletin 
of Atomic Scientists, May, 1950) 

M of my colleague:s though ··n all) will probably agree with lt.4 

premise. 

we go on from 

solved 

peace. 

t;lduem.t~x:Da!l:~ 
·pj ..... , -.... ~ 

re and begin to examine 

devise an over-all 

We propose to on from here and to examine the problems that must. be 

solved in order to have an over-all s~ttlement that could be expected to lead 

to lasting pea~e. I : will be seen that the problems involved are difficul~d~ ~ . 

~~' aRe ~ution will require imaginatio and resourcefulness~ ~ 
~~ _ .u1r-c.1!._ .t t · 

~t,~,J.:~~~w.i.J.J;: .. ~·t.--l:re F eaSier o solve by negotiating from strenglbbs • 

~eing in a~ strong miliatry position at the time when we negotiate/ 

l)IJ)1ile it might do no harm, it will~elp very much towards arriving at a 

satisfacto~J solution.~ 
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• 

• one who can negotiate from a situation of strength has a very great advantage , 

for once he gets the oth,er fellow to sign on the dotted line that man will 
(Jf""Vtlt. 
~es-n"t he can be taken to court and be made to have to preform, 

perform. 
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war settlement with Russia based on the recognition of what atomic energy 

-I- W:Q\!ld 
meanLfor war in the future a dangerous situation ~ arise after the war. 

l would 
it was evident that international control of atomic bo~ ~l require some 

1\ 

sort of x inspection and that it would be very difficult for Russia to 

accept inspection. The cnucial issue, therefore, appeared to be how we could 

get the Russian ~overnment to see the problem in thelight which we saw it and 

become willing to accept the principle of inspection, assuming that the 

political requisites for such acceptance were offer~d to her within the 

framwwork of an over-all settlement. 

(Some of t hese considerations were embodied in a memorandum written 

for President Roosevelt who died before this memorandum reached him. 1 he 

text of the memorandum is enclosed.) When the war ended we thought the 

best chance of influencing the Russian Government would be through the 

Hussian physicists with whom we had pre-war contacts. We assumed that the 
the 

Russian Governement would look to its physicists forh'creation of the atomic 

bomb in Russia and that ·they would be for awhile inclined to listen to toem 

and to take their adviEe, so it seemed that our best chances to get the 

Russian Government would be ~kx to have informal and sincere discussions 

with Russian physicists many of whom we had known from pre-war days. This 

could have been accomplished best by an enclosed and inf ormal meeting of 

some fifteen or twenty physicists. The plan was outlined to William 

Benton, at that tline Assistant Secretary of State, who recognized its merits 

but found that Burns was opposed to the idea. Subsequently, . we carried the 

case to the White House. Robert M. Hutchins and Rubin Gustavson Siw the 

President in the presence of Burns who expressed opposition to t~idea. The 

next attempt was made by the Emergency Committee of Atomic S~ientists in 1947 

shortly before th l"' ' • Lhis time it was decided not to seek . . . . . . . . . . . . . . . 
prior approval of the meeting by the Uovernment but rather to answer •••• 
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Insert 1 

group of physicists >vith whom I was closely associated made strenuous 

efforts 1 n ~~;late fai'l" of 1945 ~ early in ~ to convince the Government 

long to produce atomic bombs. The most 

careful estimates made by Bethe and Seitz pointed to a time of less than five 

years. It is now a matter of record that when it came to formulating~vernment 

policy our estimates were disregarded: In his book, Speaking Frankly, published 

two years ago, Mr. Byrnes relates that when he took office as ~ecretary of State 

he wanted to know--because he considered this a vital ~oint in any system of 

control--how long it might take other governments to produce a bomb. 11From all 

the information we received, 11he writes, ni concluded that any ot~r government 

would need from seven to ten years at least to produce a bomb a 11 Mr. Brrnes then 

goes on to say that because return to normal conditions was slower than he 

anticipated in all co1mtries, his estimate of seven to ten years would have to 

be 

the negotiations on 4:torr.ic g ergy ntrol in 

the~ 
- When the Baruch plan was made public and raised the issue of the veto, many 

of my colleagues were very much disturbed, and wondered whether we reallywanted 

~ \~~ 
bombs. // I felt perhaps less badl~an they did mn•l-y ~~ ,..--7--an agreement on atomic 

because I was inclined to believe that Russia would not agree to any plan that -
would eliminate atomic bombs from national armaments. In case of war., so I 

