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PREFACEw» . .\

Lo N - ) -

. - On December 2, 1942, in a racquets court underneath the.West Stands
of Stagy Field at the University of Chicago, a team of scientists led by E&n'ico

Fermni croated man's tirst controlled, selt-sustaining nuclear chain MYACLION.
t .

. o
? >

. N ¢ . ) ‘ ‘e
. . ¢ Since 1948 the story of this remarkable scientific and technological

achievement has been periodically commemorated by. thase involved. It is

now a wel] known and significant benchmark in the history of nuclear energy

* technology.

. .
. : -
N - . ) T
< L)

.o e

This updated and revised story of the first reactor, o1 “'pile,’ is based
on the firsthiind uccounts of the participants as told to Corbin Allardice and
Edward R. Trapnell. It also includes the postwar recollections of Enrico and
_Laura Fermi. The text of the three accounts rerpains largely unchanged.

v

i
_ Fprty‘yems after the event, this pamphlet still serves to providesthe
public with a briet and readable account of a significant momgnt in"American
history of nuclear enargy. (/ . ’ '

Fall_1982 . < . BT

. v A : . V
. ‘e 1
\

*

_ + Shelby T. Bréwer .
’ o . Assistant Secretary for Nuclear Energy .
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INTRODUCTION =~ :

~N . . - : . * d
. ~ .
~ o _ . . \ . n
P - - .

: L. < o &
This new edition of an old story of.man’s first self-sustaining nuclear .
- chaln reaction is itselt a document ot historical interest and signiticance.

i F ‘ N

Because of the extraordinary secrecy that surrounded the Manhatt .

Engineer Dlsmct Amarica’s $2 billion project to harnass atQmic enargy, the
postwa( public was largely mnorant af its hISIOl’Y v

.

The original essay on “Thé First Pile” was written.in the-fall of 1946 *
because nowhere in the extensive rocords of the Manhattan Project was there .

S a ndnutwe history of_the tiist s¢lf-sustpining nuclear chain reaction. Prepared ™
for a press release by the Manhattan EngmeeJDlstrlct the report included
backgfound materlal whijch was part of ‘the final report on a significant
expevtment ' IR : : . .

’ . °
.
.

Thn original authors of “The First Pile’’ werg Corbin Allardnce and

Edward R. Trnpnpﬂ two public mformauon ofhcers for the Atomic En(frgy

“» ' Commission, the agency that.succeeded the Manhattan Project on January 1,
1947. Allardice later served in various public . information® posts for the
Atomic Energy Commission and Trapnell became Special Assistant to the
. AEC Genaral Manager with, résponsu.bzlmes for congressnonal relatlons, ' ~y

‘

LN

Trapnell and/AIIardice telt that the story of the expsrimer]rt'which wai |, )
successtutly completed on December 2, 1942, was of such significance that
o "1t should be written down while still' relatively fresh in the minds of those:
%50 took part. Their essay ‘is based on pQstwar Intérviews with_more than a .
o%av: gf the 43 scientists present at the Stagg Field on Docgmbcr 2nd. ‘f\
other valugble source wgs the tape on which was traced the neutron intensity .
“within the first pile. - o ..

Y

In addition, The First Reactor contains the firsthand reminiscences of . s
Enrico Fermi, the Nobel prize-winning project director, and his wife, Laura. A,
Written' in the 1950's, they provide valuable insights into the human and« .
technical challenges of a secret ente:pn;.e condugted by Amorigan and Euro-
pean refugeo scuent|§ts : A N R

- .
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v Tho appended. list: of those present was obtaied from the. label of a

"bottle in which Di. €. P. Wigngi had brought Chianti wine-to toast the

. experiment’s success. Most of thosg present had sigﬁed: the wine bottie’s
label and given it to Qr. A. Wattenberg as a memento. This was the oply

~ written record of who had takegi part in the experiment. Each of the scien’ -,
., |tists listed on me bottle"was ‘dsked i he recaljed an'others who might have

. been present, anc_i the resqltmg_lg‘gt of 43.names was accapted as complete...

¢ - " L . oo ©
-

-

- - L T <7y : °
~* The two drawings of the ﬂr;%&le were prepared by Melvin A. Miller
- of the Argonne Nation’al_- Laboratory staff in the fall of 1946. They gre based
on descriptions giver: Miljer by the scientlsts who built the tirst pnle
. b o . v . .

» . . /

- e

“In the years since. 1946 more literature ‘on -nuclear energy history has
_ chome available, incfuding the memoirs and autobiographies of many.

- scientists involved in the Manhattan Project, the -official but unpublished-
- ""Tﬂuhl -volume history of, the Praject (declassified in 1978), and scholarly
. , monqgraphs To retlect thns new information and perspectiye forty years after’

. ; - the" event, we have added ah apnlogue a\d updaled the bnbhography of recom- . ‘
c mgnded readmgs s _ R
- = L :

- -
. ~

.

sity in St. Louis, and to)hstory Assocua es Incorporated for ésswmnce in the
" rewsyig and updatmg'o&thls bnéf but important hlSIOfV., - ’ \ =

- *

B B ' -t .
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. \ S . . . .
' .t AN . . . -
- . : ) .
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. - ‘e .

: T Jack M. Holl | e
R . 4 = ChietHistorian gL

R Y 3 : * >y .o
Yo : ~ We are grateful to Professgr Robe t C. V\erams of Washmgton UnworJ o (
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“THE FIRST PILE e
By\Corbm)Al!ardice apd Edv.’vard R Trapnell o ] . s < . )

.« On Decembar 2, 1942 man‘fnrst mntiatad a self- sustau\mg nucletr chain” , |

reaction, and c(’mtrolled it. N - .o

Beneath the West Stands 'of Stagg Field, 1 Chncago late in tha aftumoon
of that day, a ‘small group of scientisls, witnessed the advent of a new gra i in -
Yo suence ‘Histoty was made in what had been a squash-rackets court .
. Precisely st 3:25.¢.m., 2 Checago time, sc;entosr George Wail wothdrew._ S .

N the cadm[ﬁm -plated control. md and by his-action mah,unlenshed and con- N

tnolled thé energy of the atom. . . . . ' '

. As those who witnesstd the expenment became aware of what Rad
happened, smiles spread over their faces and a quiet ripgle of appl3use could
be heard. 1t was a tribute to Enrico Fermi, Nobel Prize winner, to whom,
fnore than to any other pergor, the success of the-expbriment was due.

Fermi, born in Rome, ltaly, on September 29, 1901, ha®been working
with uranium for many years. in 1934 he bombarded uranium with neutrons ¢
* and produced, what appeared to be element 93 (uranium is element 92), and, _
element 94. However, after closer examination it seemed as if nature had
S gone wild; several other elements were presdnt, but none could be fitted into
the periodic table near uranium -where Fermi knew they shouid have fitted
it they had been the transurenic elements §3 and 94. It was ngt until tive N
yéaus later that anyone, Fegrmi included, realized he had actually caused '
fission afethe uranium and that these unexplained elements balonged back *
in the middle part of the periodic table. ’
Fermi was awdrded the Nobel Prize in 1938 for his work on transuranic
elements. He and Ris family went to Sweden to receive the prize. The Italian
Fascist press severely criticized him for not wearing a Fascist uniform and
fatling to ‘gsve the Fascn&( salute when he feceived the award. The Fermis ..

~

LS.

y -

-

" 1ever returned to ltaly.
From Sweden, havmg,taken maqst of his parsonal«possessnons with him,
Fermi proceeded to London and thence to America where he has [emauqed_fw

. ever sinced . - - e
The rnodern Italian exploror of the unkpown was in Chicago that cold Y,
- December day in 1942, An outsider looking into the squash court where

Fermi was working wouldihave been greeted by a strange sight. In the center
. . . S . . . ‘
. : . oy
- -, _ . . . o
———ae— - ‘ 0 d

Yrhe Umvarsny of Chicago, athletﬁ: stadium.,
. 2Dr. Herbert Ande ~n has pojnted out that the time was 3:36,-w>i|ch i3 now the
accepted official time : ‘J

po, Hlinois, November 28, 1954,

U s
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Shetch of the tirst pils. Around 1t 15 a tent of balloon clath fabric, prepmud‘,m that
Zhe reactor could be sealad to mihimize nonproductive Juss of neutrons it necessary, )
ho tent was never used. .

