
October 28 , 1941 

D r a f t 

It may be 1rorthwhile to attempt to observe the 

24-minute period above the background of the natural beta 

activity without any chemical separation except a removal of 
uranium 

the natural beta active products of I after irradiation. 

D~:i:ned ;y Anderson and Ferm~ there is:.a 

residue of beta activity which apparently cannot be removed 

oy repeated ether €*tractions. Whether or not the 24-minute 

period would be observable above this background depends on the 

value of the radiative capture cross-section which at present 

is not known. following question arises in this connection: 

Is it not possible that this residual beta activit.v which is 

observed after repeated ether extractions is due to internal 

conversion electrons from an excited Ul34 into which UX may 

decay by means of two beta transformations corresponding to 

the branch which has a probability of .3%? If such an excited 

Ul34 were responsible and if it had a lifetime of a day or so, 

the residual beta activity might be removed by making success-

ive ether extractions at intervals of one or two days. 

Apart from using photo neutrons from beryllium for 

these experiments, it is proposed also to use photo neutrons 

which have been slowed down by carbon, parrafin or lead in 

order to measure the ratio of radiative capture and fission 

in the neighborhood of 50,000, 10,000 and 5,000 volts. 



The question of the balance of the slowing down 

process and fission in the region of two million volts is 

in the meantime receiving continued attention. In 1939 when 

this question was first discussed most of those interested in 

nuclear physics took it for granted that uranium was slowed 

down two million volt neutrons with a cross- section of about 

4 x lo- 24• Experimental physicists believed that nuclear theory 

predicted that all heavy elements slow down neutrons very 

strongly, whereas theoretical physicists believed that this 

2. 

was an experimental fact. In the discussion which took place 

with Dr. Roberts and Dr. Abelson in connection with the meeting 

on October 21, 1939, Dr. Wigner, Dr. Teller and I emphasized 
I " L .. 

~,,'v( ' I 
the view that there is no evidence which would allow to 'kmelnae • 

W:' I u: ._., whether or not tleme;a.;i,g. .. ~ uranium would efficiently 

slow down neutrons of energies between one and four millio~lts. 

---

along thi 
~ 

dica~ for 

Roberts suggested thereupon that in experiments 

a uranium fission chamber should be used as in­,.,-. 
neytro~. ( Dr. Zinn and I started experiments 

.._,,.>. 
along this line in February, 1941. These experiments show that 

lead and bismuth have a ver,y small cross-section for slowing 

down D + D neutrons below the fission threshold of U238. 
tv~-~J.t~ ~A--
~ experimen~lla.f'ITso been performed for uranium, but no 

final conclusion has been reached because the particular uranium 

sample which we used became pyroforic, and it became, therefore, 

impossible to analyze it for moisture or oxygen. A new batch 

of uranium metal has been under order for some time, and the 

experiment will be repeated with this new batch. 
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L. Szilard 
Ja.nuary 18, 1943 

We c an write the critical condition for a fast neutron chain 

reaction in ordinary uranium as fol lows: 

(j't-f< v~.~ ~ 1 - - c~~ '-~ 
rr ... ~ c ~ r 1 o;;5-~~) r 
~ ~ ~ ~ ~ 

.._ 

j/ <3 - I 
- ( 1) 

Or neglecting fission in 235 (y = 0 ) we ca.n write 

(2) 

In this equation, y tel l s us what fraction of those fission 

neutrons wh ich have . been slowed down below ihe threshold of U238, will 

cause fission in 235; q*, is the fraction of the fission neutrons which 

have at the time of their emission, enerbies above the threshold of 238. 

ff-; 'lt< 
v f and !Jn signify the ~r~g;e fission cross section of U238 for those 

of the fission neutrons which have an energy ~bove_ the threshold o f 238. 

"I" 1k 
Thus,~·! means the averabe fission cross section in 238 for all fission 

neutrons. ~* is the number of neutrons emitted by 238 fission caused 

by fission neutrons. The same letters without the stars will be used 

for th3 corresponding values for neutrons from Ra-Be sources. 

An experiment perforrr..ea with Ra-Be neutrons on a uranium sphere 

of' 10 em diameter, showed that a Ra-Be source in the center of the s fhere 
~-

increaseci the total number of neutrons by a factor of,/i"-:-15. The same 

sphere caused a reduction of the fast fission count in a fission chamber 

by a factor of .675. Assuming -z/= 2.5, we nay sa.y that 0.25 fission neutrons 

._l-~ ..... '-Ce_ ~ ~~ ~ 

have been created\ieavin~ 0.0 of the original Ra-Be neutrons, ~;a-

certain fraction of these has been EEl owed down below the threshold of 238. 

~ we neglect the fact 

a fraction of the 0.15 

that we lave o/'t; ff rf: and also disregar_d that . 
I "'t_ k.~~~~ -'7~ 

excess neutrons created is also slowed down by 

the uranium sphere, we may write for the fraction of the surviving Ra-Be 

neutrons which have been slowed down belovr the threshold of 238, 



We may conclude that if all the Ra-Be neutrons which survivec< 

and were originally cap able of causing fission in 238 had been slowed 

down in a la.rger ma s s of uranium, we would have obtained in the first 

generation 

fission neutrons. 

111:e may therefore write 

(3) 

or dividing No. 2 with No . v ::::- v 7't 

:;;\ 
we obtain 

' \,.. 2 I 2 l4) ~ 
-.-

I '-f 

If we now assume that 

CJ..rr-L 

__./and further assume that 4/5 of the fission neutrons '<ts. at ~birth 
~ 

above the threshold of 238, aqd 2/3 of the 
(_ I e. ' 

Ra-Be neutrons \j,.\ at ~ birth 

above the threshola of 238, ~ q* = 4 , q = 2 
- 5 3 

then we obtain from (4) 

~ / . 

(5) 

This means that the chain reaction would go with fast neutrons in 

238. ~r instance, for the following set of values 

~--=- z_~( I oj!:-= t •L.r ,· 01 -o r: ~o -1 
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,JZ ~ I/.., if on the other ll!md , we assume r '-

then, we obtain -

Q__-/'c ,L- rf ~ 
c::; t- r(; Y-

; . ~ 

and this means that the chain reection would 

of values; I . ) 
I 

/ 

./ L ~ .--....,__ 
~r £/Y" - ~ 

~<.....- -~t~-, ,--=. 213 ..,--
I v t- ....., 

- f / . ..) 

go for the following set 

'> ~ 
u /" - 0 ,.t' 

I' I 
I 

/ 

/ 
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reaction in ordinary \l~anium, as follows : 
rr-x- u/r 

I -=- v -J'u-- ,/ r- r- /-- ,L 
/'f'\7< • r v --,. "' 
(//j</U,., .-- /. ""l 

,.,..- ~ ~ •. >Lf 

I ~ In this equation, y tells us wha-t' fraction of those fission 

neutrons which have been slowed dovm below the threshold of U238, will 

* cause fission in 235; q , is the fraction of the fission neutrons ~1ich 

have at the time of their emission, energies above the threshold of 238 . 

~ 
and cr;, signify the average fission cross section of U238 for those 

of the fission neutrons which have an energy above the threshold of 238. 

Thus, ~:jrmeanSthe average fission cross section in 238 for all fission 
.,... 

neutrons. vi is the number of number of neutrons emitted by 238 fission 

caused by fission neutrons. The same letters with~t the ~ars will be 
h.. ~"'1/'.A.- ~ ..J l ,. :I(. ~ ! -<..u. -~-

used for the corresponding values~~ ~t;PEmSt ~"Y~ ~ • '"'7 

~-~ 
An experiment performed with Ra- Be neutrons on atiphere of 10 em 

diameter, showed that a Ra-Be source in the center of the sphere increased 

the total number of neutrons by a factor of 1.1!: The same sphere causeci 

a reduction of the fast fission count in a fission chamber by a factor of 

.675 . ~ssuming v/ = 2 . 5, we may say that .25 fission neutrons P}Ve been ~ 
te e..-ar-1- ~A, ~ / 0• '1 cY/ 1-l<tt. ~ .(( ::._~ 

created ·while !i:loew.t~ h ~f/the Ra-Be neutrons ~ich .;fWere originally 

capable of causing fis s ion have been slowed down below the threshold of 238 . ~ /.., 
_,. ~f ~i·"' rt 

We may conclude that if all the Ra-Be neutron s which were originally capable 
5 

-:>.)-... 
~· 9.,. . I cJ, '1.. .l- -=- CJ~ c 

of causing fission had been s l owl'd down , we would h ave obtained._,N'Jf"' fis sian 

neutrons. 

For the a verage cross section of Ra-Be neutrons for fission, 

Fermi and Anderson have ~iven the value of .45, whereas, Marshall and Szilard 

find for the average cross section of fission neutrons (originating from 
cw. ; .'7 1. z. ""' .c; II,~ 

fission in 235) ~ average cros~ection of/~ If we assume that abou~ of 

the Ra-Be neutrons is below the theshold of 238, we can write for f~ tl-Y) 

tf)·7 



and if we assume that about l / 5 of the fission neutrons have ener; ies 

below the fission threshold, then we may write for 6j"1f ~abou~~~ 

Putting in these values we see that the chain reaction would go in pure 

uraniQm 238 if the inelastic cross section for Ra-Be neutrons would be 

about ..• .. and for fission neutrons , would be about 

1 -

r 

~~---v~~~~--~~~~~~~~~ 

---



CP and CF Report 

L. Szilard 
January 25, 1943 

In order to see whether a fast neutron chain reaction can be 

~ 
maintained in ordinary uranium, we have JOlB8 S'mwi iifMl f ast neutron fission 

by means of a fission chamber outside of a uraniun pile while a Ra~Be 

neutron s ource was p laced somewhere near t h e center of the p ile. If a 
~-c ~A........ ~ 

fast neutron chain reaction be maint ained in uraniun, ~ if we 

r., (~ "~~UJ 
gradually increase the size of the p ile, we should ('reach a size at wh~ch 
~' /lA--k,_. t fl"" r/- l A I /.-£. t • / ,."' '-4 

the fast neut ronjfission count outsiue the pile b eg ins to rise a5~v~ ~Ae 
t.f k ,. Ar'Z-- \ ""' ... tc,..~ .... ,,.,. ~ c- //1 ...., ~ p(../ ... ~ ;"' /. Y" •" /..:..r 

va-±t:te -whie:ft 11ro'l.J.Q correspon ~ · r~~~quar~ law in th&_ .a.b.rumca of 

~For piles u p to 4 tons we found ~R the fission~count ~&±±;was 
J./ ·u• /..,<, /,. It / t ' • f' ,."' . '/ .i-#, •· -;:.• r- 1.--v<'' // .-.,. 

falling with the increasing mass, and ~- fell to about 1/20 for a 4 ton 
~ ~ 

pile. At that size it fell roughly to 1/ 3, ._~--n;<x. of about~ / L l 4"'''1.._.. 

thickness was added to the p ile so as t o bring up the mass to 4 tons. ~-cit ' '·r./J 
,-;;:, ,t/1 <'k-,.'1 ~ t ~ < ~ •~f.A ; e ( ~o-v·(f 1-.-t.·< .J. t--tY ( 

_j ""' ~t conciUde ~m islre t ~ resul tf {:n tHottt gd'!rrtf ... lfft'5 .... 'a~-4:1(}~" / ,,--st--. , , 
, j_.,ll 

&9P 8 i dii:t:a~ir9~f t:'Wr f!!i"mi~ttt!lUf""'fl1~e" }hat a chain reaction cannot be -
rn~~ U/) t 

maintained in ordinary ura.niun( ~ cRnnot exclude the possibility~ 

an exceaclw.J.y_l&J;t;e~~nJ....~.,L1e .; .... .,~i-~~~--'th-e~"i''ii§-FK;t-<J:or.r 

J.~ ~rons wh ich are bel ow the fission threshold of U238 and which 

might not be slowed down except by elastic collisions; ~migration length 
~)c!-

for causing fission in U~ is very large. It is however, witfie·,.~;U.ad__ 

'4;ke~et;y-, evident from our observat ion that the fast neutron chain reaction 
0 ,/(l'·;:) ,Ft./,. (A_ . .{./(_ 

) ~""ln'!!1~rnecr ~rnprresor- a 1'e1V'" hun<!rel'i 'i>eft8""N'6~...,Y.Je,~. 

~fi 

;r/-



Insert in Section V, after first sentence: 

Elements which are in the periodic table in the region of bismuth and having 

an atomic number above 81 have a low absorption for slow neutrons and do not 

slow down appreciably fission neutrons. For this reason they are sui table as 

a cooling agent and can be used for cooling along internal surfaces within 

the lattice element. BiQuid bismuth, liQuid alloys of bi r-muth, and lead, and 

liQuid lead can thus be used as cooling agent. Bismuth i s more favorable 

from the :point of view of slow neutron absorption than lead, and the liQuid 

bismuth alloys occupy a position in between according to their composition. 



/ 

The example shovm in figure 3 is adapted for replacing graphite by heavy 

water as the slowing agent. The aluminum tube, no. 3, in figure 3 separates 
; 

the heavy water used as a slowing agent from the cooling agent which flo~ 

in~ the gap between the aluminum tubes, 2 and 3. -Heavy water itself can 

be used as a cooling agent in place of ordinary water. The cylindrical 

urur~ium rod,~~ 1, in figure 3 can be replaced by a cluster of uranium 

rods such as the cluster shown in figure ~2. These uranium rods may be 

coated with aluminum if heavy water is used as a cooling agent. 

r I 
) 



May 21, 1943 

SECTION ~A 

Beryllium 

Uraniun1spheres surrounded with a layer of beryllium or 

cylindrical uranium rods surrounded with a cylindrical layer of 

beryllium, may be used as lattice elements in a lattice which is 

embedded in graphite of heavy water. Spheres of uranium metal, 5 em. 

in diameter, surrounded by a 2~ em. layer of beryllium metal are, 

for instance, an exa mple of the lattice element which can be ased in graphite 

to be in the potentially cha j,.n reacting unit. P..n exam~)le for a lattice 

element in which a cylindrical rod of uranium i s surrounded with a l ayer 

of beryllium is shovm in Fig. 80. 

I t~ I ,j 
(' ) 

I / 
....;!"'::~ --" .....,.. 
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July 23, 1943 
L. Szilard 

'itd~ .£ ) 

In my letters to Fermi in July 1939, and also in A-55, I disclosed a method 

for determining a length A which is characteristic for a system in which the 

thermal neutron density obeys the diffUsion equation. This method consists 
, ~ ... ..,., .. ..., ~ 

in measuring the the/ mal neutron density along a closed surface at one point 
j.-

in the interior of the space whi ch is enclosed by the ~ closed surface. 

The thennal neutron density is then reduced to closed surface 

by introducing cadmium, and the thermal neutron density is again measured 

~t the said point in the interior. 

By applying this 

the critical dimensions of a sphere by multiplying~. len~th with~ 

_ and at the Washington meeting in Uune 1940, Fermi explicitly proposed the 

use of this principle for determining the c~ical dimensions. The 
"' 

specific form in which Fermi proposed to this principle is at present 
I J~ 

called ~exponential experiment, and Fermi gave a short description of 

the exponential experiment which he proposed at the Washington meeting in 

June 1940. The eame exponential expefiiment has been actually performed by 
.\f . .I ~ t-~· T f '/ 

Fenn~n April 1940 for the purpose of determin@ the length A in the 

limiting case when we pure graphite that did not contain any uranium. 



' 
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August 5, 1944 

There has been lately much talk about the organization of our 

work in peacetime, about such questions as the publication of the re-

sults obtained during the war and peacetime application of our discoveries. 

Some physicists and chemists who may be considered as key men in this 

work have been offered postwar positions by various firms that want to 

get into this new field after the war and one of these men has actually 

accepted such a position. The situation is such that it seems to me 

very desirable that we should try to agree on a common line of basic 

policy which could be followed indifidually and, if necessary, collec­

tively. 

The purpose of this letter is to find out whether there is suf­

ficient agreement among us on certain basic principles to formulate such 

a common policy. I shall in the following therefore record those of ~ 

beliefs which I hope I share with the majority of our group and I would 

very much appreciate it if you would comment on these points and indicate 

your disagreement wherever you disagree. 

1. The ''modern" development with which we are all familiar makes 

it impossible to ensure peace on the basis of the Wilsonian ideas, which 

are essentially characterized by the slogans of cooperation between 

sovereign states bound together by covenants possibly reinforced by 

alliances, definition of the ~essor, and compulsory collective action 

against the a~ressor. Those ideas might have been effective after the 

last war if they had been acted upon at that time but if after this war 
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we have an armed peace in which a number of nations are in possession of 

"modern" weapons and if one of these nations starts a war, that war may 

be over in 24 hours and there will be no time to apply whatever definition 

of an aggressor has been formulated. If after this war we get an armed 

peace based on balance of povver of several states in possession of the 

"modern" weapons then we physicists must regard that era as a pre-war 

rather than a postwar period. Judging from newspaper reports it is such 

and armed peace, at best along Wilsonian lines, towards which we are 

drifting. 

In order to ensure peace we must now insist that the "moderntt 

weapons be overwhelmingly in the hands of one single closely knit group, 

either the United States alone or the United States and Great Britain 

tied together by an indissoluble alliance approaching some sort of a 

union er· some larger group possibly embracing even the whole 11civilized11 

world, but in any case a group which forms a much closer union than can 

be achieved by political treaties uniting sovereign nations. If such a 

group's domination is based on the quantity and quality of modern weapons 

which it has accumulated and if th~ safeguard this supremacy by policing 

the whole of the world so that any danger to security can be met by 

police action rather than by war, then perhaps we might consider that 

state of affairs as peace and return to our peacetime pursuits.j~at 
.._..., 

it takes more than controlling all the deposits and policing the world 

to ensure a lasting peace is self-evident, but the level on which this 

additional question has so far generally discussed is hardly adequate and 

therefore I do not believe that the time is right for us to try to formu-

late a collective opinion. 



-3-

It is not entirely out of the question that the physicists and 

chemists who are engaged in this work will have to consider it their duty 

to raise their voices against the postwar world organization towards which 

we are drifting at present. We can of course not foresee how this war 

will go on. It may be that tomorrow's newspaper will report the use of 

"modern" weapons by the Germans on Cherbourg, London, or Manhattan. If 

that happens our eloquence could not compete with the eloquence of events 

and there would be no need for us to raise our voices. 

On the other hand, it may well happen that the postwar world 

organization will begin to take shape in Europe before the full meaning 

of the development of modern weapons has aawned upon the world and in 

that case we might perform an exceedingly important function by exerting 

an influence individually or collectively in favor of what we believe to 

be a necessary political development. I can even visualize a situation 

where we would want to visit personally Congressmen and Senators or 

other key men in Washington in support of a policy of the administration 

which is resisted by those politicians who were not given enough time 

fully to understand the implications of the modern development. It may 

very well be that such an activity on our part may not remain without 

effect, for politicians, whateger xkax other shortcomings they may have, 

are usually shrewd judges of human nature and they will have no difficulty 

in seeing that we are sincere and have no political axe to grind. 
~ 

'l'he fif'sli question about which we ought to reach an agreement 

is thus whether or not we are willing to take our share of responsibility 

in influencing political action if circumstances arise in which this 

appears desirable. 



2. It seems to me that as long as the danger exists that we are 

moving towards a balance of power and in the absence of a police, by far 

the most important peacetime application of the modern development will 

remain the maintenance of peace. 

