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THE COMMON PROBLEM

By
Frederick S. Dum

"The common problem, yours, mine, everyone'!s,
Is—not to fancy what werc fair in life
Provided it could be-——but, finding first
What may be, then find how to make it fair
Up to our means: a very different thing!"
Robert Browning, "Bishop Blougram's Apology"

Whatcver else the successful explosion of the first atomic bbmb at
Alamagordo signified, it was a victory of the most startling and conclusive sort
for scientific research. By a huge effort of combined action, the physical
scientists and engineers had succeeded in compressing into a merc sliver of time
perhaps several decades ﬂof work in apply:ing the cnergy of the atom to military
purposes. |

But having achieved this miraclc, the scientists themselves were not at all
sure that mankind was the gainer by their desperate labors. At least some of
them had ardently hoped that their research would prove nothing more than the
impossibility of reaching the goal., On the surface of things, the capacity of
atomic energy for mass desttruction far exceeded any innnedi/ately realizable value

in enhancing human comfort and welfare. Moreover, like all physical forces, it

was morally indifferent and could just as easily serve evil purposes as good,

Unless some means could be found for separating out and controlling its powers
of annihilation, the scientistst most striking victory of all time threatened on
balance to become the heaviest blow ever struck ag‘.ainst humanity.

About one thing the physical scientists had no doubt whatever, and that was
the surpassing urgency of the problem. They went to extraordinary lengths to
stir up the public to a realization of the magnitude of the danger confronting
the/w‘;gifr.resorted to extramundane terms to make the non-scientist see that the
new physical force was really something different, that it was even a different

kind of difference. If they showed perhaps too great a tendency to expect
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mechanical answers to the problem of how to control this new and terrifying
force, that was understandable since théy were accustomed to that kind of answer
in their own field. But in their efforts to drive home the urgency of the
problem, they were serving a high and important purpose.
members

The more perceptive/ of the military profession were equally disturbed,
although for slightly different reasons. Whatever value for peacetime uses
a‘bomicv energy might ha;ve, it had been developed as a weapon of war, and its first
shattering effects had been felt in that sphere., What bothered the generals and
admirals most was the startling efficiency of this new weapon. It was so.far
apead of the other weapons in destructive power as to threaten to reduce even the

giants of yesterday to dwarf size, In fact to speak of it as just another weapon

was highly misleading, - It was a revolutionary development which altered the
: "5:““”6,{) - ’ _——

< 2

4

i)
103

A

basic character of war itself. re

T 1z

In the pre-atomic days of the 19408 th:ﬁgg_&;ad been bad enough, but one did
not have to contemplate very seriously the probable annihilation of both vic‘bér
and vanquished. Now, even the strongest states were faced with the prospect
that they might no longer be able, by their own strength, to save their cities
from destruction. Not only might their regular rivals on the séme level be
equipped with powers of attack hundreds of times greatér than before, but possi-
bly some of the nations lower down in the power scale might get hold of atomic
weapons and alter the whole relationship of great and sxﬁall states. It was
becomirg vefy hard to see how a tolerable war could be fought any more.

Unless atomic warfare could be limited, no single st'ate, no matter how
strong its military forces might be, could be at all certain to avoid being
mortally wounded in‘ a future war. There wé.s not and very likely would not be a
sure defense against atomic attack, or any reliable way of keeping bombs away
from a nation's territory. A great power might, it is true, by buiiding up to
the limit of its strength, have a good chance of winning éwar in thé end, but

what good was that if in the meantime the urban population of the nation had
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been wiped out? Egs? military men were beginning to think that perhaps it would
be a good idea to look very carefully into the possibilities of restricting
atomic warfare by international action. )
In any case it was not the task of either the physical scientist or the

military strategist to find means of subjecting the new force to effective con-

trol. That was clearly a political problem, to be undertaken by the experts in
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political relationships. o
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After a few early flights of fancy, most\é£:§55/pglitical analysts lapsed
into a discreet silence on the subject. It was quickly apparent thaﬁ they had
been handed one of the toughest problems which the members of their guild had'
éver had to face. The profound significance of atomic energy as a physical
force called for political thinking on a2 commensurate scale, Initial probings
with the ordinary tools of political analysis brought disappointingly small re-
sults. Fach sortie into some promising opening either ended up against a solid
wall or led into another tangle of seemingly insoluble problems, No clue could
be found to a simple formula which would offer repose to men's minds while
opening up new vistas of unruffled prosperity. 1In fact there was reason to
believe that nothing of the sort ever would be found and that the job was one of
arduous and patient examinatioh of a whole mosaic of related problems extending
indefinitely into the future.

One was met right at the beginning with two dilemmas of really imposing
dimensions., The first of these arises out of the nature of the procedures
available for the common regulation of the actions of free nations., On the one
hanq, any scheme for international control of atomic warfare must be put into
effect by voluntary agreement. There is no supreme power to impose it from above.
On the other hand, it seemed extremely improbable that states possessing bombs
or the capacity to make them would voluntarily restrict their power to carry on
atomic warfare merely on the promises of other states to do likewise. Because of

the nature of the bomb, any state which broke its word and surreptitiously
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manuf;ctured atomic weapons could put itself in a position to exert its will over
all those who kept their pledge. The more states observed the agreement, the
greater the reward to the transgressor.

The second dilémma arises out of the time element in the carrying on of
atomic warfare. On the one hand, since no state by its own strength can be sure
of staving 6ff a bomb attack, there is a growing conviction that effective con-

Kf;ol of atomic warfare must come through international action. On the other
hand, the speed of attack by bombs can be so great that there would not appeér
at first:sight to be sufficient time for any mechanism of international
collective action to operate successfully., Before the air age, one could have
counted on a fairly long period of grace between the time when an aggressorts

~
ack in full force. The

intentions became evident and the time when he coulgfgl%
development of air bombardment shortengd this peridé&ggfgiéerably, and the

coming of atomic warfare promises to reduce it almost to zero. If a nation
suddenly threatened by atomic bomb attack has to wait while an international
agency arrives at a decision as to what counter measures should be taken, the
chances of saving its‘cities would seem to be very small indeed.

Both of these dilemmas are directly concerned with the procedures whereby
nations arrive at means of regulating their actions with respect.to each other.
Both of them receive attention in the chapters that follow. At the present time
it is oniy necessary to make some very general observations about the treaty
mechanism and the kinds of strains it might be expected to bear ﬁheé put to the
task of controlling atomic warfare.

Current popular beliefs regarding the efficacy of treaties are prone to be
both too optimistic and too pessimistic as to what can be accomplished by them.

On the one hand, there is a tendency to believe that practically any international
proélem can be solved if only the nations concerned can be cajoled into signing
a treaty. dn the other hand, the spectacular failures of some treatiés in the

past have led to the widespread conviction that govermments in general are very
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casual about their intermational obligations and will disregard them whenever
they are inconvenient, It is not unusual to find both of these views being held
by the same person,

Neither of them finds much support in practice. Those who believe that a
treaty is the answer to everything overlook the dreary wasteland of ineffective
agreéments that have been drafted in disregard of the limits to the loads which
the treaty mechanism can bear. Those who meke light of treaty commitments in
ceneral seem to ignore the fact that the vast majority of such engagements are

der adverse conditions and
R

continuously, honestly, and regularly observed even

at considerable inconvenience to the parties,
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Anothef‘common belief is that treaties cont “ﬁQZEE/can be made to contain,
single, definite answers to al; questions of concrete application, and’that
strains. on treaty observance are merely questions of moral behavior.‘ Treaty
failures, in other words, are ¥egarded as lapses in virtue, and it is assumed
that the way to avoid them is to strengthen the moral fiber of nations.

| It would be foolish to deny that over the years there have been plenty of

cases of deliberate bad faith in the non-execution of treaties., The writers on
international law have been sighing about it for centuries. Yet it is not help-
ful just to charge off to the fickleness of sovereigns the many treaty failures
that have occufred, and step there. Most of the time there are quite under-
standable reasons why treaties fail to work out as expected, and in numerous
cases it would be difficult if not impossible to place moral responsibilivy Ior
such failure.

A good many notoriocus cases of treaty vioiation have been concerned with
treaties of peace imposed on vanquished nations after a war. Where such treaties
place onerous conditions on the losers, as they almost always do, it can be
safely predicted that they will be faithfully carried out only so long as the
victors have both the power and the inclination to enforce them, Where these

grow weak and observance slackens off, the erstwhile victors will certainly cry
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"bad faith" but the other side will see only a just recovery of their former
position, |
Treaties of alliance have had a decidedly spotty record. Since the possible
effect of an alliance is to draw a third party into a war which is not of his
doing, the strain on the treaty is very great unless 2222 allies fecl at the time
that they are equally threatened, It seems too much to expect that‘a nation
which has no interest in the outcome of a war will risk its very life merely to

fulfill a promise contained in a treaty of alliance, It may well do so if the
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risk of losing is not very great, but one should not expect this if the odds are

clearly against victory.

Q-,:F'II/)\

Where conditions have changed radically and unc;fzééeﬁiy since a treaty was
signed, a nation which suffers real injury by such change will on occasion refuse
to be bound by its promises. While it is true that under international law the
injured state is not justified in doing so without the acquiescencz of the other
side, nevertheless the absence of any disintcrested method of enforcing treaty
changes to accord with changes in swrrounding circumstances can cause great
hardship and will sometimes induce the injured party to take things into its own
hands. In these cases it usually happens that the nation opposing any change

will raise aloft the banner of pacta sunt servanda as the basic norm of all

international relations, yet to the other side it will seem that insistence upon
‘the letter of the treaty is merely black reaction dressed up in the white garments
of morality. .

Efforts to limit armaments by treaty have certainly not enjoyed a brilliant
success, On the other hand, it cannot be said that they have uniformly failed,
The more recent criticism 1evélled against the Washington Treaty for the
Limitation of Naval Armament of 1922 was not that it was ineffective but that it
was so largely observed. One lesson seems clear and thaﬂ is that not much can be

expected from attempts at limitation of armament which are not closely tied in

with the international political pattern of the times or which go counter to the
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basic poiicies of any of the top-level powers., It is not so much the ingenuity
displayed in‘wofking out the details of a disarmament scheme that matters as the
way in which it accords with the prevailing balance in the relationships of the
powers.

There are many reasons for treaty failure not directly connected with the
subject of the treaty itself. Most of these arise out of difficulties of
language and uncertainties of infention. Treaties deal with future contingént
events. No matter how carefﬁlly they are drafted, there are always unforeseen
situations arising in which the meaning of the treaty is in doubt. Thé'surroundp
ing circumstances are constantly changing, and every new appearance of an old

situation has its degree of novelty. The language™in which treaties are drafted

’ ~

¢

is the language of common use, made up of words%9ften.ieavily laden with
ambiguity and possessing extensive twilight zone;w“ murky meaning., The
drafters of treaties spend long and dreary days and nights trying to forecast
all possible contingencies, yet the ink is scarcely dry on the signatures when
new and troublesome situations begin to appear. Each novel case raises a con~
flict over classification. Statesman White is quite certain that it goes into
this verbal category while Statesman Black just as firmly insists éhat it goes
into that one. The fact that each one's interpretation happens to accord with
the interests of his own country does not remove the fact that both honestly
believe they are right. So far as the dictionarig; show, they are.

This fact is familiar enough in the performance of compacts between individ-
uals, but usually there are ample procedures for arriving at a settlement of
disputes in accordance with the commonly accepted values of the community. In
the international society the procedures are rudimentary and normally cannot be
 invoked unless both parties, including the one which would gain more by having
no decision, coﬁsent to the.process. Furthermore, the body of universally |

accepted notions as to what justice requires in the performance of treaties is

painfully small,
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When one thinks of all the reasons why treaties may fail to fulfill their
intended purposes, one may well wonder why nations continue to enter into them,
It is said that the first knowﬁ treaty was made about 3000 B. C. between the
kings of Umma and Lagash in settlement of a boundary dispute. No one knows how
many treaties have been entered into in the intervening 5000 years bﬁt it is un-
doubtedly a colossal figure., While the total has been liberally sp;inkled‘with
instances of bad faith and broken engagements, it is still true that the great

majority have been carried out by the parties in good order and have served

their respective Uurposes reasonably well,

‘Clearly there is nothing in this long experience wﬁich compels the conclusion
that the treaty process is incapable of bearing the load which would be put upon
it by an attempt to control atomic ﬁarfare by international actlon. Treatles are
tools which will perform well under certain conditions and badly under others.

If a favorable set of conditibns can be coaxed into existence, there is no
reason to ddspair of finding a treaty structure that will withstand the strains
which are likely to occur,

It is true, nevertheless, that a limitation agreement’would fall into the
class of treaties which are subjected to the greatest strains, and which not
infrequently give way under them. TFor éne thing, the subject matter deals
directly with the security of the state, and on such questions every state will,
if it can, hold on to the final decision itself. That does not, of course, rule
out the possibility of common action, since states are quite capable of
appreciating the advantages of such action, but it does put an outside limit on
the distance to which a state will go in achieving it.

