. - Umbhﬁboir‘lﬂau R=83-002

v /7
- SPECIAL Re-REVIEW s

Ui (R °"W % Y k. Berfy

& [ —
0S LABORATORY *
;AczooH7QQOooo

-------

2t MG vmTonTe, DOCUMENT #
'TEB'Loa'Alamos Laboratory was established as the last

of the four major projecte in the atomit bomb program. The

 purpose of the three earlier projects was to manufacture active

materiale which could be used in an atomic bomb. Two of them—-
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the project of Dr. Lawrence at the Universilty of California .
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and of Dr. Urey at Columbia University were concerned with the
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separation of the active isotopes 235 from ordinary uranium using
gwvo different methods. The third, the Metallurgical Laporatory *,;
at Chicago, developed methods to produce the entirely new element ::::5
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plutonium by means of a nuclear reaction. All of these projecte

O

were%.in the Spring of 1943, at a stage of transition from re-
search to actual production. At this stage 1t seemed appropriate

to establish a further laboratory to investigate the actual con-

struction of an atomic bomb. _ "Ei
This laboratory was built at Loe Alamoe, near Banta Fe, @‘

New Mexico. Ag Director, General Groves who was in over all
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charge of the atomic bomb project, appointed Br. J.R. Oppenheimer,
well=known theoretical physicist from the University of California.
The laboratory was first intended to be'qulte emall with a total
getaff of one or two hundred. It soon was !bund that the problems
in designing an atomic bomb were much too dirricult and varied

to be solved by such a qmail staff and the laboratory soon grew

to more than ten times ite original size. An entire oity was
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built to house the laboratory pers t this remote locnlity.

The city, and the laboratory especially, were closely ruardecd

and the remote location gave added assurance of the seorecy of
the development.

The laborsatory wae organized in several large divieions
to deel with the variour problems of experimental nuclescr
phyeics, theoretical phyeice, chemistry, metallurgy, engineerinc
ané others. &t the present time, the major divisione arc under
the cirection of K. .. Bacher, experirmental physicist of Cornell
Univereity} H. &, Bethe, theoretical physicist &t Cornell
University; E. Fermi. physicist of Columbia Univereity and pre-
fioualy a prominent menber of the Chicago Metallurgicel Laboratory;
J.vﬁ. Kennedy, chemist from the University of California; G. B.
Kietiakowsky, phyesicel chemist of Harvard Univereity; Captain
¥. S. Papsons, U.%.N.; C. &. Snith, metallurgist previouely with
thr Agerican Brass Company and nov Profescor at the Univercity
of Chicago; R. X. ¥Wllson, physiciet at Princeton University;
end J. F. Zacharias, phyeicist from Massachusetts Institute of
Technology. 6. K. Allison gerved as a coordcinator of the vork
of various divisions and K. T. Bainbridge was in cherge of the
special project to teet the working of the atomic bomb. A large
nunber of wedl-known physicietes, cherieste and metallurriete ané
an even greater number of younger scientists formed the stafl

of the laboratory.
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The following is intended to give an account of the
activities of the laboratory which unfortunately must still be
incomplete becauge soms of the work cannot be released for
security reasoms.

When the Lot Alamos Laboratory wae established in ths
Bpring of 1943, one thing wus olear. A succeesful atomic bomh
would require en extremely repic nuclear reaction. Yhen a
nuclear reaction taker pluce the materirl ie hented up by the
nuclear energy relessed and a high pressure is produced. In
fact, it 1s Just thirer hiph pressure which makes the nuclear ex-
plosion so tremendously effective. However, this high pressure
will naturally make the material, in which the fireions occur,
sxpand and sherefore become more dilute. Ag a consequence, the
neutrons will leak out of the active materisl more easily instead
of caueliny more fiesion. Thuse, the nuclear reaction will stop
when the aotive material has expanded to a certain amount.
Therefors the nuclear reaction must be very fast in order to
produce a large amount of snergy before 1t is stopped by expansion.

If the reaction were slow, then a very small presgsure
woulc have time enough to expand the material and stop the re-
action. In fact, if, for instance, one of the piles of the
Chicago Metallurgloel Laboratory went out of hand the resulting
explosion would be much milder than that of an equal weight éf’
an ordinary explosive like TNT. |
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Therefore the atomic bonmb vo!bave to work very fast.

In fact, in the actual atomic bomb as now oconstruoted, the most
important phzse of the reaction takes place in a time of about
1/100,000,000 of a second. If one wante to have the nuclear re-
action take place as fagt as thie one must use for it neutrons
which are themselves fast. This 1s possible because the neutron:
wvhen they come out of the nuclel after firsion, have a velocity
of th% order of 10,000 kilometrees per second. One muat uese
th.em while they are still as fast &c thie, an7 1t will not do to
elow them down to "thermal' velocities of the order of 1 kilo-
metre per second as 1t 1s done in the pile. Therefore, one must
not use large amounts of slowing down materisals such as graphite
but one should uee essentially the active material, uranium 235
or plutonium 239, by itself.

The use of fast neutrons involves one very serious dis-
advantage; the chain reaction will only take place when there 1is
a considerable amount of active material. It ie true that even
a small lump of active material when exposed to a neutron source
will undergo fissiones and thereby will make some extra neutrons;
but most of these neutrons will leak out of the lump and not
enough will be kept in to cause further fissions and to sustain
a chain reaction. If a chain reaction is to be possible then
on the average at least one of the neutrons produced in each
fiesegion muet collide with a nucleue of the active materiasl and
produce another fiseion. The number of neutrons produced in each
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fission 1e between two and three; therefore not more than 1/2

to 2/3 of the neutrone produced must be allowed to leak oup of
the aotive materigl. If one usee a big en&ugh lump of active
material, a sufficlently large fraction of the neutrons will
be kert in and a okain reaction will result. It 1e obviouely
most advantageoue to use luwpe of spherical shape because then the
surfcce through which the neutrons lesx out ies the smallecst
porsitle for & given volumz., The smallest mase of active material
whiclk will sustaln & chiln reaction 1s cslled a criticsl mass.
ir exaétly a critical maes 1c easembled, Just &s& many neutrons are
loct by leakage as are produced in the aoctive material; therefore
thg neutron intennity remalns constant in time. If any more
metcrial 1s brought together, more neutrons will be produced than
leck out; therefore the number ol neutrong will increase morc
and more and 1in ths end an.explosion n&y rosult. A oriticsl masas
would exist for slow neutrons &g well as for fast, but it ir
much larger in the corre of & fzet neutron reagtion.