It seems to follow that in such a situation we cannot think of 

returning to the normal method of publications which would make basic 

infoumation available to the future en~-. Clearly we have to steer clear 

of twe dangers: One, to have no secrecy at all and give away the informa­

tion to the enemy and, the other, is to hinder the work of our own physicists 

and chemists by preventing them from freely discussing their results with 

each other. If we do the former, countries which start from scratch can 

catch up with us and surpass us within two or three years. If we do the 

latter, it may take a country starting from scratch somewhat longer to 

accumulate the basic information needed for this work, but if they trust 

their own men they will be in a much better position with respect to 

unrecognized problems and therefore in the long run (say 5 to 10 years) 

far better off than we are. It follows that we have a difficult task 

(1) to persuade our politically less interested physicists to cooperate 

in a scheme of withholding information from everybody who does not take 

responsibility to keep this information from leaking out, and (2) to 

make it clear to the authorities that a large group of scientists freely 

communicating information to each other is a minor danger to security but 

that the existence of such a group is essefitial to arrive at a balanced 

judgment as to which lines ought to be supported and also essential to 

attain that research spirit without which we cannot hope successfully to 

compete with other countries. 



•. 

-5-

As to what is secret it seems to me that we should take the stand 

that the most important secrets are the basic infor.mation, the points of 

view which we consider ought to be guiding, and the emphasis which we wish 

to put on one of the other line of development. Once this information is 

available to any country which wishes to start from scratch the mere con­

structional problems can be solved in an incredibly short time by a 

capable group of engineers. 

3. The question arises as to whether this development is best 

carried out under Government auspices or under other institutions where 

the profit object plays no role or whether industrial research laboratories 

are more suitable for a speedy development. If we restrict ourselves to 

basic research and that very important technological and designing work 

which carries the development from its early beginnings into the process 

designing stage I believe that it would be best to keep these branches of 

the work out of the hands of commercial companies. It is quite true that 

our experience with government run enterprise has been most unfortunate, 

but there is no law of nature which says that a government run organization 

must necessarily be badly run. I believe that if we could make our advice 

heard we could put forward proposals for a number of organizations, all of 

them in the last analysis controlled in some form by the Government, 

which could operate with elasticity of small private firms. It seems to 

me therefore that we should not give up the hope that Government controlled 

organizations could satisfactorily carry on this development after the war 

until we have made a real effort to obtain a form of organization which 

we consider satisfactory. 



As far as pure research is concerned and a considerable fraction 

of the effort ought to go into pure rese~ch carried out in the best of 

academic tradition, it may be that a decentralization at various universities 

might be of value. However, I believe that we must watch out that the 

desires of various universities to acquire modern instruments should 

not be allowed to become the guiding principle of this decentralization. 
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2. It eema to me that as long as the danger exists that we are 

moving towarda a balance of power and in the absence or a police, by far 

the most important peacetime application of the modern development will 

remain the maintenance of peac~ ~ ,3 
It seems to follow that in such a situation ., cannot think of 

returning to the normal method of publications which would make basic 

infeemation available 1D the future enemy. Clearly we have to steer clear 

of twa dangers: One 1 to have no secrecy at all and give s.way the informa-

tion to the enemy and, the other, is to hinder the work of our own physicists 

and chemists by preventing them from freely discussing their results with 

each other. If we do the former, countrie~l which start from scratch can 

catch up with us and surpass us within two o~ three years. If we do the 

latter, it may take a country starting from scratch somewhat longer to 

accumulate the basic intormation needed for this work, but if the.y trust 

their own men they will be in much better position with respect to 

unrecognized problems and therefore in the long run (say ' to 10 years) 

far better off than we are. It follows that we have a difficult task 

(1) to persuade our politica~ less interested p~sicists to cooperate 

in a scheme of withholding information from everyboe\v who does not take 

responsibility to keep this information from leaking out, and (2) to 

make it clear to the authorities that a l~ge group of scientists freely 

communicating information to each other is a minor danger to security but 

that the existence of such a group is essential to arrive at a balanced 

judgment as to which lines ought to be supported and also essential to 

attain that research spirit without which we cannot hope successfUlly to 

compete with other countries. 
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1 -s. 
AS to what is secret lt eems to me that we should take the stand 

that the most important secrets are the basic information, the points of 
~ 

view which consider ought to be guiding, and the emphaais which we nsh 

to put on one of- the other line of development. Once this information is 

available to any country which wishe to s~a~ mere con­

structional problems can be solved in an~ short time b a 

ca~l.e group of engine rs. 

' ~ p J. The question arises as to whether this -..lopment is best 

carried out under Government auspices or under other institutions where 

the profit object plays no role or whether industrial research laboratories 

are ore suitable for a spee~ development~ t.rtct o~selves to 

basic eorcll and that Vflr'T important~ and designing 110rk 

which carries development ts early beginnings into the proeess 

it would be best to keep these branches of 

ommercial companie • ' It is quite true that 

our experien e with government run •nterprise has been most unfortunate, 

but there is n law of nature which says that a government run organization 

I believe that if we could make our advice 

them in the last 

rward proposals for a number of organizations, all of 

sis controlled in some form by the Government, 

which could operate with la.sticity of small private .firms. ' It seems to 

give up the hope that Government controlled 

organizations could satisfac carry on this development after the -war 

until we have made a real effort to obtain a for.m of organization which 

we consider satisfactory. 

J 
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As far as pure research is :nceL a considerable fraction 

of the effort ought to go into pure rts ~ch carried out in the best of 

academic tradition, it may be tha·t; a centralization at various universities 

might be of value. However, I bel eve that we must watch out that the 

desires of variou universities acquire modern instruments should 

not be a.llov.red to become the ding principle of this decentralization. 
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August 10, 1944 

There has been lately much talk about the organization of our 

work in peacetime, about such questions as the publication of the re-

sults obtained during t he war and peacetime application of our discoveries. 

Some physicists and chemists who may be considered as key men in this 

work have been offered postwar positions by various firms that want to 

get into this new field after the war and one of these men has actually 

accepted such a position. The situation is such that it seems to me 

very desirable that we should try to agree on a common line of basic 

policy which could be followed individually and, if necesaary, collec-

tively. 

The purpose of this letter is to find out whether there is suf-

ficient agreement among us on certain basic principles to formulate such 

a common policy. I shall in the following therefore record those of my 

beliefs which I hope I share with the majority of our group and I would 

very much appreciate it if you would comment on these points,-ana indicate 

y~r disagreement wherever you disagree. ~ IA-v~ c/1!· 

1. The "modern" development with which we are all familiar will 

make it impossible to ensure peace on the basis of ideas which date 

back to 1918 and are essentially characterized by the slogans of co-

operation between sovereign states bound together by covenants possibly 

reinforced by alliances and ~ collective action against 

nationso Those ideas might have been effective after the last war 

if they had been acted upon at that time but if after this war we have 

an armed peace in which a number of nations are in possession of 
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"modern weapons and if one of these nations starts a war, that war may 

be won in 24 hours and there will be no time to apply sanctions. If 

after thi s war we get an armed peace based on balance of power of several 

states in possession of the "modern" weapons then we physicists will have 

to regard that era as a pre-war rather than a postwar period. JudgL1g 

~ from newspaper reports it is such an armed peace at best stabilized by 

' alliances and league of nation covenants towards which we are drifting. 

It is not entirely out of the question that the physicists and 

chemists who are engaged in this work will have to raise their voices 

against the postwar world organization towards which we are drifting ~ 

T'~~/ I" " '..,.. /' 7 .- ;,!>­
at present. Y€:lcacm Of course it may be that -&omoi JIEP&b... ~9Wspap&r-..-.· ---. 
~~~ ~ ~./tc.~ f" l l . t( lti~ t.t./1 lfltrltf 

r..etniBt the use of "modern" weapons by .the Germans on Cherbourg, London, 

• or New York !f that should happen there may be an abrupt change in 

the present trend and it may not take any explaining by the physicists 

to make statesmen understand the situation which the world faces. 

/ 
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On the other hand it may also happen that the postwar organization 
. 

of the world will begin to take shape in Europe before the full meaning 

of the development of modern weapons has become manifest. In that case 

the physicists and chemists might perform a useful function by explaining 

in the right place and at the proper time the grave consequences to 

which the modern discoveries will lead if we drift L~to an armed peace. 

We may take action individually or collectively. As far as collective 

action is concerned it seems that we can not very well go fatther than 

to state as clearly as we can the necessary conditions for safeguarding 

-----peace in face of this modern development. One such condition would _ __) 

appear to be that all pertinent deposits be controlled by one single 

~ou~~I~is to be effective it will require in a sense policing 

the whole world so tha.t any danger to security arising out of the 

violation of the control measures could be met by police action against 

administration of the territory which is involved rather than by 

waging war against the people who happen to inhabit that territory. 
~ ,..,~f:-

As to the question of what kind of group coul exercise such control 

it is hardly possible to give an answer.~~oretically speru.ing this 

group could be the United States alone or the United States and Great 

Britain, if tied together.by an indissoluble alliance approaching 

some sort of a lasting political union. It could be the United States, 

Great Britain and Russia if it were possible 

in which a lasting union of these~es 
It kH could be some sort of aL{eague of 

to create an atmosphere 
(,( 

be established. 

if it were possible 

to convince the nations to give up ~sovereignty to the 

I 
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extent that it wmrl:d:-be needed to .to.rm.-~ lasting- union-. \Any 8tlCt;:_ 

·f L/ ~ t }~ 
measures which we could name as necessary conditions for peace are 

'). ~ I •~ - / ( . 

clearly not sufficient and ~ it takes more than such measures 

to create a peace in which we may have confidence. Unfortunately the 

public discussions of this topic have not yet reached a sufficiently 

high level and I believe therefore that it would be premature for us . ~ 
r-, 

to try to reach a consensus of opinion on thi~ subject tn gen~ra • 
the 

I believe that most of us would agree that KB hop~that we 

shall in fact get a satisfactory organizatio'n of the world after this 

war are slim and that even if the United States Government had a 

clear determination in this respect and even if the people of the 

United States were backing the Government 100% in this attempt, 

it might still not be possible to bbtain such a world organization 

in view of the attitude which the other countries might take. In 

spite of this hope being slim, it would I believe be necessary at 

least to make an attempt in this direction. 

The first question which arises then is this: Do we feel 

responsible for,(at the proper place and proper time putting 

forward our views~o the extent of making clear the necessary con­

ditions for maintaining peace in the face of the present development? 

Obviously some allowances will have to be made for future develop-

ments and there is hardly anybody in a better position to appreciate 

the importance of this aspect than our group. Are we willing if 

necessary to go as far as seeing personally men in key positions 

in Washington and also seeing Senators and Congressmen if need be, 
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~f the present trend continues we will end up with some sort 

of a balance of power in the postwar world. Cooperation between sovereign 

states bound together by alliances, covenants stipulating collective 

action against a~eesor nations and such other measures as were pro-

posed at the end of the last war for the organization of the peace 

have been made obsolete by the "modern development" of which "our" 

group of physicists and chemists are aware. 

Clearly if other nations who might consider themselves as our I 
potential enemies will be in possession of modern weapons and in the 

absence of an overwhelming - superiority of these weapons by the 

United States, one of these nations might, for fear or any other reason, 

decide to strike and win its war within a few hours before the United 

States or any of its Allies can think of applying sanctions. This 

country with its long coastlines is particularly vulnerable. The 

modern weapons can be smuggled in during peacetime by the agents of 

a "friendly" power as a purely routine precautionary measure. They 

will be stored in all major cities possibly over a long period of 
in 

years untiU an internationiconflict it is decided to detonate them 

in order to be on the safe side. 

If after this war we have an armed peace in which a number of 

nations are in possession of modErn weapons in substantial quantity 

and if one of these nations starts a llwar" there may be no time to 
1,. I 

apply sanctions before l of our major cities have been destroyed. 

It is of course possible that the present trend towards such 

an armed peace may be changed. F~ he war is not over yet and 



. 
~ 

~we kn7!~ma~tJ~k:d~i~ )4fo~ long. 

Their effect ~ demonstrated~e discussion of the postwar organization 

t{ ~t ~aken up again and carried on a level which takes into 

account these new realities. But even so, I fear that the chances for a 

stable peace after this war are sl~seeing that it takes time for people 

to grasp the full meaning of this new development;~_ ~ 
\tl ~ 4--~ ,.V~'-lt/1-

For this Xx& reason\we ought to proceed on the assumption that 

only an overwhelming superiority of this country, perhaps in collaboration 

with Great Britain, in the quantity and quality of modern weapons can 

safeguard peace. 
I} I 

The maintenance of phe peace y far the most imp9~tant 
I (......, ~ ... ,. ~'1--"' -<I.Ah 

peace application of the modern developmen~ it is difficult to think 

of any other peace application which might achieve comparable importance. 

It seems to. follow that in such a situation DDf. we cannot think 
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in support of such policies of the administration which might be 

opposed by those who were not given enough time fully to understand 

the implications of the developments of which our group of physicists 

and chemists has been fully aware for the last three years. It appears 

to me conceivable that a lobby of this unprecedented type might not 

remain without effect because politicians are usually shrewd and 

would have no difficulty in seeing that we are sincere and have no 

political axe to grina. 

f 2. It seems to me that as long as the danger exists that we are 

moving towards a balance of power and in the absence of a police, by 

far the most important peacetime application of the modern development 

will remain the maintenance of peace. 

No other peace application can compare in any way in importance. 

The only strong argument in favor of looking for other peace applica-

tions is the possibility that certain peace applications might supply 

as a by-product those substances which are needed for producing 

modern weapons. However, I know of only one application which meets 

t~is requirement. 

It seems to follow that in such a situation we cannot think of 

returning to the normal method of publications which would make basic 

information available to the ~;. Clearly we have to steer 

clear of two dangers: One, to have no secrecy at all and give away 

the information to the enemy and, the other, is to hinder the work 

of our own physicists and chemists by preventing them from freely dis­

cussing their results with each other. If we do the ~' countries 
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Unless we have a large group of scientists free from compart-

mentalization it will not be possible to attain that research spirit 

which is essential if we want to go after the unrecognized problems 

k.t j. A~ -l'fl i: /(' P'y 1. l :C.-
and thus .8UCe~sfu.J--l;v=§ompefeflith t e other countr"es. WHf:J:GY:t sucb ~ 

~.Jt-._-f _.,..._, < ~ ~ . . . . " ... ~ 
a gFo~ ~is net possible to arrive at the balanced _judgments;wbich 

I --

are needed for steering this work along the right channels. Whime this 

point will be elaborated further below, it should be emphasized from the 

start that compartmentalization of information as it has been practised 

in our projects is uncompatible with efficient development in the post-

war period. 
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---
which start from scratch can catch up with us and surpass us within two 

or three years. l! we do the latter, it may take a country starting 

from scratch somewhat longer to accumulate the basic information 
,~~~~r 

needed for this work, but if they trust their own men they will be ~ t 
in a much better position with respect to unrecognized problems 

and therefore in the long run (say S to 10 years) far better off than 
~ f.- • (. ~ ~ -· ,, 'r" . ""/ : 

we are. It follows that we have a difficult task (1) to persuade our 
~~ 

politically less interested physicists to cooperate in ~ scheme of - -withholping information from everybody who does not take responsibility 

to keep this information from leaking out, and (2) to make it clear to 
l'\ 

the authorities that a large group of scientists freely COWrounicating 
\. ~ ....... -~_;:..--

information to each other is a minor danger to security but that the 
- L--- ,._ ~ ~!!. 

existence of such a group is -essential ~ri~ at~balanced ~-

~ ~ ettgflt. to he --supported and also essent-ial to 

~t research spir-it -without which we- cannot hope successfully~ 

,:t.o-c.ompete- with othe.I:. -e.ountries. -

As to what is secret ~ from the potential enemy it seems 

to me that we should take the stand that the most important secrets 

are the basic information, the points of view which we consider 

ought to be guiding, and the emphasis which we wish to put on one 
;r--r- V<:: -

or the other line of development. Once this information is ~ilabl~ 
c._~ ~ 1-1-.._&.-.-Lt_ ~ 

~any country which wishes to start from scratcR) irrfte-111ere constnJc-~ 
ly ~ 

tional problems can be solved in an astonishing/short time by a ~ ~~ 

ca'pable gz oup of 1ngen!ers. Kee ing a secret from our pote tial ~ ~ ~ 

enemi~s is, however, p very different proposition from keepin in-~ 

~~ 
,-~, 

~~~ 
~~>) 
~ 
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formation from ourselves. While this point will be elaborated further 

below, it should be emphasized now that compartmentalization of in-

formation as it has be/v f>ractised in certain wa.r projects is in­

compatible with the efficient development work in the postwar period" 

3. The question arises as to whether this development is best 

carried out under Government auspices or under other institutions 

where the profit object plays no role or whether industrial research 

laboratories are more suitable for a speedy development.~In examining 

this question we shall restrict ourselves to fundamental research 

and that very important region between fundamettal research and 

actual consturctional work which consists of a balanced mixture of 

technological development and designing work and which carries the 

development from the early discoveries into the process design stage. 

I personally believe that this part of the development work is best 

kept out of the hands of commercial companies provided that certain 

essential requirements can be met if the guidance of the work is in 

public rather than in private hands. 

Clearly the two most important dangers of having this work go 

on in the postwar period under the guidance of the Government or some 

other public non-profit organization are the following: (l) Over-

centralization. This leads to the danger that all the work will be 

planned work. IX That is, certain steering committees or administra-

tive heads decide the relative importance of different lines of 

work and set up a priority system. The result is tha~ if a group 

wishes to move in a certain Qtrection because it feels that ±X 
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~ 9" 4; c~ ; <.. 

that direction is promising~an early, stage when the justification 

of that work cannot yet be objectively demonstrate~ their work is 
~ 

s~ slowed down by having a low priority that it is practically im-

possible for the group to get through the preliminary stage of the 

work and re&ch the stage where they could ask for permission and 

high priority. 

The remedy seems to lie in giving all members of the staff who 

have in the past proved that they are able to select promising lines 

of development a definite status which would enable them to proceed 

as follows: Something like 80% of the facilities will be subject to 

the priority system, that is, will essentially be reserved for planned 

work. The remaining 20% of the fa~ilities can be used by 
I 

these 11 fellows 11 i.f they ~ their group are willing to put 

along a certain line of development they will have the 20% of the 

facilities for what ever th~ think is useful work. If much such 

free work is going on there will be some competition for the 20% of 

the facilities and the free work will be somewhat slow but still it 

will not be completely suppressed as it is bound to be under a 

priority syste~nother danger of the centralization is the dif­

ficulty to form temas which comprise physicists, chemists, engineers, 

metallurgjsts, etco There may be a tendency to form a vertical 

orga~ization by setting up divisions for these different categories 

and expecting any working group to turn for help to these di~isionso 

There is of course no objection to having a metallurgist -
\ ~r <-

as a SJ.J.r.£'aee division upon .which groups can call for further help 



9 

by each ~major group will have to have its own physicists , 

chemists , metallurgists, etc. , if it is desi red to move fast through 

various early stages of developmento 

is 

A third danger of central ization consists in giving certain out-

standing physicist s or chemists the responsibil ity for a too large fraction 

of the total work. The whol e machinery under one man will then essentially 
that 

be dominated by the ideas of that one man and Xt is hardly the best way 

for speedy progress. ,. · / "'lf1 
~ " 'I -J.'- ' -"'{' (,<.- ',~ ,__ 

~ (2) Decentralization.--Decentralization can become a very 

'.J 

A/, 

serious 

danger if the fact that a number of independent units are kept working 

in the field m leads to a situation when the members of one unit cannot 

freely discuss their work with members of another unit. The result would 

be that a number of problems will remain unrecognized and therefore 

unsolved. Apart from compartmentalization of information which woul d 

have this effect, the same effect can also be brought about if the geo-

graphic location of the various research and development units is such 

that it becomes very difficult for the members to have extensive talks 

with each other. 