The greatest strain, of course, would come from the nature of the bomb
itself, and the enormous advantage that would be gained by surreptitious vicla-
tion. So great would be the temptation to evade the treaty that governments
would be extremely reluctant to put much faith in it if it rested on nothing

more than the reciprocal promises of other states. Before divesting themselves
1

)
{
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of such a great source of power, they would certainly require assurances that
they would be saféguardea against attack by a state that had secretly violated
its promises, This is the well-known "safeguards" problem and it is probably the
most difficult one ﬁhich the atomié energy commission will have to face. |

It is in fact a very old problem., The Greeks knew about it, and their
system of hostages was in effect a means of assuring fulfillment of treaty terms
beyond the mere promise of the signatories.l 4 safeguard of almost equal
antiquity was the oath. This was particularly prevalent in the liddle Ages when

‘ spiritual ’ '
religious faith was strong and the/supremacy of the Pope over all sovereigns was
universally admitted. The conclusion of treaties was marked by religious cere-
monies and the taking of the oath, the potential violator being threatened with

major excommunication. There is no doubt about the fact that this added con-

siderable strength to the sense of obligation of the<Signatories. But eventually

N\
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this séfeguard lo§t its power, due partly to a dimiﬁution f faith, partly to

*

the changed position of the state in reference to the™tMurch, but perhaps chiefly
to the fact that it was not really reliable since the person under .oath might
possibly be absolved from it.2 Yevertheless, the custom has continued dom to
the present day of using terms of religious significance to give as much weight
as possible to treaty obligations, for example, "the sanctity of treaties,"
"solemn covenants solemnly arrived at,! "sacred obligations," ete,

.Other forms of safeguards used today are the 6ccupation of territory, as in

the case of the Rhineland after the First World Viar, the guarantee by third

powers of the fulfillment of a treaty, and the pledging of certain sources of

&

1. This custom continued down to fairly recent times, the last well-known case
being that of the Treaty of Aix-la-Chapellc, October 18, 17L8, which pro-
vided that two English lords were to be handed over to France until the
restoration of Cape Breton Island and the English conquests in the East and
West Indies. See Coleman Phillipson, Terrmination of War and Treaties of
Peace, London, 1916, p. 208.

2. See P, C. Borda, Dc 1t'Inexécution des Traités, Paris, 1922, pp. 37-38.
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revenue for the exccutibn of a tréaty, as Venezuela did to the Europcan powers
in 1902. ‘An interesting form of indifect safeguard is the general cexchange of
military and naval attachés as a method Qf removing fears of unfriendly war
preparations in derogation of treaties of friendship.

The ohly one of the familiar safeguards which seems to offer any promise in
the international control of atomic energy is that of inspection. If it were
possible to back up a limitation agreement with a system of disinterested in~
spection operating on a world-wide basis, the parties to the agreement woﬁid have
a way of continuously reassuriné tﬁemselves that no preparations were under way
-within any state to evade the' agreement. But if this were to be the only safe-

in fact as well as in appearance;
guard, it would have to be practlcally infallible/ otherwise the states living

er o~
Lo\

up to the treaty‘would be lulled into a sense of/ﬁalse security and the door

ouened to easy violation by a potential troubleemaker. Furthermore, unless every

\';n

state confidently believed in the infallibility ot inspection system,
individual nations whicﬁ had grown suspicious might feel impelled to resort to
secret production of atomic weapons as a precautionary measure.

This type of safeguard has a precedent in the inspection system developed
in comnection with the international control of narcotics.3 While this scheme
resulted in bringing to light a number of viclations, it was by no means in-
fallible, and was scarcely cffective at all against violations condoned by
national authorities. »

Some4scientists impressed by the great technical difficulties in the way of
a really effective inspection system have taken a very gloomy view of the
- possibilities of such a safeguard. Others who are more impressed by the problems
of concealing the large-scale operations involved in the production of atomic
weapons are far less pessimisfic. The information so far made available is not

sufficient to enable the layman to reach a satisfactory conclusion on the

3. This is discussed later in Chapter V, pp, 152-153.

11
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question, Nevertheless one thing seems clear: no one has any déubt but that‘
each state has the power to make certain of what is going on within its own
borders in the production and use of fissionable materials, If that is true
for every state, then it necessarily follows that global control is not impossible
from a tecpnical standpoint, since means could be found for making use of the
various na‘b_io;'la.l systems as the basis for international control. But this is a
political rather than a scientific problem, The memlgefs of the atomic energy
commission may well find ‘i,t worth ‘bhe;'.r while to explore it thoroughly.

‘What all this comes down to is the following: There is no reason to believe
that the treaty mechanism is inherently incapable of bearing the load which would
be associated with the international control of atomic weapons, Nevertheless ,
this load would necessarily be very great indeed, and there is no likelihood
that nations would willingly narrow their freedom of action in relatiﬁn to
atomic energy merely.on the naked promise of other statss to do likewise. The
potential advantages to be gained by a successful evasion of such a treaty are

apparently so stupendous that very powerful safeguards would have to be provided

against possible violations, None of the ordinary types of safeguards seem

strong enough to provide this assurance, & \
B & l

One possible way of meeting this problem wou@"elimjnate all existing
atomic weapons, destroy all means of production and prohibit all future -steps
toward production, This idea has wide public support and is in fact set forth
in the Truman-Attlee-King declaration and the Moscow resolution as one of the
uwltimate aims of the work of the atomic energy commission. But in moving in this
direction, one is met by a third dilemma of imposing proportions., On the one
hand, having no bombs in existence would seem to remove any opportunity to embark
on an adventure in atomjc warfare, On the other hand, if no bombs are in

existence, then any state which successfully evades the agreement and produces

bombs would have a complete monopoly of them., Under such conditions the

15
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opportunities for world dominance would be breath-taking., Hence we come to the
paradox that the further we go by international agreement in the direction of
eliminating bombs and installations, the strohger becomes the temptation to
evade the agreement} The feeling of security which one imagines would come from
a bombless world would seem to be a fleeting one,

This suggests that the basic problem is somewhat different from that of
just getting rid of bombs., It is rather a question of how to redube tb the léwest
possible minimum the potential advantages to be gained by a successful evasion
of a limitation agreement, If the threat to security comes from the prize that
is available to a violator}of a treaty, then the sensible thing to ¢eo would be
to take away the value of the prize. Obviously this would not be an easf thing

to do, but one has at hand a new and powerful aid for accomplishing it and that

is atomic energy itself,

LD ¢,

(3

‘most persuasive deterrents to

It happens that the atomic bomb is one of th
advenéures in atomic warfare that could be devised, It is peculiarly'wéll
adaped to the technique of retaliation, One must assume that, so long as bombs
exist at dll, the states possessing them will hold themselves in readiness at all
times for instant retaliation on the fullest possible scale in the event of an
atomic attack, The result would be that any potential violator of a limitation
agreement would have the terrifying contemplation that not only would he lose
his cities immediately on starting an attack, but that his transportation and
communication systems would doubtless be gone and his industrial capacity for
producing the materials of war would be ruined, -If in spite of all this hé
still succeeded in winning the war, he would find that he had conquered nothing
but a blackened ruin, The prize for his violation of his agreement would be
ashes!

Hence there does seem to be available 2 safeguard strong enough fo act as

a real deterrent against possible cvasion of a limitation agreement, But it is
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powerful medicine and should not be the sole means of éssuring the observance of
the treaty, Some kind of inspection system would still be extremely helpful,
And the first line of defence would always have to be the constant exercise of
farsighted, conciliatory diplomacy in order to avoid the building up of ‘benéions
that might tempt nations to seek a solution through the use of force. Thus we
come to the final paradox that while the best way to avoid atomic warfare is to
get rid of war itself, the strongest present ally in the effort to get rid of

war is the capacity to resort to atomic warfare at a moment!s notice.
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“:iarofou}kl changes in three

The development of the atomic bomb has wrough
0‘701

major fields: (1) in the military affairs of nations, (2) in their political
relationships, and (3) in the organized international machinery for peace |
and security, Each one of these is dealt with in the following text 'a.nd there
is a final chapter on the problem of international control of atomic weapons. }
There are still large gaps in the information that is essential to arriving at
satisfactory answers to specific questions. The authors of the following text
are acutely aware of these gaps and are anxious not to claim anything more for
their contributions than that they are preliminary essays in an exceedingly
difficult and complex subject, But it is time for responsible scholars to
speak out to the best of _their ability and not wait until all the evidence is in
on every question, Only through the hard work of many minds is it likely that

the means shall be found to remove the threat of disaster now facing us, a

threat the like of which has ncver been seen before in the history of this planet,

/7
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Chapter }
WAR IN TEE ATOMIC AGE

By Bernard Brodie

Most of those who have held the public ear on the subject of the bomb have
been content to assume that war and obliteration are now completely synonymous,
and that modern man must therefore be either obsolete or fully rig;e for the )
millerﬁ.m. No doubt the stafe of obliteration—if t;mt should indeed be the
. future fate of nations which cannot resolve their disputes—provides little
scope for analysis. A few degrees difference in nearness to totality is of
relatively small account. But in view of man's historically tested resistance
to drastic changes in behavior, especially in a benign direction, one méy be

pardoned for wishing to examine the various possibilities inherent in the

immeasurably more destructive and horrible than any the world has yet known. |
That fact is indeed portentous, and to many it is overwhelming, But as a datum
for the formulation of policy it is in itself of strictly limited utility. It
underlines thé urgency of our reaching correct decisions, but it does not help
us to discover which decisions are in fact correct.

Men have in fact been converted to religion at the point of the sword, but
the process generally required actual use of the sword against recalcitrant
individuals. The atomic bomb does not lend itself to that k?'.nd of discriminate
use. The wholesale conversion of mankind away from those parochial attitudes
bound up in nationalism is a consummation devoutly to be wished and, where
possible, to be actively promoted. But the mere existence of the bomb does not
promise to accomplish it at an early enough time to be of any use. The carcful
handling required to assure long and fruitful life to the Age of Atomic Energy
will in the first instance be a function of distinct national goverr;ments s not

-1
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all of which, incidentally, reflect in their behavior the will of the popular
majority.
Governments are of course ruled by considerations not wholly different
from those which affect even enligﬂtened individuals, That the atomic bomb is a
weapon of incalculable horror will no doubt impress most of them deeply. But
they have never yet responded to the horrific implications of war in a uniform
way. Lven those govérnments which feel impelled to the most drastic self—
denying proposals will have to grapple not merely with the suspicions of other
governments but with the indisputable fact that great nations have very recently
been ruled by men who werc supremely indifferent to horror, especially horror
inflicted by them on people other than their own.

Statesmen have hitherto felt themselves obliged

the assumption that the situation might again arise where to one or more great
powers war looked less dangerous or less undesirable than the prevailing condi-
tions of peace. They'will'want to know how the atomic bomb affects that
assumption. They must realize at the outset that a weapon so terrible cannot but
influence.the degree of probability of war for any given period in the future.
But the degree of that influence or the direction in which it operates is by no
means obvious, It has,‘for example, been stated over and over again that the

atomic bomb is par excellence the weapon of aggression, that it weights the

scales overwhelmingly in favor of surprise attack, That if true would indicate
that world peace is even more precarious than it was before, despite the greater
horrors of war. But is it inevitably true? If not, then the effort to make the
reverse true would deserve a high priority among the measures to be pursued,
Thus, a series of questions present themselves, Is war more or less likely

in a world which contains atomic bombs? If the latter, is it sufficiently un-

likely--sufficiently, that is, to give socilety the opportunity it desperately
needs to adjust its politics to its physics? What are the procedures for effect-

ing that adjustment within the limits of our opportunities? And how can we
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enlarge owr opportunities? Can we transpose what appears to be an immediate
crisis into a long-term problem, which presumably would permit the application
of more varied and better-considered correctives than the pitifully few and in-
adequate measures ﬁhich seem available at the moment?
It is precisely in order to answer such guestions that we turn our attention
to the effect of the bomb on the character of war. We know in advahce that war, *
if it occurs, will be very different from what it was in the past, but Wh;t we
want to know is: how different, and in what ways? A study of those questions
should help us to discover the conditions which will govern the pursuit.of wofld
security in the future and the feasibility of proposed measures for furthering
that pursuit. At any rate, we know that it is not the mere existence of ‘the

weapon but rather its effects on the traditional pattern of war which will

paragraph a few specific conclusions concerning the bomb which have evelved as of
that date: "We recognize that the application of recent scientific discoveries to
the methods and practice of war has placed at the disposal of mankind means of
military
destruction hitherto unknown, against which there can be no adequata/defense,
and in the employment of which no single nation can in fact have a monopoly."
This observation, it would seem, is one upon which all reasonable people
would now be agreed. But it should be noted that of the three propositions
presented in it the firstvis either a gross understatement or meaningless, fhe
second has in fact been challenged by.persons in high military authority, and the )
third, while generally admitted.to be true, has nevertheless been the subject of
violently clashing interpretations. In any case, the stétement does not furﬁish
a sufficient array of postulates for the kind of analysis we wish to pursue.