One of the prime problems of the Los Alamos Laboratory
was then to get sr good eestimatec &8 possible for the oritical
maec end alao to find arrsengements which would make the eritical
mace emaller if that wae poseible. One important problem in
whick an approximste knowledge of thc criticsl mass wae escentlal
wag the plenning of production of active materials, because any
productl&n woul: be uselese if it was not possible to produce

& critical mass in a reasonable time. The only way to estimate
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the eritical mass was to use the measured probabilities of indl-
vidual auclear reactions and an elaborate theory of ths diffusion
of neutrons throuch the material of the bomb. On thie bzaeie

it wvas estinated that about 15 kilograms of pure uraniue 235 or
6 kilograme of plutonium would be one criticel mass. On the
beels of theee figuree prolduction was planned mnd at onc stege
it wos decided to expind consgiderably the production of uranium
235 4in order to ba sure tv produce Bt le2et about one critical
mees per month.

A pore detailed knowledpc of the vealue of the critical
zags wag requireld for making plane for the actual aseecbly of
the atomic bomd. Deeigns had to be made of {ts shape and size
early enough to get tha compliceted ruxiliary machinepy manu-
fiotured. Therefore the main tasx of the laboratory was to get
as aoon &8s poseible firm eatizates of ther critical mass.

The difficulty in solving this problem was that at the
time only minute amsounts of tha active materials were available,
There was & gram or tvo of uranium 235 which hal been collected
in the experimental masc spectograph in Lawrsnce!s lahoratory.
There was about 1/10,000 of a gram of plutonium which had been
zanu’actured extremely laboriously by irradisting half a ton of
uranium with the neutrons from & cyclotron and then seporating
cherciocally the plutoniuc from the izwrense mases of uranium. .With
there minute arounts of activc materiazl it was ifstended to find
out whether the oritical mass was, let us say, 10, 15, or 2C

kilogranms of url.n:.?m ‘
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This had to be done by measuring the properties of the

atomic nuclel of these substances. Each nuocleus presents to a
neutron & oertain target ares (osulled effective oross-gection).
When a neutron is resleased somevhere in a mass of active material
it will travel 1n & straight line until it hits another nucleus.
The target areta of the nucleus is extrenely small and a aoli&

plece of mattler concletc mostly of empty space, with a very emall
fraction of the spuce uctually occupled by atomic nuclel. There=-
fore, & neutron will fly & loag cdlstance before making a success-
ful kis. For instance, in uranium 235 a fast neutron will fly
approxicztely 10 centimetres before 1t finds its target and pro-
duces u fiesion in & uraniux nucleue. 3By this time it has traversed
cifse to & billion atoms but it has gone through their enpty epaces
instsad of hittin: their smull nuclel. The slze of 4 oriticzl

masg for a fuss lneutiron chain re.cticn ie deterzined Just by the
consideration that thc dlameter of the active materiasl must be

at leagt of the order of the distance of fiight of a neutron

from one fiasion toc thc next-——that 18, about 10 ocentimetres.

ilso the time 1n which the nuoclear explusion wiii take place fol-
lowe {rom the same uargurent: at a velocity of 10,000 kilometres
per seccnd & distange of 10 centimetres 1s traveled in 1/100,000.000
of a second. |

Slwy nsutrons can react with a nucleus much more easily;
a travel of about 1/7 millimetre is enough for a slow neutron to

find a uranium 235 nucleue in which to make riseion. This ie the
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reason why the oritiocal mass would be much less for a slow neutron

ochain reasction than for a fast neutron reaction. It should not
be believed, however, that a uranium 235 pilece of 1/3 millimetre
diameter would sustain a slov neutron chain reaction-——but that is
& later story.

To return to the problems of noa-uremonf. it was neceseary
to find acourate vsaluec for the effective cross-sections of the
active nuclel for neutrons. These oross-sectione vary with the
velocity of the neutron; therefore measurements had to be made
for neutrons of all possible velocities. Likewigse the velocities
of the neutrons coming out of the fission had to be measured.
Moreover, until the Los Alamos Laboratory was established, ex-
periments had been done only with slow neutrons causing fission.
Itvﬁae known that in thls case neutrons were emitted ac & con-
gequence of the fisslon. There wae strcng reason to believe that
this would 8lso be true ir.the figsion wvere crused by fast neutrons
ae it would be in the atomic bomb. But nobody had seen this
happen yet and there was at least the poesaidbility that no neutrons,
or not a sufficient number of them, would be emitted in a "fast
ficgeion", i.e., & fiselon caused by & fast neutron. If this
had been the case the atomic bomb project would have ended right
then and there. Aotually, one of the first results of the lLos
Alamos Laboratory was that at least as many neutrong were emitted
in fast fission ag in slow ficsion, and later experiments showed
that there were actually slightly mors. And the new elezent,
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uranium 235 in the aumber of aeutrons smitted in sach fission
as well as in the aross-section it offered tc fast neutrons.
Henos, the much smaller oritical mass for pluioa!.m: mantioned
adove. This was most weloome, especially becauss in the long
run, Quantily production of plutonium seemsd somewhat chsaper
than of uranium 235 provided it worked at all.

There was still another doubt in the mindes of the
phyalolsts -at lLoe Alamos. This doubt concerned the time it would
take after a fission for the neutrons to be emitted. It was not
a strong doubt becsuse reasonable theoretical gstimates put
this time at about 1/100,000,000,000 of a seocond or less. This
time is exosedingly small even comparsd to the time of flight
of : acutron froxz one fieslion to thc next which ws sav wae
1/100,000,000 of & seoond. Put there were sore features in
the velooity distribution of the neutrons exitted in fiscsion
which nobody wnderstood mnd one poseidle (though mot likely)
explanation was that it might take & longer tize for the neutrons
to be emitted. If this had been true, it would have egein made
the sonstruction of 'an. atomic borbd imposrible because the
nuclesr resoticn would have taken a longer time than wes expected £
and therefore the active nétcr:.al would have bieu used very in- E‘;

&,

efficiently. ) g
 One of the first experiments done by the Los Alsmos - Uf

Ladboretory was, therefore, the msasurement of the time elapsing T

betveen a flssion and the emission of the neutrons. This was 5

qQuite 417ficult Decause the times of intersst were ef the order
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of 1/100,000,000 of a second or less. No nsutron detector

would be able S0 measurs such short times, and even the modern
development of electronic equipment makes it only Just poessible

to reocoxd such times at all. The problem was solved in a rather
ingenious way by using the fagt that imnediately arfter the fission,
the fission gfragments will travel sway with very high velooities,
Now the neutrone must be emitted either vhen the eriginal nucleus
breakes up—and in thie case the time betweesn fission and meutron
exission would bde zero--or else they are emitted hy the fission
fragments in flight. After 1/100,000,000 ef a second these
fragments will be about 10 ocentimetres from the point vhers the
fission took place if there is no material around to slov them
Gown. On the other hand, they can be stopped by thin fedls

of metal or even by 2 centimetre or two of air. The measurenent
theu was dulgned to find cut yhere the neutrons were smitted
rather thnn when. A foll o.."uraniun 235 was wrapped around a
neutron oounter and the fission freguents permitted $o travel

into an evacusated ampa2ce. If the neutrons werc emitted after
1/100,000,000 of & seoond or mors, moat of thes would bs emitted
Very far from e neutron counter and therefors only & small
Lfraction of Shen vould bs counted Ly ths nsutron counter. On

the other hand, Af they wers h!.ttoa much more quiekly, metloalij:
all of the meutrons would reach the counter. To make & quantt-
tative ecmparisen, a second experiment was mads in whioh the
rou of 235 was eovered w laothor utul foll thiock enough to
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stop all flssion fragments. In this case, no matter when the
neutrona were ezitted, they would all be emitted oclose to the

oounter. The two axperiments gave exactly thz sawe neut:on sount
and it wse tnerafore concluded that within the accuracy of the
neagurerznit all neutrons were exitted at timee mucn lese than
1/1035,000,C30 of « seccnd after the fission.

