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( 6} •Det.~ctiJJ.g Neul.rons Li ""r t•..:a !·r-.. na -\et·yll~t.ua ' 1934. B.;t;re. 
'Ibis paper de erit>es tlle d.L~ oY ~ or rfi!..t.. ·.t':flii· being of l.ov energy • repr~- .nt a useful ~Jl in ..:11 c..t.<>~l' r€ 3'1?(i.I ch. yersall~ used latar in the Qiaoovery ~no in't'Bstiga• in v... '" tr ' ra.nitm o which a chain · PiC l.an is oos!i<l. 

('1) -Liberation ut let~trou frol'll &eryllitmt by • -Rays11 - - • dnt .... of six others) p. sao, lJ4, 1934. ~ 1~4~· 
·naill.E: x-:t"ays in :?J..ae of g · r-ays th•"" tbr"<' hb)l.~ for lleut.ron& f.rolA ooryllltl:ll is det~ndned b,;,· v·r-yi :-.h•• lt · is f'ound to be soaewh.a above 1 .. 5> and ..;ell oolo" 2 ~~~· · • 

( ) It dioactinty Iarlu.oed hy Neu-cron.e .. - - - jcl~!tly it-l % ~ '~"a. J 1-;.34. !•t:tu1; .. 
ID thie paper 

raport.ed in I dilll!\ ..ro.ich doea oot t1" in wi.t.h tr +~ 
r ·11~ctiY periods. In l ter ~)!) r it l.s olt'Il indiua nucle wb1ch rie wi t.n ~u,b.l.~ 

{9) ef f! aidual .IP:utrons• i.J• 1 . )6, 935. report.a thE di.& very of neu.tl"'ll r• an enti.ll.at.e of their ener , a.nd stat.er-; tha th servtac the absorption or h~ r ai 
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(10) •G ~_,. Exci 07 Capture o! eutrons• p. )23, 139. l9Ji. • • • 
joinUy w'itb rU'f'itha. l~ure. 
ThU p«per nJpOrie oa tbe~ tioa ot g tt.ed by 

o4d el: ta wttic an strong nntron abao:rberv. count. ened p 
naut. were found to 15 pv oerrt. identtcal 1 r all t.beee elasn~. 

(ll) *Radioact.ivit:r Illcluced. by lfuclear Elteita.t.ion• - - - jointly wit.h Goldh 
and Hill. P• 47, SS. 19)9. ~· 
In thla paper the Jrevi.oualy period in :1.ud:ium is inveetigated 

the eoneluion 1a reached that. lt 1a due to mtele excitation of the at.ab1e 1ad.1• 
isotope liS. \\. 

Jv 
{12) •r..n.t.&n+Al'lef:lua r..is4ion of Faat. leu:tnma 1D. the lnterat1ti.on of Slav ut. 

with Urani•" - - - jointly with Zinn. p. 799, 55, 1939. !!'!l!• lin. 
lJ1 th1a p&pel' t.Jle di8CCYer of the neutn>n eaiNiOil c1 uraniiiilf• reported. 

It 1s yti.ma:ted tMt two De\ltrms are nitted per fiesion. The neutrona t'r'OII 
urmillll are aade viJJible on an oaeillograph screen.. A1J priaarr ne'1trona, ra41taa­
beryllium. pbcto neut.rona \rere nsed 11r'hich• beea.ae they are alow, em be e:J•il-7 
d.iaUaguiabed !1"011 tl\e fqt neutroM n:1 ttecl b7 unniua. This d1acOWJ7 whicb. vu 
JUde irJ:depeftdentl;y by Jend in the s.oe year indieat.ed the feaaibillty of a a'Ca'tain­
ing nuclear chain n>actioD. 

(1.3) •Emi.esi(l!l of Meutren.s by Ormi'Wil" - - - joi.ntly with Zinn. F. 619, $6. 1939 

~t;· Rev. t;=atlid report. o.f abcve :'{fentioned experi.l;wmta, mmal::xer of nev.t.J"OM per fi.Hioa 
~ne.;;.sured as 2 .) • 

(1.4) "Neutron Production arid A.baorpt.ion in Uranium" - - - _jointly with ADdenon an4 
fenai. p. 28!l, S6~ 1939. P~s. Rev-: 
l'h1a paper r~pcrla an inveet:Lsatloa on ~ chain reaettng quall\1 .. of a 

u:rani~n:tar sywtn. It ia e•ti."lWted that. 1.5 neutrons ~ emitted for eVU'J' 
therul neut!'On which i.e ab&orbad by uranium. 

(15) •aenetiea--Expe~ta on Ligbt-regctiv&ti$n of Ultra-Violet Inact1Yated 
Bacteria• - ... - je~tlJ~ with A. Boviek. P• .35, 591-599. 1949. Preceedinp 
o! llat.ional A.cadellry\ o! Sciences. 

( 16) The Chft«<Oetat - An ~atus for ~uant.i tati"n1 Ntsu: . r£t of Spootan&oUS Mt&t&t.i~ 
Gf eeteria". Sci e {In Pre$s). 

(17) nstudies with the c 
of lttational 'c 

oostat on Sc-10ntaneous Efu'tetions of act.eriart • 
. (In rrstts;). 

Dr. S~ilard 1 s part in\ the bringing ahout. of ,t-he first nuele2r chnn react :on; 
ln t.ho d sign of the first ·~ucle&r reactor (atom~ pile) & deecr~ bed, insofar as 
the-se nat.ters can be n~de !~blic, in the Ofticial~Repcrtt Atarlc .• ner·gy for ~j.Htary 
(':wpovee, H nr.v n Sv.:ll, l~L5, Princeton Un.ivera~ty Presa, . at~- 3-h, 47t ~c. 
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(lJ) '*Ji!1!li:l!.laio ... t'!tf '\l,E.J.u_tro"W by ':rt.~:~lum.• ....... - joi.ntlJ" u · • ... 1 .• •1. '• 6191 56. 1 J9. 
rnr•. -~.tt.,. 
4 "';.aii~J. rer.~ort G.! t.b4¥1i"l:'t 1\enti~fl&.l lt;'l0%"~..t-'l~.nt6, • :u;~ ~r or .lt~J\i.t ··n r·u· tt.as :til 

m\l&Bntted ,aa 2 . ~. 

{1.4} f{ll•utl"OO ~·tl.:.etif<in ~~!1:1'1 b:)Qf"ptiOl1 1a t11'~.d~.: ~·~ - - ... j«1.i·-t1.7 with ···"'' ftt)<"l 

tn•i· p .• ~ '!4 1 56., l~.l?. t!!l! .. i~v..!. 
7'bio pa~:r tep>rta an itrf~ot~atlcm. o~ t.t tl chain ct,...n~ q_l.Ulli itltt.~ of a 

urar~1~ U:r a.,rate:&:l. .rt ia ~at:lw.atftd 1'.h.et 1. S ne ·t~®3 are l'brdtted tGr: ftf'C!!J7 
ther..aal nell.tron uic.h i · ~ 'btlQJ'J'b:l:d ~ iJ rdlW. 

(l~) ''Oen tictt~::.~t·i ·er.t$ c,r\ L1 ;bt...,l'®aot '1. 'li n (Jot {Jlt.raa.-f.iolet L"lMt ntGrl: 
h t.~vi&"~ ... - - jo1ntl.y "~th .. ,,.CfV~f-k. . •• :S$1 ~91-,99. 19!4?.. h ,e Uns• 
of Jational • c~· .r."Jf Sc'le!l.Co • 

(1;6.) m7· .. ~~:r:! l1l~~.r•t:s ~i t.n Ch.eP:itllzt.3t on ~pc:tt;~, e~tt l!~tat!on o ~t 1'1" t1.. In ~a. 
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PAPER PUBLI J:-l.ED BY LEO SZ LARD 

BETV~EN 1925 and 1940 
., 

r1n German 

( l) p. 753, 32 l . f Phys . 1925. This paper extends :tmrxmll~Pi)'umiroctxeJrtJJnvri:sxm 

the appl ica tion of thermodynamics to the derivation of the laws of thermodynamical 

fluctuations. It was accepted as disoertation b~ the University of Berlin. 
reports 

(2) p . 688, 33, 1925. t . f Phys .) fhis paperxx~xRXwoctx experiments disclosing anomalous 

( 3) 

( 4) 

scatterlng of x-rays. Jointly with H. ark. 

~ 
p. 743, 35 , 1926. 6 . f Phys .~This paper reports experiments polarizing x-rays 

~ by reflection 

p. 840, 53, 1929. t . 

on crysta~ointly with h . Mark. ~ 
f Phys. This paper evalua tes the increase of 88S~8f whfch 

is connected with operations of an intelligent being on a thermx±odynamical system 

if these operations are controlled by measurementsi?-Z:.riables which ~e subject to ""' .., .) thermodynamical fluctuations . This paper was accepted as Habili~~chrift by 

the University of Berlin. 

PAPERb I ENGLI SH 

l. "Chemical beparation of the Radioactive l!.lement From its Bomb arded Isotope 

in the Fermi Effect" --Jointly with Chalmers. p.462, 134, 1934. Nature. a; '-I~'--'{.. "' e -~ ~ /.. 
paper demonstrate~generally xapplicable processxx)for the concentra t i on of 

This 
~ 

.tkR 

a radioactive element produced by n~trons if tne element has to be separated from 
. ' a- 0 ~ ~ ~ • .-~ "f ___) 

~ -6.b.il ~ail:k ~ a:::::isri~ m 7 6 ~ wit~h it is chemically 

isotopic. r •• _1~ .t ,.,_r 
2. "Detec~ f eutrons Liberated from Beryllium by Gamma hays 11 p. 494, 154, 

1954. Nature. This paper describes tne Nix.~~~~~~MXX2xixm~xfXGm 

bnrx~i±i=Nmxxx discovery ci: radium-beryllium photo neutrons whic11 being of 
~ useful ~iversally 

low energy .represen~ tool in nuclear research. They were~ 

used later in the discovery and inves tigation of neutron emission of uranium 



on whl ch a chain reaction is based. 

3. 11Liberation of Neutrons from beryllium by X-hays!L(Jointly with a group of six 
~-..1 .)(.- t 

authors) p. 880, 134, 1934. Nature. ~e thresbholcf for the 
,._ rf ~j 

emis s ion of photo-

neutrons from b eryllium is determined by varying the voltage of an x-ra~ tube 
and well 

and is found to be somewhat above 1.5 m~ below 2 mi±X~ mev. 

4. 11Radioactivity Induced by 

1934. Nature. In this paper 

eutrons11 Jointly with Chalmers . !«• p .98, 135 . 
' ..(. 

a neutron induced r adioactive l~e of about 

3} hours is reported in ndium whi ch does not fit in with the exp~anations found 

for other radioactive periods. In a l a ter pa~er it is shown that it is due to 

an excited mndi~ucleus which is isomeric with stable indium nucleus 115. 

5. 11 .Absorption of Residual I~eutrons~ p. ,156. 1935. Nacure. This paper reports 

the estima te of their 

} 

t he absorption 

of the res idual neutrons in boron or lithium. 

6. 11 Gamma hays Excited by Capture of Neutrons" p, 323, 139. 1937. Jointly with 

r _._ ffiths. ature. This paper reports on the ob serv~ion of gamma r ays emitted 

by a number of odd elements which are strong neutron ab sorbers . The count s observed 
per ab orbed neutron were found to be 
~ 15 per cent identital for all the ~e elements. 

7. 11Radioacti vmty Induced by Nuclean Excitation 11 J oin_tl;y with Goldhaber and Hill 

p . 47y 55 1939. Physnd Rev. In this paper ~e behaoiO"I ~ the previously reported 

period in indium is inve ·· tigated and the conclusion is reacned tha t it is due to 

nuclear excitation of the stable indium isotope 115. 

8 . 11 Instantaneous Lrnis :., ion of Fast Neutrons in the Airrec*inan of Slow l~eutrons 

' with Uranium 11 
.... ~ointly with L~inn. p. 799, lh5, 1939. Phys. Rev. In thi s paper 

the discovery of the neutron emi~ bion of uranium is reported. It is estimated 

that two neutrons are emitted per fi ssion. The neutrons from ur anium are made 
As 

visible on a oscillograph screen. xXkK primary neutronb,radium-beryllium photo 
because they 

neutrons were used wnich/are tM~ slow iM can be easily distingui hed from the 

fast neutrons emitted by uranium. 
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11 Emis ::.. lon of 1 eutr o:1s by Uraniwn 1'-(oint J..;y with uinn . p . 619, 56 . 1939 . 

~h~ . hev . Detailed report of above menti oned experiments , numb er a 

neutrons per fis s ion measured as 2 . 3 . 

