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o Ho, ¢ of 25 coples, Scrics A,

Dear Mr, Compton:

In July 1944 you appointed the undersigned a committee to
prepare a brief prospectus on Nucleonics, The purpose of the

- prospectus is to help in the formulation of sound national post-

war policies appropriate to the size and importance of this field
from the military, scientific and irdustrial standpoints,

The results obtained in the Metallurgical Project are so
outstanding and are fraught with such future consequences that
improper post-war policies might prove to be very damaging, or
even disastrous, to the Uﬂlted States and to the fate of mankind,

You expressed the thought that the men in the Metallurgical
roject are in the most favored position of any in the United
States to intelligently °Dccu1"ub on the future of Nucleonics —
at least within the scope of the activities of the Metallurgical
Project,

The commititee has obtained ideas from many workers within
the Metallurgical Project and, to thz extent that these are con-
sidered to be pertinert to the present prospectus, they are given
brief mention.

It is our hope that the attached prospectus will prove helpful
in formulating long-renge policles, particularly as they may relate
to matters in which both governmental and non-governmental interests
are involved, ’ ’ '

fespectfully submitted,

Fnrico Fermi

DION CANCELLED

James Pranck
d-,f?'.‘_./j! 7/L§,!_..¢k N

T, R, Hogness

Zay Jeffries, Chairman
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PROSPECTUS ON NUCLEONICS

I. INTRODUCTION

Many of us have watched the birth and development of the
electronics industry. From laboratory experiments a fow decades
ago electronics has evolved intc one of the most lusty of the
sciences and industries. In ELECTRONICS, a trade and technical
publication, 1618 companies are listed as electronics companies.
Billions of dollars arc being spent for electronic devices for
war, The fisld secems to be headed for great post-war developments.
The word "electronics', as is wcll known, relates to plectrons,
the negatively charged particles whose ncrmal home is in thb outer
parts of atoms, As is likewise well known, the center or core of
every atom is an exceedingly small but relatively heavy poSitiVely
charged group of particles called its nucleus, In this proépectus,
we are going to present some thoughts on the potentialities of that
expanding ficld of scicnce and industry which deals with atomic nuclei. :
e p*opose to usc the word "nuclconics" as a name for this field.‘
Reflecting the modern trond toward close correlation between science
and industry, and following the load of "glectronics”, We propose
that the word '"nuclecnics! shall refer to both séicnco and industry
in the nuclear fisld,
The science of nucleonics begen with the discovsry of natural
radioactivity by Becquérel in 1896 and it is, the 1bforc, about the f
same age as the science of electronics. There is also a nucleonics

industry which is as old as the commercial production of radium.
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The radium, radon, mesothorium, énd polonium industries may be re-
garded as parts of the nucleonics industry,

Major steps forward in the scicnce of nucleonics were the first
achlevement of transmutation of the elements in 1919, the discovery of
artificial or induced radicactivity, and the development of tho cyclo-
tron in the early nineteen~thirtics,

Then, during the winter of 1938-39, when Hahn and his agsociates
discovered atomic fission, the horizons of nuclcbnic science were so
greatly enlarged that, even now, no one can foretell the conseguences,
It was discovered that the nucleus of urénium can be split in two and
and that the‘splitting 1s accompanied by the evolution of energy tens
of millions of timcs lerger than that of the most enérgetic chemical
reactions, Soon afterwards, some obsurvations on the details of this
"nuclear fission" led to the faint hope that a means could be found
to utilize the liberated energy for practical purposes, This was the
reason for the establishment of tho Metallurgical Projcct and other
related projects in this and other countries, How the hope of re-
leasing at will and u{ilizing nuclear energy, which had seemed
fantastic only four years ago, has now been realized, and what
problems for the future arise from this momentous discovery, will
be discussé& in several scctions of this prospectus, |

The Metallurgical Project was established for military purposes
and has been operated as’a secret military research and devolopmentb
project, The field of nuclconics, howevor; embraces a écope far
greater than the military. In this prospectus, we shall make the
attempt, speculatively, to forgsa&dow something of the immensity of

the future development of nucleonics and of its effects on mankind,

SEERET
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As a springboard for our excursion into the future, we shall
review in Section II the pre-war history of nucleonics, including
the discovery of fission., In Section IIT we shéll cutline the
crescendo of the war~time history of nucleonics within the Metole
lurgical Project, culminating in the [lrst achiovement of o nucleosr
power plant. .

In Secctions IV and V we shall speculate frecly about what 1t
may be possible to achicve with the new methods and new tools that
we can now visualize. In Sectlen VI we shall try to assess the po=-
litical implications, beth national and international, of the coining
age of nuclecnics; and we shall conclude in Scction VII with a dis-
cussion and suggestions on the post-war organization of nucleonics

¢

rescarch and industrial nucleonics in this country.

II. THE BARLY HISTORY OF NUCLEONICS

N

Electrons and Nuclel

As mentioned in Secticn I, 21l atoms consist of a number of
negative electrons moving arcund a tiny central positively charged
body, the nucleus, which contains practically the whole mass of the
atom. This "nuclear theory of atomic structure", first proposed by
futherford forty yeors ago, has becn since verified by numerous ex-
periments and its correctness established beyond any reasonable doubt,

The chemical proporties of different elements and compounds are
& result of the arrangement of thelr outer clectron "shells'. All
energy produced gy'TGSpiration, oombust@on, cxplosion, or other chem-
ical processes, oripinates in changes in the arrangement of these -

electrons, From this point
SBERET
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of view, the advanqe of menkind from reliance on its own muscle
power to the usé of combustion eng;nes dnd high explosives has
tapped no new source of energy. We have only learned how to con=
.centrate the electronic energies and how to release them at will
when desired, .

The property of the nucleus which determines the number and
errangement of the electrons around it is its electric charge, This

consists of a whole number of units of positive chargex., An e ual
P g q

number of outside electrons (which bear one unit of negative charge
eachf*is required to make the whole atom electrically neutral, as it
is in its normal condition, Different chemical elements are dis=-
tinguished each bty the number of units of positive charge on the
nuclei of its atoms, that is by the "nuclear charges" of the nuclei,
Arranged by increasing values of their nuclear charges from 1 (hydro-
gen) to 92 (uranium) the various kinds of atoms form the "natural
system" or "periodic system" of chemical elements.,
While the nuclear charge of every atom of & given element is the
same, the nuclei of different atoms of an element may nevertheless
vary in mass (atomic weight), However, as we shall see léter, all
nuclei are built up of unit pafticles of‘almost exactly the same mass,
so that their masses, too{ con e expressed by whole numbers. Thus,
' )

sach element in the periodic system is cheracterized by one whole

number - its nuclear charge - which determines all its chemical

*The unit of charge about which we are talking 1s an exceedingly
minute quantity of electricity, equal to that found on an electron.
411 electrons bear this same clectrical charge, and no case is known
of any perticle bearing a smaller charge. This smallest knovm quan=
ity of electricity is therefore the fundamental unit of electrical
charge, disclosed to us by Nature. ——
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properties, and by any one of several whole numbers which express, in
terms of & natural unit of mass, the nuclear messes of the different
forms in which this element occurs., These different forms of an

1t

element are called its "isotopes".

Natural Radioactivity

That the atomic nucleus ié a site of energies a million or more
times larger then those available in the outer electronic shells hes
been apparent since the discovery of radioactivity by Becquerel in
1896,

After the discovery of X-rays, a few months before Recquerel's
work, many investigators became lmterested in the'bluish-green
phosphofescence seen in the X-ray tubes, Becquerel decided to
re-investigate some uranium salts which he had prepared soﬁe fifteen-
years before and which had had phosphorescent properties. After
exposure to light, one of the salts was wrapped in blacl paper ﬁnd
placed below a photographic plate. A blackening of the plate wa.s
observed after several hours exposurc; this indiceted the emission of
a redietion capsble of penetroting through black paper. Subsequently,
it wos shown thet the photographic action was independent of previous
illumination; it wes exhibited by all salts of uranium nnd by the
metal itself,

Rutherford studied the rediations given out by uranium and
coneluded that the rays could be classed into two groups. Thé first

_kind, ealled alpha roys, were found to be comparatively éasily absorbed

end to produce a very intense lonization in airx, The second kind,

*By "ionization"™ is mesant the formation of charged particles or
"ions"™, This comes about by the pulling off of one or more outer
electrons from cn otom or molecule, leading to the formation of both
positively ond negatively charged particles.
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called bete rays, wers much more penctrating, but less ionizing,
Leter, o third type of radiation was found to be given out from

edium and was named gemma rays by Villard, We now know thot alpha
roys ore rapidly moving nﬁclci of helium, bete roys fast moving
electrons, while gammo rays ore very penetrobing super-X-rays,

ost of the chemical elements were examined by Marie aﬁd Pierre

Curie for "radionctivity" in order to lenrn whether the phenomenon
wes a gneral propérty of motter. Thorium, e lone cemong the known
elements, wes found by Curie and Schmidt to possess an cctivity com-
parable to thot of uranium. Mme. Curie in her studies on various
uranium and thorium compounds and minerals found that some uranium
minerals exhibited & much higher cctivity then uranium metel, Mme,
Curie followed through her hypothesis thaf small amounts of materials
of higher activity werc prescnt in these particular ursnium minerals,
Success was ottained and two new strongly rodionctive elements,.
radium and polonium, were added to the list of chemicel elements.,
The discovery of these elements wos mrde possible only becouse of
the employment of their radirbions as guides for their separation
and concentration, WNaturally the discovery of radium.stimuléted
research on the systematic anclysis of uran;um minerals which led
to the detection of new radiodctive eloments, scbinium =nd radio-lead,

The latter, colso colled Rodium D, was found to behave exactly like
lead except for activity. Soddy. introduced the word "isotopes",
meﬁtioned above, to designote the various elements which had the
same chemical properties but different radionctive propérties.

lLeter, it wos found by Aston that ordinary elements also consist of

SBERET .