When thesc %o prAncipal Zoubts about the workaulllty of
tii: asozlc Doz were recmoved. cnc oif the waln questione waa
Tie s cowli Lo done te recuce the requirecd awount of matericl.
I, ons ucel : 23tive materiual Juet by itsell souething like
Lo #ilogrexs of urcnlun 275 woulc be reyulred for one single
oriticsl muee. Cometling llke 1UC kllograms woull probstly be
necé}sar: te mele &n efiiclent etomic borb. However, we know that
tle c.ietence ¢! & criticcl mae: 1s ccused by the leaksge of
Leutrens cut cf the ootive chterial. It vee clear then thet
oLz cioulé provice & cintulner® tc keep the neutronc in. Kow,
any &tormiz nucleus hac the property of scattering neutrons)
therefore, 17 the cective meterisl were currounded by any eucétance
et 211 the neutrcne lesking out weuldé &t least in part bte re-
flectec back into the actlve materiil and would thus have &
cthence cf caucing merc fleslon:s. Therefore, & neutiron reflector,
a "temper", wac &an essentisl part of the atomic bomb. .

Thec Queetion was whiat substance to use for tiie tamper. It
wee obvicusly an advantsge to use a amaterial which had & large |

nurber of nuclel in a given volume because then the rofleotidn
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of neutrons would be mpore likely. Moreover, each nucleua snould
have & large effective orocs-section for scatteringy the neutrons.
Fost nuclel can lsc capture neutrons; wil: 1s obviously i
undesirable propzrty and the prcocbability for espture should be
low. [Mineldly, 4t was Jecirudblc thas the neutrone gliould not be
si1owed Jownh toc much by th: scatleriag in the tumper; therefore
Gi.8ural:lle werc pade Lot only o4 tiin probebility of ecatiering
Lut -Leé0 of tr velcelity ol the neutronc after they hied be:a
£covhead,.

~udte 4 nwiios of clemznite acened good posslbilities
Troom tie etidrte With regord to tic flrst proparty required
sliroet &2l the heavy eaiementvs qualilied, e.g., oriinary uranium,
Eof&, tungeten. platinuz and cthers. Butl alsc sore of the light
eileircrte heve & Ricr nunter of nuclel per unit volume and heve
sulilclienily greut crcee-séctions to be goucl neutron reflectors.
~g a Zatter ol fact, berylilum seexmc tc be the best neutron
reflector sc far clecovered and also graphite Le eatizfactory.
I adlitlon %o the eicumente, cehpounde Lad tc be o-.neldered:
tor instunce, tungstcn cortice containeg &laost & nzny tungcten
nuclel In a cublc centicetre ae Coes tungelten metul 1ltself, and
the scattering cf thic omrbon nuclel 1c obtulned almoet gratléf

An cxtensive prograr wac thereiore set up to find out what
alnost any concelvable nucleues woulld co o neutrons of clrost
any conoelvable ve;ocity. Some very rare substances were pro-

cwred in szall quantitiee on the chance of mekin; geood témpers
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ané of being, at the same time, much cheaper than the active
material; so, for instance, a pound of rhenium was at one time
obtained and its properties measured. Since it 4did not seem to
have any specisal virtues it was abandoned, anéd the same happened
to other rare elements suoch as platinum and iridium. Gold should
not be considered as a partiocularly rare metal in thie connection
becauee amounts of, sa&y, 1000 lbs. are readily avallable, and
even the expense of such amountc of gold would be only a fevw
percent of the expense of producins the active material. Howevgr,
gold was founc to capture neutrons very ltrongly and was there-
fore undesirable. |

. The very light elements were rejaeted on another ground.
In addition to reflecting neutrons the tamper also has the desir-
able property of offering mechanical resistance by itz inertia
to any expansion of the acgive material. It will therefore keep
the nuclear reaction going for & longer time and permit more

energy to be developed. This mechanical property of the temper
depends, of course, on its density (specific weipht) and pute

& large premium on the uese of a heavy tamper.

JOE.
Dm@

A_JThn largest pleces of oarbiao ever produced

UNCLASSIFTED

yé_.xéa-?évh!&




UNCLASSIFIED o=
were made for this, weights up to 300 !be. Uraniunm has one

| —

additional drawback vhich we shall discues later on. | ’ %Y

igiie thie search for the best tamper wae going on, another
part of the laboratory wagc considerin~ the design of the actuzl
atomic borb. If one &ssesbles more than one critical mas of
gctive material an exploeive nuclear resction will occur &: coon
&s therc 1z a neutron to set it off. Ag long as all neutron:c
are kept away froc the &ctive material there can be no fiscion
and no multiplication of neutrons. Neutrong, however, are
everyvhere. There are some neutrons in cosmic raye and this
scd;ce alone woulC etuart a nuclear chaln resction in about &
sec»nd. Other sourcer ol neutroneg are more powerful. One of
the moet import:nt ir Gue to the fact that the meterials which
unierpo fission ere clso radloactive and spontaneously enit
alpha particlee. These alpha particles, in turn -may :cause
nuclear reactions with other nuclei. Msny of these r-actlons
lesc to the emicsion o. neutrons. The reactions are very im-
probablg with hecvy nuclei, but hiphly probable with sore lirht
nuclel especially lithium, beryllium and boron. but also %o &
srnller extent with euch conrmon elements as carbon and oxygen.
It 1s impossible to keep the activc materinl entirely free from
impurities such ag these. Therefore, there will necessarily be

eome neutroneg produced in the material, anc¢ if more than one

UNLMA.L H

ST
i-ﬂ-‘ -L.l-a‘-»




'criticﬁl nass ¢ agsembled for more than a certain very short
time, a nuoclear explosion will result.

