
(1) 

(2) 

(3) 

(4) 

l--/ 
Ct I 

• 1 • ~ 

~.x.-\.. • .t-- ' ' t 

v BIOGRAPHICAL DATA AND LIST OF 
PUBLICATIONS OF LEO SZILARD FROM 

1922 to 1946 

I obtained my doctor's degree in Physics at the University 

of Berlin in 1922. My dissertation showed that the second law of 

thermodynamics permits to draw -conclusions on the laws that control 

thermodynamic £luctuations. This dissertation was published in 1925~ 

Zeitschrift fUr Physik, 1925, p.7531 ~· 

Subsequently I worked for about two years with H. Mark 

at the Kaiser Wilhelm Institute ff1r Faserstoffchemie in Berlin 

Dahlem. Our work on the anomalous scattering of x-rays in crystals 

and on the polarization of X-rays by reflection on crystals, result-

ad in two papers: 

Zeitsehrift ftlr Physik, 1925, p.688- 33. -
Zeitschrift fUr Physik, 1926, p.743, 35 . -
Subsequently I was, for three yea:rs, assistant at the 

Institute fUr Theoretisohe Physik at the University of Berlin 

(Director Prof. Max von Laue). 

During this period I investigated the apparent decrease 

in entropy in a system in which variables that are subject to thermo

dynamic fluctu tiona are "observedn, and used to control operations. 

This led me to the recognition of the connection between "entropy" 

and "information" and a theorem which now forms part of "modern 

information theory". The resulting pa.pers were accepted as Habi

litat1onscbrift at the University of Berlin and I was appointed 

Privatdozent fUr Physik. This paper was published 1n 1929: 

Ze1tschr1ft fUr Physik. 1929, p.84o. 35. -
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When my three year term as Assistant at the Institute 

fUr Theoretische Physik ended I received~ Forachungsstipendum 

for one year and worked on problems of quantum theory . This work 

did not result in any published paper. 

In the meantime jointly with Professor Albert Einstein 

I thought of a method of pumping liquid metals through tubes through 

the action of a moving magnetic field on electric currents induced 

by this field in the liquid metal. The German General Electric Co . 

(A . E. G. ) wanted to develop a pump based on this principle and for 

about three years -- until 1932 -- I acted as a consultant to them· 

for this development . (This principle found at last its practical 

application in America after the introduction of atomic reactors 

in 1942.) 

While acting as a consultant to the A. E. G. , I collabor ated 

with Dr. Rupp on experiments relating to the polarization of electrons. 

The results were published in 11D1e Naturwissenschaftenn, but they 

are probably wrong. All photographic fi~s were developed by Rupp, 

even those which I exposed myself, and the pictures might well have 

been faked. At the time it did not occur to me to entertain a 

suspicion of this ~ind. 

In 1932 my intere t shifted to nuclear physics and I 

moved to the Harnack House in Berlin Dahlem with the thought of 

taking up some experimental work in one of' the Kaiser Wilhelm 

Institutes there. I discussed the possibility of doing experiments 

in nuc lear physics with Mis s Lisa Meitner in the Kaiser Wilhelm 

Institute f6r Chemie, but fore we reached a final conclusion one 

way or the other, the political situation in Germany became tense 

and it seemed advisable to delay a final dec ision. 
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I was still at the Harnack House at the time of the 

Reichstagsbrand 'n March 1933 but soon thereafter went to England. 

The laws promulgated by the National Socialist Government barred 

me from holding a University position in Germany by virtue of my 

"non-Aryan" descent, and I remained in England until 1938. 

I began my work in nuclear physics in the summer of 1934 

as guest of st. Bartholomew's Hospital in London. There, together 

with Chalmers, I developed a method (Szilard Chalmers separation) 

for the concentration of radioactive elements produced by neutrons. 

This method is used 1f a radioactive element has to be separated 

from the bulk of the stable element from which it is produced and 

with which it is chemically isotopic. This work was published in 

1934: 

"Chemical Separation of the Radioactive Element from 
its Bombarded Isotope in the Fermi Effect" -
Szilard and Chalmers. Nature, p.462, ~~ 1934. 

Together with Chalmers I found that Gamma Rays from 

radium eject neutrons from beryllium. These photoneutrons of 

beryllium are of low energy, (In 1939 when I investigated with 

Zinn whether uranium emits neutrons in the fission process, the 

use of these slow photo neutrons as a primary neutron source made 

it possible for us to distinguish the fast nentrons emitted in the 

fission process from the primary neutrons.) The discovery of the 

photoneutrons from barylli~ was published in 1934: 

"Detecting Neutrons Liberated from Beryllium 
by Gamma Rays 1 " Szila.rd and Chalmers, 
Nature, p,494, 134, 1934. -

In 1934 it was generally believed that the mass of the 

berylli~ atom was sufficient to perm1t 1ts spontaneous d1s1nte

grat1on 1nto two alpha particles and a neutron. S1nce such 

spontaneous d1sintegration did not occur it seemed important to 
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investigate the anergy threshold for a photo disintegration of 

bery~lium X-rays. This was done jointly with six other authors. 

The threshold for photo-neutrons from beryllium was determined by 

varying the voltage of an X-ray tube and was found to be somewhere 

about 1,5 and wall below 2 m.e.v. This information was partially 

responsible for inducing Bathe to revise the accepted mass of He 

and thereby to resolve the paradox of the atab1lity of beryllium. 

Our paper was published in 1934: 

"Liberation of Neutrons from Beryllium by 
X-rays" --jointly with a group of six others . 
Nature, p.880, ~, 1934. 

Working with Chalmers I found that indium, which has only 

two isotopes, shows three radioactive periods when nombarded by 

neutrons. This was the first case of isomerism found among the 

artificial radioactive elements, and we recognizea its importance. 

Subsequently, it was possible for roe to show !See (11):7 that one 

period is due to an excited indium nucleus which is isomeric with 

the steble idium nucleus 115. Our results obtained in 1934 ere 

published in 1935: 

"Radioactivity Induced by Neutrons" --
Szilard and Chalmers. Nature, p.96, ~~ 1935. 

In June 1935 I accepted a research fellowship at the 

Clarendon Labor tory, Oxford. 

Working at the Clarendon Laboratory, I discovered that 

1f a slow neutron beam is filtered by cadmium, in order to remove 

the thermal neutrons, the residual neutrons show strong resonance 

absorptions at low energies in various elements. I was able to 

estimate the energy r8gion at which these resonances occurred and 

to state that the resonance energy can be determined by observ1ng 
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the absorption of the neutrons in boron or lithium. This work 
was published 1n 1935a 

"Absorption of Residual Neutrons". 
Nature, P• ~~ 1935. 

Working at the Clarendon I.e.borator•y jointly with 
Griffiths, I investigated the Gamma Ray emission that occurs when 
slow neutrons are absorbed by odd elements. This work was published 
in 1937: 

naamma Rays Excited by Capture of Neutrons". 
Griffiths and Szilard, Nature, p.323,139, 1937. 

In January 1938 I went to the u. s. on a visiting basis 
under a new arrangement with the Clarendon Laboratory. While I was 
there, I received an offer of a lectureship in nuclear physics at 
Oxford University. In September 1938 I declined this offer, re
signed from Clarendon Laboratory, and shifted my residence to 
New York. 

In 1938, using the Rochester cyclotron, I found that one 
of the radioactive periods of indium which Chalmers and I had pre
viously discovered was due to the nuclear excitation of the stable 
isotope 115. This conclusion reached jointly with Goldhaber and 
Hill, we published in 1939: 

"Radioactivity Induced by Nuclear Excitation" 
Szilard, Goldhaber and Hill, Physical Revue, 
p.47, .§.§_, 193. 

After the discovery of fission by Hahn and Strassman, I 
found, jointly with Walter Zinn, that fast neutrons ard emitted in 
the fission process and that their number is about two per fission. 
The neutron emission in the fission of uranium was discovered 1n-
dependently, and about the same time, by Halban, Jol1ot and 
Kovarskr, and Br Anderson and Fermi. This discovery revealed that 
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the element uranium might sustain a chain reaction In our 

experiment, photoneutrons from beryllium were used as a primary 

neutron source and the fast neutrons emitted in the fission were 

made visible by using a hydrogen filleu ionization chamber, and 

by recording the recoil protons. Our results were published in 

1939: 

"Instantaneous Emission of Fast Neutrons in 
the Intersection of Slow Neutrons with Uranium" 
Szilard and Zinn, Physical Revue, p.799, ~,1939. 

"Emission of Neutrons by Uranium'' -- Zinn and 
Szilard, Physical Revue, p.6l9, 56,1939 . -
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The discovery of the neutron emission in the fission of 

uranium raised the question whether a chain reaction can in fact 

be sustained in a system containing uranium. A system composed of 

water and uranium-oxide was investigated by me jointly with 

Anderson and Fermi in the spring of 1939. We reached the con

clusion that such a system came close to being chain-reacting but 

could not be used for a self-sustaining chain reaction. Our re-

sults were published in 1939: 

"Neutron Production and Absorption in Uraniumn 
Phy ical Revue, p.284, £2, 1&39. 

In July 1939 I reached the conclusion that a graphite 

uranium system is likely to support a self-sustaining chain re

action, nd I derived an approximate formula for a lattice of 

uranium spheres embedded in graphite. My manuscript, entitled 

"Divergent Chain Reaction in a System Composed of Uranium and 

Carbon", was submitted to the Physical Revue on February 16, 1940, 

and was accepted f'or publication. Publication was indefinitely 

deferred at the request of the u . s . Government. 



(15 ) "Divergent Chain Reaction in a System Composed 
or Uranium and Carbon" received by the 
Physical Revue, February 16, 1940 - un
published. 
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(The chain reaction baaed on this system was first demonstrated 
on December 2, 1942 at Stagg Field on the camnua of the University 
of Chicago. See of.:t"'icial u.s . report : "Atomic Energy for Military 
Purpose.s," Henry D. Smythe, 1945, Princeton University Press.. A 
patent describing the system for which Fermi and I applied in 
1944, was granted in 1955 to the u.s . Atomic Energy Co~~ission, 
and named Fermi and me as inventors . See Fermi and Szilard, 
u.s . Patent No. 2,798,656 .) 

From February 1939 to November 1940 I worked as guest ot 

Columbia University. In November 1940 I became a member of the 

staff of the Columbia University under a contract given by the u.s . 
Government to the University "for the purpose of developing the 

system proposed by Fermi and Szilard"• Early in 1942 the group 

was transferred to the University of Chicago where I W9.s a member 

of' tb.e staff' of the Metallurgical Laboratory of the University of 

Chicago which was the code name for the uranium project. I held 

the position of "Chief Phy~1cist" i n that Laboratory until I 

resigned in 1946. 

In October 1946, I was appointed to my present position 

as a full professor on the regular staff of the University of 

Chicago. 



-· vL 

( 

c 

ob a1n e or' d r 1 p a1o a t ., 
of' rl1n 1n l 2. 1 1 rtat1 n w t t th c law r 

1c p l" 1 to ra concl a o t law t co :rol 

!w':Y 
d 1c .f'luot t1on • '1 h • l 

( ,, 
J~ o-L(.,p.. 

at th !.a r 1lh l tit t t eratottoh 1n r11n 

hl • ur work on t e a no t er1n o~ x-r ,.. 1n ry ala 

a n he polariz ion o -ra a 1 re.f'l ot1on on rra la~ r • lt-

• n t p I 

fe v t- ( ) 

~11 b 1 
(. l . 'J 

t th 

I at1 t1 c Ph a1k a he Un1ver 1ty or lin 

f 1r o or of'. on e) • 

r1 p rt 1n 1 t d he appe.r n er 

in ntrop7 n a 1n h1 h variable hat are 

dyna 1c tluct t1 na are "o erv • • a to co 

18 1 d e to t r 0 n1t1 t he onn e 1 n n 

d 1nf'o t1on which 0 rn 
into i on b ory '. h r ul 1 paper r c a 

11ta ion chr1 t a th U 1v 

Prlvatd zent fflr hya1k. T 

1ty f erl1n n wa a p 1n e 

ape a publish 1n 1 t 
/ or'~ 

hr1tt f ya1k, , P• O, A§.• 

tiL.-«- 9-.,~ - <t~t-_:-II V _(. ~).{;!(. ~ ~-, (_ l.. L 1' ~ 

• 

one. 

1 

1-

,(. (.d l. I (. I tf"t (. t ~ t ' <- . ,};..r: ; t ~ r r_. ( I 
II tJ 2. u .. ( I 

-



'h n 11J1 t b1' e ., ar t r a a A a 1atan at the ~ • 1tute 

tUr 'I'h ret1 c Pb.falk en I reo a Foree unsaat1po~ 

ror ne y ar a or ked n prob e • ot uantu th.eor,.. a wor 

dld t f) u t 1 an publ1 • pa. r. 

n he ea 1 j intly 1 h r te 0 Alb rt ·tnate1n 

I t ht pum.p1 l1qui m t l th ou h tu ea t \.l b 

th etlon ot a netic t1e on electr1 eurren s 1ndu ed 

b7 this tt ld 1n the liquid t 1. The r n General 

( • ".G.) nt to dev lop 

a ou hr yeara -- unt1, 

on thia principle and tor 

acted as a c naultant o t 

t r b1 evelo nt. ( h1a pr1n 1p to d at t 1ta prac 1 al 

1n rner1ca ft r tne introduction or a omlc reactor• 
- o b ~- (h \., ~ ~ , ' q . o o. ~ .. ,_~ / o-lu /( 

a t <1 ' u 1 "1 P... ~ c., fJi' -f. • 

· ,; !2 r, ,r.; :; .. # , u. , · .... ') 

n ultant to th A. :.a., I e llabor 

1 to tbe polar1~at1on ot el t ona. 

The result w re publ1a ed 1n 'Dle 1aaenacbaft n", ut t 1 

ar pro bl7 wr n • a were develop 7 upp, 

ven t ae wht b expose aelf, nd t~ 1cture ight well have 

been tak • t he ti 

auap1c1on r thia k1 • 

1nt r 

rl1n hlem lth the th u ht of 
I 

1/W• ~( 
:1' t mov to he nack house 1n 

t ki up a e exp&r1 en lwr 1n one ~ the Kaiser 11 e '18~ H. 

lna 1tut e t r • I 

1n nucl r pbyeioa itb 1ea 

h poe 1b111t7 ot 

1tn r 1n the 

P.a 3. 
oi ex rata 1 r) 
1a r ' tlh 

• r ched a t1 1 e luaion one 

ay or h ot , the ol1 teal 1 uatl n 1n erm n becam nae 

and it •• ed advtaable to delay a tinal 4 c1 1on. 



I wa t1ll at tn rn ck u e at the t1me of the 

. 1e tagsbrand ln tareh 1933 but con thersart :r went to England. 

The law pro ulgate by th t1 nal ·oc1al1at Gov r nt b rr 

me r nold1n a Un1 1ty pos1t1on in G rmany by virtu of y 

non-Arya ' d so nt, and I r mained in .nglan until 1939. 

I began y work 1n n ol ar physic in the s er o l M 

as sueat ot st. rthol.omsw• a 'loap!tal 1n london. T er • tb;~ th&r 

r , I developed a Gthod (Szilard Chalm rs s par t1on) 

ror th eonoentrat1on or ~ d1oaot1ve &lo enta produced by n trona. 

n1 ethod 1 ua d 1! a rad.io tiv lement ba to b a pa~ t d 

.from th b lk of the t .ble element from which 1t 1 produce nd 

wtth n1oh 1t 1a ehemioally 1 otopto. Thia work wa publiahe ln 

1 • 

"Che 1eal <S para 1on of the Rndioaot1v .le n tro 
ita Bombard aotop in the F rm1 Etf ct" --
Szilard and Ch.a ra. nature, p.462.- 134, 1934. 
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tt 1 n proceas from the primarv neutrons.) 'l'h d1.seoverf of 

photoneutron fro'-'1 beryllium s published 1n 19 ' 

Detectlng N utrons Lib rated trom B~ryll1 
bJ Gamma Rar , S~1lard and halm rs, 

ure, p.4 4, 104. l 3 • 
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the el · nt uranium mt bt sust 1n a chain l'eae 1on -- In out-
X: -rtm nt, photon qtrena ~~ beryllium war us d a P pr1m ry 

neutron ource and the 't st n utron emitted 1n the f1 s!on " re 
made v1s1ble by using a nydrogen tilled ion12at1~n chamber, And 
by eeo~ding the reeo11 protons. ur results we~ published 1n 
19~9; 

'Instant neou 1~a1on of aet utr~na 1n the Inter ct1on of Slow Neutron 1tb Oran1umn Szilard. !ld Z1rm, Physic l R v'4i ;I p.'199, ;:&.,1931'1. 
\800 

"·· 1 a1on or !i utl .. ons by UranitL"n" -- ?.inn and SzS,la:rd• Pny !cal Revu p.619• 56.1939. 
' '" 2--1.{ Th d1acovorJ t th neutron em1se1on 1n the fia 1on of 

ura 1 ra1s d the question whethGr a e 1n reaction can ln faet 
b suata!n d in a ayste containing urantum. yatem com.pose.cl of 
water nd .ll'anium-oxi.d as 1nv st1pt d by e jointly wttb. 

And rson nd Fsrm1 1n the pr1n or 1939. We l'e ohed t h oo.n
elua1on that ueh a sy tem cam close to b 1nc; chain-r ct1ng bu 
coul.d o u e for a e -auat 1n1ng eba1n r ct1on. our re-
sults er~ p bl1 h d 1n 1939: 

• ifeutron :ro uct1on nd baorption 1n ur n1u Phy 1cal evu • p .2B4, ~~ 193 • 

In July 1939 I reach d th oonclu tnn that graph1te 
uren1um syste~ 1 likely to tUpPOrt 

acti n. nd I de:r1 d n np r xu. t& fonaula for a lattioe r 
url 1um spha~es ~added 1n grnphtt • My ms uso~1pt, nt1tl 
nniv rg t Chain ction in nd 

Ca.rbon", as auhoitted to the Physiaal 'P.ev;t on Pebru r 1 ---. 
and a ao pte for publ1eat1on. ?ubl1eat1nn wa. in finitely 
det" rre at t h request or th u.s .d· ver ent. 
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F~om Fobrual'y lQ39 to Nove!l'Jber 1940 ! woPked a gue ot· 

olumb1a Uni'l X' 1ty. In .lov ber 1940 I 
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, 
I obtained my doctor•• dogree ln Phraloa at the Untvera1t7 ° 

of Borltn 1n 1922. M7 d1asertat1on showed that tba second law .ot 
J 

tharmodynam1os per o1ta to draw oonolua1o.na on the lawa that control j 
thermodynamic fluctuations. Tbis dissertation was published 1n 1925.~ 

11 
Ze1tschr1£t tilr Pbya1~," 1~~"',-;;;:S{ 1::. ~ ~(!Vir~ UM ~ Ou~liu,c-~ of.ut.J~:.Lt<.\v.-<lN~AtriN'O ~J· ·~~o..-0'-o.,"~~ l~ ~~ 
Subaequentl~ I ·w ked for about two rears w1th H. Mark 

\ 
at the Ka1aor Wilhelm Inat1tute tar Faaeratottohem1e 1n Berlln 

Dahlem. OUI' work on the anomaloua scattering ~ x-rara 1n crrata1a 
and on t he polarization ot x-rara b7 rerloot1on on crrata1a, ~eau1t• 
ed 1n two papersa 

~ 

~, (2) Za1tsohritt tUr PhJalk, 1'925, pe688, a• 
1r11. / ll ~ ~~-· ,Ze1taohr1ft tftr Ph7&1k1 1926~ pa743;~.k~ .. . /.J• . f'c i'r. I '7' '~ fA-~t....p v~ (UA.J~ 1-D...A-i...U. .. \o ~\e.l, f<'c..{ct.e.;a c,. .. Qt. ~.+ VL-t'J. ~ 

- Subs&quentlJ .I was, tor three JGara, Asalatant at tbe 

Institute rQr Theoret1ache Phyalk 'at the Un1veraitJ ot Berlin 
(Director Prot. Max von Laue). 

During th1a period I investigated the apparent decrease 

1n entropr 1n a &Jatsm 1n wb1ch variables that are subject to thermo• 

d7nam1c tluctuations are "observG4", and used to control operation•• 

Tb1s led me to the recognition ot the connection between "entropJ• 

and "information" and a theorem which now torms part ot "modern 
. 

information theory•. The resulting papers wore accepted as Hab1• 

l1tat1onaobr1tt at the Un1vers1tJ ot Berlin and I wa~ appoin~e4 . 

Pr1vatdozos rflr PbJa1k:. Tb1a paper wae publ1aha4 1n 1~2Sh 
- . /(S'fc 

Ze1tachr1tt tUr Pbyalk, 19291 pe840, ~· 
ui/~ ~ "4J~·..._v~·_..,w;~ ,·.u. 9>~ ~ 
~·~ ~r:-r~ ;~· I [,·~,._.·~~~·~ 
IJ~. c~o-d( tHlfJ · . 