10. 11 1~ eutron Production and Absorption .il Ur&niuru 11 Jointly with Ender son and 

Fermi . ;'- p . 284 , 56 , 1939 . Phy v . Rev . This ~aper reports an inve~ tigation 

on tne chain reacting qualities of a uraniwn-w ter s;ystem . l t it; e s timated 
thermal 

that 1.5 neutrons ar e emitted fo r every neutron wrnch is absorbed by uranium . 
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PAPERS PUBLISHED BY LEO SZILARD BETWEEN 1925 and 1940 

Paners in German 

(1). p. 753 , 32 z. f Phys o 1925 . This paper extends the application of thermo­
dynamics to the derivation of the laws of thermodynamical fluctuations o 
It vv-as accepted as dissertation by the University of Berlin. 

(2) . p . 688 , 33 , 1925. Z f Phys .. - - -jointly vrith H. Mark. This paper reports 
experiments disclosing anomalous scattering of x- rays . 

(3) . p . 743 , 35, 1926. Z f Phys o ---jointly with H. Mark. This paper reports 
experiments on polarizing x- rays by reflection on c~ystals. 

(4) . p . 840, 35, l929 o Z f Phys. This paper evaluates the increase of entropy 
which is connected with operati ons of an intelligent being on a thermodynamical 
system if these operations are controlled by measurements of variables which 
are subject to thermodynamical fluctuations . This paper was accepted as 
Habilitationschrift by the University of Berlino 

Papers in English 

(1) . "Chemical Separation of the Radioactive Element From its Bombarded Isotope 
in the Fermi Elfect11 --- jointly with Chalmers. p . 462 , 134 , 1934 . Nature . 
This paper demonstrates a generally applicable process (Szilard-Chalmers 

reaction) for the concentration of a radioactive element produced by neutrons if 
the element has to be separated from a mass of a stable element with ·which it is 
chemically isotopic . 

(2) . "Detecting Neutrons Liberated from Beryllium by Gamma Rays" p . 494 . 134, 
1934 . Nature . 
This paper describes the discove~y of radium- beryllium photo neutrons which 

being of low energy represent a useful tool in nuclear research. They were uni­
versally used later in the discovery and investigation of neutron emission of 
uranium on which a chain reaction is based. 

(3) . "Liberation of Neutrons from Beryllium by X- Rays 11 --- jointly with a group of 
six others ) p . 880 , 134, 1934. Nature o 
Using x- rays in place of gamma rays the threshhol d for the emission of photo 

neutrons from beryllium is determined by varying the voltage of an x- ray tube and is 
found to be somewhat above l oS, and well below 2m. e . vo 

(4) . 11Radioactivi ty Induced by Neutrons" --- jointly with Chalmers . p. 98 , 135, 1934 . 
Nature . 
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In this paper a neutron induced radioactive period ol about 3~ hours is 
reported in Indium which does not fit in with the explanations found for other·.· 
radioactive periods. In a later paper it is shovm that is is due to an excited 
indium nucleus which is isomeric vvith stable indium nucleus 115. 

(.5). "Absorption of Residual Neutrons" p. , 136, 1935. Nature. 
This paper reports t he discovery of neutron resonances at low energies , 

gives an estimate of their energies , and states that the energies can be measured 
by observing the absorption of the residual neutrons in boron or lithium. 

(6) . "Gamma Rays Excited by Capture of Neutrons" p . 323, 139. 1937 .--- jointly 
with Griffiths . Nature . 
This paper reports on the observation of grunma rays emitted by a number of 

odd elements m1ich are strong neutron absorbers . The counts observed per absorbed 
neutron were found to be 1.5 per cent identical for all these elements . 

(7) . "Radioactivity Induced by Nuclear Excitation11 - - - jointly vrith Goldhaber and 
Hill . p. 47 , 55 . 1939 . Phys. Rev. 
In this paper the previously reported period in indium is investigated and 

the conclusion is reached that it is due to nuclear excitation of the stable indium 
isotope 115. 

(8) . " Instantaneous Emission of Fast Neutrons in the Interaction of Slow Neutrons 
with Uranium"--- jointly with Zinn . P• 799 , .55, 1939 . Phys. Rev. 
In this paper the discovery of thaneutron emission of uranium is reported. 

It is estimated that two neutrons are emitted per fission . The neutrons from uranium 
are made visible on an oscillograph screen. As primary neutrons , radium-beryllium 
photo neutrons were used which, because they are slow, can be easily distinguished 
from the fast neutrons emitted by uranium. 

(9). "Emission of Neutrons by Uranium"--- jointly with Zinn . p . 619 , 56. 1939 . 
Phys . Rev. 
Detailed report of above mentioned experiments , number of neutrons per fission 

measured as 2. 3 . 

(10 ). "Neutr on Production and Absorption in Urani um"--- jointly with Anderson and 
Fermi . p . · 284 , 56, 1939. Phys . Rev. 
This paper reports an investigation on the chain reacting qualities of a 

uranium- water system. It is estimated that 1 • .5 neutrons are emitted for every thermal 
neutron which is absorbed by uranium. 



PAPERS PUBLI~.HF.D BY LBO SZlLA!ID BE'ftiEEli 1925 nnci 1940 

?apers in Germgn 

(1}. p. 753, 52 z,. £ Plws. 1925. T'nis paper e.xtendil the application of thermo­
dynamics to the derivation of the laws of ther od~umieal fluctuations~ 
It was accepted as di~sertation by the University of B rlin. 

(2). p. 63tl, 5.S~ l:)i;;5. Z f' 4zl•h --jointly riith u. Mark. T.niP pt..per reports 
experim~nts disclosing aoocolous scattering of x-rays. 

(3). p. 745, ~5, 1926. z . f Phy5. -jointly 'lith H.. Mark.. T:his p per reports 
experiment..; on pol8.rizing x-rays by reflection Oil crystals .. 

(4) .. P• 840, 55, 1929. Z t Phys. l'b.i~ a~er evaluates the inc.rea..:e of entropy 
wh · ch is connected with operations of au intelligent being on a ther·od)namic&l. 
system if the.;.e oper~ .. tions are con-trolled by measurements oi' variables which 
are subject to t.bermodJ,namic:Q fluctuatio ... l':>* 'fbi.~ pe.)er aa a ccepted as 
Habllitationscb:rl.ft by the Univar~ity of Berlin. 

Papers in English 

(5). 11Cilemi.cal i:.leparat on of the &.dioactive l.lement From its .Bombarded Isorope. 
in the Fermi Effeetn---join·Uy with C.aalmer.s. p. 462, 1 34, 1934. Nature. 
This L)aper demonatl~ates a gen.erEtlly applicable process (Sz.llard-Ghalmers 

reuction) for the concentration of e. radioactive element produced by neutron" if 
the element has to be separated from a. lilass of a frt&ble eleruent with r~hich it is 
ohemically isotopic . 

(S).. unetecting ~eutrons Liberated from Beryllium. by Gam!rta Rays" p. 494. 1Z4, 
1-934.. li~ture. 
This r;a~)e-r deseribea the discovery of radium-beryllium photo neutrons whlch 

bein& of lcm energy, represent a useful tool in nuclear research. They were uni­
versally used later in the discovery and in.ve:;;tiga.tion of neutron emission of u.raniur.:~ 
on which a chain reaction is based. 

( 7) . uLibera.tion of Neut:r'sns from Beryll.lum by .X.-Rays11---jointly with a group of six 
others) p. 8801 134, 1934. Nature. 
Using :x:-r&J'~ in place o.f gamma r~~s the threshhold for the emlssion of photo 

neutrons :from beryllium 15 deter..ained by ...ryingthe voltage of an x-ray tube and is 
found to be ~omewhat above 1.5, and well below 2 m.e.v. 

(8). "Radioactivity Induced by lieutrons"-jointly with Chalmers. p .. 98 1 lc·5, 1934. 
Nature. 
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In t..().J.s paper a neutron induced radioactive perioc. of about, 3~ hours is 
reported 1n Indium which does not fit in with tne explanations found. for ot 1er 
radio c ti ve 1:>er iods • In a 1 ater _.:;a. per it l t ~b. olin th'-l t 1 t i.z aue to an excited 
indium nuc2.eus Yhic.h isiGomerie with stable indium nucleus ll5~ 

(9). nabsorption of Resiciual Neutx~ns" p. , 1~6, 1935. ~s~e. 

This pupor re_t..X>rte the discovery of neutron resonances at lo\' energies, 
gives an e5ti."lla.te of their energlca, <h d state::; that the ener6ieo cu.n be !!leasured 
b~ observin~ tae ebcorptio of the residual neutronn in boron or lithium. 

(10). 11 Gal.!illla •ys Excited by Capture of .rieutrons 11 P• 5' e, l' 9, 19·7.-jo.ir.Uy 
with Griffiths. Nature .. 
This p per rcportD on the obser'Vtition of g mrua. r::.ys emitted by a nurr.ter o£ 

odd elements hich are strong neutr-o a.b""orbers. The counts observed per al;sorbed 
neutron were found to be 15 per cent ldentJ.cill for ill th :..e element..::. 

(ll). unadioe.ctivity Induced by 1'-iucleu.r Excitc..tion11-jointly with Goldnaber d 
!:1Ul. p. 47, 55. 1939. Pu:y -• • : v. 
In this paper the previou8ly reported period in iuaium is invest gated and 

the conc-i..usion ie reached tdlt it is due to nuclear excitation or tne Jt-s.blc .indium 
isotope 115. 

(12). rtinstantuneous lmissio.n of' East .~;1eutrons in the Interaction. of Slow Ne:1trons 
with OrcniWll0 --jointly wi tl.1 Z1nn. p. 799, 55, 1959, Phys. Rev. 
In ttus ~1a.per the di::.covery of the neutron emis .. ionof ur.:mium .... s reported. 

It i:.) estimated that t o neutrons are emi ttad per .fi£~ion. Tte neutr'Ont. from uranium 
are ;;.:ade visible on un. o~cillogJ>.:ph ~creen. As primary neutrons , radium-berryllium 
photo neutrons were used wt.ich, beco.Uot; tney lire slo , c::..n be e.usil:y di.:d;.in~uhhed 

fr:;m the i' .:-t neut1·one 6 itted by uru.nlum . 

(l~). 11Emissionof Neutrons by Ura.niumu--jointly .ith linn. p. 619, 56, 1959. 
Phys . Rev. 
Detailed report of ~bove mentioned experiments, number of eutrons r1er fission 

@.easu.red as 2~3 . 

(14). n-.~:,eutron Production und Absor;tion in Uraniumn--joi.ntly lifith b.nder~on and 
Fermi~ p. 284, 56, 19£:9. ...hy., . Rev. 
This paper reports an invest.igc..tion on the chain re<.~.Cting c,ualities of a. 

uranium-wator system. lt i~ estil:nutad that 1.5 neutrons are emitted for every thermal 
neutron which h absorbed by urruti.Ulll. 



P APE.RS PU£LI::..h.ED BY LEO ~ZILJ.F.D .8ET\'IW 1925 ttnd 1940 

Papers . .LA Gor~ 

(1). p. 755~ 52%. f ?i~s. l925. Tni~ puper extends the ~pplication of thermo­
aynaadcs to the aeri-a ion of the laws of thermoayn "· c ... .l fluctuations. 

t ~us acce.t-•ted as Cl.iasertati.on by the University oi' Berlin. 

(2). p. 638, ~S, 1925. ~ f Jhys. ---jointly ·itt H. ·ark. This p~per reports 
xper~~s dicclo~1ng unowolous sodttering of x-ra~s. 

{3). ?• 145, 35, 192~. z. ~f Phy • ---jointly witn H. Murk. Tlus paper reports 
· experiments on pol....rizing x-rays by reflection on crysta-ls. 

(4). p. 840, 55, 1928. z. '#I: PhysJ This pcper ev·:J.uate- the increase of entropy 
cv .• ic.n 1.:. connected with operation" of .m L"'ltielligetlt. being on a thermodynamical 
sy~tem if tue~e Overations are controllea by me~sureuents of variables which 
are subject to theT'lodynurnlcal fluctuations. Tni~ pa.per wa.s e..cce~ted. us 
dab ill t<.;, t.ionsc.hr if't by the Un.iversi ~y of Berlin. 

Paper~ in English 

(1). 11Che1:1ieal Separn.t.ion of the :kc:.dioa.ctlve f..lement From ita Bombarded Isotope 
in the .F'ermi Effect11---jo.irltly with Chalmers. p. 462, 1~4, 19M. N~ture . 

'fbi~ paper demonstrates a generally a.pplicuble p1·ocess Cnilard-Cnalmers 
reaction) for tne concentration of a radio·etive element produced by neutrons if 
tile element bas to be separated from a mass of a stable ela~t witi1 which it is 
che:aica14 icot.opic .. 