.
of the 30- Ahy 60-'fool.room, shrouded op all but one .s!'de by a gray balloon
cloth envelope, was a pile of black bricks and woaden timbérs, square.at the
Bottom and a flattened sphm‘! on top. Up to half of its height, its sides were
. - straight The top half was domed, like a beehive. Dun’ng the construction of
" . “this crude appearing but complex pile (the nane yvhich has since been applied
to all such devices)? the standing i‘oke'amonMgmists working on it was: "

) bpopld‘“could see what we'rg dblng with a million-and-a-half of their .
. dollars-;“they\'d think we are crazy)lf they knew why we are gqing it they'd-'

' be sure we are.” R ’ )

a”

I]\/Lﬂlatu’m‘\ to the fabulous at(')mi.(: Bomb progiam, of which the Chicago =~ .

Pile experniment was a key part, the successtul result reported on December

~@nd tormed one more piece for the jigsaw puzzle which was atomic energy.

Confirmation of the chain reactor studies was an inspiration to the leaders of .
the bomb project, and reassuiing at the same time, because the Army's
,’Mm;hattan Engineer District had moved ahead on many frbnts. Contract
2 negotiations were under way to build prod’uctibn-scale nuclear chain reactors,

-

. LY ’ )
® . .

oy ) ) .
4The term “pile,” it use for the tust tew years of the atomic age, graduaity gave -
way 10 Creactor ' o identity the hey device that controls the nucleasr fission 1eaction. *

- .
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. ' » .
A v 7o providea by eric O Lo .
l . -



Lr
@

- fand had *been acquired at Oak Hndge, Tennessea and millions pf dollars had*
been obligated. ~ & . .-

Three yoars before tho Dacember 2nd experiment, it had been dis-
covered that when an atom of wanum was bombasded by neutmns, the
uranium atom sometimes was split, or fissioned. Later, it had ‘been found
that when an atom of uranium fissioned, additional neutrons wore emitted
and became available for further reaction with other uranium atonos. These
facts implied the pessibulity of a chain reaction, similer in cartain respects .
to the reaction which is the source of the sun's engrgy s The facts further
indicated that if a sufficient quantity of uranium could be brought together = -

nder the proper conditiops, a self-sustaining chain geaction would ;esdlt._
This quantity of urunium necessary for a chain reaction under given condi-
4 tions 1s known as the critical .mass, or more commonly, the “critical size” : :
-of the particular pile. . : . N '
A, 0 « For three years the problem ot a self-suStaining chain reagtlon had been’
R assiduously studoed Nearly a year after Pearl Harbor,® a pile gt critical size
) was {inally cqr\_st(uctod._ It worked. A self-sustaining nucled® chain reaction

~ " was g feality . - .
. - S, .

Xears of P.raliminary. Research S "
L] [N . a . ¥ . . - ‘k . )
- oA " Years of scnentlfu: effort and study Iay behind this demonstration of 4 4
the ‘first selt-sustaining nuclear chain Teaction. The story goes back at least to "
the fall of 193&wheh two German scientists, Otto Hahn and Fritz Strassmar, ‘ .
working at-the K'aaser Wilhelm Insmul’e m Berlm found barium in the residue o
materjal from an expériment in which ‘they had bombarded uramu(n ‘with
neutréhsxhom a radium- berylloum source. This discovery caused tremendous
. . excitement in the laboratory _hecause of the différence in atomic mass be- -
. tween ‘the barium and the uranium’ PrevnoUst, in r(}sndue material from ©
' “similar experiments, elements otozﬁ than wranium had been found but they ' '
differed from the uranium by ohly &ne or twg finits of mass. The bariym
differed by approxima}ely 98-units of mass. The question was, where did this - a

’

“eleiment come from?It appeared that the uranium -atpm .when bombardod '
' by & neutron had split into-two different elements, each ot approxomately « -
half the mass of the uraniom. ! : R
‘Before publishing their work in the German’ scoentnflc journal Dm o

Naturwissenschaften, Halin and Strassmar) comguunicated with Lise Meitner:

M\,\ . (S }
b L3
] . . . v
t . - . ¢
. ~ . )

- .

s,

5The Japanose attacked the Amencan nnval base” at Peari Harbor, Hawandn
. Islanda Decembur 7, 1941, this attack brought the United Statcsmm World Wsr i, = . g e
—-[mc - S — ———
. B B e JO U ,x..'\}..‘.m .M........A-X‘v._ - .-n-,-t....__fl..»-._.....:-I,-.,.._,_L.T.,..-_..«:-A_A-—‘..A....-—,.‘...._.:,‘V_.V...___‘_.:.;J.,.:,,_:o..\a‘“\,."l

932180 -02-2 . a1l e e e



¢ -

- Q

ERIC

- TR
.

_ Copenhagén, Denmark, * .
Miss Meitner was very much interested in this phenomenon and imme-.

L1se Martner and Otto Hahn
thairdabaratory in the 1930s.

wlio,‘ having fled the Nazi‘-‘contrp?le'd Reich,® was workingj.with Niels Bohi in

N

diately attempted to amalyze matheniatically the results of -the expgriment.
She reasoned that the banum-and the other residual elements were the result
of a tission, or breaking, of the uranium atom. But whan she added the
atomic masses of the résidual elaments, she found this total was lgss than the
atomic mass of utanum.  © - '~\ -
There was but ane explanatioqz The uranium fissioned or split, forming
two elements each of approximatbly half of its original mass, but not exactly
halt. Some ot the mass of the uranium had disagpeared. Miss Meither and her

‘nephew Q. R. Frisch sugyested that the mass which disappeared twas con-’

verted into energy. According to the theory advanced in 1905 by Albért
Einstein in which the relationship of gass 16 energy was stated by the equa-
tion E = m¢? (enerqy is equal to mass times the square of the speed of light),

»

this energy r1elease would be of the arder of 200,000,000 electron volts for .

each atom fissioned. . . . . .

L4
.
4

h('.mm.u\v under Adoll Hitder's Nazi Party rute was known as the 1 had Regch' ~
*

{Third Rearm) | ! ’
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. Einstein, himself, nearly thirty-five years
before, had said this theory might be proved .
by turther stwudy of. radioactive elements. :
Bohr was.plannmg a trip to America to discuss

othes probfems with Einstein who had found a

haven at Princgton’s Institute for Advanced

Studies. Bohr came to America, but. the princi:

pal item he discussed with Einstein was the

report of Meitner and Frisch. Bohr arrived at

~Princeton on January, 16, 1939. He tatked to

Einstein and J. A. Whégler who had once been

Nials Bohr, . 7 his stydent, From Princeton the news spread

Damish physigist " by word of mouth to neighboring physicists,

. including Enrico .Fermi- at Columbia. Ferml and his agsociates immediately

~+ began work to find the heavy pulse of ionization which could be axpected
from the tission and consequent release of energy. o .

. Before the expériments cogld;‘be completed, how\evér,' Fermi left .
Columbia to attend a conference on theoretical physics at George Washington o
University in- Washington, D.C. Here Fermi and Bohr exchanged_information
and a'iscusse_d the problem of fission. Fesmi mentioned the ‘possibility that .