/ (3) Stuffed-shirt Direction.--In an enterprise which is carried ~ 
( ~....,___.: '--> "-. ~c..,_ .-c. ---.- ~ 

on by the Government or some large non-profit organization the directors ( ~ 

of the organization do not participate in any financial gain or loss. 

This may easily lead to a situation where their chief desire is to 

maintain a Ji~ecord as to their conduct of affairs. That is, they 

wi l l desire to take action on the basis of recommendations made by certain 
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committees. Their desire will be to have these committees composed of 

men whose names are publicly known in most cases on account of some 

outstanding achievement in the more or less remote past. Such men are 

mostly rather busy, can devote only a small fraction of their time and 

attention to the problems involved, and have in ma~ cases gathered 

their experience in a field entirely different from this field of 

modern development. What they know about this modern development they 

do not know through their own work but through what they have been told. 

To know what one is told is certainly not enough and it is propossible to 

have confidence in the recommendations of any such.,.groups Y" / -C"r--« fff- c~ 
~ ~ ../ fJ".,. ~,....,/ ""T ~ ' 

The sanctioning of any program f this type is probably un--.----
avoidable if *e operate under Government sponsorship or large non-

profit mx foundations. The effect of this mode ·of operation could 

however be made probably fairly satisfactory if these committees were 

guided in their recommendation by the recommendations of teams formed 

by men who have first-hand knowledge of the problems which are 
a plan 

actually involved. I believe, therefore, that perhaps/of the following 

sort might be a workable solution; 

The men in responsible scientific or te~hnical positions (as 
u.,._ f U' ~-,-?'- 'f' 

distinct from the men in adminf,St;rative positions) who have first-hand 

knowledge of the problems involved may be made to form a panel::!. It ~ ~ 44_ 
~) "" 
~their task to keep informed as well as they can with all developments 

in any of the branches of this work thereby cutting across the organiza-
~ tional boundaries of different enterprises which make ~ssiQle the 

totality of the modern development. Most men Kf on this panel will 
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but a fraction 

s from the 

being replaced by other persons from the panel. It will be the task 

ef tsiB team to realize ahead of time, months or years ahead, what 

major issues may come up for discussion. Next they would have to take 

steps to get all the experimental evidence which is needed in order to 

give sound advice with respect to the decision. Theil "bae~in this 

,...re§pec± m;LH lilEVfaeiJ::i:~cause they will be free to have direct 

contact with those men in the special projects from whom they believe 

they can obtain the special information which they need~he in­
k~ /t7-. .c..~..-/,_~,.,.. 

formation is not available they will ~ to arrange for further experi-

ments te QQ ~QRe~e~ea to provide this information. 

If this team is then put into a position ~ to gather 

the necessary evidence they would have to discuss with each other the 

issues involved. During such a discussion it would gradually turn out 

that some of them have thought more about the issue than some others and -
in many cases the decision will end with a unanimous opini~n among those 

who consider themselves competent to judge, while the rest will abstain 

from expressing an opinion as it ought to. In other cases there may be 

a majority opinion and a dissenting opinion (since occasionally it is 

unavoidable that on the basis of different experience in the past some 
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persons will favor one solution and some persons will favor another 

one). 

The result of the deliberation of such a team would then go on 

record and would be /~aeeQ. a:+:= tl"l~ <1!Spos-M ~woo ~ irr'key 

~sitio~5 and would_~~ communicated to those who have administrative 

positions in the various projects which compose this development/ ~ 

4 .4 ~ rw...-r • t Q ~E~- I) -Y ~ v~·,.C-::o 
~ !::4 ... .__ ~ ~ r ~ / ,J/1 .t. • 

~/ £~-

-

--



SUMMARY 

The inclosed letter is sent to those physicists and chemists 

upon whose discoveries, inventions, initiative, and correct judgment 
.; ) 

our present work based. It puts down those considerations and 

opinions which I believe might be shared by the majority of this group. 

The purpose of this memorandum is to find out whether we can reach a 

consensus of opinion concerning the following questions: 

1. Do we feel responsible for the consequences of our work 

to the extent that we are willing to raise our voices at the 

proper time and proper place in order to give expression to our 

belief that the "modern" development with which we are associated 

will make it impossible to preserve peace which is based on a 

balance of power or covenants calling for collective action 

against ag8ressor nations7 

2, As long as we have no organization of the peace that 

we can trust to be lasting it must be our concern to have in the 

United States an overwhelming superiority ofhmodern weapons so 

as to avoid a balance of power in the field of modern weapons. 
"-"- --'· 

Are we then willing, after the war and until such ' time as an 

adequate organization of peace is put into effect, ~fiin~ to 

take a stand in favor of safeguarding the information which 

we have accumulated from reaching countries which are potential 

enemies? 

3. Can we state clearly principles which will permit a 

sufficient safeguard of secrecy without hampering the development 
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work either directly or indirectly by annoying the physicists 

and chemists1 

4. Can this work be carried on under government auspices 

or under auspices of other nori-profit making organizations 

without giving up too much of the advantages of free research? 

5. To what extent should there be planning and to what 

extent should the research be free? 



(1) !2 .; and T4r (or s0111e other similar combination) is mixed vith 

bacteria in such proportions that an infection with three virus particles 

be ten times less probable than an ~ ction with two virus particles. Out 

ot this mixture after suitable dilution, about a 0.2 cc. is pipett d into a 

large number of small test tubes. The dilution is so choser..s to have a 

All these test tubes are incubated to give one burst and then plated out in 

Hershey agar. 

The majority or these plates will show bursts t.rom single infected bacteria 

and we ve an equalrlllllllber of ~tea which show bursts from tvo infected 

bacteria or bursts from mixed infected bacteria. As a first selection, we pick 

those plates which show an approximately equal number of large and small plaques. 
one . .( 

Taking/such plate, we dip a needls in succession into the large plaques (the 

original T4) and tranafer the virus from them into on test tube which we 

inoculate with bacteria and incubate. We plate out the virus which has grown 

in this test tube on B and on B/ 4. If we find n appreciable fraction or 

plaques capable of developing on B/4 we conclude that the plate which we picked 

originates from a burst resulting from a mixed infection with exchange or 

character. we then r11tain this plate for further experiments, making either one 

or two sub-cultures f'rom every plaque on the plate. These sub-cultures will then 

be individually analyzed to show whether they are !2 or !4 and whether they are 

small or large plaque formers. 

Before starting this experiment, we ought to consider whether it would not 

be wiser to use 14 and 16 in place of T2 and T4. One or the guiding consider tiona 

should be maxi.Dwm plating efficiency of' the virus as used. This is essential 

eince we want to find a correlatiCtn between the loss of the r character b7 on 

Yirus and the gain or the r character by the other. 
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r. Introduction • 

From the tentative work of Arrhenius and Hadsen1 up until modern 

research, 1-1hich dates from the introduction of microdeterminations in immu.no-
2 VJe ~~ve-

chemistrj by Heidelberger and Kendall2 
1 one has searched for a method to 

describe quantitative reactions between antigen and antibody based on the law 

of 11ass action. Interest is not only of giving to these reactions their place in 

the framevrork of general chemistry. The knowledge o.f equilibrium constants 

and other thermodynamic quantities is a source of in.formation Hhich is ~ten 

not replaceable by aqy other . 

This information is at least of two types, One concerns the identi-

fication of antibody. In the actual chemical state, these proteins can only 

be characterized by their reaction with the opposite antigen. But the 

verification of inequalities in the energy of reaction allow distinction to 

be established between the antibody which combines speci.fically with a like 
AND . \!H i i.E D•H E- 13Y 

antigen ~..e::i-~t between those b; l!ihe details of more or less fine structure. 

Another sort of information concerns the nature itself of the struc-

tures causing the union of antigen and antibody. Thanks to the development 

of theoretical chemistry, currently can be calculated with more or less rigor, 

the energ;r of combina. tions according to the type of forces set in action, that 
D£TG~NINE:Il Bz 

is to say, finall:y begi:n:n±ng with e.e~n:e details of structure. Reciprocally, 
A I\ 1$6 S 

some information on these structures ~ from some known energy. When one 
HAS 

has seen enough &f reaction orAalter~~the protein molecules, this method of 

approach
1
in order to know the composition and configuration of the active groups 

has so much more value than a few other methods used :itt=G!~~ to obt ain it. 

Pauling]..j.S has opened that pertinent path of combination of antibody with antigen. 
ll.. bs. oLt.tTEI- y 

However, in a thermodynamic study, it is pnte t:d:call;Y necessary to be able to 

obtain the basic known ~ { The direct determination, by co.lori.Ir..etry- of the 



heat of f"O~J.on oi' a.n ant~ antiboc\y complex, has been Gl'footcd on1;v one 

~":''G b;V Doy-d d r,it; colla.bora.torsS. rnorn does T~..ot exist av a.nal.oeowJ w'Wk 

up to th present tt.~ e forces 

rt eonve:~."'~rtee is ~~ mtb tlle point of vie\.; o.f spcci.fioit.y ~ ti}j:: 

~tic reaotiomh Hut th . aru:U.o~ ¢SJ.U1ot oo carried too far. Some pecul.W 

dif.f'itv.l:tias are er;.couutered in ... :oo otudy o£ immunol.ot."icAl reaction. ere t•, 
£irat o£ a.1l, he heterogeneity o.f the :h~ serum. On t.1n other .d,. the 

campi= found OOtween ~"111$ and mtbstrate ar.is~ ge~rnlly from · union o£ 

t..hroe mo.lecul.OO at st, the opeci:tio protein 2eooting t.nOUt o£tQD. t 

intcrc .gonble a:i:t.eo. In the antigen rm"tib()(\y oom''biM.tior.s, t.ne situation is 

lefW simple. ~ t m:· • tho ant~~ ean"ics a rela.tiv~ large ~ or rca<rtiv 

groups on its molooule .ftom :h.i.oh re-.tl:tts a VIJJ'iety o.f e ... inations with 

antibotQ!, rut tbtil latter, ii it is tlloo multive.lant, associates bo it 
tbe oolecule of ru7>tigen1 creating ~:gl.omeurt-iotl in regioXIS of d±oun,._ compoait.~n. 

_ ~ th B$ reasor.s, it has a~...ared adva.ntagous 1n tins revit;; oo 

grottp ·tnG diveroo :U:immological ~!.ow accol"tl:1.ng to the noro or lese ~ 

li· Am~lu:bi.."Ultiona 

A• W'l~~tal Ccmcapta 

l11 llfpothOG1s of the mobanimn. 
Wf: ~1)(. nto • Mliil bas ~ a Ql."JGCitie G.n ,~ td·ch a ~ion o£ bacteria or red 

c lls 1 o can expect to find a o~le relat-ion b~CJ.'l tho core tnttion or the 

~r~lutinin r~ !'reo o:l;, oquUibr1t:llll .and the 4 antit;r of th t antiboey tmieh 

ia :i:'ixed on ·tho oell.s. lw t~ of tt'"leorio:s e otrero 1n ol"dor to explain 



~lutiJ tie!t. Dol~det2 ndmit t~ "-'t th pres o£ ant~ rutltaw:'l.l tb cellular 
t: \. E ciR c r• 1-'/l fS 

OJu.>C' .lc~,ce 5a"'l5iti'V"e tQ ., aetion t: ele 1"0~· Th 

p . .. .rtios r th . surface 
REf"J.J..Iil> 

.ull,-!H.l..V ~~ld· that i.Ch perha ¢aUld b aid in fe,var 0. 

tOth.el:- :&me~ :t. ggcated the Vi s o~ Ma1~9 n tho 1 

• .. e to antibody' 

t bj.val t, since 

J:c • . abl~ to uni too e.ntit,"enio grouJJO in order to £on:n an ,..,.:._..,.,. 

~ · · of v low is in " icu:w.r " oi' ll delberae:z2° and o" P 

0 

• ~".fic:u.:u. roblen 

• 
n\l'l:dber o groups 

~:tple dii'!'erenoe 

a. tions tlithcm.t ~tion 

ft 

)¥in place 

·r of 1Goules 

let us co.~ a l.L\rge ~ulo G ~ J."'e&Ct.ive group, all alike of ldlich 

oo.ch 



_. om which a series of equilibrium constants 

the te1~ between parenthesis represent, following the custom, the activities, 

being, with a ('!ertai.'1 < •proximation~ the concentration of the constituents at 

eq..tilibrium. 

A stn:t.istica.l method allmm the distribution of t..t,.e combined gro ps 

to be kn01·m - These are Jii ml/nl (m - n) J types of complexes. GAn •micl one will 

des::.g;nate by GAn,l, GAn, 2 ••• GAn,i, Gfl~n,j, and are different by the sites to 

1-:hich are fi:ited the n molecules A. le·t us a.d!ldt only all the groups G are 

equivalent ax.d that there is r o attraction or repu.lsion cnc.ercised on ·t.he A 

lllOlocules by the GA groups alread'.f combined. The·~ a single constant will 

correspond to the eqd.librium bet~reen one type GAn,J.· and one +-r-rne r.a 1 j 
UJ .1;" -'"tl- , ' 

which are n, i and j. 
( C:r) 

If one progressively increases it, up unt.il all the fixed A 

obtai..l'J.i.ng G, by a sequ.ence of such ecpilibria, or>e sees we lta~reJ 

K is called intri.'l'lSic constant of carilbination of the molecule A w-rlth a group G. 

In roa.kine; the sum of molecules A fixe 1)y all the complexes <1An1 n varients 

of 1 to m, one finds that the relation of the number of groups combined GA to the 

total number of large molecules G present is: 

r ... mK(A) (1) 
l + k(A) 

A..'l'lo·~her important concept is the degree of advancemen-t of the reaction. That is 
fraction 

the ~rt~~ o£ combined groups: 
(2) 

n• ... (G) ¥ (Gl) 
(GA) • K(A) 

1 + R(X) 
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~~~({, eqUal, wt the cmw ·t.s 

tlmfJe.L,i7e8 by tlla eo ·tr4....but.ion of th 

' 

(3) 

O,I tho ~ 0 • A ~ GA wl1era tlie group G1 in place o~ being t 

~ l.scule, would bo 1ndepend.S! t of t se sa.• L¥)leeul.ee., 

. t.t...nd:l again 1fi tb rola.Uon (1) or Wthem CJiSOI'p :Lon o.f 

~ were m i in~ tlS th total l1Wiber ot sites or 'tihich th 

an. A 'lecule. 

ACCGJ:'di.n8 to the. ~es:LS \micb beD ~ to ostablish that 

l"'lation1 ono o.r ita cou itions 'or validity is that a.ll tho d.tca o£ ored to A 

t:!'m ~vat:ent-, U this :La no·~ oo, eithar on th · $&ne l.ecul.e or .t'1"'m one 

• 

the number m have been 

equal to the valne l/21 that io to srq wh ~1le a is 

h-ill' aat;lrated 

2. On can .t in the manner ot notz35 the .,.,.._ ... 'i. - ..... 

of 1/-. as .function of flx:peri.t tal \Ta.lues of J/A .. ieh ·Ctm yiold an expressiont 

! . 1 + l (4} 

:r iii 13!( ' 
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·rhich is equal to 1./r:'A · < ·ihich int.Grcepts t1 . ot'"dinatc s 

at · be valtw o:;r l/: 

(S) -
e 1 to m!< a..'1d t 

ted ~ro.y;-ol.s.t 

~tly .... 

on l.ootU 

(l.) relation co---..--...-·~ to lil:dted c _diti 

'eyh 

on e equi.l,1brl 

rot.atim 1 t.o t.becourso of' growth o r o "-q ~g~.:t.e •. 

.u. Stut\1 of is ema;_~lutinatio 

*' M ~!!MA I.V.S 

.t cvi-

total ~lexofl -~~ by' c .!'ii"J,p_ation... the a.ntibod:f" ~ me cc.n b~ 



a 
o st c cut are se of' ··iGcnbe and V olek9 on the abso tion o£ 

agglut:i.ni.'l by the typhoid bacil.J.us · o!' Cro.tMJll7 on th cl>so tion 
fi"ee 

l in by the red QCJJ.. tba abeiB « o£L!ptibod3' 

on occasio 

t the r la. tion is of th 

cons()(!U~ of t hetorog oity of ant • 
.J:~ 1~ K~wN 

~~Fe::rs1 ita.tiveq 1 !l'Oln .u· ''"j."j;)-~"'...,. 

~normal~~ oora} reloon rwch ,lutini.n by h· ting to 5 can 
i~H&~ e 

hopo tlm't tho process- r! isucu~ggJt.Utinntion sh 

quantJ..tative stu • E.ffootively 

the of indi~als of blood 

ons 

cells of group A_, it has b$en poesible 

tian Md to moa~tlr tha e~-y and thG 

it l.f 

reversibility or :i.So­

m~~v o . tb canb.i.na-

'ti ru glutinirw with th agglutino io group. Tho rt:N 1bility o£ tho total 

process,. that is to eq, the soconds:cy' aetion_, ::gloxaeration of eells1 well 

M tl pr:!mary actio111 fixation of' ., tirdn1 has ooon estab cd by tti-

v~ · Jac~ot.An~:. in the mo.-mer or two t;ypos of a~ ~~X:.;.. dis-

ilib by tet;~et<atu.re nd by variation O- vo • 
"-- w~tt f'l 

t tirce I\ to n e:t volut1e of serum nn individual of blood 

e1'0UP A 
WE ~.,~P crouP B1 Jrmstltti.llfldiJtlla SliDBIBilal too·c the 

ino~srut up \Ult..U a lllaXixmlm v:;a.l;us. 

t."lnt +.hose "C those co 

IJ'.hr t..o \l . l.n order to g 

f the tion of t 

ir.rlividunl or 
cells agglutinated 

on that ~a.ture 
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o te of agglutination .1.'\;J.J..U".uu to the ·I:U1llber of 

t.o e t.tUlllbor of rod eolls pres 

nn.t one part t Yl 0 

1t.IU<.l~U,:;I..-ud by a certain l:lix 

the other p¢ at ~e. ! 

have boor. e~ 

identical .n~..r but wioh h 

l ooe 
w~: 1-\i\ve 
~~!15 Ut'".ldied mo,~IV· 

t :tion or mxtJ 

lutil::n-'-.e fo:t"!n€.d at t t name <i!-• .e1'''\'l"'ol!!l>~l·h~,.- . Thi g aeelut 

pr e ce o:r ~raturo Llff t! 
IHtR~f'oRi;, '!~'!: l)o NOT t\AV~ 'to 

it c • 

:rate or n&:lutinatio at 37~G .for n g4:v 

ec 

tiua.tion whic io obtained follO"• 

of 

t.s 

• 

of elu-

f~f;fft 6. ,_, I<S T 
etli!!-O'f~a:l·;o:a the o.ggl.utioo.·, ~on . of aU with tha s · q\.lLU'lt;i oy oJ: red 

a 
.t"'llll iuL..smallor vo · tl ~ follm 

sCJMmiS• 1h ~bility o-

tr. il.kie and n ck!Jrl 
l 

RA o·~ AOOl UTD TIO CW A 
D m 31 J AT ~ AliD Al ~ 

lE S · WH ~0 + U SIO T o·· . Bl 
AG'.-UTIUATION PIWIIOU( LY AT ;1 C. 

A 31° .. At~ 

0,20 
0,17 

.~ 

at?: 



II. Ra 

• v/v 

'w • 

' 0..,9.3 
o,s;; 
o,0.3 
o~!"l 
0 82 

70 
0,90 
0686 

or ' 
.. 