J.--~~· .. < .. / j {I// 

reasone~~ production capacity in tanks, guns and bombing planes sbould enable 
{,...Ly 
~{to carry the war to Russian territory from bases in Europe and the Middle East, 

but atomic bombs are the only weapons with which Russia could carry the war to 
.'.../• .. "" /,~ -~ "" t:-- vr-l-·~·- . ~-'~~.,'-e--:r~ ~-

the territory of the United States. ~&H;J:d me in these circumsance·s s 1 1 t 

Russia to renounce the use of thisveapont. 
\) ~~..,...) 
~(tate~Dr. Zlotovsky, whom I met at the ~hysical Society meeting in 1947, 

showed me that I was probably wrong. Zlotovsky is a EQish physicist who had 
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represented Poland in the United Nations Atomic EnereY Committee. I knew through 

our French colleagues who were serving on this Committee that initially Zlotovsky 

had the full confidence of the Russians but that later on--at the time when I 

met him--they did not trust him any mare. 
1(__~ 
(1 explained to Zlotovsky why I thought that Russia would h_7ve rejected 

J ~& ~~~~a~ ~ 
any agreement that ~15ay with the atomic bomb ~rw:t glol ii"R}Eoy disagreed 

~ andtold me this: ~erhaps from a purely logical point of view the 

~¥!r ) 
H.ussians ave reasoned the way I did, but their thinking was in fact 

rather different. In the wars which they had fought and won in the past they 

had always adopted defensive tactics and destroyed the armies of their enemies 

inside of Russia. )fuen they were now thinking of another war they were thinking 

of it in terms of their past experiences. When the Baruch plan was put forward 

Gromyko came to see him and spoke to him about as follows: "Now Zlotovsky, you 

have lived among these people for a number of years, you should be able to 

understand them. What is behind all this? IVhy does Baruch put forward a plan, 

which you know as well as I do America itself would never accept? What is it the 

Americans are after?" 

Zlotovsky was convinced that at the time when the negoti~tions started the 

existence of atomic bombs was a disturbing thought for the Russians and that if 

an acceptable proposal had been made for effectively eliminating atomic bombs 

Russia wo~ve rejected it. 

~~ e Hi to accotmt, @ 
'1~~ 

course, ~at i;fie M-nie t 

started Russia could not be certain that her physicists would/·n fact be able to 
~ d.....c- .e-/~e'~--9 /->-e.. /'Z'~ 

, I 
produce atomic bombs, 

~~ Zlotovsky was right I had been wrong. (what seemed to me 

at to be so inter'\ting and so much 

be true that I a~anged 

to 

'r. Einstein at Princeto~ 
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But it is probably still true that even if the American Government had 

been determined to do away with atomic bombs and the Russians had been 

eager to accept any reasonable proposal to this effect, it would have been 

-JL.,L •. 4td!.:v. 
impossible to devise an agreement limit~~ Atomic Bomb that would have 

been acceptable to both parties. This I believe to be true because the 

measures that have to be adopted to make certain tham an agreement is not 

secretly violated will probably require a kind of inspection which no 

responsible Russian Government could accept as long as she has to 

with war in the forseeable future €}C~erio~s ~~;i.bili_9'..-

we succeed within the framework of an over-all agreemmt,which w.caiid settleS 

all outstanding political issues and provideS for the kind of re-armament 
i./ ··.rr ijf~l!- ·~ ..e~.k_. 

that will give Russia ~~le assurance ,'W!la't; ~heP8 w-ill eoe fte rrM ifl the-

¥~~ e'l could we expect XXXKXXODiatlrl:JLx:R:llxxi1utx~mce:.nnmudi that1~p.l[,c1/A.4/ ~ 

·~ f , inspection
1 ~~~~ may be acceptable to a reasonable Russian 

Governmen~ 
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It is inconceivable that rtussia could agree where the present 

atmosphere of distrust prevails to the far reaching measures of "inspection" 

which are necessary, and that, therefore. during the present administration 

any progress can be made towards an acceptable over-all agreement. But 

assuming that there is a change of administration and a change of oUlook 

not to say a chm ge of heart on our part, and disregarding all practical 

obstacles the main task mf dreaming up an over-all agreement which will 

fulfill its function as I have mentioned above, and which ought to be 

acceptable at least on the assumption that the Russian government are 

reasonable stil l remains an exceedingly difficult job. While it is, of 

course, · 1possible to outline such an agreement it might be unlikely since 

it would require a meeting of the minds which is very difficult to achieve 

in the absence of all private discussions between Russians and Americans. 