’ neut‘ro.ns might’be'emitted wr t%: process. Inkthis conversation, their ideas ~
- of the possibility of achain reactibn began to crystallize. '

Before the meeting was over, experimental confirmation of Meitner
“and_ Frisch's deduction v&s obtained from four laboratories in the United
States (Carnegie Institution of*Washington, Columbia, Johns Hopkins, and
the University of California). vL'a.ter it was learned that similar_’ confirmatory
xperiments had been made by Frisch and-Meitner on January 16th. Frederic
_ .Jolrot Curie«in France t60 confirmed the results and publrshed them:in the t
'4 : January 30th issue ‘of.the French scientific journal, C‘omptes tendus. T
On February 27'1939 the Canadian-born Walter H Zinn and Leq p e
Szilard, a Hunganan both -working at Columbia Unrversrty, began their ex-. ~, », .
‘ periments to find the numbBer of neutfons emitted by the frssmnlng uranium, ' \/
At the same time, Fermi and hrs associates, Herbert L, Anderson and H. B. -
Hanstein, commenced their mves_{rgatron of the same problem. The?results
of these experiménts were published side-by-side in the Aprit edition of- the’ -
Physical Review and showed tHat a chain reaction might be possible smce . ’
the uranium emitted addrtronal neutrOerhen it fissionad. N . “

-
o
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Walter H, Zinn | N . Laeo Szilard

Y . ]

These measurements of neutron emission by Fermi: Zinn, Szilard,
Anderson, and Hanstein were highiy significant steps toward a chain reaction.
Further impetus to the wor!o on a uranium veactor was given by the
discovery of plutonium at the Radiation Laboratocy,7 Berkeley, Califormia,
in March, 1940. This element, unknown in nature, was formed by uranium-238
capturing a neutron, and thence undergoing two successive changes in.‘atomic
structute with the emission of beta particles. Plutonium, it was believed,
would undergo fission as did the rare isotope of uranium, U6,
Meanwhile, at Columbia, Fermi and Zinn and their associates were
| wotking to determine operationally possible designs of a uranium chain
maclﬂr. Among other things, they had to find a suitable moderating material
to siqw down the neutrons traveling at relatively high-velocities. In July, -
1941, experiments with uranium were started to obtain measurements of the
reproduction factor {called "*k’‘), which was the key to the probfem of a
‘chain reaction. 1If this factor could be made sufficiently greater than 1, a-
chain reactipn could be made to take place in a mass of material of practical
dimensions. It it were less than 1, no chain reaction could ogcur. - <
« Since impurities in the uranium ‘and in the moderator would capture
neutrons and make them unavailable for further reactions, and since neutrons
~would escape from the.p'le~wnhout encountaring uranium-235 atoms, it
. ‘ . -‘ ,‘.‘f‘ . . -~ o . _'.
. ) o N ) .
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hNow the Lawrence Berkeley Radiation Laboratory, operated for the U.S.
Depaitiment ot Energy by the University ot California,
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was_not known whether a value for k7 greater than unity cothd ever be

obtained - ) ‘2 2
Fortunate it was that the obtaining of a refffoduction factor greater

than 1 was a complex and difficult problem. It Hitler's scientists had discov-
asred the secret of controlhing the neutrons and had obtained a working value
ot “k,” they would have heen well on thu way toward producing an atomic
bOmb tor the Nazis. { o

i

The Gubical Lattice Concept

“One of the first thmgs that had to be dqte,mmed was how best to place
the uranium in the eactor. Fermi and Szilard suggestod placing the uranwum
i a matrix of the moderating material, thus farming a cubical lattice of ura-
mum. This placement appeared to offer the best opportunity for a neutron
to encounter a uranium atom. Of all the materials which possessed the prope:
moderating qualitios, graphite was the only one whuch could be obtained
in sufficient guantity of the desored degree of purity.

The study of graphite—uranium lattice reactors was started at Columbia
in July, 1941 but after reorganization of the uranium project in December,
1941, Arthur H. Compton, was plagad in charge of this phase of the work,
under the Office of Scientitic Research and Development, and it was decided
_N t the chain eactor program should be concentrated at the University of
Cﬁipago. ConseLemly, early ‘in 1942 the Columbia and Princeton groups

~ ~ “
.

3 . -

Arthur Holly Comptop, Director of the
“Chicago Matallurgical Project,” 1942-19485, ...

t
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ware gansteried to Chicago whuré\lﬂo M&tallurgicul Lubon\wryB was astab-
nshed;" | _ ' , '
In a general way, th® experimental nuclear physics group under Fermi
was primatily concgrined with getting a chain raaction going; the chemistry \
dvision organized by +. H. Spedding (later in turn under S, K. Allison,
J. Franck, W. C. Johnson, and J. Hogness) with the chemistiy ot plutontum
and with separation methods, {md the theoretical group under & P Wigner
with designing production piles. Howevee,_the problems were intertwined
and the various scientific and technical aspects of the fission process were
studied in Whatever group seamed bl¥st equipped for the\par}icular task. ~

‘ - .A . .- ( |

~~
”y

-
. o \ \
Norman Hilberry headed procummunt afforts at (hd)

secrat “Matallurgical Labora rory .
. A

’

2

\ .
At Chicago,*the work on subcritical size piles was continued. By July,

1942, the measurements obtained from these experimental piles had gone tar

enqQugh to mermit Q‘;hoice of design tor a test pile of critical size. At that
time_the dies for The pressing of the uranium oxides were designed by Zinn RS
arw'd -ordered made. It was a fateful step, since hme entire construc‘on of the

pile depended upon the*shape and size of the uranium pieces. °

e

t was necessary to use uranium oxides because metallic uranium of .
thn\‘dtzsned degmc of purity did not exjst. Although several manufactuiers T
were attempting to produce the uranigfm metal, it was not until Novembaer
that any appreciable amount was avajfable. By mid-November, Westinghouse .
Electric and Mapufacturing Company, Metal Hydrides Company, and'F. H, ~ !

: P
e gineas st i et .

B1he Metallusgical Laboratory was the pradecessor 'of Argonne National Labora-
tory, which s operated for the U.S. Department of Energy by the University of Chicago
and Argonng Univarsitigs Association,




|
N ' RPN
Spedding, who was working at Ylowa Statt('()orl‘ogo at Ames, lowa, had de-
. livered several tons of the highly puritied metal which was placed in the pile,
"as cldse to the center as possible.'The procuremgnt program for moderating - \ .
"material and uranium oxides had been handled y Motman Hilbarry. R, L
Doan headed the procurement program for pum uranium metal. ' ! )
Ahhouqh the dies for. the pressing of the m\ﬁmum oxides were designed
in July, additional measurements were nocassary to obtain information about )
coptrofhng the reactiam, to revige estimates as to the final critical size of the .
prle, and to develop other data. Thirty experimental subcritical piles werg
L()flS(l’UL(Gd befme the final pilé was completed . ;

LY

»

»

The Manhattan bistrict Formed

1 Meantime, in Washington, Vanndvar Bush, Dire\:tuv of the Office of .
"~ Scientific Research  and Dovelopmant had reu}mmonded to President
Roosevelt that a speual Army’ Engmeel organization be established to take
Tull rasponsibility for the development of the atomic bomb. During the ‘& ,
summer the Manhattan Engineer District? wis created, and in September, ;ingv;:..
) 1942, Major General L.. R, Groves assumed command,

L]

o

o . -

General Lestie R. Groves, U.S. Army Corps of Engi-
neers, directed the "Manhatmn Engmoar Dlstrlcr ”
1942 1946.

» .

.
- - . 3

T he Atomu_ Energy Commussion {AEC), “w evilion agency, succeaded tire

Manhattan Enmnnﬂr District as the governmental organization to control atomic eneigy
on January 1, }947 On October 11, 1974, Pressdant Genﬂd Ford signed the bill thet LN
nbolishud the AEC. Tho research and davelopment portions of the AEC were absorbed
into the U.S. Energy Research and Devglopmeant Administration (EHW\) the regulatory
. portions ot the AEC were absorbed into the Nucledr Hegulmorw,Commmsion (NRC).
On October 1, 19277, the Energy Research .and Development Admmiitrmion bacama part
of the nuwty‘crumed Departmg{\i of Energy. . .
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Construction qf the_ mam pile at Chicago started in Novemboer The
v machiung of the graphule,b&)iks, Prossing
and the design T instrumats. Fermi’s two

1 )

project gained momer ,
¢ peljets)
s, One unde
clock V.C Wilson headed up the_instrummn wark,

Onqinal esti\patey as to the critical size of the pile \'N(mg pessimistic”

of the uranium o

“constructiony Cr
almuost around the

As a furgher pregavtion] it was decided to enclose the pile in a balidon cloth
bag which could be evgduated to remove the neutron-capturing air.’ '

\ This balloon cloth bag was constiucted by Cobdyaat Tire and Rubber
Company. Speciahsts in designing gasbags for lighier«than';aj_re craft, the
company’s engingers yvcré a bit-puzzled about the auuodynami&‘bf a.square

balloon. Security fegulations forbade informing Goodyear of the purpose _

uty of much

of the envelope and so the Army’s new square balloon was the.
jokng. . )
The bag was hung with ohe side left open; in the canter o the tioar a
arcular layer of graphite bricks was placed. This and each succeeding layer of

_ the pile was braced by a wobden Jframe. Alternate layars contdined the

yranium. By this layer-on-layér construction a rqughly spherical pile of
u‘anium and graphite was formed.