It is therefore necessary to start out afresh and examine the various

features of the bomb, its production, and its use which are of military



N\
\

importance. Presented below are a number of conclusions concerning the

~17-

character of the bomb which seem to this writer to be inescapable. Some of the

eight points listed already enjoy fairly universal acceptance; most do not,

After offering with each one an explanation of why'vhe_ believes it to be true,
™~

the writer will attempt to deduce from these several conclusions or postulates

the effect of the bomb on the character of war.

I. The power of the present bomb is such that any city in the world can be
REEXN. |

effectively destroyed by one to ten bombs.

While this proposition is not likely to evoke much dissent, its immediate
implications have been resisted or ignored by important public officials. These

implications are two-fold.. First, it is now physically possible for air forces

no greater than those existing in the recent war to wipe out all the cities of a

great natioh in a single day-——and it will be shown subsequently that what is

physically possible must be regarded as tactically fe

present industrial organization the elimination of o
elimination for military purposes of practically the whole of our industrial
structure. But before testing these extraordinary implications, let us examine

and verify the original proposition. 2 M a e

mm——
The bomb dropped ocompletely pulverized an area of which the

radius from the point of detonation was about one and one-quarter miles. However,

everything within a radius of two miles was blasted with some burning and between

two and three miles the buildings were about half destroyed. Thus the area of
total destruction covered about four square miles, and the area of destruction
and substantial damage extended over some twenty-seven square miles. The bomb
dropped on Hagasaki, while causing less damage than the Hiroshima bomb because
of the physical characteristics of the city, was nevertheless considerably more
powerful, We have it on Dr. J. Robert Oppenheimer!s authority that the Nagasaki

bomb "would have taken out ten square miles, or a bit more, if there'had been

?
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ten square miles to take out."h From the context in which that statement
appears it is apparent that Dr, Oppenheimer is speaking of an area of total

destruction.

The city of New York is listed in the World Almanac as having an area of

365 square miles. But it obviously would not require the pulverization of every
block of it to make the whole area one of complete chaos and horror, Ten Well-
placed bombs of the Nagasaki type would eliminate thgt city as a contributar to
the national economy, whether for peace or war, and convert it instead into a
catastro?he area in dire need of relief from outside. If the figure of ten

bombs be challenged, it need only be said that it would make véry little:
difference militarily if twice that number of bombs were required, Similarly, it
would be a matter of relative indifference if the power of the bomb were so in-
creased as to require only five to do the job. Increase of power in the indi-

vidual bomb is of especially little moment to cities-pf small or medium size,

K ~
~ 2

which would be wiped out by one bomb each whethé% that;'omb were of the Nagasaki
type or of fifty times as much power. No conce;;§g¥é’$Zriation.in the power of
the atomic bomb could compare in importance with the disparity in power between
atomic and previous types of explosives,

The condition at this writing of numerous cities in Furope and Japan
sufficiently underlines the fact that it does not require atomic bombs to enable
man to destroy great cities. TNT and incendiary bombs when dropped in sufficient
quantities are able to do a quite thorough job of it. For that matter,.it should
be pointed out that a single bomb which contains in itself the concentrated
energy of 20,000 tons of THT is by no means equal in destructive effect to that
number of tons of TNT distributed among bombs of one or fwo tons each, The

destructive radius of any one bomb increases only with the cube root of the

L. "Atomic Weapons and the Crisis in Science," Saturday Review of Literature,
November 2L, 1945, p. 10.

N9
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explosive energy released, and thus the very concentration of power in the atomic
bomb detracts from its overall effectiveness. The bomb must be detonated from an
altitude of at least 1,000'feet if the full spread of its destructive radius is
be to realized, and much of the blast energy is absorbed by the air above the
target. But the sum of initial energy is quite enough to afford suchrlosses.

If should be obvious that there ié much more than a logistic difference
involved between a situation where a single plane sortie can cause the destruction
of a city like Hiroshima and one in which at least 500 bomber sorties are re-
quired to do the same job. Nevertheless, certain officers of the U. 5. Army Air
Forces, in an effort to "deflate" the atomic bomb, have observed publicly enough
to have their comments reported in the press that the desfruction wrought at
Hiroshima could have been effected by two days of routine bombing with ordinary
bombs. Undoubtedly so, but the 500 or more bombers needed to do the job under
those circumstances would if they were loaded with atomic bombs be physically
capable of destroying 500 or more Hiroshimas in the same interval of time. That
observation discounts certain tactical considerations, fhese will be taken up
in due course, but for the moment it is sufficient to point out that circumstances
do arise in war when it is the physical carrying capacity of the bombing vehicles

rather than tactical considerations which will determine the amount of damage

done.

II. No adequate defense against théuqub,éxists, and the possibilities of
"

- 1ts existence in the future are exceedingly remote.

This proposition requires little supporting argument in so far as it is a
statement of existing fact. But that part of it which involves a prediction for )
the future conflicts with the views of most of the high-ranking military officers
who have ‘ventured opinions on the implications of the atomic bomb, HNo layman can
with equanimity differ from the military in theif own field, and the present

writer has never entertained the once-fashionable view that the military do not

know their own business. But, apart from the question of objectivity concerning
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professional interests——in which respect the record of the military profession
is neither worse nor better than that of other professions—the fact is that the
military experts have based their aréuments mainly on presumptions gleaned from
a field in which they are generally not expert, namely, military history.
History is at best an imperfect guide to the future, but when imperfectly under-
staod and interpreted it is a menace to sound judgment.

The defense against hostile missiles in all forms of warfare, whether on
land, sea, or in the air, has thus far depended basically on a combination -of,
first, measures to reduce the number of missiles thrown or to interfere with
their aim (i.e., defense by offensive measures) and, secondly, ability to absorb
those which strike. To take an obvious eﬁample, the large warship contains in
itself and in its escorting air or surface craft a volume of fire power which
usually reduces and méy even eliminate the blows of the adversary. Unlike most
targets ashore, it also enjoys a ﬁobility which enables it to maneuver evasively
under éttack (which will be of no value under afomic bombs),., But unless the
enemy is grotesquely inferior in stremgth, the ship's ability to survive must

ultimately depend upon its compartmentation and armor, that is, on its ability to

absorb punishment,

idon, wag defended against the German

The same is true of a large city. La
V-1 or "buzz-bomb" first\by concerted bombing attacks uponvthe German experimental
stations, industrial plants, and launching sites, all of which delayed the V-1
attack and undoubtedly greatly reduced the number of missiles ultimately launched.
Those which wére nevertheless launched were met by a combination of fighter
planes, antiaircraft guns, and barrage balloons. Towards the end of the eighty-
day period which covered the main brunt of the attack, some 75 ber cent of the
bombs launched were being brought down, and, since many of the remainder were

inaccurate in their flight, only 9 per cent were reaching Londonﬁ; These London

5. Duncan Sandys, Report on the Flying Bomb, pamphlet issued by the British In-
formation Services, September, 1944 p. 9.

=<4
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was able to "absorb"; that is, there were caéualties and damage but no serious
impairment of the vital services on which depended the city's 1life and its
ability to serve the war effort,

It is precisely this ability to absorb punishment, whether one is speaking
of a warship or a city, which seems to vanish in the face of atomic attack., For
almost any kind of target selected, the so-called "static defenses" are defenses
no longer. For the same reason too, mere reduction in the number of missiles
which strike home is not sufficient to save the target, though it may have some™
effect on the enemy's selection of targets, The defense of London against V-1
was considered effective, and yet in e%ghty days some 2,300 of those missiles hit
the city. The record bag was that of August 28, 1944, when out of 101 bombs
which approached England 97 were shot down and onlj four reached London, But if
those four had been atomic bombs, London survivors would not have considered the
record good, Refore we can speak of a defense against atomic bombs being effec-

tive, the frustration of the attack for any given target area must be complete.

Neither military history nor an analysis of present trends in military

technology leaves appreciable room for hope that means of completely frustrating

attack by aerial missiles will be developed.

- 1

\v F'L ’ .
In his speech before the Washington Honumeﬁt@ggfgc%ober 5, 195, Fleet

Admiral Chester V. Nimitz correctly cautioned the American people against leap-
ing to the conclusion that the atomic bomb had made armies and navies obsolete.
But he could have based his cautionary note on better grounds than he in fact
adopted., "Before risking our future by accepting these ideas at face value," he
said, "let us examine the historical truth that, at least up to this time, there
has never yet been a weapon against which man has been unable to devise a counter-

Weapon or a defense.6

6. For the text of the speech see the New York Times, October 6, 1945, p. 6. See
also the speech of President Truman before Congress on October 23, 19L5, in
which he said: "Every new weapon will eventually bring some counter-defense
against it."

Rt an
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Apart from the possible irrelevancj for the future of this observation—
against which the phrase "at least up to this time" provides only formal pro-
tection—the fact is that it is not historically accurate. A casual reading of
the history of military technology does, to be sure, encourage such a doctrine.
The naval shell gun of 1837, for example, was eventually met with irop armor, and
the iron armor in turn proyoked the development of the "bujilt—up!" gun with
greater penetrating power; the submarine was countered with the hydrophone and
supersonic detector and with depth charges of various types; the bombing airplane
accounted for the development of the specialized fighter aircraft, the highly
perfected antiaircraft gun, and numerous ancillary devices. So j:t hz_xsvé.lways
been, and the tendency is to argﬁé that so it always will be. |

In so far as this doctrine becomeé dogma and is applied to the atomic bomb,
it becomes the most dangerous kind of :Lllus:Lon:"'“H@\ have alrea.dy seen that the
defense against the V-1 was only relativel, “fffev‘blye , and something approaching
much closer to perfect effectiveness would ha’nh’b'én necessary for V-1 missiles
carrying atomic bombs. As a matter of fact, the defense against the V-2 rocket \;
were of practically zero effectiveness, and those who know most about it admit '
that thus far there has been no noteworthy progress against‘ the v-2.7

These, to be sure, were new weapons. But what is the stoﬁ of the older
weapons? After five centuries of the use of hand arms with fire-provpelled )
missiles, the large numbers of men killed by comparable arms in the recent war
indicates that no adequate answer has yet been found for the bullet. 8 / Ordvlnary
TNT, whether in shell, bomb, or torpedo, can be "countered" to a degree by the

dispersion of targets or by various kinds of armor, but the enormous destruction

-
wrought by this and comparable explosives on land, sea, and in the air in Vorld %
i

4
o
fz

22, 1945, p. 70L. Professor Getting played a key part in radar development
for antiaircraft work and was especially active in measures taken to defend
London against V-1 and V-2.

8. The new glass-fiber body armor, "Doron," will no doubt prove useful but is
not expected to be of more than marginal effectiveness.

7. See Ivan A. Getting, "Facts About Defense," Nation, Special Supplement, Dec. 3
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War II is an elogquent commentary on the limitations of the defenses, The 3 -
British following the first World War thought they had in their "Asdic! and

depth charges the complete answer to the U-boat, but an only slightly improved

U-boat succeeded in the recent war in sinking over 23 million gross tons of ) ,g

shipping. So the story might go on endlessly. It has simply become customary ;%-
‘to consider an "answer!" satisfactory when it merely diminishes or qualifies the X ;{
effectiveness of'the weapon against which it is devised, and that kind of custom

will not do for the atomic bomb. N

o &Y
‘e =\ -
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Despite such statements as that of Canaéi?n General A. G. L. McNaughton
that means with which to counter the atomic g;;%z%§;{already "eclearly in‘sight,"9
it seems pretty well established that there is no specific reply to the bomb,

The physicists and chemists who produced the atomic bomb are apparently unanimous
on this point: that while there was a scientific éonSensus long before the atomic
bomb existed that it could be prodﬁced, no comparable opinion is entertained
among scientists concerning their chances of devising effective counter-measures.
The bomb itself is as free from direct interference of any kind as is the
ordinary bomb, When the House Naval Affairs Committee circulated a statement
that electronic means were already available for exploding atomic bombs "far
short of their objective without the necessity of locating theif position,"lo
scientists qualified to speak promptly denied this aSsertion and it was even
disowned by its originators.

Any active defense at all must be along the lines of affecting the carrier,
and we have already noted that even when used with the relatively vulnerable
airplane or V-1 the atomic bomb poses'whoily new problems for the defense. A
nation which had develdped strong defénses against invading aircraft, which had

found reliable means of interfering with radio-controlled rockets, which had

9. New York Herald Tribune, October 6, 1945, D. T«

10. New York Times, October 12, 1945, p, 1.
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developed highly efficient counter-smuggling and counter-sabotage agencies,

and which had dispersed through the surrounding countryside substantial portions
of the industries and populations normally gathered in urban communities would
obviously be better prepared to resist atomic attack than a nation which had
either neglected or found itself unable to do these things, But it would have

only a relative advantage over the latter; it would still be exposed to fear-

ower,

e

ful destruction, Ry

In any case, technological progress is notiiéﬁgbzylo be confined to
measures of defense., The use of more perfect vehicles and of more destructive
bombs in greater quantity might very well offset any gains in defense, And the
bomb already has a fearful lead in the race,

Random and romantic reflections on the miracles which science has already
wrought are of smell] assistance in our speculations on future trends, World
Yiar II saw the evolution of numerous instruments of war of truly startling
ingenuity. But with the qualified exception of the atomic bomb itself (the
basic principle of which was discovered prior to but in the same year of the
outbreak of war in Burope), all were simply mechandial adaptations of scientific
principles which were well known long before the war, It was no doubt a long
step from the discovery in 1922 of the phenomenon upon which rad%r is based to
the use of the principle in an antiaircraft projectile fuse, but here too
realization that it might be so used considerably antedated the fuse itself.