(2). nnetecting Neutrons Liberated. from .beryllium. by Gumma Rays" p. 494. 1341 

1934. Ja c.ure. 
This paper describes the discovery of radlum-berylllum photo neutrons which 

being of 1 w ener i1:f represent a. usefu.l tool in nuclear research. l'.he~ were uni­
versru.ly u:sed l;:;.ter in the c:tisoovery and inve~tigation of neutron erui -sion of uranium 
on which a . cimin reaction is based. 

(~). nLiberati.cm of Neutrons from Beryllil.un by X-tu::.ys" --joi:.'1tly itb a group of six 
others) p. 88~, 134, 1934. Nature. 
Uuing x-rays in place of 6umilla ray~ tne tPxeshhold for th e~lssion of photo 

neutrons f-ro:.:1 beryllium is etermlned. by V/i.\rying the Voltage of ~ x-ray tute and is 
found to be ~omewh t above 1.5, and ell below 2 m.a.v. 

(4). 11Radioactivity Induced by !leutront:J" ---jointly with Cnalmer;.. p . 98, 1551 19~4. 
Nature. 
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In tnis paper a neutron induced r~Glio~ctive p~·iod of about 5J hours is 
reported in Indium -Lieh does not fit .in IS'i th tne exp.l>:l.n tion5 fo c for other 
radio· t.ive p riod.: . In ~ leiter paper it is t-ho n tbat it is due to an excited 
indium nucle-us which is isom.eric with ~Stable indium nucleus 115. 

( 5). 11Abso.rptior.. of Residual Ueutronsn p. , 1.:.6, 1 55 . lhture. 
1'his pa~er re.r~ort.~ t!•e discovery of neut.ron re...:on<tnces nt low energies, 

givc.J <ill e~tim.atc ci: their ener6let:>, <:md st.ute::. v.Oa.t t.ne energ.:.es CWl be ;ae :.,:;;:u·ed 
Ly ob~erving t e ubeorptio.o o t•e resiau~l neurons in boron or lithium. 

(6). 11 Gn.tma. R '"' Exc ted by Cupture of 1eutron::>11 P• t2"'' 139. 1957. - --jointly 
i>i t.h Gri.ffi't.! s. N • ~uxe. 
fturs pa:~er reports ou tho ob.::.e.rv tioH of gaiDlilB. ru}·e emittea bJ a. number of 

odd el .>ent8 which are stronJ .neu.troo i:i.bt.orber;.;. l'he co-..mts observed per absorbed 
:ceutron .ere found to be 15 ;;er cent la.entical for all thec.e elements. 

(7). "Badioactiv~ty ndueea by NuolaEJ ~xcitat.ion" --jointly with Goldhaber W1 

Hill. p. 47, 55. 1959. Phy.;>. hev. 
In this fl"'-pcr the previou;:,ly reported f)erloc~ in indium is inve~tigated md 

the conclusion is reached tht~t it 1.~ due to nuclear excic tion of the stable indium 
i!::otope 115. 

(8) 1'In<Jta..'1taneous Erei.scion of F'a~:> t. .Neutrons in the In tera.cti.on of ;:: l o I'ieutrcns 
wl·c Jr:.miUII'Lu-joi."ltly lth L.inn. p. 799~ 55, 1.939. hyE;~ • .Itev. 
In thiD ~ '.Jer the discovery of the neutron emission of uranium .i~ re! orted. 

It is e.stim:.te · tt.~.at two neutroni> ure emitted per fission . Tbe neutrons from tr ttaium 
are made vlsible on an oscillograph r:;creen . s pr.imarJ' neut.rons , radium- be.ry-l:i.um 
photo neu tron.s were used which, bee;.. use they an~ slow, can be e<.~. .. ily di~ tingui;.hed 
fro tn.e fast neutroru:; emitted by uraniUJJ... 

( 9). nEmis~lon of ~ieutrons b;y Or ooium0 - Jointly with linn . p . 619 , 56. 1910:9 . 
Phy.:: . Rev. 
Detailed report of al::ove mentioned experiments, number of neutrons • er fission 

measured aw 2 . 3 . 

(10 ) u eutron ?roduction md Absori:'tion in Ura.nium 11 - - jointly with .Andersor end 
l<"ermi.. p . ZS4, 56; 1939. Phys . l ·ev. 
! his p~per report an investigution on the chain reacting qualities of a 

urar..iwn-wa.ter t-)stem.. It i:s e~t.imated that 1 . 5 Aeutrons are emitted for every thermal 
neut ron which is ab;:;orbeel by uranium.. 



PAPERS PO .LI$H D if! LEO Slll.fl.RD BE'n l!.'N 1925 and 1940 

Papers in rman 

(1) . P• 753, 32 z. f Phys. 1925. This per extends the application of thermo­dynamics to th derivation of the laws of the:rmodyna.mJ..cal fluctuations . It was accepted as diss rtation by the University of Berlin. 

(2) . P• 688, 33, 1925. Z f Pb.ys . -jointly nt.h H. Uark. fhis paper reports experiments discloainc a.nomolous s-cattering of x- rays . 

(:;). P• 743, 35, 1926. Z f Fhys . --jointly w.ith H. rk. This oxper:i.moots on polarizing x-rays iJy reflection on cr;rstals . 
r reports 

(4). P• 40, 35, 1929. Z f Fhys . This paper evaluates the inc ·ease of entropy much is connected with o~rations o" an intellig'O, ':. being on a thermodynamical system if these operations are controlled y measurements of variables 1ich are suoject to thermodynamical f'luctu.a:tions . This pa r was acce;>ted as Ha Uitationschrift by the University of Berlin. 

Paoors in English 

(1) . ttCheinical Separation of the Radioactive Element .I:' rom its ilombarded Isoto . in the Fermi E~fect"--jointl.y with Chalmers . "P• 462, 134, 1934. Natur • This paper demonstrates a .generally a nlicab1e process (Szila.rd-Cha.lmers reaction) £or the concentration of a radioacti~ element produced by neutrons if the el.moont has t.o be separated from a mass of a stable element with l'lhich j t is chemically isotopic . 

(2) . "Detecting Neutrons Liberated .from Beryllium. by Gamma Rays" p . 494. 134, 1934. Nature . 
This paper describes the discovery 6f radium-beryllium phot'O neutrons which being of lOi energy· represent a useful tool in nuclear research. They were uni­versall.y used later in the discovery and inve.stiga:tion of neutrcn emission of uranium on which a chain reaction is based. 

(3) , "Liberation of Neutrons from ryllium by X- Raystt - jointly with .a group of six others) p.880, 134, 1934. NatUre. 
Using x- rays in place of gamma rays the threshhold :for the emission of photo neutrons front beryllium is determined tty varying the voltage of an x- ray tube a!ld is found to- somewhat above 1. 5, and well be-low 2:m. e . v. 

(4) . "Radioactivity lndueed by Neutrons., - joint:cy wi tb Chalmers. p . 98 , 135, 19.34. Nature. 
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In this - r a outron indueed ra.d.ioacti oeriod of a ou .. .3 1.. hours is reported in Indi Tdllch do s not ~·it in "th the xplanations found for otl r radioactive riods . In a later >a r it is shown that is is due to an excited indi nucleus · ch is is ric with sta le indi nucleus 115. 

(5) . i sorption of idual Neutrons" P• , 136, 19.35. ture . This paper reports the d.i c ery of neutron resonances at lo enerL!iea 1 gives an est• te OJ. ir r. · an state that t e ener · a can d by observing tho a or tion r • id aJ. neutrons · oron or 11 thi 

(6) , pture o eutrons" p • .32.3, 139. 1937 . ---jointly 

rays tted by a n r of 
bsorbed 

nts . 

(7) . tt dioactivity Induced by citation" -jointly with Goldha r and Hill. P• 47, 55. 1939. 
In this r the previous riod in indium is investigated and the conclusion is ~ch d that it is due to nucl ar excitation of th stable indi isotope 115. 

(8) . "Instanta ous sion of ast 'eutro n t Interaction of Slow utrons with U anium - jo ntly 1Ji Zinn . P• 79911 5!>, 1939. :ys . Re • In this paper th discovery of neutron mission o.: uranium is reported. It is est· ted t two neutrons are omitted per .ti;;>sion. Th neutrons fro urani ar e vi .. iole on an oscillo raph sc en. .As pril: ry- 1 utron , .a. adi lli photo neut n us d ch, caus they are slow, can e e sily distin shed fr t e fast n utro e •tted ~ urani 

(9) . eut.rons by Ur ium"- jointly td th Zinn. p . 619 • 56. 1939. 
rt of above mentioned experiments, nutlber of neutrons per fission 

{10) . " utron Productiou and ALsorption in Uranium"- joint]Jr with derson and • P• 284, 56, 1939. ys. Y e This r reports an investigation on th ch in reacting qualities urani ter sys • It is e t · ted t 1.5 neutrons are tt d for 1 i h is absorbed by uranium. 
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The t'ollov-;ins of y p::1pers were publishfld between 19~4 and l_..40a 

Chemical Separation of the .adioaotiv ~lemont rom its Bombarded lao• 
to-pe in the Fe. .. i . feet. ~.,~ ilard and Chalmers. lnture Vo1.l34 , 46~. 
19:54. 

Diointegre.tion o · Berylliu by Gaw!'la .. mya of' :~d.iu . • Szil 
mere • .JatUl"'<t . .. 934 . 

and Chal-

morenloua sdio cJ: ivity inc.uoed in l ndiu."'l by ..ieutron • .;;;,<:<ila.r \;lnd 
Chulmc~-. Nuture . l 35. 

!~esi Uitl _reutrona from Oa .mium .. Sz i lard. :Tt-:rture. 19V . 

lia. ;i.O(.l.O'tivi ty indue€H:1 by -.,~uole: .. ~r J:~oi t :t i on* ;;aila rd, Gollihaber .:.nd 
Hill. . 'Fiii!yr~imll nev1aw,Vol. !:H::. . 1~ 1 ,. 

Ino ta.ntt?,ncoau .•.:. isa1on o1 --;•a .,t tie lt:rone iu th. lnt r· ot ion of :low 
Heutro w with Ur~nium., Jz i l a · und :inn ~ !:i.Ly-n i f't 1 .''cv1 ew . Vol. s..... .. 1 · 39. 

--:-mission of 'Ieutrons by Ur~nium ,. ·:anu t:"tnd ... !; iltu·d .. ~lyaic· 1 lo ·o 1 . 

Vol. 56 q 1 tJ39 .. 

lieu tron ·oroduet:t.on and .t'~tlHl!OrJ;lt.hm in Url:..niucn. ·. 1 erson, " ar· i and 
Sil:' r<\1.. Physical .ovitt\\" ,. Vol . !)o_. l t l~· 

lt)O :J.r. 11 "lrU 
<t2 ·· st ll ... th Street 
-~C rork City 



The following papers of L.Szilard were published between 1934 and 1940 : 

Szilard and Chalmers " Chemical Separation of the ~ad ioactivc ~lement 
from its Bombarded Isotope in the ermi Effeot.n Nature 462 . 134. 1934 

Szilard and Chalmers t1 Detecting .reu trona lib era ted from :Reryll ium by 
Gamma Rays . n .~:Ta.ture 494.134.1934 

Szilard and Chalmers " .. adioactivity induced by Neutrons ( in IndiuM) 1
' 

Nature 98 .135 .1935 

Szilard " Absorption of ·1esidua.l :reutrons "(from Cadmium) • 
Nature 950 .136. 1935 

Griffiths and Szilard "Gal1:1"1a Rays excited by Capture of Teutrons" 
Nature 323 .139.193'7 

Szilard, Go ld.haber and .,.Till 11 adioactivi ty induced by ~¥uclear 
Excitationn Physical ~eview, Vol 55 .1939 

Szilard and Zinn 'Instantaneous E'raission of ":'ast :reutrons in the 
Interaction of >low .;eutrons with. T.Jraniu"D " Physical 1:leviow, 'Vol 55. 1939 

uinn and Szilard II :Cmissi Jn of lTeutrons by Uranium n Physical eview 
Vol. 56. 1939 

Anderson, 1ferm1 and Szilard 11 lTeutron 'Production and Absorption in 
Uranium" Physical T<: eview~ Vol . 56. 1939. 



List of Publications of Leo zilar:i from 1948 to 1951 

A. Novick an· Leo Szil::,rd. 11 Experiments on Li...;ht-Reactivation of Ultra- Vi::llet 

Inactivated Ba c teria . 11 Proceedin;-.s oi t he Nationa l Academy of Sciences, 

Vol . 35, No . 10, pp . 591-600 (October, 1949) . 