Facihities for the machiming of graphite bricks” were installed in the
West Stands. Week after week this shop turned out graphite bricks. This work

was done under the direction ot Zinn's group, by skilled mechanics led by.

millwright August Knuth. In Ogtober, Anderson and his associates joined
Zintt's men. | . Vo

inn and the other under wderson, worked
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Graphite ﬁycn form the base of the pile, left. On the right [s the 7th layar of graphite o
and adges Of 6th layar containing 3%-inch pseudosphergs of black uranium oxide.

Bagipning with layer 6, alternste courses of graphite camaln/ng uranium metal and/or
uranium oxide fuel were separated by layers of sg/ld graphite blocks, =

Lenth Iayer of graphite blocks containing pseudospheres of blsck and brown uranium
oxide. The brown briquaets, slightly richar in uranium, were concentrated in the central
" area. In the foreground and on either side are cavitiss filled with graphits, now presumed
to have begn an expedient muwmcrarad by shortage of fusl and, possibly, a last

milite thange in the lattice arrangelnont. On the right js the 19th laver of graphit®
cavering layar 18 containing slugs of uranium oxide. { '
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Dcscnbmq this phase of thu work Albert Wattenberg, one of Zinn's
group, ‘said: "We found out how coal miners Tedl. After etght hours of ma-
chitiing graphite, we looked as@ wo were made up for a minstrel. One shower
would remove only the surface graphite dust. About a half-hqur after the
first shower the. dust in the pores of y'()ur skin woujd start oozing. Walking
around the rotn where we cut The graphite was hke walking on a dance

floor. Graphite s a dry lubncant you know, and the cbment tloor wvered)

with graphite dust was slippery.”’ s

Before the structure was halt com;’)lete measurements indicated that
the critical size at which ﬂ(e pile would become self-sustulmng wag some-
what lass than had been anticipated in the designe :

Computations Forecast Success
: )

Day after day the pile grew toward its final shape. And as the size wf
the pile mcreased, Jo did the nervous tension of the men wor king on it. Logi-
cally and scien ufu.nl&y they knew this pile.would become self-sustaining. 1t
had to. All the measurements indicated that it would. But still the demon-
stration had to be made. As the eagerly awui'wd moment drew nearer, the
scientists gave greater and gieater attention to details, the accuracy ot mea-
suraments, and exactness of therr construction work.

Guiding the entire pile, construction and design was the nimble-brained
Fermi, whose aasodates described him as "completely self-confident but
wholly without concert.’

So exatt were Fermi's calculations, based on the measurements taken
from the partially tiished pile, that days before its completion and ldemon-
stration on December 2nd, he was able to predict alm()st to the exact brick
the point atswhich the reactor would become self- susta:nmq

But with all therr care and confidence, few in the gvoup knew the
extent of the heavy bets being placed on therr success. In Washington, the
Manhatgn District had® proceeded with negotigtions with E. |. duPont de
Nemours and Company to design, build, and operate a plant based on the
prinaples of the then unproved Chicago pile. The $350,000,000 Hanford
Engineer Works!0 at Pasco, Washington, was to be the result.

. At Chicago during the early atternoon of December 1st, tests indicated
that critical size was rapidly being approached. At 4:00 p.m. Zinn's group
was relisved by the men working under Anderson. Shortly afterwards, the

.
Y

*
.

10 ater the Hantard Atonuce Pl’()dlll (s Qperation  Hantord Laboratories, oper.

, ated by the Gengral Electrnic Co., tor the /\E;L»( Since 1965 Hanfard tacilives have been
)

apmated hy 9 contractons,

we




< d L C .
'S » el N
d LR . 3 N
. - . w . *
" c e 0 o . > o
- . .
-
. & - -
. R . N - .
' v iy T . “ :
v -
M “ * M M ~ o ~eT T
N N ' - ~ . :
.
A [ a \. LY

Qutaway modal of the first
« Pile 10 tha Stagg Fiald racquets M
caurt. The mechanism to wit
drew and insert the dmergen
control rod “Zip” Is at center

right In the picture, »
‘

s> The West Stands ot Stagy, Fiold
i Chicago.

last layer of graphite and uranium bricks was placed ot the pile. Zinn, who
remained, and Anderson made several measurements of the activity within
tye pile. They were certain that when the control rods were withdrawn, the .
p‘u would become selt-sustavming. Both had agreed, however, that should
measurdnents indicate the reaction would become self-sustaining when the
rods were withdrawn, they would not start the pile bperatinguntil Fermi and
the rest o the group ¢ Id\be gsent. Consequently, the control rods were
locked and further work was postponed until the follov'ving day. .

That mght the word was passed to the men.who had worked on the pile

- that the trial run was due the next mgfning. '
RN - o
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AT e e .
About 8:30 on the mpgning ‘ot W‘&dnus&{w, l)eu.cmber 2nd, tL\c group
began lo-assemﬂm‘l{(husquasb court,

At the noitly end of the- squash court way’ balcony about mn teuat

t e -

ﬁbovv the, tioors ot lhe court. leum Zmnh All rson., and (,ompton ware

m ug])mi around msl.mmcn(s at'the east end ot th}ler(my The remainder of -
the /)bwrvers crowded the tittle balcony. R, G. Nobles, ‘one o} the young
scientists who werked ongthe pile, put it this way: ”The%,nuol cabinet was

*&'un’oungod by the ‘big wheels’ 1}\e~'ﬁttle wheels’ hud to stand back.” ’ !

‘On_ the tloor of the squash court;
]ust benoath the halcony stood George
Weil, whow (Iuty it was to handle the
final control rods. In Qhe.ptlc were three
sets of control rods. One sef was auto-

'balcony Another was an emergency _
. safoty rod. Attached to one end of this
tod was 4d ropb sunning thigugh  the
pile and weighted heavily on the opposite
end: The rod was wnhdmwn from the
pile and tued by another rope to the¢.
balcony. Hnlbeuy was ready 10 cut this
rope with an axe should something
unexpected happen, or in case the au-
matic saféty rods failed. The thjrdrod,
npormed by Wml was the one which actually held the reaction in check until

Goorgo Waeil -

withdiawn the proper distance.

Since this demonstration was new and different from anything ever

done before, complete reliance was not_placed on mechanically opetated

control rods. Therefore, a ‘liquid-control squad,” ’composed of Harold
Lichtenberger, W. Nyer, and A. C. Graves, stood on a platform above the pile.
They were*prepared to flood the pile with cadmium-salt solution in case of
mechanical failyre ot the contiol rods.

matic and cquld be controtled trom the .'

,-»

/‘

tach group sehadmcd its part of the experiment. __,,.\

At 9:45 Fermy ordeired the electiically operated conuol rods wnth

dirawn. The man at the controls threw the switch to withdraw them. A small

mator whined. All eyes watched the hghts which indicated the rods’ position.
But quickly, the balcony group turned to watch the counters, whose

cheking stepped up after the rods were out. The indicators of these counters

]
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resembled the face of a ;:Iock with “hands” to ‘indicatv\'neutron count.
Nearby was a recorder, whose qunvenng pen traced the neutron activity with-
in the pile. :

“Shortly after ten o ‘clock, Fermi ordered the emergency rod caled
“Zip,” pulled out and tied .

“Zip out,” said Fermi, Zinn withdrew"‘Zip" by hand and tied it tq the
‘balcony rail. Weil stood ready by the ““vernier”™ control rod which was marked
\ to sra)w the number of feet and inches which remained within the:pile.

At 10:37 Fenm, wnthou} “taking his eyes ofl “the msuuments, said
quietly . : : T R
“Pull 1t to 13 feet George.” The coumev‘s clicked tas(er The grabh

pen moved up. All the instruments were studied, ahd ‘computations wfrre ’
made. ' * . _\ . o
“This is not it,” said Fermi, “_The‘ trace will go to this boint and level
oft.”” He indicated a spot on the graph. In a few minutes the benicame tothe ;°
indicated point and did not go above that point. Seved minutes later Fermi “ AN

ordered the rod out another foot. T,

Again the counters stepped up their clicking, the graph pen.edged up- o

watds. But the clicking was irregular. Soon it leveled off, ag did the thmﬂu\e ‘ .

of the pen. The pile was not self-sustaining --yet. . .