It is perhaps possible to make some tentative considerations, enought to 

show what kind of difficulties will have to be overcome. Assuming that an 

over all political settlement has been outlined the question of disarmament 

will have to be dealt w.i th and something will have to be said both about 

the kind and degree of disarmament. !lecause of the geographical situation in 

Europe and Russia's large manpower mere proportional reduction of armaments 

of all kinds will create a situation in which Western Europe will be overun 

in short-order if the agreement is suddenly abrogated. Europe could be given 

in case of abrogation a reasonable measure of security perhaps only if the 

disarmament would completely eliminate all heavy mobile weapons, bomb planes, 

tanks, etc. There would be no danger in permitting machine guns provided 
several bu~l~ in effectives were permitted 

that we . ~.,_ tt . ol(l sb that western .l!..urope could protect hereself as a sort of 

magino line in case of abrogation long enough to permit the west to rebuild 

its armament in case of abrogation before Russia could overrun western Europe. 

There ne~d be no objections to defensive weapons such as radar,installations 

and fighter planes. In case of abrogation the position of the west weuld be 
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satisfactory only if we could be absolutely sure that as long as the 

agreement is not abrogated the disarmenent clauses of the agreement are not 

secretly violated.,o make sure of this it would probably be necessary to go 

tar beyond any inspection system hitherto propose~ Probably nothing less 

short of making spying a legitmate prowession could give us real assurance 

in this respect 



MEMORANDUM ON THE USE OF CAVITIES AND 
CHANNELS IN A GRAPHITE - URANIUM SYSTEM. 

If we have a lattice of uranium spheres embedded in 

graphite or some other similar system, the thermal neutron 

density in the neighborhood of the sphere is considerably 

lower than the average thermal neutron density in the graphite, 

particularly if large uranium metal spheres of 8 em. radius 

are involved. Consequently, the fraction of the thermal 

neutrons absorbed by uranium would be increased if the thermal 

neutron density could be made more uniform in the graphite. 