A e B e
LOMIAX FAOD,
oHAX 4

“SECRET
T -

mixtures of isotopes, with identical "eloctronic" properties, but
different mass.
Neturally the discovery of the large number of radioaétive
elements presented o confusing problem, Some of them seemed to
_die oway et o steady rote, others lost»their activity in o few days
or even in = few hours., From the compiled mess of date, Rutherford
and oddy brought order bosed on their tr“nsfornwtlon theory
expounded. in 1903, This 1dea statod that the nuc1e1 of radioactive
elements, unlike those of ordlnarj elem@nts, are not stable but
undergo spountaneous disintegration with the expulsion of either an
* alpha or a beta perticle. The atom resulting from the disintegra-

tion has entirely different chemical properties from the parent

atom. The doughter element in turn may be unsteble, and disintegrate

by the emission of either on alpha or o beta particle, 2nd so on,
Three such disinﬁegration series have been identified, originating
in urdnium, thorium, ond actinium respectively, ond termingting in
three stable isotopes of lend,

The energles With.which the disintegrating nuclei of radio-
nctive elements sent out alphe and bete porticles could be measured,
1t wes found thet they were tremendously large = millioné of times
larger than the energies liberated by the most violent transforme-
tions of the outer electron shells.  Thus physicists had their first
glimpse of the immense stores of energy hidden in the nuclei, They
contemploted these nuclear explosions in awe, but found no more

means to provoke or stop them than if they were observing the

eruption of a volecono, or the birth of o Nova stqr in the sky., It
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become on established belief thet radiocactive transformations are
utterly inaccessible to all externcl influencses,

Howsver, it was asked whether the impact of the radiations
emitted by ﬁaturally rodioactive elements cannot be used to break the
nuclei of other, normally steble elements end so bring about the
fulfillment of the 0ld dreom of transmutation of elements, Because
of the great energy and momentum of the alpha perticle, 1t was
considered likely to be the most effective tool to promote disin-
tegretion, Many experiments were mde, but failure always resulted

i

until Rutherford was successful in transforming nitrogen into

oxygen in 1919, -

In his experiments, alpha particles were obtained from o
radioactive deposit in @ box, and absorbed in the geos £illing the
ldtter. 'A;flubrescenﬁ sereen wos placed over a hole in the box,

When the gas through which the alpha particles pessed was nitrogen,
scintillations were observed on the screen éven when the path of +ha
Apha . L ¥

thoss particles in the gos was so loug that absorption should heve

been complete, Rutherford coacluded that theée scintillafions

were due to particles ejected with gfeat speed from the nitrogen

nucleus hit by an alpha'partic%e. These particles behaved as if
they were rapidly moving protons (hydrogen ﬁuclei)..
The nuclear process or "reaction" involved in this first
artificial disintegration may be written as
Het - §l4 —= 017 -1
meaning that o helium nuclous of mess 4 (an alpha perticle) st;iking
e anitrogen nﬁcieus of mass 14, produces an oxygen nucleus of mrss 17

~FECRET
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and & hydrogen nucleus of mess 1. The latter is known os 2 "proton",
and is of special importance, since it has the smrllest mass of any
nucleus, equal to the natural unit of mass, Foliowing this first
artificial transmutation of nitrogen, mony similar tronsmutations

of other light elements were carried out,

The experiments on radioactivity ond transmutation showed that
the nuclei of hervy elements are compléx, with protons and clectrons
indicated ns the primery constituents, (Alpha porticles éould be
regorded as particularly‘stable groupings of four protons and two
electrons,)

In 1932, however, two new elementary particles were discovered =
the positron (positively charged electron) by Anderson, and the neutron
(chargeless particle of about the some mess s o proton), by Chedwick,
These discoveries led to o revision of our concépts of nuclear struc-
ture. Neutrons and protons were now supposed by Heisenberg to be
the EEEZ primary components of the auclel; electrons (in the form
of beta rays) or positroans were cssumed to be ereated ot the moment
of nuclecr disintegration by the conversion of o neutron into &
proton or vice versa. The word "nucleon" hos recently been suggested
to designate-either o proton or o neutron, This makes the mnss
aumber of any nucleus equal to the number of nucleons in its nucleus.

Artificial Redioactivity

This brings the story to 1934, which might be considered the
birth year of artificiel radionctivity. It was at this time that
Mlle, Irene Curie, 2 daughter of lMme, Curie, nnd her future husband,

i, Joliot ennounced thot atoms produced by artificinl disintegration
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are not always stoble, Specifically, they found that, after they
had "bombarded" the element boron with alpha particles, positrons
were given out and this continued for some time after the bombardment
hoed been stopped, What happens is thnt the boron atom nbsorbs an
elphe particle and gives out‘a neutron, leaving o nitrogen nucleus

of charge 7 but with mass 13, one unit lighter than ordinary nitro-
g;n, which is N14. This new type of nitrogen is redioctive and .

its atoms disintegrate gradually one by one each with the emission

of o positron,

Fermi ressoned éhat neutrons, which bear no slectric charge,
should be more effective in producing nuclear transmutation and
artificial rodionctivity thon the positively charged clpha particles,
which are repelled by the positively charged nuclei, In 1934, he
mde the first cnnouncement thet srtificiel radiocactivity cen be
produced by neutron bombardment, The usucl reaction observed was
that the auclsus of the bombarded atom eaptured the neutron,
producing en unstable nucleus, which wes then stabilized by emitting
o bete particle. This resulted in the formation of an element one
unit higher in moss end one unit higher in nuclear charge than the
perent atom.in-the periodic system,

Before the disoovery of artificial radionctivity, the fileld
of applied nucleonics wés restricted to the use of radium, mesothorium,
and other natural radioelements for medicinel purposes and for a
few industrial applications. In some cases, radioactive elements
could be used ns "tracers", (also cnlled"indicators"or "stand-ins")-
848 rediolead could be added to ordinary lead, and the mobility of

SEERET
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ntoms in solid or liquid lead ("self-diffusion”) could be studied by
following the spread of radiocctivity. However, only one or two
heavy elements have natural radionctive isotopes. Sometimes, &
rodioactive homologue coﬁld be used instead of an isotope, €.8.
radium could be used to & certain extent as o tracer for barium,
bectuso thesc two elements belong to the some group in the‘périodic
system and thus bshave alike in many, althoﬁgh not =11, chemicel
transformations.,

The discovery of artificinl r&dioactiviﬁy'brought aboﬁt 2 vost
enlargement in the possibilities of applied nucleonics, because it
led to the preparation of & large numbsr of radionctive isotopes of
the lighter and medium atomic weight elements, Such isotopes are
known now for & large proportion of all elements in the periodic
system, although not =21l of them are cqually convenient for use as
trocers, becouse some disintegrate too rapidly and. others too slowly,
Chemistry, medicine snd biology nre alrendy meking considerable use
of.these new tools,

Chemists can now add to various reaction components o few
"tagged" atoms of Eheir radioactive isotopes ond then follow their
fate by means of the extremely sensitive radioactive detection
methods, Biology has been enabled to study the rate of ronewal of
the constituents of the animnl body, e.g. of phosphorus in the bones,
by observiag the appecrsuce ond disnppesrence of radioactivity in
the body cells after feeding nnimals with "tagged" foods, Medicine
hes profiﬁod by an enlarged choice of‘radioactive elements for

trestment, Some of these clements are selectively absorbed by certein
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cells in the organism - ¢.g, rndionctive iodine by the thyroid -
' thus making possible ¢ new type of loczlized "inside" radistion
treastment.,

The Tronsuranic Elements

Among the elements which Fermi’exposed to nsutron bombardment
were uranium and thorium, the two original recdloactive elemeﬁts.
Uranium wos the last known element im the periodiq.system (element 92).
If its nucleus would pn@ergo the above-mentioned transformation .
(capture of 2 neutron ond emission of & beta article) its nuciear
charge should increasc to 93 and o new "tronsuranic" element
(element 93) unknown in noture, should erise, First gxperiments
with urenium end thorium showed that their atoms cctunlly are
affected by neutron bombardment; but it was several yoars before
the true nature of the ensuing tronsformations was clearly under-
stood. Vhen this understanding finelly wos geined, it became the
starting point of thé present tremendous development of pure end
applied nucleonics,

Uranium; as found in noture, consists of o mixture of threse
isotopes, yet after its bombardment with neutroas, not three, but
four different types of artificial radionctivity were found, To
clarify the situatibn, chemiéal separations were attempted,

In the chemistry of rodiocactive elements, a commonly used
method of identificntion consists of adding & kmnown iﬂﬁctive
clement to the product, =nd then separsting it again, for example
by precipitation, If the redlonctivity belongs to 2 redionctive
/isotope of the same elsment, or to & close relotive of the lotter,
1%t will follow the aided "eorrier" into the precipitete.

i
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Element 93 we&%d eppear in the periodic table in the same
group with mingancse, Addition of mangancse as o cgrrier was there=-
fore tried first. When o mongenese salt was odded to.the uranium
salt solution, and manganese precipitated as mongenese diloxide, some
of the nctive substance separated with manganése. This seemed to
confirm the theory thaﬁ one of the products of neutrén bombardment
was element 93.
But what were the other ones? In the meantime, their number
ad inecrensed from four to nine, ocnd it wes neoessary'to postulate
¢lements up to number 97, if all of them were—to be interpreted os
"transureniums” ., |
Fission
e
In 1938, Curie and Saviteh found o new netive substonce in the
products from neutron-bombarded uranium, which could be precipitated
with lonthonum os o corrier, thus suggesting thet it might be actinium'
(since actinium ond lanthonun belong in the seme group in the
periodic classification)., It did not occur to them that the material
might be lanthouum itself, Lenthonum, eleqent 57, was too distant
from urcnium (element 92) in the periocic éystem,_ We have seen that
2ll notural and &rtificiniAtrﬂnsmﬁtations which had been observed
up to that time had led to the production of "daughter elements"
removed only one or two places from the "mother substance" in the
periodic system.
Hohn ond Meitner repected the work of Curie and Savitch, They
added bafium as o oarrier and found that certein active substences

could be precipitated from neutron-exposed urenium solution clong
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with the barium, 'and that these substances transformed themselves
after a certain time into other active substences that could be pre-
cipitated with the lanthanuwm. The materiai which could be precipi-
tated with the barium they first designatsd as a radium isotope, and
the lanthenum-like substance as an actinium isotope. But how were
they to explain the conversion of uranium into radium, which would
require the driving out of two alpha particles in the nuclear re-
ection, whereas no alpha particles wers detected. In order to prove
that the materials ectually werc rodium and actinium, Hehn ond Strass-
menn performed a sories of rigorous ezperimonts; but thg stortling
result of thosc oxperimonts was thet the "barium-like™ substancs was
found to be truly barium ond not redium; while the "lenthenum-likoh
substonce was nothing elsc but lanthonum itsclf. This led to the
startling idea that uranium was boing split by ncutron bombzrdment
into two atoms of medium ciomic welght, accompanied by the release
of enormous amounts of sncrgy. This new typo of nuclan transformation
was given the name of QEEEEQE'

The first wori of the fisscion idoa wns brought to Amorice. by Pro-

-

fessor Niels Bohr, who arrived on Jonunry 16, 1939 to spend some time
et Princeton. The oxciting news woes soon sproad cmong Amorican phy~
sicists, ond meny hastened to test the idoa by dircet experiments to
look for the sho®ting out of energetic heovy fission fragments during
noutron bembardment of urconiuwm. Within o month confirming results
came from four laboratorizs in this country. Meantims, Moitner and
Frisch in Bohr's lcoboratory had obiecined similar rosults on Jenuary 15. :

Soon 1t becamo clear thet ths whols group of products proviously cone-

sldered as "ronsuranic elements" was o mixture of isotopss of clements

of modium atomic woight. There was onc excepticn, however. Abolson

at Bsrkoley cxposed to neutrons ¢ urcniuvm
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layer which wns so thin that it could not hold the fission products,
and found that the urcnium layer exhibited after the bombardment

o single beto-cctivity, which he attributed to o new unstable
uranium isotope U239, decaying to o true tronsurenic element 93,

Nuclear Disintegration by Artificielly Accelerated Particles

We have spoken so far only of nuclear disintegrations produced
directly or indirectly by rodietions from naturelly radionotive

substonces, Similer results hove, however, also been obtained by

:

means of cherged particles (ioms) cccelerated artificially by various
electric or magnetic devices,

The simpleét way to produce very rapidly moving ions is to
accelerate them’botween two electrodes, to which a very high poten=-
tial hos been applied, However, to achieve nuclear disintegration,
potenﬁi&ls of several million volts are usually required, Mochines
which produce such high potenticls have been successfully constructed;
but the greatest success in etome-smashing has been achieved by means
of on apperatus devised by E. O. Lewrsnce in California, which is
based on the resonance principle and does not require a high voltage,

In this apparatus, kaown os the "cyclotron", lons are acceleratec

by successive "kicks", in the some way that a bell ringer brings a
y N :

massive church bell to swinging by striking it regularly ot oppro-

priate intervals, In order %o keep the lons within the apparctus

betweon the "kicks", they are made to spin around on circles by the
7/

attraction of an electromagnet, The cyclotron contains two half-

circular hollow electrodes placed between the poles of & powerful

“eloctromegnet, Ions are produced in the center of the apparatus, -
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from which all the air is first pumped out, and stert moving on 2
circle in the ficld of the magnet. When they poss from the first
electrode into the second one they are accelerﬁted by a potential
applied to the two electrodes; by the time they have completed o
helf-circle and are sbout to enter the first electrode again, the
direction of the electric'potential has been reversed and they
receive cnother "kick", This acceleration is repéated again and
egain until the ions, having spiralled around long enough to réaoh o
tremendous veloeity, emerge by penetrating through a thin window at
the outside of the apparatus. The cyclotron may be used o speed

up protons, deuberons, (nuclei of o heavy isotope of hydrogen with
an atomic moss 2) or alpha particles, depending upon what gas is
placed in the apparatus; and also to produce heutrons by létﬁing
speeded-up deuterons or protons "bormbard” e "garget” which thereupon

vields o supply of neutrons.