These considerations show the neceesity of two thinga:
Firet, to bring the material together in a very short time.
Second, to purify the active material very carefully from =1l
licht elements which might give neutrone when bombarded by alrha

particles.
The latter problem waes a most difficult one for the

Chemistry and Metallurgy Division of the laboratory. The toler-
ance of some of the light elements was fantastically small, es-
pecially if plutonium was used for the active material because
this substance emits & very large number of alpha particles.

NJZ more than one part of beryllium in 10 million parte of
plutonium ocould be tolerated even if 1t were the only impurity
producing neutrone. 8pecih]l methods had first to be devised to
detect such exceedingly small peroentages of beryllium and

other light elemonts{ This problem was successfully solved by

a combination of spectroscopic and chemical methods.

In every case, this developument of analytical methods

was made more difficult by the extreme value of the plutonium,
which required that only very small samplee be taken for analysis.
For most impurities, only a few mil igrams were needed for the
analytical toohniquée eventually developed. For example, usual
analytical procedures for oxygen in metals ordinarily require
samples of about one gre
UNCLASSITIE
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thirs ocase, and frequently &re not applicable to an element as

electropocitive as plutonium. In this laboratory & cethod wvas
developed in which a sample of twenty miltigrams of plutoniuc
metzl was heated to 2000° C in gra.hiite, dn & very good vacuum
so that the geses evolved could be analyzed for carbon monoxide
and czrbon dioxide to a sensitivity of five parts of oxygen per
zillion parte of plutonium. The epectrographic group used pro-
cedurers of even grester sencsitivity for most metallic element
izpurities.

ian even gre:ter probler waes then actuiklly to &achleve the
rxceedinrly high purity of the active material. Very effective
~urification procedures were eventuclly worked out, and they
resuired speclal chemlcal reactlones and reapents, nmuch platinurn
and quartz avparstucs anc even air-conc¢itioned laboratories. But
durins the period when thqge procecuree were under 1nveet1gation
sné cdevelopment, there was comporatively very little plutoniur
vith which to wori. VWhen thic chemsitry laboratory was estab-
liehed in early 1943, it brourht here from Berkeley absut 100
ricrograns (1 micrograz = 1/3000,000 of & gram) of this entirely
nev element which had been laboriously, and wonderfully, isolated
from 500 lbs. of uraniurm nitrate irradiated for over a month by
neutrone fror the cyclotron. Thi: work had revealed some fundi-
mental chemical propertiers of element number Gk (named plutonium
for more reasons than one), but further lonr and difficult etuciee

werr neceseary and were carrled out in cooperation with other
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project laboratories. For almost a year, the chemical reactions,
oxidations and reductione, solubllitiess of compounds, formntion
of complex ions, of these 100 miorograms of plutonium (eventually
-supolemented by an additional cyclotron preparation) were studied
under the objectivee of compound microscopes. To achieve the
necesciry econony of material, ons program of measuremente was
undertaien with only one=tenth of onc microgren, and visuel
vhyeical-chemicrl mezsgurerents 'were niGe on ag little &r one
one-hundredth of & nicrorras.

Plutoniur proved to be & very interesting element chericalily.
The work here closely paresllele¢ studiers &t the Univereity of
Cslifornia and the iMetallurgical Laboratory in Chicago, in re-
vealinr the naturc of ite checical behavior. Plutonium is nov
ons of the better knovn elements in thie regerd. It rather
rercily existe in water solutions in oxidation states ¢3, o4
+5. and ¢6; the «& anc «6 states show strong chemicsl resemblances
to correspondings stutes of uranium.

In time, as much larger quantities of plutonium becane
avallsable from project plants, a nev diffioculty becanme very im-
portant and to a large extent deternined th« nature of final
chemical and metallurglgal operationsl techniques. Since the nevw
substance ir not much léac radioactive thsn radium it is an ex-
tresely toxic mzterlel, and amounts of it large compnred to the
vorlc's surnly ol rodium had to be extensively proceesed. Fro-

Ject medlecl groupc ectinated that a man could tolerate nc more
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than five micrograme in hie body. In ordinary proceszing of

kilograms, the spreading of dangerous amounts over the entire
laboretory would be inevitable. Thies diffioulty was overcome

by opereting mostly from the outside of seacled systems, by the
use of special peresonnel protective measures, and by the malnten-
&, ce of laboratories as uncontaminated ae posrrible through the
uce of rany special monitorin- inetrumente developed by project
inetrupent sections and cBpstle of detectin~ quickly ae litile

as 1/300,000,000 of one grar of plutonium.

Even if infinitz chemic:l purity coul:’ be achlevel tlrere
would remain etlll another source of neutrons which necezsitaters
rapid assexbly. All nuclei which cnn be made to undergo fission
by »neutron bombardment can slso undergo fiesion spontaneously
without any externesl provocation. For moet‘or the known nucleil
the rate of this spontaneous flesion 1c exoeerdingly slow--cuch
slowver than the rate at which they emit alpha particles. FKow-
ever, in many o them i1t 1ls sufficient so theat the neutrons
exitted with the spontansous fission in eeverzl kilogramzc of
material ars quite numerous. One of the nuclei which underroece
epontaneoue flgsion at a rather high r&te is th- com:ch 1isotope
uranium 238 wi:ich emite 15 neutrons per kilograc per second.
Thie 15 the reason, indicatec above, why uranium 1s in generzl
not suitable as a tamper. It also affectc the use of uranium

235 ae active material becsuse none of th- methods useé to pPro-

duce 235 separatec it cormpletely from 238 anc therefore some




epontaneous fission will always remain in the active material.

With uranlum4235 containing 20% of Uranium 238 and szall amounts

of immurities of light elements, about 200 neutrons are emitted

per second by the material in one bonb.

Apmapm———

Until the bomb i- to be actually used thé raterial mGEE"EF“Ia“‘
lunrs each of which muet be smaller than one oriticsl mass. Tlen,
over thr target and vhen the éxploeion is desired, two or mrre
such luzpe rust be thrown together to form one big mass andi this
rust tike place in a very ehort time. The mase finclly &scerkled
in tkies way should bgréreat ac poésible because then the leci:;ge
‘of,neutrons i¢ minimireéd and the nuclear resction proceedc as
Guickly as poeclble, with & consequent increase in the available
energy transformed into meg¢hanic:l energy. When aseercblec
thr meterial shculd be as nearly ac poscible in a sphericl
shape anc should be swrounded by & good tamper. Before aegsen~
bly thie is not necessary; in fzct, it is an adventsge to have
tre material then in an unfrvoruble shspe and without much tam-
per because then a larger amount of muterial can be stored
without & nucle&ar chain re-ction tzxin- place.

The assembly itsell has to be as quick ae poreible. Cther—
wice, therc is still the danger of & neutron comine elonr by
chznece and starting the chsain recction before the asrently ic

ccmpleted. If thir heprens, the configuration of thr materilal
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vill be unfzvorable, thc neutron leckage will be greater and
the efficiency of ths boazb sxaller.