That this can be achieved by means of channels or cavities was 

realized i n the early stages of this development. Neutron 

channels are tubes or ~~ding radially towards the uranium 
~ 

. and are effective if their openingj ~large compared to the 

~ #" ~ ~ /Vb-vVI'v~ 
~ free for scattering in carbon. J~ channels were con-

~~~ 
sidered \ i~ l939 . but were re·ected on the ground that they 

\. """-~ tiV ~ ' 
would lead to an increase in the surface resonance absorption 

of uranium. 

Cavities are empty spaces surrounding the uranium 

sphere which are effective because they diminish the thickness 

of the wall of the graphite cell. Such cavities were considered 

by E. Teller in 1940 but were rejected by him for the same 

In the meantime, through the work of Wigner and the 
:I-~ 

Princeton group, ~ learned that surface resonance absorption 
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is much less important than it had been previously assumed, 

and that volume resonance absorption was more dominant. 

Early this year Wigner and Szilard came independently to the 

conGlusion that the use of cavities might improve the multi

plication factor~~re recently, Wigner put forward a_ 

scheme,in which two neutron channels were leading to every 

sphere in the lattiee. 

Inasmuch as it appeared likely that the most favorable 

arrangement will call for large uranium spheres, if all 

factors which are involved, including fission by fast neutrons, 

are taken into consideration, it appeared of interest to con-

sider the following poin ts: 

Can we expect considerable improvement by using cavities 

or channels in the case of large cells? Is the use of cavi-

ties or channels incompatible with differential cooling? 

In view of the fact that by using cavities or channels, we 

decrease the density and increase the distance which a fast 

neutron travels from the point of its origin until it is 

slowed down and absorbed as a thermal neutron by uranium, do 

we not need a larger quantity of graphite for a chain reaction, 

even though the multiplication factor may be improved? 
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Whereas cavities decrease the density of graphite and 

are therefore more harmful than channels of equal effective

ness, the neutron channels if they are at all effective will 

increase considerably the characteristic length 1. In the 

circumstances, it appears likely that channels will increase 

rather than decrease the critical amount of ~raphite. It 

can be shown however that by using channels only in the 

core of the arrangements, we can obtain an average, inasmuch as 

the multiplication factor in the core is increased, whereas 

the harmful effect of the increase in the critical length 1 

is negligible. It appears for instance quite likely that 



ME.NIORANDUM ON WATER COOLED, 'PW!N·-i\Jft.t'ffitfN"'S ~~!' ~~ 

If we have an indirectly cooled machine in which the heat is t rans

ferred from the uranium to the graphite we have a temperature rise of about 

2oa° C in about two minutes if fifty tons of uranium develop about 106 KW 

and if we have about 100 carbon atoms per uranium atom . Under such con

ditions it is quite easy to have water flow intermittently, say for a 

minute through the system, and have the system practically free from water , 

free for about one minute between two cooling periods. 

Water is an absorber for the thermal neutrons and will stop the 

chain reaction if used in abundance . In the case of such intermittent 

operation the chain reaction is only when the water is out and off when the 

water is in . 

Since under conditions in which it is safe to operate there is a 

long time lag between the onset of the chain reaction and the stage at 

which 106 KVJ are developed provided the initial neutron density is small , 

it might be of advantage to keep the initial neutron density high by having 

two piles forming a twin power unit . These two piles are exposed to each 

other's neutron radiiation and operate in such a way that the water is with

drawn from one of the piles at the time when it is pumped into the other 

pile . 

The neutron coupling between the two piles may be reduced by means 

of water shields which may be permanently installed and which shield partially 

the two piles from each other 1 s radiations and there may be variable neutron 

coupling introduced for the purpose of regulating the rate of the reaction . 
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MEMORANDUM ON WATER COOLED Tl'liN MACHINES 

If we have an indirectly cooled machine in which the heat is trans-

ferred from the uranium to the graphite we have a temperature rise oB about 
4 

208° C in about two minutes 1f fifty tons of uranium develop about l oO KW 

and if we have about 100 carbon atoms per uranium atom.. Under such eon-

ditions it is quite easy to have wat.er flo•t intermittently, say for a 

minute through the system, and have the system practically free from water, 

free for about one minute between two cooling periods . 

Water is an absorber for the thermal neutrons and will stop the 

ehain reaction if used in abundance. In the case of such intermittent 

operation the chain reaction is only when the water is out and off when the 

water is in .. 

Since wder conditions in which it is safe to operate there is a 

long time lag between the onset of ti1e chain reaction an1 the stage at 

which 106 KW are developed provided the in1 tial neutron density is small, 

it might be of advantage to keep the initial neutron density high by having 

two piles forming a twin power llilit . These two piles are exposed to each 