In t~is pa~er an investi5ation is re.orted on the li~ht r oactiv~tion of 

ultra - violet inCl.ctivated bacteria, a phenomenon .. eccribed in 1948 by A . Kelner . 

The results obtaineJ can be interprete by assumins thwt the untra- violet li::,ht 

pro ucin;:; a cudden L,uanti ty of "poison" in an amount proportionate to the dose, 

tba t this 11 poison 11 is produced in two forms - -a form which is not censitive to 

l i 0 ht on a form '.vhich can be destroyed by li:....ht, the ratio in '"L.ich two forr.1s are 

;;roduced bein~ independent of the ultra - violet dose, a nil further tha t t-he number 

of bac teria survi vin.:, aJ ter ex~.:. osure to ul t J. a-violet v>i th or vd t 1011 L su.bse,iu en t 

lit:ht-r·eactivation is detenr.ined by the a;Ttount of ".-Joison 11 present in the bacteria 

at t~c tiJ:l') they are incuba ~e ' wi t..'1 nutri~:mt medium a nu p ermi tte · to mul tL>ly . 

The results obtalned on the e.::·fects of li0 ht reactiva tion on the number of 

:; u"!:.an t s proauced has been stuciied ana the :cesu.lts are consi:::.l:.(...nt wit,h .he view 

t. . . .: t the effect of i 0 ht re~c-civation on .he a _p~.)e a.rance of r;,ut.s nts amon._; the ro~eny 

of the ultra- violet reactivs.te · bacteria. i s the san:e a s its effect on -L .. !-Je number of 

3urvivors and consists in the reduction of ~he effectiveness of the ultra-violet 

d.oes by the s : me do s e independe:'lt- foetor. The question is raised v; ether the killing 

of the bacteria anci the production of the mc. to.nts miGht thus be u c to -::.he same 

cherr:ic~l effect produced by the ul tra-violc<.. irradit:l tion. 

A . 1 ovick and Leo Szila rd . "Descri.t' -cion of the Chemostat." S .:~ 112, 715 (1951) . 

In this paper a n.ethod is describe for m;;l int-:: inin'"' a b o.ct. -::: . · ,,.:_ 1101Jula tion 

in the t;rowth phase at a c,rowth rate up to ten tim ·s lor;e, t l.c, n normbl un ... e r the 

cont. ol of a S)ecic.lly selected ,_;rowth factor, for inst.a nce -cry ... n .. o..Jh<....ne ir. ... : ... e 

cc.se of a try1; to)hane reL1uirinc;; strain o coli. Un:.ler the condi c.ions prev::.iL.ng 

in t he Chem.osta t , a concentration oJ· t':-1is ~:;,rm. th facL>r in t,he c:;rov1th tube is 
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inde)enoent ·of the concentration of the ~rowth factor in the incoming nutrient 

anJ the bocterial density in the growth tube is independent of the flow rate of 

tl:e incomin~ nutrient. and is determined by the concent-ration oi.· the 5 rov1th factor 

in the incominu nutrient. 

A. Novici-~ and Leo Szilard. 11 E;~,t.J eriments v,iili the C ,emostat on S1;on'L&neous .:utations 

of Bacteria ." Proceedin.,;s of the Nation&l Acaaemy of Sciences , 36, 708 (1950). 

In'\"lis oape a method is described for inta imi:nc;· ~ bacterial :)op~tion ~ 
grov;t0., nhas e at a growtl:l r a te up "{> ten time lower th~h norma l under the 

cont ol o ~S1)eciall· ~rwoth \.actor, for in~tance 
In this paper it is sho\'m that lvhen bucteria ore grovm in the Chemostat with 

tr-ypto; hane as a controllin'-' growth factor there is no selection again:=.t mutants 

to resistance to the bact-erial viruses T5 and that the rate of mu~Htion is not 

consiste.nt per cell division but rather it is consistsnL per unit time. It is 

further described how evolution ta.Aes place in the growth tube o~ the Chemostat 

and how each step in the ,Evolution vvhic~ conr ists in a strain which is more fit 

than the previous one 

A. Novi cK and .weo Szilard . "Virus ::,:.rain::; of Identical Phenotj_pe buL Different 

Genotjpe. 11 Science 113, 54 (1951) 

In this p<.<per it is shown th e:; t il trw b&c teria.l viruses T2 :..n· T4 sirnul taneously 

multiply in a bacterium, there i s ~;resent in the _tJro~eey a virus ~train v.hich is 

henotypically like T4 but 6 enotypically li~e T2; i.e ., iXxix its host train is 

initially like t.h&t of T4, but after one passat:,e as a susce_,tible host, 'the host 
the 

strain is ch&~ed and becomes identic~l to th~t of host c~rnin of T2. 
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LIST OF SCIENTIFIC PAPERS BY DR. LEO SZILARD 
BETWEEN 1947 and 1954 

1) A. Novick and Leo Szilard - EXPERIMENTS ON LIGHT-REACTIVATION 
OF ULTRA-VIOLET INACTIVATED BACTERIA. 
Proceedings of the NATIONAL ACADEMY 
OF SCIENCES. Vol. 35, No. 10, 
pp. 591-600. 

2) Aaron Novick and Leo Szilard - VIRUS STRAINS OF IDENTICAL PHENO­
TYPE BUT DIFFERENT GENOTYPE. 
Science, January 12, 1951, Vol. 113, 
No. 2924, pp. 34-35. 

3} Aaron Novick and Leo Szilard - EXPERIMENTS WITH THE CHEMOSTAT ON 
ON SPONTANEOUS MUTATIONS OF 
BACTERIA. Proceedings of the 
NATIONAL ACADE~IT OF SCIENCES. 
Vol. 36, No. 12, pp. 708-719, 
December, 1950. 

4) Aaron Novick and Leo Szilard - DESCRIPTION OF THE CHEMOSTAT. 
Science, December 15, 1950. 
·vol. 112, No. 2920, pp. 715-716. 

5) Aaron Novick and Leo Szilard - EXPERI:MENTS ON SPONTANEOUS AND 
CHEMICALLY INDUCED MUTATIONS OF 
BACTERIA GROWING IN THE CHEMOSTAT. 
Cold Spring Harbor Symposia on 
Quantitative Biology. Vol. XVI, 
1951. 

6) Aaron Novick and Leo Szilard - ANTI-MUTAGENS. Nature, Vol. 170, 
p. 926. November 29, 1952. 

7) A. Novick and Leo Szilard - EXPERI~TTS WITH THE CHEMOSTAT ON 
THE RATES OF AMINO ACID SYNTHESIS IN 
BACTERIA. Dynamisc of Growth Pro­
cesses. Princeton University Press, 

~· pp. 21-32, 1954. 
. I/ <t - . / J:!:_, ~ .· t'C t-'t. ·0. : -<." ~ v /")--"U~~ / ·C~tUn ~( d' J ~-1;- rt--£ ~r ~_u- ./ / ;, '-"n#/; t.z; ,c .... ;z,_:;J •. ~~z-ttthtt-t~:J 1/V?.,.Ad-.- J-h!~'""J :Jirl"'J.C~_.( ~tj ~-A- /.)tVfh tC?.L.{] 3'/ f· :L~ 

The first of these papers (#1} investigates a phenomenon 19~5-6 

discovered by A. Kelner after the war, who showed that bacteria 

"killed" by ultra-violet light can be revived by shining visible 

light on then1. Experiments designed to analyse the phenomenon 

are described in this paper; they lead to the conclusion that the 
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ultra-violet light produces a "poison" which can be inactivated 

by light and that this "poison," if present when,subsequent to 

irradiation, the bacteria divide, will cause both death and muta­

tions. 

The second paper (#2) describes the discovery that, when 

a bacterium is infected simultaneously with two related viruses 

which differ from each other both in genotype and phenotype, the 

virus population emerging from the bacterium contains a class of 

viruses which have the genotype of one and the phenotype of the 

other. 

The papers #3 to #7 describe a new way of studying bac­

teria by maintaining a bacterial population in a stationary (ex­

ponentially growing) state indefinitely and controlling the growth 

rate by controlling the rate of supply of an essential growth 

factor. An apparatus is described in these papers which will con­

veniently accomplish this and which is designated as the Chemostat. 

In studying mutations in bacteria or the formation of 

adaptive enzymes in bacteria inaccurate, and therefore misleading, 

results are frequently obtained by studying bacterial cultures in 

flasks in which the number of bacteria increases exponentially and 

today the use of the Chemostat appears to be indispensable. 

In the papers #3 to #6, the Chemostat is used in the study 

of 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 which cell division occurs, rather 

the mutation rate is constant per unit time independent of the rate 

at which the culture is growing. There is found one group of 
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compounds, all purine derivatives, of which caffein is one, which 

greatly increases the mutation rate without having an appreciable 

killing effect on the bacteria. 

There is another group of compounds described in these 

papers, all of them ribosides of purines which in small quantities 

will completely counteract the action of the above mentioned purine 

type mutagens and also reduce the rate of spontaneous mutations. 

In paper #7, the Chemostat is used to study the bio­

synthesis of amino acids in bacteria and the regulatory mechanisms 

which are involved in it. The bio-synthetic apparatus of the 

bacteria respond to amino acid concentrations in the medium, which 

are exceedingly low. For instance, a bacterium 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 gm/cc 

is maintained in the medium in the Chemostat. (Novick and Szilard -

unpublished.) 

One way of studying such regulatory mechanisms is based on 

the use of a mutant which is blocked in the synthesis of an amino 

acid -- in our case Tryptophane -- and which pours out into the 

medium a "precursor" of that amino acid. Paper #7 utilizes such 

a mutant. In the absence of Tryptophane in the medium, a pre­

cursor of Tryptophane is poured out by the mutant into the medium 

at a rate which is independent of the growth rate of the bacteria. 

In the presence of Tryptophane this "precursor" is not poured 

out by the bacteria. It is conceivable that this indicates a gen­

eral phenomenon of regulation through a negative feed-back of the 

final product at one of the early steps of the metabolic pathway 
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leading to Tryptophane. 

In paper #8, there is described a device called a breeder. In this 

device bacteria may be grown in a continuous flow of nutrient. The flow 

of the nutrient is controlled by the turbidity of the bacterial culture 

and the growth is not limited by a growth factor, as is the case in the 

11 Chemostat." 

This device was developed in order to study mutations in bacteria under 

conditions of growth at the maximal rate, and such a study was carried out 

by l~urice S. Fox. 
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1) /1 . Nov1.ek nnd Loo zilard -

2 ) Jl.e.ron i'ov e k nd L o f' zilo.l"'d -

1951, Vol . 113 , 

) ) I o.ron rov-t ck 1d Leo f) zils.:r- ' - r 

4> Aaron ~ ov1ck d L"'O :'zil nrd - D. :. C I ~Tr} 1 >-' ;. l GHU~ >ST !1' . 
Sc1enco , December 15 , 1950. 
Vol . 112 , .fo . 2920 , P • 715-71~ . 

S) aro Novick &nci Leo f zils.rd ... BXP •, ·.! -1F.J.'1'c ' S& C>~ '· N .. IJS t .J 
C IE t[f~ALLY n D!TCL 
HA CT\ "llJ. {l-. 
Cold t-pr:!n HRr•b-.1r Sympo..,ia 

tm't:f.te.tive 'iol t_;y . 
1951. 

6 } taron Hovick and Lr~o f zile.rd - A J'r l -NU~~Mi-.I.'.M' . N tu~o , Vol . 170 , 
p . 92f. . ~ovemhm:" ?9 , 1 C) 52 . 

7) • Ifovi ck and Loo • zilard - TS HT~- T· •·, m , i:1Sr1 AT 0 
I' /li'UNO J-.CI YtTJ ST IN 

nAG~'g i ll\ . ynm'lliac of . l"owth Pro-
oeS!HH:~ . Pr1.ncoto t- varsity P •e "' , 
p ' · 21- J? , 1954 . 

8) Maurice S. Fox and Leo Szilard - A DEVICE FOR GROWING BACTERIAL POPULATIONS 
UNDER STEADY STATE CONDITIONS. Journal of 
General Physiologl 39, p. 261-6, 1955. 

r'f1he first o~ thE.tse papers { ''1) invest~ )atee a 0l1eno~ anon 

rl!scovered by A. Kelner after tho un ~ , wh r~howoc.'!. t. at 1J c tori 

t'kill dn by ultrn- violot lir-ht can be rovived by nhin. ng vi. ble 

light o th . 1. Exper cnts de i 1 ;ned t analyse the pheno . non 

-re dose 1 bod in t,11 pape ; t: ey lend to the conclunion that the 
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ult~n·viol t lir·nt p:rod.uoea e. 'lpol on11 \.·thich can be in ctive.ted 

by li ·ht and thnt thi. npo aon , ·• if present when, subsequent to 

1:-ra _at ,on , th~ baot<n•is. d: vid 1 will cause both death nd , uts­

tiono . 

he second paper (i .?) (lescribee the d scovory th.at ., when 

a bacterium 13 in~"' cteci. s1nulta.ne u.sl~' with 'b-10 related viruses 

t-Jhich cU ffer fro . each oth· r both in ,.,.enotypo and phcnot:rr u, the 

virus popule.tlon mrrerein£; rr'Jt:l the baete:t»ium contain e. c1£ts. of 

viruses \>Jhich have the genotype or one and th phenotype ~f' tho 

other .. 