Froc. the beginning of the project it was consldered most
promising to ghoot the active materiazl together. Before the
release of the atomic bexb over ite terget, 1t was plannec to put
about one-~half of the materiel intoc 84 suiteble tamper, while
th- other hulf wvze to be put ac & projectile inside & pun newr
te, Lut cepirated fron, tis firct helf. The two hidlves were
Czzlined to £it snoothly into enclk cther anéd to for:z. & nexrly
srhericol ball after asgextly. The pun wuae tnen to be Tired
&t the ecppropriete mocent; i1t would ehoot the projectile into
the prepared "trrget" consietins of tamper ané of the other half
of antive materisl, and thu:c nake & super-oritical wmass. This
geemed ¢ rather fentuzetic schems eince the only plausible way

¢f Gellvering t 12 atonic bom:t tc enemy territory seemed to be

by airplcne.

Y3

J o

a matter of faoct, the gun final;y cunetructcd has a diamseter of

over. =~ "“-- and an ordinary gun ic a very bulky

plece of equipment which one would not ordinarily think ol currylng

‘ 1nq1de an airplsne and even lees of droppin~ inside a,pg;hu Added

to this must be the requirozent of firin;: this gun coapletely

isutomrticully ancd of insuring en unueuslly. hirh probability of
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functioninr in battle conditions. £11 this involved corplicated
electrical equipment and ocontciderable additional weirht. Further-
more, the tamper, in order to be effective, murt heve e lrrre
weight by iteelf.

Thi: problex woull have seemed inecluble with oréinary
orin.nce equipment. Fortunately, there wse ones thin~ th-t thie
can wee not required to Cot 1t diC not need to fire mors thhn
once. Mauch of the bulk ¢f stan’+rd pun:z Le due to the regiire-
ment tha:it they bte abls te Tire very many times without apnrecietly
changin~ their oslibre and without loein: their accuracy of sin.
A180, in the latter rezpect the ctomic gun é1¢ not need to nmeet
etrict requirements since the target wus tc be very close tc the
gun itself and in fact wae attached to 1t.

ror thic reascn, an entirely nev deelgn could be mede and
wae made, &nG the weight o; the gun wae recuced to lers thin 1/5
of the welght of standeré gunc of th«t callbre. At the eare
time, the length of the gun wae reduced by using gun powder
vhich woulé develop especially hirh preesuree. Thir reduction

in length wae necersary in order to it the run end ths baonk

into the bomb buy of existing plznec. o
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| The experiments were

h

elped greatly by the fact that ordinary uranium has exactly
the same mechanicsl properties ae uranium 235 so that &ll experi-

nents could be done w, uran;yn.:




.M,_w_m.___:zw

l

10K
(b)( 7)

"

The protlex of the assembly of the activc material by
cmeanc of a gun was therefore solved in an allearound esetisfuctory
w2y. Other methods of agsembly werc zlso c-:neidered anc woried

uoon. Bome of these oannot be disclosed now for reaeons of

—
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In spite of ouch thoupht given to thle problem

no satisfactory solution wag found.

A pajor problem of the Los Alamoe Laboratory wae the
fabrication of the active material in metallic form. In the
cese of uranium 235, it wae at least known beforehand from work
with ordinary uranium how to produce the metal, and thc¢ meln pro-
blen wae to satiafy the high purity requirementa mentioned above.
Plutonium. on th- other hand, was a completely nev elekent which

dil not exiet in nature. Its metallurgical properties were
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completely unknown when the laboratory waes egtablichesd. lMcre-
over, there was no hope of gettinr erpreciable quantitieé of the
m#terial until about a year after thc openinr of the laboratory,
and less than a year after that it was required to have the
methode of preperation and fabrication ccmpletsly werked out,

It wvag furthermorer exvected theat rlutonium would be quite =«
difficult metal, metallurrically, andé thirc expectation prove?
moere thrn true.

Chemic=2lly rlutcnium wae known to be soczewhat e£1 1lcr to
ursniurm an¢ 2o 1t woe netural tc use uraniunm ae 2 etond-in for
the investigaticn of metallurgiczcl processes ae donz &g no
rlutonium wae avzil-kle. FPven with the srall amounte aveil.ble
of lees then a millieren of rlutoniur, attemptr were rade to
d:tnr:ine porie 0f itg propertier, porticularly its density. This
wir importsnt because the ceritical -mass would be much: lover if
tke deneity were hicher, ;ecauae the neutrons are then more likely
te finé a target nucleur in vhich to make fission. The deneity
deternminations gave varyin- reculte betireen about 1€ ond 20
nnd 4t wae not until much later that tri:s viriction vac explolined.

Ar soon as & fe'r grame of rluteoniun were availzble, whilch
ves enrly in 19, gmetallurgic-~l rescarch wae bepun on t:ic sub-
etance. It were found to behave quite Gifferently fror uranium

but efter egome unsuccerrful ettempt:, a good nethoé vee founé to

obtain the metrl fror ite fluoride. ATter this war eccompliched,




the properties of the metal iteelf werf 1ﬁ?eatigate£. eepeciglly
ite behzvior with increasing temperature.

It was found that this newly crdated clement behsves in &
moct spectacular way. Many metals are known to exiet in varlous
mocClificetions of Jifferent crystild etructure, changin: over
from one Lo the cother 2t certaln temperaturee. Mangznece har the
l:rgeet napber cof modlifications of any previouzly knom clem-nt,

.oy three. They 2iffer by ¢ fer percent in density an® usuzlly

~

{

gL.ewr.it mere in elastlc and electiric properties. ~Plutoniuc, on

ct

tiie oul.cr hend, ke o lcze S flve different rcodificutlon:
ané changes over froc one to the next about every 1C0° ¢ incretse
intemprrature. Therc is an extrexsely grect difference betesn
the dencitieg; ons rmodificeticn, the "delta phege" han & denzity
ci 15.8 grace per cublic centizetre, whilc the "alphe pheze'.
wr.ich $c stuble at rcox tempcf:ture, nee ac guch ae 1.8, S2uch
& gre.t differsnce in density is known in only one ciheor elexzente-
tin-—anc tks propeneity of thc motel to chinge 1te voliuce by
& lar§® fruction, to say notkin; of otker property changes that
occur &€ frejuently ae the tempercture 1c virled, muxec the fub-
rication of this metsl & porticularly cifficuit protlec. The
form etable &t room termperaturc ie brittle and ccnnct be chuped
by plaetic deformetion; fortunztely, hovever, all Lizh temper-
aturehmodiricatlon& are plastic. ‘ o .

‘ Plutonium hus dthcr unueucl proﬁ;rtic:. In occxe recwnccts

it barely descrver tc be ctlled & metal. It pocceecee an electricel




resistivity &t room tempersatures one anéd & half ti-es that of

bismuth, its nearest oompetitor among the elements, and the re-
sistance of all phases but delta decreusec with increcsing tem-
perature. Even delta ic not normal, for it contracts on heating
in 2 manner absolutely unprecedented.