III, NUCLEOWICS SINCE 1939

The reason why Haohn's discovery of uranium fission sob cbleze

,

the imagination of all nuclear physicists was twofold, In the first

place, fission releascs ten times much energy as did the previous-

~
O

1y known nuclear transformntions of naturally cend artificielly roadio-
active elements, In the second plece, it is g&pable of propagoting
itself - that is, some of the products formed by the fission of a
uranium atom are capeble of inducing the fission of another similer
atom, which in its turn brings sbout the fission of &« third one, and

¢

50 on,
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To uﬁderstand the first point, one should recnll one of the
great schievements of Einstein's theory of relotivity-- the law of
equivelence of mass and energy. According to this law, the giving
out of energy in any process necessarily meens o decrease of the
mess of the«substahce involved, Coﬁéequently, the amount of energy
given out in any process oan be predioted if the mnss of the\material
involved is mown before and after the process OCCUrsy If one

alculates from exact mensurements of the atonic weight the average
mass of o neutron or proton in {ifferent stoms in the periodic
system, one finds that this mass deerecses at first rapidly with
increasing‘atomic weight but thot the curve soon flattens oub, and
begins to climb ogain, This moens that very light ond very heavy

clements contoin excess energy, which would become aveilable if the

light ones could be condensed into somewhat heavier ones, or if the

heavy elements could be broken into lighter ones, .

A transformation of the first type - the condensation of
hydrogen into helium - is now 5elieved to be the moin séurce of the .
sun's energy; and is thus the origin of nll energy which menkind
ufilizes in the form of food, fu@l; or falling wnter, Tronsfor-
mations éf the second type - those involving’%he spontaneous break-

ing up of heavy nuclei - are the essence of naturel radionctivity.

The series of transmutations leading from uranium through radium

and rodon to lend represent o descent, step by step, towards the

center of the periodic system. However, this spontaneous descent
stops with lead, in spite of the fret that lead is still.far above
the level of the most stable elements, which are situated in the

SEEEET
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region of iron, and so still contains within it vost stores of
locked=-up energy. In the case of artificial radionctivity, too,
the changes do not go very for,

In contrast, however, the fission of a uyranium atom into two
atoms of medium weight represents o direet transition from ﬁhe
highest peak of the energy curve into 2 region close to its bottom,
Thus, flSSlon rpleases ﬂlmost tho mﬂx1ﬁum amount of energy which

(L,vwﬁﬁ,..,u o, ch. e LU \t‘ dpirs Fmas 1A L
one can hope ever £o obtain from o 51qnle auclear tronsformationg

Despite this large energy effect, fission would be of no more

use for practical purposes thon were 2ll previously known nuclear

P

enctions, if it were not for the sccomn .4 above mentioned peculiarity

of this process = its capncity for self-propagation, All the progress

that mankind has achieved in the past in the production and utili-
zotion of chemical euergy, other thoan that of muscular work of mnn

or domesticeted animnls, has been founded on the crention of self-

N

propageting processes of energy chenge, Vhen men lenrned how to

strike fire, he discovered the first "choin recction," i.e
s s

n
0y

process in which only the first step has to be brought about by =
suoplj of external energy, and which then propegotes itself suto-
motieally, ench link in the chain supplying the rctive material to

Y

start the next link (or several such links, in which case the chain

becomes branched end the recction swells in volume like an avelanche,)

All our power enzines are dovices for comtrolled chain renctions,
while 21l our explosives ars systems COJterGu to produce branched
choin reactions with tho moximum chonce of r“pld devclopment,

It has long becn clear to 2ll physicists thot the procticnl
uwtilization of nuclenr energy hinges upon the realization of a

{
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nuclear choin reaction whose self-propagation would avoid the

necessity of o very large external energy supply for the first
step in the process, Vhen the fission of uranium by neutrons was
discovered, speculatioﬁs immedintely appecred that here is o nuclear
renction which may prove to be capoble of chain propagation. The
reason for believing this was that the relative confent of neutrons
in the steble atoms in the middle of the periodic system is smaller
than in the heavy ctoms like uranium, A splitting of urcnium into
two medium weight elements would give products containing too many
neutrons; It thus appecred likely thnt in the process of fission
one or several neutroans mey remain behind os free neutrous instead
of being incorporoted into the fission‘products, At thé.momgnt
when this anticipation was confirmed (in the Spring of 1939), the
nuclear chein reactibn, with 2ll its tremendous implicotions,
became o concrete possibility.

One might expect that the creation of one new neutron for ecch
fission sct would suffice to maintain o chain, Since experimeats
heve shown that the avertge nurber of noutrons set freo in ecch
fission, = the "multiplication foetor" - is netunlly as high as 2.3,
one might conclude that the fission of uranium, once started, would
become & branched chein recction and terminate in o tremendous
explosion of the whole a~veilable mass of ur&nium, Thot this is not
so = that a lump of uranium is o perfectly sufe object to handle
neor o noutron source - is tho result Qf a number »f chain-broeaking
processes. The first is the escupe of neutrouns through the external
surfaces of the mﬁterial. Then there is the effect of impurities,

“SBERET

TRt




‘“hh,)‘i
omix|

Ao { .
T ~ o e

SEERET

“20 =
which "eatoh" neutrons by en nction analogous to thet of anti-
¥nocks in the gasoline engine,

- Most important of“all, there is the different behoviour of the
oifferent forms (isotopes) of uraniumAitself,. The main isotope of
this element, U258, that is urenium of mnss 238, can undergo fission
only by very fast neutrons, Neutrons set free by uranium fission

ere very ropid immedistely after their liberation, but most of thom

ore slowed down by collisions with uranium atoms before they succeed

in initinting o new fission, Once neutrons hove been slowed down,
the ntoms of U298 become "traps" which cateh neutrons without
fission, The rare isctope U235, however, con uadergo fission also
by slow neutrons, The probobility of its fission is so high that

o slow neutron moving in o mess of uranium hos sbout en equal chonce
of being cnught by o U238 nucleus or of causing fission in a WEEL

nucleus, even though the first isctope is more then a huadred times

more cbundant than the second one, Thus, the prescnce of U238 cuts

the multiplicétion factof for slow neutrons in uranium by epproxi-
mately one-half - from 2.3 o 1315' The latter volue is d&ngerously
close to 1 - the lowest valﬁe which ollows chain propagetion - and
it seemed nip and tuck whether the influences of impurities and of
the escope of neutrons from the materinl could be reduced so far os
to keep the multiplication factor greater thaon one, o8 is neccssary
for o chnin recction.

An obvious way out of this difficulty wns to prepere the isotopé
U235 frec from U238, or at least to enrich ordinary uranium in U235
so os to'give the chain renction 2 botter chonce. This is ea;ier

§ Ao
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said than done, siﬁce the seperation of large quﬂntities‘of two
heavy isotopes is o tremendously difficult undertaking., Scientists
all over the world had just begun'taokling this probleﬁ.when wor
threw o veil of secrecy over this subject,

The Meteollurgical Project was organized however, not to develop
this solution of the chain reaction problem, but to see whether a
chain rerction ean be =chieved even without the separation of
iéotﬂpes. It was suggested os early as 1939 thot o fovorable
relation between the number of fission acts an” the chain-bfeaking'
neutron absorption fcets iﬁ ordinary urcnium con be ochieved by
construction of on arrangement inm which spheriecal lumps or eylindrical
bars of uronium spzced ot regular intorvals were gsurrounded by 2
"moderator, somewhot like plums in o pudding., By & moderator is
meant o moss of substdnce which efficiently slows Jown the fest

neutrons that are produced by fission and emerge from the urenium

- lumps, but which does not itself absord these neutrons. The function

of the moderator is to slow down the noutrons and allow them then
to Aiffuse back into the uroaium, there to produce fisslon, BExperi-

ments with structures of this type {which soon become known as

pilgi) began in March, 1240 ot Columbic Taiversity, ond o year later .
et the University of Chicago. These projects and nlso a third
started ot Princeton %niversity were combined at the beginning of
1942 ond concentrated at Ch;cago to form the present Metallurgical
Project,

The moderator must contsin o light element, since neutrons are

slowed down most efficiently by collisions with light nuclei, but:
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rebound from heévy ones 2s a bnll rebouﬁds from & wall,” In this '
respect hydrogen would be the ideal moderator, but unfortunately it
has also the capacity’of absorbing neutrons r&thér strongly, so that
the possibility of its use is doubtful, Heavy hydrogen (deuperium)

is the next most efficient moderator, and does not strongly absordb
neutrons, Thus heavy woater is an obvious choice for use as pile
moderator, ond the preparation of lerge quantities of heavy water

for this purpose was eorly taken under counsideration,. ‘The con-
struction of & large-scale heavy water plant by the Germans in Norway,
revenled by British bombing reports, mey be o signifiecant indieation
of parcllel thinking on the other side of the front line,

The difficulty of obteaining the required quﬁntities of heavy
water cnused postponement of the sctunl construction of heavy water
piles in America, In the mesntime, the development of piles with
less efficient but more ecsily obtninable moderntors procesded
rapidly, Beryllium metel was suggested but soon abandoned because
of high costs; since the next element in the periodic system, boron,
is an efficient neutron ﬁbsorber, the choice thea fell on carbon,

In the form of pure graphite, this clement has given the best
practical solution of the moderator problem, First determinations

of the multiplication factors for o urcnium-graphite pile at

i

Colurbin in the swmmer of 1941 zave the comparatively low value of

0.87; but since theoreticnl cnleculatinus predicted 1,07 os an attoin-
able value for this system, the worle wos continued at Chicaego.
Successive improvements in the purificatiomm of the meterials and

s

in the construction of the pile, helped %o push the multiplication

&
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factor closer and GIOSer to one, wntil on December 2, 1942, in the
experimentel pile at the West Stands of the University of Chicagov
Stadium, the_ohain‘reaction wes finally achieved..

Borring disclosures from the other side, this dnte will live.
in the history of mankind as the day when "nuclear fire" was first
1it by man.‘ (

After tho‘achievement of this fundamental success, plané
rapidly motured for the tronsition from the laboratory state of
development to o pilot plunt and then to 2 largebscale plant, - The
Army took over the whéle project in‘tﬁe spring of 1943; & commercial
firm undertook contracts for the comstruction of o 4000 kilow&tt
pilot plant and for the lnter construction end operation of & high-
power production>plant.