--------~---~-----~- - -
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Vlhon m, three year term aa Assistant at the Institute 

fUr Theoret1acbe Pbya1k ended I received '& Forachungsatipendum 

ror one year and worked on problema ~ quantum theorJ• Th1a 1rork 

did not result 1n an1 published paper. 

In the meantime jointly w1tb Professor Albert Einstein 

I thought , oZ a method or pumping llqu1d metala through tube a through 

tho action or a moving magnetic tie~ on electric currents 1nduoe4 
~ . 

by this field in the liquid metal. The German General Eleotr1o Co. 
/ 

(A.E.a.) wanted to develop a pump baaed on this principle and ror 
-

about three Jeara ·-until 1932-- I acted .as a consultant to them 

tor tb.1s development. ('l'll1s principle tound at last ita practical , 

· applieat1.on in .. America after the introduction ot atomic rea~tora - · 
U, ·l(.' r o..-(t,..__._J.. ~ 0.? 0 b ~- (~. !1.. ~I I q ~ 0 ~--e-~ ::rfA~Mu k 

1n 1942.) i ~·c£ h j }J -~ ')_ 4 t'1 ~~ ~ · - · . J 11 f4cf~ Ci(~,t-t,...CL-l,tt-t ' C... h~~~t.~t-_l;::._~f j~ /t;_ h~·~ '1 (.. 1:1 Jkc._ ~ 7, I l'f :J..7 . ,·~ Pa,'.J.. (~ 
4~ fA>4.'-utw{ fh [J;f<rt'b1'fe a6t1ng aa a oonaultant to the A.E.G•• I collaborated 

with Dr. Rupp on experiments relating to tho polarization ot electron.. 

The results were published 1n "D1e . Naturw1saenscbatton"1 but thor 

are probably wrong. All photograpbio f1lma were developed bJ Rupp1 

even those wb1cb I exposed myaelt, and the p1cturea might well have 

been taked. At the t1me 1t d1d not occur to me to entertain a 
.( ~~ \t\:t((, of.A~ fL.t f&.v t ~vt-·tJ:.-~~· ausp1o1on of th1a kind. \.. 1 ,;:- 'L),., 1 _ ·, P. · .· ~ f 

1
- ' r,((/)

1
_.(}f..sv ll. ' {() ~2>,4 1 ~~~~ t/, f\ JVI 

In 1932 my interest a bitted to nuclear ph a1os and I ~::;,L · 
-moved to tbe Harnack House 1n, Berlin Dahlem wlth the thought ot r;:;. ·.o( 

. ~~I#-,, 
taking up aome exporimontal work 1n one ot the Kaiser WS.lhelm ~VJg{.u-

- ~ . 0 - ~ 
Institutes tbere. I 41aouased the poss1b1l1tr ot doing expe~1monta 1r' 

) 

1n nuclear .phys1cs w1tb Mlaa L1sa Me1tner 1n the Ka1aer Wilhelm 

Institute t«r Chem1e, but before we reached a t1nal conclusion one 

wa.1 or the otllor 1 the pol1t1cal a1tu~t1on 1n Germany beaame ~tenae 

and 1t eeemad adviaable .to delaJ a Z1nal 4ec1a1on. 



I was still at the Harnack House at the time or the 

· Re1ehstagsbrand ln Marcn 1933 but soon thereafter went to England. 

Tbe laws promulgated by the National Socialist Govarnment barred 

me from holding a Un1veraity -pos1t1on 1n Germany by virtue ot mJ 
"non-Aryan" 4eacent, and I remained 1n England until 1938. 

I began my work 1n nuclear physics 1n tne summer o~ 1934 · 

as guest or St. Bartholomow1 a Hospital 1n London. There, touetb&r 
\ w1th Chalmers, I developed a method (Szilard Chalmers separation) 

ror the concentration of radioactive elements produced by neutrona. 

Th1a· method 1a usod 1! a radioactive element bas to be separated 

from the bulk of the stable element trom wb1ch it 1a produced and 

w1th whioll it •1s ohemioally 1aotop1o. 'l'h1a work was publlahed 1n 

liMa 

"Chemical Soparat1on or th~ Radioactive Element trom 
1ts Bombarded Isotope in the Fermi Effect" -
Szilard and Chalmers. Nature, p.4e2, 134, 1934. 

t.~b~ 
Together w1tb. Chalmers I found th.o.t Gamma Rays tro:n 

/ 

radium oject neutrons trom beryllium. These pb.otoneutrons or 
boryll1um are or low energy. (In 1939 when I investigated w1th 

Z1nn wnether uranium omits neutrons in the t1as1on process, the 

use of these slow photo neutrons aa a primary neutron source made · 

1t possible tor ua to d1at1ngu1sh the tast neutrons emitted 1n the 

ttaaion process trom the primary neutrons.) The d1ecoverJ ot tbe 

photoneutrons from beryllium was published 1n l9~a 

~eteot1ng Neutrons Liberated trom Beryllium 
by Gamma Rays,." Szilard and Chalmers. 
Naturo, p~494, · 134, l934. · 

( 

In 19M 1t wao generally bel1oved that the maae ot tbe 

beryllium atom was autt1c1ent to permit 1ta spontaneous d1s1nto

. grat1on i nto two alpha part1ol.Ga and a neutron. S1noe suob 

spontaneous d1a1ntegrat1on d1d not occur 1t seemed 1mportant to 



/ 

1nvest1gats the energJ threshold for a photo disintegration ot 
beryJ.l1um x-rays. This was done jointly with six other authors. 
The threshold ror photQ-neutrona from beryllium waa determined by 
varying the voltage of' an x-ray tube and was found to be somewhere 
about 1.5 and well below 2 m.e.v. Th1a in~ormation waa partially 
responsible tor 1nduc1ng Bathe to rov1ao tho accepted masa ot He 
and thereby to rosol.ve the paradox ot the atab1l1 ty or beryllium. 

Our paper was published 1n l9~z 1 ~~ 1 ~~ J £& .r~ / ! 4~«._, , · o 0-<-J,·.u+-,7 ~(;"·~l . I .,... c. 
- "Liberation of Neutrons from Berylli by '~ 

x-raya ~" --Jointly with a group ~ aix other a. 
Nature. p.sso. l3f, 1g34. 

' a .r Working with Chalmers I .round that indium~ which baa only 

two isotopes. pbowa tbl'eo radioactive per1od·s wh.en &ombardod by 

neutrons. · This was the first caso ot' isomerism round amona the 

art1t1o1al radioactive elements, and we recognized 1ta importance. 
Subsequantlr~ 1t w~a possible tor me to show t9ee (11):7 that one 
period 1a due to an excited indium nu~leua which 1a 1aomer1o with 

the stable ~'dium nucleus 115. Our reaulta obtained 1n 1934 were • 
pu~l1shod 1n 1935~ 

"Rad1oact1v1ty Induced by Neutrons" --
Szilard and Chslmere. Nature, p.ge~ 135, 1935. 

In June 1935 I accepted a research tellowship at the 

Clarendon LaboratorJ, Oxford. 

Working at the Clarendon Laboratorr, I discovered that 

1f a slow neutron beam 1a t1lt~red bJ cadcium, 1n order to r(move 
the thermal neutrons. the residual neutrons atow atrong reeonan~e 
absorptions at low energies 1n variouo elements. I was able to 
estimate the energy reston at which these resonances occurred and 

to atate that the resonance enersr can be determ1ned bJ obaorvtns 



the absorption or the neutrons 1n boron or lithium. Tb1a work 
waa published 1n l935a 

' "Absorption of Residual Neutrons"• Nature, P• 136, 1935. 
_ ~ Working at the Clarendon Loboratory jointl7 w1tb 
~~)c~~~~ Or1t!1ths, I investigated the Gamma Ray emission that oooura when t · L~.v !' -r-

\j~' ~ w/ 'lv"''( \.,slow neutrons are absorbed by· odd elements. Th1a wor~ was -published o)-' ~~ ,.., \ I f-."S 1 

1.1 ~ crv~~'\\~~ 1n 19371 , . 

·, 1---91"v .\ ~~lO-~ ~ };Y ~J't . "C-axmna Rays Exo1ted by Capture or Neut·rona". tr".Y' ~ttr v.-"'" Gr1tf1tha and Sz1lard, Nature, p.323, 1391 1937 • ; __ \i~:S~"' . ' AJvJ'l.- \tlcr~ ~ ~ , - JV- In January 1938 I wont to tbe u. s. on a visiting baa1a 
under a new arrangement with the Clarendon Laboratorr.· While I waa · 
thero, I rece1ved an otter ot a leotureah1p in nucl~ar pbrs1oa at 
Oxford Un1vers1tJ• In September 1938 I declined this otrer- re
signed from Clarendon Laboratorr, and shifted my rea1denoe to 
New York. 

I 

In 19361 using the Rochester cyclotron_ I found that one 
of the radioactive periods ot 1nd1um which Chalmers and I had pre-. I 

v1ously discovered was due to tho nuclear excitation of' the atable 
1aotope 115.. ~his conolus1on1reacbed jo1nt~ with Goldhaber and 
Hill, we published 1n 1939: 

tound, 

"Radioactivity Induced by Nuclear Excitation" -· Szilard. Gold~~bor and H1ll, Physical Rovio~, p.47. 55, l93q 
'4~ 

Attar the d1acovery ot fission b7 Hahn and Strassman, I 
jointly with Walter _Z1nn, that £aot neutrons are emitJed 1n 

the fission proceso and tbat their number ia about two per £1as1on. 
'l'be neutron em1sa1on 1n the .fission o.f u:ran1um waa discovered in
dependently, and about tho same time, by Halban, Jol1ot and 
Xc:$aralq, and »1 Anderson and Fermi. This diseovorr revealed that 



~) 

the element uranium m1sht sustain a chain reaction -- In our 
oxr ortment 1 photonoutrons trom beryllium wero used as a ~r1mar1 
neutron source and the t'.ast neutrons emitted 1n the t'1ss1on were 
made v1s1ble b1 using a hy~ogen tilled 1on1zat1on chamber, arid 
by recording tho roooil protons. Our results were published 1n· 
1939& 

urnstanta-n·eous Em13s1on of Fast Neutr..,na 1n 
the Intersection of Slow Neutrons with Uranium" Szilard and Z1nn, Physical Rev~ow p.7991 55,1g39. 

'soo 
"Em1ss1on or Nautrons by Urnn1~~" -- Z1nn and 
Sz2,lard, Physical Revue;f P•6t9# 56.1939. · 

6 

' "2--11 The discovery or the noutron emission 1n the tiss1on ot 
uranium raised the question whether a chain reaction can in tact 
be sustained in a system containing uranium. A system composed ot 
water and uranium-oxide was investigated by me jointl1 with 
Anderson and Feral 1n the spring ot 1939. We reaohed the con• 
clua1on that aucn a system came close to being chain-reacting but 
could not be used tor a aelr-auatain1ng cha1n reaction. Our re- · 
aulto wore published 1n 1939: 

" Neutron Production and Absorption 1n uranium" 
Physical Revue~ p.2a,, 56. 1939. 

In July 1939 I reached the conclusion that a graphite 
uranium system is likely to support a selt-suota1n1ng chain re• 
action, and I derived an npproximnte ~ormula tor a lattice or 
uranium spheres e~odded 1n graphite. My mnnuscr1pt, entitled 
"Divergent Chatn Reactions in ~· System Composod or Uranium an~ 
Carbon", was submitted to .the Physical Re~euon February 16, 1940, 
and was accepted ~or publication. Publication was 1ndef1n1tely · , 

deterred at the ~equeat ot the U.S.Government. 



., 

"Divergent Chain Reaction 1n a System Composed 
or Uranium and c~rbon" received by the 
Physical Rev~e~PGbruary 16, 1940- un-
published. 1 ·-------

. 7 

(The chain reaction based on this system was .first demonstrated 
on December 2, 1942 at Stagg Field on the campus or the Univers1tJ or Chicago. See ot.f1cial u.s. re}>ort: "Atomic Energy for M111tarr 
Purpnses," Henry D. Smythe, 1945, Princeton University Preas. A 
po.tont doscr1b1ng th.e ayatom !'o:t~ ~hi:-.9.l'l_Eo_;-~1-!.l'l~ I ~p_pJ:1E!~ 1n 
;.~~~...._was granted in 1955 to the u.s. Atomic g}iergy Commfislon; 
and na~ed Fermi and me as inventors. See Fermi and Szilard-u.s. Patent No. 2,798,656.) 

From February 193g ~o November 1940 I worked as guest ot 

Columbia Universit,-. In ~lovember 1940 I became a membor or the 

staff ot the Columbia University under a contract given by the u.s. 
\ 

Government to tho University "£or the purpose ot developing the 

system prop~aGd by Fermi and Szilard"• Earl,- 1n 1942 tho group 

was transrerred to the University ot Chicaeo where I was a member 

ot the staff of thG Metallurgical Iaborator,- ot tho Un1vera1t1 ot 

Chicago wh1cn was the code name tor the uranium project. I held 

the ·position ot "Chief Phyaioiat" 1n that Laboratory unt11 I 

resigned in 1946. 
lo 

In October 19461 I wao _apl>Q1nted to zr pr8sent pos1t1on 

· as a tull. p:ro.teaaor on tno .regular .atatt ot tb.e UnS.veras.tr or 
Chi~ ago. 

( 
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BIOGRA PHICAL DATA A~n LIST OF 
PUBLICATIO NS OF LEO SZI L.l\RD FROM 

1922 t o 1946 
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I obtained my doctor's degr ee in Physics at the University 
of Berlin in 1922. My diss ertation showod t hat the aacond law or 
thermodynamics permits to draw ·conclus1ons on t he laws that control 
thermodynamic fluctuations. Thi s dissertation was published 1n 1925, 

Ze1tschrift f Ur Physik, 1925, p.7531 ~· 

- Subsequently I worked for about two years with H. Mark 
at the Kaiser Wilhelm Institute f Ur Faserstoffche~ie in Berlin 
Dahlem. Our work on· the anomalous scattering of X-rays in crystals 
and on the polarization of X-rays by reflection on crystals. result-
ed in two papers: 

Zeitschrift f Ur Phys ik, 1925, p.688, 33. 

Ze 1 t s c hr if t :fur Physik, 1926, p.743, 35. 

Subsequently I was, for three years, Assistant at the 
Institute fUr Theoretisc he Physik at the University or Berlin 
(Director Prof. Max von Laue). 

During this period I investigated the apparent decrease 
in entropy in a system in which variables t ha t are subject to thermo• 
dynamic fluct\4ations are "observed" , and us ed to control operations. 
This led me to the recognition of the connection between "entropy" 
and "information" and a theorem which now .forms part o.f' "modern 
information theory". The result i ng papers were accepted as Habi-. 
litationschrift at the University of Berlin and I was appointed 
Privatdozent fUr Physik. This paper was published 1n 1g29a 

Ze1tschr1ft fUr Physik, 1929• p.s4o, ~· 
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When my three year term as Assistant at the Institute 

fUr Thaoretische Physik ended I received .~ Forachungastipendum 

for one year and worked on problems of quantum theory. This work 

d1d not result 1n any published paper. 

In the meantime jointly with Professor Albert Einstein 

I thought of a method of pumping liquid metals through tubes through 

the action of a moving magnetic field on electric current~ induced 

by this field in t .he liquid metal. The German General Electric Co. 

(A.E.G.) wanted to develop a pump based on this principle and for 

about three years -- until 1932 -- I acted as a consultant to them· 

for this development. (This principle found at last its practical 

application in America after the introduction of atomic reactors 
j 

in 1942.) 

with Dr. 

While acting as a consultant to the A.E.G., I collaborated I 
Rupp on experiments relating to the polarization of electrons~ 

The results were published in "Die Naturwissenschaften" , but they 

are probably wrong. All photographic films were developed by Rupp, 

even those which I exposed myself, and the pictures might well bave 

been faked. At the time it did not occur to me to entertain a 

suspicion of this kind. 

In 1932 my interest shifted to nuclear physics and I 

moved to the Harnack House in Berlin Dahlem with the thought of 

taking up some experimental work in one of the Kaiser Wilhelm 

Institutes there. I discussed the possibility of doing experiments 

in nuclear physics with Miss Lisa Me1tner 1n the Kaiser Wilhelm 

Institute f5r Chemie, but before we reached a final conclusion one 

way or the other, the political situation in Germany became tense 

and it seemed advisable to delay a final decision. 

I 



(5) 
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(6) 
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I was still at the Harnack House at the time of the 
Reichstagsbrand ~n March 1933 but soon thereafter went to Englnnd. 
The laws promulgated by the Na t i ona l Soc ia l i st Government barred 
me from holding a University position 1n Germany by virtue of , my 

"non-Aryan" descent, and I remained i n Eng l ana until 1938. 

I began my work in nuclear physics in the summer of 1934 
. as guest of St. Bartholomew• a Hospital in London. There, together 
with Cha~srs, I developed a method (Szilard Chalmers separation) 
for the concentration of radioactive elements producedpy neutrons. 
This method is used if a radioactive element has to be separated 
from the bulk of the stable element rrom which it is produced and 
with which it is chemically i sotopic. This work was published in 
1934: 

"Chemical Separation of the Radioactive Element from 
its Bombarded Isotope in the Fermi Eff ect" -- · 
Szilard and Chalmers. Nature, ~.462, ~~ 1934. 

Together with Chalmers I found that Gamma Rays from 

radium eject neutrons from beryllium. These photoneutrons of 
beryllium are of low energy. (In 1939 when I investigated with 

Zinn whether uranium emits neutrons in the fission process, the 
use of these slow photo neutrons as a pri~ary neutron source made 
it possible for us to distinguish the fast neutrons emitted 1n the 
fission process from the primary neutrons.) The discovery ot the 
photonautrons from beryllium was published in 1934: 

rrDetect1ng Neutrons Li berated from Beryllium 
by Gamma Rays 1 " Szilard and Chalmers, 
Natura, p.494, ~~ 1934. 

In 1934 it was genera l ly be lieved that the mass of the 
beryllium atom was sufficient to permit 1ts spontaneous disinte
gration into two alpha particles and a neutron. Since such 
spontaneous disintegration ·did not occur it seemed important to 
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(8) 

• 
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investigate the energy threshold for a photo disintegration of 

bery~lium X-rays. This was dono jointly with six other authors. 

The thresl1old for photo-neutrons from beryllium was determined by 

varying the v~ltage of an X-ray tube and was found to bo somewhere 

about 1.5 and well below 2 m.e.v. This information was partially 

responsible fo~ inducing Bathe to revise the accepted mass of He 

and thereby to resolve the paradox of the atability of beryllium. 

Our paper was published in 1934: 

"Liberation of Neutrons from Beryllium by 
X-rays" --joint ly with a group of six others. 
Nature, p,880, ~~ 193~. 

Working with Chalmers I found that indium, which naa only 

two isotopas, shows three radioactive periods when nombarded by 

neutrons. This was the first case of isomerism found among the 

artificial radioactive elements, e.nd we recognizea its importance. 

Subsequently, it was possible for me to show l5ee (ll):f that one 

period is due to an excited indium nucleus which is 1somer1o with 

the stable 1dium nucleus 115. Our results obtained in 1934 were 

published in 1935: 

"Radioactivity Induced by Neutrons 11 
--

Szilard and Chalmers. Nature, p.96, ~~ 1935. 

In June 1935 I accepted a research fellowship at the 

Clarendon Laboratory, Oxford. 

Working at the Clarendon Laboratory, I discovered that 

if a slow neutron beam is filtered by cadmium, in order to remove 

the thermal neutrons, the residual neutrons show strong re sonance 

absorptions at low energies in various elements. I was able to 

estimate the energy region at which these resonances occurred and 

to state that the resonance energy can be determined by observing 



(9) 

(10) 

(11) 

the absorption of the neutrons i n boron or lithium. This work 
was published in 1935: 

".Abs orption of Rosidu& l Neutrons ". 
Na ture, p. ~, 1935 . 

5 

Working at t he Clarendon Laboratox•y jointly with 
Griffiths, I inves t i gated the Gamma Ray emission that occurs when 
slow neutrons are absorbed by odd element s . Thi s work was published 
in 1937: 

"Gamma Rays Excited by Capt ure of Neutrons". 
Griffiths and Szilard , Na ture, p.323,~, 1937. 

In January 1938 I went to the u. s. on a visiting basis 
under a new arrangement with t he Clarendon Iaboratory. While I was 
there, I received an offer of a lectureship in nuclear physics at 
Oxford University. In September 1938 I declined this offer, re
signed from Clarendon Laboratory, and shifted my residence to 
New York. 

In 1938, using the Roc hes t er cyclotron, I found that one 
of the radioactive periods of indium which Chalmers and I had pre
viously discovered was due to t he nuclear excitation of the stable 
isotope 115. This conclusion reached jointly with Goldhaber and 
Hill, we published in 1939: 

"Radioactivity Induced by Nuclear Excitation'' _-Szilard, Goldb~ber and Hill, Physical Revue, 
p.47, 2§., 193. 