II 

o,51 o,c:o 
0, 88 
, 1 

t , B9 
o.~t 
o,~7 
o,Sl 
o,11 
o • .33 
0, 711 
o,GS 

0 ~0+ 

in wl. v. 

1:5 0~$7 
lt .... o,54 
l'B o,a3 
leB o, 
ll 0, 89 
1:6 o, ~7 
lc8 o,62 

o,s6 
0,13 
o.34 
0,77 
o,f.JJ. 

or sohe.mar;_;lutil'lnti • 

...11.·1u~n·m .. , Jacquot-. ... --

l'lUI:li;XXt:' o.f a Cl' p ' f.te " ' le on a roo blood c 

h 
t 

of tho s-t. 

w<:r 
grotlfb' 

" ~·...._.ou , o. :~d Ar · cone tmti 

(6) 
0 l + -

~nts ·e oi' b/( >r a 
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the rc "'iiion of the slopes at two-~tures permit! the calcul.ation of the 
e-alt:ettli&l~ln~-o~"f-tl.......,.etee Chaneing enthalpy. lJJ. corresponding to the oombination of 
a molecule of agglutinin with an .... glutinogin group (S9). 

It su.ffices in der to obtain bi to be able to express the agglutinin in 
relative values . One can determin ldth preoision the relative concentration 

l 
o:f isoagglutinin ~ the nax.imut n1.U ~ er oi< red blood cell hich can be 

agglutinated under ·;rell defined conditions. 'fhis has been establish d by 

progressivoly dilntine the same sera au a.sur-l.....ng the max:tnnna number or red 
cella agel.utinated by a rn:rr3 at 4QC in !'> mixture consisting of o.6 ~ of serum 
p ns o.r minus diluent and o.J ezr:, of a m.spension of red cells. ret us call uh 
the n:u.tdbor thus fOWld and Cf the relation of zqh to th lar c \TJContration of 
agglutinin. l en a l't1ixture ot sera. and red blood cells obtcdna itrequi.librium 
at a certain terapera:tur , the agglutinin remains 

eentri.fu:gation by the maXimtlm. number u• 4 or l:'ed blood cells tihieh the liquid 
superna'OO.nt c<.m agglutinate at 4 C in the indicat d condition for th determination 
of ll4. As to the fixed agglutitttn, J.t is tained by the d:i.f.feronce h the 

number N4 and 'N4 t • Allou lf:r to ba that difference and Nt the total number r4 
f\C.L.A 'fiotJ~ red bloGd eells present-, the 1-bb-icm 

!!t • 6 .X 1017 + 6 X 1017 
(7) 

Nf m~ mlnl'4 
Th variation of eiithal.~ h! i3 obtained .from determining values at 

two ~eratures of ltJ~and lf'4.t which n;sul.t. tl.niqu.ely £ror.1 the numbers of red 
H-f:M t>( -hM61Ml ~t114'br~ 13z l& •kl9c blood eells. Thea numbers are terr.dJled ~ by A read directJ:y &•M,_ rv.1 o ~ 

by microscope or ~ "m:l.ero£ilm. 
~NT•-fl 

3• Cla.s i.fication of"isoh ,':'lutinins ;mti,Jt 

For the c. m of clarity of that t lrl.ch follot>m, c will sq a few words on 

human is emagglutination. There exists normaJ.ly" to tho sera of individuals or 
~·-A blood groups 1 or 0 two "agglutin.i.n'; aiAiliiii!!A~ one a acts :t the s3llle time on blood 
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cells A1 and~~ the other a acting o~ on the red cells Ar The serum of 
f!/Jr t - e 

individuals of blood group A and 0 contain an,... isoagglutinin. aBtiu~ One of the 

results of the thermodynamic study of isohemagglutinates11 has been to make !mown 

(1) that there exists diverse ant· -B isohemagglutinin; (2) there is in a given 

serum A or 0 only one of these isoagglutinins. The multiplicity of isohemagglutinin 

anti-B is apparent as a consequence of the study of 26 serums derived from 

individuals of blood group A. After having eliminated complement 1 the study of 

the influence of temperature on agglutination of blood cells had led to the 

division of these serums into a small number of classes. It has been found that 

i:f~ ..... ...was.~onfined to the same class if one divided the serums according to 

their origin from individuals of subgroups A1, ~, A3• Moreover among the 22 
>:r.x:E:" wE 

serums of subgroup A11 "two were different from the other 20, orte could show that 

they act in fact like sera from individuals of genotype A1A1• 

All these anti-B isohemagglutinins have then been designated by symbols 

relating to their original genotype ~(A10) J3(A1A) ~(A2 ) ~(A3 ). And the anti-B 

isohemagglutinin present in the serum of the individuals of group 0 has been 

called ~{00) because it also has its own characteristic propertiesl2. 

4. Measurement of enthalpy,. 

Figure 1 demonstrates the experimental results obtained with serum 

A1o, A1~ and 0 at 37°C. The values of l/N'4 are on the abcissa and the value 

of N.JNf are on the ordinate. One sees that the linear relation is well verified. 

The representative lines cutting the axis of the ordinate at the neighborhood of 

the origin is a consequence of the magnitude of the number of m groups (agglutinogene) 

present on a red cell. The slope of each line then is practically equal to 

(Nt/Nf)N'4• Table III establishe~:~rom -that the work already citett.11,12,14 and 

4 r-T•I..t 7:£S 
that of Mavrides 0 which i::udiccrbee the slopes of the line calculated by the method 

of least squares and the values of llH which are deduced from them, expressed as 

Kcal per mole of fixed agglutinin. 



fJ :>9 

~glut. Agglut.J..... 
(ref. ) ~ .... 

p(AlO) 1: D 

p(AlA } J4 n 
i (A-..2) n D 

~(00) l2 B 

a:(DO) 40 Al 

a.1 (BO itO Al 

e(OO) 40 A2 

~y,; (I 
~ 

B (co), 

l 

"' 

lo1 
'!. •• 

/ 

'/...'A 

~ .. 
I. oO 

'it. 0 
t < 

)( ,. 
0 .; 0 D 

I 'f. •• 
- _l I • q. 0 "", .. . , 0 ii 

I o 
I ; • j)o 
l /<' 
l r 

l3 

37"C• 

l .S1 -t o. 1 -
a.34 -~ o.oa -
0.4.3 !. .07 

l~.oo !.. o. 
2.47 -t £.25 -
lOO l3 -

/ 

0 
c 0 

Slope I lO-$ 

2?'c. 4 

• La, cal 

o.54 • o.o6 - l6 +? -
l eS3 + Oe07 -
o.24 + o.04 - 9 

3.69 + 0.04 -
o.n + o.o1 - 9 .. 3 -
12.~ + 0. 64 - 3.3 + 2.5 -
3.2e + o.64 - -

_ ...... ~----i-- -~-·-l --
1- ( I/N4-) ;Ill:'; 'k. 0 0· )'> o·sn .. erse a red c lJ as a nc ion oi' ·the 



•. t:.'! 

f l .ich c 

cells (12,31) . 



sm di"'fero or.ly by their relativo ronc trat.ion ot -.,,..,.l.t!.t ·lin (tt) . ·nw 
v ,l as o a 'b "'i."'ied are rewactiveJ.w 1.7 x 1oJl. £I B('\o), l x J.all.t. for (\~) , 

K (4°), 

.f·t; ugzl.utinin 1 s · u rl)gion o uatur ti by t-'1· :rrber of 
~ 

re '"mt. A val e of 1. 5 .Y. 10"' ha.a bem1 obta.ined .~ 1 .. ·dtth .:1-0 and A1B 

ations of' stenc d fre 

/ I' 

(A.) B(AlAl) (00) 

lxloll, ' ' 0 6 1014 
/. '( 

S X 106 3 106 
I • 

7_ (/ 22 .,. )Jj6 ax w6 3.J X 106 

l7r ..... w6 22 X 106 4.2 X lJJ6 
.'/ 0 

tlJJ (2~)~ Kc 'l. 

(2 u} .t C~tl/do ., 
-9.h 
+9.7 

. 9 

+24 

G. Inoo atat-io o .. 

envi_ t t:rhich etu 

0 :>0 

and th :t uhieh C'"' tions. 

• Th1 in.fo t1on is ted by f t 
that t~e 

( 
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local. reactionS lli®l'lr' th spee11'1c groupe and d.ii.Jtu.Tbanc~ produced 1n th~ rest 

o the t:.alooule. The enormous between th varia:iion oi' entropy ieh 

or t.J 

, :ry ~ o reactions o agglutinin ( o), ( 1A1) d ~(00)1 -21, +9•1• +24 

t th 

t spooif:tc 

IJU.i~'~!l';j of H20 

in e::rtropy can also c:on'f;spond tc ;utinin. 

These l"Wcraible changes uld "'-"..;.....~~;;;:;. 

Ju-1o· or ~ has 1n tbG course of a stuey on th mt'luonce 

of ·t.ouperature on · ~·~lut :tion60. It co;ne~ the valenco o:t~ is mtll!t.1nil"lr! . 

C'ne oa.."l prO'le that t~'!C rocru1 • cr o.f mo'l.«rules tth ch able to be 
(A,v1 

t - on a red cell of th i omcx:o" thc;t. " 16 

\rhich is :ro e1t:O~· :·or m~~~ £c:t~t the sa.rs rate of a.gelutklation;o.s 

obta:U 11ith erum A1o ~ • •l6, Kcal)
1 

. finds that the 11t'Q::iher o!' t101ocules of 

i'ixed ~AgC.J,utmin pro t tb red ~ is llAX> at 4uc fU'ld 4C, :t 3t'c. For the 

0 ~.I! ._ 1,7 Kcal) thi8 . er is lO 800 at 4°C 

ar~ 13;5~) t '7vG. 
AtJAf't o.,J 

'.1.1lc lOOSt simple Gm~rt.ten is that the red blood co.lls attach themsel: 

of w h the 

t.ion £ oquilibrium becau.so :or r; lut 

o t:txed at the o te ti:me on tvo red blood colla. nut tb ru:lliesio 



a ot 

.,.,..,. ..... "'"lac~e ot ton aa 

2 • .t "Ol't:a.tdQn 0 r• 

• 

to do ·ttt 

htlv'G donit.'lUOtra:ted 

;f' thi 

ot- WUo::l.""'fa ~hC.'IJQgelutJ.n1nl5 • 

rn-op,,~ .. -...... ,.., or sa~ AlO oult ~ 

17 

motion 

the 

l-'!14-~l.oWGiotion 

Wlbe'!~tJ; T.''lnotn fror.l 

haniso 

(00) 

f(OO) . 



m Table nr. 
cxpar:: · tal into fall -a ll on the ealeulatod CUl•Vth In the rcg'...o ore the 

f r is ~"ltl<i1"' lit~, t s , ror frltti.."1EJle 1 37° t 3 x u:? J it ~ 
into~.· • the al.Opes which Cor:t''O to p( Al) :iDd 

they are all e1 an lihio ~ 2.3 x ~ 4.0 x 'J.d5. 
glutinin whidl ivos ;.;. i" 1.5 x lrP hardJ.¥ with 

J3(00) . 

to 

c "td. t in raction. 
On tl'le oth band, t:>bsozves that 1n thooo IltlJctures; tile p ct ('KJ.t/Al.r) IJf41 
coni"Ol"tling to the o.e.lculatia ,.. i.os i · the 'ttoto.l aoncentrntion of lJ.1.tbdn 

the h01J¥)g'Or.£it,- is thus conf ..... u .. ~ .. 

:.~.he ~ . of a hybrid ~ (AlO) ~e 

stm\1 of ognlntin.ation, com:i:med by tho ~~.l"et'Jellte o tation, 
· e problem o.f the collaboration o! alleloa in tbe ~:nm~l~\4'-is o a 

·t.oin. lbat question bas been d:Ulcuss e.lsouherea> ~ 
There is yet another 1uca-tion \ Mch C:QileonuJ thia t • 

l..dem.ity ot gl'Ollpc p on md cells 00 

thoU' is tho same on tdthin the :ts ot tho 

meo~Sttt"8!UCm·b ince these groups are T-......n ....... undtu' A, Band 0 

and ~ ;lnt,s are predeet~ ·t110 eell. l2. 

... o utu..dy or c-qu:J.librimn bst;ween haptet and an t;ibody d 

in prlmiple fro the usual study of reversible comb with omall 



C!f.Cl'IOf!t!'r,.Oi_ty of 

f:finity 

·ln • + d ln (K/Ko) valw.u 

~ • (In (Jr/KcJ2 / · ~ (ln { 

t'XlOtJted by ~~H 

'What ($' 

~f' of nnm<Ann cone wte 1/(H) 
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the antih~ is bivalerrl:.. Tho value <1f Ko then corresponds to the valUe of 
1/(ll) when l/r is equal to 1. On .finds thereto that :t 29uC is equal to 
3.5 x l.rP li.ter/~ 1 licb assigns w veriation oE mean ~ tho value ot 
7. 7 Keal. · alyeis work, done by ~ 

hapten 

group it can certainly 

a precipitate. Ittl oombi. t1o can 
hcnnwer be e evitlent thanks to the on o£ inhibitio discOVered by 

l) SUVIN~ Lands~. 'l'hia phon non cans:isba o ~~ cl.iminu ion o!' the pl'l ·~tate 
fotmed in prooenr..-e of antiserum ru mr Pauling, Pres8tlan1 Cs.mpbel.l and 
Ik< . L13 hav developed theory o'! COltlPetition between hapte."le e.nd based 
Ol a e bivalent nntig a, a bivalont homo enous 

tibody A, and a univalent hap up ent 

HAG oo 

tal molar q,.umtity ot G and A a:t" equal, tlle ity of preoipita 'S3 



be in l-inear relation nith the q • .itity of hap Dl 

pro!X)rtional to tbe cons t o:f inhibition. That tion is on 

1 th hctero-

te 

pres· o of 

t of L"1hibition1 

ofc6'1 
v..._ft VG:. 

- e ch.apo of the~obt4ined. imr in pl.Qt 

preci itate oon:l.nst the ~art o£ the total qu.an 

oall . tar:dne c • A to the chang in the effect 

o£ dis. J.a;cing the curve a1.Dne • 
Certain of departing hYPotbes . ,. relative to the 

t ' a.nd tibot\Y 

• '-or e.:r.a.!liPlei even a Herahey3° lw.s observed, tl lub111ty of 

the sum. of tho nent 

of .oral in th 

• It thws 

p :t.G the c val.UJ s cor.respondine to divert:MJ hap and the 

calculati of d1£!~ or ergy. one can, 1n sumt'~? conli•tlm" 

prect:i.pitatio with antigen as a tbod :rca- r.r.bd.ne n concEJrltl"ation of standard .tree 

tities ,..,_which reduce 

esible 

0 
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inhibition depend strict~ on the degree of similarity of four of the haptenee with 

the immunizing haptenic , as if the antibody reproduced an exact template of the 

form of the haptenic ~J::ee Cithin a precision of lA0
• The comparison of constants, 

for a series of related haptenes, containing convenient substituted groups, permits 

the recognition of the diverse intermolecular forces which are thrown into pl~: 

Forces of electronic dispersion and attraction of London due to the electric charges 

of opjb.osite sign in the haptene and antibody. A typical example5l is the comparison 
\.( p 

between two haptenes one of which contains the phenyl trimethyl ammonium t•• u d;p xBenty 

~ charged positively, and the other, the butyl tertiary benzene group non-charged. 

The ratio of inhibition constants at 5°C is 15.5, by consequence the difference between 

the ~ energies is 1.5 Kcal/mole. If there is an electrostatic potential energy, 

it corresponds to two charges separated in the water by 7A0
• But the radius of the 

positive and the probable position of the negative charge situated in the antibody 
~ ~ u 

are such that ,...-ette can trust.rfup to a ~ of 4.9A • From all evidence the Coulomb 
.qs .~.Ju l?eJI 

forces xi certainly play the role one has desgr~&Q to them. l1oreover, one finds 

there a supplementary proof that the forces of specific attraction between antibody 

and antigen depend very strictly on the degree of resemblance of their molecules. 

IV. Specific Precipitation 

A. General Characteristics of Specific Precipitation 

One of the !~~it~~~~hich distinguishes the point of view of the thermodynamic 

application of specific precipitation from the immunologic reactions studied previous~, 

is a large difficulty in demonstrating complete reversibility. 

Certain antigen-antibody complexes can be dissociated but only in the 

presence of strong saline solution. That is the case of the carbohydrate anti-carbo­

hydrate studies by Heidelbergert school4(26, 27 ). For anti-protein precipitates, the 

dissociability has only been described for the ovalbumin anti-ovalbumin system and 

still to a weak degree, in a work by OUdin and Grabor(42). From the work of Heidelberger 

and Kendall( 2J-25) the composition of the wash precipitates of ovalbumin anti-ovalbumin 
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present. I-· ,-;_ tt:rast .. a property of ,io 

Cl:l{C ss of ant~. , and t. t· s in an t:XJtCCSD of untiboey. .L. s 

,i.ldi ot iow > 

cano~p ·iOJ {?), t, 

• th ories 

r vohu:le .Cct uithout 

.... .., ........... ty in en 

b . at c 1l:y' 

Pl"(>PO·sed in 

t tva 

rdet.• 

iboey 

oover, 

on t; t6nd to " et.tect, in 

(J) ~ abo result :ln a . ·t' c hindrance. . c ........ ,. .......... u.t·_ to ack(Jf} 
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their ro· rt.if.D in .he initu:l m.i.."'Cture. In order to obt~ thnt lntio. by 

~ 3l reactivity 

ll3eu.:l.os c " · .. 
,_) 

hav ipi tn • ... € ~rec or 
thG eo let~esn of the maction has 

Oc>ltlhorg (l7) has roo tly et 
~ . 

(l) a."!d (6) crm.at1tute partieul.tJ.:_ us 

detCl"m!:tmtion equilibrium onst.tm. • 

rti.tms and or th C<' "'i io of aggraga 

:for th study f b ello 

• 
rh1eh tho ~ tions 

prob le 

(,.the 

multi do not ha; to . ai\Y reactions 

o.f ive si • As in the other thoor oa all the «lergy of oor®inatio 

reactive g;rmt are suppoal!'4d equal1 t.rl'lateVel." mny be he size or 

mieh he .. , ~ondS 1"Cl.Ulite. In 0~ • C..'llcula.. th · et p;ro'b • le d.istl"lbution, 
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nw . er o · ~ of the antigcm 0 ui fu A groups of ,he tmtibod;r A. Th syst 
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itted •~s · 10 ratio (GA)/((G) + (C~)). ease or a mixture 

t, .. t!boey- and of multi l 1t nticen which cart aleo h !or s univalent 

bt 

n iiO do rr:dnc the numb~ of each v;po of a~te even 

of ar tibody ·:1d free w tigen. 

i3 done fer molecules 
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Let there be a system composed of G0 molecules of antigen, A0 molecules 

of bivalent antibody, D0 molecules of univalent antibody. Let us call r the ratio 

i:Jr1 mGo/2A of the number of antigenic groups to the number of bivalent antibody 

groups, q the number of free antibod;y' on an aggregate and p the proportion of 

groups of antibody belobging to bivalent molecules . T'ne number o.f aggregates 

having the composition i, j, k i.s: 

(mk - k) l 4k-lpk+i-l 
Nijk ;;; mGo (ink - 2k + 2 - q - 3)lklqljl X 

(9) 
k+i+j-1 ( )mk-k-i-j+l( )i-k+l j P 1 - p 1 - ppr (1 - p) 

i = k - 1 + q; 0 ~ q + j 'S. mk - 2k + 2 

The theory predicts the essential facts of specific precipitation. There 

exists a certain degree of progress of the reaction for which the system passes 

abruptly f'ro:m a state characterized by many small aggregates to a state characterized 

by a small nurooer of enormous aggregates. 1'his critical degree of advancement and 

the composition of the precipitate at this point depends only on the valence of the 

antigen and relation of the quanti ties of reagents put together. The degree of 

maximum advancement of the reaction and the corresponding composition of the precipitate 

depend also only on the functional relation. \ie are then within reach of calculating 

for these two degrees of advancement the mean values of the number of antibody 

molecules in an aggregate containing a given number of antigen molecules and, from 

that the mean relation of the antibody to antigen in all the aggregates containing 

more than one molecule of antigen. The calculation has been made by admitting that 

there arenot univalent antibodies, and the results have been compared with the 

molecular relationship of antibody and antigen in the precipitates studied by 

Heidelberger and Kendal1( 25), Kabat and Heidelberger(32) and Pappenbeimer(h3). 