'7'he pa.pere .:13 to ;. 7 doScl"'ibe a. nel'I wny or studying bac ­

teria by . ainta:tnin; u bacterial populati')t in s at tionar.,· (ex­

ponentially rrmdn,·) state i:ndef1.n1 tel·y and cantrollir.i{J t.he growth. 

rate o·- cnntroJ.linl"" the r>ate of supply of' n e ... senti .1 growth 

fncto:r· ,. An S.Foare.tuB .ia descl'•ibed J.n thofw pa.per•!l 'lr.Thieh "" 11 con­

veniently accomplish this and 'Hhieh "s de signa ted as the Chemoat t . 

In studying nututJ.ons in be.ctor:ia or the forrnE·t:ion of 

adaptive enZYMOS in bac;t.erta inaocurat ~ and th.!~re ore ro:1sleudinr· . 

:r'(';Sults ar>e~ frequently obtained by studyine laeter:tal cultU.i''•o.e in 

rlas~~ in whioll the number of bacteria increa es exponentially and 

tod.ay the ttse of the Chemosta.t appears to bo indispensable . 

ln the papers /.!3 to ft., , the Chonos tot is used n tho study 

of nrutatlons . 1 t turns out ttw.t the rate at which nutations occ1.1r 

in n growinr bacterial popula.t:t n under the oond1tion3 "'tud:tod is 

not pt .. oportiono.l to the rate at whic~l cell div sion occur • r ther 

the tat on ron te :is con~ tsnt A er unit ti 'le :tndopenflcnt or the ra. te 

at which tho cul tuz e is ;"rowing • 'l'h re is fou.-.,d one group of 
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coFtpounds , all pu ine dsr1.va. t ivos , of Hhic.l caffein is one , which 

g:r>oatly 1noroc.nes trle .1u tat:Jon r to \.dthout hav nr· an approo1nble 

killing ffect on the l·acter;!a • 

. .'he ··e 1 s o.nothor group . f co!'1poun<~s escr.1 bau ··.n thase 

p pe s , al of tho ribo ... :t es o ur na w !ch n sm 11 qu ntitloo 

w~ 11 compl"'ltely couni..e1~o.ct t.hn ction f th{, o.bove _ ent oned purine 

t)'}}e mutagens nd also redUoe t ~e rate e>f f.!pontaneoua routat t.m:~ . 

In paper '7, tho Cherostat s urad to ntu<y t e ')io -

syntlwsis o. n.nino aci ds in bnctet" r an(l the T'e ulat y mecha.ni ro 

w' ch are invol~;ed n it . Th bio- syntl otic pp r > t. e 

bl cteria respond to a r:rl.no acid concentr t. ont. 1 th('l medium , u n ich 

nr"e exceedingly lou. For instance , a bacteriul which oan . .o.ka 

argi nine and wlll do so if t. re is no ar,inino in the medi U!n, will 

stop mal-t1nr arginine 11" nn at>ginine c'mcen trn tion f 10- 9 
fF!/ cc 

15 ~intaincd in th1 roodi\llll 1n the Chc·'10stat . (NovicK nn 1 Szilard -

unpt blished. ) 

the u.e of mutant which 1~ blocked 1 the synthesis of .n &.nino 

aci.d -- in ou::: .. c so Trypt phane -- an which pours out into tl·e 

rn~ 1 u: ~ ' "pr cur,...oro·• of that o.m1n aci • P per #7 ut.ilizos s ch 

a 1utant . In the b enco of Tryptophru;.e in tho . odium, £:. pro-

curBo" of Tryptophane L poured ot.t by the routunt lnt"' Lha modiut 

tlt rate uhieh i. inclepondont o~ the ~rowth Pate f the bo.c teria . 

In the pres nco (;f 'I'ryptophano this ''precur o .,,, 1 not poured -
out 'by th b cterio. . It .s conc~;;:iVEtble that this incUcatea a "on -

eral phenononon o ~. or.;ulation tlu•o ~h a ner. tive feer1 - b ck or the 

final proauct t OllC of' the oa.tlii ste.>s Of the ~tO tabolic p.thl-IO.Y 
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leading to Tryptophane . 

In paper 81 there ie do vibed d.evice called a bre der. In this 

devico hr~cteria .mav be grmm in a conttmwus fl01t ot nutrient. 1'he tlow 

ot the nutn•nt 1 cont~lled by tho turbidity of the b c .rial culture 

and the growth is not limited by Q"'wt.b te.otor, is th in the 

••Cheraoaut. rr 

Tld.s device was developed in order to study mutca.t.ione in bactma ~r 

condit.ione ot growt.h At the mwd.mal rate, and Btlch study was carried wt 

by rice s . Fox. 
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'].'1::. ,:. .c: . .~::.:1 t of these papers ~ 1 ) invest1gatE;-s a ph~~n ::.::.~· 1c···· (.:i.[C:·· 
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:r ; -:.,~lc~t lend to tho concLw::i1.on t hat the ul ia.,n- viul<:;?:,; 1 ~-L:r.:.;~ :'::'J­

.;; a :rpoison" 'L'Thich can be 1na~ t~:Jated by J.t ~·;'l't a:.1C ~:hat ;:::; ::. · 
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.• :.;. :· ':'l.i;J.on :vatc :lG COllt;·'~;:.iJ1t pel" t.tn.i~~ time t~!~cC:i·l :.rJ~.-2:L''· a ~· :. :-: :- t -:: 

:.:~.11 in.:~ effect oD ~-;he b\:l.c ·ce:t .. i D. o 

'i·:1,~re -~.u anothcx• g 1:'oup of compounds des c~:,ioc,·l :1.:1 ~;~~c-,n; 

;.:~ 1.:!.. of t h::m ::.:•ii>CB:ldGS of purines N'hich :tn. fJ!ilD.l1 r:_u;;.n.t :.\;5.Gfl . . J 

. 0; ~1<='·;· 31~"· cmmtc1..,act ti1o <..~c t:lon of' the ab0ve l"iiC!lt~.oned pv .-:~ ;,: ,.: .. :. . £-: 

7 '-'~ , ~uc 

8:i.s nf --·:·a:J..no acids in bc:;.c ·l1cric a:nd. the :reculatory r:.~c.:;i"!a~.~:l;;;!':l~.; ;:h ~.~.::;. 

a.:ec :lnvoJ.ved in it. 'i~i1e bios;ynt!1ct1.c ' lpparatuc of ·t;h..:: b~~~~c;:·:~;-· 

r spond to amino ac5 d COi1~eati..".a t:l.on8 S.n ~che mcd:li..:;n ~ i. ':d.ch D.:."':.~ ~:~:­

cecdingly lo'i'r . Por in~tance :1 a ha.r·terium l'.:hich cen tnai:8 a~.:c.::,·.:·J·c 
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u:.:;.:.dy t'iF..s cai'i"'i€d c u t by l\'1c::ur:lc e S . Fo:; . 



1 -- 1) A .. .Novick and Leo sz-·1 .... 1.. -

If - .i) Aaron Nov cl<: - nd L-eo s~ilard -

(tf -3) Aaron Novick and Leo Szilard -

It- 4) Aaron ,Jovial< and L o Szilard ... 

{~ - 5) Aaron Novick and Leo Szilard -

~0- 6) .Aal"On Novick and Leo Szilard -

~ /- 7) A. Novick and Leo Szilar-a -

D. t - 8) Maurice S. Fox and Leo Szilard -

EA'TERD ITS 0 l Lief-IT- •ACTIVATION 
OF ULTRA-VIOLET INACTIVATED BAC-
'::ERI.h o rocee ings o the NATIONAL 
ACADEMY OF SCIENCES. Vol. 35. 
~~? 0 10., p 0 591-6007 ~ t.. ( I '19 
VIRUS 0 T UN..., OF ID .... fr!CJ.L PHENO­
TYPE BUT DIFFERENT GENOTYPE. 
Sc ence~ Januar,y 12~ 1J51, Vol. 
113. No. 2924~ pp. 34-55. 

EXPERIUENTS WITH THE CHEMOSTAT ON 
SPO.tTTJJ .!!.OUS MUTAmrow·· OF nACTERIA. 
Proceedi· gs of the 1ATIONAL ACADEMY 
OF SCL.o1~CES • Vol • 36, ·~o • 12, 
p ~ . 706-719, December, 1950. 

DESCP.!PrfliQ O'GI T .,.. C}rJ:~mST.I\T. 

so· encc, December 15; 1950. Vol. 
112, No. 2920, pp . 7-5-716. 

tXPE tENTS ON SP NT ~OUS AND 
CHE:r.IIC T :y INDUCLD rfiY.i1.lTIONS OF 
"\CT~ I .. G 0 'ING I .. THE CH.Et•IOSTAT. 

Col Spring Harbor Symposia on 
<.,ruantitative Biology. Vol. XVI 1 

1951. 

JTI- •ruT aJS. N ture, V~l. 170, 
p. 926., 1ovember 29~ 1952. 

EXPERDtENTS diTH THE CI OSTAT ON 
THZ T7S OF AMI 0 ACID 5nr.f.HESIS 
IN DAC':'ERIA. Dynam1 C.:> o: Growth 
Procesae.o. Princ~ton University 
Press, pp . 21-32, 1954. 

A DEVICE FO GROWING BACTERIAL 
POPULATIONS UNDE ST~ DY STATE 
CO~lDITIO s. Journal of General 
Physiology ~~ p. 261-6, 1955. 

rrhe first or these papers (1) investigates a phenomenon dis­

covered by A. Kelner a .. ter - e iar, who slowed th, .... t bacteria "killed n 

by ultra-violet light can be revived by shining visible light on them. 

Experiments designed to analyze the phenomenon are described in this 

paper; they lead to the conclusion that the ultra-violet light produces 

a "poison" v~hich can be in cti vt. ted by lit;ht · d ·ti1ilt this "poi3on' 1 



if present when~ sub~equcnt to irradiation~ the b·cteria divide# 

will cause both death and mutations. 

2. 

The second paper (2) describes the discovery thatJ when a 

bacterium is infected simultaneously vdth t1.o r-elated viru."'es wh ch 

differ from each other both in genotype and phenotype~ the virus popu­

lation emerglng from t11e bacterium contains a class of virtlses t-rhieh 

have the genotype of one and the phenotype of the other. 

The p·pers Nos. 3 to 7 describe 1 ev1 ~Tay of s tudyin b· c-

ter1a by maintaining c. bacterial populat· on in a stationary (e.xooncn­

tially growing) state indef1n1tely and controll ng the gro.nh rate by 

controlling the ra.te of supply of an essential groHth factor . An 

apparatus is described 1 theo;;.~e papers wh · CXl. will conveniently u.ccom­

plish this and which is de3ignated as the ~1emost~t. 

In studying mut .... tions 1n bacteri""" ora th, or .. · tion of ada -

tive enz~rmes in bacteria inaccurate, and t1 .refo.•e misleading, results 

are frequently obtained by studyi g bacteri · l cultu in fl'uKS in 

which the number of b.s.ct~r1a increases e.1;.r onentic J.ly nd today t. e 

use of thG Chemostat appo rs to be i~'ldis ..... ens bleo 

In the papers Nos. 3 to 6., the Chemostat is used in the study 

of mutations. It turns out that the rate at which mutations occur in 

a growJ.no baoteria.l popul tion under the condi'ions studied i ... not 

proportional to the rate 2t which cell d1vis·on occurs" rather the 

mutation rate is constru1t per unit time independent o~ t1e ~ute at 

which the culture is growing.. There is found one group of compounds, 

all purine derivatives, of which caffein is one, wh:tch greatly in­

creases the mutation J:>ate without having an approci ble lcilling effect 

on the bacteria. 
There is another group of compou_~ds dcscribeu in these p pers , 

all of them ribosides of purines which in sraull q ntities will com­

pletely counteract the action of' the above mentioned purine type rauta­

gens and also reduce the rate of spontaneous mutations . 

In paper Ho . 7J l;he Chemostat is used to study the biosyn­

thesis or amino aeida ln bacteria and the regulatory mechanisms whiah 

are involved in it. The biosynthetic apparatus of the bacteria respond 

to amino acid concentrations in the medium, which are exceedingly low . 