The advent of a "means of destruction hitherto unknown"-- to quote the
Truman-Attlee-King statement—--is certainly not new, The steady improvement of
weapons of war is an old storﬁ; and the trend in that direction has in recent
years been accelerated., But thus far each new implement has, at least initially,
been limited enough in the scope of its use or in its strategic consequences

to permit some timely measure of adaptation both on the battlefield and in the

minds of strategists and statesmen, Iven the most "revolutionary" developments

-y
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of the past seem by contrast with the atomic bomb to have been minor steps in a
many-sided evolutionary process., This process never permitted any one invention
in itself to subvert or even to threaten for long the previously existing
equilibrium of military force, Any startling innovation either of offense or
defense provoked some kind of answer in good time, but the answer was rarely
more than a qualified one and the end result was usually a profound and
soﬁetimes a politically significant change in the methods of waging war,

¥ith the introduction, however, of an explosive agent which is several

) N ———

Egllion times more potent on a pound for pound basis than the most cherful

explosives previously known, we have a change of quite another character, The
factor of increase of destructive efficiency is so great that there arises at

once the strong presumption that the experience of the past'concernigg_eventual

adjustment might just as well be thrown out the window, Far from being some-

thing which merely "adds to the complexities of field commanders," as one
American military authority put it, the atomic bomb seems so far to overshadow

any military invention of the past as to render comparison ridiculous,

o %
o (%3

2

III. The atomic bomb not only places an exiraggaina military premium upon

the development of new types of carriers but also greatly extends the destructive

range of existing carriers,

World War II saw the development and use by the Germans of rockets capable
of 220 miles range and carrying approximately one ton each of TNT, Used against
London, these rockets completely baffled the defense, But for single-blow
weapons which were generally inéccurate at long distances even with radio control,

they were extremely expensive, It is doubtful whether the sum of economic

11, For a discussion of developing naval technology over the last hundred
years and its political significance see Bernard Brodie, Sea Power in the
Machine Age, Princeton, N.J., 2nd, ed. 19L3.
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damage done by these missiles equalled the expenditure which the Germans put

into their development, production, and use, At any rate, the side enjoying

command of the air had in the airplane a much more economical and longer-range

instrument for inflicting damage on enemy industry than was available in the

rocket, The capacity of the rocket-type projecﬁile to strike without warning

in all kinds of weather with complete immunity from all known types of defenses

guaranteed to it a supplementary thoﬁgh subordinate role to quber—type'aircraft.

But its inherent limitations, so long as it carried only chemical exploéives,

were sufficient to warrant considerable reserve in predictions of its future

St ey ('\
c¢evelopment, s <
i <
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However, the power of the new bomb completeliﬁfifsrs the considerations

e

e

which previously governed the choice of vehicles and the manner of using them,

A rocket far more eléborate and expensive than the V-2 used by the Germans is
still an exceptionally cheap means of bombarding a country if it can carry in
its nose an atomic bomb., The relative inaccuracy of aime-whiéh continued
research will no doubt reduce--is of much diminished consequence when the radius

of destruction is measured in miles rather than yaerds., A4nd even with exiSting

e

fuels such as were used in the German V-2, it is theoretically feasible to

produce rockets capable of several thousands of miles of range, thybugh the

P T s AT
problem of controlling the flight of rockets over such distances is greater

than is generally assumed,
Of more immediate concern than the possibilities of rocket development,

however, is the enormous increase in effective bombing range which the atomic

bomb gives to existing types of aircraft, That it has this effect becomes
evident when one examines the various factors which determine under ordinary--
that is, non-atomic bomb-~conditions whether a bombing campaign is réturning

military dividends. First, the campaign shows profit only if a large proportion

~Tm
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of the planes, roughly 90 per cent or more, are returning from individual

strikes.12 Otherwise onetls airiforce may diminish in magnitude more rapidly
ﬁhan.the enemy's capacity to fight. Tach plane load of fuel must therefore cover
a two-way trip, allowing also a fuel reserve for such contingencies as adverse
winds and combat action, thereby diminishing range by at least one-half from

the theoretical maximum,

But the plane cannot be entirely loaded with fuel, It must(also carry
besides its crew a heavy load of defensive armor and arnament, Above all, it
must carry a sufficient load of bombs to make the entire sortie worth while--a
sufficient load, that is, to warrant attendant expenditures in fuel, engine
maintenance, and crew fatigue, The longer the distance éovered, the smaller the
bomb load per sortie and the longer the interval between sorties. To‘load a

plane with thirty tons of fue%mind onlz two tons of bombs, as we did in our

first B-29 raid on Japan, will not do for a systematic campaign of strategic
bombing, One must get closer to the target and thus transfer a greater propor-

tion of the carrying capacity from fuel to bombs.13 What we then come out with

12. The actual figure of loss tolerance depends on a number of variables, includ-
ing replacement rate of planes and crews,morale factors, the military value of

the damage being inflicted on the enemy, and the general strategic position at the
moment, The 10 per cent figure used for illustration in the text above was favored
by the war correspondents and press analysts during the recent war, but it must

not be taken too literally,

13. It should be noticed that in the example of the B-29 raid of June 15, 19k,
cited above, a reduction of only one-fourth in the distance and therefore in the
fuel load could make possible (unless the plane was originally overloaded) a
tripling or quadrupling of the bomb load, Something on that order was accomplish-
ed by our seizure of bases in the Mariannas, some 300 miles closer to the target
than the original Chinese bases and of course much easicr supplied, The utility
of the Mariannas bases was subscquently 'enhanced by our capture of Iwo Jima and
Okinawa, which served as emergency landing fieclds for returning B-29s and also

as bases for escorting fighters and rescue craft., Towards the end of the campaign
we were dropping as much as 6,000 tons of bombs in a single raid on Tokyo, there-
by assuring ourselves high military dividends per sortie investment.

-2
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is an effective bombing range less than one-fourth the straight-line cruising
radius of the plane under optimum conditions., In other words a plane capable,

without too much stripping of its equipment, of a 6,000-mile non-stop flight

‘would probably have an effective bombing range of substantially less than
S

1,500 miles, | D
With atomic bombs, however, the consideé%éijifjgbscribed above which so
severely limit bomb range tend to vanish, Therélls no question of increasing
the number of bombs in order to make the sortie profitable. One per plane is
quite enough. The gross weight of the atomic bomb is secret, but even if it.
weighed two to four tons it would still be a light load for a B-29, It would
certainly be a sufficient pay load to warrant any conceivable military expéndin
ture on a single sortie, The next step then becomes apparent, Under the
callously utilitarian standards of military bookkeeping, a plane and its crew
can very well be sacrificed in order to deliver an atomic bomb to an extreme
distance, We have, after all, the recent and unforgettable experience of the
1L

Japanese Kamikaze, Thus, the plane can make its entire flight in one direction,
and its range would be almost as great with a single atomic bomb as it would be
with no bomb load whatever, The non-stop flight during November 19L5 of a B-29

from Guam to Washington, D.C., almost 8,200 statute miles, was in this respect
e = S N N )

1Lk, On several occasions the U. S, Army Air Forces also demonstrated its will-
ingness to sacrifice availability of planes and crews-——though not the lives of
the latter—in order to carry out specific missions, Thus in the Doolittle raid
against Japan of April 1942, in which sixteen Mitchell bombers took off from the
carrier Hornet it was known beforehand that none of the planes would be recovered
even if They succeeded in reaching China (which several failed to do for lack of
fuel) and that the members of the crews were exposing themselves to uncommcn
hazard, And the cost of the entire expedition was accepted mainly for the sake
of dropping 16 tons of ordinary bombs} Similarly, several of the Liberators which
bombed the Ploesti oil fields in August 1943 had insufficient fuel to return to
their bases in Horth Africa and, as was foreseen, had to land in neutral Turkey
where planes and crews were interned,
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more than a stunt., It was a rough indication of “the“extreme effective bombing

range with atomic bombs of types of aircraft already in use.15

Under the conditions just described, any world power is able from bases
within its own territories to destroy all the cities of any other world power,
It is not necessary, despite the assertions to the contrary of various naval and
political leaders including President Truman, to selze advanced bases close to
enemy territory as a prerequisite to effective use of the bomb.16 The lessons of
the recent Pacific war in that respect are not merely irrelevant but misleading,
and the effort to inflate their significance for the future is only one example .
of the pre-atomic thinking prevalent today even among people who understand fully
the power of the bomb, To recognize that power is one thing; to draw out its \g
full strategic implications is quite another.

The facts just presented do not mean that distance loses all its importance
as a barrier to conflict between the major power centers of the world, It would:£‘=
still loom large in any plans to consolidate an atomic bomb attack by ra@id

-

invasion and occupation, It would no doubt also influence the success of the :

bomb attack itself., Rockets are likely to remain of lesser range than aircraft .‘iés

and less accurate near the limits of their range, and the weather hazards which °3 3

¢

still affect aircraft multiply with distance, Advanced bases will certainly noﬂﬁg &
~N

be valueless., But it is nevertheless a fact that under existing technology the

distance separating, for example, the Soviet Union from the United States offers

no direct .immunity to either with respect to atomic bomb attack, though it does

15. See New York Times, November 21, 1945, p. 1. It should be noticed that the
plane had left about 300 gallons, or more than one ton, of gasoline upon landing
in Washington. It was of course stripped of all combat equipment (e.g., armor,
guns, ammmmnition, gun-directors, and bomb-sights) in order to allow for a greater
gasoline load, Planes bent on a bombing mission would probably have to carry
some of this equipment, even if their own survival was not an issue, in order to
give greater assurance of their reaching the target.

16. . . .
6 See President Truman's speech before Congress on the subject of universal
military training, reported in the New York Times, October 2L, 1945, p. 3.
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so for all practical purposes with respect to ordinary bombs , 7
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IV. Superiority in air forces, though a more:effective safeguard in itself than

superiority in naval or land forces, neverthe ails to guarantee security.

This proposition is obviously true in the case of very long range rockets,
but let us continue to limit our discussion to existihg carriers. In his Third

Report to the Secretary of War, dated November 12, 19L5, General E. H. Arnold,

comnanding the Army Air Forces, made the following statement: "Meanwhile Ede.,
until very long range rockets are developeéa, the only known effective means of
delivering atomic bombs in their present stage of development is the very heavy
bomber, and that is certain of success only when the user has air superiority:"l8
This writer feels no inclination té guestion CGeneral Arnold's authority on
matters periaining to air combat tactics. However, it is pertinent to ask just
what the phrase "certain of success" means in the sentence just quoted, or
rather, how much certainty of success is necessary for each individual bomb be-.
fore.an atomic bomb attack is considered feasible. In this respect one gains
some insight into what is in General Arnold's mind from a sentence which occurs
somewhat earlier on the same page in the Report: "Further, the great unit cost
of the atomic bomb means that as nearly as possible every one mpst be delivered
to its intended target." IHere is obviously the major premise upon which the con-
clusion above quoted is based, and one is not disputing General Arnold's judgment

in the field of his own specialization by examining a premise which lies wholly

outside of it,

7. Colonel Clarence S. Irvine, who cormmanded the plane which flew non-stop from
Guam to Washington, was reported by the press as declaring that one of the
objects of the flight was "to show the vulnerability of our country to enemy
air attack from vast distamees." WNew York Times, November 21, 1945, p. 1.

18. See printed edition of the Report, p. 68. In the sentence following the one
quoted, General Arnold adds thal this statement is "perhaps true only temporarily,"
but it is apparent from the context that the factor he has in mind which might
terminate its "truthfulness" is the development of rockets comparable to the V-2
but of much longer range. The present discussion is not concerned with rockets

at all,
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When the bombs were dropped on Hiroshima “H.Nag45aki in August 1945, there

nt

were undoubtedly very few such bombs in existen “aswhiéh would be reason enough

Y

for considering each one precious regéfdless of cost. But their development

and production up to that time amounted to some 2 billions of dollars, and that

figure would have to be divided by the number made to give the cost of each.