One had to wait until the observed relationships were included with the calculated 

relationships for the critical degrees. of advancement and maximum, since the,y corres­

pond to the beginning and to the ma.xin:nlm of precipitation. The agreement has been 
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• be raade betw'e tho values or equ;Uibriw c itlStants measured in the zone o! U~CCess 

antig or whi¢h ean be oalcmlat.ed. in the zone of equi.vale.ncth It fa clear that th 

ual reoo ·t.iv • ty o£ all tho Gl'Q!lP8 is an P-"lr'''~~'IA :1.mpli.f1cation.. It is tfieient in 
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that di.fi' es 
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February 28, 1946 

Tentc-.tive Pro_Josal. for Staten-ent. 

The scientists v:ho worked on the atomic b:>mb are at present primarily 

-
interested in the po.ssibility of avoiding an atomic arms ra:ce. However small 

t \ chance might b~ that this · can e successfully accomplished, they are anxious 

to do noth · n- th· t ·will tend to push us into such d.fl arms race which muy lead to 

· ·•ar in ~which all of our major cities .. 1··y be destroyed b ··for all avenues hav 

been &xplored which ight lead us way from such a contingency. Primarily it 

was from this point of viE=;w that n:any of us oppos d the p ;s ge of the ay-Jopnson 

v 
Bill f or th control of ?tomic ene!'f.Y. Ir our hopes should fail nnd if we got 

inv()lved ~nto an atomic arms race, our present mcmuf.:.cturing mc"t\~ods ill b 

very quickly out-dated and we would lose the arms r"'ce, if c rried on over a 

' five year !'oriod, unless we can induce our best scientists to take part. in the 

research and development work on atomic energy . At the prds nt time practically 

cill scientists who ere responsible for the su9cess of th~ · tomic bomb huve left 

the :J.anhatt.m roject or are in the porcess of lt.:uving . It app ars very unlikely 

that any of them will be willing to lJork under security regulations sicu.ilar to 

those of the Uay-Johnson Bfll-that is , work under conditions under vlhich their 

telephones are listened to, their letters'are opened, reflections cast on their 
I 

integrity on the ground that they have all.owcd secrets to l~ak ou'fe ,or thq m.a: 
. 

be threatened by prosecution for violations of security rul s even though they 

did nothing more than talk without authorization to other members of the same 

project . Those who believe th .. t we vill be at wur within two years ne d not con-

bern themselves with hether or not the sci~ntists ill t ~ t~t they cr.n work 

on atomic enerBY under so.11e bill simil. r to the t:ay-.Johnson Bill . If war co 1 s 

within two years, atomic bombs will be ade by our r sent industri·l inst·lL.tiona 

and t. is con e done without the help of any aninent scientists . ~1ose however who 

fear a long period of internationu.l stress rather than an ~ .. ediate war cannot but 

be det:~ply concerned about the dang r of controlling utomio nerg By som bill w ich 
~gepa away our best sci~ntists from work on atomic nergy . 
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Ex 

regset that the Atomic Energy Commission and 

its General Advisory Board chose this time to provoke a high policy decision 

on the question of whether or not to dl ;3lop hydrogen bombs. That such a \ decision 

could not be arrived at ~and&;ptrsecret, was ~a foregone . conclusion. 

had the advantage of advance knowledge were bound to raise 

Congressmen could be expected to 

\clki/ put~· n t e.ir two p~ts, and r~. ad:io cOl!IIllentators could be expected to chin_le., i3-/ lit~ ' . - #Uf' tlfl #- #- 0--U-t ~ ~~ 
~i::i;.< ~ it is not fair~ o ~ conf:e~nt.l«. with the questi onx: "Shall we ' 
~ j /tr ~ ~~ 

or shall we not build hydrogen bom~'~ a large ma s of the people are ~ inartic-

ulate~~ they cannot be expected to give the right answer to the wrong question. 

If 1 as time went on, the outlines of a possible overall settlement between 

Russia and the u.s. of the post-war issues had gradually become visible, if theta had 

been some hopeful beginning of successful nego·biations wi ih Russia on a BI:D broad f ~ · ~ 

basis, then~ confronted with tha issue of choosing betweenJ:hapo 

not really satisfacto~ ~ peace settlement and an all-out arms race, ~~ 
·~~~~~ 

hydrogen bomb,;,ys.hen people, having understood what an all-out arms race would involve 

and what the preferred post-vmr sett~ament would involve, ~uld have had a real choice 

and might have arrived, for better or for worse, at a reasoned decision. 

Discussion: 

the hydrogen bomb \9aS sprung on the American public out of a 

The great majority of scientists 

~ ~n bomb ought to be 

sa~ public discussioh 

premises. But scientists are not free to 

use their judgement as to mat ought to be and what xought not to oe made public. They 

have to wait until some member of the ~inistra.tionf~~me Senator or Congressman 

1' 

manti ons something in a speeach, says something 

one in authority deems it expedient to leak the 

over the radio or over TV, or until some 

infor,.,tion t~ Then tM 

kv pwv 
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views 
scientist heaves a sigh of relief and may attempt to make his xiax clear in 

the public discussion which may at that time be already moving fullspeed dovlh the 

wrong U track. In the particular case of the hydrogan bomb, the first public 

statement was rmde by John J. McCloy, former Assistant Secretary of '!lar, early 

in 1946, who related that scientists mo worked on the atomic bomb during the war 
~ 
told him that, given ~vo more years of the same effort that W6nt into the making 

of the bomb during the war, bombs 1000 as pmverful as the -agasaki bomb would be 

produced. This statemw twas clear enough:k, but the scientists were mver quite 

sure whether they would or would not violate the secrecy ~ rules if they disclosed 

that they believe that the former Assistant Secretary of War was neit her a fool 

not a liar. Things became particularly difficult when Sumner Pike, of the Atomic 

Energy Commission, threw doubt on MCCloy's statement by 

referring to it and pointing out that two years had passed and we still did not pC 
have bombs 1000 times as powerful as the ~JOFK Nagasaki one. /l;;;;;::~.3;{};;(J;f;:;~J:£--t-zV 

~ statements ~ 

There is of course~ 
no contradiction between these statements, for MCCloy prefaced his remarks by saying ~ 
"given the same intensive effort that went into the m~ing of the bomb during the war," 

~4- tt.~ 'IJU~ 
and the last four years certainly did not &.ttlf;bl-1- these requi:NJaenbs rj No more 1ms 

then heard about ~( .r:tdr~b ~until it suddenly bu~ st into the columns 

of various news~•'PfiQ saw i~slig}ltly 4fl.- conflic/,~ each 

and finally the President's dec' announced. 

~~·--
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To the scientists who have lived in their thoughts •ti th ~~:m.::d!DJUI 
the hydrogen bomb 

for a number of years, #t does not mean what it means to the newspaper 

reader, who gets his information from reports coming out of Washing ton in 

the last few weeks. The Nagasaki bomb >vas primarily a threat to cities. The action 

of its blast was demonstrated during the war. It could be used in a more sinister 

way also, for the production of radio-activity, and since practically all major 

cities are located near water, and since in many cases the water is none too 

shallow, a ~ Nagasal$:i type bomb dropped near the city in the water 

might flood the city with a radio-active spray, and destroy by this method larger 

areas than it would by blast. But the total wnount of radio-activity produced 

by the Nagasaki type b cmbs is limited by the amount of plutonium that can be 

made available for such purposes. 
one 

No one has so far exploded a hydrogen bomb, and therefore no/kax can say 

for certain that a hydrogen bomb could be made to vrork, but for the scientists 

a hydrogen bomb symbolizes unlimited destruction. The amount of radioactivity 

that can be produced may not be subject to any of the limitations that apply 

to plutonium bombs. A number of hydrogen bombs rigged for the production of 

fissim&swxw suitable radio-active elements detonated same where west of the 

American continent could produce enough radio~activity to kill the inhabitants 

of the U.S. The radio-active elements produced would be carried by the westerly 

winds accross the continent. By the time they reached the continent of Europe 

the radio-activity wru.ld have dropped to a level whidl may be tolerated. A 

number of hydrogen bombs detonated west of the Russian border could sweep Russia. 

It is not quite easy to adjust the radio-activity in such a manner as to destroy 

the inhabitants of one continent and by control have it be harmless to the inhab­
Nor r)l'>(.s itrm:a. 

itants of the rest of the world. ~ 'isla moderate li:&xB dose that may be 

spread around the earth and that may not cuase any visible effects to the inhabitants 

remain necessarily harmless. Above ~ a certain dose no one tod~ 
_.) 
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knows vlhat that dose is, a sufficient number of mutations is caused in the 

1 t . -nMll 
1 through popu a J.on that ..... remain latent unti , ~ intermarriage during future 

generations these will gradually begin to manifest themselves in the general 

deterioration of the human race. 

What General Sta.ff entrusted with the sacred duty of winning the war 

in which it is engaged could we trust to IllY due regard to this kind of effect 

on posterity? Posterity does not represent a threat of revolution to dictators, 

nor does it have a vote in a democracy. 

faith in the hydrogen bomb could, i.f it is strong minded enough, dispense with all 

other measures of defense for it can pile up enough hydrogen bombs on its orrn 

territory to produce enough radio activity to kill life on the planet. The 

government may sit back and fold its hands, and in case of agreesion just threaten 

to detonate its hydrogen bombs, and kill the agressor ~ together with every-

body else. This could even be considered as an ideal and cheap way of preserving 

the peace, if one co-uld only be sure that the agressor would not call the bluff, 

and if one could be sure tm t the bluff when called would still remain a blu.ff, for 

those in command migh t feel that freedon is more important than life, and faced 

with the iB~ choice of ~ losing their freedom might prefer to destroy 

all life. ie have not as yet quite reached this stage of madness, but just pre-

cisely how far are we fran it? A few years ago there was a confidential poll con-

ducted among scientists on a number of issues. One of these concerned the hydrogen 

bomb, The question was phrased as follows: "Is it in the public interest to 

develop bombs which are considerably more powerful, or which can be used to 

create considerable larger amounts of radio activity than the Nagasaki bomb?" 

A rather impressive majority of those who answ3red felt that it was not in the 

public interest to do so. The expression "is it in the public interest?" was 
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there 
~ delibertaely chosen to be vague, and ~was no attempt made to try to 

differentiate between the public interest ~ in the pure sense of the term, and 

the interest of the American people. As a matter of fact, is is doubtful that it 

is possible from a long range point of view to differen·biate between these tvw. 

Naturally amon~ the scientists there are deviations of opinion, and we 

shall in particular distinguish two main areas which are relevant to the issue, 

and in which llpinions are divided. In order to disentangle what otherwise 

might lead to a ver--:/ confused controversy, I shall try first to dispose of the 

first area or division, whishis important but not fundamental. There are scientists 

who believe that the possibility of peace uith Russia has been adequately explored 

in the past, that Russia is essentially like Nazi Germany, out to conquer the worlf, 

that an overall agreement with Russia is not possible, and that the only thing 

that vrill deter Russia is a show of force. There are other scientists who do not 

believe that cooperation with Russia has failed, but are rather inclined to think 

that it has not been adequately tried. Whether or not such cooperation could be 

successfully established, if it were adequately tried, hardly anyone ventures to 
·'fuile 

predict. /I myself a.rJ. inclined to the second view I shall in the following, in 

order to avoid a blurring of the main issue, adopt for the sake of argument the 

position taken by the first group , and base all the reasoning on these premises. 

E~£JI Starting from that premise, there is then the abvious and straight-

forward argmnent to say that if we don't build hydrogen bcmbs, and the Russians do, 

in the absence of any agreement which involves inspection, Russia can force us 

to surrended by threatening to use hydrogen bombs against us. 

If we have hydrogen bombs, so the argument runs, Russia might be deterred 

from agreesive action. Since no one can say with certainty that Russia would in 

fact be deterred by our possession of hydrogen bombs, it it necessary if we wish to 

be honest to go one step further and to say expressly that if Russia should attack 

us in spite of our having hydrogen b omba, we shall use such bombs against her • 
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Unless we are will i ng to say so, we have no cas e. 

I believe t hat mos t of t h e scientist~ who t a.'l.;:e this line of argume nt 

will, upon question, xXt s ay t hat if it were merely a matter of a war for one 

nation against another, they wou ld very much hesitate t o g o to the lengt hs of building 

hydrogen bombs t o d ef end our nat ional ex i s tence. But in this view such a war, if 

it came, would not be fought for the sake of preserving a nation's existence, it 

would be fought for the preservation of freedom in each. ·when this point is 

reached in the discussion, some of those who argue along the above lines •rill 

beg in to ·waiver., for t:b..ey realize that the point has been reached at which we 

have to re-examine t he old values with which we grew up. Before the time of 

atomic energy a na t ion was praised for being •villing t o fi ght for~ freedom 

to the last man, but in those times the last ma n me a nt the last soldier, and the 

freedom for which he died was the freedom of t he civilian who survived. A scientist 

vmo is called upon to collaborate in developing a hudrogen bomb is not faced with 

the ~estion of whether he is willing to sacrifice his own life for the freedom 

of others, but rather whether he is willing iD sacrifice other people's i:i:fllx 

lives --masses of civ ilians, Americans and "foreigners" for the preservation 

of his own freedom. These doubts are much more deep-seated and irldespread than 

is connnonly realiz ad, even among those who are inclined to adopt the reasoning 

described above. And none of those who are beset by such doubts, "Whether cr 

not they consciously decide to collaborate in the development of hydrogen bombs, 

will be nruch g ood in it, except in as much as their work calls far routine 

computations rather than ingenuity and originality. 

Having outlined one way of reasoning, we now turn to a very different 

app%&0&h; apprmach to the g eneral problem. Most scientists, like most peo ple 

in this count17, have no difficulty in agreeing t hat we cannot trust the Russians. 

But many of them ask themselves to what extent can we trust ourselves? As long 

as there is no war the u.s. is one of the most peace-loving countries. Only under 
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the xiixBll greatest provocation has the U.s. entered in wa.y with any coun·bry. 

But perhaps just because this country is so peace-loving~ whenever it finds 

itself at war it is very anxious to return as soon as possible to peace. Before 

the last war iik ~erican public opinion was unanimous on the issue that ·wa.rfare 

against the 'O'ivilian p0:p1lation Of the CitieS nsa.n @llirRgB abominable atroci tye 

American reaction to the burning of the Spanish city of Guernica by the Germans 

and tba bombings of London left no doubt where the .Alnerican people stood on this 

issue. But Vlhen America was at war jellied gas bombs burned and maimed millions 

of women and children in Japan and it took months before the American people 

learned about it, and when they did, they pretended not to notice. lhen the war 

was alrea~y won and with no valid justification, two atomic bombs were dropped 

on Hiroshima and Nagasaki after a public proclamation naming 12 Japanese cities 

warning the inhabitants that they would be bonbed. The proclaimed list did not 

corrbain the mamas of Hiroshima or l agasaki. The decision to use the atomic bomb 

was a governmental decision, but those who lived through those days are very well 

aware of the fact that this decision would have been upheld by public opinion. The 

obligations of restraint and moderation that a great power impresses upon a nation 

were not observed during the last war by the u.s. , and it is not possible to 

justify XkBix these excesses ±m on the grounds that ~ they were necessary 

to win the war, but they may have been induced by an overwhelming des ire to return 

as fast as possible to conditions of peace. Thas may or may not be a correct 

analysis, but the fact is that the atomic scientists were disappointed by this 

lack of restraint. They know very well that once they develop a weapon they 

have no appreciable influence on whether or not this weapon will be used. They 

also know from the experience of the last vrar that in war time in contrast with 
democracies 

other XimKx, such as England, the military~ pili*i a w+wpmxp disproportionately 

important role in influencing the governmental decisions, and therefore a military 

point of view will prevail :d:IDl relating to the p10 postwar decisions. 
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Before the last war, little more than ten years ago, AmerioaP~ regarded 

the indiscriminate b anbi:ng of cities, which inevitably results in casualties 

among women and children, as reprehensible. American il$1./i/1 public opinion 

on thlis issue was firm, unconpromising, and unanimous. President Roosevelt 
~ 

did no more than give expression to ~ public opinion when, in 1939, he 

warned the belligerents in Europe against resorting to such e. method of warfare. 
,. 

When the Germans attaot{ed London with incendiary bombs and high explosives, 

!Vhen during the 

6is~~ Japan 

there was no:t public announcement 1if-ultimately killed millions of civilians 
~'-} fi.<-. /}lAI~ -~/y-~~~ 

V"4Jru<Zit!uUe o what we were about to do; there was no e.rmounoement attempting 
' '- ~ 

to justify on evenjexple.in the kind of warfare which we were about to adopt. @'""'( 

J.nally, when atomic bombs were 1.-f/l.f- available, two of th~, that is to say, 

all we had, were dDopped, iroshima and one over Nagasaki. ~~ 
IJ _;. ""iA r ..ul~-~~!:.Oi"""{I-:J - & ...,d?/ ~ 7"""8/< ;---

~ ~fore the war we ~~ waging of war
4 

:;ai(~ civilians by means of 

strategic bombing, ~lt~~~~~~~~~~~~:.~~~~~ 
~._"£,_, ._ --;---­

-~ ~tr.h~ ~~An'l-its2ft war 

~&l!J 

it might be morally wrong. 

mn the post war period the Department of Defense, driven by the desire to find 

a counter-balancing factor to the overwhelmingly strong Russian land Borces,~f~eP 

e~e iftitial heeita~ie,{has made atomic bombs and strategic bombing in general 
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the basis of ~ defense plans, which we will guide our. actions in case 
~"" ""'1~--<. 1o 4----c& -fi ~ 

of vtar. Thus the kind of warfare which we condemned before the war hM6 ~?' 

~come to regard ~ 1 ~. as a legitimate method of waging war, ».e 

·Ybelievef that it favors us_rathe~ than our potential en~ 'Z>- - _, (l-<.._ ('(,A.,.--.-.L( ~=-~<.A~ :J-

'rL This shift fron1 IPUI pre war Pc:bi~ repreSBII: s a m ~deterioration which 
il::.. e- ( ~ ,...~- ~ - - .J 

ecuase o the rapia rate at which it is still is &4-~ ~ frightening 
~ 

progressing We cannot very well blame the Germans for this moral deterioration. 

It is true that Germany started this kind of warfare~ but the leaders of Germany 

were war criminals, who, if caught, were held responsible for their deeds, and 

tried at Nunamberg. The moral deterioration wannot be blamed on Gernm1y, for 

the moral standards of a society are determined not by the behaviour of the 

most abject of its members, but rather by the behaviour of those of its members 

to whom the others look for moral leadership. 