For instance, a bacterium . hich can make arginine and \·fill do so if 



there 1a no arginine in the medium, will stop mnking arginine if an 

arginine concentration of 10-9 ga/ee is maint ined in the medium in 

the Chemostat. (Novick and Szilard- unpublished.) 

~ae way of studying such regulatOF$ me hanisms is base~ on 

the usc of a mutant which is blocked in the syntheQis of an c.~no acid 

in our case Tryptophane -- and which pours out into the medium a "pre­

cursor11 of that amino acid. Paper No. 7 utilizes such a mutant. In 

the absence of r.I'ryptophL.ne in the medium, a precursol" of Tryptophane 

is poured out by the mutant into the medium at a rate uhich is _nde­

pendent of the growth rate of the baoterL... Il1 the resence of Trypto­

phane this "precursor 11 is not poured out by the bacteria. J.t is con­

ceivabl.J that this in icatei3 general phenomenon of reLul tion through 

a negative feed-back of the final product at one of the earll steps of 

the metabolic pathway leading to T~ptophane. 

In paper No. 8; there is described a device called a breeder . 

In this d~vice bacteri~ may be g~o\u in a continuous flo~ of nutrient. 

The flow of the nutrient in controlled by the tul:'bid1 ty of thB bc:l.c­

terial culture and the gro•rl;h is not limited by .:;. growth .factor, as 

is the case in the "Chemostat." 

T'ais device '' s developed in order to sJGudy mutations in bac­

teria under cond:.t:cione o:' gro~1th at the ma:·ir.~l r-...te., and such study 

was carrieu out by Maurice s. Fox. 



c 
J Co~Jl(c by the .. :n1versity of Coloraa.o - 1949 

(1 ) Zeitschrift fur Physik, 192.5 , p . 7.53 , 32 . ihis paper extends 
the a plication of therm dynar'"!ics to the derivation of tho 
l aws of thermo ynamical fluctuations . It uaa accepted as 
rliqsertation by the University of' Berlin . 

{2) Zeitschrift fur Physik, 192$ , p . ~38 , 33 . -- jointly with 
H. Mark. This paper reports CA~eri~~nts which revealed 
anomal0us scattorin~ of . - rays . 

(3) Zeitf'chrif't fur> Physik, 1926, p . 71~3,35 . - jointly t..rith 
H. l"e.rk . T"lL paper 1~eports expert·11ents on polo.rizinr; ,- -rays 
by r flection on cry t· ls . 

Ot) Zei tschrift fur :::'J ysik, 1929, p . 840,3.5 . This paper evalu­
ates the increase of entropy wl;icl is connected with opera ­
t:lons of a.n ntelliccnt beinL n a therrnodyna.rdcal system if 
the. e operations are controlled by r'lOS.Rur~nnonts of variables 
which e.re subject t'J therxnodynamioal fluctuation • This 
paper was a.coe ted as Habilitationschrift by the 'tnive"l"sity 
of berlin. 

( 5) "Chenical f"oparation 0-r the Tladioactivc lement fron its 
BOinbnrdecl Isotope in the .iermi •::..ffect'' - - - jointly with 
ChalMers . Nature , p . L~62, 134, 1934. This paper• denl.on­
.strates a eenere.lly ap:;.Jlieablc process (9zilard- Cha1Jrters re · 
action) for the concentration of a radioactive clement pro­
duced by n utrons if the elenent ha. to be separated frOM a 
mEL s of a stable element \v.i th which it is chemic lly isotopic . 

(6) "DetectinB Neutrons Liberated from Beryllium by Gal'l1l'!la - ays , 11 

P • 494 , 134 , 1934 . Nature . 
This paper describes the discovery of radi~~-beryllimn photo 
neutronp, which , be in~~ of low ener!-y , represent a use f'ul tool 
in nuclear research. They were m1 versally usod later in 
the discovery and investieation of' neutron emission of uranium 
on which a chain reaction 1~ based . 

( 7) ''Liberation of Neutron~ from Beryllium by X-~ays" -
jointly with a t;roup or six others, P • 8~0 1 13li , 1931.~ . Nature . 
T.Tsinrr X- ra.ya in place of re..mrna rays tho threshold f'or th 
errdssion of photo neutron fro'rl berylliu.m is determined by 
varyin· the voltage of an X- r y tube nd is founa to be so~e­
"lhat o.bove 1 • .5 , and well below 2 -, . e . v . 

Some f Dr . ~ zilard ' s most ir1portant vsorks still remain 
unpublishnble, £or reasons f national security. 
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(8 ) nHadioactivity Induced bjJ Neutrons" --- jointly with 
Chalmers , ~ · 98, 135, 1935. Naturo . 
In t1is paper a neutron induced radioactive period of about 
J -1/2 hours it'l e~·orted in Indium which does not fit ln with 
the explanations found fo other radioe.cti ve per· oc.s . In t>. 
later paper it 18 shown that it s uuo to "n excited Indimn 
nucleus uhich is isomeric with stable in hnn nucle'Us 11~ . 

(9) ''Ab:;orption of f?esi ual Neutrons , " p . , 136, 1935. Nature . 
This paner report~ the discovery of neutron re onances at 
lovr onereios , .ives an estiPJBte of their enercies , an 
ete.tes that the enerr; e can be "'leaaured by observinr; the 
a.b.orption of the !esidua1 neutrons in boron 'Jr lithium. 

(10) ''f1-Hmr'la .a..ys Excited by Capture of Neutron , 11 p . 3?3, 139 . 
1937- -- jointly with Cr,i"fith . Nature . 
Thi paper reports on the observation of ga.'Irl'l.U. rays e""'li t ­
ted by a nux:Jber of odd ele·"ients which are strone; neutron 
absorbers . The counts observed per absorbed ne1.rtron \fere 
fo~nd to te 15 per cent identic 1 for all these ele~ent~ . 

(11) '•;?adioactivity Induced by Nu~lear •,xcitation'' --- jointly 
with Goldhaber and Hill , p . 47 , 55. 1939. Phys . lOV. 
In thi9 paper the previously reported period in indi~, is 
i nveatirrated and the conclusion ·s reached that it is due 
to nuclear excitation of the table indium isotope 115. 

(12) 'In~tantanoouc .1-nrls ion of a.~t eut cnf! in the Interaction 
of' r·low NuetronA with Ur niu.m" - - - jointly with Zinn, P • 799 , 5;; , 1939 . Phys • ..,ev . 
In thi paper the discovery of tho neutr"' n emis E'ion of 
uraniul'n is :•eported. It is est~ll"..a.ted th t two neutron are 
enitted per fission . 7he neutrons from uran UF1 arn made 
visible on an oscil1ogr ph screen. As primary neutrons, 
radiuro- boryl1 W1l photo neutr'Jns were used which , because 
they are slor~ , can be ea~ily diRtinc ished fr:JTI'! the fa t 
neutrons erntted by uranium. This discovery which was rn..a.de 
independently by :"~er.,.lli i.n the sa.J!le year indicated tho feasl ­
b l.ty of a sustainin nuclear chain reaction . 

(13} ""'MiSRi0n of Neutrons by Uranium" - - - jointly with Zinn . 
p . 619 f 56 . 1939 . '"'h~~· 

(14) 

Detailed re ort of above Jnentiont::d experiments , number of 
neutrons per fission measured as 2 . 3 . 

nNeutron Production and l b5orption in Uranium' - - - jointly 
with Anderson and Ferl":i . p . 284 , 56, 1939. Phys , Rev . 
Thi paper reports an investipotion on the chain reactinc 
qualities of a uraniUM- water systeM. It i estimated that 
1.5 neutrons are emitted for every therl"lB.l neutron 1.v:.rlch is 
absr)rbed by uraniUil'.l. 
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( 15) ''Genetics - xper ne ts on Light- reactivation of Ul tra-
Violet Inacti v ted cteria '' - - - jointly with !· . llovick . 
P. 35, 591- 599 . 19•9 . Proceed~r~·s of National fcade~y of 
i?ciences . 

(1 ) The Che 10stat - In Apparatus fo C:ua.ntit tive .:ennu •er"ent 
of ; ponGaneoufl tati:ms of Bacteria . ·• reience ( n Pre~ ... . ) 

( 17) II r ~.oud e \·11th the Che .10 8 tat on pontuneous l:utn t1 on of 
Bacterla . " I·rocood n of National Aca.decy f ~~ciences . 
( In ,es ~ .) 

I 

D • Szilard ' a purt n ~bringin ~ about of the fir8t 
nuclear chain ::--eaction; in the dosi ·n of the fir t nuclear re -
ctor (atom c pile) ro de cr:ibed , insofar as those attars cnn 

be e publ c , in the 1fficial e.ort: tonic Fnerr,y for Yilitnry 
Pu -po ~e , Henry )• ·--~=ith , 19L5, I':rinceton ~;nivorsit~ P e ~, pases 
311 , L!. 7 , e t c • S '11~ ~ ~ 

<.i 
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Li s t of Publicati on of Leo Szilar d. f rom 1948 t o 1951 

A. Novick an Leo Sziler d . "Experimen t s on Li .;h t - ... eacti vati on of Ul tra-Violet 

Inacti vated Bacteria." Proceedin6 s oi t he Nationa l Academy of Sciences, 

Vol. 35, No . 10, pp . 591-600 (October, 1949). 

In t hi s pa er an investi 5ation i s r e,orted on the li5ht r eac tiva t i on of 

ultra-violet ina c t iva t ed bacteria, a phenomenon escrib ed in 1948 by A. Kelner. 

Th e r esul ts obta ined can be interpr e t ed by a ssu in5 tha t t he untra-violet li~ht 

producin~ a sudden ~..,,uanti t y of "poi son" in an amount r oportiona t e t o the dose , 

t ha t this "poi son" i s r educ ed in two f orms--a f orm which i s not sensitive to 

l i 6 ht and a f or m which can b e des troy ed by li~ht, the r atio in ~hich two for ms are 

,; redu ced bei n'-' i nd8pendent o the ul t rc. -viol et dose, an fur t her thb. t the number 

of bacteri a survi vi n5 a1 t er ex o ur e to ul t .L a -violet 'Ni t h or wi thout subse'{uent 

li~h t-reactivation is det er rr.ined by t he amount of " oi son" r esent i n the bacteria 

a t t h - t lins t hey are incuba t ed with nutri ent medium an ermitted to multi ly. 

The resul t s obtained on t he e.:: fe cts of 2- i 6 ht rea c t iva tion on t he number of 

muta nt s ;>r oauced has been s tudied and t he resul ts are consi te.nt wi th he vi ew 

t ba t t he effect of l i 5 ht r ea c t iva tion on t he appearance of muta nts cmon t he pr obeny 

of the ultra-violet rea c t iva ted bacteria i s t he same a s its eff ect on t he number of 

survivors and consists in the r eduction of t he effectivenes of the ultr a-viole t 

does by the s me dose independent f actor. The que stion i s rai sed v;het her the killing 

of the bacteria and t he ~reduction of t he mutants mi 6ht thus be du e to the sam e 

ch emic~l eff ect produc ed by t he ul tra-violet irradi a tion. 

A . 1'-.ovick and Leo Szi l& rd. "Descri tion of the Ch emostat. 11 Science 112, 715 (1951). 

In this pa.t>er a method i s described fo r meint i ni n._, a ba c t eriu_L O.Julati on 

i n t he rowth hase at 1:1 5 r owth rate up t o t en tim s ... ower tta n norm0.l un -1er t he 

control of a s ecially selectea 6 r owt h f actor, f or instance "LIJ' rJ"LO hane in t he 

c s e of a try to_Jhane reLJ.uiri05 s t r ain of coli. UnJer the conditions prevailing 

i n t he Chemosta t , a concentrati on 0 1 t !li s 5roV~th f a ct _,r in t.he i; r owt h t ube i s 
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inde_:::> end.ent of the concentration of the gr owth factor in the incoming nutri ent 

anJ the bac t erial ensity in the growth tube is independent of the flow rate of 

the incomi ng nutrient and is determined by the concentra tion o1 the 6 rowth factor 

i n the i ncornino nutrient. 

A. Novick and Leo Szi lar d . "Ex eriments Y~itb the Ghernostat on S ontaneous ~ ute1tions 

of Bacteria." Proceedin.:;s of the Nati onal Academy o " Sci ences , 36, 708 (1950). 