After the discovery of fission by Hahn and Strassman, I 
found, jointly with Walter Zinn, that fast neutrons are emitted in 
the fission process and that their number is about tv1o per fission. 
The neutron emission in the fission of uranium was discovered in• 
dependently, and about the same time, by Halban, Joliet and 
Kovarsky, and By Anderaon .~nd Fermi. This discovery revealed that 



(12) 

(13) 

(14) 

the element uranium might sustain a chain reaction In our 
experiment, photoneutrons f rom beryllium were used as a primary 

neutron source and the fast neutrons emitted in the fission were 
made ~is1ble by using a hydrogen f i lled ionization chamber, and 

by recording the recoil protons. Our results were published in 
1939: 

"Instantaneous Emis s ion of Fast Neutrons in 
the Intersect i on of' Slow Neutrons with Uraniu..rn" 
Szilard and Zinn, Physical Revue, p.799, ££,1939. 

"Emission of Neutrons by Uranium" -- Zinn and 
Szilard, Physical Revue, p.6l9, ~,1939. 

6 

The discovery of the neutron emission in the fission of 
uranium raised the question whether a chain reaction can in fact 
be sustained in a system containing uranium. A system composed or 
water and uranium-oxide was investigated by ma jointly with 

Anderson and Fermi 1n the spring of 1939. We reached the con

clusion that such a system came close to being chain-reacting but 

could not be used for a self-sustaining chain reaction. Our re
sults were published in 1939: 

"Neutron Production and Absorption in Uranium" 
Physical Revue, p.284 1 £2, 1&39. 

In July 1939 I reached the conclusion that a graphite 
uranium system is likely to support a self-sustaining chain re

actio~, and I derived an approximate formula for a lattice of 

uranium spheres embedded in graphite. My manuscript, entitled 

nDivergent Chain Reactions in a System Composed of Uranium and 

Carbon", was submitted to the Physical Revue on February '16, 1940, 
and was accepted for publication. ~ubl1cation was indefinitely 

deferred at the request of the u.s.Government. 



(15) "Divergent Chain Reaction in a System Composed 
of Uranium and Carbon" r eceived by the 
Physical Revue, February 16, 1940 - un
published. 

7 

(The chain react i on based on this sys tem wa s firat domonstrated 
on DeceMbGr 2, 1942 at Stagg Fi e l d on the camnua of the University 
of Chicago. See officia l u.s. r eport: "Atomic Energy for Military 
Purposes," Henry D. Smythe, 1945, Princ eton University Press. A 
patent describing the s ys t em for whi ch Fermi and I applied in 
1944, was granted in 1955 to the u.s. Atomic Energy Co~~ission, 
and named Fermi and me as inventors. See Parmi and Szilard, 
u.s. Patent No. 2,798,656.) 

From February l939 . to November 1940 I worked as guest ot 

Columbia University. In November 1940 I became a member· of the 

staff of the Columbia University under a contract given by the u.s. 
Government to the University "for the purpose of developing the 

system proposed by Fermi and Szilard". Early in 1942 the group 

was transferred to the University of Chicago where I w~s a member 

of tne staff of the Metallurgical Laboratory of the University ot 

Chicago which was the oode name for the uranium project. · I held 

the position of "Chief Phyp1c1at" 1n that Laboratory until I 

resigned in 1946. 

In October 1946, I was appointed to my present position 

as a full professor on the regular staff of the University of 

Chicago. 
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, c ! :.:~ ~i 5.nluccd b~ t l1 :i.8 fic J.d 2.n t he l :'Lqu~.d n e -:.;e.. l . 'fl1e G0i~·GW.~1 

~;::; ~ · ..:: 1'<';\J. E:le:c ~~ :;:>j.c Co . U~ o E: o Go) {'/?..ntcd t o ciovelop a pump bD.sed on 

~~:· .. ].:-;. pP1.nc i ple anu. for about thr co yea:r-s - -unt11 19;;2~-I ac·~ed 

Atroducttcn of atomic reacto~s in 1942) . 
h'hiJ.c a cting az a CO:il sulta-.nt t o tbe ·A. EoG oo I col}!..'J. ,J Oi"&tcd 

~ ~~h D-.r' • .Rupp on experlment s rela.t'-118 to . the polar:b::at~.: ~ of 

,c i;!:'mJ:; . 'l'ho results \·J<?.-J:c publish eel :in ::Die t a'ctu•"·rin::, ::.~::.::.~-::r.w ften 11 
$ 

,j~#\ ~ ·t;t1c:y a :('e lJ:t'ob~r~bJ_y t:TrOl1Z •. AJ. l pl1ot ogttal.)lliC filn~s ~..;(.~~e dc'4:e-J.

'·"I. e:d by Hupt) , evGn "chos r::! whlch I expo :'.leo. m:v-se1r ·, and ·;;b::~ p5.c:~trl'BS 

r::}.f61t vre11 have h -:en :tc.l~·~d 6 At the time :U; d i d noi; occ':t:r• ;,. . .:"·z: 
1,:.1 cntor·t2in n. ~iJSp:lcion on. t 1is I~in:l .. 

I n 19)2 my intores'r.; s hiftod to m.4c1o2.r pr1ys icB D.ncl . ~~ mr..:. ! ... ':1 

tc· ·:;;;.c um~na.ok Hou s e in J:.h-:1..,11n Dahicm wl th tho ~:hough·t ol' ·;; s.!.":i:~,s 

,;- ~:.:.: ome c;q)Gi:)lmer.tt a .i :;uor!' in ·oDe of ·~bo If~:!_;: · c-:;.."' Hilhe:tt.~ 1>:~stlt:1:, tc'~ 
4..,-. .. , r·~"'· " 
I' ""~ •.;. "" • . 

. · ·:: ~·Jay or t he o t hel .... ~ the pol:l"c i ca l · sit u.at lou :i..n Qermar.'Y '!),:;e::!.L ..: 

-·~ oG and i t s eemed advlDable to delay a final docla1on o 
I l·zas s till at i~he H<:.rnack House at; t he i;iml3 of ·ch" 

i-=.:..::ic ht: 'l:,~.g3h:r~lLd in Hnz'ch 1933 but soon thdl"'eaft fJl"t tnm.t t··, 

f~.i1p;:.~nd . ~rhe 1a~IJS promulgated b y ·t.he Nat:I.onal .So c .1.o.11s '~~ l!n</1:;?.".1 · 

·,1c.;·rr. b r:n: .. r ed rJo from hold~lng a Un'i. vero:U:;y pos :i:t ion 1.n Oe:t:• ,;;;-.~;.721 

't:;} " lx' ;<;ue of"' my t:"w:n-I;ry ~n 11 desc E:-nt, a nd I r emained ln Eng:!.E:nd 
,,._~;.t : ... l 1938. 

I b egm1 my 'i,.ror·k h1 nu c leUA ... physics :tn t he ~ummer o? !931~ . 
. :; u t;-ueot of' S-t . Bn.x>tbolom~'i,1 as Hospit a l in London . Thert~, tc~ 

1:;\: t~wr t·r:l th Chalmm:s , ::i: developed a method ( Szilar O. CnaJ.r:Jer.a 

:..:;c:f;:J.r o.tion) fol~ the co:...,cent l"t• tion of' radioactive el ... ::ments 
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'" 
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p:eooncccl by nc::ut:~.•ons. Th1s rnel;hod is usGd if a radioact:t ve 

J J.o1:1eEt h~:: to b.:: a~pm,atcd from the bulk of the stable clc-:r:cn-:.~ 

.~·.,·ern 'l"ih:l.(; > :1. t 1n producc-:l a r)d ~·1i th i·ihicil it is chem1c2.ll~7 :t.r;o

t ;~1:.c. Th~.0 uox'k 1:12.D pu'bli[;hed 1n 19~t~: 

nch s-m:i..c:.:~l Se~)ar::lt:1.Qi.~ of' the Rndioae"c~.\Te Eeln10nt fr>or,1 ii~B 
:~::-. :;;hn.Y."~~2 l I:;;otope in thH Fe1,m:t lli'reot n --~%::t lf'...l"'cl and 
Gh.alm . r~. Nature, p. 1'62, 2:_2.!!:,,. 193!.~. 

1i\.") g:~i:; wr ulth Cho.1m0!'0 I round t~1s.t camrl12:. i\ays f'~·om l"ac15. !!13 

, ;.! 8ct ~ cu troll~ f'rcm bcr-yllimi\ . '?ncse pl1o'Goncut:>on2 of bcx"yll:iu:1l 

a1."'G of: lou C£?.c:rgy. (In 1939 'fi·Si1.cm I il1VGB"t#i[D.t ed w:t. th ZilTIA 
\ 

-·:;·l ~thc:-);:• urauiu~:~ mn:t. ts neut~.1ons in the fis sion. p~cn cc:~s ~ the ur;e 

• .>-:.' these ::::J.o ·.-; ph.o·i;oneutrons as a pl"imal:.y neut7.'o ... 1 Z•.:iU:;."'c;;: ~:ad0 

cf the p\\otoncmtl"ons f.~ .. o 1i bcr;yll:lum t:.:as publ:!.ohcd ln. 1~) 1 !.: 

( :f .. :;t~:-cting Hcutron:J Libc:cated £'rom Bsr:y- J.lii.1u by (~Q.r;.r.~~~
R<:1;:n;, " S~:tl<: rd ~~nd Cbn.lmers, l::i.>.tu;;-~ .. p. 1..!·94·=' ~~:, ~-S3 4o 

:,;:; hwc:.:.t:J.gate the ene:-cgy thrar~lwld .for a pl.1oto d1. n1.nt.:.;z;:~;::t:;; :i.o:t. 

! bePy1.2i•;:n X-ra:;ys. Thi9 \lms done jo:1.n t1y tilth six othcl."' 

au ·::;h-.rs . 'rhe thr'eHhold foJ.. .. photoncutrons f'J:>on1 rJe~~ .. yllh) .. m 1'r.. . .s 
de .c:t'm1nad i.);:Y v:.n"y :i.ng the vol1;ng0 of an X-!'ay tube and t..,;r~c 

:\~mnd to be sommvhere .s.bou'c 1 . 5 Emd \"iell oeJ.o··; 2 Ne:v. This 
I 

J nfo:cmatioa 'i!JUS partlally responsible for inr.luc :1. i1g 1~cthe to 

·"'o7ine the accepted mass of He and thereby Jc;o b'e3ol ve thG 

)2.\~a.cr·, ;;;: of the stability of bej:>yllium. Our pupe;;? t:as ptf~l:i.eh --; .::1 

i.n 19:-;il~: 

( 7 } llJ_,:lbc;;_~at1.on of ~Jcu'c.rons from Beryllium by X·~J:•ays 11
-·· 

;Jo:i.ntly ~~i th a group of s:tx o tl-wr:J. Natu~0e, p. 880 b 

];_Ji.!> 1934 . 

~lor king t'li th Chalrncl"'S I foUild that indi'Lt111, H• ~.cb. h2.D .. . ,..~ 1 , ,. 
r.,.. . . .. ,J 



• 
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(10) 

ncut::;.:'ons . 

D.j,..,{~iflc :1.R1 Z'O.clioactive elements, and we Pecog:t":12Z.;)d its impm."tancc. 
~UbSGc:_ucn.tly, i '(: e.:tS po;:;sible fo:C me to ShOt•l ( SC0 ( 11)] tha.t Ol'lC 
p·-~:ci d :tz d .w to an e;;:cltcd 1.ndium nucleus ~·Jhioh :i.z isomez>ic Nith 
thG ~table 5.il<.Lu.m nuclcurJ 115 . Om .. l"€Sul ts obtain~d in 193i~ 
t'iere publ:!.shcd 111 19::i5: 

r:.;:.::r,l0act.:Lvl.:y T.li.d.uccd by Nettr.mw 11 --Sz11nrd and 
Ch:.1J.me~z. (e.ture, p. 96 ~ 1)~~ 1935. 

.... June 1935 : accopt(t;d a resear-ch fcllo·.n::.lip at the 
ClaJ . .,Ci&don Lnborato:c:,.' :. Oxford. 

t!m: ·rlng a/~ ·che Clarc!1.don J..~<'lbora·col"Y, I d:lsc.Jvcred tha:\; :U.' 
a slol·J ncutr·ou beam is f'il ter•ed by cc.<1mimn, in order. "to remove 
the thc:f•nal neutros.'ls, the resldual neutrons ohm·; ztrong rel3onance 
n'bGo:rpt:lons ::.t lot'' e:n0rgies in vel."'louo E)lemants. I \~as able to 
2cl;i1i1r:te tho ci'lcrgy J:'egton ut ~':il1ich the:::c r·esono.nces occurred 
..:i..nC~. to otD.tG that th~ l."esonance en~l"r;:\7 <~a."'l be dc~c~~l'm1I4cd i)'S ob
~s:.:>v:lng the o.b.sm:'p'cion of th<;: nctrl:;ronn 1.n bm?on or 11 thium. 
~r·hls t·.:>,.•!!: ·.qr;.s publ:i.sh::.:d :ln 1935: 

111 •:r.·i i:1.ng at the Glal.,endon Lf.lbOl:'<l to~·y j oin:jj1y wt th Gr•;t.f.fl ths ;> 

I :J.nvef!:t;j_gated t.he G2.r11~12. Ray em:i.ssim1 t!1at occu1.'s ~·Jl;e:n &loi'r 
i1GU'Cl.,Oi.1S are ai:morb';;;d by odd clements. 'l1hio t~o:t .... ll: 1'1·J.B publlsl Bd 
in 193'?: 

11 Gc:.tmaa Rays E~c:lted by Capture of Neutrons 11
• G:Plf -"'iths 

and Sz:i.ln.rd, maJeure, p. 323 :~ 112., , 1937. 
I In J~nuary 1938 I went to the UoS. on a v1nit1u~ ba3io 

· 'i.JI:J.er a r1et•1 m.'zrflngcme:nt tvi th ~.;he Clau•cnd.cn Labm."'a tory. tr:tlilc 
i. ~~JaG 'cherc., I rccei vE;cl nn offer of a l(;:c~;urcGhlp in r.l'u.clc::tt:' 
phyf3~.cs at OJ~ford University o In september 1938 I . d.;;;cJ.:L;~c\ th.1.G 
.,:;f fel~, r-esigned fror!l Clarendon Laboratory I) and sh:i.fted my res :l
ienee ·co N<.r~1 Yoi·}~. 

In 19}8, using the Rochestel? cyclotron, I found that one 
of the rad1oacti ve periods of ind:lum Nh5.ch Chalr.'lel"S and 1 had 
~:J!."'oviouslj' d:lscovered 1•r<As due to the nucleaJ."' ~~ncitation of the 
::table isotope 115. This conclusion reached jointl;y ~\11 'Ch 
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.,. ~ .... .. ~. l_ )' :.;e pubJ.i::::hea in 1939: 

!\..t"'t .'7.' the d:tscovor;; c.l. f'13f··ion. hy Hc..lm a:r:icl Sti:rEc::-•l":if'.i.1 o I 

;~·ou.11d, ;; :l.nci.::J N:J.th 1/D.l·:;-cn.• Z:i.nn , 'l:i:ot i'a:-..;t ncu'Gronr.z fH' 0. 0:lilct:;-::d 

"1:1. tllE: f'·i H85..0n l ~:k~~lC-2:-;D Dl':H.'. t ilat -~he· .P l1!l!B1KJ:"· :i..P., Bi}OU'i; ·tno L"H-.(' 

:.~ ~- ;covci.'<:;;d .li:. is ,,'lndcn:i-;J.y, 2.nct about the c:.;..r:!"1 -'cimc :t h:; Do.lrx:n r 

~fol:lo'i.: HD.d 1~t;v;;_l')sl~: • r' :.cl. 'yy .tmdc;·'.'t::J:n a:~o. l:'e:l, n:i.. . ~f'i'lJ.s C::::l. :~c.~c.~: :: ... ,;: 

.:~! - e'!:J(~c~r. and 'by 1:'"cord:Lag 1~he :J.1 0Co~.l p~<:-otm:s . 

fJd,r.sb.c t h1 J.939: 
:t· Pa;s t 1Ictl·i;2?<Jn.s :t.11 tl:.c ·.{n. ';f.::\.,·~ 

t·J:l.th u:.;~.:;1nim.'l 11 " S:?.:i.larc\ D.\.').(~ Z:lr."1' 
~?.5, 1939. 
U.!.~<:;n:lt,m 0 -·~Zi.rn'l ancl Bz:U.ar(~;_. 
~§.;1 19;;~. 

-•. ~-;:'an:b.m ~\~~~].s .• ·'t t~he q_uc:.rc:lcn ttJh.eth~r <:!. cJ.i.a1.:n x•cnctlon ct;.:1 :1.~1 :~,r.c ;_, 

oc GUt, ·:;F.\~:'lc<1 tn a syr:Jte71~ pm1 tEin~.nr.:; ur.:-a:1.um o Jl. 3~'3'i;c:u :t:~fJii:poFn:::-:'1. 

of ~·:"u~ ·t-n·' c.nd V./.'Hllium~c;~:l.ci.C ~:;as :invest;J. g~'Ged h;-,r ';:-C jo:ln~-;J.y t·i:l. ·}} 

(· J.u--·:loi1. t.ilnt m .. wh fJ .. Gy • .-/~em cDJfi.~ c1os ,':!> t ,o be.·~.z1g Ghf-~.::'l~·J."'t;C:~:·:;5 .. n:~ 

i.· ;:.'· r..\vUl(t not be u;;:;cd fo'i.., a self ~~3ustCl:!.1Li.:~~ {:~·w.:i i1 -"'·";·.,c i:lon. 

~---=-~" ... I'o:m :i;a t'l "J!.:'0 pub~.ishod :ln 1939: 
11Hc1,;. t:i? n Frouu.c'G1on :;;..r:·\:1 Ahsorptim:l in '''ii..'-2!-d.u .lnn > 2'i;~i~•:'.r:c .. :1 

r' ~ o<'"• 5.-:: ., OT-9 -._cv:.o.et;, p . '- \)1-r /' : ... 5!.~ .!.};;·· • 

In ... Yuly 19:;)9 I l:>eached the couclus::!.on t;'i.~).t 8. f9-'f''?h:~.~- (-; 

UJ,o..n].um sys·l,em ls lJ.lwl:y to m:;pport a self~.:..~u.;:.·,tgJni::.:c ,, ::.~-.. ':1 
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: ~.:i.rri. ~c'!.~y .,J;.f.' ·:::;. .. _.-•(:.~ .. c. t ·the x,c.:~_ucc ~:; of: thr.; ·G . P.. aovcr:~T;,J.~: T i.; . 

r·n··L·· r--..,f··:::. l-;~ .~.i, -.. · .. , _.., ._-,,.,.;-·:o· ·1· .... ,, <:>:·"""·l- . -:>~, •· c···· ···· o"'-:..-: ,.) ,:· 
r.JI" ~ V\ ' ,,.- _...... r • • t.-.L .. \ h-l .~ ......, ~~"' ... --.. .l ~ c..: .. •·J w ~ ·,.,.II • \J J , , .. ~) ~ -.. t:\;.4,: .. '-... • 

u:P<J.n~t~.J.D Hi1d C~irbol1 11 
:".:.1 8 \."!;.; S:·JC ~ -J"j' the Pr1JC:i.ca1 ~(Yili'~ '::l 0 

f,GIY:.·uary 16 ~ J.. 9i.HJ - --:.mpu >l:.tshed . 

6 .. 

• ·· ~·J.ff o: ·t~llo Co:lmab:La Uni ve:r's:lty undt:i:> a co:ntl'··uct giver~ 0;;; <,it.: 

"! . • t '· ·· ... · 1rnon~; 'to ttw "iJni.ve:r~s :).ty :1for tbo p1.'":.""pocc; • J. ... c);:;-,r~3 ~•·.-.:'\.: c 

X held th3 position of "Chief 

7..'11Jor at ;'j?~J u:n:i:; :t l I rcs:'!.gned :ln 19L~6. 

Ir cctobcr 19L~6 ~ I l 'tfas appo:i.rrcecl "to m;v prc.ne:nt po;;~\.t :i.c.m 

a:;:1 a full px•ofe3SOl"' on the rcgula:t."' s·i;nff' of 'Ghe U':n:J.ver>.o:l'C~: (>;:· 

Ch:i.cago. 
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BIOGIW'RIOAL DAtA. AND LIS! 01 POBLIOA'fiO»S 

or LIO SZILARD 1801 1922 \o 1945 

I •~'-laM WIT tloll~f' • .teen• S.a Pbraioa a\ \be U»lTenlt., ot laru .• 

ill 1922. 

17 cl1aaertat1on ahowa4 \bat t.ha aaoonci law ot \banaoc!JB..S.Oa penl\t 

to 4raw oonalvoioua oD the l•~• that oont.rol \ha~o~aaio• tlao\ua~oaa. · 

Thia 41aaar\at1oa waa publiahed 1D 1925. --

·.' 