On the occasion of the Presjdent's announcement that he had instructed the 

AEC to develop hydrogen bombs, ~n announcement which was not accompanied by 

an explanation of what hydrogen bombs will mean, why the development is justi­

fied, or excusable\ __ the growing uneasiness of scientists began to find public 

expression. This uneasiness is hardly confined to scientists, but scientists, 

since they are instrumental in developing AJ Vleapons, find it more difficult 

than do other citizens to disclaim responsibility for the military policies 

and practices adopted by the government . 

We consider it our duty at this time to warn the government against continuing 

on a course Which an increasing number of our citizens consider as morally un-
fod~ ~~ ~1sKGf~ley Wide-spread doubt of the righteousness of our course, ~ther 

publicly expressed or not, is the source of dangerous weakness, in a democracy 

no less than under a dictatorship.;,tf~ ereer to remeay a si~atiea wbioh ~~~ 
t/ ~~---~ /-r~ I 

me.u~ o:C us eeBSiaer int&J.~ab~, vlish to make two proposals ~/.t'fl which are 

inter-related. (1) Jli propose that the II government declare without any further 
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delay that the u.s. shall not engage in strategic bombing ~~ either 
(p-r-'~Cv~ --

atomic bombs orynigh explosives against any of the countries with who we 

are allied in the Atlantic Pact, in case any should be occupied by Russia, ~~~ 

aot~~the l].S. is jf attacked by means of atomic bombs which 
t.."1-... 

may be manufactured with the borders of the country involved. 

2. We propose that the u.s. goverment enter into immediate consultation 

with tha other members of the Atlantic Pact in order to obtain the approval 

to the effect that the u.s. ~if1i-ie.2~diiH~li 

Xi~ai~~~~~Dti~XD~~ifl~~~~~~~!a 
m:u_~t'l. on \lnle s s 
~~ that nation first uses strategic bombing against either the 

u.s. or one of the other Atlantic Pact allies. If 
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When the President announced that he wants America to develop 

the h~drogen bomb no spkesman of the government e~plained ~ 

_ ~just wha t the hydrogen bomb represents. 

Yet this is something that the people must know ,~ 

What -I 

inp~an 
am going to say to ou , any __ ___., 

ure out for himsel ,oon the bas 

student majoring 

of published 

in~mation. 

If tt becomes possible to detonate practically unlimited 

amounts of heavy hydrogen , then hydrogen bombs can be used to release 

very large amounts of radioactive poisQns in the air. 

I am not speaking here of the radioactivity which a hydrogen 

bomb will automatically produce in the local area in which it is 

detonated • 

I am rather speaking of the possibility of so rigging the 

hydrogen bomb as to produce 
v~ 

poisQns 
a much larger amount of radioactive~fin 

the 7~.~ent of JeH 
These poisons would be released in the air and would be carri~( 

and 

bombs to kill 

earth through 

explosion / and 

, within the course of a few years every human being on 

radiactive dus~hich would be generated at the moment of 

which would gradually settle everywhere. ~ 
~ '? / 

_,_..._____.;{...,{l_,_ rr-I t..L~ .::> 

IV ~~- ~ 
V'-.J -/A - _, ~ J 

~ 1/~ /~ _.L~~-,c 
--.v 4/ ~ -{ ' /41..; ~ ~~ fZr-t' ~£-z.z--(:;[ 

---------------------------------------
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be some doubt whether the inhabitants mf the southern 

hemisphere while the inhabitants of the northern 

hemisphere perish the northern hemisphere 

and the bombs are not too large or nume~ 

Perhaps some of you will say that all this is just fine. 

Instead of spending many billions for defense, for the army, 

the navy and the airforce, we can now save all this expense , which 
t'J.1.-to ~~ 

is a growing burden on our economy ~ a burden which 

might s~y rocket in the next ~~ears to twenty five, thirty 

thirt y five billion dollars~ G/£~Q --

is/ 4"'/~~-
All we now have to do/to build up such b and let the world \ 

.,~t~ I 
know that if any / conqueror reaches our shor~' oB bombs B~F gitias 4~ 

t!te o.i:l', we s)1.all ~~~bombs and release radioac~ poisOns ) 

which~, in a fell years at the most, ~kill thefaJI.~g wit 

killing ourselves. "f.. x ~51 

Even though, from the fin,ncial point of view , this might be a 

far cheaper way of safeguarding our security than any other hitherto 
~ ~~~v~.f./~ 

devise{, ' I cannot say that I am en+ll'ldy fiappY("about it. . 

. :/ _ ;· a..!~~ ~ 
~/When the fate of the world hangs on the sanity of/ the Commander ~ 

in Chief~he Secretary of Defense, or the Chief of staffs, the fate 

of the world hangs on a thin thread. 

You may ask "can't we j ; st spread radioactive poisonSinto the air / 

enough to kill all the Russians ot can the Russians not kill us all by 

this method without danger to themselves ?" 

It would certainly take much fewer bombs ar much smaller bombs 
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~ 
tp produce radioactive ~~s enough to cover either the area of 

R · th .... rAm · ~A - ~· - · - - - e~.,AJA- k· - 1 h 
uss1a or e area o er1ca , ~~~)'- 'F 1 ~ all t e 

inhabitants. 

But the problem is to get this ;~nto the area where ~ ~ 
want it and to keep it away from t he area where ~&J dont want it • < ~RQ 

j'V "'1- ~ ~ ~ 
lh~~~~)~~y~~ I do not know whether this ~ 

f 

, and I sort of suspect that no one at present knows whether it~~ 

~ ~e~ 

What I am saying to you here1 I am not saying in order to scare 

you I I am saying it ~because I believe that you must know it I 
even though it might scare some of you. 

I am one of those who have not given up faith in the possibility 

of reaching an overall settlement with Russia • 

I believe that we must try to do ,that , and if we fail we must 

try it again , and if we fail again,~~ try it until at last 

we may succeed. 

To those wkE of yo 

~ve;;r a;eiain rar, a war which 

in the possibility of ~ 

may come five, ten, fifteen or twenty years 

hence, I have only one consolation to offer : ~ ~ ~ .h..-.A(~~ .., .., 

7} ~ 'J ~v" ( ~_,(( t! !:':-"r~--=-----<~ 
~r speaker on atomis bombs){s:id befl!:re me, . . 

IYJ /ll[j ..1 1~ ,h ~ d;t-,__ tUt--r ~ZU- H ~(_ £4~ 
f.J'._,tV( ~~ Situation ~l:H;.nou.::> 1 per aps jj t ie~leBB 1 but ~nothir 

f 
c, to get excited. about • After all, it is not as if the ~arth were ·~ 

~ ,tu__ , 
major planet yS ) ._-----



March 17, 19SO 

a... 
Since it is difficult to qualify remark~~ ~~n "biwl Round Table 

discussion, I wish to take this oprortuni ty ~ty-rrsrtl'f. the follovling: f If it becomes possible to detonate heavy h.rdro gen by suddenly heating up a 

sufficiently large amount to a sufficiently high temperature so ±Nx± as to set 
.. ~ H-. ..> ' ~·~ Ct t~~ 4p 

up a s;: propagating thermo-nuclear reactio~n we will have~ '-a situ- fL~ 

atiorhich for the first ti1De in history} the finite size of the earth M becom- -

C ~-then be possibll-'1-or the United States~ insta;;ce-.-, 

---~~v 
to ~~a fairly small number of very large bombs and to rig them so as to 

~~ ·~~~ 
produce radioactive substances which '.'I'OUld be ' d.ie1turseJ in the air and which 

would gradually settle as a dust all over the world . To make th!~ bomb~,so large 

as to produce ~our,h radioactive substances to kill everyone @oa the -N•" t 1 !!l"R 

L L .,.......,.. A ~ ,._ ... ,u!. #~ y-/~ ~ 
HeHli:!lplrere OT even ev~y on the Eart~~ould require~ large ind str<ial . .c~~·~ 
v~!t~u~ 0 /..L-~ ~v---~ 0 ~ ~· • - 0 ~ 
~t one vrlu. ch ~n.:UH:R-tJ:J:e-realm o±'- f'"e~r: ty. ijThe Un1 ted t!' 

States could then make known that rather than suffer invasion or bombardment 
11-.-/ ~~~/ L~ 

of f81M'{ci ties ,.f$6~~ by \\1\1~~, rould detonate ~ bombs and kill 
('.~) 

the whole population o ~As well a~ her own population.., The United 
-u.-'1 eJ....r.-e-;el/~ 

States lt,oul , v ible provi 

the enemy that ~threat would 

-cf!_:??&f' 
~-~ 

~ only that she succeedd in persuading 

in fact be carried out. 



- 2 -

~ 
The initial investment required for fkf~~ defense based on~suicide 

bombs would be substantial, but once ~made, no further appreciable defence 

expenditure would need~ to be incurred in contrast with the present situation t~ 
~~ 

which in the co~rse of[1fen years our defence expenditure mi ght skyrocket from 15 

to 25, 35, or even 45 billion dollar~ ; 

The trouble is, of course, thatf. the decision to detonate the suicide bombs 

in ~en contingency could hardly be left t~democratic process~ if the enemy 
t~~( ~"--.'L 

is to take the threat seriously. This decision will ef neces si ~have to be 

placed in the hands of u even b.e in~"(ed -bQ_ a 
-~~I'~ 

~P~ the Com1ander in Chief or the Secretary of Defe e, or the Chief of 
. . ~~~-J(£1tt' t<>L- • , ~ "")? ('-7ze._~~ ,y--

Staff,~~l the fat& 1!2li~angs on the decision of a sin'"'le man or a small ./ ~ ~~ 
'-\. fli )Z;) ~ -

group o men, the fate of th e world hann:s on a thin thread, for no single man is / :~~;b 
~ . ~~ / 

immune f rom insani ty in the m~it~e of the ~an~ no small group of men .. ~ 
is immune from insanity in the breader sense of the term . 

The initial investment required is determined both by the nQ~ber of bombs 

and the a~ount of heavy hydrogen contained in the individual bombs . Becausethe 

detonator of the bomb require substantial quantities of elements which are 

expensive to obtain-- as has been pointed out by H. Thirring in 1946--it is of 

advantage to keep the nrunber of bombs to a minimum and rather to use whenever ~ 
~7'//~ ·& ... ~ ..,_ 

possible large individual bombs . For the particular applicationjuAic~ is diseussed-
a.dc · _J -

.~it is not necessary to have the bombs transport8Q~d even though there are 

reasons why more than one bomb should be used, it is difficult to see that any 

ppreciable advantage would be gatD~d by . ~ncreasing the number of bombs . ~bove )0 . 
rc~#' uA/-~t.-?c '/2:~"'" -~~ .IIR4R-~~<--. -~~--e. #CC ~~~~de 

' ~~otal amount o~ heavy h rdro-~eeder(~eR tl:.oy.gh it may-t'lot be the ~ 
~ ~~ ~ ~~Vo-7' ~ .J-r-- ~ , /X-i!- ~ 

· · ~ 50 bombs a.r used can be.. estimawd en th f-G±lGwing.-has-~~ ,. 
. l -1-- .4/J a4'd'U/~ ~~ . -~·-~~ ' ~ ~ 

l. ~f5lle ton o~ is absorbed by l*el.ltN.l.J element vrhich is incorporated ~~ 
~~rJ d ... ... _~ 

in the bomb1~ ~each neutron gives rise to one radioactive atoo which upon £ y -
1 ~ ~~ ;..,2 > ... <; 

decaying emits a gamma ray of 1 million volts of energy • e:~ ii the radioactive ~ ~ 

--?'~~ 
~~ 

<-.~ 
; 
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substance producea settles uniformly as a dust on the surface of the Earth0 

~;;f-man st,~ding on the 
rl /Zo.e /£~ 

tio~ll receive a dose of 

~ 
surface of the Earth and exposed to ~gamma raaia-

t/Y" ~ ~ -LA 
x- ra nits during nch the radioactive 

{14--d 12.. ~ 
substance decays . A dose of about ~~:tven within a peri~of a month 

or so may be considered as lethal. ~n-eQ-ri.esp~;md:--.:to so many: 

dose is ~iven not over a period of ~onths but several 

dose would be required to produce a lethal effect . 