In~is pape~rneth i s 

grow::~ase at growtti r a te up 

ol of a speciall selecte .actor , l'or ins t an ce 

1 pop~ation 

under ~e 

In this pa er it i s shovm that when bacteria bre grovm in the Chernost&t ~ith 

trypto_hane as a controllinb growth factor there is no selecti on agains t mutants 

to resi s tance to the bacterial viruses T5 and that the r ate of mu tati on is not 

consi s tant per cell division but rather it i s con i stent per unit time. It is 

further described how evolution t akes place in the growth t ube o. the Chemostat 

and how each step in the tvolution whic~ con i sts in a str ain which is more fit 

than t he r evious one 

A. Novick and .1...1eo Szilar d . "Virus ~trains of I dentical Phenot,'/1-'e but Di i'erent 

Genoty pe." Science 113, 34 (1951) 

n 

In this paper it is shown tha t i i two bacterial viruses T2 &nd T4 s imultaneously 

multiply in a bacterium, there i s r re sent i n the proc;e.ny a virus s train which is 

phenotypically li.Ke T4 but genotypically lLce T2; i. e ., i±xix its host t rain is 

ini t ially like tha t of T4, but af ter one passat;;e is a susce) tible hos t, ' the hos t 
the 

str ain i s changed and becomes identical ~o that of host strain of T2. 
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PUBLICATIONS OF LEO SZILARD FROM 1948 - 1955 

1) A. Novick and Leo Szilard -

2) Aaron Novick and Leo Szilard -

3) Aaron Novick and Leo Szilard -

4) Aaron Novick and Leo Szilard -

5) Aaron Novick and Leo Szilard -

6 ) Aaron Novick and Leo Szilard -

7) A. Novick and Leo Szilard -

8) Maurice 3 . Fox and Leo Szilard -

EXPERIMENTS ON LIGHT-REACTIVATION 
OF ULTRA-VIOLET INACTIVATED BAC­
TERIA . Proceedings of the NATIONAL 
ACADEMY OF SCIENCES . Vol . 35 , 
No. 10, pp . 591-600. 

VIRUS STRAINS OF IDENTICAL PHENO­
TYPE BUT DIFFERENT GENOTYPE . 
Science, January 12, 1951, Vol . 
113, No . 2924 , pp . 34- 55 . 

EXPERIMENTS WITH THE CHEMOSTAT ON 
SPONTANEOUS MUTATIONS OF BACTERIA . 
Proceedings of the NATIONAL ACADEMY 
OF SCIENCES. Vol . 36, No . 12, 
pp . 706-719 , December, 1950 . 

DESCRIPTION OF THE CHEMOSTAT . 
Science, December 15, 1950 . Vol . 
112, No. 2920, pp . 715- 716 . 

EXPERIMENTS ON SPONTANEOUS AN~ 
CHEMICALLY INDUCED MUTATIONS OF 
BACTE:RIA GROWING IN THE CHEMOSTAT . 
Cold Spring Harbor Symposia on 
Quantitative Biology . Vol . XVI, 
1951 . 

ANTI- MUTAGES . Nature, Vol . 170, 
p. 926, November 29, 1952 . 

EXPERIMENTS HTH THE CHEMOSTAT ON 
THE RATES OF AMINO ACID SYNTHESIS 
IN BACTERIA . Dynamics of Growth 
Processes . Princeton University 
Press , pp . 21-32, 1954. 

A DEVICE FOR GRO \:IING BACTERIAL 
POPULATIONS UNDER STEADY STATE 
CONDITIONS . Journal of General 
Physiology 39 , p . 261-6, 1955 . 

The first of these papers (1) investigates a phenomenon dis­

covered by A. Kelner after the war , v.;ho showed that bacteria "killed" 

by ultra- violet light can be revived by shining visible light on them . 

Experiments designed to analyze the phenomenon are described in this 

paper; they lead to the conclusion that the ultra- violet light produces 

a "poison 11 which can be inactivated by light and that this "poison", 
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if present when~ subsequent to irradiation, the bacteria divide , 

will cause both death and mutations. 

2 . 

The second paper (2) describes the discovery that, when a 

bacterium is infected simultaneously with two related 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 of one and the phenotype of the other. 

The papers Nos . 3 to 7 describe a new way of studying ba c­

teria by maintaining a bacterial population in a stationary (exponen­

tially growing ) state indefinitely and controlling the growth rate by 

controlling the rate of supply of an essential growth factor . An 

apparatus is described in these papers which will conveniently a ccom­

plish this and which is designated as the Chemostat. 

In studying mutations in bacteria or the formation of adap­

tive enzymes in bacteria inaccurate, and therefore misleading, results 

are frequently obtained by studying bacterial cultures in flasks in 

which the number of bacteria increases exponentially nd today the 

use of the Chemostat appears to be indispensable. 

In the papers Nos . 3 to 6, the Chemostat is used in the study 

of mutations. It turns out that the rate at v.Jhich mutations occur in 

a growing bacterial population under the conditions studied is not 

proportional to the rate at which cell division occurs, rather the 

mutation rate is constant per unit time independent of the rate at 

whi ch the culture is growing . There is found one group of compounds, 

all purine derivatives, of which caffein is one, which greatly in­

creases the mutation rate without having an appreciable killing effect 

on the ba cteria . 

There is another group of compounds described in these papers, 

all of them ribosides of purines which in small quantities will com­

ple tely counteract the action of the above mentioned purine type muta ­

gens and also reduce the rate of spontaneous mutations. 

In paper No. 7, the Chemostat is used to study the biosyn­

thesis of amino acids in ba cteria and the regulatory mechanisms which 

are involved in it. The biosynthetic apparatus of the bacteria respond 

to amino a cid concentrations in the medium, which are exceedingly low. 

For instance, a bacterium which can make arginine and will do so if 
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there is no arginine in the medium, will stop making arglnlne if an 

arginine concentration of 10-9 ga/ce is maintained in the medium in 

the Chemostat. (Novick and Szilard - unpublished.) 

One way of studying such regulatory mechanisms is based on 

the use of a mutant which is blocked in the synthesis of an amino acid 

in our case Tryptophane -- and which pours out into the medium a "pre­

cursor" of that amino acid . Paper No . 7 utilizes such a. mutant . In 

the absence of Tryptophane in the medium, a precursor of Tryptophane 

is poured out by the mutant into the medium at a rate which is inde­

pendent of the growth rate of the bacteria. In the presence of Trypto­

phane this "precursor" is not poured out by the bacteria. It is con­

ceivable that this indicates a general phenomenon of regulation through 

a negative feed-back of the final product at one of the early steps of 

the metabolic pathway leading to Tryptophane . 

In paper No. 8, there is described a device called a breeder. 

In this device bacteria may be grown in a continuous flow of nutrient. 

The flow of the nutrient is controlled by the turbidity of the bac­

terial culture and the growth is not limited by a growth factor , as 

is the case in the "Chemos tat. 11 

This device was developed in order to study mutations in bac­

teria under conditions of growth at the maximal rate, and such study 

was carried out by Maurice S. Fox. 
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( cY ~ Aaron Novick and Leo Szilard -
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2 lj IJ Aaron Novick and Leo Szilard -

)_~ ~ Aaron ~ovick and Leo Szilard -

") t ~) Aaron Novick and Leo Szilard -

J..~~ A. Novick and Leo Szilard 

2._4~) Maurice S. Fox and Leo Szilard -
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EXPERIMENTS ON LIGHT-REACTIVATION OF 
ULTP~-VIOLET INACTIVATED BACTERIA. 
Proceedings of the NATIONAL ACADEMY 
OF SCIENCES. Vol. 35, No. 10, pp 591-600. 

VIRUS STRAINS OF IDENTICAL PHENOTYPE BUT 
DIFFERENT GENOTYPE. Science, January 12, 
1951, Vol. 113, No. 2924, pp. 34-35. 

EXPERIMENTS WITH THE CH:EMOSTAT ON 
SPON TANEOUS MUTATIONS OF BACTERIA. 
Proceedings of the NATIONAL ACADEMY OF 
SCIENCES. Vol. 36, No. 12, pp. 706-719, 
December, 1950. 

DESCRIPTION OF THE CHEMOSTAT. Science, 
December 15, 1950. Vol. 112, No. 2920, 
pp. 715-716. 

EXPERIMENTS ON SPONTANEOUS AND ClillfiCALLY 
INDUCED MUTATIONS OF BACTERIA GROWING IN 
THE CHE.'MOSTA'l'. Cold Spring Harbor 
Symposia on Quantitative Biology. 
Vol. XVI , 1951. 

ANTI-MUTAGES. Nature, Vol. 170, p. 926, 
November 29, 1952. 

EXPERIMENTS WI TH THE CHEMOSTAT ON THE 
RATES OF AMINO ACID SYNTHESIS IN BACTERIA. 
Dynamics of Growth Processes. Princeton 
University Press, pp. 21-32, 1954. 

A DEVICE FOR GRO~~NG BACTERIAL POPULATIONS 
UNDE:R STEADY STATE CONDITIONS. Journal 
of General Physiology 39, p. 261-6, 1955. 

The first of these papers (#1) investigates a phenomenon discovered 

by A. Kelner after the war, who showed that bacteria. •killed" by ultra-violet 

light can be revived by shining visible llght on them. Experiments designed 

to analyze the phenomenon are described in this paper; they lead to the con-

elusion that the ultra-violet light produces a "poison" which can be 
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inactivated by light and that this "poison", if present when, subsequent to 

irradiation, the bacteria divide, will cause bothe death and mutations. 

The second paper (~~J describes the discovery that, when a bacterium 

is i•fected simultaneously with two related viruses which differ from each other 

both in genot,ype and phenot.ype, the virus population emerging from the bac-

terium contains a class of viruses which have the genot,ype of one and the 

phenotype of the othel q 2.. ~ 

The papers #3 to #7 describe a new way of studying bacteria by main-

taining a bacterial population in a stationary (exponentially growing) state 

indefinitely and controlling the growth rate by controlling the rate of supply 

of an essential growth factor. An apparatus is described in these papers which 

will conveniently accomplish this and which is designated as the Chemostat. 

In studying mutations in bacteria or the formation of adaptive en~es 

in bacteria inaccurate, and therefore misleading, results are frequently obtained 

by studying bacterial cultures in flasks in which the number of bacteria in-

creases exponentially and today the use of the Chemostat appears to be indis-

pensable. 

In the papers #3 to #6, the Chemostat is used in the study of mutationR 

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 which 

cell division occurs, rather the mutation rate is constant per unit time inde-

pendent of the rate at which the culture is growing. There is found one group 

of compounds, all purine derivatives, of which caffein is one, which greatly 

increases the mutation rate without having an appreciable killing effect on the 

bacteria. 

There is another group of compounds described in these papers, all 

of them ribosides of puriaes which in small quantities will completely counteract 
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the action of the above mentioned purine type mutagens and also reduce the 

rate of spontaneous mutations. 
)vj 

In paper #7, the Chemostat is used to study the biosynthesis of amino 

acids intacteria and the regulatory mechanisms which are involved in it. The 

bio-synthetic apparatus of the bacteria respond to amino acid concentrations in 

the medium, which are exceedingly low. For instance, a bacterium which can make 
I \ :~ 

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 way of studying such regulatory mechanisms is based on the use of 

a mutant which is blocked in the synthesis of an amino acid - in our case Tryp-

tophane -- and which pours out into the medium a "precursor" of that amino acid. 
~j 

Paper #7 utilizes such a mutant. In the absence of Tryptophane in the medium, 

a precursor of Tryptophane is poured out by the mutant into the medium at a rate 

which is independent of the growth rate of the bacteria. In the presence of 

Tryptophane this "precursor" is~ poured out by the bacteria. It is conceiv-

able that this indicates a general phenomenon of regulation through a negative 

feed-back of the final product at one of the earll steps of the metabolic path-

way leading to Tryptophane. 

In paper~, there is described a device called a breeder. In this 

device bacteria may be grown in a continuous flow of nutrient. The flow of the 

nutrient is controlled by the turbidity of the bacterial culture and the growth 

is not limited b,y a growth factor, as is the case in the nChemostat." 

This device was developed in order to study mutations in bacteria 

under conditions of growth at the maximal rate, and such a study was carried 

out by Maurice S. Fox. 
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/ Preliminary report on the melting of uranium powder. A-24 (CT-M) 
(August 16, 19_412·, 

v Suggestions for a search for element 94 in nature. A-45 (CN-G) 
(September 26,),2ill... · 

/ Memorandum raising the question whether the action of explo­
sive chain-reacting bodies can be based on an "expulsion" 
method (Columbia University). A-56 (October 21, 1941). 

v On the cooling of the power plant (Contents: cooling media; gen­
eral requirements; magnitude of power to be dissipated; design 
of cooling system). CE-130 (June 15, 1942). 