' .. 
,.;. 

:' .. .., , .. 
(1) 1•1 taobrif\ tuwo Plttallt, 1925, P• 7S), )2. · t'•.",J' 

( :2) 

(3) 

l 

; 
; 

··; , ( 

... 

Subaequentl.y I worke4 tor about. two Jttar-a wi t.h B. Man a\ tbe la1aa1' 1·• • · 

' . 
\ ... · 

'' 
UOillal.o\11 aoat.teriDg or X-ra11 1D ortetala an4 oD \he polariaat.loD ·~ l•rqa : 

b7 retleoUoD oD aryaUla, reaultec1 111 two pap.raa 

Ze1\achrit'\ t.l1' PbJaik, 1925, P• 683 1 )).. 

'' 

Ze1taobrit\ fUr Ph7J1k, 19~6, P• 743, )5. 

. ' 
·, 

.. I 
. ~ 

l .... 

; ' . :. ~· ' 
m, thS.a perio,d. I llmtatigated th~ 4eoreaae 1D en trow Yhiab a;>pe.,ra · ',.~ : 

,, . , . ·' I, 

SubleqUaaU, I na, tor three Je&r&, Aasiat&D\ a\ the IaaU tut. t\ar · 

Tbeonatiaohe Pbya1lt a\ the Un1Y•r•1trf ot Berlin. 

to OG.OU1' S.D a 111tft iD wbiob ftria'blea that. are aubjeot, W tbenaodJ'Duio nuc- , ,.:' .. 
. , ' : ••• ·~: I;; 

I .~ • 

o,' ', /, I' 

' . 
,,I'• 

. . ... . '•, 

I .' ''. 
',I I 

' '. 

'' 

(4) 

tuat1ona an •obaene4,• azad uaed to ··Coutrol opera tiona to whiob the qatft S.i · . ' 
' . 

;-_ ... . ,r ' 

.~bJea~ad. Tbia leci •• to th• ncopS.tion ot ~be oonneot.ion between •ent.t'Opy" 

IILD4 •1Dtonaa\1.0D1 and a t.heona Whio~ DOW tot'Jila pal"'t ot ao4e1"D 8 Uafol'llaUoD 

t.beort,• 

.''' !\ ·. 
• '/ l' .. \' 

. ' : .... 
I! I 1 

The hault.iDg paper na aooept.ed •• b.&bUitat.ionaobrit\ a\ \be 0Dinr•1V 

ot BerliD ancl I wu ~ppoiut.ecl Prl,:l'atdoaent tur I a k. fnil pap•r 1f'U 'bllabetl 

J.!:..l929t ·, 

' 

Attar workiug t.n: thrtte 7eara u A11 d .at.ant a\ the. Izaat.ltut.a tu~ Theoht.ilohe 

) \.1·d.k I hel4 • rorallhUIII••U~n4ua tor oa• 1t'la.r and 1101'ltecl on pt'Olll.eaa ot: 

... 
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I a the uaaU.e Jo1Dtl7 w1 \b PfOtetiiOr All»er\ li.Datei11 I \bouab\ ot a : , .. 

aethocl ot puapiq UClaid ae\alt throu1h tubea · tb~ugh the aeUoa ot a aorli.ae · 

aape\lo t1el4 011 eleo\r1.o ourreota bduoecl b7 th11 ti.el4 1a \be llqtd.4 aetal. · 

The Cei'IUD Q••"al · Xleo\rio Co. (.l.I.O.) waut.e4 \o d...,.el.op a pup bate4 oa thia· · 

prboi:ple ucl tor a~11'\ tbree r•ara I aot.e4 •• a ooa~taltut; ·w th~ tor ~l• 
' 

' ' 

\ ·.,, 

·1Jit.ro4uot.10D ol a~lo te&O\oTI 1D 1942 did . thii 171\ea . t1D4 l .pplica\iODe · · 

BouH ia BerUJs Dahle. w1 tb the t.houabt. ot \ald.D1 up· aoae uperimn\&1. 1iork 1D . . 

' ., <·: oDe ot \be ldaer IUbel.a I111U~tA• \here. ·. I 'cliaou•••4 tb·e posdb1llt.t ot ·· 
,', . 

' ' . I 

1
10 ~, \ I , • • ' ' ' _ f t I 

1 
, ) ' , \ I 

· ·. ·· -:,. · doi.Da experlaeatl la nolear pbttiot with •t .. Llaa &eltaer 1D \be laitet 1fUhela 
·' 

• • • 
i •• 

, " 
• I ~ ., c 

,:.; , Iat\1\ute tar 0b..S.e1 but; baton \bii led t;o . • tizlal 4oDolallon oDe· .. q ~" . \he 
. . ' . \ . : :I .· . I. 

.,. · .. : other, \be poli\loal ai\uat.loo ill ·Geraanr Waue \tate aod 1~ aeae4 a4Yitable 
., .. ' 

· t~J, clelq a tiDal deoition.·· . ·. ' · · :· · · : · · ·· 
. . 

I ,..· aUU at the Bamaok Hou•• e\ tbe ·U.e ot the Rel,eba\qtbnncl: iu 
.. 

' '< . . 
aareb 19)3 but- IOOD tbe~att.r ~ent to KD£laud. fb• law• protrnalga\.4· bT the 

~ ' . . 

:,. 
I• . '• 

. ' 'GeraaD7 bT 'ri.riue ot rq 1DOn-Artu• cletoen\ e4 I I'O&iDed ira hslaad w~ 1938• ·/ 
. . ' 

' ,· ' 

· . .. · · · B\, Bariholoaew* 1 Hoapl\al. 1D LoDdoD• tbereo·, t01•trb•r wit.A ·cbalaerl; " · 
1 ' ' . \ .: • 

~ 

· .·.' ~· . ·· . clenlope4 a .. t.bo4 (ltllard Ohalaer• ••parat.ion) tot" t.be eoDa.ut.nUou ot 
I • ' 

'r !, 

· .-. rac11oao\1" •l•nt• proc1uoe4 by 'Dn,ro~t•• TM• aetho4 ia uted it a l"dioaotJ.re . 
' ' 

' ' ' . 

. •luat hu \o' be Hp&ra\ecl troa the lNlk ot the 1\t.ble elemnt. ho11 whiob 1\ 11 

~ ' • • I ' ' . J 

· procluoe« Q4 'with wldob 1' 11 oh-.J.callr leotopio. 'fb11 work •u publlabe~ 1D .' 
' . . 

. .''19341 
·' 

, . 
'l • 

. . 
' ( '- • • • I 

' .. 

·. . . ' ; . ~. . . :. ~· '• 
., •·., 

' ~ ,. 

,.. '' ·. 
-·~~~ 

. \) 

I : 

.. . 
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' ' ' 

-{. _, ... 

Togathel" ~1th Cb~ere I touD4 that OG.U~a Rqa trom rad.iUSl •J•ot. n•ut.rona 

trom \)et7ll~u. Tbeee photoueutroo• ot becyll1ura ar. or low fm•raT•: · (Ia 19~ . 
' .. 

~hen I '1a-.•t1aated with ZiDn •bethe~ uranium ·~itt Deut~DI iD the tiasioD . 

. • ' ! • . .. 

. it po .. at..bl.e tor ua tO 4iaUnpieh .the .tao\ ·nwtroJia ~11itt.ed lD the fla1ion ·, 

. '·~ '::: '' •' :'• 

., 
I , 

'· . ' .. . ' ' / .. ~ 

.·The d1tCofti'J O.f the pbotoneut~oaa trom 'be'rylf1a 1Ja.t ·publiabed ia 19.3-4~ • I 

. I , 

• ' ' ,, ' ' l' 
' ' I \ •' • 

. •.Uetect.1ng fteutrone Liberated fro:a Bertlliu bT' Cams~ 1\a.Ja,•. : . .'· i' . 

8:JU&~ and C:halJae:ra1 Nature, P• 4941 1341 1934. . · · · · . .:_ ·. ·,. · 

• • • 
'. • • ' 

• t ·~ '' •• l ', .'. 

J:n •19)4 .1\.11&il f)eneral.l.7 bali•Ted tha\ \he l!ll&81 of ller,lli'WI atozael waa'.:, . . 

' ' ' ' ' • • 
' ' I : ' I ' ' ' ~ I • ; ' v., 

f ' 

. . 

olii"f1o1en' to penrit ita apouta.aeoua '4181»teirat1on 1Jato two alpha pal"ti.QJ.ea .· -'· ·· .:.·. .• 

' "' . . 
&rHi &, DeUtl"'lh sino• SUCh tpoDta.neo\1* d1B1DWgrat10D did nOt 0COU1" '1t 8eftlll8d 

· ·· im:PQrtant 1DYeDtiga.te. the •n•ru tb~ehold fot" a photo cl1tiateiMl.t~u · or b...:,l.11~. 

(7) 

'. 

X-r-r.•• Tbia •• d.ono jo1utl1 .,.-lt.h· t1x otb•r a.utbor•• 'l'hs '\bn•hold f'oT ··pho~~ .. :: 
1 

' : ' · .' ·~~ ~· r 

~Wtl'OUI f~ becylU\111 we d.at.eruia~ by varying \he YOltaJe of &n X-l"&J -~- ... ::' · 
' ' ' •, I ,,._ .... 

. an~ touad it to ~ IOIAewbat about 1.S cu:»d well belo• •••••• 'l'M.a i.Jifonutiori· .' ,. . ·. ( . ' . 

•~• pal"t1all7 reJpon~ibl~ · · ·(or 'i.Dduolni Beth• to h~•• \b• ~ooept¥4 ·· •&.~. ~ ot ~·:·, '-.: ·· 
' . , . ' · ., . ( ' . 

~~d \hereU, to reeoln the paradox o~ the att.bU1t7 of' bei"ylliu. Our paper. .. <·;.· .. :. 
J 

I• 
.·,:t •\ 

·.· .. ::··. ·. :.·. 

•~• pvbliahed in )..9)4& ' • • • 1 
' -;! 

•, ( ·· .. ··, ·, 
' . , 

•Liberation ot Neutrons ~rom DeryU1ua b7 X-l'ql - joiDU)r \fith & : .. 

11"0Up et aix otber., N~ure, P• aao, . 134, 19)4. . . ' . I' ' ... • ' " ~: ::·.· ., I, ' 

• ' • 
J ,. • ~ 

Work1q with Cbala•r• l found. t.hat incU.ua 'lrb1oh ha• .'ouly two iaowpea · .· :·. · ... , 
' ' 

' I ' I 

lt~owa three rad.1oaot.1Ye per1oda whea.· boabard~ 'bf »•utl"'oa. Tbia ••• th• tlra• '- ··~, 
. 

• I 

. ' 

oa.-• ot iaoaeri•ll touD<l uong ~b..e •rt1!1o1al ndioaoti'N ·•lement• and 1re reoog:.O: .. 

uiaed. ita illpoMI&Dae, Subnquently1 it. waa poauible '-for •• to »how £.ee (UJ7 ·· · ·, \' 

t.ha\ one period 1e due \o an t~xoited 1D<ti.'WI nuoleua wnion 1• 1~tr1o w·it.h t.h~ · 

at.ble izadin JNoleua U5. O•r r .,a.t.l obta1nri 1» 1934 were . publlllhftci :iu 19)'• 

' . , "'1 ~( . ' 
' 

·' 

' ' 

, . 
' . 

, ,. *'. 
J : ' 

·,( I: .. ;:;:- --.- -~ 

·, ') 



I' 

(9) 

-4- . 

Ia lune 19.3' I aooep'-4 a pou1UoD a\ the Olar.ador.t L&boratoi'J1 Oxtoid. 

1fork1Di at \be Clarendon Llllltoratort1 I d1aoo.,ered tba\ U' t. •low ontn.n 

lMe 11 t1lt.eHcl by oadaiwa, lu or.ier to remove \be t.he'l'll&l aeut.l'ODI1 tb• . 

re1idual Deu\rona 1bow •trans re10nanoe abaorpt1ou1 a\ low ener&i•• 1D nnou1 

elemeate. I waa t.ble . ~ i1Ye the ••Uaat.e ot the enel'i7 hilon at wh1ob 

thea• reBoaau••'· ~oourre<l an4 tO etate that: \he N80Dance neru ou be clew·ral.Jin 

by ob1enlns . ~ ab10rpt.loD or \be1r aeutroD• iu boroD o~ 1.1\hiua. · Tb1• work na 
. ' ' . 

' I , .. • l t I ' ' . . ' ' . . • .. 't • • 

) . 
•~baorptioo ot Reaidual Jleutron1,11 Jlatvn, P• ·1)6, 1935. 

'lorkiD' at t.he . OlaYtndon Laboratory joi.DtJ.y with aritt1\h1 I ' ln.,eiUp~ 

the Qanwa 1\q Bi11ioD · that, oooura 1tbeu alow a•\ rona are abtorbe4 bt o&l 

el.Nlente. tbia work ,..,. pUbliohed la 19J7a 

· (10) . · •Gamma Ra1e Excite4 }V Capture ot leut.ron•,• Jature, P• 3a3, 1 
1391 ;1.931 - StUard. and Gl'itfltba. 

In Janua17 1938 I ,.nt to the u.~ . on a Yieit.in, ba1i1 UDder a now arrug .. 

••nt w1 th t.be Clan11doD Laborato17• 'ffh1le I waa there, t reoe1Yed an o!'tef' ·ot 

' . 
I deol1ned thit otter, real~e4 tl'OIIl \be Olareudon Lahorato'CY, · ancl abif't.d rq · 

I' 

In 1938, Ullblt{ tb'e Roohe1\er. OJclotl'Oa l found that oae of' t.b• r&dioar.ct.1:n 

period• or 111d1ua 1rbiob Cbt.lllera and' 1 he.d pre'rio\lalf Cliloo~red W&l dvt to tM 

ma~loar excitation o.f t.h• •table isotope llS. Th1a aoauv1lon rnobed Jo1ntl7 

With Coldba~r aDd. Hill, w publ1abo4 in l9.39a 

(ll) •Kad1oaoUv1ty Induood by Ji\lamr ~xoit.at.iog" - Slilat"d, QoldbaHr 

anci U.Ul1 Pb1'1loal Revuo, P• 47, SS1 . 19)9. · · ' '• . 

After the diaooYery. ot tleaion by Bq N1d St,raga~aan, work1nit aa a gue1t. 

at Colnb1a DaiYors1tr, I !ouod oa Maroh 31 1939, Jo1ot.l7 .witb Walter Z1nn, tha\ 

ta1t ueutron• are nlttecl 1a \be t1e1io,:a proo••• u4· that ·their nua'Mr 11 abc>ut. 
. ' . . 

two per t11aioa. !be .. u•trou eaialio11 1» \he tS.Itloa ot ul'IUllva na 41•ooYen4 
. ' 

·' 



.. . ... 
. ... .. 

. • . 

(12) 

' -' -· 
1nda,et~denUy, and about \he aue tille, b1 Hal'baa, Jol1ot . &nd. loYaraky; enit 

' 

', 
., . 

' t 

neutron aouroe and the faa\ neutron•. emitted in th~ t1a·11on wer"e 11e.de 'Yie1ble 

by \UiD« a b7dto1•n tUl0d. 1on1aa.t1on chamber, ~d b7. r~oordins \he ~oo~ ·: 
I 

' ; I 

\ ·. 
I M. • ~. • . 

•xno'tBD\aDeoUI .e.'ud.aJion or fllat. 'Reutrona 1n · t..~· Inter••oUon' 
of Slo• Jleutrona with ·ur&niull" ..:... Sailard. and ZiJ2n, : Pb71ioal Rene, P• 799, , . 
55, 19)9.. . . ' . . , ' ' . , . . i' ' ·, ' . . 

' (ll) ~ 1fEJdaaion.·.ot leutrona by tJtauia" - ·s11lat"d an4 Zan, P.h7•1cal: 
Kewe, P• 619, S6, 19)9. .. · · · · · · 

'• 

. ' I 

. conta1D1na vrazaiwa. J. qat,em c:ompoaed or nur an4 urani~xid.• wa• 1DT•atJ.&at.4 

·w 118 Jointly with .Al)de~IOD . ud 'l'el'll1.-1n the apri.ng _'·:.of"l939·~· We naohe~ the . . 

' ' ' J 

. oonolJiaioD .tba.t. auoll a q•te• · co:~e aloao to belba OhaiD-re~ot.ln!f but· could ·not. · 

·. b•. uae<1 tor a · a.J..r-auau.i.Bing oh&+n' reaotion. Our· naNlta .,..-re · -publiaed 1~ · 1939• 
' • , J ' I ' I ' I •,.' ) .~ ~. :• ' 

(1.4) ' •»wt1'0·n Produ.oUon· and. Absp_rJ'.~CJ;IiD UruiU.• - · fhJ.a1oal. .'R•we'• 
P• 234, 56, 1939. . . · . . . . . . ·. · ·· .. 

' I • 

.. 
·, 

In Jul'll939 1 .-.o.ohe4 -the . conOl.utiion' that a -~ph1t• · avtul1n qa~:o .' ill · .. 1 : • •• ·: 

,'· ·, ll~~eely to •uppor\· a • ae1t~~u~ta,l~'ll~ obain reaotio~, a~d I . ~~rv.ecl ·. an ·app~xima._. . . · 
. . . ., . ' 

·. formUla foro a la~Uoe · ot UI"'U''iUII apMres cmbeddecl in · arapbi·t.e~ . · 111 aan~eo~1~t~ · · ·. 
. .. . /. . ' . " . ,. ·• . . . 

'. : ' ' ' ' . ' • - ' I ' ' 

. entitled •DiTeraent. Chain Reao\1ona in a S;Yatam -Coapoaed ·or ~'1'~1\aa and , ·C&noD• 
' . ! • 

••• .u'biai\ted to th• PbJI1~ Rev'ue., ~a Febraaey, 161 19401 · and waa aooept..ed ·ro-r' ' · 

puol1oat.ioo •. Publication ftl 1.Ddetilaitel7 .doterrecl at th• req_\lea\ or t.heO.s. ' 
I ~ ' 

\' • l • • \ 

' ( . : 
i , ' 

\ .l5) 11II1Yergen\ ' Uho.in Reaoiion· ln a S~ tem Compoaed ot O'ra.nia 
'and Car~u• reae1Yec1 ~ ~· · Phfeioal Revue, februaey 16, .1940 - unpubl1ah~4. . . 

. ~ ' 

--tb• ohaiD naoUoo laaM4 on·· · tbie qatea ••• tira\ demonatnted on : .. ~. · ., 
•' . 

l>•c .. ber 2, 1942 a\ 8't&fl Field o~ ~· : CUlpua ·· o~ \be DDiYera~ t.7 ~t C~~oap~-~-
.. 

•' 



... 

(S•• ottioi&l u.s. reporllt •Ataonio Ener11 tol' t1U1ta.17 Put'p0aea,•Jtetn'7 13. 

Saq.the, 1945, Pri.Doetoo Oaiverait.>': Pre,., pace• .)1.1 471 eto.) A pate.at 

~ - 4eacr1b1DC the SJIWII tor wb1ob fend ADa 1 applied 1Jl 1944, W'&8 Cn.Dt.ed 1D 

1955 t.o the U.S • .Atoaio Energy Cormaiuion, ud naun4 J'end and ae, as i.DTentore. 

: .. ·(16) _t.v- 1ent1 ud 81.1lard, u.s. Patent so. ?- / 7~,-f L~-~-z;.: . ·. · ,.. 

In lovaabor 1940 I became o. raeabor ot the etatt ot., the' On1.,.rait.y ua~r 

ooatraot Yi t;b the 0 .a. GoYemll1llD' aud ColUIIbta uai Yet'd t.r, &1 Yen to the' '.. :' : 

I'• •' ,I 

'I '• 

• '.- ·: t 

.- ' 
0D1Yel"a1 tt • tor tbe purpo•• or_ deTelop1lli tho .·.,.t.ll pNpoAe<i 'b.1 Fem1 aDd '' 

Sailo.rd.• J&arly ill 1942 ~. aroup ••• -~ru&ter~d to th•. ~ll1Yerlit7 o'r Cbicaao 

•. 

. . ' .. ·' .... 

1!.". 'Ter•1t7 of Cbicaco wbiob was tb~ ooae au• tor the ur&~aiua proJe~t. I · .belcl .. 

'' ... ~ 

''· ~~ 

, ·, ' tb~ poa1Uon ot al.ibJ.et Pl'qdoi~\11 1D :,that ·Labora\oJ7• 

' 

,. ,1 . 

. \ -~ . ('• '• ·; 

• • .• •• ••. 1·' \ .... 

. . ' . 1 

•. ,,., ' 
Ill Uotober 1946, I . .-u . &j)poi.Dt..t at a lull' proteel01" ou th• reaular , : 1 

•• • ,·', .. ' .: i. 