The piles were originally conceived os energy-producing units,
An additional and important»funotion could be the production of a

srge veriety of rodinnctive fission products, whose potential impor-

tence for meny brenches of science and techaology will be deseribed

in the next section, However, it was o dlscovery mede in 1941 which
gove theyreal impetus for tho wer-time development of the Projectﬁ
it was renlized thaﬁ the pile mey lead to the production of & pure
fissioncble element, thus by—passimg the aifficulties of isotope
separation, It wos mentioned sbove thot sboub one~-half of 21l slow
neutrons are absorbed by the moin ufénium isotope, Ues8, They ore
thus lost for the chein recction in the pile; but the product to the
formation of which they lead is &twprwsent more engerly sought then
the rodiosctive fission products or the snergy producéd by the pile,

i ’

BEERET

J

And(ag e
oyax




e i
ENTPNN: e
ouIxR A0

‘ouax/ {égg;“ j).uuak"’
: 28a ouaX
. , ‘ Q8=
— {
SEERET
24

This product is the element plutonium = & "transuranium’ element
{ R

not known in nature, and formed from U2S8 by the addition of o

neutron cnd the subsequent loss of two bete porticles.

Thus, the processes in 2 uranium pile con be described by the

equations (1) nnd (2).

(1) U235 atom plus slow neutron —=- 2 radionctive smaller atoms.

(fission products) plus fost neutrons,

where the averscge number of fast neutrons coming out‘per etom of
wrenium 235 used up is about 2'5f Of the fost neutrons (energies
of the order of a million "eleqtran—volts"), most are slowed down
by the grophite so as to become slow neutrons (energies of the
order of these of zns molecules in normd nir). When the pilé is
voper&ting steadily, one slow neutron, out of those neutrons producgd
in ﬁhe original step (1), finds = U235 atom &nd~repeats step (1).

0f the remtining neutrons procduced, the mnjority are captured

in the fbllowing process: . o L §

(2)‘ U238 atom plus neutron —== 17239 ptom —==beta ray plus

Np239 atom-—=a>beta ray plus Puld9 atom,

Thls scheme shows that the direct product of capture of &

neutron by U238 is an atom »f the uranium isotope U239 which,

however, is rediocctive end quickly decays into an atom of the new

atomic species Wp259' this in turn decnmpases, somewhat more slowly,

‘

into an "tom of thu relotively steble Pu259 Np and Pu are the

symbols for two unew chemlcal ‘elements, neptunium and plutonium, of

*SECRET
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atomic numbers 93 and 94, following urenium (ntomic number 92) in
the periodic system »f the chemical elements, Although they were
earlier produced in minute amounts by the operation of the Berkeley
cyclotron, it is only by the wvse of the pile that we can maks such
new synthetic elements by the gram or by the pound, Like UZSB,
Pu239 is fissionable by slow neutrons and also gives a cha&n recction,
Since it is chemically ¢ifferent from uranium, it con be separnted
from the latter byvchemicﬁl methods, However, the small concentration
of plutonium in the pile-trected uranium (of the order of 0,1% ot
the best), and the large variety of the fission products which have
£o be removed from it, meke the purification process uniquely
difficult. An extensive study of methods for separating the
plutonium hos been carried out by the vorious divisions of the
Metallurgical Project, and the final success of this study is &
me jor achievement of the Project. The tremendous radiocactivity
of the material after 1ts sojdurn in the pile hns crested problems
of handling, waste disposal and henlth which were entirely new for
the chemical industry and requirsd o wide employﬁent of remote
control methods ond zutomtic devices, All these procedures have
now been developed for full scale opsration,

One point may be in need of clarification, How does the

chain reaction start in the pile? When defining chain reoctions
in chemistry, we spoke of the external energy requiréd;for initia-
tion of the chain. One could thus think that a neutron source
(brought into operation by a naturally redinactive elen@nﬁ‘pr by

cyclotron bombardment) would be required to iaitiate the reaction ~

SEQgﬁﬁ?
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in the pile.

In fact, however, the pile "iganites" itself if it

hes the proper size, The neutron producﬁio“ caused by the’spon-
teneous disintegrotion of uranium, however smell its yield, per-
haps oided by neutron production cﬁused by cosmic rays, is suffi-

cient to provide the initial recction impulse; the branching of

the cheins leads to the rapid expansion of the reaction.
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IV, TES DAVWN OF THE NUCLHCKICS

The aspect of the pile which commands alimost exclusive interest

in war time is the production of plutonium,.

other developments, equally vast in scope

However, we can visualize

and varicty, which the newly

acquired mastery of nuclear power promises to bring about, and which

jo>]

are bound to come into thelr own under pcacetime conditions.

Inportant QGVGlOpﬂwnLu are likely to stem from all three functions

of the pile mentioned in Suctloﬂ 11T — power Droductlon, production

of new heavy glements, and production of radioactive isotopes of

common elements, In addition, the pile can be expocted to find

applications in science, medicine and technology as a source of

intense radistion, providing powerful beams

Lon]

as of slow and fast ncutrons,
In this section, we will try to present

approaching "nucleonics age", while the next

to a review of some concrete developments of

anticipated in the nearer future in varicus

Poror production

of gamma rays as well

a general view of the

section will be devoted

nucleonics which may be

fields of human endeavor,.

In trying to assess the future importance of nuclear power, one

has to consider three aspects of power production: (1) the amount

of aveileble energy,

(2) its intensity or concentration, and (3) its

availability under conditions which limit the usefulness of the more

COMMION ENnergy Sourcis.

That the quantity of nuclear cnergy avallable in unstable uranium

isotopes is not small is mude obvious by the

fact that the first

SEe#P
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plutonium-producing pile is designed te preducs onergy (in the form'
of heat)at o rate comporable to the cutput of large olectric gence
reting stotions in America. To produce this encrgy, only ebout one
=
pound of the unstable uranium isctipe U39 4ill hive to bo consunec
gy 0t G Do . e 12238
ceily. At the same time, cbout cne pound of tho stcoble isotops U
will be cuvnverted inte plutoniun. The consusption of wne pound of
U’g35 per <oy would corrcspond to the usc of cbeut 140 peunds of ord-
inary wranium motel per dey, or o ton overy two weoks. It has beon
gstinated that the totel gquentity of urariuwg ovallsble in high grede
orgs vn carth is acbuut 20,000 tons, of which cbout 10,000 tons are on
this continent. This leotter cucunt will encblce 5 piles of tho lorger
type described above to run Tor 73 yeors.

This estincte is bascd on the assuuption thot pluteniws is regu-
loerly removed and utilized for cther purpeses. I pluteniun is allcwsd
t2 remain in the pile (uere cxectly, if, after a sufficiently long
irrcdiction tine, ureniuvo cnd plutoniun ore seporated from the fission
products end returncd inte the pilc), ihe precess can theurotically be

\ ,

continuod. until all the USSC ig consupiod. In this way o given supply
of uraniun weuld lesst 140 tiics as long as wos ostinated abeve for the

. P 235 e e s ;
censunptiva ¢f U . Htwevor, even so, tho onergy available in 10,000
tons of uraeniun will not be sufficient o peruit this moterisl to re-
place cozl ond other ceubustible materisls, or falling woter, as an
energy sourcc. Tho proscnt cecl cungunption is of the order of a billicn

tons per annWi; the nuclear ocncrgy centont of uroniws i, pound for pound

about onco nillien tiios as large os tho chonlecl cnsrgy content of cosl; thus

o Al
1
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10,000 tons of uranium are equivalent to ten billion tons of coal,

or to a ten-year consumption of this fuel, Obviously, one cannot
hope to replace our mﬁin sources of cnergy - ccal, oil, or falling
water ~ by 2 moberial evailable in such limited quantitiés. However,
it is quite likely that methods will be found to produce uranium from
ores of lower grade, which are much more’common than the relatively

rich ores pitchblende and carnctite which now are mined, Uranium is

O

by ' no means & rare elemoent in the earth's crust, being present in
small quantities in many common rocks.

Furthermore, in all probability, uranium will not remain for
long the only source of nuclear power, As was mentioned in Section III,
very largze aﬁounts of energy arc contoined in 2ll very heavy and very
light ¢lements, Thorium, in particular, the nearest neighbor of
uranium in the periodic system, is 1ikely to become important as a
pile material, Thorium is considerably nmore ebundant than uraniua,
and large deposite of thorium-bearing monazite sand have been found in
various countrics, mainly Draszil end India,

Vastly larger quantitics of nucleer onergy are locked up in the»
much more abgndantly available light éleménta, particularlyrhydrogen.
It was mentioned in Section III that the sun probably derives most of
ite enorgy from a slow conversion of hydrogen into helium, Ali the
encrgy sources which we have so far tapped on carth represent only ar
infinitesimal fraction of the solar energy which has reached the earth
since its formation, and the latter in turn is only an infinitesimal

rraction of the total energy which the sun is radiating into space,
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Thus, mankind has been living on driblets of cunverted nuclear energy
during all history.

The coaversion of hydrogen into helium is possible in the sun
because of the tremendously high temperature prevailing in its in~
terior: One could thus doubt that it will ever be possible to achieve
& similsr process on earth, However, it uscd to be said only a short
time ago that men is unlikely ever to achieve control of the nuclear
enorgy which was known to be contained in uraniﬁm and other heavy
‘clements, In the Light of scientific history, it would be unwise
to overlook the possibility or even the probability that we shall
learn to obbtain and control nucloar power from hydrogen, thus making

available the water of all the occuns as a fuel or power source. It

seems possible that the use of neutrons from a chain reacting pile
wmay provide the key to the release of the nuclear enorgy‘of hydrogen.
Ir we‘learn to unlock this inexhaustible store of power, then indeed,
we shell be in the midst of the nucleonics age, and all other sources
of energy will become utbtorly puny in conparison,®

Fven though the possibility of obtalning an unlimited guantity
of nuclear energy, and making cozl, oil, or falling water obsolete
as sources of energy, lics in an as yot dimly perceived (but by no
meens fantastic or nccessarily remote) futurc, there is no uncertainty

- am e e e mw e e e e me e e e G m Gm W e e N @e e en e D

%It has often been suggested that we shall succeed instead in cenvert~-
ing the earth, or cven the whole solar systenm, into a super-nova; but

our expericnce in controlling nuclear power from uranium is distinctly
reassuring in this respect,

_Sé‘ 4&%’ wals
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whatsoever aboub the tremendous superiority of nuclear power over all

other sources of energy so far as the concentration of cnergy and the

possible intensity of its reLcase.are concerned, As stated preyicusly
the amount of encrgy gensrated by the fission of one pound of uraniwa
is several million times grester than that‘availablc in an equal
weight of cozl or any other ordinary fuel or explosive. To make this
relation more vivid, cne mey peint oub that the fission all at once
of the atoms in a picce of uran;um the size of a dime would repfesent
as ohergetic an explosion as that of fifty two-ton block-busters ox=
ploded simultancously. One pound of uranium, if it could be exploded
under the Bmpire Stote Building, would produce enough energy to 1ift
this building severcl miles high into the air, However, it should

be understood that an sctual explosion is not possible with ordinery
uranium, but only with the isotope U235, and then dnly by the use of

sufficiently large quontities of the moterdal,

According‘io calculations made before the war, such a nuclear
explosion is capeble of producing not only a tremendous blast of air, B %; %
but also a blast of gamme radiation such as o kill all living matter
for miles around, Further, the long-lived radicactivity of the fission
products shoulavmakc the neignhborhood unfit‘for habitation for a long

ime afterwards.

We have considered the guentity of encrgy available in the unstable

folviuyimat e o

nuclei, and its concentration. It remains to say a few words on the

.

third aspect of power production, the aveilability of this power under

conditions whorc ordinery power is difficult to obtain, 4 nuclear
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energy generator can work for a very long period without fuel supply.