An added difficulty in the manufacture was the fecet the
nlutonium is extremely toxic because of ite alpha radicactivity.

torether plutoniur ie about th- most disarreeeble metel vith

ick & metallurgiet could be eskel to fabricate sprecial ehanece
on a limited tinme schedule, though fror & sclentiflc stancpecint
it 1s unquestionably the moct fascinating.

The metcl i¢ hi~hly electroositive, and corrodee to & locse
oxide vhen exposed to the atmoephere. The protection of finished
pieces wae therefore icperative, for the dual purpose of preserving
the finishec¢ surface anc prﬁventing tic highly toxic oxide frorc

being spread around the laboratory. Electrodeposited coatings b
r b@

3

were found to be undependable.

N

Let ue return, now, te the problem of findins thr critical

mags. It wac all very well to predict the critical maer on the

baslis of mesasuremente of the properties of thr nuoclel with the




help of a falrly complicated theory. But this method was necessarily
inaccurate and a direot determination of the oritical mass was

most essential, a determination made by actual assembly of one
ocritical mass and by obtaining an actual chain reaotion with

faet neutrons.

A large part of the effort of the laboratory, therefore,
went into preparins to handle a fast ne.tron chain reaction in
& safe manner. It wae felt thct several steps on the way to thi:
Foacl were desirable, both to checik the existin~ ideac about
critical masses and to give the physiciste experience in con-
trolling chain reactions. The controllinr factor was the rete of
production of active material which woulé rise very slowly at
fipst and then very rapidiy. It'was, therefore, important to
obtain a chain reaction with the.mipimum poseible material. This
made 1t necessary to rely qn & slow neutron reaction.

A slow neutron reaction is by no means as directly obtain- ‘
able as & fast reaction. The neutrons emerge from the nuclei at
hirh speed; therefore in order to produce slovw neutrons they
have to be decelerated in a suitable medium. The moet effective
means of decelerating neutrons ic to let ther make collislone
with hydrogen nuclei. The simplest way of achieving thie is
to use a s:lution of the active materinl in water. Thie solution
should be surrounded by & good neutron :erieotor. vhich at the
same ti e does ndt absorb appreciably éﬁé'albw neutrons whick one

is intending to use. The best tamper for thir purpose woul?
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probably be metallic beryllium, but since sufficient Quantities
of this material were not avellable, beryllium oxide was used
vhich i1¢ a very good seoond choice to berylliug. Many tech-
nological problems had to be overcome in producing a meter cube
of high density beryllium briocks, some intricately shaped. This
asgenbly, which wae known in the laboratory as the "water
boiler®, had to be designed as effectively as poerible. The
volume of the weater solution must be large snough to permit

feet neutrone to be eflectively slowed down; the moect favornble
volume turned out to be about 195 litres. 8ince thie rather
large volume 1a required for slowing down the neutrone, there 1is
c-nslderable capture of the clowed neutrons by hydrogen nuclel;
therefore the maee of active material must also be apprecizble
beczuse 1t le necessary that most of the slov neutrone et be
captured by the nuclel of the aétiVe m;terial rather than the
hyérogen nuclei. It was calculated that about 580 grams of
uraniuz 235 would be oriticcl if the concentration of 235 in

the uranium was 148 which was the actual concentration delivered
by the elootromagnetic separation project at the time.

The water boller was actually bullt and operated as soon
ag the necessary amount of 235 was avallable. This wae the firet
chain reaction ever to be produced with enriched material and
also. the first with small amounts of material. The oritic-l maer
wag found to be 580 grams. The axact;igreement with the

theoretical prediction was certainly fortuitoue, but it wor rost

TNCLASSIFIE




gratifying that the experimental value wae about the same as

the theoretioal and it showed that no essenticl point haé been
overlooked in the theory.

The water boiler was subsequently developed so that it
could be operated at a power up to 3 kilowatte and 1in this
modification 1t was most useful as a strony and easily ocontrollable
gsource of neutrone for experimentation.

Ag the next step, it wae decided to reduce gradually the
amount of hydrogen in comparison with the amount of uranium 235,
In this way, the critical mass woulC increase gradually &nd the
nuclear reaction would be carried to an increasing extent by fest
rather than by elov neutrons. To carry out this prograr 1t weg
hg}pful that there existed a compound between uraniur and hy-
drbgen, UH}' wvhich has & rolafi§e;y high density. In order to
get greater hydrogen concentrAtIoﬁ.Athe‘hxdride UH3 was mixed
vith hydroocarbon plaetic o} formula approxirating CHE. In thie
wey, mixturee containing from 80 to 10 grams of hydrogen per
uranium 235 were obtained and critioal maéses between 3 and 10
kilograns were roﬁgg.

When this hydride program wae first stsrted, it wee sug-
gected thet hydride might perhaps be 2 more efficient way of
using the active material than metal. The resson for thic
euppggltlon was that collisione with hydrogen woull -prevent the
neutrone from escapins from the activegpater;al and would

thereby reduce the criticzl mase. It was realired, of course,

-y




that.by the same collisions the neutrons would be slowed down
anc there waeg the danger thet thereby the time of flight between
two fissione would be lengthened and the efficiency of the
atomic bomb accordingly decreased. However, there was gome

hope that thie w:ght not be so. Bome experiments had shown that
at least in the velocity region between 5000 and 10,000 kilo-
metres per seconé tre time of light between flesione spnpeared
to be nearly conetant, nsmely 1/82,002,00C of & second. On the
other hand the time of flirchkt for elov ("thermal®) neutrone wee
about ten tizes longer. The question wes, therefore, at what
velocity this change of the time of flight took pnlace, and

there wes &t least some hope thast 1t might take place at &
velgcity only slightly above the thermsl. That hope wag theoreti -
c:lly fairly well founded by the observatione that the crose-
gections of many other nucléi for neutrbns ahow very violent
fluctuations (resonances) at low velocities.

' An extensive experimentzl program wae therefore started to
investigate tﬂz behavior of the ocrose-section for fiesion as &
function of neutron‘:élocity. It was found that as the neutron
velocity\was raised above thermal, the time of flight became
1ndeed&apprec1ab1y shorter, ani stayec shorter upon further in-
orezse of the velocity. However, the factor by which it was
shortened vas only 3 insteed of the equ§y9d<10. It rlnall&
turmmed out that the originel experlments“ahowihg‘conetant tine
of flipght between 5000 and 10,000 ki}ometres per second had been
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incorrect and that there was actually & gradual decrease of the
tinme of flight with inoreasing velocity. This result showed that
the uraniumr hydride would involve a considerably longer nuclear
reactioh time than the metal, and would therefore lead to s

leeces efficient use of the active material even though it mode

the critical mass szaller.