·• . ' 
,I '• • 

· ... ., . 
\ f 

',1 

' 1 

. -

i 
( I\ ' 

I 

'·' 

'• 

. ' . . . . :.: 
.\ i-.. · . . . ~ 

.. · .. .. '. 
t • • • 

.. . . . 

•' . 

·, 

., . 
. ·. 



.... 

' ·. 

-a• 
( ' 

X a '\be aeaa\iae Jo1Dtlr w1 \h Pl'Ofta80!' All»en IU.at.1a I \bouabt ot a , ·. 
' . . 

aetbocl ot puaplDc Uctta1d aetala thi"'\lah t.ubea · th~u&h the aeUoa ot a ' Mrlnc · 

aape\10 t1e14 Oil eleo\!'10 0\JrNUta SJs4uoe4 b7 ~· fielcl 1D \he 11qa14 aet,elt 

The Oent.a~~ .Q~"•nl lleo\rio Co. (.t.LG.) waut.e4 \o 4..,.elop a pap baaed oa t.b1•· 

''• 

prizloiple &Del tot a'b6ta,\ tbte• ,. .. ,... I aowct •• a ooa.ult.u' ·w th~ tor ~1· 

4eYelopaent. Ia 1932 the A.J.O. ·41aooat1JNe4 \h1a cltYelopcant an4 ao·t rmUl \be 
\ ··, ' ,. 

I ' ' . 

. ~trocSuo\1011 ot a\ollio teao\oTI ill 1942 ~d . tbii •r•tes ta4 applioalioa. .- . ! 

) ,' 

·, .. ··.,· ODe of \he lu•er WUhela ID•t1-tAI ~ei'e, ' t 'cli80UIItd \bt poadblllt)- of ·; 

I f' < • I ·, : ' ' ' ' J • ' ' , ' ' • I ' f ' ' , \ •· • : ~ ; I 

·· ·,·'· cloina uperiaea\1 i• noltaf' Jb1•1•• wltb •iu Lltaleit.aer· in \be (a1aer .1fUhela 
. ' ' • •: , ' • , ' I ' ~ 

1 

r , , ., , , • 

· :. · IDaU wt. tvr Obeaie1 but before this led \0. 6 tiDi.l. ~aoltalioll o11e' .. &y f)l' the 
.. . . ' .. :, . . .:. ' I. .. ' 

. ·: ·• <- :;: : otbert . \be poll\1oai aituaUoa 1D ·u~nutt Wouiie \R•t ~4 1~ 1e..&H .acldnUe , . 
.. ' ,. 

: . ... . : w'· clelq • til2al c&eoulon. · ' ·, .. . .· ,' . ' ' . r: ·.' ·. · . ... 
I :" ' ~ 

·X,..· a\ill at \be BarDaok House , a\. tb~ · \Lae ·or tbe Re~ebt\arlb~4. 1a · . . . 

. 
1
. • : ••reh 19)) but. aooa tbe~atter •ent to .ln&].aud. !be lawa pl'OIIulga:t-4·· by . tb• 

~' !·.. • ;--.• '• • I ' ' ' ' . '•' • " ~ 

· . ·: · · · · JaUoatl. Boo1al1a\ Ooftnuaeat ban•d •• troa hold.iDC ~ Vn1Ter•1tr po•1Uou 111 
•.&. \ • • 

, ·. ·. · 'Gtl'IWIT bJ' Yiriue of rq •DOn-Artaa• d•aoen\ e4 t 'IU&i.zl•d 1D !Dalud vn\11 19;M~ 
I ' 1 '1 · jo;, 

' 
1 ' •,.,. 

. ' . 

. . I HC&D rq WOTk lD D\lolear pbJ•iol b \he naer ot 1934 ~· . a au••t o~ . · , 
. '. . \ ~ : ' . I I' • . . ~ ~ .. 

· . :.' ·. Bt. Jart.holoan' 1 Roap1\al 1D LoadoD. Tbereo, \oae\b•r w1\b Cb.aera·, " · ·. . 
I ,, I ,, " 

I ,'1' ' ) ,, , •I '' 

: _·.' -~ .· .. · . clenloped a •tho4 (8a11al'd Chalaera ••para\ioD} tott \be ooztoea\"-Uou ~t ·. , ' 
I ,• ' , ~ • 

' 1 ' ' 

·. '.·. racU.oaoUn elead\1 produoed by DAtl"'IIIt ru~ a•tho4 11 VIed it a radioaotJ.p . J:.1 

• · . •luat. hu to' be aeparat-4 troa the lNlk ot the a\table •1••t. fro• whiob S.\ 11. · . 

. . , , :· :, . · procluoect NM1 'd\h wblob 1' _l• ehaloallr 1eot.opio. 'tb1a work , .. publlahe~ .111 . / . . 
.. , ' 

:. :· .. ··"19341 _·, ' . : . .. . •.·'·.' '· . ' 
r • .' 

" • ' • -. "·, '., • • \ , 

. ( 5) · · 1 tOheaioal 8oparaU.on ot U.• ladioao\t:re &:la.-an\ t~ 1 t1 : · · 
·, · > · .. 'Boabt.rdecl Xeotope J.a \lao FeraJ.Ittee"' - 111lanl ucl Chalaen. la~re1 ·p~ 4,62, .134 

•' ' '19"1 ~ • 0 ; ' I • ' · • 
~ . ,, . 

. ,1 , .., ' l., 

. ' 

. ' • , I ' 

.. , .. 
' _., , . 

,.. ,.· ·~ .. ~ . ' 
,,~-...----r-........ 



j .• 

It • •• 

I .. 

.·. ·, 

. (6) 

. •' 

. ','' · ' . 

... 

('1) 
. ~ ·. 

.. . . 

I • 

_, .. 
!ogethel" ~1th Cha.J,.aere I toua4 that Quma Raya tro• nui1ua ejeo\ rseut.ro~• 

t1"011 l:tet7ll$,u. !heM pbotouwti'Ora~ o~ ~17ll.1ura . ar. or low ·n~ru· : · (Ia 1939 
. . 

wheD I · .1an•U.ated witb linn 11tbethe1" uraniua e111t.a aeuti'Oae ia . the ·tiasioa . . 

prooeaa, \he uie ot thea• slow photo aeutroaa aa a priaAr,r newtron ·touroe aada 
' ' ' I ' 

. 1 to · Poaalbl~ ·to.- ua · tO 41aUniY1cih . the tao\ nw\roJ1~ a1 ttecl .la tbe 'rs.aaion . 

•' :'.: 
·. · .. ~ -.·,4.' 

· .. ·1'be d1t~'f'·l7 or the pbotonautron. trom .be'rylfla ...... publlahed 18 i934~ 
'. . . . I 

' .. ;., ' ~. 

. ' 

. •.Ueteot1ng · Beutrone, l.i'berabd ·rro:a BeJ7ll1Wl by· Can•· t\tlra~• : .'< :· . 
_8sUan1 and Ch&lr&e~•• Nature, P• 494, 134; 1934• · . ·· ·· · :' ·. . . 

• + . . . ' 
l:b 1934 i\.11a• genet"&ll7 beli~Tad . that the ua1 ofbe17lllWI atozail wal ··'; ' 

• 
• ' ' :, ' ', ' ' ' I - . .' I. '• 

o\t!fio1en\ to penlit 1te apoota.oeoua ·451111ltean.t1on illto two alpha pal"tiol•• ·· ' ·. ,-. 

'": 

,. 

' . ' 

. 
,, . . 

and a_ neuti'ODe Sino• auoh tpontaneoua d1sin~arat1on did no·t. .ocour ·it ••emed 
' '• '. ' : .• ' • : , I ' , : ' 

·. impol't.ant i.llTeat~ate th• enel"&'f' tbntehold fol" • . ·photo · 41t1uwcnt1ou · c)? ~ryllia . 
.. ,·, 

. X-rq1. Tb18 waa clono jo1ntl1 ll'it.ll t1x other autbor•• -Ths \bnahold fo~ ··PhotO:-. :_ 
' . , . ~. :, ~ · r 

aeut.roua .t'rom becyllluaa we· d.et.et'a.Ued by .nry1ng the volta,• ot u 'x-n,· ·w'be . : ,· 
''I , 'r .... 

. A~Jd t~uad 1 t to ~ 1omowba t about 1. 5 ctnd well below •···. "~- fM.• i»to naa tioo ;' •' 
' . ~ . ' 

•~• parti&l'-7 re•ponsibl~ · · tor · ~euc~i Bethe to h...i:ae ·.\b. •oo~p~4 ·~~· \ot Be··· : , · 
• •• ' • • ~ ' ~ : 4 .: ' ... \ • • ·: • ' ., ! f' • ... 

an~ therebr to re.eol•• \b• · par~x of; the att.bllit)- of bet.rlliua • .' Ou~ paper. .:<-:.: .. :. 

I ' • > • • ' ' ' :: ·: •• , ,: • • ,· .·., ::<' ,..., .· 

•~• publ1ahed. iu 19341 .. ,. · .. · .. ,,... . . 1 

. ,• ( 
;• :: .. _;,, ... ·, .. ,_,, 

I .. ), 

•L1'b6rat1on or Neutronlil trom JleryUium 'b7 X-rqa _.;. .Jointlf··)fit.h .& ,. . . 

croup o't 1ix otber•, B~u-nt, P• 8801 .. 134, 19:>4. · ·· · . " · ..... ·.: <'· ·.··:· ~. :~· :·.·. ' · • • 

• • ' • 
• 

\ 'y. : ;· ' : , ~ .: .: 

Wo rkiug w1 th Cbalaeri 1 tound. t.ha t 1ndiua oioh h&l . oal.Y two ·iao ~pea . ·. ;_ ·< • 

~ •' } ' I. 

1hoia three l'&dioaotJ.ve pedodt whera· \)oabarded by Dew t-rona. · Thia ••• thtl tlr•' · ·: .' 

· oa•e ot i10aedaJJ touDd uong the artit1c1al.. radioaot1w ela.r.o.nt; Ud •a . n.oog..; 
I 

'Diae4 ite 1apo~cti, . Subaeque~t.l.T, it. li•• po~gible ··tor ae to abo• J.&•e (ill? ·· · ·. · ~:· 
·_') 

tha\ one period 1a c1ue t.o au exoitod 1~d1u. nuoleu• whion ia i.o~Stl"io wi_tb th~ 

at.abl• bdiua aucleua U5. O•r r Qlt.a obt&inri ia 1934 w•r. . pu'L:.Utbed. ·iu l9)~a 
;lf " , 1 1 • 

I • ' 

(8) •Rad.ioaoUrtv Iad\1084 bt ••ut.NPI• _. laUar4 M4 Cb&laera,· J .atur., 

P• 96J 135J 193'• · · : ,,. , . ·. ' ·. . ".. . . '· ' . · 
'. 

. ' 
' I 

; ... ,,1 ' 
. . .. . .... 

' • .. . . 
. ' . . 

~~ t \, ,I .• 
i' 

,. . 



,. 

(9) 

-4- . 

Ia .Tuoe 19)~ I aooep\H a poP1U()D at tbe Olar.odoa Le.boraio171 Oxtoid. 

1fork1Di at. \he C1arocioo Lllitoratory, I d1•oovend tba\ 1t a. •low awtron 
. . . 

~an 11 tilt.e"d. bT oadaiua, 1a ot'Jer to nmove tbe \beraal aaeut.t'ODI1 the . 

rea1dual Dn.trona .•bo• at.rocg re.onano• abaorpti~n• at low enerii•• ia Tartou• 

I , '• I • 

elemeata. · I waa able to lh'e the eati.aate ot the ~•l"l7 1'8i1on at wh1ob 

th••• reaoDaue• ooourred and tO etat.e t.ba~ the ntonanoe nel"Q ou be 4et.e·rat.aef1 
. . . 

l:rt obseninu \he ab.ol"ption. or \heir saeutroDa 1o boron ol" li\h~\JII· Tbia ~rk waa 

publlahod 1D 19)~1 

•Abaorpt1.oa ot Rea1.dual J1eutron11" llatun, P• , 

'forkiDi at t.he · 01at'endon Labontor.y jo1D~7 with Qrl.f't1\h 11 I ' 1.DveaUpt.cl 

the Qamraa 1\q .;.d•aio~ that oooura ..men tlow uutrona are ab1orbe4 bt odcl 

eleaeate. Xbia work ••• pUblioh.ed iD 19.)71 
. . 

. (10) . . •Gamma Itaya Excited bf Oa,ptun or Reut.\"'IUJ,. lat.u ... , ,P• ~~. I 
139, 1937 - StUard aud Grift1.th•• . . 

Ia January 1938 I "nt. to the U.il. on a Y"is1tiDg l;J&ail under A ne1r arrc..

••n\ w1 t.h the ClanztdoD Laborato17. While I wa.• 'Uiere, l reoe1Yed aa ottef' ·or 

a leotureahip ill nuolear p~a1ca at Oxto~ UIU.Yel"ai ty. But ia Septe11'ber 1938 
,•. 

I declined thie offer, retl~ed 1'1'011 the 01& rendoa .Labot&to'r'/1 : and abif'ted rq ' .· 

rea1d.enoe to lew I ol"k. 
. ·' 

Ia 1938, udt~g t.be Rooheater qclotron I' round that one or t.be radioactift 

' ' 

·p•rtoda ot' indi\lll •hioh Chal.llera and 1 he.d prenoualr cliaoonred waa 4ue ~ the 

maelur exoi.ta.tion of the atable ieotope us. Th1a ooaQlua1oil reao'be4 Jo1Dtl7 
' . 

•1t.h ~oldbaboro and Bill, we publ1ahe4 in 19.391 
' . . 

(ll) •Kad.1oa.oUv1t:r Induood by liuol.Mr l:xoit.at.ioD" - Sailard, Goldh&'Mr 
and nm, Pb1't1oal' Revue, P• 47, ,~, '19)9. - ... I '• . 

After the cU.ocoTeJ7. of t1 .. 1on by fl&J:l Nld St.raoa:aan, workiJ?~ aa a peat 

a.t Jolnbia Oa1Tors1tr, I !ouod on Wal"oh ) 11 19)91 Jo111t17' .With Walter %1nn, tha\ 

t••t. a~wtl"Ona are ..lt.teci 1D t.be tiaaioza p1'0oett u4· \ba\ '\heir mua'ber 1• about 
. . . .. 

\wo per t1alio1a. !b• .. ~~~\1'011 ai•~oa 1a t.be t11a1oa ot 111'U1ua na diaooYen4 
• I 



.. 
' 

(U) 

-'-
S.o~e:;>eDdent.ly, and abo\lt \he eeae tille, b1 Halbu, Jol1ot ~d. lo'Yaraq, &D4 

by Anderson and. Fel'ld., Tb1•" d1aooYo17 re'Yeal.e4 tha-t t.be lea.ft~ vru1va ai&b\ 

1\Jtt&i.D & Ghain t"e&Ct10ih 

In ou .. expei1Jiutn\, photo lleut.I'Oiia fi'Or.a beryllium vare u••4 u ·~ prllae.1'(· 
,. 

neu~I'OD 80llrG8 a.n4 the faa\ D8U\l'Qll8 emi t.ted in the fia·lioD were 11a48 'Y1e1ble 

b)r uai:ar ~ btd.l"'gen tUlttd ioniaa.tion ohsmbc r, lu3d by r~oo~Di t.b.e reoo~ 

.. ,,., protona. 0\lr reaul.t~ .-ere publ,1aba4 ·tD 19J9t 
\ . 
. . ' 

•xna'tBD\aneoua .e1aieaion ot fnat. Reut.rona .in t..~a lntera•ot.icm 
of Slo• Jleut.rona with Ur&niura• .:.. Ssilar4 and .Zinn, Pb71ioal R~rle, P• 799, 
,,, 1939. . . . . ' ' .. . . . ·: ' ' ' . 

•; I 

· (lj) · «&d.aaiol). ot lieutron~ b7 0 rt.11i\BI.• - . Saila\"d and Z.i1)n, Ph7t1cal: 
&•,.~•, P• 619, S61 19)9, .· 

The diaoowey or 't.he neut.I'On niaeion 1D t.be t11a1on ot uranium raiaed 

the q1aeat1on wbethe.- a ob&iD naot.ion can in · .tact. be auata1ned in a ayst.ea 
I 

containina llr&Di\tl. A qawm. QOmpose4 ·of waur- IUH1 uran1u.a.-oxid.e waa 1Dnatila'M4 

by r.ae joint.iT with Aod•~•on . and ·reral !n tbe tpriDs .. or 1939'~· t'fe naohe~ t.be . 
, ' 

• ' ' ' ; I 

J 

oone1ua1on th•t. auoti ~ ..r•t.a ·oame aloao. to be1b1 ohatn-reaoting but· ¢ould uot · · 
' ·. ' . . 

· P. uaed to·r a ' a.U7auotain1ng chain· naot1on. Our· n1Nlt8 .wen publ1••~ 1~ 19.39a 
J • ' ' , 

( l.4) ' •»ntron P roc:iuoUon· and A bs,a..ry.t1~ iD U ru1W." . - Phraioal :aew•l 
P• 234, 561 . 19.39, .. . · . , . . . ' . · · : , 

In Jul1 1939 .1 reaobe~ · tb~ oon~vaion, that a IJ~apb1 t•··;·,vr~n1~ qaatena . 11 . ·· ·~ ··: < ·:;· 
' . . 

Ulcely, to eupport· a · aelt..;@u~ts."~';i;~. obain re•otion, and I cle~f.ecl .. u 'app~~ma~,' .. ·. 
' • • • t , ~ 

I • • I l 

fot'mlil.~ tor a la\Uoe' ot \il"'lllia spheres embedded. iu craphi t.e~ ·111 manu9oript; · .. 
• ' • l 

,, . 

. ' ' 

·. publtoa.tioo. Publication ~~ 1Ddetinitel7 , deterreci' at the l'~tq_\lea\ ot the O. s, '· ··: ,. 
• ' I ~ ,; \ j ' 

, .. ': .. ~ 
i ( 

'It ·; 

'·I ! 

\l5) · "lJiYerpnt "hain Reaction ln a S18 tell Compo••d ot tl ranio 
an~ Carbo»• reoelYecl ~ ~· Phfeioal ftewe, febroary 16, 1940 - vnp\l'bl1on~4. . , . 

. 
1fbe cbaia naot1oa · lNlMcl oa tbia qatea ~ ... tirat; deaonat.rat.ed on 

l>eo .. lMr 2, 19~ a\ i~c J'iel4 o. D ~ha . o~~apua ·· ot \be Oaiveraitr ot Chioa,:o • . ~---,..~-· 



. ; , . 
. .. "-

........ . . ~ . t 

· .. ·' (16) 

' '' 

(See ottioal u.s. npol"t61 •At.onio Eneru fol" r.tU1t..ey Purpoaea,•Jtenry ~. 

Sll1the, l94S1 Pri.Doetoo 0111Yera1ty Pre .. , page11 .)41 471 eto.) 1 pa\811\ 

.· 4tiOI'ib1DI \he IJ8\&ll to't wh1ob fend Ud l applied 1D 1944, W&l Cn.GtAd. 1D 

19, \o the v.s • .Atoaio Energy Comduion, &nd DiUU4 fermi and me ... iDYento'tl• 

--- -
l 

In llovaabor 1940 I became a raeabor of t~• · atatf ot the Oniveraitr un4.er 

ooat.raot with the o.a. GoYei'DIIeOt ancl Columbia UD1Ytrl1\7, &iveo to \be' · ... : ' 

.. · where J. wu a ••mlMr ot the aW.r o,t \h• ltet.ollul"i1oal Labota.to17 or. the iJ~ ; ;\ 
• l • • ~ .• ; • 

'' ....... 
'· ~· 

'' 

'• '• . 

'verait7 of Chica.co wbioh waa tb• oode .uue to't tbe urauiua proJect. I . belcl ,, . · .' 

I • • • , ' .: • I'. • 
• 

\be poa1\1on ot •Wb1et Plq'ilioi~\11 iD .,that Labora\ol')'• 

' 
ID Uotober 1946, I .•u . appoi.Dted. at a lull. prote1101" osa 

,. 
··,·· 

' . l 
.. 
,I '• 

... 

'·f 

. l 

. · . 

'. ' 

~-~ ·s:::·:<•. '. 
.' ,', I 

' . ' I 

the r•aular . . :·· ; ·.. · 

. . ' ·.': :, .. · ·~~ .. -/· ' 

. · 
' 

.. , 

' I• 

.. •, ! ' . . . . ~ 

... 

'•• . 

' ~ . '· 

·'· 

. 
J 

... 
' 
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BIOOW'RICW:. DATA AND LISf 01 PVBLIOA'fiO»S 
Of LIO SZILARD fPDI 1922 \o 1945 

. I o~U.llle4 -t do•~rt • 4ecn• ·1• Pbfaiea a\ \be U111Ten1\J ot lerU.• [ 
' 

I ' \ J ,' .. , 
ill 1922. . 