It is therefore tempting to think of using such generators in desgrts
of ﬁolar countries, on ships in the ocean, or even in excursions

into space.— in short, under conditions where the weight of fuel

to be transported is a handicap for the utilization of ordinary

power engines,

Production of New Heavy Elements

The synthesis of new heavy elemsnts, both within the pile and on
the outside of the pile through the absorption of neutrons pouring
out from it, has immense possibilities.

In Section IIT we heve discussed plutonium as the first such
element to be produced in measurable quantities, and menticned its
fissiomable cheracter (similar te that of UR35), which gives it
explosive possibilities and consequent military importancs, Anpther
element which can be obtained in the pile, the uranium isctope 233,
shares these possibilities, In contrast to the uranium isotope 235,
which has to be separated from natural uranium by laborious methods
of isotope separafion, the isoﬁope U233 can bé produced from thorium
(element 90) in the pile in the same way as plutoniumlis formed frdm
uranium (élement 92), and can be separated from its mother substance
by chemical methods,

The preparation of yR33 illustrates how the stiray neutrons which
escape from a pile can be used, Thesc stray neutrons are part of

the neutrons produced in process (1) of Section IIT and not utilized

either in process (2) or in a repetition of (1), If thorium (Th232)
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is placed in the \ile., or around the pile, the following NrOCGSS
- ) " I IS

occurs:

3) 2% atom plus slow neutron-w~;7Th233 atom .-—3 bota ray

plus Pa233 atom»_—.ﬁbeta roy plus U233 atom.

Production of new neptuniunxisotopes (we recall that nepbtunium

is the element 93, situated between wranium ond plutonium, and that
one of its isctopes is formed as a short lived intormedicte in the
production of plutonium), as well as that qf clements beyond plu-
toniwu, 1is entircly reascneble to exPeét, and these, too, may prove

to bo suitable for use in piles or othcr puclear power devicese

Producticn of radicactive isotopes of crdinsry clements

In Section II, we have spoken of the use of the few available

.

nebural radioactive ¢lements, and of the more abundent artificial

rédioactive isotopos obtaincd by nsubron bomb&rdmant, as Mraccrs”
/ \

or “stand-ins" in tho ipvestigation of varicus nrocesses. This
technique, which despite the 1imited avoilability of its tools, has
already contributed o large amgunt of valuable information to phiysics,
chemistry, and perticularly biology and modicine, is scheduled for
‘an unprecedented developnent when radicactive isctopes of practically
all chemical elemenbs become available in large quantities and abun~
dant varieﬁy as by=-products of the exploitaticn of pilics.

These mavoerials will be produced in two ways, 1n tho first pldce,
fission ;roduces a large assortment of radioactive isotopcs of medium
atomic weight, such o8 radicactive bavium, rodioactive xencn, radio-

sctive cesium and many others, At present, the repmoval of these’

o
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tremendously radiocactive Neontaminationst constitutes a major diffi-
culty and source of danger in the separation of plutonium from uranium
after the pile‘treatment. In the future, these contaminants will
constitute by-products as effective as radium is now, and in much
larger quantities, both for "tracer" studies and for medical irrad-
iation purposes.

The assortment of radicactive products obtainable in the pile
is, however, not restricted to those produced by fission, 1if a
specific isctope is required, it can often be produced "to order!
by introducing a suitable materisl into the pile, or exposing it
ﬁo stray neutrons scaping from the latter — a method which we
nave described above when speaking of the production of U233 from
thorium,

In order to be able to allow a large proportion of neutrons to
escape from the pile without running the risk that the chain reaction
may be stopped by tidls "leak!, one will need piles with a larger
wyultiplication factor" than that of the uranium-graphite pile. One
‘way to obtain thesc is to substitute heavy water (Dzo) for graphite
in a type of pile which holds much promnise for the future and of
which one is in operation., Still bebter, perhaps, in the long run,
wiil be the use of M"enriched" plles where ordinary uranium is re-
placed by a2 uranium whiich has been enriched in U235, or to which

252

have been added Pu239, UZBB,.or perhaps Th or other heavy atoms

nntural or synthetic, These pilcs can be made much smaller than the
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ordinary uranium piles whose minimum size 1s determined by the

=

necessity of preventing too many neutrons from sscaping through
the wallé. S i

Such énrichqd piles probably also hold out the most future
promise for utilization as power generators, while the larger
piles of ordinary uranium may retain their importance as chemical
factories for the production of plutonium‘and radioactive by=-
products,

Radiation Production

At present, the tremendous radiation.which surrounds the
operating pile is considered as a nuisarce, since it neccssitates
extonsive shielding and remotc control operation., However, this
radiation, too, can in the future be put to many uses, We have
mentioned before the use of stiray neutfons for nuclear transformations;
but they — as well as the powerful hard gomma rays escaping from
‘the pile — can also be used to bring nbout chemical transformations,
Many possibilities of this type will be mentioned in the next section,
One can also envisage 2 pile as the nucleus of z nuclear health
center, equally useful for modical trectment of concer and similar

/

diseases and for biological ressarch,
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v, THE NEARER FUTURE OF NUCLEQNICS

We have attempted to zive, in the preceding section, n general
ides of the tools which the dsvelopment of nucleonies promisés to
give monkind: o new source of energy, o source of radistions of
extroordinary intensity, several new heavy elements of exceptionally
interesting properties, =2nd o vast assortment of radioéctive iso=
topes of ordinary elemeuts, Let us now survey a few of the
infinite number of possible applicntions of these new tools in
different spheres of science and technology.

Mony of the sugzestions enumernted below are speculative and
we o not wish ﬁo imply that we expect that all will be’ put into“
practice. Nevertheless we believe thot this group of suggestions,
including the most speculative oneé, does give a correct and not

excrrereted impression of the type of development which is in store.
finl%] T Ry P

Physics,

Striking changes can be expected to follow from the aveil-

obility of nuclear energy in both pure and cpplied sclence. The
:

construction of the chnin-rezcting pile is o notnble example of
how disintérested research in o field of physies apparently far
remote from any proctical interest can éuddenly yield results of
tremendous technologicnl velue. The potential praétic&l importance
of pure rasearch is likely to be shown in this cose even more
clenrly then in the well-known example of the development of the
clectrical industries from the discovery »f electromagnetism by

Foraday.
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Tn the haste of wartime development, further basic experi-
mental and theoreticsl research on the true nature of otomic
nuclei, although it provided the basis for the realization of the
nuclear chain reaction in the pile, has of necessity been neglected,
After the war, this type of research will come into its own agoin,
Moking use of the powerful tools for nuclear transformation made
aveileble by the spdustrinl development of the pilse, the science
of nucleonics will strive to penctrate Ageper into the mystery of
the aucleus. A better understonding of nuclear structﬁre, ecquired
in this way, is certain to open new weys for the prootical mastery
~f nuclesr forces, The old story of science end technology mutually
assisting ond promoting each other is likely to be repeated in
aucleonics on o more spoctaculer scale than ever bhefeore, We have
witnessed o development of this type in the wertime history of
nucleonics, where the study of minubte guontities of plutonium made
nccessible by the cyeclotron techaique hes revealed the potentinlities
of this mnterial ns o source of nuclear power, and thus provided
the incentive for the construction of large-sc&lé plutonium~-producing
piles,

While nucleonids promises to become, after the wer, the most
lively part of theoretical and experimental physics, other branches
of physies will undoubtedly benefit from the possibility of using
the radiations from the pile, =as Weli s pile=-produced radionctive
trocers, This will be particularly true of all studies of migration
aﬁd exchenge processes of the type of Aiffusion or evaporation, os
well os of the investigaticns of the general propertics of the

crystalline and liguid stotes,
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Chemistry ond Chemical Enginecering

Pure and applied chemistry ocre likely t» moke an even widef use
thon physics of pile radiation and pile products. Iﬁ the renlm of
ino}ganic chemistry, the study of the tronsuranic elements is
certainly going fo be eagerly pursued, particularly when these
elements become more readily aveilnble, Suffice it to recall that
the discovery of a single new element has nlweys been considered
an importont step forward in the history of chemistry, The
cyclotron and the pile have already macde possible the discovery
and production of two new elements, neptunium and plutonium, and
may provide several more, The position of these elements ot the
extreme end of the pericdic system mnkes their study very important
for the better under standtiang 27 the lotter,

The rediastions of an cpernting pile nre known to produce

pronounced chemical and other chaages in graphites, water, ond

other materials, In the future, these redintions con be used to

bring about transformations of veriocus meterinls which muy be

difficult or impossible to obtainm in any other way. Such materinls

fat)
[ N

could be irradicted inside or outside the pile. A new "super=
photochémistry“ alrendy is emerzing from studies of this type,

In contrast to light, the pile radintions , (consisting of gomme roys
ond neutrons) are absorbed by every kind of matter.  One ayvthere—
fore cnticipate difficulties in producing selectively the desired

transformations; but certnianly this will be found possible in some

ceses, As o result, pile irradiction mpy replace crtelyst oction

~or high temperature in various important chemienl or physico=chemical
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processes, such as nitrogen fixstion, he rdening of metals or plestics,

cracking of petroloum oils, aond chain polymerizatién os in making
synthetlc rubber
An improved method of mking 1iquid fuels from coal, lignite,
cellulose, end the like, could perhnops be obbained, Natural ges with
, :
or withput other added coustituents, for example, water, corbon
dioxide, ammonia, hydrogen sulfide, ond so on, could be circulatéd

.

over artificinl radiccctive meterinl or through o pile

I , to produce

synthetic rubbers, plastics, -lubricating oils, fuels of special
charncteristics, ond so on, It may prove fensible to synthesize
certain low volume, high-priced orgznic chemicals by exposure to
pile radiation,

The use of rodiosmetive trecers also will becoms important for

both pure and applied chemistry. In pure chemistry, the possibility

s

of providing o radicnctive "sfqnd—ln" for practically every ordinary
element will give entirely new possibilitles for all stﬁdies in the
ficld of renction kinetics, ennbling the chemist to follow the fote
of ali components througheut o chemical process, ond to detect
transfers of atoms from place to pl”ce within & molecule, or from
sne melscule to another, eveﬁ in the state of chemictl equilibrium,
where ordinary chemiccl methods show no change ot o 11,

The usc of the radiosctive carbon isotoupe 014, in particular,
promises to crente for the first time the possibility of iavesti~
gating directly the meehnanism of organic ren tions; and of verifying
the conc@pts which orgenic chemists hove widely used in their work.