If, for example, there were 20 in eiistence, the unit cost would have to be

reckoned at $100,000,000, That, indeed, is a staggering sum for one missile,

being approximately equivalent to the cost of one Eggg class battleship., It is

quit; possible that there were fewer thanizo at that time, and that the unit

cost was proportionately higher. For these and other reasons, including the

desirability for psychological effect of making certain that the initial demon-

stration should be a compiete success, one can understand why it was then con-

sidered necessary, as General Arnold feels it will remain necessary, to "run a

large air operation for the sole purpose of delivering one or two atomic bombs."19
But it is of course clear that as our existing plant is used for the pro-

duction of more bbmbs-—and it has already been revealed that over three-fourths

of the 2 billion dollars went into capital investment for plants and facilities?©

~-the unit cost will decline, Professor Oppenheimer has estimated that even with

existing techniques and facilities, that is, allowing for no improvements whatever

9. Ibid., p. 68.

20. According to the figures provided the Macliahon Committee by Major General
Leslie R. Groves, the total capital investment spent and committed for plants
and facilities as of June 30, 1945 was $1,595,000,000, Total operating costs
up to the time the bombs were dropped in August were $L05,000,000. The .
larger sum is broken down as follows:

Manufacturing facilities alone $1,242,000,000
Research 186,000,000
Housing for workers 162,500,000
Workmen's compens@tion and medical care--— 4,500,000

Totalem——m—=—§1, 595,000, 00

One might question the inclusion of the last item as a part of "capital invest-
ment,"” but it is in any case an insignificant portion of the whole.
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in the production processes, the unit cost of the bomb should easily descend to

something in the neighborhood of $1,0oo,ooouﬁiﬁ;::%

Now a million dollars is a large sum ofzoney for any purpose other than
°yy

2

\

——
L1

war. Just what it means in war may be gaugsd by the fact that it amounts to
substantially less than the cost of two fully equipped Flying Fortresses (B-1Ts,
not B-29s), a considerable number of which were expended in the recent war
without waiting upon situations in which each sortie Wwowld be certain of success.
The money cost of the war to the United States was sufficient to have paid for
2 or 3 hundred thousand of ovr million dollar bombs., It is evident, therefore,
that in the future it will not be the unit cost of the bomb but the number of
bombs actually available which will determine the acceptable wastage in any ,(P
atomic bomb attack,2? |

Thus, if Country A should have ayailable 5,000 atomic bombs, and if it
should estimate that 500 bon'1bs dropped on the cities of Country P would practi-
cally eliminate the industrial plant of the latter nation, it could afford a

wastage of bombs of roughly 9 to 1 to accomplish that result. IS its estimate

should prove correct and if it launched an attack on that basis, an expenditure '

of only 5 billions of dollars in bombs would give it an advantage so incon-
cievably overwhelming as to make easy and quick victory absolutely assured-—
provided it was able somehow to prevent retaliation in kind., The importance of

the latter proviso will be elaborated in the whole of the following chapter.

2Le 15c. cit., p. 20.

22. This discussion recalls the often repeated canard that admirals have been
cautious of risking battleships in action because of their cost. The 13 old
battleships and 2 new ones available to us just after Pearl Harbor reflected no
preat money value,but they were considered precious because they were scarce and
irreplacable, Later in the war, when new tattleships had joined the fleet and
when we had eliminated several belonging to the enemy, no batileships were
withheld from any naval actions in which they could be of service. Certainly
they were not kept out of the dangerous waters off Normandy, Leyte, Luzon, and
Okinawa,
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liearwhile it should be noted that the figure of 5,000 bombs cited above is, as
will shortly be demonstrated, by no meéns an impossible or extreme figufe for
any great power which has been producing atomic bombs over a period of ten or

fifteen years,

To approach the same point from another

from naval warfare, The commander of a battleship will not consider the money
cost of his lé~inch shells (perhaps $3,000 each at the gun's breech) when en-
gaging an enemy battleship. He will not hesitate, at least not for financial
reasans, to open fire at extreﬁe range, even if he can count on only one hit in
thirty roun@s. The only consideration which could give him pause would be the
Tear of exhausting his armor-piercing ammunition before he has sunk or dis-
abled the enemy ship. The cost of each shell, to be sure, is muﬁh smaller than
the cost of one atomic bomb, but the amount of damage each hit accomplishes is
also smaller--~disproportionately smaller by a wide margin,

In calculations of acceptable wastage, the money cost of a weapon is usually
far overshadowed by considerations of availability; but in. so far as it does
enter into those calculations, it must be weighed against the amount of damgge
done the enemy with each hit., A million dollar bomb which can do a billion
dollars worth of damage--and that is a conservative figure--is a very cheap

icsile indeed. 1In fact, one of the most fréightening things about the bomb is
that it makes the destruction of enemy cities an immeasurably cheaper process
than it was before, cheaper not alone in terms of missiles but also in terms of
the air forces nececsary to do the job, Provided the nation using them has
enough such bombs available, it can afford a large number of misses for each
hit obtained.

To return to General Arnold!s cobservation, we know from the experience of
the recent war that very inferior air forces can penetrate to enemy targets if
they are willing to make the necessary sacrifices. The Japanese aircraft which

Y

raided Pearl Harbor were considerably fewer in number than the American planes

o
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available at Pearl Harbor, That, to be sure, was a surprise attack preceding
declaration of hostilities, but such possibilities must be taken into account
for the future, At any rate, the Japanese air attacks upon our ships off
Okinawa occurred more than 3 years afier the opening of hostilities, and there
the Japanese, who were not superior in numbers on any one day and who did indeed
lose over 4,000 planes in 2 months of battle, nevertheless succeeded in sinking
or damaging no fewer than_EEE.American warships, For that mattef, the British
were effectively raiding targets deep in Germany, and doing so without suffer-
ing great casualties, long before they had overtaken the German lead in mmbers

of gircraft, The war has demonstrated beyond the shadow of a doubt that the sky

is much too big to permit one side, however superior;to shut out enemy aircraft
7l LAY
(& A

[ ~
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completely from the air over its territorieq.

The concept of "command of the air," which hé‘ used altogether too
loosely, has never been strictly analogous to that of "command of the sea,"

The latter connotes something approaching absolute exclusion of enemy surface
craft from the area in question., The former suggests only that the enemy is
suffering losses greater than he can afford, whereas one!s own side is not.

But the appraisal of tolerable losses is in part subjecgive, and is also affected
by several variables which may have little to ao with the number of planes downed.
Certainly the most important of those variables is the amount of damage being
inflicted on the bombing raids, An air force which can destroy the cities in a
given territory has for all practical purposes the fruits of command of the air,

regardless of its losses,

Suppose, then, one put to the Army Air Forces the following question: If
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3,000 enemy bombers flying simutaneously but individually (i,e,, completely

sca.t‘oered)23 invaded our skies with the intention of dividihg between them as
targets most of the 92 American cities which contain a population of 100,000 or
over (embracing together approximately 29 per cent of our total population), if
each of those planes carried an atomic bomb, and if we had 9,000 alerted fight-
ers to oppose them, how much guarantee of protection could be accorded those
cities? The answer would undéubtedly depend on a number of technical and
geograpﬁic variables, but under present conditions it seems to this writer all

too easy to envisage situations ih which few of the cities selected as targets
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would be-spared overwhelming destruction,

That superiority which results in the so—égigggdpgommand of the air" is
undoubtedly necessary for successful strategic bombing with qrdinary bombs, where
the weight of bombs required is so great‘that the same planes must be used over
and over again, In a sense also (though one must register some reservations .
about the exlusion of other arms) General Arnold is right when he says of atomic
bomb attack: "For the moment, at least, absolute air superiority in being at all
times, combined with the best antiaircraft ground devices, is the only form of
defense that offers any security whatever, and it must continue to be an

essential part of our security program for a long time to com.e."E)4 But it must be

23. The purpose of the scattering would be simply to impose maximum confusion on
the superior defenders, Some military airmen have seriously attempted to dis-
count the atomic bomb with the argument that a hit upon a plane carrying one
would cause the bomb to explode, blasting every olfher plane for at least a mile
around out of the air. That is not why formation flying is rejected in the
example above, Ordinary bombs are highly immune to such mishaps, and from all
reports of the nature of the atomic bomb it would seem to be far less likely to
undergo explosion as a result even of a direct hit.

2L, Ibid,, p. 68,
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added that the "only:form of defense that offers any security whatever" falls
far short, even without any consideration of rockets, of offering the already
qualified kind of security it formerly'offergd.

V. Superiority in numbers of bombs is not in itself a guarantee of strategic

superiority in atomic bomb warfare,

Under the technical conditions apparently prevailing today, and presumably
likely to continue for some time to come, the primary targets for the atomic
bomb will be cities, One does not shoot rabbits with elephant guns, especially
if there are elephants available, The critiéal mass conditions to which the
" “bomb is inherently subject place the ﬁiminum of destructive énergy of the
individual unit at far too high a level to warrant its use against any target
where enemy strength is not already densely concentrated, Indeed, there is
little inducement to the attacker to seek any ot?er kind of target, If one side
can eliminate the cities of the other, it enjoys an advantage which is practically
tantamount to final victory, provided always its omn cities are not similarly

AT ey

eliminated, i =\

The fact that the bomb is inevitably.,a weapon of indiscriminate destruction
will carry no weight in any war in which it is used, Even in World Viar II, in
which the bombs used could to a large extent isclate industrial targets from
residential districts within an urban area, the distinctions imposed by inter-
national law between "military" and “non;military" targets disintegrated

) 25
entirely,

How large a city has to be to provide a suitable target for the atomic

25, This was due in part to deliberate intention, legally permitted on the Allied
side under the principle of retaliation, and in part to a desire of the respective
belligerents to maximize the effectiveness of the air forces available to them,
"Precision bombing" was always -a misnomer, though some selectivity of targets was
possible in good weather. However, such weather occurred in Europe considerably
less than half the time, and if the strategic air forces were not to be entirely
grounded during the remeining time they were obliged to resort to "area bombing,"
Radar, when used, was far from being a substitute for the human eye, )
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bomb will depend on a number of variables—the ratio of the number of bombs
available to the number of cities which might be hit, the wastage of bombs in
respect to each target, the number of bombé which the larger cities can absorb
before ceasing to 5e profitable targets, and, of course, the precise characteristice
and relative accessibility of the individual city, Most important of all is the
place of the particular city in the nation's economy, We can see at once that it
does not require the obliteration of all its towns to make a nation wholly incapable
of defending itself in the traditional fashion, Thus, the mumber of critical
targets is quite limited; and the number of hits necessary to win a strategié.,
decision--always excepting the matter of retaliation--is correspondingly limited,
That does not mean that additional hits would be useless but simply that diminsh-
ing returns would set in early; and after . the cities of say ld0,000 population

were eliminated the retwrns from additigngl\&ombs expended would decline drasti-

cally. fi “é\

ahl D

We have seen that one has to allowtfgg_paétage of missiles in warfare, and
the more missiles one has the larger the degree of wastage which is acceptable.
lioreover, the number of bombs available to a victim of attack will always bear
to an important degree on his ability to retaliate, though it will not itself
determine that ability. But, making due allowance for these considerations, it
appears that for any conflict a specific number of bombs will be useful to the
side using it, and anything beyond that will be luxury. What that specific
nunber would be for any given situation it is wholly impossible to determine.
But we can say that if 2,000 bombs in the hands of either party is enough to
destroy entirely the economy of the other, the fact that one side has 6,000 and
the other 2,000 will be of relatively small significance.

We cannot, of course, assume that if a race in atomic bombs develops each
nation will be content to limit its production after it reaches what it aséumes

to be the critical level. That would in fact be poor strategy, because the

actual critical level could never be precisely determined in advance and all

Ay
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sorts of contingencies would have to be provided for., Moreover, nations wiil be
eager to make whatever political capital (in the narrowest sense of the term)
can be made out of superiority in numbers, But it nevertheless remains true

that superiority in numbers of bombs does not endow its possesor with the kind of

',' ™ 'Lq, "‘?1

and air forces, ‘ . (o Yo, AT <
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VI. The new potentialities which the atomic bomb gives to sabotage, must not

military securlty whlch erly;iesult from szﬁgr*orﬂty %n armles, navies,

be overrated,

With ordinary explosives it was hitﬁ%gyo physically irmossible for agents
to smuggle into another country, either priof to or during hostilities, a
sufficient quantity of materials to blow up more than a very few specially chosen
ébjectives, The possibility of really serious damage to a great power resulting
from such enterprises was practically nil. A wholly new situation arisés, hov=
ever, where such materials as U-235 or Pu-239 are employed, for only a few pounds
of either substance is sufficient, when used in appropriate engines, to blow up
the major part of a large city, Should those possibilities be developed, an
extraordinarily high premium will be attached to national competence in sabotage
on the one hand and in counter-sabotage on the other. The F,B.I. or its counter-
part would become the first line of national defense, and the eﬁcroachment on
civil liberties which would necessarily follow would far exceed in magnitude
and pervasiveness anything which democracles have thus far tolerated in peace~
time, ‘

However, it would be easy to exaggerate the threat inherent in that situa-

tion, at least for the present, From various hints contained in the Smyth Report

26. Henry D, Smyth, Atomic Inergy for Jiiitary Purposes, The Qfficial Report on
the Development of the Atomic Bomb under the Auspices of the United States .
Government, 19L40-19L5 Princeton University Press, paragraphs 12,9-12.22,

T
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and elsewhere,27 it is clear that the engine necessary for utilizihg the éxplosive,
that is, the bomb itself, is a highly intricate and fairly massive mechanism,
The massiveness is not something which we can expect future research to diminish,
It is inherent in the bomb, The mechanism and casing surrounding the explosive
~element must be heavy enough to act as a "tamper," that is, as a means of holding
the explosive‘substance together until the reaction has made substan£i§l Progress,
Otherwise the materials would fly apart before the reaction was fairly begun,

And since the Smyth Report makes it clear that it is not the tensile strength

- of the tamper but the inertia due to mass which is important, we need expect no

particular assistance from metallurgical advances,

The designing of the bomb apnarently involved sgfi-ff/yhe major problems
c¢f the whole "Manhattan District! proaect The laboratory at Los Alamos was
devoted almost exclusively to solving those problems, some of which for a time
looked insuperable, The former director of that laboratory has stated that ﬁhe
results of the research undertakenthere required for its recording a book of
some fifteen volumes.29 The detonation problem is not even remotely like that of
any other expiosive. It requires the bringingtozether instantaneously in perfect

union of two or more subcritical masses of the explosive material (which up to

27« General Arnold, for example, in his Third Report to the Secretary of War
asserted that at present the only effective means of delivering the atomic bomb
is the "very heavy bomber." See printed edition, p. 58.