17 dlaaertat1on ahowe4 \bat \ha aeooacl law ot \henaodpad.oa pen1\t · · · 

• I 

to d.nw aouol111ioaa OD the 1••• that aoatrol \beNodTD .. 1ea tl.wa\uatJ.oaa. · : 
' ' 

Thi41 cll•••naUoa waa pUbl1ab4MI ia 1915. . · . '; ),' 

.. :· . ~ '· 
,. ,, . , . 

(1) le1ttobl'1f\ tu.- Pbta1lt1 .19251 P• .,,,,· ·32. '· I I j' •,: 0 t 

\ . ! 
•• I, ' 

8a~aequeaU., I wot'ke·4 tor about two 7ear1 with a. Ia~ a\ \be la1aer ,; · · 
, .... · 

I ' 

. •aomlloua 1oatt.erias or x-ra71 1D OI'Jetala an4 oa \he pel~ri..aaU.oa ·~ i.-rqa . 

. ,. 

' ('2) .': ' ' ' 
,lo • , f • I ' 

(') .. :·. :;.:· 

' I ' 

Zei\aohrlf\ r.r Pb7aik1 19251 P• 688; ))• ·· 
i, 

; I ~ 

Zeltaobl'it\ tur Pb7~1k~ 1926, P•· ?431 ''• · 

' I ' 
' 

' ' J \ 

: / ' ' : 

·c:· .. · . ' l11btequeD~ I ~aa, ~or \hree rea~~, Aaeiate\ a\ ~~ IatU\11'- ~r ·: 

. · .. · · · tbec,.ret~toh• Pbyaik a\ tb• Uai~•rliv ot Ber~. . . · 

. . :; ·,.· . ~rial ttdl · perl~d. I 1Jrnat1catecl ,\M cleo~a•• 1D eatrow wbloh app~ara 
• •' , ') ~ ;. f· I , lf t 

I 

.-, . . ··.: ··.·to ooou'l' 1D . a 171~ 1D whleh ftriabl•• ·that ar. . aubJ•ot. ~ \bemdfDaa1o nuo-
., ' I : ,: 'l',t- 1 / : , -' . I , '' 1 ,, , · 

1
· ·, • 

... · 
,··-' tuatioDI are •obul'ft4,• U4 \lied to ··· eiODt.rol open.\1oal . to wbl•h \be apl~ 1i· 

',, t' ',• I ) 

. " , • '• 
:. \ 

. ., :. · nbJeoted. '1h1a 1 .. ti• to tb~ r~aooplt.ion ot the oQnn•otlou ~tween ·~Dtropy• 
,, 'o' . ,:· o ... 

'I o t ; .. ' 

. : · :::· .. ·.· .. U4 '1utonaaUoD' uc1 a ~eo .... ·· .. hio~ ~ow tot"llt pal"\ ot ao.Sera •atoraat4-oa 
.:• , , ,' ' 1• 1 t •• 

~ \ ... ·:, · .. ·, ~tol'f~· ·' \ 
. ' 

· . . The r.aulUDc papel" na uoepted ~~ h&b111tat.1oD.obt1.t\' ·a\ ih• U~nrdty 

,..: :: -,~ > ot Dorlllo u4 X, wu appollo\ecl Pft-.aWo•••~ till' P~llik• fll11 ,PII!"l' ... ;...bu.llhe<l 

.iJI l929t .• . .1 

.. ;· (4) . . : 
' ' 

le1teohrU'\ f'llr PbJailc, 1929, P• 640, ''· 
.. 

At\e1" wotkiaa r.,r tbl"H r••r• ... ANiltant at \h• Iaat1tu\e tu'l' '1'beoht1tohe 

PhTiik I bel4 a roratabuDIIIt1pen4ua tol' oae rea1' aad worke4 oa pro~••• 't . 
ftWU~ t.b•l7• 1'h11 work 414 eo\ · nnlt. 111 arrr pvbU.abl4l pa.pe ... 
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(1) 

• 1- • 
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'I 

BIOQlW'RIOAL DAtA AND LIST OF POBLIOATIOIS 
OF LIO SZILARD fft)l 1922 ~ 1945 

t oh\a1llt4., flooiort a 4ecn• 111 Pqaioa a\ \be UD1'ftn1'7 ot lerU.• 
I 

1D 1922. 
: 

17 cliaaertation ahowe4 \bat \ba aeoon4 law ot \beraodf'DIIIioa pe1'111\l · .. 

. . 

to 4nw oonol1111oaa cna the lawa tha\ control \heaaocSTD .. i•• tl•o\uatJ.ona. 
: 

' .. 
j 

, \ 
1 

f ' 1 • 
• 

!hia cl1aaer\aUoa waa pUbliabtHI 1D 192'• . · · ·. 1 • · · 

'.,, . 
l 

I, ' 

SubaequeDU, 1 wofk•4 tor about \'ItO Je&rl wl\lll. laft; a\ \be la1aer · ;, · · · 

·. . 
! . 

•'OI'alo•• aoatt.eriDs or 1-ftJ• 1D ortttala an4 on \he pelal"laaU.o• ot. X•rqa 

) I' 
' ' . 

.. • 
' 

(2) .': . ' lei\aohrlt\ til' Pbt•lkl 1925, P• 688; J)• 
· " • , 4 · ...... 

(3) . . ' 

i. 
. . . ' 

Zeltaobl'itt tur PbJalk, 1926, p.· '743; ''• · 
I ' I 

J . ·, 
I · .. 

·1:" 

· · · '. »vru, thla period. I i.rnat1cated. .tho 4eo~&ae b aa\l'ow wbi~h ap~•ri · ': · 
'C ' • ' I I 

I 
, , , 

'\ ': • 0 

0 

:; ': 

0 o~ 
0 

0 
' ' 

0 0 ~ t ' 

0 

° ' 
0 

0 
·, \ 

0 

., cr • 0 : ' • 
0 

, • ' • ' 
0

' • ',_ '

0 

I _ ( 

·,, :--. · · to.· occur la a .,,w. b wblell .ariablea that are au'bJeot to tberaoqa,uio nuo- · 
'' ~;.,· = ~~; .. .,.; .. '~ , ... ·,_ ' '· ' . ' . ~ \ . ( '· 

· · .. J '.:. ·. tuatioDI an· •obnn'K,• u4 aaed to ·· ooatrol oP.rat1oaa to ~hS.oh \be .,.~ 1•· .··. 

. · · ·: ~ . \: :· &nabJ eote4. Thia 1M •• ~ tbe noopS. Uon ot 't.h~~- oonneeU.oa betH~ • ·~t~py·· ·. ·.· 

·: ··,:.:_·:~.·:,_.:.: ·~4 •1~toraa\lo111 aD4 a .tluto~ ·· wbioh:·.~~ , t~r.~ pan ot ao.S,;_ ·~ro~~-~~, · .. :,. '~ .. , 
•.• •.· ~ · -.. • ,.' ' ' . ~ .' .•• • ' .. . / I , . ' ' ' I -· . . . ·, 'J • ;:\. ,..·:I 

.. 

. ·'·, ., ... "' ..... f'W... :'' ·.a....... , .. ·., ' :. 
, .. 

... The naulUDa paper •• aooepted •• hab111tat1cmtobt"it\ · ·~ Ua• \hd.nral·v · 
.... 

. .. 

. . · ~ .. · et Bel'lu &Del I wu appolDt.ec! Pri•aWosent tur lhJaik. fM~ ,P&pt~ ..,.. · pwbliahed 

. ) .. ,. . 1D 19291 

·.· ('~ .. 

j .' • •• •• 1> ... 
. ·' J;" ~ • 

. ' . ' ~ . : 

; . 
f •• • 

Phraik 1 bel4 a ronllhw:acaaUpenciua tot' one r•a1' and worke4 oa pi"'laltaa ot :. '· ~.' .. 

'· ' . 

f •• • ' ' ' 



.. . 

· ' 

( . 
'. 

' I , •., 

X a '\be uaaU.e JollltJ.T w1 \h PI'OtealtOl' Al'Nr\ liltat.eia I t.boqbt. ot a 

aethocl ot puaplac Uct111d ae\alt t.hi'Oup ttubea · t.b~ab the aeUoa ot a aonile · 

· · · aapeUo t1el4 OD eleo\ri.o ourreuta bduotHS b7 \hit tielcl iD \M llqu14 aet,al• . 
. '. I 

The Gei'Uil fll~eral Jleo\rio Co. (.l.LG.) w&litd \o 4nel.op a pap baae4 oa t.bl~ · 

'· pr1Do1ple aa4 tor a'b6w\ 'b.-ee 7••H I ao\e4 •• a ooa~l\&Dt ·w · th.;. tor t~l• . '. 
'. . . 

'\ 

' . 
-1Jatro4vo\1011 ot ••1o teaotot"l 1• 1942 414 . tbi'i qetee · tlt\4 applioatioa. . ~ 

o :' I 

t 
/' 

ta 1932 rq ill tent\ abitW to noln1" ~•iot ad I. · -.oftd tq tbe Barnaok 
I I ,' 

0 • 

I . , .·:.: oae ot the ld.lel' WUhela Iaa\1'\ut.el 'here. ·.I '·4110\JIIId \he posa1b111tt or ' ' 
. . . 

tl .r • . I : ' ' ' I I ( ' + \ ' ' 

.··. ·· ,. '. doina uperiaeata ia nolear pbr1iot with •i•• Llea lel\aer· 1D \be laiter lfUhela 
. ). ' . . . '.. . I . ' I • I ·· { . • \ 

· · Iaa\1\ut. hr 0b..S.e1 but before t.hia led \o. a tiDAl 4oDolua1oa oae' Ut 4)1" the 
• I r ' : , . • _: . ' /, ' •' 

'• ,. ' : othel"~ \be poll\1oal aituat.ioa u. ··Gel'll&1t1 be'oae •••. azscl · i~ ···"' a4Ylnbie ~ ·.·.I 
' . ,';i 

• .. 

· · •' · : · '. : to' 4elq a ti.Jlal deo1.11oD~·· . ~- '

11

,
1 

: I t ,· .', >' ·~ ',.. ~ ... ' ' • ~ I 

l,• . 

· I wu 1Ull. at t.b• Bamaok flouee a\ the ·Uta• ot tbe Re~eht\qlbnn4. ~ ' 
'• 

. . .. lareh 1933 but- aoou tberwat\er not to •ncJ.ud. fb• law• p1'0Cilulgate4' by t.b.- . 
"' ' 4' ., ' 

. : · .- · .. ~- laUoDal .Boo1al1e\ Ooftnuaeat. barred •• h'OII boldi.Dc 1: VnlTerl1\r poa~Uon ~ : 

.I •..( ". 

• 0 ' ' 

" 

'Ge1'11UJ by 'firiue ot ., •DOn-A.rtu• de1oen\ ed I tella1zae4 ira J:Dalaad will 19,S~ . . · 
' • . . ,r . ,. 

I becan -q WOJ>lc 1D DuoleaJ> Ph7•1o• 1D the nlDller ot 1934 aa . a P••' ot · · , . 
' '' . " . . , . 

· . . :. · · St.. Janholoaewt 1 Hoapl\al 1D LoadoD., '1'beN01 toge\b•r wi\b Chalaer•, we · · • · 
~ ~' ' I ,: ' • 

' o J I I )I ' i \ •' • ', ·: ) 

· · .-• .. ··. · . clenlopecl a ut.bo4 (StU.. I'd Cbalaert aepal'&U.oll} tor t.be eonowt.n.Uou ot ·, . ; . 
I : ' '•I' ~, • 

•• 

(5) 

'.'· radioaoUft .el•oD\1 produoe4 by DR,l"'Dit TMI aetho4 ia ueed it & l"a4ioao\ip ·. 
. ' ' ' . J: 

. •lnat. ha• to· be aepan.\84 troa the 'bulk ot the a\t.ble •l•et. boa whiob 1t. 1•. · 

.. , 

· 19341 • ·~r ·-::. :.<.., '··.' .: ' 
I • 

1 . •Oheaioal 8eparaU.on of. t.he b<11oao\iTe Ale.."an\ troa itt : .. 

Bo&bardecllto\ope J.a tale l•ral Itt••~ - 811lar4 u4 Chalaen. lat.llre, ·p• . 462, 134 
19)4. . ., 

' .• 
' ... 

"l " 
' : , .. 

• ,.· \ ~ 'I 

ti.~~--r-r-



t • • 

I 

. (6) 

_,_ 

Togethef' with Cba,J.aeraJ I £ou12d that GA!Ula Rqa fi'OII rad.1u. eject. nwt.rona 

t1'011 \)e17ll~u. !baH pbotooeutron• o£ beeylliu:a ar. . of' low •n~ra• : · (ID 19)9 , 
. ' ' 

•hen I 1nww•\1iated with Zion· •bether uranium •~ita neutron• iD the tias1on . 

pt'0088a, \he uae ot these slow phOtO Q8U\rQD8 &B 8 pr1a&l7 l'~t.l'OD louroe ude ' 
• 

' j • 

' . ~ ' . •' :1. 

. I 

,,
1 

', . '4 : 

: · " ·. ·· 'fhllt diaCoTeJ7 Of the pbotonaut~o~s from kryll1\11l 1JU 'publiahed ill 19).4~ 
. I 

. •JJeteot1na Reutrone. Li~erateci ·rro:a BeJ7l:.liua b,-· Gao~ by a~• : .·.' ; . . 
! ' 

• I ' 
8sU&1'4 &nd Ohal.Jie~a, liat.ure, P• 494, 1341 1934. · · · 

.. 
·, -, . . t !, ~ 

.. : 

.In ·19)4 1\ ..... t;enerally beli~Ted t.hat. the u.~• of 'baJ7lliW. atoms wai ;,· 
. 

. ~ 

' 

I ,' 
• I 

o\iff1o1en\ to pemit ite •poata.oeoua "4ia1ntearat1on 1Jato two ~pba· parti~.-• .. '. ". ,-. . . . . . 
·an<i a. neut.'I"'D, Since such epontaneou* d1a1Dt.tgrat1on did not- ~cour · it ae~ed .. 

. 1aport.ant i.DYeatJ.&at.e : t~ •n•rv tn~·ahold f~l" a ~boto 41t1utear.,.t1on ot 'be..fu'i~. 
' ' . 

' 
' ,I . '• 

',: 

· ·· . X-rq•• Tbia nt dono jo1Dtl7 :P'i.t.h l!x other a.utbor•• 'l'hs '\bnahold f'o~ ··photo-.. : 

• 
• 

' ' • •• • • ' -.: ·:, ~ -- l' 

118Uil'OUI tl'Oll be'E"Jlli\111 we cl•tehdll~ b1 .Y&r.rin& ihe YOlta1e ot &&\ ';x-nj· 'W" ... : . 
. ,' ' 'i t{ . , . .. 

. U»d . teuad it \o be ~•wbat about 1.5" e.nd well below •••••• t'bt • i»fonaation ;' I · • 

. c • • , . 

' • f • .. • 

· ·~• part1all7 -t"eaponsiblo ·r_or 'incuc1Di Satbe to r.da• .\b• •eoeptvd ·~5 ~or .He::.~ . .-. ·· 
t -, ' 

' '• 't ' ' ' ', ' ·: • , 1.,. { I ' 

and \bereb7 to ~toln \be pa-rad.o:c D~ ibe atabU.1t7 ot betrlliu. Our .paper.,.<·>"···:. 
; ' l 

, . . ~··~ •.. 
~~ • • j • ' ' \ 

. · Wt\1 pu~iahecl in ).9'4& 
~ .•·1 

(7) 

·.·· -.. 
', .. , ·: -;; I 

., ·c .. ·-,:, .;, 

•Liberation ot Neutrons troll DeryUiua b7 I•Jiqa ...:.. jointl1 ·J'ith &·."· ... 

croup ot aix otb•ra, fi ·~u1"8, P• 6801 .· 134, l93!t• ,; · : . • · ·· · - · ... . . · · ""- :: \ . ·' l. · 

. . . .. \ .. . . ' ' . '; .:_. 

Working w1 th Cbua•r• I tound. that 1luiiwa 'Wb:ich h~• . oaly -t.wo ·iaotope• · · ::. · >'-' . 

. . . 
· o••• ot 1toaer1•ra toua4 uong the ar\1t'1o1al. ndioaoti.,. ·element,a and • • . -reoog.: . 

. :.Uae4 it• iapol'tanc•- . Subnqu~t.ly, it waa po~aibla ··tor-•• to· »how £.11e (il..l7 · 

that one p~riod 18 ctve \o an •xc1to4 1~d1wa nuoleu• whic:sn. ia 1.oa•t"1o with th~ 
. .... ' ~ . 

at.abla iluU.n . n~lna ·us. Oar .. · nl~• obta1ne4 b 1934 ·were .. publlahed iD 19)~~ 
\ ' 

(tl) · ' · •Radioao\irtv Ia4VCM4 'bt lieu\Na .. _.' laUal'4 am& Cb&llaera, Jatur., 

P• 96J .lJ'SJ 193'• · . · · · ... . . .,. · ·: . . ·. .·, · .. . · . 

,• ' ' ' ' \ 
I . ' ' ' j • : ' ' 'I., I ' ~, 

'· 

~'\ ) I 
I "' 1 . ( ~ 

; •, I . . · .•... ' . 
I' . 

... ' .. 

' . •,; I : 

' . ·, 
· .. , 

(' 

~ ~----=--=---... 



(9) 

. (10) 

-4- . 

Ia June 19.'35 I aooep\e4 a poil1t1on a\ the Clar.adoa L.abot'at.oi'J', Oxford. 

1fork1Di a\ t.b• Clarodoo Laborato171 I d1acovered that. it 1. •low r~ntron 

ltean 11 t1lt.e.-.d. 'bJ oadaiua, ia o r-.ier to HlaOVe \be t.benaal aeutron•, the . 

ret1d.ual 1unat.rona 1bo• at.rons n10nano• absorption• a\ low ener&i•• ia nrlout 

eleaeat.e. . x · ~.. able·. to c1•• th• ••ttaate or the •ueru rea1on ., .m1ob 

thea• · Hlonaue·· ~oourred auc1 tO a tate that. the NIODt.nce nerar ou be d.et.e·ndaH 
. . . 

by ob••nillg t.M &baorptioD or \heir saeut.roz;aa iu boroa or li\h1ua. Th1• work waa 

publiahod 1D l935a 
. ,, , I • • 

"AbaorptioD or Retidllal Jeutront,11 Jlatvr., P• . 1.36, 1935. 

Worldn~ at t.he . Olar-endon Labo..:at.ory joutly with OrittU.b, I ' iDYeaUp~ 

the Q~a 1\q .rd.ltiosa ' that oooura .tlen tlo• a~trone ar. abtorbecl b.r odd 

eleaote. Xbia work w..., pUbliehod ia 19.)7a 
. 

. ' •Gamma. R.,-e Exci te4 'v Ca,pt.uft or leut1'0DI,. Jatur., P• 323, I 
1391 1937 - Szilard. qd GrU'f1th•• . · 

In Januarr 1938 I went to the u.~ . on a +t'ieitin& baait under a ... ., arrona..., 

aent. w1 th the Clarendon Laborato17. #bile I wa• iber., l reoe1Yed an o!'feT ·ot 

a leotureahip 1D nuoleAI' Ptv'tJ1ca at ·oxro~ Uldnrai~y. But ia Septe11~r 193$ 
' . 

I declined th1• offer, n•lanec1 1'roa tb• Olanndon L•boratol"/'1 : ancl ahif't.<l rq ·· · 

r-11denoe to ••• York. 

In 1931!, ueill;{ t.b;• Roohetter OJclot.l'On t t'oUDd .tba.t oDe or tb• radio•ctin 

P•rioda or iDdiUII whioh Chal.aera and l ho.d pre't'iovalr 41aOonred waa Clue to tM . . ·, 

nuclear exait.a.tion of th• atable isotope ll~. Th1a oouolva1on reaobe4 Jointl1 

w1t.h Goldbabar and. Bill, .q publ1she4 in l9l'h 
' 

(ll) •Kad1oaoUv1ty Induood by HuolAar j;xo1t.at1oo" - · Ssilard, ·ool~h&Hr 
and fiill 1 Peytioal Rewe, P• 471 ,~, .19)9. . ' '· 

After t.he cU.sooyery_ of tiaaion b7 H&~~ at~d St.raaeman, work1nl( aa a peat 

' 

at Oolmal)1a OniYonitT, I found on llarob .)1 19391 Jo1at.l1 .•1th Walter Zion, tha\ 

.taat ~antrona ar. eai.t.~ in the tiation pl"'oeaa ar.u1· that ·their DUIIl'ber 11 about 
. . . . . 

. ' \ ( . 

\wo per t1ta1o•• !b• .. Dft\I'OD eaia~oD iaa ~· tutioa ot .•1'U1U na diaqover.d. 
' ' I ' 

.• 
' ' 



.. 

. -'-· 
. . 

io~•i*14tnUy, and abovt \he aue tille, bf Halbaa, Jol1ot u4 lo"faraq, a.oa: 
1 ' . 

by AnderiOD anci· Fel'ld. • . Thia· disooYe17 ...... ai~· tb~\ t.be -lea~- ur~iw ai&h\ 
I > 

' . 