In applied chemistry, tracer m=thoﬁs will be important for the

study of such processes as onrrosion, ¢iffusion, adsorption, nnd

|
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formation and destruction of colloids, They will be used for
studying the performonce of Aistillotion columms and other equipment
used in chemical engineering, for example in the oil industry.
Particularly important as o trocer in the oil industry will be the
carbon isotope cl4, Experimental chemical engineering, including
resenrch and developm@pt work on the unit operotions, general
trouble shooting work on chemical processes, ond corralation of
performaﬁce dato on chemicnl process equipment, offers a wide
variéty of possibilities for gseful soplications of the tagged
atom technique os en analytical method, In the rare gos industry,
radioactive rare soses obtained os pile fission products will be
very valunble,

In the study of fluid flow, adio-compounds can serve as
metering fluids in the usu&l‘methoﬁ nf Ailution mecsurement; they
nave o docided advenboge in emse of annlysis. Again, the linear
%elocity of liquid flow in o pipe con be mensured by timing the
successive appearance of cctivity ot two points along its length,
This method is of special value where circumstences ore such that
sampling is impossible; the setivity can be detected through the
pipe walls,

Bislogy and Medicine

In medicine snd in biological science, both the intense
rodiation emitted by the pile or by products mide in it, ond the
radioactive tracer isntopes, will be of utmost usefulness, ~s we
have stated before, & working pile may well become 2 center of
pinlogical radiation resecrch and therapy. Radioactive fission

SzoEse-
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products, as well os radiosctive isotopes nrepared "to order" from
pile-irradiated materials, will be widely used for medicinal
purposes. Not only will they be aveileble in quantities vastly
grester than those in which radium or mesothorium can be obtained
now,.but they will also allow a much wider selection of radiations
with respect to bbth type of radistion and penctrating power; ond
they will often permit localized trectment of the type which wos
illustreted in Section II by the example of rodionctive iodine |
absnrbed selectively in the thyroid, One could alsc procduce 2
radintion center directly in the tissue where irradiation is
desired, by inmtroducing locally en element such as boron which

strongly obsorbs neutrons, 2ad irradinting it with & streem of

‘neutrons,

Thé use of tracer elements is even more importent for biolog
ond medicine then it is for physics ond chemistry. -In biology, such
isotopes as radioactive phosphorus and the asn-redioactive rere
isotopes of hydrogen, carbon, °xyZen and nitrogen hove already Been
usod with conspicuous success in determining the mechﬁnism of mony
complex steps in metebolism, They hevo aiso been used in finding
out how single stoms or large atomic groups 2re exchenged in
living tissues for fresh ones - & process which goes on continususly
even in such perminent structures as teeth or bones, When radio-
pctive carbon (Cl4), nitrogen, and hydrogen become ensily aveilable,
the usefulness of the rodincctive tracer technique will be vastly
inéreased. Tt will be applied o the solution of the hesic prpblems

of cnimal nnd plant metobolism, such 2s respirction, photosynthesis




SuAN : duaes | Ao
\ T LoH3X; QX
- e bl
| . -
]
Vi

SHERET

[PRaIISNS Y

L2
fat and protein metebolism, es well ns to minor puzzles presented

by the metebolic role of "micro-nutrients”, such as cobalt, whose

sbsence has caused widospread losses © £le in New Zecland,

Photosynthesis, that is the building up, through the action of
light in green leoves, of complex orgenic eompounds such as form
the structure of plant cnd animel tissues, is the most important
single biochemical process ian neoture., No life ot all would be
possible’ on earth if we did not heve plant life to synthesize
organic matter from the inorganice moterinls carbon dioxide and
woter. In this process, plants use the energy of sunlight = which
as we have seon is itself derived in the final analysié from nuclear
energy - ond convert it into the chemical energy of combustible
organic mtter, Not only 211 animnl life, but nlso all technological
developments baseﬁ on coal and oil, are possible only because of
this function of plant life,

Despite extensive studies, we still lmow practically nothing
about the mechanism of this most fundamentnl process of life, which
nobody hos yet succeeded in repenting outsidé the living plsnt cell,
We do not know what intermedicte chemical compounds are formed in
the course of photosynthesis, nor wﬁat is the first product of it,
411 these questions could perhaps be answered by using tagpged
radisactive atoms of cnrbon,

The animal orgonism reverses the process of photosynthesis;.
suger is oxidized to carbon dioxidoland water, liberating energy.

In this cose the process, nlthough it invelves o great number of
steps, is comparatively well uaderstood, but its understanding has

required the work of hundreds of investigntors for several decades,
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; By the use of tracers the effort to obbein this knowledge would have

been greatly reduced; nnd much 2dditional information (for example,
concerning the role of copper and other metals in respiration) can
still be expected from the ~ppliention of the tracer technique.,
Comparatively little is lmowm about the metabélism of fats and
proteins; in these fields, more complex thon thot of sugar metobolism,
tracer techniquos hold great promise,

Once we understand the oxidation and bdbreakdovn of proteins in
the cnimal body, the solutien of the reverse probiem, that of growth,
will be greatly aided, Tho prob}em of normel zrowth is fundamentel
to that of mbmormel growth or cancer, '

It is knewn that plants require some twenty or more elements
for their growth, including such "mioronutriqnﬁ;" ~s boron, mANganese
or cobalt, Becnuse micronutrient gxpsriments on animls are procti-
cally impossible, we have no siniler informetion on them, Trocers,
however, will make the study of this field ensily pbssible.

\ Whot is the mechanism of norve nfcoticn? How do pathogenic
beeteria ecarry out their poiscnous missions? What is the mechaﬂism
of immunoiogioal reanctions? Wh&£ ﬁs the chemicnl reaction which
controls the beatint of the hecrt? What is the mechanism that
stops and starts growth? These are only o few of the current
questions to which prompter onswers will very probably be obtained
by the use of tracers,

In medicine, many artificially activated substances are now
bheing used os tracers, particularly diegnostic work, Rodionctive

iron, for exsmple, is being used to label and troce red blood cells

HEERED
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in shoeck cases. Activated sodium metaborote is used to check blood

circulation time in cases of "immersion foot", dinbetes, hardening

of the arteries, ete, The strontium isotope sr39 is used as o trocer

for caleium to determine the healing of bone froctures., The iodine
isotope I3l is used for measuring the functinniné of pathologienl
thyroid glands,

Another prirmary biocchemical use of tracers is in analeis, for
which such adaptations have been made as the radiocutograph to’
detormine the cetucl cells involved in on ncoumulation or secretion
process; the use of gommx radiation to enalyze for 2 trocer species
without destruction of the animel or tiss ue analyzed; and analyzing
quantitetively by the "isotope Ailution” technique for chemical or
celluler constituents which cnunot be isolated or separated in-a
quantitotive monner,

All these methods and procedures will be facilitated and meny
new ones will be mnde possible by the abundantly availeble isotopic
tracers derived from the pile, |

Scientists heve &lfeady induced mutations by means of radiation,
so that it is not improbable that gengticists ny now be 2ble to

produce many more new nnd economically importent types of plant aznd

snimal life,

Metallurgy

In metollurgy, the use of rocdionctive tracers hos many pdssible
applications. Some.of these are as follows:

Diffusion of an element into itself and into alloys in which
the element in question is o component, can be followed if the

diffusing etoms are radicactive,
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Incluéions, ﬁhat is small bits of foreipn matter in metals,
could be identified by adding & rodionctive form of suspected com=
ronents to the melt, The inclusious could furthermore be photo-
graphed by microradiographic techniques.
Minor cénstituents often mrkedly offcet the properties of
metols and alloys.\ Positive identificatioﬁ and locntion of these
minor constituents is usunlly very difficult by microscopic methods,
s Microradiographic method could be used in studying the distribution
of these minor constifuents among Adifferent phoses in a piece of metal,

Enrineering and Construction

Tn the design nnd testing of machinery nnd in many phoses of
engineering ~nd construction, redinsctive treocors and other pile
aroducts hove promising anplications,

They could be applied to problems of weer ond lubricetion of
moving perts, Wear problems ore concerned with pick=up of metal
or other mnterial from one surfacé to another. By introducing
tracers, the effeet of pick-up under various conditions, such =2s
surfrce trectment, lubricotion, londinr, temperature, and so on
could be studied,

One migh£ int;oduce small amounts of radionctive gaseous
fission products into tanks and other equipment to test for lenks;
use the same kinds of active gas for determining convection o A air

| removel rotes in ventilation problesms for buildings; or use the

nctive

~

i

;ﬁ%es to determine the permecbility of relatively imnervious
membrones and structures,

Radionetive tracers have olready found use in the fisld of
renphysics for tracing flows of liquid‘or‘gasegus materials in
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subterranean deposits, and this use can be extended, Trocers might
nlso be used in measurements of flow in sewers and over dams where
the volume is hizgh and ordinary chemicals would have to be used in
too large o quantity. Radiocactive sedium or other material could

be added to drilling muds pumped into o0il wells to establish whether
the mud is reappearing in adjacent intersecting wells, Qgéétions‘of
underground drainage of oil across property lines could also be
atbacked by adding oil-soluble active material in one well and
looking for it in neighboring ones,

Radioactive materials could be embodied into paints and floor
coverings for cutting down sbtatic., These paints and coatings might
be made using either beta or very soft gamma emitters, They would
be particulerly useful in explosives plants and in the printing
industry.,

Hord and soft gamme emitters of reasonably long life made up
into radiation "sources" could be used as substitutes for industrial
end clinical X-ray machines, The possibility of putting a gamme
ray source into body cavities is attractive since better picutreé
could be obtained than is now possible in some cases, The same
would be true of X-ray‘pictures made of machinery, castings, ete,

The small size of the source required would permit its insertion into
the insidé of complicated hollow castings, and so on,.

-In the lighting field one con visualize n cold light that would
last for many years, produced by mixing rediosctive material with

luminescent matericl,
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The field of instruments relating to nucleonics will be very

‘large. The need for instruments in this field is, perhaps, greater

than that of‘any other so far uncovered by man,

Prospecting for minerals should be a fruitful field for
nucleonics applications., For instance, the presence of beryllium
might be dotermined by tﬁe emission of neutrons upon- irradiation by
gomma rays, and the fluorescence of mony minerals under gamma
irradistion might likewise be used, In any case where specific
nuclear recctions are involved, o sultable device could be set up

which would specifically determine these elements,

Agriculture

Nucleonics even promises to go out on the farm and help the
farmer of the future, both by irrsdiction and by the application
of tracers, Commercinl growers &re slrendy producing superior
pinenpples from & mutation obteined by irredietion, The detection
of selenium in fodder plants in certain South Dakote counties wherg
animals hgve been poisoned because plants they cte had absorbed
sclenium froﬁ the soil, is a typical problem which can be studied

by the radiomctive trecer technique. The same applies to other

poisons, as well os to "micro-nutrients” which cre important for

4the growth of pleants. Small amounts of radionctive material might

be sprayed on migretory insect pests to aid in determining their
origins, routes, nnd migration speeds, adionctive isotopes could
be used to test fertilizer materials for immedinte svailebility,

Power

We heve spoken so far in this section oaly of the use of the
"py=-products" of the pile development - rodietion ond new isotopes,
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The present gueatitative limitotion and the immense intensity of
nuclearvpower have been described in the preceding section. These
two characteristics détermine the uses to which nuclear power my
be put in the immedinte future, that is before pile moterinls other
than uranium are utilized,

The limited smount of available uranium precludes o widespread
use of pile power for energy production in competition with conl, oil
or falling water, However, the tremendous hent generated by 2 working
pile built_primarily for other purposcs, for example plutonium
production, cen certainly be utilized in such wnys as the central
heating of large aresns, thus freving oil for premium uées (airerafst,
automobiles, and so'on), Since the petroleum supply is definitoly
conceded to be critical by even the most optimistic geophysicists,
plutonium pleats might, despite their cost, become an economic
necessity on the east coast where oil is now being used for heating

‘both public buildings and privete homes. While it is mlikely that
piles will be comstructed for heating purposes 2lone, it is quite
probeble that waste hoatiwill be an important by-product of piles
constructed for other purposes such #s the fission process itself, .
or for supplying power for mining or irrigation in innccessible
pleces,