This da~is somewhat uncertain, but all we are considering here are orders 

of magnituare ·. )#.~)>.A_ -17~·v·/? ~A ~ ~" 
~-e:-1--~~ 7- .)~ ~-LL---- /-:J v-<-r 

~~~'-:(' ~~t·~:::=:;z_~zf~~~===;.?"?t:.~? ~">6~~~z:::t&P~~(-_ ~ 

• ~~ /~'-Z 1-"J~I- ~k !;) d--{--
<·~ ~.-vt L.~ C~ ('

7 ~~- /t~ ~r-

•. 
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!~rtJ ~ //,1 &~ Jt~~/?~ 
ftfl~ f-M>-0 J;~; @~ ~~~ ~.-3~\ 

~ ~ 1,_,_, --cee<p_ ... L~ c?f ~~ 
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In the first step of the reaction in which two heavy hydrogen atoms 

react with each other, about half of the reaction will lead to a neutron 

being emitted while the other half vdll lead to the emmission of a proton . 

Thus about ten tons of heavy hydrogen would have t o be burned in this 

manner in orde r to produc e one ton of neutrons. The subsequent reactions 

might increase the number of neutrons liberated. Not all the neut rons 

emitted in the explosion can be captured in the natural element which 

may be incorporated in the bomb nor need necessarily all the heavy hydrogen 

present in the bomb be burned in the explosion. Taking these things into 

consideration one mi ~ht guess that the total amount of heavy hydrogen con~ 

tained in the bombs necessary to produce the desired effect might be some-

where between 500 tons and 5,000 tons. A closer estimate might perhaps 

be given but to do so would be neither easy nor permissible . ~learly the 

number of neutrons which can be usefully captured will depend on the 

absolute shape and measurements of the bomb and the fraction of the heavy 

hydrogen which w:il:i is actually burned in the bomb as well as the degree 

to which it is burned depends on the number of details . 
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In order to burn any amount of he&vy hydrogen, small or large, we must ( 

p a nu{lear reaction, and this requires appreciable quantities of subs tances which 

are difficult to obta in and which are therefore correspondingly expensive (see, 
,~ 

for instance, Thirring). The cost of this nuclear detonator i s of little importance 
N (' 

But if the if very l ar ge amounts of heavy ~drog en can be 

amount of hydrogen that can be burned in a bomb is small, then the zel~i:e 

cost of the detonator is .,~Ye&i~5l~ /. 
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The only naturall y oc Lnrrinc; Li;5ht element suspected of b -~ng exvlosive 

is heavy hydrogen. For many years now, physicists have been pursued by the 

ni0 htmare thht it · i 6 ht be possible to detonate heavy hydrogen. If it is 

1:, o-
in fact possible to set a therm~ ntuclear reaction in heavy hy dro5en (by 

sulldenly heatin5 u p a. .tufficientl,Y l a r5e quantity 01· heavy hy aroe;en to 

sufficiently high temperatureey &nd thus to "burn" in any one bomb an amount 

of heavy QydroJen which is unlimited in principle ~is ~imited in ~Paetice 

an1y he ...:&:ae-s-tuck1Jiies of heavy :tl:fdr~fl ··th:i:efi have-been accumulated o:t 

~ eonslde-.re-bious of ex;;ree±~ then we might stand on the threshold of a 

new e·:1och in the 9-ist_?ry of mankin~ /. _ ~L...._.._...._~~ -~ Ce.y: ----:-1 ~~~ · 
~.Y:,..;~>·~·-=r.: =t!t.-v~,r~~ ~ < ·- 4" 
because the President has slit€ ted l.t1a I. lie LaW instructed the Atomic ~~ 

Energy Commission to proceed with the development of the hydor5en bomb, it 

is now 

chance 

generally assumed that ~ 
J>/ l'llf!~ 

tbat ~ee:"' h.,> droget1'-csn_i~ 

/1 /1,~ 
~xpevte ~aot beli~v~ there ~-a re&sonable 

hct "Be--detana.teQ..... -- ~ 
If th'IS/ W~ should prove t.o be wroot;, it might still perhups be 

possible to burn limited amounts of heavy hyarogen in an atomic explosion • 

~ ~ tn~lln.~ifl.t"'~id', ~i"~ft'trf! · fl' -e:t the-r<" p'iuttJ't'liUin J 
'-- 1'-t'-f. { n.....-~ . , • -

OT' f:h·anfum '2~5 would be used for setting off' tl'le bomb. /Such an ~~il»Ximl 

abortive development of the hydroJen bomb, while perhaps ~ GRtir~ly witb~ ~ 
\~~ I. ..1 

some military interest wou~d ha nily be oVoJ(leral in tere:: t.~H"ii mj 1 l tii&~6!'&t ,. 

h ~ ~ /h -;,./ ~ 1f.-+i .,: ('~ f~ I~"'' P .r 
~gaz:d! .soeu.ssion of · ou;;. :to.Qi~. • . ./. .' t / r:·-4-f'-'~-........ l'l~;..,.r6t.~--

~xf=~~,. f A U -~u"' 1 tt4"f,.• t I ~; "'f'- ~ 
then th~t heavy hJdroben can be detona ted, the total amount 

of heavy hydrogen ihc: t a country like the United St.stes er fi.ussia rr:ight 

make &vailable over a period of ten ye,o/'s for this 1 urpose could be very 
~~y If'- fH•-r-J-P oL, pY ~...._ y~<-cVvy-

larg~ indeed. (1!Us country co~ld acc~ulate ·without a ny substantia l strain 
~ t~· 

on~· economy say 10,000 ~ iH1 !il .perioG-W' t--en -ysw·e, aon 41lfl&e 
~e __ 

C. · 

would be no limit on the aw mo. terials "'WJ.WiWja/ which are essentially we ter 

and coal even thouoh t he initioL 

mi~ht be some Limitatio 

either o:t these countries 
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:.;,.ua.ntity of plutonium or Uranium 2::-s (see 'Iheirin5) • RxtxiRixKx because of 
~ .. ~ 

the ~ossibi .-:.i ty of ....yumitations, let U5 assume t..hbt th_ total c,.ua.ntity 
100 . ~ ..... 

o) such hydroc5en bombs will be about i:.®.iilli, BMil +hfii* l M 8: 8•Jir%8Ei 10,000 
~~,a~~~~- /l~"-~<> 

petm&!l of heavy hydrooe~f)ivet ~.e 100 bombs so tJ..lot each one oi t..hem i.AJ.<1~e(' 
~ -~-e (~, 

contains about 100 tons .,oi B:e8.·,-, hyd~, _....Wch bombs ~t.· ttM'"!Sftoo 

bei6 t~ive~a.ir to tar5ets in enemy terri t ory ana a s {;I mattQr ef fact------''Z.v~ 
there hardly exists any tar6ets tha t Y;ouJ.d re4uire such very Wbe bOJlibs . ). 

The L,Uestion then may be askea, i s there any use f or such l11r5 e borr,bs 

which are no lo%er· transportable? States 

.I 

ting S'<lch a initial -~uanti ty of heavy hydr:gen 

in a of bombs. 

There n:ight very well be such a use and as a matter of fact, it appears 
~ ~ 

possible that e~ t he United States ~{Russia might make themselves 

invincible in the course of the next ten or fifteen years by accumulating 

such a large quantity of heavy hy:.1r::>gen in a compar atively small number of 

bombs. 

~ .:te-tm~m:r-uii s, we h., ve to point- ou-t that r;;; possibility 

is based on the followine; facts. A very large number of neutrons are liberated 

in the moment of explosion mf a hydrogen bomb is detonated. Most natural 
~ 

elements are lfo rmed into a radio active element if they at sorb neu truns and 

by incorporating a sui; able n&tural elem ~nt into the bydro5en bomb so as to 

permit it to &bsorb the neutr :ms liner& ted in the moment or explosion, very 

large y_mmi- i ties of radio active substances ~~uced. If the hydro5en 

bomb is so rigged as to produce a long-1~ ved r aaia acti ve elen..ent o_nd if the 
-(/.) 

radio ecti ve JtiBll1~:Dl:t substc nee/ which ~ pr cauced in tr1e explosion~ &-o 
tll-

permi tted to rise in the a tonos~~here, ~ will be 6 ener&lly di st-'ersed by 

winds [-l nd gradually re&ch the upper .J<o rt o~ the i; tmosphere everywhere, just 

as did the dust from tte Cractoa eruption. If th8 Cractoa pe tte rn is followed 
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this oust would settle dofin in tne cour e o~ one or tw0 yeblS coverin6 the 

crust of the earth feirly uniformly in a thin layer. People every v.her e t hen 

;;ou l a be ex1:·oseJ to the~~t.6'ialation o~ thi s _; u t .snd in the cours e 

o1 & fev· years, r ec:ieve a radio &c tive dooe which L , leU,ol . 

If the Uni ted StC< t es , ior instcnce, built 1. sufficient number of such 

bombs en would let the world .knO \': Lha t r e ther than c..llow t.b e bomilbng of her 

ci ti-::·1:: or invc>;-ion, i f necessary sne Vlould detonote her suici:Je bombs, 
6L..t-/. 

killin6 all the o1 ·ula t ion o1 ite!'.JV enemy too e ther v.i th her own ~ O,t.·ulc:tion. 

Tb.e i.Jni ted Sto tes wou.La be invincible 1-roviaed on::..y th ~· t she cen persuade 

the enemy th.::: t the threat wil in fact be csrried out. 

J> From t he i inanciH point of view, this wethod oi defens;;-.fu 

U:e ini t ial espendi ture involved, r·oi th well ~represt:nt a cons i der a ole easing 
}J.,<. l-.J:!-.; ~ ,....,....._ 

or • economic buraen., jt:Cr in the next ten or fifteen years our expenditures 
J ~v·v- .:P .4-C' 

for the army, n vy, air forces, bn( civilian defense mi6 ht very wel l sh.-y 

rocket f ron1 15 to 25 , 35, or even 45 billion dollars o('j,,..r ,.r<-<",...... • 
II /' , -'' 

to 6 et enthusi c..s tic ~bout this ss~pex&bioe~ N~vertheless it is diL icu.L t 
.. _,-..4~,~/-:JI_/ 
'~·errsi}~f;u:, thod oi defense for cleerly in 01 de1· t o mal(e the trheat effective 

it would be necessary to ~lace the decision of aetonotin~ these bombs in the 

hands o:t a small 5rou1, of people if not £ single man. Any single man mic5ht 

be inflicted with inEb ni ty in the narrow sense of the word, ana a ny e:;roup 

of rr. en 1Iii 0 ht be i nf ..... icted vd Lh inoani ty in the broed..-;;nse of the v:ord . Thus 

when the f ate of the world will. han6 on t t e sani t · of c; le\ ' men, the fate of 

the world will h&nd on ~ thinm thread. 

Yet, it must be said t h&t defense by suicide bombs i s b., no means the 

most repuc;nhnt form of ra;.;.io c.ctive p:Jssible. In 

an article written t hree yesrs a5o , a different 

method o ~ r <1o i o active warfa re wt.icl1 iE: fc.r more repul f;ive and \~hich , thxough 

not er.visat: ill6 ~u iciue , mi6 ht nevertheless !JI'ove to be no less suicidal. 

Dr. Teller's article apl)ears in the Pulletin oi the Pton,ic Scientists, p&6es 35-36, 

Volume III, February, 1947, ana wa s cleored v rior to ~ublication with the 

A tond c .t..n er~y '-'ommi ss ion. Dr. ·r el.Ler wrote: 
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"In a subJect as n ev; as l;j tomic power, v. e mu::,t be pr·epe:red for startling 

developments. I t has been repeatedly stated tht-t future bombs may easily 

surpas those used in the lest w&r b1 a fa ctor of 8 thous~:<nci. I share this 

belief ••• The ra~ioactivi ty produced by the bikini tombs v.a::: detected within 

about one week in the United Stc. tes. In th .:.. mec:.n time the westerly winds 

had swept the air mass from bikini to t.his country ••• If the activity liber& ted 

at bikini were rr.ultiplieci by a factor of a hunored th _usand or a million, 

8nd if it were to be relea ~:: ed off our .t'aciiic L.oast, the whole o.._ the 

United States woulo be endaDt,ered. Tha t U.e enor·mous arc.ounts of activity 

just mentioned can in actuality be relec.sed c.t some future date is by no 

means an estab~isted fact; but it is lliUCh more than a fantastic possibility. 

If such 5re&t quantities oi activity should become &vai~able, an enemy could 

make life hard or even impossible fo1 us withou t de~iverin6 a sine;;le bomb 

into our territory.~-t '' It is to be noted tlH::t diJferent radioactive products 

b.&ve different rates oi decay. '.J.he attact(er is therefore in a z.>osition to 

choose the radio ~ ctive _rJroducts be~t ~.uiteo to his attack; 1\ith the proper 

choice he could entiure that his victim would be serious~y ciama5ed by them 

and that they vvould h<.ve dec&yed by the time they reached his O~\D country. 

!Jaturally this is not easy, but under the circumstc.nces, ·v1.i thin the realm 

of possibility. 11 



...... - ....... -. • 
5 .. 

The possibili -cy of the type of raaio active warfare described by Teller 

hir15es on the outset on a number of questions which &re not as yet available 

to the public and which a re probably known to nq6ne. As the raoio active 

substances produced in the explosion is allowea to escape high in the stratos.1here, 

it might travel several times around the earth and decay without harming 

anyone before it will appear in t he xt atmosphere from where it mi6 ht effect 

the popul(; tion. Can the bulk of th'::: r&·-<io active substances be prevented 

from risinb to tte <:>tratosphere vd thout havinb the bulk o: tte radio active 

substances percipitati~ out in a spotty manner unsuited to the type of 

wa.rfare described by Teller. All these ore difficult questions to answer. 

The one ractor which favors this methoa oi wo, rfare thouc;h, is the fact that 

the amount of Badia active substances that would have tu tle 0 enerated and 

the individual effort that vo.:ould be re'-1uired to produce that amount of heavy 

hydorgen would be very much smaller than in the ca s e of the defense based 

on 11mul·de1· and suicide11 bombs. 

The raJio active warfa re wb:ich Teller describes, if it is feasible, may 

prove to be just as E;uicidal as the defense based on rnu , tler and suicde for 

presumabl~, what we can do to our enemy, our enemy can do to us. And with 

prevailing secrecy.J the increasine, tendency of overestimc-ti~ ourselves and 

underestimatine, our enemies, the radio active warfare th&t two nations 

plan against each other mi6 ht easily turn out a pos tioti as suicide even 

though it waB planned only as murder. 

For a man who is exposed to gamma ra diation 6 iven vd thin a short period 

of time, a dose of 1,000 r may be assumed to be lethal. I f the G.ose i§ 

given over a period of years, a larger dose is needed to kill, jm·t precisely 

how rr.uch is not known. For the purposes of this discussion, it i s ~ssumed 

tha t a dose of the order of magnitude oi 10,000 r is lethal if given over a 

period of years. If a number of hydrogen bomr s are exploded and of the 

neutrons l iberated, 50 tons are in toto absorbed in cobalt so that they 



6. 

produce ra i o active cobalt ami if this radio active cobalt is uniforruly 

dispurse<i over U1e surface of the earth ::. !lJan e:li.!JOSeo. to t he gamma radiation 

of this dust wou d in toto receive a dose of the order oi 10,000 r b,f the 

xk:~ex~ex}d.~a:s:illl neutrons correspond to 500 t ons of he::.vy hydroben actua.;.ly 

burned in the explosion. Since not all neut:r·ons .t-rocuc ea in the explosion 

will actually be absorbea in the cobalt incor pora ted in the tombs, and since 

not all the heaV'.f hydrogen in the bombs will ClCtuc. .Lly b e burned, and since 

moreover a smmewhat l ar ge1· dose might be necesse> ry to kill, particularly 

since if it will be made to remove t he cobalt dust from the sm·face of the 

earth, v.e h < ve in estimc.tin6 the economic effort involved assuwed the 
by accumula tion of 10,000 nd,her than o.:f. 500 tons of heavy hyd r o5 en, u:.t the 

belit:;erent who wuntc to bc..s e his defense of murder <:lllO suicide. We 1:1re not 

pc. rticula rly concerned at this time vli th tr;y in0 to decide whetr,e r or not 

this ty_p e of defense is in fact practicable and lYe have gone into such 

details only in order to dert.onstrate that \\e -=re noV\" rapidly approa ing 
~q--1~ L--vJ-J..rJ h· of development when the limi t..J.Gg (>f the earthr~e relevant and 

a stage 

the method of resolvine; c onf~icts by relyint.. on su erior :::trenb th t ho. t will 

permit a nation if necessary to fi~ht a victorious war wil.J.. not lonE>er be 

applicable;\\ This dev':! lopment which started wi t,h t t. e demonst:r·a tion o_ a torr,ic 

bombs c-t the end of the las t war has been goin6 on ever since and as it 

pro
0
resses it shifts the ba si s on v:hich a reasonable forei5 n policy ~ ,._, 

~based. 

In the &bsence oi an over ll a 0 reement between hmerica and nussia and 

an a5reement is l imited to atomic e r 6 y then intern<:> tionel JT:one.15emen t of anmic 

energy has the advantage of perrui tting o 6 et by without introducing ~eneral 

measures of inspection or openinc, up otter ch&nels of obtainint, informHtion 

in E:eneral. In 1945, it was prob~· bly true interne tional rr.a na6 ewen t of 
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atomic enere;y woulc have given us ver{ E>ood ...,a:·e ·uards again t evasj on of the 

agreement and perhalJS an internation& mena5errent was not even necessary for 

that purpose. l'or in 1945, Russia hat:! no bombs and even ir hussie:. had 
le5itimate 

mam.~:, ed to divert ~orne plutonium or Uranium :~~5 from its xi:riDJi use~ into 

clandest)ne channels, she could haraly have testea an atomic bomb ~ithout 

our discoverino it seeir)b ttat we have in fact discovered the first hussian 

bomb test ~ ithout any measures oj innpection. 

Today it seems thb t it is very unlikely the. t in1..erna tional control 

or atvmic energy will be accept&ble either to hussic- or America except 

if it is accompanied by far reaching measures of 6eneral disc..rmament and 

it is equally unlikely th<>t fH reachinc, measures of 5 enercl d isarmament 

will be acce.1- table without e:n overall a5reement v;hich appears w have a 

reasonable de5 ree of stability. However, if the E=greement extends beyond 

the control of atomic energy ~B~~tke into the general field of all armaments, 

and if it is considered eL_ually important to control lon~::, range rockets, 

l ong raDf:,e bombers, and long ranE..e submarines, as it is to control tl:e 

raw materials oi atomic bombs, then the acceptance of inter·ne:tionel 

mana5err,ent in the field of c.:tomic energy will no lon6 e1· huve the advanh:be 

of permitti116 us to 6 et by without O}; enil)S up new channels of e;eneral 

inforliJ8 tion. That Russia will be reluct~nt to expose herself to inspection 

and espion&~e will be taken for r;ranted and in the present conditions she 

may h ve valid reasons for this reluctance. It will thereforP. te necessary 

to exan1ine under what conditions Fi.ussia. would cease to h ve [ouch valid 

reasons and can such conc.J.tions be erec- ted. 

If such conditions can be created, then the it.su.:: oi interne tional 

rr.anc.e;ement and }lerha_.)S even tte i&&ue of ins_t.;ection in the narrow sense 

of the term will lose its import&nce. It is not likely that aey of the 

!!lake shii t easures proposed fo1· the interna tiona control oi atomic enerc;y 

and disarnam~nt would off pr us suffici-:mt safe0 uards under conditions of a 
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cola war. T'n e sta.te in w ~ _ich to be inLerested is the s tate of 

whc' t you may call total peace, and · ::: we can't have total peace, an issue 

that will be examined la.ter, the technica ... problems of inspection di sappea r. 

In total pea ce th ere is no lec:;i timate reason fo r mainta ining an espionege 

accounu. or an officiE> ...... _secret a c count ana with the l ee;al protection for 

secrecy 5 one , spying become a le5i t imate and hono n ble profession. When 

the stag e is reached tbL.c t an overall s ettlement has been aggred upon and 

the technical is sue aTises ~Jd, how either Russia or th~ United uta te can 
\ 

learn whethe r the agreewent is adh~red ;to, what Russia and the United States 
I 

oue;ht to insist on i s t he ri~;,bt to maintain spies and the in~unity of 
\ 

spies 

from p er s ecution. Vii thout some such illilliUID\ ty there can he no lisfety, 
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In 194E it war- prob£bly correct to thir.k that internationol me.nac,ement 

of c..tomic enerbY had 5re<>t bdvant ,ges over other methuos of control schemes 

for as lone, as one thinks o: an agreement thE~ t is limi ved to this pc..rticulur 

field and which does not cover the gener8l field of armaments, international 

mana5e~C;ent would perr::i t u s to c5et by with a minimurr: amount of 5 eneral ins ection. 

At a tir;;e, Lm>evS:r , when it is rath .r obvious that we must think of control 

of tomic enere.'Y as part of an overall settlement to 'llhich Russia and America 

mi 0 ht be a party, internc.tion&l man.:.g ement of atomic energy can h<.rdly any 

longer ~ppear as a ~articulerly att active ~ossibiiity. In place of trying 

to a- roach tte problem _f establishinc. d.Jr&ble peace bJ thin:.dns of 

approaching such o ;jeace 1-y piecemec.l agreerrents, we ou&ht rather to look 

a.t the roblerr. with r.hict Vie &.re faced by s Larti% fro1U Lhe other end, that is 
,_ ....,~~- .. ~~" e=·C/ 

we have to aSK ourselves what wou~eace¥involve anu ha,in,; arrived 

at an &.nswer, see how tte particUlar pr·ob ..... em c·f atomic enere:y control would 

fit into its overall fra.me work. In thinkinb &.bout the solution of thi~ 

problem, it is necessary first of all to c 5 ree on certc:in ).Jremises : 

I;) Vlhile peace after the First World War could very well .tave been based 

on collective security, t1!e '"'rinciple of collective securi t; is not adequa te 

for the .tJreservc..tion of pevce in the situation which hc:s now arisen. 

Because of the mechanism o" war, only those countries &re and will be impor-

tant military poY<ers which can have a w~ marc;in between their total vroduction 

and total consumption. ThiB rnLri?;in is wide for the United St~;tes because 

the production capacity of t.te United States fb.r exceeds its comsumption 

needs. Thi ::; rrar<;>in is large for Hussia because t he people in .t\ussis are acrustomed 

to and willin'-' to t ake e low standard of li vin6 • 

for 
With the possible exception 

/-z.. / .C .... ~~ 
nation which this would hoLi true and ~ of a uni t ed Loermany, there is no other 

therefore husbia and America are Lodai ana wi.a remain in the lol·seeable 

future, polhers thc..t cannot be coerced by collective action short of war, 

nor could collective a c oi on by war a.; oins t either of them lea · ~ forseeable 

pel'iod of time to victory. 
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Once this is reco5 nized, it. is clear that i: ·.ve can have ~:.n overall 
r-w,'-d ~v.tti')N<- /,_. 

settlement b e tween hussia al!d .hmeric& at a~l, it ~e aAtforc~ only i 1 it 
at 

does nut r·un coun t..er n arzy time to the vi tal interes ts 01. .dmerica and 
~~~_) 

Ru~sia and i f ee~tia~o~(will be maintain~a in th e ~rla in which it 

remains in the contin~ interes t of Russia and America» to IIiaintain the 

a5 reement in force.~oreover, in the ~~HiiAHKii~E conditi on which exists 

today, it. is very difficult to conceive 01 any internc. tional b ody to which 

both countries could~st the ri5ht to aa judicate griev£tnc es v;hich might 

arise out of the implementation of the t~reement. It ie therefore lo6 ical 
~~ to thinK that the United States and hussia should~:) the ri5 h t le0 ·lly 

t o abro~ate in self defense if they feel their vitG.l interests ~:. re threatened 

because the agreement is not properly impl emen ted. 'lhe right to abroga te 

, t'-1(~---~ is the only weap, n which Russia an<i the United Stc.tes wou.La reno:ef' 

that would en ble them eLectly t J ,Jress for a remedy ot a com )laint arising 
~ 

ou ~ of the implementE: tiop of the a0 reement. The right to bbroba te -.s, of 

I
• .4J ,.......""-..,_c..-~ /-c- .t_ "f-.e, C--0 fr-lAA.-·< 

course, ua ... t..w~:.a.J.-~-~J'rluHic;ms i.n---:tatt~~ dis~ b -it 
~~ .~A ~ . ~~~~ 

~overs such a-rBas ;:; e -tomic -~ner6 disarmament &&1 Sottefi e t l:! er-t opiee·_ w!Y="ch ~ .....r ,u ~'-~'7'4~~- ~-----c""""Y co~-ll within tlw co~••• national saverei.;nty./ -~ 
Because of* rivalry, and tho::;e elen.ents or tn L- ~ 

power confl ict which cannot be entirely eliminate~ from the peri od of the 

cold war, it T~ould be advisabl e to r ely as the sole force Oi workint; 

towa.rd mainteinino the agreement on the reer of the conse .uences of the 

resum )tion of the arms rl:lce which would follow an obroge1tiun. It will rether 

be necessary o create conditions in which the ~greement is maintained ill 

not so much by the fe<r of the consequences of abrogation as rsther by the 
~~e,£~~ 

economic and soci6ft colloeti~jlnsenti ves v, t ich a continufl tion o: an a6 reen:ent. 
Q -

offers. 
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This letter is addressed to seventeen American scientists 
to whom it will be cormnunicated two weeks after its appear­
ance in prints Because o~ their scientific achievement, 
these men have the respect of the community of scientists 
which extends beyond the confines of the United States~ -~~,-~-:~' 
~each one of them has shown in the past ~aL~~will~ 
·~ 'to take action outside of the narrow field of his 

-protession if this is demanded by the public interest. 
The names have been selected with a view to obtaining a 
balanced group which is broadly representative of the 
thinking of scientists in America. 



J7 ltv ~rr/'~. ~ ~ 
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Letter of Transmittal September 5, 1950 

/izYF:; 
{ I have the honor of transmitting to you a copy of a letter which will 

be sent to a number of scientists whose names are listed in the enclosure. 

Because of their scientific achievement, the names of these men are known 

beyond the confines of the United States, and each one of them has shown 

in the past that he is willing to take action outside~e narrow field of 

his profession if this is required by the public interest.~ believe that 

Hans J. Morganthau, of the Department of Political Science at the University 

of Chicago, has express what many scientists feel when he wrote in the M~ 

issue of the Bulletin of the Atomic Scientists as follows: -:> 
~1 ••• I do not ~now 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 ~ew of the present and 

foreseeable distribution of power between the United States and the Soviet 

Union, the. choice before the world is bet·ween negotiated settlement arrl 

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 ollective conscience that it has done eve~ng 

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." 