ID> OU'l" expe~ent, pbot.o DW\1'01il 'troa b4117lllD we're .... 4 u ·~ pria&1'7 ' 
. ; . . ' . 

. ,. 

: DeU\I"'D 10Ut'08 and the faa\ DtU\'l"'bl tllit.tiad iD tbe fla·tiOD Wl"e aa4e Yteiblt 
. , . 

. ' . 

b7 uatni a bTdtoaeu tilled ionisation ehambcr, ~d br· ~oordioc \he reoo~ 
, .. : . 

(1.2) 

' (1)) ~. "EJdeuioo.-of lieutron~ by Orat~iW~:• - ·saUard an4 Z~rln1 Pbyaical 

&ewe; P• 619, ~. 19)9. . . · . · ·. · ·: · · . · . . · . 

The d1•oowry ot 'th• neut.rou niuiou iD t.he t1•a1on o·r . urau1u . ra.1,aecl 
'r ,. ' ., · ' • \, 

,·, ' ,, . • I 

conta1D1ni vraniwa. , .( qaw:a com~aed or waur and urau1u:a..ox1~e·' wa• inv.-atia'ate4 
' ' \ 't 

by me joint.l.T with .Ander•on 'and ·vera1 .1D the spring ·~.or 1939'~· _. we 't.'eaohe~ the . . 
J 

· OODQl1nion that. 1\iiO"ll a l}'lt.lii ' Co.me oloa·o to 'beibg ohaixa-reaot.1Dg but· could DOt. . 

> • ' o, I I \ 

· " · uaed tor a · aelf'-auat.a.i.Dilli chain reaction. Oul"' rewlts we-re -publi .. d 1~ 1939• 
~ I I I ,• • . 

(14) ,· · ·. •»wt.l'O·n P rod.u.ot.ion· and Abs,ory.pi~ iD 0 r~1Unt• _; f~1.si.oal. :R•we, 
' p.· 284, 56,_ 19.39. ·, . ' . . . . ' ·.. . . ' ·. '. ' '· ... 

,. 
·. 

' ' '. 
. . ~.. . 

In lul7l939l. reaobe4 -the conaluoion t.hat a firapb1te ·) ·u~&ni~ q~teio , . ia ·,.' 1 • ·.; .: 

. ' ' ' . ·-~ ~ .. 
'\' ' ' . '/ • " I "' 

.. · · ;· ·. Uk:ely to auppor\· a • aelt'~tJu~ta,ipi~ohaih re~ot.ion~ and I 4er;;v.&d. n ·app~~mate· 
. ' ' 

'' 
1 • I \ ' I 

·_ fonnila · tor a 1a.tt.1oe ot Ul"&&li\W ap~res embedded ~n arop~·t.e:. ·. lfJ aaJnisolaipt~ 

:' . : ,".,' · e~titled •D1Ya.t1t•nt Chain R~a.ot1ona in · .. ~y.s\Qra -Comi>ossd ·or pl'ui~a en( ~C.&Tbo~• 
I ' , / 

' I !'1·
0 

' ! , 
1 

••a auli:ai\~d to th•lbta1oa:i Revjle , or. Febra~rt .. l?t 1940, aui(w•a aooopt..ed. ·ror' ·. ·, 

: ' 

; 

publioatioo •. Publ1oatJ.~n ~· 1D4e£1Ditel7 ciot-rrei at the req_ue~\ or t.heO.s.···. ·: 
' • I 'j ' ~ .~ . ' .' I 

(I • \' ·' ( f ; I ' • ~ t 

r,. l 

•' 

., 

(1~) · "lJiYergent '1 ~hain Reaction· in a . Syu tem · Compoeed of' 0 ra.n1~a · 
and CarboD• reoe1Yec1 qy t.h• ·Phfdo&l a.-we, f'ebnaary 161 1940 - unpwbl1•i·u~4 • . ,' 

" ' ' ~ . 
' . . 

,.h• oh&iD reaotJ.on 'baMd on tbia qatea ~ ... tirat. deaonatra\ed on : 



'•, '· '(16) 

(See ott1o1Al U.S. reporq. tl.taonio Eneru to-r KU1tary Purpoae1/Ren17 P, 

Sqthe, 1945, PriDoetou 0JJ1vera1\y Pre .. , P'&i•• .)1.1 471 eto.) I. pa\eiJt. 

·. · 4eao1'1b1Dg the 17at.em tor wb1ob fend aztd 1 appl1e4 la 1944, ••• Cl'UitAcS 1J:a 

1955 'to the V,S, J.toa1o Energy Co!lllli-tioD1 ud IULDl•4 !'end and me &I laTeD\ol'l• 

- --:--- fena1 qd 8a.Uard, lJ.S, Patent. tao. 7- . 7 " ,-f / · (S .' . . · .·· 

' ' 

Io Bovallbor 1940 I became a raabor of t.~e .-t&tt ot the On1Yel"aity · ua~r 

' . J . 

'' 

' 
' ' 

Saila.rd,• ~arly ill 1942 th• ii"'UP waa truatel"red tO the. Tha1vel"t1t7 o£ Cbicaao 
·! • 

· ·; · -wbel"e 4 wu ·a •••~r ot t.be a tat£ o! tbe litetallutaioal Labota.toey ot. ih• thd~ ;; 

' 
• 

' 
I ,I·,·; • 

. -: · · 'ver11 ty of' Cbioaco wbiob ••• the oode au• tor t.b• urazaiua projeot. I · . h.J.d. ::. . : 

'' :: ' ~ 
' ' : : ' ' ' ' 

. . ~ . ::' ·: ~: ' ' _: : 

t.be position ot •Wb1et Plq'a1o1a.t.Jt ill· ,that; Labol"a\orr, · · · ~: -'-·': : ·.'· · .. , · 

I '· 

.· .. 
ID' Uowber 1946, I :-u 'a_ppobtH .... tvll.' protell01" OS$ th•' nauar . I • • • \·:. ; 

' .. '.:"".;·~;-
' ' ' . . . ~ , ;· 

' '( • 

' ' 

•, 

0 
;' t ~ ' 

0 

, I 

1 •I ' 

., 
•' '• . 

' ' ' 
' ' 

•' ·. " 
'•' 

.. 
. :-. · 
. '. . 
' ' ' 

. ·' 
I l ·, 

.. 
' ' 

•, 

,, 
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PUBLICATIONS OF LEO SZILARD FROI•I 1948 • 1955 

~l) 
l~ 

A. Novick and Leo SZilal"d • E1.TERTI·1ENTS ON LIGaiT-REACTIVATION 
OF ULTRA-VIOLET INACTIVATED BAC
TEF..I.A. Proceedings of the NATIONAL 
ACADD~ OF SCIENCES. Vol. 351 

Aaron Novicl~ and L-eo Szilard -

Aaron Novick and Leo Szilard • 

! 

l~o. 10., pp. 59l-6oo7 ~-t- ( 9 (f 9 
VIRUS STRAINS OF IDENTICAL PHENO• 
TYPE BUT DIFFERENT GENOTYPE. 
Science, Januar.y 12., l95lf Vol. 
113, No. 29_24., PP. }4-55 .-

EXPEHI1-tENTS WITH THE Clill-WSTAT ON 
SPONTANEOUS MUTATIONS OF DACTERIA. 
Proceedings of the NATIONAL ACADEMY 
OF SCIENC.iS. Vol. 3()., No. 12., 
PP• 706-719., December, 1950. 

~- .4> Aaron Uovick and Leo Szilard • DESCHIPTION OF THE CHE!-IOSTAT. 
Science, Decembel~ 15., 1950. Vol. 
112., No. 2920., pp. 715-716. 

Aaron Novick and Leo Szilard -

Aaron Novick and Leo Szilard -

EXPERD1ENTS ON SPOt>lTANEOUS AND 
CHENICALLY INDUCED r·fu""TATIONS OF 
BACTERIA GRO\'.'ING IN THE CHEHOSTAT • 
Cold Spring Harbor Symposia on 
Quantitative Biology. Vol. x'VI~ 
1951. J3 7-3 

AJ."'JTI-r.rUTAGtS. Natm:-e., Vol. 1701 

p. 926., November 29., 1952. 

Jf- 7) A. Novick and Leo Szilard -

~ .. 

EXPEnDrENTS vJITH THE C'".tiDr10STAT ON 
T.d.E HATES OF .AivUNO ACID SY'!rrHESIS 
IN BACTERIA. Dynamics of Growth 
Processes. Princeton University 
Press, pp. 21-32, 1954. 

_j;~- 8) Maurice S. Fox and Leo Szilard - A DEVICE FOR GROWING BACTERIAL . 
POPULATIONS UNDER STEADY STATE · 
C01~ITIONS. Journal of General 
Physiology ~ p. 261-6., 1955. !1-3 

~1e first of these papers (l) investigates a phenomenon dis

covered by A. Kelner after ~~he · war, who showed that bacteria "killed/ 

by ultra-violet light can be revived by 'shining visible light on thefu. 

Experiments designed to analyze the phenomenon are described in this 

paper; they lead to the conclusion that the ultra~violet light produces 

a "poison" whioh can be inactivated by light and that this "poison"., 
/ 

. .. 



.·- -~ 

if present when~ subaequcnt to irradiation~ the bacteria divide, 
will cause both death and mutations. 

2. 

The second paper (2) describes the discover.1 that, when a 
bacterium is infected s:tmult~neously with t1-10 :-elated viruses which 
differ from each other both in genotype and phenotype, the virus popu- · 
lation emerging from the bacterium contains a class of viruses which 
have the genotype ot one and the phenotype of the other. 

The papers nos. } to 7 describe a ne\'l way or studying bac
teria by maintaining a bacterial population in a stationar.1 (exponen
tially groldng) state indefinitely and controlling the growth rate by 
controlling the rate of supply of an essential srowth factor. An 

apparatus is described in these papors \·;hioh will conveniently accom- · 
plish this and which is designated as the Chemostat. 

In studying mutations 1n bacteria or the formation of adap- · 
tive enzymes in bacte~la inaccurate, and therefore misleading~ resu~ts · 
are frequently obtained by studying bacterial cultures in flasks in 

• which the n~~er of bacteria increases exponentially and today the 
use of the Chemostat app~ars to be indispensable. 

In the papers Nos. 3 to 6 ~ the Chemos tat is used in the study·.: · .· 
or mutations. It turns out that the rate at which mutations occur in 
a growing bacterial population under the conditions studied is .not 
proportional to the rate at ~lhich cell division occurs, rather the 
mutation rate is constant per unit time independent of · the ~~teat 
\'lhich the culture is growing. There is found one group of compounds, 
all purine der1vatives 1 of which caffein is one~ which greatly in
creases the mutation rate \~thout having an appreciable killing effect 
on the bacteria. 

Tflere is another group of compounds described in these papers, . 
all or them ribosides of purines which in sraall quantities will com
pletely counteract the action or the above mentioned purine type muta• 
gens and also reduce the rate or spontaneous mutations. 

In paper No. 11 the Chemostat is used to study the biosyn- ( 
thesis of runino acids in bacteria and the regulator.1 mechanisms whieh 
are involved in it. T.he b1osynthet1o apparatus of the bacteria respond 
to amino acid concentrations in the medium~ which ·are exceedingly low. · 

I 

For instance, ·a ba:cterium which can make arginine and will do so if 



there is no arginine in the medium, will stop making arginine if an 
arginine concentration of 10-9 ga/ce is maintained in the medium in 
the Chemostat. (Novick and Szilard- unpublished.) 

One ~1ay of studying such regulatory mechanisms 'is based on 
the use of a mutant which is blocked in the synthesis .or an amino acid •• 
in our case Tryptophane -- and which pours ouJc into the medium a "pre
cursor" of that ~"'nino aoid. Paper No. 7 utilizes such a mutant. In 
the absence of Tryptophane in the medium~ a precu~sor of Tr,yptophane 
is poux•ed out by the mutant into the medium at a rote \thich is inde- · 
pendent of the growth rate of the bacteria. In the presence of T~to
phane this "precursor" is .ll9...!:. poured out by the bacteria. It is con
ceivable J~at this indicates a general phenomenon of regulation through 
a negative feed-back of tho final product at one of .the earlt steps of 
the metabolic pathway leading to .Tryptophane. 

Il'l paper No. 8., there 1s described a device called a breeder. 
In this device bacter-la may be growa· .in a continuous . flow or nutrient. 
The flo\'l of the nutrient is controlled by the turbidity or the bac
terial culture and the grow.,Gh is not limited by a groi'Tth factor 1 as 
is the case in the "Chemostat." 

T'ais device \'las developed in order to study mutations in bac• 
teria under conditions or growth at the maximal rate, and such stUdy 
was ·carried .out by Maurice s .. Fox. 

. . 

. ' 
. ' 

• 1 ( 
. ~ . . 

I , t 

'· . 
,,.., 



• !. 

jf. ~ 'M-<i> B.~~ 
Szilard, Leo. On the Nature of Age~n~. Proc. ~at. Acad. Sci. 
!L· ~-, 19~, ~: 30-45. r 

23. Szilard, Leo. The Control of the Formation of Specific Proteins 
in Bacteria and in Animal Cells. Proc. Nat. Acad. Sci. U. ~., 
1960, 46: 277-292. -- -- -- - -

~ Szilard, Leo. The Molecular Basis of Antibody Formation. 
Proc. Nat. Acad. Sci.![.~., 1960, 46: 293-302. 

() 

-l 

I 

~· " 

fJQ_[~e_ lt8 b ~Lf~.., -
(. 

II ~ ( ' 

u ,---
t ( ~ 

~ J' 
Ct I 

0 l [(!J ' I~' -! t ) 

L 

( 

II 

~f 
64 

) I 'tl 



(l.) 

(2) 

(8) 

r;:::;,( _ t fl ../_ 

BlOORAPHIC L DA'rA Ai'ID LIS'X 0 
U Ll ATI<L OF L'":O SZ.ILARD FR0-

1922 194 

c rsj) 

or rlin in 1922. 1ss erta t on a how that b9 s eon law o 

thermodynaadcs permlta to dr$ eonclualone on the lawa tbat control 

tb ntodyt»l 1c .fluctua.tlo • 'l b.1 d1 a rtat1on a publi h d in 192 • 

Ze1taehrUt tfbt PbJ81 1 19251 p.75S, !i• 
5uba quentlJ I orked ro:r a 'bout two year with ~ . lll"k 

at tb. 1aer llhelul In t tut ttlr it _ r tot:reho e 1 rl1n 

D hlem. Our work on the anomalou. acatterlna o§ x ... re,.a tn crratale 

and on th.Et polartz tlon or x-ra,-s by J~ef'l ct1on on rratala~ rea:ult

ed tn wo papers: 

Ze1tachrlft ttlr Phy lk, 1925, p.eaa. !!· 
eltae~ ft tftr Phyu1k, 1 26~ p.743• ~· 

Subsequently I waa, tO'r thr e ear • Asalatant at the 

Instltut• fUr T •etiaobe Pny 1k at tbo Un1veralty · t r ·ln 

(Dtreotor t. ' von u ). · 

Durtng thitJ p r ~o l 1nveet!ga t d the apparent d croaa 

ln en ropf in a e t 1n n1eh var1ab~ a that r su j t o tb • 

dynamic tlu~t tiona ar 'oba rv "• and used to control operat ona. 

Tb1a led n o the l" ogn1t1on or the conn et1on b · een ' ntx-op " 

d "1nto t1on" and tb or m htch rm.s part o£ " 

in.for t1 "n tho ryn. T eo pt as Hab1..• 

11 t1on ch:rUt at tbe Un1vera1t o l1 and I wa 

Prtvatdoz nt tflr PbJa1k. '1'h! pap r publlatm 1n l929t 

(') z it ehr1r . tb Fby 1k. l 2 , P• o. mi• 



~ben mr three y ~ t r a A a1stant at he lnat1tute 

rnr T ttet1 che PllVtJlk nd. I ~eeelved a oreobuaaaatlp•mum 

for ne :r and. work d on probl s ot quantum theory. Th18 wol'k 

1d not r ~lt tn any published papev. 

In tb me ~ t!m J lntly with rot'ea o Albert nt ln 

I thought ot a me bOd or p plng Uquta tale tbrou h ubee th u b 

the action ot a mewing gnettc tteld otl olectr-1 currents 1.nduoed 

by t ts field ln the ltqu1d m:etal. Tb• O.l'man G neral Eleetrt Co. 

(A. ~;t. . ) wanted to dev lop p baa on tbi p tnelple and tor 

abou hr 1 P8 -- until 32 -- I acted a coneultan o t 

mt t 1 · dev lopme.nt. ( ll1 pr1ne1ple tound at last tta pr otloal 

pvlleat on 1n Amerlca atter the 1ntroduot1on ot atom1 reactGfa 

in 1942.) 

Wbil acting a . a eo aultant to the A.E.o., I c Uaborate4 

wl th Dr. upp n • rim nts e tlng to tb.e polaJ;1~at1on or 1 ctrona. 

The reaulta we e publlab 1n "Dt taturwlaaenaohaften"• but he7 

IU"E' p~abably wrong. AU pbotograpbio t1lma were developed bJ upp• 

ven tho e h1eh 1 opoaed ll'l11 lt, and tn p1ct'Ul'ea 1sbt wel.l have 

bee faked. t th t1 1t d14 not occur to me t entert ln • . 

a ap1oi n or thl ktnd. 

In •932 lnter at ahittod to nu lear phratoa I 

IVed to tbe B naok u e 1n rll.n Dahle wlth the thou bt o 

t kln up eome xperlmor.atal work ln on of the 1sor ~·s.lhe 

Institutes n•r • I d1seu ed he poes:1b1l!.tr of doing ex eri nte 
1n nuol :r phyalaa witb sa ~ e1tner 1n h Kala r ' 11 

Ina 1tu f e • bu we reaeh d a tlnal c nclueto o 

w 1 r th otb r, he ooU teal ltuatt.o.n 1n ame tenae 

at'.ld !. •• mad l1Vlaable to d.el.aJ a ft.n-.1 dtle1eton. 



( ) 

( ) 

a 

1 •s atlll at tb.e naok Houae at th lmQ ot b 

T law pl'O u t b the · cnal · e1 Uat "ov rnme t ~red 

r o hold1ll6 a n1v r 1ty po 1tlnn S.n Germatl7 bJ vlrtu or 

n" d &Q nt • and I r .1 4 1n. England un 11 1.938. 

work in n 1 r p}V 1c Ln th s 

a 8 • 

t Cha re • I d velop t d (Sz1~ Cha rs sop t1on) 

or tb eonoentr t1on ot radl. attv elementa produced by neut~ons. 

7 1 tbod 1a used 1f r d1o•ot1v · el ent ha to b se rated 

r he ul.k ot the 1t bl element tro h1ob 1t ls )ll"oducecl 

1th wh1ob. 1t 1e btnn1oall7 laotoptc. 'tbta WOl'k •• publ1 bed ln 

19Mi 

•cne teal s J.*ratton. or t n d1oaetiv o. l.ement f 
t t Bombarde , leo t-ope :tn the Ferm1 " t c t « -
Szilard a _ Chalmel'a. ture, p . 462, lM. 1934. 

osetb l' w1tl1 Cha . :ra I ottnd that Ra7e trc 

r dlum j ot neutt.t()ns fr beryll1 ~. These photon ut:rona et 

beryUlum are of low en l"t!J• (In 1 39 when I 1nv st1 at d wt h 

Zlnn wnether uran1 ts neutron• 1n h f'1sa1on p oo as .• the 

use ot tno.ae a.low pbo o neutJtona au1 a p~t1ma.ry n~n1tron o roe de 

1t poa 1b1e ~or ua o d1 !ng is tho raet neutrons ml t 1n the 

t1ss1on proe •• rrom th prSlnary neutron • ) Tb discovery r 
a publ1abe ln 1934• 

eut~ona berated t rylllum 
Szilard a Ch .lmers. 