When the critical mase for the verious hydride compositions
had been determined, they were used for an additional exneriment
witich came ae close ae wue safe to an explosive nuclear re~ctinn.
Sli~htly more thnan a critioal mas:s of hydride was dividel into
a major psrt which was kept fixed 4n a tamper and a emall plug
which fitted into & hole of the major part and could be drop?ed
throurk 1t alonr guide raile. Then for a very short time while
theﬁﬁlug was dropoin- through,thé gaeémbly would be supercriticsl.
surin~ this tine, then, the ne&trbna would nultiply and ons weculd
obtain a large buret of neu£rons whose totzl size and distribution
in tire could be calculatec as well as measured. Ae the plug
drépped out of the tamper the assenbly would again become 8sub-
critical and f;e negzronc would decay in & very ehort time. This
experiment of "ticklines ths drcpon's tail® can be performed with
the hydride with 1t€'rélat1vely glovw reaction time while 4t would
be quite dangerour with metzl. It was actually performed &nd
gave both & very valuable neutron sour-e ror experinentation ae .

well as very satisfactory agreenent betwaen the caloulated &nd

observed shape and size of_ _t,bg_}_l_egt_i_ n iulse.
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In early 1945, after these experimente were carried out

A

with hydride, there was enough material available to begin ex-
perimentation with 275 metal. To start with, spheres of the met:l
vere made which were certain to be smaller than the critical

mass. With each esphere, measurements were made of the multi-
mlication of the number of nsutrone coming out from a source
inserted at th. center of thc sphere. 7This multiplicetion, which
1c due tc thc fleoelons and neutron:z produced in the ezhiers, could
be ¢.lculated on the bueic o7 the previouely ceasured croer=cecticons
ol tihe nuclel. Thc observed multiplic:tion agreed within ex-
verirent:l error with the czlculcted cne and 1%t could, therefore,
Ec c-nfidently expected thect the prediction of the criticsl

LiiBE Wik alao correct. he the size of the metal spheree increused,
rore ané more accurute predictions~of tpe critical mass were
poerible and the final resylt ch;ckéa with expectation almo:st
precleely.

The firet critical mass of uraniur 235 metal wag &5sen=
bled in Aprilsl945. Thie gave the first nuclear chain reaction
relying entirely on~faet neutrons. It proved quite ecsy to
ccntrol. To give further checke on the theory, measurementc
vere mace of the CiZtribution or thr neutrone both 1n space and
velocity. A meagurerent wac alsc made of tiic tinme 1n which
the neutron number would decay 1f the masr or agtive uater;“¢
wv2s elirhtly reduced from critical. Prom this decay time, con-

clusioneg could be drawn about the tius of Ilirht of th- neutrons




and therefore about the probable efficiency of & bocb cshtuining
a certein number of criticzl massec. Eimilsr measurementc

were made about two monthc later with the firet critical essembly
of plutonium. Here agzin the predicted value of the critiecsl
pses turned out to be correct within a few percent.

Ag ths criticcl maec cculld be deterzlnéd experimentolly
the emphaelies c¢f the theoretiocal work shifte@ to the prediction
of ¢tre efficiency of the bonb==a »roblew which naturzlly kad
recelved much ettention cince the beginnin: of the project.

The most irmport-nt fuctor 4n preilctin: the eflliclency wac it
rete of multiplicction of thec neutrone; i.e., the tice in
which the neutron number ir doubled. Thiec time &s very long
if the mass 1g only s5lirhtly grester than dritical and de-

v i .
crerges continuouely vith inereasing massz of material.

r;hie ro-

qﬁired & long theoretical extrapolation which gove the result
s

that approximately ! of . second would be retyulrec

for doudline of the neutron nu-der,
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"~ What are the processes which will go on in an explosive
nuclear reaction? When a neutron is introduced, it will make a
fission which will lead tc the emission of two or three neutrons.
Each of these may again have s chanoe of producing a fission after
their normal time of flight. This multiplication will go on until
the number of nsutrons has reached something like 100,000 billion
billions. ZXach of the fissions which has eccurred has led to the
production of some known amount of energy, or rather to the conversion
of this amount of nuclear energy into mechanical, or heat, energy.
The active material has therefore been heated up to a very high
temperature and a high pressure is necessarily ocohnected with the
high temperaturs. The temperaturs is high enough so that no only
has the material been evaporated, but the atoms of the material
have been strippsd of most of their electrons which now run around
fredi} in the active material. In cohtralt to some recent statements
in the press, this process gpgsum;e larg; amounts of energy rather
than setting energy free. When the large number of neutrons mentioned
above has bdeen produced, the pressure becomes sufficient so that the
active material pushes the tamper out with a great acceleration.
The acceleration 1l.jg03t enough s0 that even in a time as short
as af a second the tamper acquires a large viloolty !
and 1s d1!2¥°¢!2“2§£§&€?u92,a considerable amount. Therefors when
the number of neutrons has again doubled, the active material hal—
been appreciably diluted and it is therefore less likely for a- -~
neutron to find a nucleus to make finliogéwithl This decreases

the rate of multiplication of the neutrons so that the next time 1t

may take twice as long for the number of neutrons %o double. At




the uio time, the pressurs has further increased so that the tamper
will now move outwards with {noreased spesed. It §{s clear that not
long after this the active material will be so dilute that it ceases

to de oritical and from then on the number of neutrons {s sctually
decreasing rather than increasing. The neutrons which are actually
present will, of course, still preduce soms fission and some additienal
energy, but after another short time most of the neutrons will have

been absorbed and the nuclear reaction will stop. 955
e Y

rAlthough this is not a very high ;fficioﬁcy it still,corroupondg_zs

a very lerge energy release which is equivalent to the energy release
rro;'15.ooo tons of TNT. 1If atiii ¢f;ator energy releases are wanted,
the amount of the active naterfal“h;§~tq‘be increased which presents
a more difficult problem of.ansonbly bu; is probably feasible to a
certain extent,

The prggoct was now ready for the next to the last step: To
make an notuai tosi;ef a nuclear explosion. Because of the extreme
costliness of the -atgriall involved it was obvious that only one test
could be made. fbii test therefore had to work and as much information
as feasible had to be obtained from it. For the purpose of the test
a- desert site about £50 miles south of Los Alamos was selected Q?d~
a8 large féactlon of the laboratory atatf%yas.organizad in a-specieal -
projeset under the direction of K. T, Bainbridée Qf Harvard University,
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in erder to prepare the test and the oconnected measurements.