Piles bullt with material capoble of sustaining high tempera-
tures, for example with beryllium metal as moderator, will offer
improved thermodynomic possibilities for power prqduotion. Bven
without such radienl efficiency improvement, the pile my con-

celvably prove useful as an energy source under speciel conditions

(R -
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where its freedom from fusl supply limitotions mﬁy outweigh all
other consideratiouns, perticularly those of costs, That cost is
not always the decisivo factor in the selection of methods of
ensrgy generation, ié illustrated by the following exemple,

If electrical energy is to be used in the manufacture of
metallip aluminum, the cost should he in‘the‘neighborhood of 0,2¢
per kilowatt hour, Hlectrical energy for many industrial uses is
practical at around 1 per kilowatt houf. Electrical energy for
home lighting is economical 2t 5¢ per kilowatt hour, Large cmounts
of power are used in automobiles, trucks, buses and airplanes at =
cost of around 207 per kilowntt hour, without including eny labor
or up-keep items, We would willingly pay §1 per kilowatt hour, or
more, for elsctrical energy with which to stort our automobiles
rother than,roturn to the old handerank, The public also consumes
o substonticl emount of power for clectricity to operate flashlight

lamps from small dry batteries. A round figure for the cost of this

power 1s §30 per kilowatt hour. . hus, it is secn that the value of
power. is not a fixed‘thing, and it moy be that many uses will be
found for pile powsr in which the overall cost of %he power is not
the controlling factor, On the other hand, we should not conclude
that the cost of pile power is necessnarily going to be high as
compared with other power sources. This is one of the greﬁt uncer=-
teinties of the future which can 5nLy be answered by further experi~
mentation and experience,

Lot us éon§ider some aspoets..of the power situation, It might
be possible to put in power plants in the Far North, in the Anterctic,

Y

or in desert regicns cdjacent to impertant mineral deposits, Other
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sources of power might be practically unavailable in these areas and
piles might make it possible, therefore, to goin added mineral
resources for monkind, While these minerzl resources were being
made oveilable for man's use, one or more of the othcr.by—products
might #lso be produced, which could have the result of mrking the
entire operation economical,

Pile power mzy olso be used for transportation, particularly
in regions far distant from fuei supply bases, While pile—powered
interplonetery ships still belong'to the realm of scientific doay-
dreaming, pile-powered battleships or submarines have been con-
sidered as likely applications of nuclear power in the relatively
near future,

It is not impossible to hope that z submarine poWered by a pile
could moke a round trip across the Pacific without once having to
surface for refueling or for recharging of its batteries, Of course,
much experimentation will have to be completed before a small com=~
pact unit of relatively large capacliy can be produced for this purpose,
but the total wraniuwn needed is so little comparad with the reserves
available that this application appears to be among the most promising
3 y
The generaticn of auclear power for driving a fleet of 30 modern
battleships would require 30 power plants of roughly 500,000 KW capacity
(heat rate) cack., Assuming that these operate at énly 10% of rated
capacity on the average, the total heat dissipaticn rate would be

1,500,000 KW; the known North Americen uranium reserve could support

such a fleet for about 470 years. Thus the uranium supply is large
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enough to warrant discussion of its use in battléships. The great
weight of the pile and the fact that this welght must nccessarily be
concentrated in one part of the ship probably will lead to structural
dcsign changes in the ship itsell, since at present the-fuel reserve
is widely distributed over the ship.
)

Explosives

It is cloar from what was said in Section IV what terrifying

~
results can be cxpected from the use of plutonium or other pure

fissionable ilsobopes 2s expldsi es, The possibility of their use
for military or political purposes insvitubly dominates not only
the war time development of nucleonics but also all discussion con-
cerning its post-war future,

This is the main recson why, unlike most other scientific dis-
coverics and inventions, the pursult and organization of nucleonics
after the wer caﬂnot be left entirely to private scientific and
industrial initiative without bringing mankind and our nation in
particular into the grovest jeopardy. This consideration hds’caused
us to devote to the military and political implications of nucleonics
a separate Section VI, and To present in the final Seption ViI, a
series of rocommendativng as to how the development of nucleonics

should be organized in this country after the war cmergency is over,

It is, of course, our most ardent hope that nuclear explosives
will never be used to annibilste citiss or whole nations. Oné can
nops that if they are used et all, it will be for pcacetime engincering
undertakings on a scale deemed impossible uatil now, The development
of such peacetime applications of nmuclear explosives will hingg on

methods of conmtrolling the tine and violence of the explosions, When
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nuclear explosives are brought under control, one may be able o
consider seriously such spectacular things as changing the direc=-
tionkof sce currents, destroying or divertimg tropical hurricanes,
removing the dangerlof earthquakes or volcanic eruptions‘by timely
release of the accumulated pressure or strain, or of reducing to a

few days the time required for the blasting of such waterways as

the Panema Canal,

VI. THE TiPACT OF NUCLECWICS ON

INTAIRIEATTIONAL RELATICONS AND THE SOCIAL ORDER

Military Implications

It is the unanimous opinion of observers acquainted with the
active work in nucleonics thet developments in this field will be
of exﬁraordinary importance in connection with the post-war security
problem. We know that the British cre activoly engaged in this work,
A reasonable surmise is that the Gérmxns are zbout as far along as
ourselves and are pressing the subject most vigorously., It wcald be
surprising if the Russians are not also di}igently engaged . such
work., Until the peace has become stable, we can afford n. relaxation
in our present developments, Rather, we have to broade.d them, so as
to include possibilities hitherto neglected under the pressurevof
immediate needs imposcd by the war. Ctherwise, we may find to our
surprise that our present strong hand is covered by a strongcer.

Wnile it is our duty to our nation to sec that no such surprisc

ever takes place, by preserving and exteonding in the post-war period

. (’/
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the lead in the ficld of pure and applicd nucleonics which we believe
we have cstablished now, it cannot be emphasized too strongly that
no lasting security against a naticnal and internaticnal catastrophe
can be achieved in this way. Peace baszd on uncontrolled and per-
haps clundestine development of cortain phases of nuclconles in a
number of sovercign nsbisms will be only an armistice. It is bound
to end, sooner or later, in a catastrophe, particularly because
nuclear power, boyond any older means of warfare, holds out to the
aggressoer the tomptation of being able toimakc a successful sudden \
stroke, even against a vastly more powerful and well prepared nation. \
Nuclear weapons might be produced in small hidden locations in coun-
Lrics not normally assoclated with & largs sﬁale armement industry,
thus ovading surveillance, 4 natdon, or even a poiitical group,
- given the opportunity to start aggressicn by a sudden use of nuclear
destruction devices, will be able to unleash a "blitzkrieg! infinitely
more terrifying than that of 1939-40., 4 sudden blow of this kind
might literally wipe oub oven the 1&rges£ nation — or at lecst all
its production centers — and decide the issue on the first day of
the war, The welght of the weapons of destruction required to deliver
ihis blow will be infinitesimal compared to that used up in a present
day heavy qubing raid, and they could easily be smuggled in by commer-
cinl aircraft or even deposited in advance by agents of the aggressor,
If o war should start with both sides unpreparced for imnediate
use of nuclcar weapons, the nation which has accunulated the larger
reserves of critical materinls or donloped the best ways for their
conversion into nuclsar eXplosives will'have in cxaggerat;d form

oo tibias hesy
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the same type of advantage that this country Hﬂs had in the present
war because of superlor capacity fbr sirplane construction,
The situation as it has been developlng may be described by
an analogy somewhet as follows., Since the area of the earth does

1

not increase, the advantage of the atte cker constantly 1ncrb 3a8
with inereasing technical development. If two people are in a
room of 100 by 100 feet and have no weapons except their bare‘fists,
the attacker has only & ullvnt advantage over his opponont., But if
sach of them hos o machine gun in his honds the attacker is sure to

N

¢ weapons of war werc of the

be victerious, Similarly, as long as tl

o

caliber of rif

Y

les and guns, ulc act of attoe qug gave very llttle
advantage} .The situ&tion had already chhnw“d substantially with
the advent cf the ajrplane; the prescat war illustrates this point
ciearly, With tho nroduction of auclenr bombs, however, the world

situation approaches that of twe men with machine guns in a 100 by

100 foot room.

The problem of the elimination of aggre sssion will no doubt be

solved oventually in tho same way in which modern ‘society has solved

the problem of machine guns, It has given the privilege of possessing

machlnu guns only to a well-disciplined group responsible to estub—
1ished authorities, Similarly a central authority, must be set up
to exercise the necessary control over nuclear powieT,

Until such an authority is vstablished, even the most intense
and efficient "nucleonic re-armament! of a nation will not be able

to give this country enduring safety from & sudden devastating blow.

%
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The most that an independent American nucleonic re-armament can
achieve is the certainty that a sudden total devastation of New York
or Chicago can be answered the next dey by an even more extensive
‘devastation of the cities of the aggressor, and the hope that the fear
of such a retaliation will paralyze the aggressor, The whole history
of mankind teaches that this is a very wicertain hopé, and that accum-

ulated weapons of destruction "go off! sooner or later, even il this

means a senseless mutual destruction, -

The Dilemuna of Technological Frogress in a Static World Order

As we approach the nucleonics ags, the existing gap between con-
tinued technological progress and our relatively static political
institutions tends to widen, The tenslon impelling us toward a so-
lution of this problem on a world-wide scals may rise to extreme
heights, As recently stated by Dr. L, L. Mann, "technological advances
without moral devélopm@nt are cabtastrophic., Thus brotherhood, once a
vision, is now a nscessity.n

Two types of solution seem possible, These may briefly be
described as forward-looking and backward-looking, The backward-
looking approsch would call for & moratorium on the progress of
science and industry, and in particu;ar nucleonics, in order to give
social, economic, and political development a chance to caich up.

| The forward-looking approach would combine an intensive dévelop—
ment of nucleonics, becausc of its immense potential benefits to
humanity, with an even more intensive effort to solve the most

cruciel of existing political problems on & world-wide scale. In

POEX
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this approach, widespread scientific cducation must go hand in hand

with education of the general public. The moral development ncces—

sary to prevent the misuse of nuclear encrgy can only be achieved

if nublic opinion beocomes fully awarc of the catastrophic possibil-

ities inherent in the development of nucleonics, and thus preparcd

to give its support to the decisions reguired to prevent the danger.

Public opinion will agree to tho abandonment of cherished éld tra=
ditions only if it .becomes absolutely clear that their retantion‘
will of necessity release forces that will bring about self-destruction
of civilization, if not of mankind,

Neither of the two approaches can succeed without international
cooperation, and both involve grave risks, ‘The backward—lookihg

o

approach, if adopted by any individual nation, will inevitably mean
national suicide for that pation., For there will be other nations
viich will be willing and glad to taks advantage of this situation
by arming themselves for modern and in particular for nucleonic war=
fare, |

Thus, the forward—looking.approach, providing for the maximun
intensity in the development of nucleonics, appeafs the only one
fensible. Bub it muet be continucusly kept'in mind that without a
worldwide organization for the mointenance of peace, this approach
will hesten th¢ comﬁng of the most destructive war in history. In
this war, if all arc not destroyed, it ig likcly that one netlon will
acquire global dominance sO thet a world orgonization will in the end

be established, but robably in a form not to our 1liking To sum u
2 J B AL S 3

we belicve that the inevitability of the development of nucleonics
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by some if not _all nations shows compellingly, bescause of its potential

military consequences, the necessity for 21l nations to make every
L )

N

offort to cooperate now in scbting up an international administration

with police powers which can effeetively control at lcast the mcans

of nucleonic warfarc,

The Control of Critical Muterials.

Among,the ways by which the wérldwido developmernt of nucleonics
can be kept under control, one of the most important is the super—
vision ovef critical materials, particularly those which are of
crucial value for military purpoSes. “ven within & nation this is
of particuler importence, since any group gaining control over such
materiels might seize and hold power in that nation.