28, One might venture to speculate whether the increase in power which the atomic
bomb is reported to have undergone since it was first used is not due to the use
of a more massive tamper to produce a more complete reaction, If so, the bomb
has been increasing in weightrather than the reverse,

20 Robert J. Oppenheimer, loc. cit., p.‘9.
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that moment must be insulated from each other) and the holding together of the
combined mass until a reasonable proportion of the uranium or plutonium atoms
have undergone -fission, A little reflection will indicate that the mechanism

which can accomplish this must be ingenious and elaborate in the extreme, and

certainly npt one which can be slipped into a suit case, o

;égfectihg the atomic

<

It is of course possible that a nation intent upon

bomt as a sabotage instrument could work out a much simpler device, Perhaps
the essential mechanism could be broken down into smail component parts such
as are easily smuggled across national frontiers, the essential mass being
provided by c;ude materials available locally in the target area, Those familiar
with the present mechanism do not consider such an eventuation likely, And if
it required the smuggling of whole bémbs, that too is perhaps possible., But the
chances are that if two or three were successfully introduced into a country by
stealth, the fourth or fifth ﬁould be discovered, Our federal police agencieé
have made an impressive demonstration in the past, with far less motivation, of
their ability to deal with smugglers and saboteurs, -

| Those, at any rate, are some of the facts to consider when reading a
statement such as Professor Harold Urey was reported to have made: "An enemy
who put twenty bombs, each with a time fuse, into twenty trunks, and checked one
in the baggage room of the main railroad station in each of twenty leading
American cities, could wipe this country off the map sc far as military defense

30 Quite apart from the question of whether twenty bombs, even

is concerned,”
if they were considerably more powerful than those used at Hiroshima and Nagasaki,

‘could produce the results which Professor Urey assumes they would, the mode of

g

0. . - S
3 The New Republic, December 31, 1945, p, 885, The statement quoted is that
used by the New Republic, and is probably not identical in wording with Prof,
Urey's remark,
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distribution postulated is not one which recommends itself for aggressive
purposes, For the detection of one or more of the bombs would not merely
compromise the success of the entire project but would give the intended victim
the clearest and most blatant warning imaginable of what to expect and prepare
for, Except for port cities, in which foreign ships.are always gathered, a

surprise attack by air is by every consideration a handier way of doing the job,

Q\‘ . * (_.//:\
VII, In relation to the destructive powers of the bomb!;world'ibsources in raw
o‘/l o

materials for its production must be considered abundant,

Everything about the atomic bomb is overshadowed by the twin facts that it
exists and that its destructive power is fantastically great, Yet within this
framework there are a large number of technical questions which must be answered
if our policy decisions are to proceed in anything other than complete darknmess,
Of first importance are those relating to its availability.

The manner in which tﬁe bomb was first tested and used and various indica~

tions contained in the Smyth Report suggest that the atomic bomb cannot be "mass

produced" in the usual sense of the térm, It is certainly a scarce commodity
in the sense in which the economist uses the term "scarcity," and it is bound to
remain extremely scarce in relation to the number of TNT or torpex bombs of
comparable size which can be produced, To be sure, the bomb is so destructive
that even a relatively small number (as compared with other bombs) may prove
sufficient to decide a war, espegially since tﬁere‘will be no such thing as a
"near miss"--anything near will have all the consequences of a direct hit.
However, the scarcity is likely to be sufficiently important to dictate the
selection of targets and the cifcumstances under which the missile is
hurled, '

A rare explosive will not normally be used against targets which are naturaliy

dispersed or easily capable of dispersion, such as ships at sea or isolated

industrial plants of no great magnitude, Nor will it be used in types of attack
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which show an unduly high rate of loss among the attacking instruments—-unless,
as we have seen, the target is so important as to warrant high ratios of loss
provided one or a few missiles penetrate to it. In these respects the effects of
scarcity in the explosive materials are intensified by the fact that it requires
certain minimum amounts to produce an explosive reaction and that the mn_nlmum
quantity is not likely to be reduced materially, if at all, by further research.Bl
The uwltimate physical 1imitat_iop on world atomic bomb production is of. course
the amount of ores available for the derivation of materials capable of spon-
taneous atomic fission, The only bqsic material thus far used to produce bombs

,f',.,.,."“
is uranium, and for the moment only uranium need be considered;<” e
2 L

Sstimates of the .amount of wranium available in the ewth{wt vary be-
tween L and 7 parts per million--z very considerable quantity indeed. The
element is very widely distributed, therc being about 2 ton of it present in each
cubic mile of seaz water and about one-seventh of an ownce per ton (average) in
all granite and basalt rocks, which together comprise zbout 95 per cent by weight
of the earth!'s crust, There is morc uranium present in the earth's crust than
cadmium, bismuth, silver, mcrcury, or iodine, and it is about one thousand times

as prevalent as gold, Howevor, the number of places in which uranium is knovmn to

31.

The figurc for critical minimum mass is scerot  According to the Smyth Report,
it was predicted in Hay 1941 that the critical mass would be found to lic between
2 kg and 100 kg (paragraph L.L9), and it was later found to be rmuch nearer the
minimum predicted than the maximum, It is worth noting, too, that not only does
the critical mass present a lower 1limdt in bomb size, but also that it is not
feasible to use very much morc than the critical mass. One reason is the deton-
ating problem. Hasscs above the critical level cannot be kept from exploding,
and detonation is thereforc produced by the instantancous asscmbly of suberitical
masses. The necessity for instant and sizmmultancous asscmbly of tho masscs used
mst obviously limit their nwzber. The scientific explanction of the eritical
poss condition is prescented in the Smyth Report in parzgrophs 2.3, 2.6, and 2.7.
Onc must alweys cistinguish, however, betwcen the chain reaction which occurs in
the plutonium-producing pile and that wwhich occurs in the bomb. Although the
general principles determining criticzl mass arc similar for the two reactions,
the actual moss nceded a2nd the character of the reaction arc very different in
the two cases. Sce also ibid., paragraphs 2.35, 4.15-17, and 12,13-15.

</
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cxist in concentrated form is rclatively small, and of these places only four are
known to have the concentrated deposits in substantial amounts., The latter de-
posits arc found in the Great Bear Lake region of northern Canada, the Belgian
Congo,»Colorado, ﬁnd Joachinsthal in Czechoslovakia. Lesser but ncverthelecss
fairly extensive deposits are known to exist also in ladagascar, India, and
Russian Turkestan, while small occurrences are fairly well scattcred over the

globe.32

in 1939 to sharc it in the ratio of 60 to hO, 3 2 proportion which presunably re-
flected sthat was then thought to be their respective reserves and productive
capacity. HGWevcr, it now appears likely that thec Canadian reserves are consid-
erably greater than those of the Congo. In 1942 the Conge pfoduced 1,021 toms

of unusually rich ore containing 695.,6 tons of U30g—or about 590 tons of uranium

1

notal,3b In gencral, however, the ores of Canada and the Congo are of a richness|
of about one ton of uranium in from fifty to one hundred tons of ore. The X
Czechoslovakian deposits yieldéd only fifteen to twenty tons of uranium oxide
(U308) annually before the war.35 This rate of extraction could not be very
greatly ex@anded even under strained operations-éince the total reserves of the
Joachimsthal region are far smaller than those of the Congo or Canada or even
Colorado.

The quantity of U-235 in pre-metallic uranium is only about ,7 per cent

(or 1/140th) of the whole. To be'sure, plutonium=-239, which is equally as

32. See "The Distribution of Uranium in Nature," an unsigned article published
in the Bulletin of the Atomic Scientists of Chicago, No. L (Feb. 1, 19L6), p. 6.
‘See also U.5. Bureau of Mines: inerals Yearbook, 19L0, p. 766; ibid., 1943,

p. 828; H. V. Ellsworth: Rare Elemenl Iinerals in Canaca, Geological Survey of
Canada, 1932, p. 39.

33. Minerals Yearbook, 1939, p. 755.

3L. Ibid., p. 828. See also A. W. Postel, The Mineral Resources of Africa,
University of Pennsylvania, 19&3, p. L.

35 The lineral Industry of the British Emplre and Foreign Countries, Statistical
Summary, 1935-37, London, 1930, p. L19.

Y4
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effective'in 2 bomb as U-235, is derived from the more plentiful U-238 isotope,
but only through a chain reaction that depends on the presence of U-235, which is
broken down in the process. It is doubtful whether a given quantity of uranium
can yield substantially more plutonium than U-235.36 It appears also.from the

Smyth Report that the amount of U-235 which can profitably be extracted by

separation of the isotopes is far below 100 per cent of the amount present, at

least under present techniquc—:s.37

What all these facts add up to is perhaps summafiggfﬂ?y’the statement made
by one scientist that there is a great deal more than enough fissionable
n@iérial in known deposits to blow up all the cities in the world, though he
added that there might not be'enough to do so if the citieé were'divided and
dispersed into ten times their presen£ nunber (fhe size of cities included in
that comment was not specified). ¥hatever solace that statement may bring is
tempered by the understanding that it refers to known deposits of uranium ores Ogiy
and assumes no great increase in the efficiency of the bombs, But how are these
factors likely to change? '

It is hardly to be questioned that the present extraordinary military
premiwn on uranium will stimulate intensive prospecting and result in the dis-

covery of many new déposits. It seems clear that some of the prospecting which

went on during the war was not without result. The demand for uranium hereto-

36. The Smyth Report is somewhat misleading on this score, in that it gives the
impression that the use of plutonium rather than U-235 makes it possible to
utilize 100 per cent of the U-236 for atomic fission energy. See paragraphs
2.26 and L.25. HoWever, other portions of the same report give a more accurate
picture, especially paragraphs 8.18 and 8,72-73.

37. Among numerous other hints is the statement that in September 1942 the
plants working on the atomic bomb were already receiving about one ton daily of
uranium oxide of high purity (paragraph 6.11). ilaking the conservative as-
sumption that this figure represented the minimum quantity of uranium oxide
being processed daily during 19Ll-L5, the U-235 content would be about 115
pounds, The actual figure of production is still secret, but from all available
indices the daily production of U=-235 and Pu-239 is even now very considerably
below that amount, : ‘
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fore has been extremely limited and only the richer deposits were worth working—-
mainly for their vanadium or radium content--or fof that matter worth keeping

track of.38 So far as uranium itself was concerned, no ticular encouragement

for prospecting existed.

It is true that the radiocactivity of uranium affo ry sensitive test
of its presence, and that the data accumulated over the last fifty years make it
appear rather unlikely that wholly new deposits will be found comparable to
those of Canada or the Congo., But it is not unlikely that in those regions
known to contain uranium, further exploration will reveal much larger quantities
than had previously been suspected. It seems hardly conceivable, for example,
that in the great expanse of European and Asiatic Russia no additional workable
deposits will be discovered.

In that connection it is worth noting that the cost of mining the ore and f
of extracting the uranium is so small a fraction of the cost of bomb production
that (as is not true in the search for radium) even poorer deposits are decidedly
usable., Within certain wide limits, in other words, the relative richness of the
ore is not critical, In fact, as much uranium can be obtained as the nations o% :
the world really des;re. Gold is commonly mined from ores containing only one-
fifth of an ounce per ton of rock, and there are vast quantities of granite which
contain from one-fifth to one ouncé of uranium per ton of rock.

Although the American experiment has thus far beep confined to the use of
uranium, it should be noted that the atoms of thorium and protoactinium also

L3

undergo fission when bombarded by neutrons. Protoactinium can be eliminated
from consideration because of its scarcity in nature, but thorium is even more !
plentiful than uranium, its average distribution in the earth's crust being some

twelve parts per million, Fairly high concentrations of thorium oxide are

8. ' ~
"laterial for U~235," The Economist (London), lovember 3, 1945, pp. 629-30.

L4
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found in monazite sands, which exist to some extent in the United States,

Ceylon, and the Netherlands Dast Indies, but to a much greater extent in Brazil

and British India. The Smyth Report states merely that thorium has '"no apparent

advantage over uranium" (paragraph 2.21), but how important are its disadvantages
is not stated. At any rate, it has been publicly announced that thorium is

already being used in a pilot plant for the productign of atomic energy set up

in Canada.3?