' At eleven o’clock, thi rod came out arother six inches; the result was S e

*  the same: an inc¢rease in 1atg followed by the leveling.off. '

- Fifteen minutes later, the rod was further withqrayvn and at 11:25 was
moved again. Each time the counters 'speeded up, the.pen climbed a few
points. Fermi predigted correctly eve§y moveément of theindicators. He knew

the time was near, He wanted to check everything again, The automatic con- .

- -
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trol rod was remnserted without waiting for its automatic teature to operato.
The graph line’took a drop, the counters slowed abruptly/ ‘ g
At 11:36 C’\-’l'm automa{m ‘safaty rod was withdrawn and set. The control
rod was agjusted and- "219\ was withdrawn. Up went the counters, clicking,
checking, faster and faster. It WBS the clickety-click of a fast train over the
- rauls. Yhe graph pen started to climb. Tensely, the little group watched, and
v watted, éentranced by jhe climbing needle. -

. Whrrrump! As «f by a thunder clap, the spelli was broken. Every man
troze - then bireathed a -,:ngh ot reliet when he realized the automatic rod had
slammed home. The satct‘ point at which the rod operated automatically
had been set too low.’ ' o : )

“'m hungry,” said Fermi, “Let’s go to lunch.” . _ .

. . . e I .

k.

Time Out for: Lunch

Perhaps_, like a great coach, Fermi knew when his men needed a
“reak .’

It was a strange "bmwacn halves” respite. They got no pep talk. They

) talked about everything else buththe “game.” The redoubtable Fermi, who
.~ never says much, had even less to say. But he appeared supremely confident.
His “team’’ was back on the squash court at 2:00 p.m. Twenty mprutes later,

the autorhatic 1od was reset and Weil stood:eody at the control rod.

“All 1ight, George,” called Fermi,“and Weil moved the rod to a pre-
determined point. The spectators resumed their watchnng and waiting, watch-
ing the counters spin, watching the graph, waiting for the settling down,and
computing the rate of 1ise of reaction trom the indicators.

At 2:50 the control 10d came out another foot, The counters nearly
jammed, the pen headed off the graph paperﬁBut this was not it, Counting
o ratios and the graph scale had to be changed -

J . "Move it six inches,”” said Fermi-at 3:20. Agam the change-ibut again

the leveling off. Five minutes later, Fermi called: *‘Pull it out another.foot.”

Weil withdrew therod. : “

"Tlu;. 1s going to de 1t Fermi said to Compton, standing at his, sude
““"Now it will become sétt-sustaining. The tra(,e will climb and (.ontmue to

. climb. 1t will not level off "
. Feinn computed the rate of rise of the neutronR counts over a mlnute
\\ponod He silently, gnm -taced, ran throuqh some calwlatlons on hit’ sllde

. rule. = - N
A -
T ’
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O L N . ' #
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First pile scientists at the University of Chicago on Daecember 2, 1946, the fourth anni- .
vorsary of their success. Back row, left to right, Norman Hilberry, Samuel Allison,”
Thomas B8rill, Robert G. Nobles, Warren Nyer, and Marvin 'Wilkenmg. Middla row,
Harold Agnew, Wiliam Sturm, Harold Lichtenberger, Leona W. Marshali, and Leo
Szilard. Front row, Enrico Fermi, Walter H. Zinn, Albert Wattenberg, and Hearbart L.

Anderson. ¢

[ 4 Y

In about a minute he again computed the rate of rise. It the rate was
constant and remained so, he would know the reaction was self sustaining.
His tingers” operated the slide rule with lightning speed. Characteristically,
he turned-the rule over and jotted ‘dovw} some figures on its ivoty back.

Three minutes later he again computed the‘rgate of rise in neutron
count; The group ¢n the balcony had by now orowded in to get gn eye on the
instruments, those behind cianing their-necks to be sure they wauld know the
very nstant history was made. In the background could be heard Wilcox
Overbeck ullmq out the neutron count over an mmunciatm system. Leona
Marshall {the enly girl present), Anderson, and William Sturm were record

ing the teadmgs from the instruments. By this time the click of the cltinters
was too fast for the human ear. The clickety-click was now a steady brrerr.

’

Fermi, unmoved,\q_nruffled,‘continuaﬂ his camputations. '

e

Tud.
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The Curve is Exponential ”

.

S . . -

Rl

. I “touldn’t see ‘the anstruments,” said Weil, ’l mad to watch Formi
» N - . . - . -
- evey second, waiting for orders. His face was motionlass. His eyes darted from

one dial to another. His exprefsion was so cqjm it was hard. But' suddunly, his
whole tace broke into a broad smile.”" * ’

 amall ¥
Feron closed his slide tule —

“The reaction s selfsustatming,” he announced quietly, happly. “The
\ A -

. curve 15 exponential b -

The group ter\sely wmchod tor lwemy -eight mmutes whule the waorld’s

. first nuclesr cham reactor oparated. 8 . \

The upward movement,of the pen was Ieavmg a strduqht Iuw Thera was

no (.hunqu to indicate a leveling oft. This was it,

"O K., 'Zip’ " called l—erml to Zinn who (.ontrollcd that rod. Thr'

~ume was 3 ‘33 g, Abruptly the counte:s slowed down, the pen shd down .

.aCross the paper. M was all over -

Man hagl mma’ud a self-sustaining nuclear reagtion--and than stopped

st. He had released the energy of the atom’s.nucleus and controlled that
enejgy.

.
e
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FIRST BSELF- SUBTAINING CHAIN RI’AOT!ON
ot 7 NIU{M INTENSITY 1N THE PILE 58 RECORD!D BY A QALVANOMETER
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1 The “birth.cerrificate’ of the Atomic Age. The galvanometer chart that indicated the
1i$¢ in ngutron intensity associated with the first controllad chain reaction,
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wine All through the expeti
his back.

Fermi uncorked the winae bottle and sent
odt tor paper cups so all could drink. He

“poured a lhittle wine in all the cups, and silently,

solemnly, without toasts, the scientists raised
the cups to their s - the Canadian Zinn, the
Hungarians Szilard and -'Wigner, the Italian
Fermi, the Americans .Compton, Anderson,
Hilberry, and a score of others. They drank to
succcgss-und to the hope thuy~ were the first
to succeed

A small crew was left to straighten up,
lock controls, and check all apparatus. As the
group tiled from the West Stands, one of the
guards asked Zinn: a

Eugene P. Wigner

"Wha-t:s. going on, Doctor, something happen in there?”
The guard-did not hear the message which Arthur Compton was giving
James B, Conant at Harvard, by long-distance telephone. Their code was not

I

prearranged.

.

“The {talian navigator has landed in the New World,’’ said Compton.

“"How were the‘atives?" asked Conant.
A 4

“Very triengly.” .

The Chiantt bottle purchased by
Eugene Wigner to Help celebrate  the
first self-sustu/m'ny, conhtrolled chamn
reaction. Many of the participants,.
mctuding Enrico Fornl:, autographed
the basket. i

0
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List of Those Present at
'CHICAGO PILE EX_PERIMENT .

December 2, 19f42

M. Agnew
K. Allison
L. Anderson

M. Barton

. Brill

. F._Christy

. H. Compton
R.J. Fox
S.#A. Fox
D. K. Froman
A, C. Graves
C. H. Greenewalt
N. Hiiberry
D.L Hll
W.H. Hinch
W. R. Kanne
P. G. Koontz
H. E. Kubitschek

V. Lichtenberger

H.
G. Miller

Earico Fermi

-

.G. Monk, Jr.

R. G. Nobles .
W. E.'Nyér-

W. P. Overbeck
H. J. Parsons

G. S. Pawlicki.

L. Sayvetz

L. Seien
L:A.Slotin

- F. H. Spedding

W.J. Sturm
l.eo Szilard

A, Wattenbeig
R.J. Watts’
G. L. Weil

E. P. Wigner
M. Wilkening
V. C. Wilson
E.O.Wollan
Miss L. Woods
W. H. Zinn .
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FERMI'S QWN STORY" : . \

8y Enrico Fermié
- a .

Itis ten years since man first achioved a self-sustaining atomic reaction,

Many peopie link this event only with the development ot the atomic
bomb and the subsequent etforts to develop the hygrogen bomb, reterence
to which has been made in the last few days by th omic Energy Commis-
$10N, ’ .