other's neutron ra41ation and opera te in such a way that the water is ~ith-

drawn from one of the piles at the time when it is pumped into t he oth.-- r 

pile . 

The neutron coupling between the t wo piles may be reduced by means 

of water shields which may be pel"!!Wlently installed and which shield partially 

the t o piles from each other's radiations and there may be variable neutrob. 

coupling introduced for the purpose of regulating tl1e rate of the reaction . 



MEUORANDUM ON COOLING OF THE POWER PLANT 

A number of different cooling s.ystems have been considered. It was 

considered desirable to transfer about loP KW in machine which contains 50 

tons of uranium. This is, however, not the upper 11mit that can be reached. 

Methods have been devised to transfer 106 KW per ten tons of uranium. 

Though one could transfer ithout much difficult.y larger amounts of heat, 

there does not seem to be ailY immediate necessity for pushing the figure 

higher. Eve1,r cooling system is characterized by a number of features. 

Obviously there is a large combination of these features possible, but only 

a limited number of the combinations appears to be of interest. In the 

following these features will be enumerated and briefly described& 

1. The following cooling agents were considered& Air, hydrogen, 

helium, water , liquid bismuth. 

2. Direct cooling in which the liquid agent is in direct contact 

with uranium. Only helil.Eil ·and bismuth appear to be perfectly safe to be 

used in this way. 

3. In rect cooling in which the heat is transferred from t.l}e 

uranium to graphite and from graphite to the cooling agent. In the ease of 

indirect coaling the cooling agent need not be in direct contact with graphite. 

For instance, it can be lead through pipes of beryllium, Karbade, or 

aluminum through the graphite. 

4. Contact transfer to graphite, that is, a method of indirect 

cooling in which the heat is transferred from uranium metal direct to iraphite. 

5. Bismuth transfer to graphite, that is , a s,ystem of indirect 

cooling in which the heat is transferred from uranium metal, uranium oxide, 

o~ uranium carbide to the graphite by a slow stream of liquid bismuth. 
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6. A system of indirect cooling in which air is lead in beryl

lium, Karba.de or aluminum tubes through the graphite pile. 

7. A system of indirect cooling in which there is an intermittent ft: 1-c/-

of water through beryllium, Karbade, aluminum, or lead tubes through .the 

graphite pile. If this system is used it might be advisable to build twin 

machines which are exposed to each others neutron radiation. 

8. A system of direct cooling in which we have aa aoollng agent 

• either bismuth or helium.. Uranium metal• oxide or carbide is arranged 

in form of more or less spher e-like shapes which have an internal structure 

so as to have a large surface for hea t transfer without having a large 

surface for resonance neutr.on absorption (for instance, sphere-shaped cluster 

of uranium oxide in form of granules). The helium or bismuth coming in 

'through a _lead pas ses through one or more such o~usters and folio, s to 

another lead., 

The inclosed diagram illustra tes t he interconnection of t he various 

cooling systems .. . The most interesting alternatives can be summarized as 

follows: (l) direct cooling by helium or bismuth in a double string cluster 

arrangement} (2) water cooling of an intermittent twin power plant in which 

the wa ter is lead in pipes through t he "graphite and t he heat is transmitted 

from t he uraniU"ll to t he graphite either by liquid bismuth or by direct eon

tact between uranium metal and graphite; (3) an air-cooled indirectly cooled 

continuous syst em. 



r 
··. LEO SZ.ILA.RD 

MEMORANDUM ON WASHINGTON 

Tne Club which 1s proposed, would have a Board of 

Trusteee, 1n1tially perhaps sixteen men, who would also be 

members of the Club . Any tbrea of them may eleet eaoh year 

any additional trustee . 

Associate membal.'S or guests of the Club would have onlr · 

one obl1ga.t1oru - 1.f they live in Washington they would have to 

dine once a weak at one o£ the "high tables" of the Club . Eacb 

high table would seat between 15 and 20~ . and it one high table 

is filled, the next arriving guest will start the next high table . 

After dinner each high table retires to the common room where 

port might circulate and other things mlgb.t be served. Dinner 

at the high table to start at a fixed ttme , say 7 t 30. Arter 

dinner 1n each oomraon room the youngest present guest may take 

the chair and call on anyone of those present who wish to address 

the group, to have his say . 

The Chairman acts aa discussion leader . 

Associate members of the Club residing outside of 

Washington and who spend less than three months a year in 

Was hington, shall attend dinner at the high table while they are 

in Was 1ington 2 or 3 times a week . Any as s C'ciate member or guest 

of the Club can dine at the Club any day of the week and need not 

always dine at the high table but oan dine with b1s friends. No 

specific time is set for dining at tables other than high table . 
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Associate members or guests o£ th~ Club shall be ex 

ofio1o the top desk men of the State Department 1n the "important" 

areas of work which shall be specified by the Board o£ T.ruateeeJ 

the members of the Foreign Relations Committee of the Senate. and 

the Foreign Affairs Committee o£ the Housea members by 1nv1tat1on 

of the Board of Trusteea shall be writers in the field of social 