In considering the availability of ores to p powers, it is always
necessary to bear in mind that accessibility is not determined exclusively by
national boundaries. Accessibility depends on a combination of geographic,

political, and power conditions and on whether the situation is one of war or

peace. During wartime a great nation will cobviously enjoy the ore resources

both of allied countries and of those territories which its armies have overrunm,

e e e et b i =

though in the future the ores made availahle oply after the outbreak of

hostilities may not be of much importance. Because of the political orientation

of Czechoslovakia towards the Soviet Union, the latter will most likely gain in
pegcetime the use of the Joachimsﬂxﬂ.ores,ho Jjust as the United Stales enjoys
the use of the immeﬁsely richer deposits of Canada. The ores of the Belgian
Congo will in peacetime be made available to those countries which can either
have the confidence of or coerce the Belgian Governgent (unless the matter is
decided by an international instrument to which Belgium is a party); in a time

of general war thesame ores would be controlled by the nation or nations whose
—_——— P sttt

e e

3%+ New York Herald Tribune, December 18, 19L5, p. L. Incidentally, the Canadian
pile is the first one to use the much~discussed "heavy-water" (which contains the
heavy hydrogen or deuterium atom) as a moderator in place of the graphite
(carbon) used in the American piles.

Lo.

However, lir. Jan lasaryk, Czechoslovak Foreign Hinister, asserted in a
speech before the Assembly of the U.N.O. on January 17, 1946 that "no Czecho-
slovak uranium will be used for destructive purposes."™ llew Tork Times, January
18, 1946, p. 8.
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Since the atoms of both U-235 and Pu-235 are norma extremely stable (in
technical language: possess a long "half-life"), subcritical masses.of either
material may be stored practically indefinitely. Thus, even a relatively slow
rate of production can result over a period of time in a substantial accumulation

of bombs. But how slow need the rate of production be? The process of produc—

tion itself is inevitably a slow one, and even with a huge plant it would require

-

-

perhaps several nmonths of operation to produce enough fissionable material for
the first bomb, DBut the rate of output thereafter depends entirely on the ex-
tent of the facilities devoted to productioﬁ, which in turn could be geafed to
the amount of ores being made available for processing. The eminent Danish
scientist, Niels Bohr, who was associated with the atomic bomb project, was
reported as having stated publicly in October 1945 that the United States was
producing three kilograms (6.6 pounds) of U-235 da.ily.hl The amount of plutonium
being concurrently éroduced might well be considerably larger., Dr, Harold C.
Urey, also a leading figure in the bomb development, considers it not unreason-
able to assume that with sufficient effort 10,000 bombs could be produced,hz and
other distinguished scientists have not hesitated to put the figure considerably
higher, Thus, while the bomb may remain, for the next fifteen or twenty years
at least, scarce enough to dictate to ils would-be users a fairly rigorous
selection of targets and means of delivery, it will not be scarce enough to spare
any nation against which it is used from a destruction immeasurably more devas-
tating than that endured by Germany in Torld lar IT.

It is of course tempting to leave to the physicist familiar with the bomb

all speculation concerning its future increase in power. However, the basic

4l.
) Time, October 15, 1945, p. 22.
2'
lew York Times, October 22, 1945, p. L.



principles which must govern the developments of thé%iuturgzare not difficult to
comprehend, and it is satisfying intellectually to hav: some basis for appraising
in terms of probability the random estimates which have been presented to the
public. Some of fhose estimates, it must be said, though emanating from distine
guished scientists, are not marked by the scientific discipline which is so rig-
orously observed in the laboratory. Certainly they cannot be regarded as dis-
passionate, It might therefore be profitable for us to examine briefly (a) the
relation of increase in power to increase of descructive capacity, and (b) the
'several‘factors which must determipe the inherent power of the bomb. As we have
seen, the radius of destruction of a bomb increases only as the third réot of the
explosive energy released. Thus, if Bomb A has a radius of total destruction of
one mile, it would take a bomb of i;OOO times the power (Bomb B) to have a radius

of destruction of ten miles.h3 In terms of area destroyed the proportion does

not look so bad; nevertheless the area destroyced by Bomb B would be only 100 times

as great as that destroyed by Bomb A, In other words, the ratio of destructive
efficiency to energy released would be only one-tenth as great in Bomb B as it is
in Bomb A. But when we consider also the fact that the area covered by Bomb B is
bound to include to a ruch greater degree than Bomb A sections of no appreciable
military significance (assuming both bombs are perfectly ainmed), the military

efficiency of the bomb falls off even more rapidly with increasing power of the

individual unit than is indicated above.hh That this means is that even if itwere \

technically feasible to accomplish it, an increass in the power of the bomb

43,

Since the Hiroshima bomb had a2 radius of total destruction of something under
1-1/l miles; its power would have to be increascd by some 600 times to gain the
Eﬁpothotical ten mile radius.

The boab of longer destructive radius would of course not have to be ained as
accurately for any given target; and this fact may prove of importance in very
long range rocket fire, which can never be cypected to be as accurate as borbing
from airplanes, But here again, large nurbers of missiles will also make up for
the inaccuracy of the individual nissile,

{
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gained only by a proportionate increasc in the mass of the scarce and cxpensive ;
|

fissioneble natcrial within it would be very poor econormy. It would be ruch

. s TN
better to usc the extra quantities to make extrz bombs. s o\

T

-~
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It so happens, however, that in atomic bombs the total aagfffdggfenergy re~
o)

lcased per kilogram of fissionable material (i.c., the cfficiency of cnergy

L5

release) increases with the size of the bomb, This factor, weighod against \

thosc nentioned in the previous paragraph, indicates that there is a theoretical \
i

optimun size for the bomb which has perhaps not yet been determined and which

nay very well be appreciably or even considerably larger than the Nagasaki bomb. }

But it should be obscrved that considerations of nilitory cconorny are not the
only factors which hold dowvm the optimum: size., Onc factor, alrcady noted, islthe
steeply ascending difficulty as the number of subcritical masses increascs of

» sccuring simultancous and perfect union anony them., Another is the problem of
the envelope or tamper. If the inercase of weight of the tamper is at all pro-
portionatc either to the increasc in the amount of fissionable material used or
to the amouwnt of cnergy rcleascd, the gross weizht of the bomb might quickly
press against the tcchﬁically usablc li:mits., In short, the fact that an enormous
incrcasc in the power of the bomb is theoretically conccivable does not mean that
it is likcly to occur, cither soon or later., It has always been theoretically

possible to pour 20,000 tons of THT together in one case and detonate it as a

L5,

Siyth Report, paragraph 2:18. This phenorcnon is no doubt due to the fact
that the greatcr the margin above the critical mass linits, the faster the re-
action and hence the greater the proportion of matcrial which undergoes fission
bufore the heat generated coxpands and disrupts the bomb., It night be noted also
that even if there werc no cxpaonsion or bursting to halt it, the rcaction would
cease at about the tine the fissioncble material rezaining fell below critical
n.ass conditions, which would also tend to put a premiun on having a large margin
above critical nmass limits. At any rate, anything like 100 per cent detonation
of the explosive contents of the atomdic tomb is totally out of the question.

In this respect atoic explosives differ markedly fron ordinary "high cxplosivest
like TNT or torpex, wherce therc is no difficulty in getting a 100 per cent re-
action and where the encrgy relcased is thereforc directly proportionate to the
aniount of explosive filler in the bomb.

.



SEORET

112, It 1s desired to emphasize agailn the fact
that this study does not constitute a war plan, nor 1is
it a prediction that war will occur. In fact, such a
war might readlly be avoided if the political, soclal and
economic forces of the world are mobilized to repudilate
the utlilization of military force as an instrument of
national policy in line with the philosophy of this study.

113. VWhile the pattern of war discussed herein is
developed chronologically, any studiee which might be A
based hereon should be undertaken in the reverse order. R
Studies of future war requlre as an initial baeis, a de- A
talled consideration of international objectives and
national objectives in order to determine what this
nation and 1ts Allies might desire to achleve in a post-
war world. It would be necessary to consider next how
those objectives might be achleved in war. Studies
should then be made to discover what conditions should
obtain at the end of the war which would foster the
achievement of national and international objectives.
The type of military campaigne which would result in
those conditions might then be designed. Finally,
mobilization plans and preparatione must be made to
support such an overall war effort.

114. If this study serves no other purpose, it
should be useful if it has emphasized the facts.that the
pattern of future war depends upon the objectives of this
nation, and without these objectives, no one can prepare
adequately for a possible war. The nature of a future war
should be made a continulng study. The answers to many
probleme would never be known until or after the war. It
is hoped that the U. 8. and her potential Allies will
foster numerous studles that will confirm or reject and
develop substitutes for concepts developed herein. How-
ever, 1t is predicted that future studies will tend to
confirm the concepts on the general pattern of future
war as depicted herein.

\
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single bomb; but after some forty years or more of its use, the largest amount
of it poured into a single lwurp was about six "c,ons.h6

To be sure, greater power in the bomb will no doubt be attained by increas-
ing the efficiency of the explosion without necessarily adding to the gquantities
of Tissionable naterials used. PBut the curve of progress in this direction is
bound tc flatten out and to remain far short of 100 per cent. The bomb is, to
be sure, in its "infancy," but that statement is nisleading if it implieé that
we nay expect the kind of progress which we have witnessed over the past century
in the steau cngine. The bormb is new, but the people who developed it were able

te avail themselves of the fabulously elaborate and advanced technology already

existing. Any now device created today is already at birth a highly perfected
S <

A howe,

instrunent.

et

Onc cannot dismiss the matior of ine g cfficiency of the bomb without
noting that the military uses of radio-activity may not be confined to bombs,
Tven if the project to produce the bombd had ultimately failcd, the by-products
forméd fron sone of the internediate processes could have been used as an cox-
trenely vicious form of poison gas., It was cstimated by two members of the
"fanhattan District" projecct that the radioactive by-products férned in cne day's
run of a 1OQ,OOO kw, chain-reacting pile for the producticn of plutonium (the
production rate-at Hanford, Viashington was from five to fifteen times as great)
wight be sufficient te make a large arca uninhabltable, L1 Fortunately, however,

naterials which are dangerously radiocactive tend to losc their radiocactivity

rather quickly and therefore cannot be stored,

L’.é-

In the 10-ten borb, of which it is fair to estinate that at least LO per
cent of the weight must be attributed to the metal case. In arnor-picrcing shells
and bombs the proporticn of weight devoted to metal is very much higher, running
fbovc the 95 per cent mark in major-caliber naval shells,
. ,

Sryth Report, paragraphs L4.26-28.




VII. Regardless of American decisions concerning retention of its present

secrets, other powers besides Britain and Canada will bc producing the bonbs

in quanitity in a period of five to tan years.

This proposition of course ignores the possibility of cffective regulation
of bomb production being imposed by international action within such tine period.
A discussion of that possibility is left to subsequent chaptcers., One may antic-
ipate that discussicn, however, to the extent of pointing out that there is
little to induce nations likc the Soviet Union or Francc to agrce‘to such regu-
lation until they can start out on a position of parity with the United States—-
parity not alone in bembs but in 2bility to producc the bomb. In any case, what

i

we arc primarily conccrned with in the presant discussion is not whether other

L8,

nations will actually be preducing the bomb but whether they will be in a posi-

S

tion to do so if they choose,

IR

2N,
<)

Statecnents of public officials ana céljouénalists indicate an enormous con-
fusion concerning the extent and character of the secrct now in the posscssion
of the United States. Opinions vary from the observation that "there is no
sceret" to the blunt cerment of Dr. Walter R, G. Baker, Vibc—Prcsident of the
Cecneral Electric Company, that no nation other than the United States has suffic-
ient wealth, naterials, and industrial resources to produce the bomb.

-Somc clarification is discernible in President Truman's message to Congress
of October 3, 1945, in which the President recomacended the establishmont of
security regulations and the prescription of suitable pecnaltics for their viola-
tion and went on to add the following: "Scientific opinion appcars to be pract-
ically unaninous that thc essential theoretical knowladge upon which the dis-
covery is based is alresady widely known, There is also substantial agreement
that foreign research can ccmc abreast of our prescnt thecrctical newledge in
tinc.® The cophasis, it should be ncted, is on "ithcorctical knowledge." A good

deal of basic scicntific data is still bound by rigorous secrecy, but such data

La.
New York Tines, October 2, 1945, p, 6.
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is apparcently not considered to be crucial. Vhile the retention of such scerets
would imposc upon the scicntists of other nations the necessity of carrying
through a good deal of tine-consuming research vhich would nerely dupliqatc that
olready donc in this country, there secms to be little question that countries
like the Soviet Union and France and probably scveral of the lesscr nations of
Burope have the resources in scientific talent to accomplish it. Tt is (a) the
technical and cngincering details of the manufacturing process for the fission-
able materials and (b) the design of the bomb itself which arc thought to be the

(

critical hurdles, 7 =\

At a public mecting in Hashingtonxénwpec tber 11, 19L5, HMajor Gencral Leslic
R. Groves permitted hinsclf the obscrvation that the bomb was not a problen for
us but for our grandchildren. %Vhat hc obviously intended that statement to con~
vey was the idea that it would take other nations, like Russia, many years to
duplicate our feat. Vhen it was submitted to him that the scientists whe worked
on the ﬁroblem'wcrc practically wnanimous in their disagreement, he responded
that they did not understand the problcm. The difficulties to be overcome, he
insists, arc not primarily of 2 scientific but of an engineering character. And
while the Soviet Union nmay have first-rate scicntists, it clecarly docs not have
the great resources in cngincering talent or the industrial labératories that
We enjoy.