What is the proper _ time to start negotiations with Russia aimed at com-

prehensive settlement 

of the opinion that the proper time for .negotiating a settlement 

with Russia was during the war, before Russia and America lost their common 
~ :£ U/.) f«h~ _,/ enenv. ~a bfrl::reve ·that he was right and that 1m if reaching a 

satisfactory agreement with Russia is possible at all, with every year that 
f 

is allowed to elapse it will be ~?tft more difficult~ ~ ., 



~ Berkeley sp99Ql:i en Mar.gf:t ±6. The State Department appears to think 

that as time goes on our strength in certain important areas of the world 

will increase and with it will increase our chance to reach a satisfactor.y 

over-all settlement with Russia. In the meantime, according to the State 

Department, all we are askin~t Russia behav~ flf:Ll the Russians h~ve to do 

is abide by the United Nations Charter and all will be well; all the American 

people have to do is be patient and stand firm. 

I know very few scientists to whom this makes a~ senseo 

Suppose the Russians do behave and suppose they do abide by the United 

Nation's Charter, there is nothine in the Charter from preventing them from 

building up enormous strength in atomic weapons and to developing means of 

delivering atomic bombs first to an7 point in Western Europe and later to 

the coastal cities of the United States. By doing so, the Russians would 

only follow the example which we have been setting theme 

Yet this will inevitably have the result that more and more Americans 
Not 

will think in terms of preventative war. b a preventative war right now 

perhaps, but rather a "show down" when we shall be good and ready. More and 

more men in high 

~~en if they 

positions in our goverrunent will be thinking in these terms A!~ 

do not make aqv public statements ~~11 not remain 

a secret for long; and Whatever ever,ybody in Washington knows, the Russians 

may be assumed to know also. .~~~hee~~~~~~ 

~~e 
Department is based on the premise 

policy of the State 
~~~e~~ 

that it is possible e¥sr ~lesg-p~ - ·~-v--
and in the meantime /hold the ~go 

line and build up our strength. 

The Ame~an peo~p~~~~~~~-
Depa rtme nt ~. o.e.;.~:.c.J..se~-ef!VP~~il'@"!~•~ 

L 



~n rrw opinion this premise is fal~ The American people cannot be expected to be 

patient ~· The State Department is not able to control the public 

utterances of high official of the Department of Defense ?nd even less to guide 

their private .thoughts \~ich are just as important as their public utterances. 

e Russians will respon~~tions, whether it is ~ decision 
~ ~ 

of making H-bombs or ~er measure under taken for the purpose of strengthening 
. ·~~ 

our military po~itio~rith some action of their own~e State D.epartment 
~~£:t.M~ t 

ca."lnot be expected(Co s.e.e. ~ J'~counter11 in advancE;/ 4t will be necessary 

to improvise and one single mistake ~enough to bring on war. 

I do not rooan to sey that the go'rernment of the United States ought to 

enter into negotiations with Russia at this time. It is doubtful whether 

such negotiations could produce a~ useful mocxxocrx result if they were entered 

into without a clear concept as to precisely what would constitute a s~sfactory 

settlement that might bring up durable peacef'~""~ve ~ 
the State Department has a clear concept of this and in any case the almost 

complete absence in the past of any pu.blic discussion of the ?-ssue would make 

the task of the State Department very difficult. 

A group of 
~ . X 

outstanding American citizens, free from a~ governmental 
I 

responsibility and devoting their full time from three to six months to this 
I 

task might think through the problems involved and might emerge with a plan 

which in their opinion ought to be acceptable both to Russia and America. It is 

however, difficult for American citizens to take into account all the points of 

view which might legitimately enter into the considerations of the Russian 

goverrnn~nt. The danger of overlooking an ~portant point would be therefore 

greatly diminished if the group engaged in such stuqy were composed of both 
jb;;;ptt'-'.;, (~z ~ ~~ 

Russians and Ameri~ans( ~thout in any way c~preither~f the two ~overrnnentse 



<· 

Perhaps the only w~ of 
lf 

find1ng out What kind of an over-all settlement 

might be a real possibility is to have an exchange of views between Americans 

and Russians. And because an exchange of views is useful only if views are 

exchanged between men Who have mutual respect for each other's intellectual 

integrity, f he plcn outlined in the enclosure would appear at tlris ·time to be 

a~ more promising venture than ±t would actual negotiations between the 

two government0 
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September 6, 1950 

Sir : 

I have the honor of transmitting to you a copy of a letter which will 
' I 

be sent to seventeen American s cientis.ts whose names are listed in the 

enclosure. 

~ J. Morgenthau, of the Department of Political Science 

at the Univ~rsit'y of Chicago, ~f~rv scientists feel when he 

1vrote in the May issue of the . Bulletin of the Atomic Scientists as follows: 

" ••• I do not know whether a negotiated settlement with the Soviet Union is 
I 

possible. I do know, however, that no such attempt at a negotiated settlement 

has b~en made; instead we have wasted our time with polemics over isolated 

secondary issues vmich must remain_ insoluble as long as the basic issues remain · 

unsettled . I also know that, in view of the present and foreseeable distribu-

tion oflpower between the United States and the Soviet Union, the choice 

before the world is between negotiated settlement 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, ~nthout being convinced in its collec-

tive conscience that it has done everything humanly possible to preserve 
' peace . It is for these reasons t~1at I deem it worth while and even imperative 

to consider seriously the possibility of a negotiated settlement with the 

Soviet Union. " 

What is the proper time to start negotiations with Russia aimed at~~­
prehensive settlement? Wilkie was of the opinion that the proper time for 

- ( negotiating a settlement with Russia was during the war, before Russia and 

_America lost their common ,enemw . 

th~f reaching a~~~sfactory $ e\: year that \ allowed 

was right and 

with Russia is.pos ·ble ~;-:~~­
. t 1'1ill be more diffi ult.,~ 

- -



2. 

I do not mean to s~ that the government of the United States ought to 

enter into negotiations with Russia at this time. It is doubtful wh~th~r such 
• . . r#'*'?~?uc~ H /t'~ p;~ 

negotiations could produce any useful result/ if they were entered into without 

a clear concept ~ p~~what would ~onstitute a satisfactory settlement ~ 
~t migM b1 ~;~e j5mme. There is no evidence to show that the State 

~ 
Department has a clea~ concept of this and in any ~e ~lmest eemplace 

absence ~c discussion of the~ould make the task 

of the State Department very diffi cultd-~ ~ tJ 

To outline a satisfactory settlement that might be acceptable both to 
.A"cu \\ ~s -x~ e4 ll o'i\ -( 1"1().-hcl"'J' ·, 1'\ vt) \ \, 

Russia and Americ~is clearly a difficult task. For a settlement to be satisfactory 
Wh\t.~ W C) I.l \cl ll\ u~ 

it would-have to create conditions i . _2efl both America and Russia ce~*~ QW 

~~ · e~ etlf§«lc ~4h!.i l -~ to ~ne agreement in operation over a long period of 

-I-" time. Such an agreement would have to inclu~e~~ disarmament)' 
~~ ,..,, .~., 0"·-·-~ 
:_ ~ wfij c;L tlt>e far-reaching .in scope/ and 'Cif£er adequate safeguards against viol<?-tions . 

; While Russia. and America might retain UAI'ie:l!' o{;l!1eh :m agreeeout t~e ~ight ~ 

~ ~ legalJ¥ ~e the disarm~c-~~/greeme~~~loer 
__-nations~ "00 6e>'"bouf!tt~e ~OR§ <'l!28'~be •ggte~ nt 

~ legall:iY ~at,.;,.") and, therefore, the machinery of' 
:JI /)4/JJV-~ /r> 

such lines or any which Russia 
~ Bu~~d eseaQse could conceivably accept. 

does not mean that such an 

succeed in helpo~-
to be resourceful in imagination 

-~ 

_.~------------------------------------------~=---~----._----~------------~~-----"~~~ 



October 17, 1950 

Dean Acheson gave a clear exposition of the foreign policy of the United 

States in the statement which he issued to the press on February 8. Since that 

da there can be no doubt what our foreign policy is. We are not 5 oin6 to seek 

an over-all settlement ~ith Russia, but we are going to try to create situations 

of strength in a number of different areas, and havine; created such a situation, 

we are going to attempt to perpetuate it by getting Russians formally to recognize 

it.~f all the areas involved, the most important is Europe, and it seems it 

to be now generally recognized in the United States that it will be possible to 

.. 
create such a sitw:tion of streng,th in Western Europe without rea:r·ming Germany 

to make Western Europe a reliable stronghold. It might take full-scale rearmament 

of Germany both because of the great industrial potential of Germany and 

because Germany kas a nation is more military than B'rance, we will probably as 

time goes on rely more and more on Germany and less and less on France for the 

defense of Western Europe. A Germazyrearmed cannot be a nation without a will 

of its own. The obvious national aims of Germany must be representctive of what 

party is in power after Germa.ny has recovered the terri tory which she lost to 

Poland. Thus the Germans have somethine; to fight for much more than do the French, 

and if so once they can be expected to carry their own burden. If Russia is 

defea.ted, we can hardly expect American to police that enormous country, but 
\ 

the Germans can be relied on to do this. Thus the end result of the war if we 

e 
somwhat optimistically there vdll be a short war over in a few years 

there will be a s~ort war over in a few years will be a situation which we could 

have had for the asking in 1939 without having to pay Second World wars 

for it. In order to creat a situation of strength in Western Europe, we have 

embarked on a remo.rmament pro5 rB.J on a scale involved in @>pending f300 million 

dollars per year, and we plan to maintain a. ste: nding army of three million men. 

As far a.s manpower is concerned, such an army cannot be maintained on our 

"income", for a. draft of the 18 year olds is insufficient to fit it and it will 

be necessa.ry, of course, for us \to aie; into our manpower ca1.:;ita.l since it doesn't 



. ~ 
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appear likely at all. Even if you assume tha t the United States can afford both 

from the economic .t-•oint of view and fr011 tbe poil;1t of viewx of its manpower a 

perpetual prep redness, it appears doubtful th t th'3 people of the United States 

will reconcile themselves to .such a stc: te of affairs . · It is therefore not 

astonishing that more and.more people will talk privately of the possibility of 

a preventEtive war and t hbt some of these men like Mr. Matthews, Secretary of 

the Navy, will talk publicly about it. The State Dep rtment, of course, fro~~s 

on such public utterances, and I believe is sincere in doing so. The .troUble, 

however, is that our actions make sense on the assumption th·t we are going to 

war witr~n a few short years and th t t hey make no sense unless this is what 
·-:-? the 

we intend to do_j_The State Department may, of course, think that ad pres.ant 

policy of creating situations of strength need not be pushed through tkmir 

before then we will have created enough strength to have Russia sign on the 

dotted line, but no one who really understands the situation as it exists today 

in the world and who is able to think through iixEax to the consequences of this 

appraoch can believe tha t the method attempted can lead to the establ ishment 

of real peace. If we had to deal here witt the negotiations between two private 
' 

parties, one might very well say thc. t a party Who is in the strong posi ticn when 

it comes to concluai~ an c greem~nt will be able to obtain a more favorable agr ee-

ment. This makes sense because once an agreement is signed it cannot be abrogated 

since an agreement between private parties can be brought tn}o court s.nd the party 

who violates it can be if not forced to keep the agreement at least be held 

f inancially responsible for the damage~t is likely that we will have within 

the forseeabl e period a situation in the world where a treaty between the 

United States and Russia can be enforced. It seems likely that ifter t he first 

world war a system of collective security could have been established and would 

have prevented the outbreak of the Second World War. But in these last · 30 years, 
/ 

the situation has changed rna terial ly in this respect(__ _iecE:use war has become so 

highly mechanized. Only those few countries can respect an appreciable 



. ... 
3. 

who can h&.ve a large mar5 in between their nation's production and national 

consumption which can be left over for war production. The United Sta.tes is 

in this class because itsix high~ proguction standard permits a high standard 

of living and yet l eaves a sufficient~ margin for war production. Russia is 
such 

in this category because its people are willing to except a low standard of 

living that a substantial mar6in is left for war production. It might be a 

reconttituted Germany in the grips of a strorg natio 

~ and with its manufacturing facilities reconstructed may also fall into this 

categ·ory and so might Japan. But that's the end of it. It is clear the:t no 

system of collective security ca.n be built in this situation upon which the 

world could rely to enforce a str obli6 a tion either against Russia or 

against the United States . It follows, therefore, that an over-all settlement 

between the United States and Germany will be of value only 

\ 



' / October 18, 1950 

Dean Acheson gave a cleo.r exposition of the foreign policy of the United 

States in a statement which he issued to the press on February a.C. This statement 

leaves no doubt whatsoever as to what his foreign policy i~ Be is ta not going 
..-..,J 

to seek an over-all settlement irith hussia ~t intends to tr1 to create situations 

of stren1;;th in a number of different areas anu havin5 created such situations 

attempt to perpetuate them by gettin5 Russia formally to recognize them. 

When this stE:J.tement of policy was issued, it was not as clear wha.t the 

pursuit of ~~e policy would involve as it is today. 

Today it seems to be generally recognized in the United Stetes that it will 

not be possible to create such a situation of strength in Western Europe--the 

most important of all the areas involved--without rearmini Germany. In order 

to make Western Europe militarily secure to the point where we can rely on 

Western Europe as a base of military operations in case of war, full scale 

rearmament of Germany will probably be necessary. Because Germany kas a nation 

t 
for the def~. 

~ ';'\ 
of its own. A Germany 

is more militant than is France, it is likely that astime goes on, we will 
~ ~--~ ---~ 

rely more and more on Germany and less and lesston Fran.ce 

Western Europe. 

I IJ "" <: A Germany rearmed cannot be a nation without a will 

unitad and witi1 its territories that were taken by Poland res~ored are legitimate 

aims of national aspiration on which all Germans, irrespective of party, can be 

expected to be united. The Germans will have somethin~ to fi6ht for much more so ~ 

than the French and once their i~dustries are reconstructed, they can be e;vected 
. 4--t. ~ P(_4A.~· /itl. ///f/1.4 -~'L_,--r~~, . -'~Y" 

~~~--t-o-ca-.;.;· ~'" -;z. ~ ' . _ ~/ ~ 
I~~~~~p6~i1:'ity -;th'a..:fo/the-"""'~~ bef'ore a fully 

militarily reconstructed Germany~ ta& over the maj..n burden of the d_)a)fep_)le I~~ 
~¥~4 t-Lf t#~l ~ 

of Western Europe ~~~ war will 
~ 1'VI);!;t. ~:~ ~ ~~~ /'J ~~ ~-

come after Western Europe has becom~~ ~filiilyl-secure;~:t'}4":,J:st 

a few years, and that we shall be victorious m~rican l~eved or~he ) ~ 
tJ ~ }'1-l -ww. -v~~4 h ~ IJ~ 4/. ~·l ~ i~- '.L .. ~. 

burdensome task o( policlimg Russia by: lel*ui n~-=i:-t to Germany te do so/~~ ~ 

basis of a series of optimistic assumptions, we can thus look forward to a state ~~ 

nf' $1f'f'"'i.,.~ in F,,.,.nnP whi~h wP ~onld hRVP hAn for tJv~ asldn~ in l9?i9 without ~/~ 
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havin~ to f i ght two world wars for the sake of getting it. 

I 



-- -
November 7, 1950 

The trouble with this kind of thinkinc, is tha t it tries to apply the 

remedies of the pas t to the ills of the present. It is probably true that 

collective security could have pr evented the second world w~r had the principle 

of collective security been understood and supported by the people of the United 

States in 1919. But i t i s not true that the problem which the world fa ces today 

can be solved on the basis of organizinc a system of collective securi ty of 

building up a situation of stren5 th that will induce Russia to agree to some 

over-all s ettlement which is favorable to us and then rely on collective security 

for the enforcement of that treaty. Clearly if enforcing a treaty may require 

a world war which may last fo r twenty or thirty years and t he outcome of which 

is uncertain, using t he term of enforcement is either mi sle&.' illb or decliliving . 

And clearly if an over-all settlement which i s sie!,ned amo% others by t he 

United States and Russia is illee;ally abro~:,ated either by the Dni ted States 

or Russia , there is no possibility 

of enforcing compli ance with the treaty short of such a world war which the 

treaty was intendeo to prevent. It i s not l ikely that this situation should 

cange within one generation or two . For the cbant e which came in the methods 

of warfare since the rirst worlo war have made the principle or collective 

securit.y impractical. ~bat has happened since the first world war is that 

mechanization of armies reached a level which makes it impassible for most 

countries to maintain or crea te an a rmed force that is militarily significant 

compared with the armed forces of the United States and Russia . A possible 

exception ought to be made perha ,c' s for a reconstructed and remili tarized Germany. 

Clearly because of t he high level of mechanization, mamntainins armed forc es of 

a significant strength has become exceedinly e~ensive and only those countries 

can afford such armed for ces which have a grea t margin between their industrial 

production and their civilian comsum tion. The United States ha s a l ar ge 

mar5in because it i s so rich, and Rus sia has a lar~ e mar gin because the 

standard of living of its cililian popula tion can be kept low. A recons tructed 

and remili tarized Germany might have a fairly lar6e mar.:;in because Germany bas 
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always been a militant nation and because the erman people once they awaken 

from their pr esent let har cy are l ikely to accept a low standard of l iving in 

exchange for a chance of achi evi% their national as_!Jirations; a uni ted Germany 

and the recovery of their territories lost in t he last war . No other m tion 

is likely to have an appreciable margin between its consumption and civilian 

proauction in the next twenty-five years . And the ore:anization of a system 

of collective security upon which the vmrld could rely for the enforcement 

of a pea ce settlement either against the United States or against Russia is 

therefoer i mpossible. It should be observed that i f a peace settlement cannot 

be enforced it can be obtained over a long period of t ime only if both Russia 

and the United States consider it in thei r inter es t to keep t he a6 r eement in 

force. In thes e circumstances , one mi ght as well 0 ive Russia and the United 

Sta t es the righ t legally to abrogate the agreement upon due notice and the 

insertion of such a clause into t he agreement mie:,ht serve the purpose of 

reminding t he atatemmen that the t a sk of preserving pea ce i s tantamount to 

maintaini ng peace in t he world in which it is no t the continued interest of 

Lhe United St a tes and Russia to ma.intciim the agreemen t in operation. If this 

point of view i s accepted, then clearly the task 'IVhich we b.re fBcine:, is to 

devise an agreement which i s so well aaju s tea t u the vital needs of Hussia and 

the United St a tes--vital needs in which peace and prosperity are certainly a 

major pt rt for bolb.h countries, that Russia and the United States will maintain 

t he agreement i n force even if they have the ri - ht legally to abrogate it 

because the agreement continues to meet their r equirements so that each year 

they would conclude it anew if perchance the ag reement contained a t ime limit 

and should therefore lapse. I f t his a.nalysis of th e situbtion i s cvrrect, then 
can hardly 

it Niii serve vi tal purposes mxbntii.lli:xl!l~x:&:txn~ fo r Russia anr t he United 

States to build up s trength in order to exhort from one another an advantagous 

agreement , since clearly the problem i s hot to obt&in bn agreement which these 

nations are willing to sign but rather an c:greement which these nations are 

anxious to keep . These two problems a r e very different in na ture ana i f it 
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should happen t.h t the over-all nebotia tions take pl& ce when over-all opposition 

seems to be very stront;, , it woulci be exceedingly foolish to use this strnegth 

in order to t;et Russi<> to sie,n an agreement which she will no lonc;er want to 

keep later v.hen our position may hb 1J.f-'en to be less stron~:, . If these consider­

ations are valid, then it is clear:Q: th~: t our foreign l- olicy makes no sense at 

all and the only rerr.aini115 question i s "'hetber it is at all possible to devise 

an ~greement that will meet the stringent requirements deiined above . 
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