The hustory;, of the first self-sustaining nuclear chain reaction, like thyt
ot all saentitic achneveménts, begins -with man’s fist philosophical specula-
ti'on-; ahout the nature of the universe. Its ultimate consequences are-still un-
predictable, ‘

The sequence of discoveries leading to the atomic chain reaction was
part of the search of scionce tor a fuller explanation of nature and the world
around us. No one had any idea or intent in the beginning of coiTtributing-to
a majbr industrial or nmilitary development. '

A partial list of the main stepping-stones to this duveldbmom indicates
many countrids contributed to it! .

The story begins i Pans .in 1896 when
Antoine Henri Becquerel discovered thu existence
of rgdioactive elements; that is, elements which
spontaneously -emit invisible, penetrating rays.
Two vyears later, alsg in Paris, Pierre and Marnie
Curie discovered radium, for many years the best
known of the radioactive elements.

In Zunich, Switzerland, i 1905, Albert
Einstein announced his behef that mass was
g : equivalent to energy. This led to speculation that
A. H. Bocquere! ' one could be transformed into the other.

A most important discovery came in 1912 when Ernest Rutherford
chscovered the minute but heavy nucleus which forms the core of the atom.
In ordinary elements this core is stable; in radioactive elements it is unstable.

Shortly after World War 1, the same Rutherford achieved for the first
time the & tficial disintegration of the nucleus at the center of the nitrogen

atom. .

»

.
LA .

NMwiitten by Di Fermi and published in the Chicago Sun-Times, Nowmber 23,

Y

1952, 1n observance of the teggh anmvarsary of Fermi’s successtul ““Fist P’ expart |

<smant Copyright by the Chicago Sun-Timas . Reprinted by permission,
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During the noxt decade, research pro%’essed
steadily, 1t unspectacularly. Then, in 1932, came a

three different countries which led to” the next
great advance. A
Walter Bothe mn Germany, and Fredecic
Joliot-Curie i Paus prepared the ground work
that led James Chadwick of England ta the dis-
covery of the neutron. The noutron is an elec-
trically neutral: building block of the nuclear
structure. The other building block is the pos:
itiwely charged proton.
The next step was taken in Rome in 1934,
. In experimants in which | was concerned 1t was shown that these neutrons
could distintegrate many atoms, including those of uranium. This discovery
was to be directly applied in the first atomic chain reagtion eight years later.

Earnust Rutherford

The Discovery o} Fission ‘
The final steppping-stony was put in place in Berlin when Otto Habhn,
working with Fritz Strassman, discovered fission or splitting of the dranium
atom. When Hahn achieved hssnon it occurred to maantlsts that this
tact opened the possibility of a form of nuclear (atomlc) energy.
The year was 1939. A world war was about to start. The new possibil-
ities appeared likely to be .important, not only for peace but also for war.
A group of physicists in the United States-including ‘Leo Szilard,
« Walter  Zinn, now director ot Argonne Natignal Laboratory, Herbert
Anderson, and myself—agreed privately to- delay further publications of
findings in ths field. ‘ v
" We weire afraid these tlndmgs might help the Ngazis. "Qur action, of
course, represented a break with scientific tradition and was not taken
hghtly. Subsequently, when the government became mterasted in the atgm
bomb project, secrecy became compulsory.
Here 1t may be well to define what is meant by the “chain reaction”

which wis to constitute our next objective in the sgarch tor a method of

- utilizing atomic energy. )
An atomic chain reaction may be compared to the burning of a rubbish

pile from spontaneous combustion. In such ‘a fire, minute parts of-the pile

start to burn and in turn ignite other tiny fragments. When sufficient numbers

(3 ‘ .

seriesfot three discoveries by scientists working in
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ot these tractional pairts are heated to the kindhing points, the entue hoap -

L]

tursts mto flamaes. .
A similar process takes place in an atowic pile such as was-constructed
under the West Stands of'Stagg Field at the University of Chicago in 1942.°
 The pile itself wag canstructed of uranium, a material that issembedded.
m a matrix of graphite. With sufficient uranium in the pile, the few:neutrons
emitted i a single fission that may accidentally occur strike neigliboring
atoms, which m turn urfdurgo tission and produce more neutrons. _

These bombard other “atoms and so on at an increasing rate until the
atomic "fire” is going-full blast, N '

The atomic pile is controlled and pmvemed from burning itself to
complete destruction by cadmium rods which absorb neutrons and stop the
bombardment process. The sams effect might be achieved by runnmq a pipe
of coild water through a rubbish heap by keeping the tun;peruturu low the
pipe would prevent the spontaneous burning. :

The tirst atomic chain reaction experiment was designod to proceed at a
stow rate. In this sense it diftored from the atomic bomb, which was designed

Patant Numbaer 2,708,656 was issued an May 18,1958, to Enrico Fermi and Laeo S2itard. * .

. The invention it cpvered jncluded the first nuclesr reactor, Chicago Pile No. 1 (CP1),
Although the patent way aqpllcd for Io Decembér 1944, it could not be issted until
yeals later when all_the sicret- /nfwmatlon Agcontainud Imd been daclassified. This’

+

drawing was part; of tho pahmf qoplmqtlou oo




to proceed at as fast a_rate as was posanblu Othmwuu the basic Process is

similar to that of the uﬁm( bomb.
The atomic chaih reaction was the result of hard work by many hands

“and many heads. Arthuc’H. Compton,"Walter Zinn, Herbert Anderson, Leo

+

Szilard, Eugone Wigner an(hmany others worked directly on the problems at

the Um'vursity ot Chicago. Very many experiments and calcujations had to

be parformed. Finally a plan was decided upon.

Thirty “piles” of less than the size necessary to establish a chain reac-
tion were built and tested. Then the plans were made for the final test of a
full sized pile.
t The scene of this test at the University of Chicago would have been
cofifusing to an outsider—if.he could have eluded the security guards and

7 . -

gamed admittance.
He would have seen only whal appeared to be a crude pild of l)lack
bricks and wooden timbars. All but one side of the pile was obscured by a
balioon cloth envelope. '
As the pile grew toward its final shape during the days of prepuranon
the measurement performed many times a day indicated everything was'
going, if anything, a little bit better than predicted by calculations. ?

-

The Gathering on the Balcony

Finally, the day came when we were ready to run the experiment. We
gathered on a balcony about 10 feet above the floor of the large room in
which the structure hadbeen erected. \ ,

Beneath us was a young scientist, George Weil, whose duty it was to
handlerthe last control sad that was holding the reaction in check.

Evary precautiorf had been taken against an accident. There were three
sets of control rods 1n the pile. One set was automatic. Another consisted of a
heavily weighted emergency safety held by a rope. Walter Zinn was holding
the rope ready to release it at the leastsign. of trouble.

The last rod lett in the pilg, which acted as starter, accelerator and
brake for the réactian, was the one handled by Waeil.

Since the experiment had never been tried before, a “liquid control
squad’* stood ready to Hood the pile ‘with cadmium salt solution in case the
control rods failed. Before wa began, we rehearsed the safety precautiong -
carefully. -

Finally, it was time to remove the control rods. Slowly, Weil started tq
withdraw the main coptrol rod. On the balcony, we watched the indicators
whu.h measured ‘the neutron count and told us how rapidly the dtsmtegra-

v




- tion of she uranium atoms under their neutron bombardment was p|9ceed-
ing.

At 11:35 a.m_, the counter§ were clicking rapidly. Then, with a loud
clap, the automatic co‘mol rods slammed home. The safety point had been
sat too low, . - ° . .

It seemed a good time to eat lunch. ' :

During lunch everyohe was thinking.about the expenmam but nobody
talked much about it )

At 2:30, "Weil pulled out the control rod in a series of measured adjust-

b

=

ments. .
Shoitly after, the intensity shown by the indicators began to rise at a .
slow but ever-increasing rate. At this moment we knew that the self-sustaining
mauuon was under way. ' .
. . The event was not spoefatulal no fuses burned, no lights flashed. But
1o us it meant that 1elease of atomic energy oh a large scale would be only a
mattey of time.
The turther developiment of atomic energy during the next thiee years
of the war was, of ¢ourse, focused on the main objective of producing an -
" atfective weapon. - .
At the same time we all hoped that with the end of the war emphasis
woultd be shnftqd doqdedly from‘the weapon to the pedceful aspeots of -
atomic energy. . .

o - .
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We hoped that perhaps thu building of power plants, production ‘ot
radioactive ¢loments tor science and medi(;inq would become the paramount
objectives. ' '
~Un|‘(ntuuawly the end of the war did not bring bratherly love among
nations. The fabrication of. weapons still s and must Bhe the primary concern
ot the Atonuc F.:ncrgv Comnussion. '
Secrecy that we thought wits an unwalcome necessity of the war still
appears to be an unwelcome necossity. The peaceful Objectwus must come
ocdnd although very considerable progress has been mado also along those

RITALIN

The problems posed by this wotld situation are not for the scientist

-alone but for all peopls to resolve. Perhaps a time will come when all scien-

tific and tec hnu,nl progress will be hailed tor the advantages that it may bnng
to man, and nevar tfeared on agcount of its destructive possibilities.