problema related to foreign policy or foreign policy itself; 

sc ientists concerned ··with problems of foreign policy; members of 

the ~olit1cal Science Department of our leading private universities 

members of Congress who are interested in problema of foreign 

policy . 

The guest members are selected by the trustees in the sane 

way as new members of the Board of rrrusteea is selected, i.e. any 

three members of the Board of Trustees can select a certain number 

of guest members par year. Invitation to be a guest member - 1a 

for the duration of five years and may be renewed. Ex oficio 

guest membersh i p ceases with the official position. 

The total number of guest members residing in Washing

ton shall not exceed 225 at any time~ and the number of guest 

members not residing in Washington sball not exceed 675. 

Members of the Board of T.rusteea shall have the same 

privileges as any other guest member . 

It would be desirable to serve dinner at the high 

table and drinks in the common room free, whereas dinner at 

private tables shall be served at a modest chsrge 1n order to 

encourage the younger members of the Club to meet there for prS.vate 

discussion or public problems. 

Perhaps membership of tbe Board of T.rusteea -



' Peterson, Ph1ladelpb1a, 

John Sberman Cooper, 

John Cowles . 
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high table would seat between 15 and 20, and if one high table 

is filled, the next arriving guest will start the next high table. 
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Associate the Club shall be ex 

the members 

t v- 1\ , ,.r 
problems rela.ted to foreign pol cy 

sc i entists concerned with problems of foreign policy; members of 

the Political Science Department of our leading private universities; 

members of Congress who are interested in problems of foreign 

policy. 

The guest members are selected by the trustees in the sa:n:e 

way as new members of the Board of Trustees is selected, i.e. any 

three members of the Board of Trustees can select a certain number 

of guest members per year. Invitation to be a guest member is 

for the duration of five years and may be renewed. Ex oficio 

guest membersh i p ceases with the official position. 

The total number of guest members residing in Washing

ton shall not exceed 225 at any time, and the number of guest 

members not residing in Washington shall not exceed 675. 

Members of the Board of Trustees shall have the same 

privileges as any other guest member. 

It would be desirable to s erve dinner at the high 

table and drinks in the common room free, whereas dinner at 

private tables shall be served at a modest charge in order to 

encourage the younger members of the Club to meet there for private 

discussion of public problems. 

Perhaps membership of the Board of Trustees -



P terson, Phi lade lph1a, 

John Sherman Cooper, 

John Cowles. 

,J 
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Memo to Berlin talk -- Antibody Format ion 

We may now attempt to understand the phenomenon observed in 

the formation of combining antibodies in respense to the first injec

tion of a s peci f ic antigen and in response to repeated injections of the 

same s pecific antigen. 

(1) Upon the f irst injection the antigen diffuses into the 

antibody-forming cells a nd combines there with a certain fraction of 

that enzyme for which the hapten of the ~ntigen is a chemical analogue 

of the enzJnne's substrate . ~ certain fra ction of the enzyme, say perhaps 

10%, may rema in free. As a result of the t±R±Rg ~~ ~±Ng tying up of --

this enzyme by the hapten of the antigen less repressor is produced, the 

repressor level falls, and the production of the enzyme is a ccelerated. 

In this manner the enzyme level might rise ten-fold, the enzyme antigen 

romplex is eliminated.(?) 

( 2 ) Antigen diffuses more slowly through the nuclea r membrane 

and combines inside the nuclear membrane with enzyme that is still hang

ing on the paragene. In a certa in fraction of the cases which may be, 

f or instance, 80%, the paragene will break and the break will subsequently 

heal, but this might occur with a slight deletion of par agene ma terial. 

As a result of this the healed par agene may produce an 11 '!.mzyme 11 which 

no longer can catalyze the formation of the repressor although it can still 

combine;with the hapten that is a tta ched to the protein moiety of the 

antigen. This process of the creation of defective genes can go on 

for severa l weeks after t he initial injection of the antigen. After 

several weeks there will then be a res ponse to a secndd injection of the 
with 

s ame antigen~ a copious formation formation of defective enzymes and 

perhaps( ? ) less non-de f ective enzyme will be f ormed subsequent to the 
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second injection than subsequent to the first injection. This latter 

point is not predictable with certainty without knowing the constants 

involved. 

(3) If antigen is injected into an embryo throughout its embry

onic lifetime, and if we may assume that the permeability of the membrane 

is greater in the embryo, then the same paragene will be broken repeatedly 

and may heal repeatedly so that in the end the paragene is damaged to 

the point where the protein formed by the paragene has lost both the 

catalytic ability of the enzyme and the combining ability of the enzyme. 

Thus on the basis of the notions here presented, tolerance becomes under

standable as an exaggerated anamnestic phenomenon. 
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