Perhaps Bc; but there are a2 fow pertinent facts which bear on such a surnise.
First of all, it has always becen axiomatic in the armed scrvices that.thc only
way really to keep a device sceret is to keep the fact of its existence secrct.
Thus, the cssenticl basis of secrecy of the atonic bomb disappearcd on August 6,

1945, But the same day saw the release of the Sryth Repert, which was subse-

quently published in book form and widely distributed, lembers of the Var

Department who approved its publication, including Gencral Groves himself, insist

that it reveals nothing of importsnce, BPBut scientists close to the project peint

out that thc Smyth Report reveals substantially cverything that the American and

1
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associated scicentists thenselves knew up to the close of 1942, It in fact tells
ruch of the subsequent findings as well. In any casc, from the end of 942 it

was only two and onec-halil years before we had the bomb,

The Smyth Heport reveals among other things that five distinct and separate

processes for producing fissionable materials werc pursued, and that all werc
successful, These involved four processes for the separation of the U-235
isotope from the more comon forms of uraniwm and onc basic process for the pro-
duction of plutonium. One of the isctopc scparation prodcssés, the so-called
feentrifuge process,” was never pushed boyond the pilet plant stage, but it was
‘successful as Ifar as it was pursucd. It was dropped when the gaseous diffusion
oo 19

and cleectromagnoetic methods of isotope separztion promiscd assured success.

The thernmal diffusion process was rcestricted to a small plant. Bub any of these

processes would have sufficoed to produce the fissionablc materials for the bomb,

Each of thesc processces prescented problems for which generally rmultiple rather
than singlc solutions were discovered., Zach of them, furthermare, is described
in thc report in fairly revealing though general terms. Finally, the report
probably rceveals enough to indicatc to the careful rcoder which of the proccesses
presents the fewest problens and offers the most profitable yield. Another

nation wishing to produce thc bomb cafitzmnfine its efforts to that onc process
/< ")
=}

or to some modification of it. &ibré’/;)
<
- £2
. 2oy .. .
Enouch is said in the Sryth Rep about the bomb itsclf tc give one a good

idca of its basic character. Superficially at lcast, the problem of bomb design

scens a bottlencck, since the same bomb is regquired to handle the materials pro-
duced by any of the five processes nentioned zbove, But that is like saying that
whilc gascline can be produced in several different ways, only one kind of cnginc
can utilize it effectively. The bozb is gadgetry, and it is a com:onplace in the
history of technology that mechanical devices of radically diffcrent design have

becen perfected to achicve a comaon end., The mackine gun has scveral variants

Sec Smyth Report, chaps. vii-xi, also paragraph 5.21.




which operate on basically differont principles, and the same is no doubt true of

dish washing machines., <ffﬁ3>\

b i
Sciie of these who were associated with the bqﬁp design prcject camc away
Sy,

ta

trenendously ispressod with the secoingly insuperablé i ficultieé’which'were
overcone., Undoubtedly they werc justified in their admiration for the ingenuity
displaycd. But they arc not justified in assuming that aggregations of talented
young ncn in other parts of the world could not display egqually brilliant ine
genuity. A high-ranking naval officer, vho was assoclatcd with the Los‘Alamos
Laboratory, in an cffort at a rcéent public nmecting to irnpress his audience ﬂith
the scale of the obstacles which will besct any other nation that attempts to
nake a borb, reported that one particularly trying problen was overcone only
beceause one scientist happened to misunderstand another, It must be submitted
that the United States can hardly base its security on the supposition that
scicntists abroad will be unable to misunderstand each other,

T'c cannot assuvnme that what took us twe and one~half ycars to accomplish,
without the certainty that succcss was possible, should take ancther great nation
twenty to thirty ycars to duplicatc with the full knowlodze that the thing has
been done. To do so would be to exhibit an extrenc form of ethnocentric smug-
ness. It is true that we nobilized a vast amount of talent, but Amcrican ways
are frequently wastefud,

Tle were simultancously pushing forward on a great many other scicentific and
engincering frents having nothing to do with the atomic bomb, Ancther nation
which has fewer engincers and scientists than we have couwld nevertheless, by con-
centrating all its pertinent talent on this one job--and there is plenty of
notivation--marshal as grcat a fund of scientific and enginecring workefs as it
would nced, perhaps as much as we did. The Japanese, for cxample, before the re-
cent war, were intent on having a geed torpedo, ancd by concentrating on that cnd
produccd & supcrb torpedo, though they had tc accept inferiority to us in practi-

cally cvery other aspect of naval ordénance. COne should cexpect a similar
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concentration in other countries on the atomic bomb, and one should expect also

L
u)
]

comparable results. (?fﬂh'
It is clear also that the money cost is no barri‘%tzgzﬁn& nation worthy
the name. The two billion dollars which the bomb development project cost the
United States must be considered small for a weapon of such expraordinary
military power. Moreover, that sum is by no means the measure of what 2 com-
parable development would cost other nations, The American program was pushed
during wartiﬁe under extreme urgency and under war-inflated prices. lioney costs
were always considered secondary to the saving of time., The scientists and
-engincers who designed the plants and equipment werc constantly pushing into the
unknown, The huge plant at Hanford, Washington for the production of plutonium, -

for example, was pushed forward on the basis of that amount of knowledge of the

properties of the new element which could be glecaned from the study of half a

milligram in the laboratorics at Chicago.so Fivc scparate processes for the
production of fissionable materials were pushed concurrently, for the plamnners
had to hedgec against the possibility of failurc in one or more, There was no
roon for weighing the relative economy of each, Minor failures and fruitless
rescarches did in fact occur in each process.

It is fairly safe to say that another country, proceeding only on the in-

formatibn available in the Smyth Report, woulcd be able to reach something come

parable to the American production at less than half the cost—-even if we adopt
the American price level as a standard. Another country would certainly be able
to economize by selecting one of the processes and ignoring the others--no
doubt the plutonium production process, since various indices seem to point

clearly to its being the least difficult and the most rewarding one~-an impression

50, Sryth Report, paragraph 7.3. A milligram is a thousandth of a gran (one
United 5tates dime weighs 2-1/2 grams), See also ibid., paragrephs 5.21, 7.43,
801,’ 8!26, and 9.13-
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which is confirmed by the public séatements of sone scientists.51 General Croves
has revealed that about one~fourth of the entire capital investment in the atomic
bomb went into the plutonium production project at Hani‘ord.52 As fuller informa-
tion seeps out even to the public, as it inevitably will despite security regula-
tions, the signs pointing out to other nations the more fruitful avenues of -
endeavor will become more abundant., Scientists may be effectively silencsd, but
they cannot as a body be made to lie, And so long és they talk at all, fhe
.
hiatuses in their specch may be as eloquc§;:§9ﬁ§he informed listener as the
speech itsclf, fq. a

! 3 :
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51. Dr. J. R. Dunning, Director of Columbia University's Division of War Research
and a leading figure in the research which led to the atomic bomb declared be-~
fore the American Institute of Electrical Ingineers that improvements in the
plutonium producing process "have already made the extensive plants at 0Ozl Ridge
technically obsolete." New York Times, January 2L, 1945, p. 7. The large Oak
Nidge plants are devoted almost exclusively to the isotope separation processes.

52 The Hanford, Washington plutonium plant is listed as costing 350,000,000,
and housing for workers at nearby Richland cost an additional $L8,000,000. This
out of a total country-wide capital investment, including housing, of
$1,595,000,000, The monthly operating cost of the Hanford plant is estimated at
$3,500,000, as compared with the {6,000,000 per month for the diffusion plant at
Oak Ridge and $12,000,000 for the electro-magnetic plant, also at Oak Ridge.
These figures have, of course, little meaning without some lmowledge of the
respective yields at the several plants, but it may be significant that in the
projection of future operating costs, nothing is said about Hanford. According
to General Groves the operating costs of the electro-magnetic plant will diminish,
while those of the gaseous diffusion plant will increase only as a result of
completion of plant enlargement., Of course, tie degree to which less efficient
processes were cut back and more efficient ones expanded would depend on con-
.siderations of existing capital investment and of the desired rate of current
production.

L7
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Chapter II
THPLICATIONS FOR MILYTERY POLICY

By

Bernard Brodie

Under conditions exxisting before the atomic ﬁég?iiiﬁfwas possible to con-
template methods of air defense keeping pace with and perhaps even\outdistancing
the means of offense. Long-range rockets baffled the defense, but they were
extremely expensive per gnit for inaccurate, single-blow weapons. Against bomb-

'ing aircraft, on the other hand, fighter planes and antiaircraft guns could be
extremely effective, Progress in speed and altitude performance of 21l types of
aircraft, which on the whole tends to favor the attacker, was more or less offset
by technological progress in other ficlds where the net resuvlt tends to favor the
defender (e.g., radar search and tracking, ﬁroximity fused projectiles, etc.).

At any rate, a future war between great powers could be visualized as onc in
which the decisive cffects of strateric bombing would be contingent upon the

cumilative effect of proloiged bombardment efforts, which would in turn be gov-

crned by acrial battles and cven wholc campaigns for mastery of the air, ltean-
while—-if the recent war can scrve as a pattern--the older forms of warfare on
land and sea would excrcise a telling effect not only on the ultimate decicsion
but on the cffectiveness of the strategic bombing itself, Conversely, the
strategic bombing would, as was cortainly truc against Germany, influence or
determine the docision mainly throuch its effects.on the ground campaigns.

Thc atomic bomb scems, however, to crase the pattern described above, first
of all beccausc its cnormous destructive potency is bound vastly to reduce the
timc necessary to achieve the results which accrue from strategic bombing—-and
there can no longer be any dispute about the decisiveness of strategic bombing.
In fact, the cssontial change introduced b the atomic bomb is not primarily that
it will maeke war more violent--a city can be as effcctively destroyed with TNT
and inccndiaries--but that it will concentrate the violcnce in terms of time,

-57-
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A world accustomed to tﬁinking it horrible that wars should last four or five
years is now appalled at the prospect that future wars may last only a few days.
One of the results of such a change would be that a far greater proportion

of humen lives would be lost even in relation to the greater physical damage
done. The problem of alerting the population of a great city and permitting
resort to air raid shelters is one thing when the destruction of that city
requires the concentrated efforts of a great enemy ai;{forcg; it is quite
another when the job can be done by a few aircraft fli}ng aéiéxtreme~a1titudes.
Moreover, the feasibility of building adequate air raé%ébhei%ers against the )

atomic bomb is more than dubious when one considers that the New lexico bomb,

which was detonated over 100 feet above the ground, caused powerful earth tremors ?

of an unprecedented type lasting over twenty seconds.53 The problem merely of

ventilating deep shelters, which would require the shutting out of dangerously

/
i

radioactive gases, is considered by some scientists to be practically insuperzble.
It would appear that the only way of safeguarding the lives of city dwellers

is to ovacuate them from their cities entirely in periods of crisis, But such a
preject too entails some nearly insuperable problems.

What do the facts presented in the preceding pages add up to for our
military policy? Is it worth-while even to consider military policy as having
any consequence at all in an age of atomic bombs? A good many intelligent
people think not, The passionate and exclusive preoccupation of some scientists
and laymen witﬁ prqposals for "world government" and the like--in which the
arguments are posed on an "or else" basis that permits no question of feasibility--
argues a profound conviction that the salfeguards to security formerly provided
by military might are no longer of'any'use.

Indeed the postulates set fortﬁ and argued in the preceding chapter would

:seem to admit of no other conclusion. If our cities can be wiped ocut in a day,

3 Time, January 28, 19L6, p. 75.
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if there is no good reason to expect the development of specific defenses
against the bomb, if all the great powers are already within striking range of
each other, if even substantial superiority in numbers of aircraft and bombs
offers no real security, of what possible avail can large armies and navies be?
Unless we can strike first and eliminate a threat before it is realized in
action--something which our national Constitution effectively forbids--we are -
bound to perish wnder attack without even an opportunity to mobilize resistance,
Such at least seems to be the prevailing conception ambng those who, if they give
any thoughtlat all to the military implications of the bog?;;gg?tent thqpselves
vwith stressing its character as a vieapon of aggressian.fgv Ef

The conviction that the bomb represents the apotheoé&ﬁigﬁfaggressivé in-
struments is especially marked among the scientists who developed it. They
know the bomb and its power. They also know their ovm limitations as producers
of miracles. They are therefore much less sanguine than many laymen or military
officers of their capacity to provide the instrument which will rob the bomb of
its terrors. One of the most oubstanding among them, Professor J. Rbbert
Oppenheimer, has expressed himself quite forcibly on the subject:

"The pattern of the use of atomic weapons was set at Hiroshima. They are
weapons of aggression, of surprise, and of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>