QF SECRECY AND THE PILE" -

By Lauia bermm ¥ AN

The peniod of givat secrocy i our life started when we moved to
Chicago Enrico walked to work every morning. Not t()\the physics building,
nor simply to the ““lab " but to the “Met Lab,”” the Mﬁlij“lll’g’)lcﬂl Laboratory.
Everything was top secret there, | was dold one single secret: there wore no
metallurgusts at tho Mogaliurgical Laboratory. Even this piece of hifo?mation
was not to be divulged. As a mattgr of fact, the less | tglked, the better; the
fower people | saw outside the group working at the Met. Lab., the wiser
I would be. . -
In the fall, Mr. and Mrs. Arthur H. (,ompton u wus to learn latm that
—~ he was i chairge of the Metallurgical Project—gave a series of parties for new- o
comers at the Metallurgical Labdmtory. Newcomars were i)y then so numer-
ous that not even in |da No'yos Hall, the students’ recreation hall, was there a R
room large eng_ugh to seat them all al once: so they werg invited in shifts.
At each ot these parties the English film Next of Kin was shown. It depicted
in dank tones the consequences of negligence and carelessness. A briefcase
laid down on the tloor in a public place is stolen by a spy. English military
‘plans become known to the enemy. ‘Bombardmems, destruction of aivilian
homes, and an unncessary high toll of lives on the fighting front are the
“result, . .

After the tilm there was no need for words.

Willingly we accepted the hint and confined our sotial activities to the *
group of “metallurgists.” Its always expanding si*e provided ample possibil
ities of chaice; besides, most of them were congenial;' as was to be expected,
tor they were scientists. :

The nonworking wives wished, quite understandably, to do somathing
tor the war effort. One of the riossible activities along this line was to help
ehtertain the armed forces at the USQ. | prefened to sew for the Red C:oss‘ .
o to work as a volunteer in the hospital of the uhlVGISItV, and to save mv '
social capacities for the people at the Met. Lab., who had not the baneht
of the USQO.

V2 rom Atoms in the Family, Laura Farmi, University of Chicago Press, Chicago,
Nlinats, 1954, Copyright by the University of Chicago Press. Reprinted by permission. .
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. . . Laurs and Enr’{qo. Fermi
~ ' - NRENURNE L
. The Fermls Party ot ( R

Thus, early in Dewmbm 1942, | gave a large party for the metallurgists
who worked with Enrico and for their wives. As the first bell rang shortly
after eight in the evening, Enrico went to open the door, and | kept a few -
steps hehind him in the hall. Walter Zinn-and his wife Jean walked in, bring-
ing along .the icy-cold air that clung to thoi\r clothes. T‘t‘wir.,teeth chattered.
They shook the snow from their shoulders and stamped their feet heavily on
the floor to reactivaté the circulation in limbs made numb by the subzero

, ’eather Walter pwdsd his hand to Enrico and said:
"Congratulatuo& ‘ : .
"Congratulatnonsf" | asked puzzled, "What for?” ‘Nobody took any
‘. notice of me. .

Enrico was busy hanglng Jean's- coat in the ‘closet, and both the Zinns
were fumbling at their snow boots with sluggish fingers. . '

) “Nasty weather,” Jgar said, getting up from Her bent podigion to put
- ‘her'boots in a corner. Wnltel?again stpmpéd his feet noisily on thefloor.

-
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“Won't you come into the living room?” Enrico asked. Betor¢ we had
time to sit down, the bell rang again; again Enrico went to open the door, and
amid repeated stamping of feet and complaints about the extraordinarily cold
waather | adain heard a man’s voice:

“Congratulations.”*

It wont on this sama way until all our guests had ariived. Every single
man congratulated Enrico. He accepted the congratulations readily, with no
embariassment or show of modesty, with no words, but with a steady grin
an tus face. ' -

My inquiries raceived either no answer at all of such evasive replies as:,

~

“Ask your hushand,” or: “Nothing special. He is a smart guy. That's all,* or: °

“Don’t got excited. You il find out sometima.’

I had nothing to help me guess. Enrico had mentioned nothing worthy
Of notice, and nothing ufusual had huppened axcept, of course, the prepara-
tions for the party. And those did not mvolve Ennco and provided no ground
tor congratulating.

| hhd cleaned house all morning; | had polished silver. | had picked up
the electric train in Giulio’s room and the books in Nellas. If there is a
formula to teach order to children, | have not found it. | had run the vgcuum,
dusted, and sighed. All along | was making calculations in my mind: y

“Halt an hour 1o set the table. Half an hour to spiead sandwiches. Halt
an hour to collect juices for the punch. . .. | must remember to make tea for

"my punch soon, so that it will have time to cool. ... And ji people start

coming’by eight, we’ll have to start dressing by seven-thirty, and eating dinner

_by ... ..” Sol had calculated my afternoon schedule backward from the time

o

the company would arrive up to when | should set myself to work.
] ~

-

.

»

A Homemakaer's Schedule : -

My schedule was i)pset, as schedules will be, While | was baking cookies
in the kitchen, the house had gong surprisingly quiet, too quiet 1o contain

‘Giuhio and his two girl friends who had come to play. Where waere they? Into

what sort of mischiet had they got themselves? | found them on the third-

tloor porch. The thiee angelic-looking little chjldren were mixing snow with.

the sotl in the flower pots apd throwing balls at our neighbor’s recently

* washgd windows. Precious time was spent in scolding and pu-gv\snng, in,
: soaf/g what could be done to placate our neighbor.

So at dinner. time Enrico found mé hurrying through the last prepara-
tions, absorbed 1n my-task and even less than usually inclined to ask questions

.’
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of him. We rushed through dinner, and then | realized we had no cigarottus. )
tt was not unusual: we don't smoke, and | always forget to buy them.
T / “Enrico, wouldn’t you run to the drugstore for cigarettes?”’ | asked.

The answer was what'| expected, what it had been on other such occasions: ,
“t don’t know how to buy them * .
“We can’t do without cigarettes far our guests,” | insisted, as | always

did; it st done !

N “We”ll set the habit, then. Besides, the lgss our company smokes, the

better. Not so much foutl smell in the house tomorrow.”’ &
This little act was almost 3 ritual pmfomied before edch party. There

was nothing unusual in it, nor in Enrico’s behavior, Then why the congratu-

lations? ‘

I went up to Leona Woods, a tall
young girl built like an athlete, who could °
do g man’s job and do it well. She was
‘the only woman physicist in Enrico's
group. At that time her mother, who was | .
also endowed with inexhaustible energy,
was running a small farm near Chicago
almost by heiself. To 1eliove Mrs. Woods
of some work, Leona divided her time'
and her allegian¥e baetween atoms and
potatoes. Because | refused either to
- smash atoms or to dig potatoes, she .
looked .down on ime. | had been at ;..'3:/ ,
Woods's farm, however and had helped with picking apples Leona, 1
thought, owed me some friendlimess.
/ “Leona, be kind. Tell me what Ennco dud to earn these cong:atula-

. ugns”t o

Leona Woolls

Sinking an Admiral ' '
. - Leona bent her head, covered with short, deep-black hair, toward ma,
- and from her h;ﬂmo a whisper:
“He has sunk a Japanese admirgl.”’
"You are making fun of me,” | protested.