For the test, the atomic bomb was not dropped from an airplane
but set up on a 100 ft. tower in order to facilitate measurements. A
The most extensive measurements were naturally made of the blast
produced by the atomic bomb because the blast is the primoipal way
in which the atomic bomb is expected t0 cause damage to the eneny.
About a half dozen different methods were set up and calibrated for
the measurement of the blast. There were simple barographs to
meesure the pressure at large distances, 6 to 50 miles awey. There
were rugged crusher gauges to0 measure extremely high pressures of
many atmospheres in the immediate vicinity of the atomic bomb. There
were standard pressure gauges 15 the form of plezoelectric corystals
such ff are used by other laborator§os and proving grounds t0 measure
the pressure in the blast wave of £0npi. There were two types of
gauges based on the motion of fluid?undar"{he influence of the blast
pressure. There were electricgcondensor gauges to measure relatively
low preassures. There werewmore than 50 wooden boxes with holes of
various sizes in them and aluminum foils stretched over the holes.
A certain, rclativoly.;gw pressure would burst the foil over the
largest holo; a loa’-hat'higher pressure would destroy the second
largest foil and so on, These simple devices worked very satisfactorily.
Perhaps the most accurate results were obtained by noasuring the
volocity. or the blast wave at various distancoa from the bomb; thia, .

velocity is groator than sound velocity anﬂifrom the difference. one

can caloulate the pressure existing in the blast at the given placs.




But the atomic bomd not only produces blast, but also
specific nucleear effects. It emits neutrons and gamma rays and
both of theee were measured at verious distances from the bomb.

Of the neutrons, even a "moving picture" was obtained showing the
number of neutrons reaching the detector at various times. 1In
addition, the fission produces fission fragments which are radio-
active, and whose radio activity can be measured after the explosion
is over. This measurement gives one of the most accurate means to
determine the efficiency of transformation of active material by the
nuclear reaction.

Elaborate arrangements wers made to photograph the explosion
in its various stages. Some cameras gave colored motion pictures.
Some gave black and white pictures at ordinary speeds. Others were
uséd at exceedingly high speeds up to 8000 frames per second in order
to catch the very beginning of'the'blast wave in air. Moreover,
there were several npectrographsiioﬁ:b;erve the color and spectrum
of the light emitted by tht ball of fire in the center of the blast.

Many of the members of the laboratory 'ofo engaged in the
preparation 6?'th}a test. Those senior staff members who were not,
could see the oxplézion from a hill 20 miles distant. Before the
test, the entire ;apdratory'staff was anxious about the success of
the test. It was true that all reasonable investigations to insure
success hed been made, short of a trial explosion. But then. this
nuclear explosion wae something so ontiroly new, and the conltrnctioh

of the atomic bombdb was so entirely dopondont on dead rockonlng that
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it was natural for the scientists 10 feel some doubts whether it

would really work. Had everything been done right? Was even the
principle right? Was thers any slip in a ainor point which had deen
overlooked? As the members of the laboratory waited for the test
they were undecided whether to expect success or failure.

The teet was to take plase at 4:00 a.m. provided the weather
wes favorable. Around midnight, it rained in torrents and there
wae a violent thunderstorm. To the scientists on "Observation Hill"
it wee not at all clear whether the test would be made. Efforts to
get into radio oommunication with test headquarters failed. At last,
there ocame word that the test had been postponed until after five
o'clock. But it was good newe that it would be made that morning.
Soon ‘enough the radio began té function. S. K. Allison of Chicago
University announced the time udiil_ihg shot: “"MNinus BQ minutes®,

"Minus 15" and so it went on to 'minﬁa 10 seconds".

Zero time came. Everybody had his dark glasses in front of
his‘eyoa and still the brilliance of the flash exceeded all expectations.
It looked like 2.glpn;nnagnosium flare which however kept on for
what seemed a whole ;;;ute and was actually one or two seconds. Many,
who afterwards saw zhe'sun rise through the same glasaes, were oone
vinced that the sun was nothing compared with this flash. The white
ball grew and after a few seconds became clouded with the dusg uhﬁppod
up by the explosion from the ground. Theﬁghir}lng ball of firg—aloulyﬂw
detached itself from the ground and rose #;d lo}t 5oh1nd a black trail

of dust particles. The rise, though it seemed slow, t00k place-at. a
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velocity of 120 meters per second, After more than half a minute
the flame died down and the ball which had been a brilliant white
became a dull purple. It continued to rise and spread at the same
time, and finally broke through and ross adbove the clouds which
were 15,000 feet above ground. It could be distinguished from the
clouds by its color and could be followed t0 a height of 40,000 feet
above ground. The wind blowing in different directions at different
altitudes made the cloud into a "Z* shape and finally blew it away
to the northeast.

It was clear to everybody thet the test had been a success.
When the many measurements were evaluated it turned out that the
energy release was olose;tq what had been expected on purely theoretica
grounds. In fact, it was.slightly more. Also as expected theorsticall
th:‘onargy released was transr;;-quinto blast slightly less efficientl:
than in & TNT explosion so thal €hevh1g££ was the equivalent of that

L3

from 10,000 tons of TNT.
Whzt had been accomplished? For the first time, an atomic

-

bémb had been made and had been successful. But, at the same time
this was the Z;eati£f~exploaion in history. The largest explosion
which had ever occurred before was that at Oppau in 1923 in which

| 6000 tons of anm&niumanitrate exploded, squivalent to about 5000 tons
of TNT. The famous explosion at Halifax was only about 3000 tons of
TNT, and as far as the author of this is aware, the largest amount of
oxplos?vo'lot off deliberately before wéi.IOO‘;ona of TNT which were

exploded by the Los Alamos proJject two months befors the actual test
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in order to tert the meusuring equirment to be used.

The conditions that must have prevailed in the actiive
material durlng the nuckear exploslon were fantiastic. Tue
tezpcrature was probebly near 10C,000,00C%, four timee the tem-
perature at the center of tke sun and over ten thousand times
thzt at tke sun'e surface. Th: pressure was over 100 billion
ctmospheree, again more th:n at the center of the sun. All
thile wa: aclievel by the relecse of some nuclesar energy which
rade thc active material atout l@lighter than 1t hal been SiC -
tefore=~tut there wac certzinly nozody absut wre could have ;erxlt

this decrease in weight. The radloactivity of the | KY

2
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fizsion proiductc that were formed was, at one hour after the
exrloeion, equivalent to that of & million kilograxe of radium.
(Toe tstel world's suzsly of radium 1s about 1 xilogram.) The
2flect of thilz trerendcus radlogctive raliatlon was plainly
vigitle &5 a blue plow sufroundiﬁgigké-clouﬁ which was rising
aftar the explosisa. For the firet 1/10 of 5 second, light

uh; exittel at the razte of more than ten billlon kilowattie

which 1s farﬁiore:tnan tle electric pover produced in the world.
In fact, ths lightaintenslty wag great enocugh so that it is
c:ncelvab}e'thzt‘t;c'sxploelon night have been seen fron ancther

planet.