In the first place, worldwide prOSpecting for the orgs of such
eritical metsals us uranium, thorium, beryllium (which may be very
important in nucleonics), and perhaps bismuth; will be necded., In

addition to prospecting tho rocks and carth, sca water, and the- sca

’

floor, salt lakes and fossil salt lake beds should be cxamined as
possible sources of theso raw materials, . Careful studies on the

L

mining of these ores, and the stockpiling of the resulting metals

and perhaps also of heevy wator (which may be imporbant for use
in future piles), will need to be instituted., It is probable that
U235 and such pile products as U233 ang plutonium will be rated as

vital national or international assets such as gold has been in the

past,
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If so, it might be possible to work out plans whereby these

materiels would be made in greater quantitics during tiwes of low

employment - than during times of high employment. Projects for the

recovery of uranium and therium from low-grade deposits may like-
wise bc made part of a sound program for cmployment in times of
low industrial acbivity. It now seems that there will be no possi-

. ~ 2 : .
bility of acquiring too much U‘35, U2)3,‘or plutonium for gencrations.
No one yet knows what other elements may aléo be veluable in nucleoniés,
and should also be stockpiled, Futurc rescarch alone can ansﬁer these
questions.,

In the future nucleonics industry in America it will be possible
to give considerable scope to ffoe private enterprise activity and
still hove the government hold a tight rein on important factors in
the nucleonics field., Control of end products need not be so far
different from that of gold, except for safoty measures. No one
may hoard gold, yet the gold industry is quite free, Gold producticn
is in private honds and any onc may purchase it for use in the industries
and arts. Industrial cthyl alcohol has been in the hands of private
onterprise, but its production and sale are under government obscrvation.

Reseorchers normally have little difficulty in getting gold or
ethyl alcohol for experimental purposos, Similar arrangements could
be made if the government had contrel of all potentially danggrous"
nucleonics cnd products, The same might be true of certain of the
raw materials involved, While stockpiles arc being built up.there

will be a continuous and steady market for all such meterials. The

SEET

3

{

A0 &
ouAX




FAAOO,

i

ou3x g

ST

military needs could always be given first preference,

In spite of the nced of an unusual degree of goverﬁmentul or
intcrnational conbtrol over moterials uscd in nucleonics, because
of their excepticnol possibilities for destruction, this control

could be kept at the minimum lovel consistent with safety, ‘ ’

VII. THE POST-WAR ORCGANIZATICN OF HUCLZONICS [N AMIRICA j

In the preceding section, we have emphasized the imperative
nocessity for o worldwide organization to prevent nuclecnics from
becoming the destroyer of our civilizaticn. Bofore such an organ=
ization is established, as well as lzter within its framework, it
will be of vital importanco for this cowntry to retain its leading
position, bothk in nuclear research and in tihe nuclecnics industry.

The present scction deals with the probable development of nucleonics:

v

in America after tho war end with the measurcs which should be token

L

to strengthen it,

It will be impossible to stop the sclontific world from tackling
the whole nucleonics field foverdshly in the post-war pericd. FWith
so many things unknown, there will always'bu the feeling that something
big can come from furbther studies in the nuclear fiald. Finding of
new focts in this field is of the utmost importance in order that we
may achicve as good an understanding of the structure of nuclear matter
os now obtains for the electron atmosphere surrounding the nucleus,
Our present theory is definitely not sufficient for that purpose,

Wnen this understending has been achleved, who knows what sweeping
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?redictions may be made to guide experimentors straight to goals
otherwise attainable only by slow and costly cut-and-try methods?

There shotld, therefore, be government-supported nucleonics
laboratories having ample facilitics for both funéamental and
applied research, A legitimate side~line of such laboratcries
would be the supplying‘bf special matorials to other research
centers and tc industry.

b

It scems, however, both uniikely cnd undesirable thet the
whole development of nucleonics should be restricted to these
government-sponsored laboraterics, under the protection of con-

tinued wartime secrecy. On the contrary, full information on

most phases of the subject should be released just as soon as

possible from the sbandpoint of national security, Probably this
I

would mesn soon after the close of the war, for, as recently re-
marked by Rear Admirel J, 4, Furer, "There is no such thing as
permanont sccrocy of ldeas, or gven very much lag in the flowering
of the some ideas in ths brains of the enemy, I plow through vast

heaps of intclligence reports and I an pretty well convinced the

\

enemy is trying t¢ do all — or most all -~ of the things we are,

and is certainly thinking along virtually the same lines,. Truec

security lies in spced of accomplishment. It is the only way we
can keep ahead of the enemy in this complex technical war of
meosure and counter-moasurc,! |

Tt is inevitablc that differences of opinlen shﬁll arisé over

the quesbtion of admitting industrial groups to full participation
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in the development of nuclear power and its by-products. However,
wiéhout a healthy development of nuclgonic industry, nucleonic
research alone will be insufficient to gusrantee the leading po-
sition of this country and its full preperedness for sll emsrgencics,
In the first forty odd years of the history of nucle 2onics, up
to the discovery of atomic fiessicn, practically all work in this '
field was déné ot tho universities, The discovery of fission laid
the groundwork for the Metallurgicol Project and other related

1

projects based on cooperaticn of wniversities and industrial
concerns, Because of the war and the possible dmportunt military
uscs of the pile products, the government took over the support

of this work, In doing sc, it gained a patent'poéition in this
field which is for more comprehensive than is warranted by its own
participation in the development and its legitimate interest in that

part of the results which are vital for the security of the mnation,

By this cooperative wartime offort the progress of nuclseonics

has been pushed forward greatly with rosmect to both science and

k- [=) &
the groundwork for industrizl success, WNo one can say just to what
sxtent the normal development has been accclerated; but we may well

1

be several yeors chead of where we would have been had the war
srergency not caused the government to pres; s for full exploitation
of this fiecld, and science and industry to place all its facilities
at the service of the government,

The best way to maintain the lead which America has acquired
in this ficld probably lics in a combination of (a) exﬁensive
auclear rescorch work in universitics and speclally created nu-
cleonics laboratories, with (b) continued government-sponsored
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study and development of %he problems directly related to’military
matters, and (c) o healthy growth of an independent nucleonics
industry,

A wgll—developcd nucleonics industry will be the best insurance
for military potency in the nuelear field, ond will strengthen
America's hand in its attempts to achicve an internétional‘under~
standing to moke impossible the use of nuclear power for destruc-
tive purposes,

. Tt may turn out that the first problem of industriel partici-
pation in nucleonics developaent will be not how to.exclude unde-
sirable industrial concerns, but how to induce any concern at all
to step into a ficld which, at least at rresent, offcfs little
prospect ¢f early profit, Probably only large concerns, able to ,
support long range rescarch programs, will be interested at all,
and thesc only if norial patent clains may be made on benafide

company developments, Objecters to this point of view will speak

of monopolies contrary to public interest, The answer is that not

one but soveral independent concerns must become active in the field.
The resulting diverse viewpoints, healthful competition of ideas,

and the econoric urge to develop and produce useful things (as against
the scientific aim to discover and develop new things) should result
in the groﬁth of'a nucleonics industry which, in fubure emergencies,
will be as necessary to the security of the nation aé the automotive,

4

che airplane, the metal werking, the chemical, and the clectronics

industries are in this war. This pcint deserves emphasis: the natlon

SEEET
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will need purc scientific ability and creative talent in nucleonics;
but it will alsc necd the physical plant — piles, radiochemical
plants and whatever else may develop — in guantity, and this will
come only if therc is a nucleonics industry, Rescarch alone is not
enough, essentinl though it is,

Public education in the scientific and technical field on the
significance of nucleonics, and enlightenment on its consequences -
in the national and international situcticn, are urgenlly necded in
order to prepare f@r the fost—war readjustmont,  After our weapons
have once been demonstrated, e calu appraisal of the realities widely
spread before the public will help to obtain full support of the work,
What will then be most required 1s wise judgment in determiifidng how
the national effort in this dircction can be encouraged. and guided,
For such guldance our democracy must rely upon the common sensc of a
generally informed public and the expert opinions of a fully informed
group of technleal men,

The nations putting in the nost sffort in nucleonics after the
war m2y be cxpected to succeed zhead of the lagging nations, The o :
nations which establish conditions favorable to extensive fésearch
and industrial development in nucleenics nay be expected te show a
greater advance in the science and art than nations which, inten-
tionally or othorwisc, have pelicles or lows which discourage
research and devolopm@ﬁt in this ficld, As Amcricans, we have an
important stake in the future of nucleonics from the military,

industriel., and scientific standpoints, It is, therefore, of vital
9 L 3 »
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importance te the future of the United States that proper relation-
ships be established between ggvernmcntal and non-governmental
cgencies in this field,

) . . . . . N
Thé broud objectives, in our Cplilon, should bes

1, TO STIMULATE YIDESPREAD RESEAACH IN NUCLEONICS IN THE UNITED
STLIES.
2, TO ENCOURAGE Thb DIEVELOPMENT OF A FRub NUCLEONICS INDUSTRY
©IN THE ULITED STATES.

3, TO COORDINATL THE COVIRNMENTAL ACTIVITIES IN NUCLEONICS WITH
THE SCIANTIFIC AND INDUSTRIAL DEVELOPMENTS IN THIS FIELD IN
SUCH A WAY AS TO INSURE WAL TMUM NATIONAL SECURITY.

L, TO STRIVE FOR THE ESTABLISHMENT OF AU EFFICIENT ENTEBVATIONAL
SUPTRVISIUN CVER ALL MILITARY ASPECTS OF NUCLEONICS.

Wnile the procedures neccssary for the accomplishment of these
objectives may nct now be fully cbvicus, and while thoy may be eX—
pected to be changed as experienco is gained, we belicve these .
objectives can be substantially aschieved, Some suggestions dre
offered for considerction:

(a) THE PROJICTS RELATING TO PIUTONTIM, U7, AND PERHAPS g3

SHOULD B FROSECUTED BY THE GOVnBNMENT; NO MACTER WHEN THE.
WAR THD3, to a roint sufficient for military appreistl,

(b) THY DIVELOPMENT OF THE WUCLEQNICS INDUSTRY BY PRIVATE ENTZRPRISE
SHOULD BI BNCOURAGED. The military by-products of the industrial
developments should be made available to the govermment, and the
use of government snformation and pateats should be rnade avall-
able to industry so far as the military situation may permit,

(¢) SCIENTIFIC TOUCATION AND RESEARCH SHOULD K ENCOURAGED 1IN
FXISTING UHIVARSITY LABORATORIES, AND NEF RESEsRCH LABORATORIES
for nuclconics with special facilities SHOULD BE CaExTZD at
universities, '

(4) A& SUITABLE AGENCY, with both government and non-government
representatives, SHOULD BE ESTABLISHED to guide and coordinate
such nuclecnics activitics as nay affect the military or other
interests of the nation.
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(¢) EBNLIGHTAMMZNT OF PUSLIC COPINION ON THE SCOPL AND SIGNIFICANCE
OF NUCLACNICS SHOULD START A3 SOON A4S POSSIBLE to bring about
realization of the dengers for world security caused Wy the
new scientific and technical devolopments, and to prepare for
decisions which will have to be teken to meet this danger.

(£) COOFIRATICH WITH FRIZHDLY WATIONS in all thesa problems -
particularly the 1ast nomed one - SHOULD BE GIVEN SERIOUS
4ND PROMPT ATTENTION.
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