~ -
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But Herbart Andeison came to jomn

had been a graduate student at Columbia

» Ennico -and was stll working with Wun.
He had come to Chicago a tew months
betore | (hd

Do you lhink_z'mylhing IS IMpos-:
sible- tor Ennch?““ he asked me wath un
.earnest; almost chuding, fuce. -

part *of luy mind «did dlsbellevu Ahere
still was another. way back, almost in the
sul)cnnsrnom that was tlgh\'hq for acceptance of Leona's and Herbet! s
words. Herbert was Enrico’s mentor. Leona, who was young vn()uqh 1qhuve
submrttcd to intelligence u";ts in har recent school days, was said 1o have a
speudwlm 1.Q. They should know. To sink a §hlp in the Pacm(, from-
‘Chucaqo perhaps power rays were dls(,ovev(rd
When a struggle between two parts of on{,\s mind is not promptly
resolved with clear outcome, doubt results. My doubt was to last a long time.
That evening no more was said about admirals. The party pmwcded as
most parties do. with a great deal of small talk around the punch bowl in the
dining room ;. with commgpts on the war in the living room; with Hames ot
pingpong and shutfleboard on the third floor, because Entico has always
enjoyed playing games, and most of our guests were young.
In the days that followed | made vain efforts to clear my doubts.
“Enrico, did you really sink a Japanese admiral?” .
“Did 17 Enrico would answer with a candid expression,
“So you did not sink a Japanese admiral!l’*
“Didn’t 17" His expression would not change.
Two years angl a half elapsed. One evening, shortly after the end of the
war in Japan, Entico brought home a mimeographed, . paperbound volume.
"It may interest you to see the Smyth Report, 13 he said. “It contains
all declassitied mformation on atomic energy. It was just released for publica-
tian, and this ss an advance copy .’

-

.

H
.

‘;1 his clnssic documant, A General Account of the Davelopment of Method's of
Usmq Atomic Enargy tor Military Purposcs written by Hemy V. Smyth, who directed
research at the Motallurgical Luboramrv, was- released by the War Department on Au-
qust 12 1945 (it tater was published. with a shortor title, by Princoton University
Press. See Suggestod Raferences,)

-

forces with .Leona. Herbory, the boy who

© No mattor how firmly the quucal

University when we arrived in the United. -
States, had taken his Ph.D. work .with"
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It was not gasy reading. | struggled with its techmical language and its
ditficult content until slowly, paintully, | worked my way through it. When |
ueachpd the middle ot the book, | found the reason for the congratulations
ano had received at our puarty. On the aftarnoon ot that day, Decembaer 2,
1942, the first chain reaction was achieved and the first atomic pile operated
successtully, under Ennco’s duection. Young Leona Wqods had considerad
thus feat oquivalent to the sink'ing ot an admiral’s ship- with the admital
iside The atomic homb still lay ) the womb of the tuture, ard Leona could

-

not foresee Higshima,

»

o

« ‘ . ’ - \
The “Council Tree’ benvath wduch sclentists hetd a highly secrat discussion in April
1942 that was vital to the success of the firsg pile. It stands in front of Eckhart Hall on
the Univeisity of Chicago campyus: The moeoting was hald outdoors sa tho scientists could

talk frealy without baing overhgand. ¢ s .
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Unveiling the zAphmum on the
Wost Stands ‘of Stagg Fleld

on the fifth annivarsary, 3

Docembar 2, 1947, Left 'to
right are AEC Commissioners
William W Waymack and
Robere F. Bachar, Farrington
Dgniels, Walter H. Zinn,
Enrico Farmi, and R. M.
Hutchins, Chancellor of the
Univaersity  of Chicago. The
West Stands were demolished
in 1957, but the plaque
remans,
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" FINAL

The ftirst pile was disgmamblad varly n
1943 and rebuilt with certaln refinements
and modifications near the present site
pf the Argonne Nationsl Laboratory. It
was renamed Chicago Pile No. 2 (CP-2).

¥

.

The first heavy water modsrated

y reactor (CP3) was built near
R't! B CP-2 at Argonne. In 1956 the
; uranium, graphite, and heavy
welér from the two, reactors
were removed and the remaining
! shells  buried beneath  this
1 ‘marker, ' ’
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ton, D.C, November 27,
1962, and at the Univer-
sity of Chicago, Decem-
ber 1, 1962.

Q

RIC

.
e A
1" )



36 - |

Q

ERIC

Aruitoxt provided by Eic:

EPILOGUE

The 1942 CP-1 chain reaction exporiment marked the culmination of a
process of European scientitic discovery and American technical development
in nuclear physics rescarch that dated back to 1934, when Enrico Ferrm split,
thé atom without realizing it. '

in #his sense, ‘the final success ot the Matalliigical Laboratory was
almost antichmactic. The legendary bottle of Chianti produced by Eugene
Wigner and signed by ail the participants was actually purchased a year betore
the succassful experiment was completed.

Nor was the success of CP-1 espacially decisive in pushing the Manhattan
Project forward. A visiting committee of scientists and enggneers had atready
recommended continuing the pile project betore they ariifed in Chicago on
December 2, and a day earlier General Leslie Groves, dirgctor of the Army
project, had written the du Pont Company a letter authorizing design and
construction of the massive Hanford, Washington, plant ta, produce pluto-
nium, using the pile project as a prototype, '

In this context, the famous telephone call from Compton to Conant
takes on a ditterent meaning. Conant, an enthusiast of Ernest Lawrence’s
project to separate electiomagnetically U2’i"> trom U238 45 the q.mckcst
route to the bomb, remained skeptical of the pile approach, and criticized the
visiting I.cwis gommittee report for pushing the pile project toward a tull-
scale plant. In telephoning Conant, Compton was not only conveying a

" secret mesgage, but advocating a particular route to the new weapon.

On December 28, 1942, President Roosevelt approved the report

* from Vanneva( Bush of the Office of Scientific Research and Development

calling for an all.out etfort to build an atomic bomb with private industry
working under Army supervision. In this crucial decision CP-1 had played
an important part. For it had-transformed scientific theory into technological
reality, and demonstrated ahat an awesome new form of w\elgy had been
harnessed to man’s purposes.

In early 1943, fgllowing the success of CP-1, work on the production
piles shiftod to new plants springing up at Oak Ridge, Tennessee, and Han}ord,
Washington. The scientists of Chicago gave way to the engineers of du Pont,
and the major work of the Manhattan Project moved away.from that city.

In Februay 1943, Gyoves oidefed Fermi's pile moved from Stagg
teld o Site A, a 20-acre gea of the Argonne Forpst Preserve south of
Chicago, where it was reassembled as CP-2. CP-2 was considerably larger than
CP-1, and had a five-foot concrete shield build around it to avoid radiation
exposwn to staff. e
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C P2 was tpllowed ln 194i by CP. 3 u beavy- wqwt foactor designed
by Eugene annm and burlt by Walter Zing. . .

in 1944, the morhrst (,ollut,non e} undmhllm‘,k apd umug.nod Iran
\bualmngs at Avgunnu became the Axgomw Labm amrv d&oowd by Femu its
function now became basic rescarch  on nuclear ﬂssnd}w rathut than weapons
development, with consequent shor tigos ot both funﬂ;hg ind parsonnel until

In January l*)47 tht' Atomw Ewev(]y (.()mrm 510N pu:(‘hused a now site
near LaMont, Illmons southwesl. of Chicago for thek‘;mme Nuuonal Labora-
tory. At the new Iabo}atorv the wartime reactors beuumu poamunw contors

st llflof ‘94' . . ‘. . « A §

'_ of resoarrh ,mto nquuon diffraction, "the o.ﬁe(.t:{ of xhdtauon and applied

~

L

“mathematics.” The pnle of graphnta and uramum knowq ar CP 1 thus spawned
Ja’tull-gcale nuclagr research taboratory. Its: wmk n’o'onmr was used to study
plutanum  produgtion, but the broader ?umthwﬂons of nuclear tission-
.biotogucal and medical rusedr(,h basic p hvsu(_:s, reﬁ(,tor andtlysis, and nuclear
. Power ‘, ’ . * ) \\

In the cnq the v.mouum«;pn;m of CP;1. the furst leuctor continued its
ornqn*ml mlssuom, to push back " qu] explove*ﬂm frommr§ -of scierce in thc
nevor -ending quost tor. knowledg«(of Jhe tmnverm i ‘which we livc.
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This document is printed as a special edition to commemo- .
rate the 40th anniversary of the Chicago Pile, a landmark in
the development of nuclear enargy. For additional informa-
tion on nuclear energy, contact the Department of Eneigy,
Oftice of the Assistant Secngtary for Nuclear Energy,
Forrestal Building, 1000 Indepnndonce Avenue, Washing-
ton, D.C. 2068b. ,
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