I~~ 1934. 

n 1934 1 t e en r lly bel!. v d ha the as ~ the 

a autt1 &n o p rm1t 1 pon ane u dls1n •-

a 1 n 1 to wo l.pbl. partl lea a utron. 1 e a b 

avon an ua 4 •1nt ~ to 1d no cou 1 ae por t to 



{'I') 

( ) 

1 te ntn'gy tbr sb.old or pho ·o d1 in e t1on or 
el'y~l1u X-ttaJ • TbJ.a wae (tone. jo1ntlJ wltb la o -h61" uthor • 

t e 101d for pho ... eutrona rom b ~yl.JJ,:wn wa atet-r 1 bJ 

varyt the volt 

about 1.5 and 

or n X•r&J tube ~ was .tou to be· m wher 

1 beloW S •• • • Th!e into~ t1on was rttallJ 

r ap¢ns1ble for 1nduc1· the to r viae th ao epted 8 

he uby to ~eaolve tho par ox at the atab:t.Uty ot b r,ylllum. 

our pap r was publ1abed in 1934: 

t1on ot utro a trom ylll by 
....... Jo1nt:l.J w1tb a group of •tx ott~rs. 
p .aso, *'~, :taa • 

ork1n with Cbal.tller round that 1nd1 , wnich ha onl 

two 1 otopes. a ws three radio et1ve pari.cds wrhen nombarded bJ 

utrona. Thie as tb tu t c 01' 1 

art1t1o1 l'&di ct1v •1 ment•, am we ecognl eti 1 ta 1 p r no • 

sube quentl 1 1 t wns P""' alble to%* mt;t to 11 w fjee (ll.)J that one 

pe 1od 1 du t n e 1t d S.ndi nucl ua whieb 1 1aom rle wltb. 

the a abl$ 1d1um nualeue 115. ou~ reeult obtained ln 19 ere 

publi he 1n 1 35t 

••Radlo ot1v1t nduced. b7 Neutl'one t --

Sztlard and h~lmers. Natur • p.oe, ~ 1935. 

In June 19~ l ace t;e 

~ crkln· at the 

1 n o neutron beam is filtered bf o 

th l n utrons, b •ald 

hlp. the 

, ln o r to r ve 

bow · ro l' o nc• 
b orpt1o s t lo n r 1 a !n ve~1ous l ants. I • a ble o 

a t1 te the n r ro on 

.t e that the re ~ onanc enor can 



(9) 

(lD) 

(11) 

t e abaorptton or tl'le neutl'ona 1n ~von or llth1 • Tbt. wot-k 
wa publ1shed ln 19351 . 

"Abaorpt1on &:f Roatdual ieutrona". 1 ture. P• 136, 1 35. -
or 1ng at the Clar rulon La or-e.torr joS.ntl-7 wit 

• 

r!tftth • l investigated th0 mma Rar emiss1on hat o .ur w n 
slow neutrona ar b&o.t''bod by oM fllement • 'J. nta work w a publ1 he4 
1n 1937: 

tttl&mma. ya _ c!.t by capture of utrona ... Gr1.f'f'1tba nd SZS.lal'd, .. tUl'e, p.323,~~. 1 37. 
In Januuy 1938 I went to tb& u. s. on a v1a1tln baala 

under new arrang ••nt wltn t Cla7tendon LaboJ'atol'J• hlle •• 
tureahlp in nuale42' ph)"itlee at 

Oxfo Un1v raitJ• ln sept ·. b r l 38 1 a.ecl1ned thi offer. l'e• 
a1sned f'rom Clal' nden Labo:rator:r., and ahttte my rea1·dene to 
New Y rk. 

In 19:58, s1na t R.oohea er cyclotron, I :found that one 
ot t rad1oact1ve pel'tods ot nd1wa wh1 h Cbalmel'• and I had pre• 
vioual.J <11aeove.red was due o th uolear excf.tat1on of tbe stable 
lsct pe 11th 'rh1e eonclue1on reacbed jo1ntly •1 th Goldhaber • 
Hill~ w p:ubl1 e bed in 19391 

•'Rad.1oaet1V1t Induced by lear ~citation" -Szll.ard• Go hab r and HiU, P.hyalcal Revue, p.47, :?of?, 193. 

After b6 d1scovarr of fission by Hahn n Str man, I 
found_ jointly w1th alter Z1nn. t t t t ne\ttrone r m1 tt n 

he fls ton pro as . tba tho.1r number i e abou tw per r1as1on. 
he eu ron em1se1on ln the fission or ul' n1 was diacov ~eel ln
ep ndentlr, an . about the a a. tim • OJ lban. Jol1ot a 
var , and 1 nd rae end ~rmt. 'lhie dJ.aeo-very l'e leO tbat 



(12) 

(a) 

(lf) 

he &le nt uranium mtght aus aln oh.a1n reaet1 n -· In our 

ex;. r1nlent, photon utPen t:rotn beryllium e u d pr1 rJ 

neutro ource and th$ fast neu rona lttea. 1n tb.e i 1 s1on wer• 

mad vl 1 ,and 

by ZJ oordtng tb - tt6co1l pl-otone. (h:.n" results wer·e pub lis t1 1n 

19391 

"ln tan neous Etniaaion o:f Fast utr ne 1n 
tne Interaect1on of' Slow Neutttone w1tb Ut:-antum" 
szJ.lard and z nn, I>hyateal Revu , p.7 9., 5:f.l939. 

slon ot N txaons b ur n1wn•1 
- Z1nn nd 

Sz1la:rd. Pbyal al. Revue,. p.619, 5,6,.1939. 

8 

Tb d1 ecverr o the neut~on m1 eton 1n the f1e 1on or 
r n1 ra1& the f.1Uest1o whether c 1n reaetton can 1n f e 

sua a1ned 1n a ayetet.'l oonta.ln1ng ttran!mrs. A sy tem composed. ot 
water a 1 v et1gate4 b,. jo1ntly w1tb. 

nde:ra n nd J.i er in the spring ot .193 • 

elua1on that ueh a aya e oamo eloee to e1ng chaln•l' an 1 ut 

could t be :for a elf-auet tn1ng ehaln r ctlon. 0 re-

ul.te wel-$ publish~ ln 1939: 

Naut~on Pro uctlon an Abao.rpt1 n ln ora um
PbJ 1c l. Revu 11 p.ee•. ~ 1939. 

In July 1939 I ~teaob•d th conclu&1on th.t\t e. gr ph1te 

$ 11'- staining hS1n r -

et1on, and I d ~1ve4 n pprox1mate t rmula to~ a lattice r 

Ul' 1 sphe:tt$ amb dded 1n g:rapb!te. '' · nuacrtp , entitl. 

" tom Composed ·tp. n1 

Carbon , B s ;m1tted to tb Fb.ya1aal R vue on Pebruary 1 , 19to,. 

aeee t tor pu l1oa ion. 

t r d t tne l'BQtl t ot t t •.• Go er nt. 



( ) " tv•rs nt c in f( et1on S.n •. )yet c . poeed 
or u~an1um an Carbonq reoe v by tbe 
Phy 1cal R vu • ebruary 16, 1940 -
publ.1abed.. 

7 

(~ chain ~ act1on a ad on thle syat~m a ftrst demonatrate4 on .. c ber 2, 1942 at s e Field on hA oampr.us t thA tnt sttr at Chicago. Se Qt't'1cla.l , .~ll. eporta 'Ate c ~ner to ".1l1tarr rpo es, n lienr:r D. s the, 1945, Princeton UnlvfJ:rs t1 rea • A 
ptlltent deser1bltli tne ayatem to' Whioh. Fo 1 and :r a. 1111 d. 1n 
1944, was '~"ant din l95r:: to tM u.s. At a · oPgy c .. 1tt 1on. 
and na '"' l'tn1 N1d me a.a tnvGntors. se Ft.t:rm1 and "z1.lar , 
T . ~. Pat~n't .if(). 2.799.656.) 

l''Pom Fobr;.tary 1939 to !'bve!llber 1940 I worked a g~ ea ot 
C lwnb1a Unl'f&r 1tJ• In Tov&rliber 1940 I e s e a ~mb~r of the 

tatf t t CQlumb1a tin1v&rs1ty u r c~ntract g1ven by th u •.• 

Government to the Un1ver 1tJ "for the pur a or d velop1ng the 

syate · pro ~sed by :Form1 and Szila:rd" . ,... zsl.y 1n 1942 ·th 0 !'0Up 

to tne tln1v r 1ty of C.h1 go where I wa a me!:!!b r 

oi' tb s ff of thfl tallurgtcal. La.borat()ry or th Untv re1t)" o~ 

Ch1oago ~nich wae the code nam to;: th ran1um project. ! h•l4 

tbe 1t1on ot ttcb1of Peys1e1st" in that L&bottatory u..,t11 I 

rea1gned in 1946. 

In ~c o .r l 6, I wae appotntsd to pres nt poa1t1~n 

•• a full ~~oteaao~ on tho regular etaft or be Un1ver 1ty ot 
Crbiea.go. 



BIOGRAPHICAL DATA AND LIST -OF 
PUBLICATIO~ OF LEO SZILARD FRO 

1922 to 1946 

I obtain d my doctor's degr e 1n Phya1es t the Univer 1t7 

• of Berlin in 1922. _y diss rtat1on showed th t the second la ot 

(1) 

{2) 

(3) 

(4) 

thermodynamics permit to dr eonelu 1o a on the laws that control 

thermodynamic .fluctuations . Tb.f.s dis ertat1on wae published 1n 1925 . 

Ze1tsehr1ft fUr Phystk, 19251 p. 75S, !!· 
ub eq_uently I worked for about two year with H. Mark 

t th ? 1s r W1lhelm In titut tUr aseratoft ehemie in rl1n 

Dahlem. our ork on tll ano lou sc tter1ng of X- rays in cry tal 

nd on the pola.rize.t1on of X-ray bf reflection on crystals , result

d 1n two papers: 

Ze1tschr1ft ffir Phy~1k, 1925, p . 688, ~· 

e1tschrlft ffir Phy ik1 1926, p . 743, ~· 

Subsequ ntly I wa , for thre y rs , As 1 tant a the 

Institute fUr Theoretisch Physik at the University of Berlin 

(Dtr ctor Prof . Max von Laue} . 

During this period I inv sttgated the apparent decraa 

in entropy in a syst m in wh ch var1abl that are ubject to th rmo

dynam1c fluctuations are 1'obs rv d", and used to control oper ttons . 

This led ~e to the recogn1t1on or th connection between "entropy" 

and "tnt'ol'mB.tion" and theor m which now fot'ms p rt of " od rn 

tntormatt n theory". Th resulting papers were ace pted a Hab1-

l1tat1onachr1ft t th Univer ity of Berlin and I w a appoint 

Pr1vatdozent fflr Pb.y tk. . Th1 · pap r was publ1 hed 1n 192 : 

Z 1tsehr1ft fUr Physik, 19291 p .8401 ~· 



When my thre y J' term as Assistant at the Inat1 tut 

fftr Theor t1sch Physik nd d . I received Forachungaat pendum 

£or one y ar and worked on problems of quantum theory . Th1 work 

did not ~asult 1n any publish d paper. 

In t b. meantime jointly w1 th Pro:f'.as or Albert E1nate1n 

I tbought of method of pumping liquid m t l through tube through 

the ot1on of a moving gnettc field on lectric current induced 
by this field in the liquid met l . The G rman eneral El ctric Co . 
(A .E. G. ) want d to develop a pump based on thi principle and for 

about tbl:' e ye rs -- until 1932 -- I act d e.s a consultant to the 

for this development . (Th1s principle found at last its practical 

application in Amerie fter tn introduction of atomic reactors 

1n 1942 . ) 

Vh1le acting as a con ult nt to the A. E. U. , colla. bora ted 

with Dr . Rupp on. exp ~iments relating to the polarization or electrons. 

Th.a re ults war published. in "Di Naturwissenscb.aften ' , but th y 

are p:rob bly wrong . All photograph1e film were dev lope by Rupp, 
I 

v n those which I xpo ed mys lf, nd the pictur might w ll ve 

been faked . At the time 1t d1d not occur to me to nterta1n a 

suspicion of this kind . 

In l932 int rest shift d to nuclear phy ics and I 

mov d to the Harnac ouse 1n Berlin Dahlem with the thought of 

t k!n up some xper1mental work 1n one of the Kaiser Wilh 

Inst1tut s there . I dtsou e he posa1bilitr of doing experim nts 

in nuclear pbys1cs with , ss Lisa eitner in the Kaiser Wilh 1m 

Inatitut r r Ch m1 , but bei'ore w r ached final conclus on on 

way or th other, th pol1t1e l situation in rmany beoa 

nd it se m d dvisabl to delay a final d c1sion. 

ten e 



(5) 

(6) 

I w s still at the Harnack Bouse at the tim of tbe 

eieh tagsbrand in March 1933 but oon th raafter went to ngland . 

Tbe 1 w promulgated by th r. t1on l Soei 11at Governm nt barred 

e from ho leling University pos1tton in Germany by virtue of 

"non-Aryan" descent,. nd I remained !.n England until 1938. 

I began mr work 1n nuclear phye1os in the summer of 1934 

s gu at of st. rtholom w•a osp1tal in London. There, together 

with Cha~ rs, I develop d a method (Szilard Chalmers epnration) 

for the oonoentr t1on o'f radioactive eltl'ments produced by neutrons . 

Th1a method 1s used 1f a rad1oaet1ve elem nt has to. be separated 

f:rom the bulk of the stable elem nt :from hiol'l it is produced and 

with which it is chemically isotopic. This work was publish d 1n 

l934t 

"Chemic 1 Separation of t he Radioactive Element f"r-om 
its Bombard d Isotop in the Fermi Ef!'eet" -
Szilard and Chalmers. ~ ture, p . 462, ~, 1934. 

Together With Chalmer I found that Gamma Rays from 

radium jeot neutrons from b ryllium. The photoneutrons or 
beryllium ere of lo enargy. (In 1939 when I investig ted 1th 

Zinn whether •Jranlum mits nelltrons in the 1ss1on process, th 

use of thase slow photo nautl"ons as a primary neutron source made 

1t possible for u to diati~guish tb.o 1.' st nautron emitted 1n the 

fission process from the primary neutrons.) Th discovery of the 

photon u ron& from beryllium w published in 19~4: 

uDet eting N utrons Liberated tr m Beryllium 
by Gamm.a Rays," Szilard and Ch lmers, 

ture, p e494. 134, 1934. -
In 193 1t as g n rall7 b liev d that th mass of th 

beryll1u atom w suffic1 nt to permit 1ts pontan ous d1 1nte-

gratlon 1nto two alpha parttcl a nd neutron . 1noe uch 

spontaneous d1a1nt grat1on d1d not occur it se ed important to 



(7) 

(8) 

investigate the energy threshold fox- a photo disintegration or 
bery~l1um X- raya. This was done jointly wlth stx other authors . 

Th threshold for photo-neutrons from b·ryllium w s deter ined bJ 

v ry1ng the voltag of an x-ray tube: and was found to be somewhere 

about 1. 5 and woll below 2 m. a.v. This information was partially 

r apona1bl for inducing B the to revise the accepted mass ot He 

nd the by to r solv tho paradox of the stability of b ryllium. 

Our paper a publish d 1n 1934: 

'*Liberation of Neutrons fx-om Beryllium by 
X• rays" ... -Jointly with a group of six others. 

ture, p.eso, ~, 1934. 

•orklng with Chalmers I found that indium, which has onlJ 

two isotopes, show three rad ioactive per•iods ~hen no b rd d by 

neutron • This was the first case of 1samer1am fout1d among th 

art1r1c1al rad1oact1ve elements, and we r cognized its importance . 

Sub equently, it was possible t.'or me to how (; (11):::7 that on 

period 1s duo to an exeited indium nucleus which 1 1some~1a with 

the stable 1d1um nucleus 115. our results obtained in 1934 were 

publish d 1n 1935: 

' ad1oaet1v1ty Induced by utron•" --
Sz1lax-d and Chalmers. iature, p.96, 135# 1935. -

In Jun 1935 I accepted a re earch fellowship t the 

Clar n on Labor tory. Oxford. 

Working at tne Clarendon Laboratory, I d! covered that 

1f a lo neutron beam 1a r1lterod by cadmium, in r er t remov 

the thermal neutrons, t~e residual neutrons sno strong r 8onanoe 

absorption at low anergie in various elements . I was able to 

· at1mat th energy region at nien th e resonane occurre and 

to tate that the resonane en rgy c n be det rm1ned b observing 



(9) 

(10) 

(11) 

h b orpt1on o£ the n utron 1n boron or 11th1u • Th1 work 

w p bl h d 1n l935s 

11 b orpt1on of Re idu l ~ trona • 
tur , p - ~~ 1 35 . 

ork1ng at th C rendon bor tory ointly 1th 

Griffith , I nv tfg t d th y mission hat occurs when 

low u ron ar b orb b 0 d 1 en • 'I hi ork w s publ1 he 

in 19371 

•aa R y elted b Capt re o i utron "· 
Gri.ff1th n 'zi rd, tur , p . 323,_}£~, 1937 . 

n January 9 I nt to tb o. • on a v1 1t1n b 11 

under ne arrang ent 1tn the Clarendon bor tory . h1l w • 

h r , I reo ived rt off r of a 1 otureah1p 1n nuclear phy 1e at 

Oxford nivor it • In pta her 1 3 I d6ol1ned this offer, r -

1gned from Clarendon boratory, nd shift d my res idence to 

e York . 

~ 1 38, u in th R ch er cyclotron, I ou d tbat n 

o th ra oactive period of 1nd1u which Cha r and I 

viou l d1 covor d as due to th nucl ar xcit t1on of t 

d pr -

t ble 

isotop 115. Ti~ conclusion re hed jointly 1 h uol ber nd 

111, w pub11 h 1n 1939: 

'Radioactivity Indue 
Szilard, old ber 
P • 7, 65, 1 3. -

by cl r citation" 
nd Hill, Physic R vue# 

Ai er the discov ry of fission by H hn nd St a n, I 

t'ound, jointly th · lter Z1nn, th t ra t n utro s r e itt 1 

th f1 Bion pr oea nd that th~1 num r 1 u two per f1 sion. 

Th neutron 1 ion n th r1 ion of u a iu was diacov r d in• 

d pendantl7, and bout m t1 , by ban, Joliot a d 

Kov r ky, nd 1 nder on nd Fermi . hi dtac v ry r v led that 



{12) 

(13) 

the element uranium might sus·tat.n chain reP.et1on In our 

experiment, photoneutrona rrom beryllium wer used s prlt"Jary 

neutron sourc and the fast neutrons emitted in the f1~s1on were 

m de visible b1 uoing a hydrogen filled 1on1~ation chamber* and 

by recording tho recoil protons . Our r sults Wl!r publish d 1n 

1939: 

"Instant neous Emission oi: .Past Neutrons 1n 
the Inter ct1on of Slow Neutrons with Uranium" 
Sz1l rd and Zinn, Physical Revue, p . 799, 55,1939. -

"Em1a$1on of Neutrons by Uranium" -- Zlnn .and 
Szilard, Physical Revue, p . 619, 58,1939 . -

6 

lJ.'h ci:LaeovarJ of the n utron emission in the f ·lssion of 

uranium raised th qu st1on whether a ebain r action can 1n f ct 

be sustalned 1.n a system oont ining uranium. A s"f tem composed of 

water and uran1um-ox1d was investigated by e jointly with 

Anderson and fl"'erm1 1n the spring of 1939 . Vtie reached the oon-

elusion that such system c me close to be1n~ oha1n-rAaot1ng but 

could not b used for a self-au tain1ng chain re ction. Our r -

ults are published 1n 1939: 

(14) " eutron Pttoduct1 n and Absorption 1n Ur nium" 
Physic l navue. p.284, 5p, l939. 

In July 1 39 I reached th conclusion that a graphite 

uran1wn system 1a likely to support a self-sustaining chain r -

action, and I derived n approximate formula for a lattice or 
ur n1um spheres emb dded in gr phite. My anuso~1pt, nt1tl d 

Div rgent Chain R action in a Syetem Compo ed of Ur n!um and 

C ~bon", -s submJ..t d to the Physical R vue on Febru ry 16, 1940, 

and a aoc pted for publication. Publication was ind finitely 

d f rr&d at the r queat of th u.s . Go ernment. 



(15) "Diverg nt Chain Reaction in a SJstem Composed 
of Uranium and C&rbon" reo tv d by the 
Phy _ieal Revue, February 16. 1940- un
published. 

7 

(The ohain reaction b sed on this eystem was fir t d monetrated 
on e mber 2, 1942 t agg Field on t e o mpus o1' th tJn1vern1ty 
o1.' Chieag • See o.ff'ici 1 u.s. report• fiAtomic Energy for 111tarr 
Purpose , '" Henry- ~ •. Smythe, 19451 Princeton University Press . A 
patent describing the system for which Fermi and 1 applied 1n 
1944, a gr nted in 1955 to th lJ.S. Atomic Enero;y Corn 1 ston, 
and nam d Fermi and me as inventors . e Fermi a d Szilard, 
u.s. Patent NO. 2,798,656.) 

From Feb:c•uary 1939 to November 1940 I worked a.s guest of 

Columb1a University. In rovember 1940 I b came a membar of the 

staff of the Co umbia University und r a c~ntraet given by the u.s. 
Government to the University "for the purpose of develop1n the 

eyetem proposed by Fermi and Szilardn . r ly in 1942 t ne group 

was transferred to the University of Chioaeo wh re I wa a member 

of the staff of the Met llurgical Laboratory of the On!v&rslty of 

Chicago which was the cod nam !'or the uran1 um reject . I held 

the pos1 t1on of nChief Pbysiciat" in that I.eborato:ry u til I 

resigned in 1946. 

In October 1946, I wa appointed to my pr sent position 

s a full prof ssor on the r gular staff of the Univ raity of 

Chieago. 
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