\ 

Memorandum on the cooling of the po~ver plant. ~E-146 (June 
24, 19421: (Addition to memorandum CE-130, dated June 15, 

I' 1942.) 
I Memorandum on the cooling of the power plant. CE-1~0 (June 
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Neutron Sources, with J. Ashkin, S. Bernstein, B. Feld and H. Kubitschek 

(use abstract only) 

2. CF-1117 (12/29/43). Neutron Emission in Fission of u238 , with B. Feld, J. Ashkin, 

S. Bernstein, L. Crentz, J. Kelsner and R. Scalettar. 

3. MDDC -1292 (date unknown) Inelastic Scattering of Fast neutrons, with S. Bernstein 

and B. T. Feld 

4. MDDC-1536 (8/27/47) Inelastic Scattering of Fe, Pb, and Bi, with S. Bernstein, 

B. Feld, and J. Ashkin (Phys. Rev. ~· 1307 (1948)) 

5. Use of Threshold Detectors for Fast Neutron Studies, with B. Feld and 

R. Sc~lettar (Phys. Rev. ~· 464 (1947)). R,f.) 1~ ,. ~ , 

-r 

l 

\ 

( 



l 

j 

III. b. Metallurgy and Eng ineering : 

1) A -24 (8/16/41): Preliminary Report on the Melting of Uranium Powder. 

2) C -130 (6/15/42): On the Cooling of the Power Plant (with addenda C -146 and 

C-150). 

~r-:-1-r.--B~riug: 

1. CP -308 (6/18/42). Examples of Pressure Drop Calculations in Parallel Flow 

Helium Cooling, with B. T. Feld. 

2. CF -279 (7 /14/42). A Magnetic Pump for Liquid Bismuth, with B. Feld. 

3. CP-360 (11/23/42). Short Memorandum on Bismuth Cooled Power Unit 

4. MUC -LS-60 (3/16/45). Liquid Metal Cooled Fast Neutron Breeder. 
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O 0 )O, o o o t • I.?~ (( ( ~p -r-~ , 

((',{/, .:> 'j :l,j. ,;. , ; ... ,_ ... : -·-:::, ' 

j-24 (CT..U) ;/;;.7/.r6 V:¢Qii~I1H~l!i'Ui&L 
'-

0 

I 

0 

I ! L;'~ctA~tt?l [~· 
' .· 

l :?.:· ... . ~1.~ 11" ,~ ~ .. -~.... .. 
Prol1m1nery report on ~ho _ moltin~ o. 

.Auguet 16, 1941. 
uran1nm powt!er. ' ~":" I ~ 

•• .. 1.. 

- ~ . ~~----------~~~~~~~--~----~~~~-
.A-45 {t;N'~ r.lmho -~} ~: :.· i'#~i·{. 

.§~ihrd. 1... tt .AJ. 33.:?t6 lft?/.rt ~NCLAS5-Ifli::U 
' ,., .·l ... . , 

. , ~. •' . 
' ., ': . ·~- ... s~ggoat1ona tor • soaroh tor ~lemont 94 1~ nature • 

Sop~ombor 26, · 1941 
~·.· .. ~~~:~~· -~:- ... '· . ~ ~---- -----------------------------

. .... ~ ··; .. : I 
*:: \ .... · - ·t I A-56 

c!. ~~ s .,1 ~1 
3-2. <t-J'7• 

• :S(CReT. 
:..::- .... ~ · -~ :: .. 

Szilard, L. (Colun(,ia University). 

::\. Memorandum Raising the Q.uestion Whether the ACtion of ~plosive Chain-
Reacting BOdies Can Be Based on an "Expulsion• MethOd, 

.~.. .. 

.. 
.......... ,· 
• ~ ~~~ ... t 

Oct. 21. 19111 . ·------------~----------- - --~~ 
Cl:-130 ~-~ AJ. tJ.fll;:z-;?:;,,s'.;"" _ 

. __ ,... . ~ · 

·~ ... . - · ·~ 

~-
UNCLASSIF lED 

On tho oooling ot tho power plant. Juno 
.. 15, 1942. 

', '1"' 

(Contentar oool1ng media; general roqu1ro­
men\IJ magn1~udo of power to bo dlpaipatod; 
aoaign ot oool1ng ayatom) 

Szilard_..., L. 
~e'm·o-r•n.dum on tho oooling of tho pcmor plant 
Juno 24, 1942. Addition to tho memorandum • 
~E-130~ 4•tod Juno 15, 1942. 
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CE-150 ( IJ, 3'3/:< 
1- .:z. c;- .. n:: 

·. SSU.tEI 
Ui\cLAS$1FIED 

,Szilar<t,!. L~. 
Memorandum on tho cooling of tho power plant. 

June 29, 1942. '"Supplement• reporta C-130 and 

d ,.,.. ~~~~~~ -~-~~L····-~--~ .. -.. .. -CJ!:-23.6-e_. AJ.. /). ~ ~- ~·-= ·•""'~_J'". "'" ' .:::S lSCR£1 -.::· 
.. . ,,_ · :J.6 • .J t. 'UNCW~it-l t.L 

. . 
)o{ooro, T. v., and_ ~ . c. Leverett, C. w. Cooper, 
E. s. Steinbach, ~. 

Engineering an~~o~oal diviaiona. Report 
for month ending /~gust 15, 1942. 

UNCLASSIFIED 
~;~;R!Pl ,,. 
~:. .~ .. ..... : . , · . : ..... ..... ........ 

SzHah,!. ~, and ;. • ).{arahal.l. 
~eo nologioal di'llaion. Report for month ending 
September 15, 1942 

(Contentar Mg re~ : ~ tion of UF4 ; meltin~ furnaoea & 
oaa Ung of · ura ·niUru} 

-~--.. --~/~~~~:u;1:~~;; - ---~NC~'\~·r · ~~ -
CE-279 , S~CREf 

CE-301 

Szilard, ~t, and E. Crou\z, J. Marshall. 
- Toohno1ogioal div i sion and M.I.T. g~oup. Report 
for month ending October 15, 1942. 

rermi, '•P and s. ~. !lllaon, C. M. Cooper, £, P. 
ltigner, La $Z\1Jir..1. 
· Report-of tho oou~mittoe for tho examina-
tion of tho Mooro-~ftverott doaign of a He- ) 
oooled plant · L. aa t -' ven in CE-Z77::t• ( no~a_t_• _____ . ~ 
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CF-338 
Columbia Unlv., New York. 

Rpt. C. Card: UNCLASSIFIED 

1, Fissionable Material 
-Crltlcal!ty Studies 

i 
MEMORANDUM ON THE CRITICAL CONDITION FOR A 
FAST NEUTRON CHAIN REACTION INSIDE A SPHE~ICAL 
SHELL OF URANIUM METAL. Bf!mard T. Feld and Leo 
Szllard.j Dec. 26, 19·U. Dec!. Dec. 13, 1955,' 8p. (A-387) 

2. Uranium Isotopes u2» 
-Criticality Studies 

' I. Personal Authors (2) 

n. Corp. Author 

' ., 

~-

--

...; 

--

'· 

.. ~ 

.. 

S1.80(ph OTS); S1.80(mf OTS). 
----'-------------·-·------'-~---· -----· ----· 

. .. 

, 
-·~ '· ' 

-
-

{!:,(), 3{/1{ :2-2t-J-b 

r.r-1177 (Limited) 

UNCLASSIFIED 
. ., ....... -.- ' 
' Siil6!U!; 
c~-=1659) 

~?:(h{d~ L.· end B. 
·- ap. J 

Feld, J. !ksin, S. Dernstoin, 
• ~routz, • Xelsnar, R. Soalcttar. · ~-

~. 
Neutron omlsalon 

_ __ .... l_,Q43. 
in fission ot o23B. Doc_~!I\Q...e_~_ 29. 

-

-

I 

-

. : 
"i 

CP-lB~ uNC!J\SSIFIED s ;:c;g & •; 

~s.tg· .. ~ 1 and A. lol.. Weinberg, 1:. P. lCigner, 
1\. r. hria t:y 

Approximate boundary conditions !or dif-
fusion equation at interface between two ·· 
mediae July 10, 1942o 

VroNfC\'~iF1EQ 

-~-~~its!--. ··· - -·· ·· .. 
LoTerett, lol.. c.,. ~~d c. M. Cooper, ~. v. Moore, 
1. P. lflgnor, J:. ~. Steinbach, E • .Fermi, L. · 

_SzilM"b J. A. Whc\~lor, s. X:. !llhon. -
· Discussion of h r. ,.1um cooled p01fer plant. 

September 161 194" • 

~ l - - --

~ I 
; ; Szilard, L., and w. H. Zinn. 

Pret1m~ary report on 1nelaat1o oolliaion 
of neutrons in ure n\um and other heaTy elementa. 
Dooembor 12, 1941, 

CP-308 Rpt. I< Card: UNCLASSifiED 
(Chicago. Unlv. Metallurgical Lab.) 

EXAMPLES FOR PRESSURE DROP CALCULATIONS IN 
PARALLEL FLOW HELIUM COOUNG. B. T. Feld and 

I L. s~_.jJune 18, 1942. Dec!. Feb. 15, 1957. 4p. 
'Ccmfract [W-7401-eng-37). (A-350). $1.80(ph OTS); 

$1.80(mf OTS). 
D -'· 

CP-316 

1. Reactor .. -Hellum 
Cooling 

I. Personal .1\utbors (2) 
ll. Corp, AuthQr 

)o{arahall, J ., and~~· 
Preliminary repDr t on tlaaion oauaed by 

f1aa1on neutrons. NoTember 14, 1941 {Columbia 
VDinraUy) 

-~ 
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' . ' . .. ,., __ '·. 
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! .!1/ 377~ 
CP-317 :J - ~ ti-.Jf. 

)(arahall, J., and 1 ~'r: nsr.'!.. 
Praliminary repO: 1, on t ho oapturo ot 

nautrons by urani~~ in tho 6norgy rogion o! 
photo neutrons !rC' r·' radium-beryllium sourcoao 
December 5, l94lo 

------- --- ------------- --------· - .. 
~,tfJ. 3,6-/{, UNCLAS51FIEIJ 

CP-357 ~-1-J~ ... ,· - ~~ 
~ .. ·._, . .. .. 

Szilard. L• 
-·· Uranium aggrega toa tor power unit. 

NoTombor 23, 1942. 

---------------------------··-· 
· ... 

(! , IJ. G g 15" 
CP-360 (Limitea)f-~:~t 

UNCLASSIFIED 
~EG!l~'lf' ··: :·· 

-, . .._. ...... .. :.. · -~.: .· :_( : . 

WJ..arA....J.~ 
.. . Short memorandum on bismuth ooolod power unit. 

NoTomhor 23, 1942 ~ 

-~ ~--------------------;·-------
/..-~- • . ~~<J.-L~ ,-0.4'. 

.· 

CP-412 y/:z :J-/f-t.r 

Aahkin, J., and s~ llornstein, D. Fold, 
H. Zubiteohek, L• Szilard. 

?rel1m1nary oompoir;;n-ot radon-boron and 
Ra +Be neutron s~uroea. January 19, 1943. 

MDDC-446 
D 
Szilard , L. ·· - · 

Divergent Chain Reaction in Systems Composed ot Uranium and 
Carbon . 
n.d. (decl. Nov. 21 , 1946) 

MDDC-897 
Declass . 

40p. 

Feld, Bernard T., and R. Scalettar, L. Szilard (University of 
Chicago Metallurgical Laboratory} 

Use of Threshold Detectors for Fast ~eutron Studies .. 
[n.d.] (decl. Dec. 26, 1946) lp . 

-

. ------ --------------- ------------'-' _ ___. _____ --- · 

MDDC-1292 
Declass. 
Bernstein, S., and B. T. Feld, 

Chicago) 
Inelastic Scattering ot Fast 

[n.d.] (decl . Sept, 10, 1947) 

L. Szilard 

Neutrons. 
2p. 

'University ot 

contents: Investigation ot the trend of inelastic scattering 
ot tast neutrons tor C, Al, Fe, Pb .and B1; compressed Ra-Be 
and Ba-B used aa sources; resulting cross-sections given. 

AJ•H-X• 0 
-. . ' »'· 

2590-50-6 
(rev,) 

' -~... .. . '\ ,., . 

r.:- . A ~-J .. 

L, (_ ,,, 
Me- t. 
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MDDC-1436 
Dec lass. 
Ashkin, J., and s. Bernstein, B. Feld, H. Kub~tschek, L. Szilard 

(Univers1t7 of Chicago) 
Preliminary comparison of Radon-Boron and Rad1um-Ber7l11um 

Neutron Sources • 
.Jan. 19, 1943. (decl. Oct. 27, 1947) 2p. 

MDDC-1536 
nec1ass. 
Szilard, L., and s. Bernstein, B. Feld, J. Ashkin (C11nt~n 

National Laborator7) 
Inelastic Scattering of Fe, Pb, and B1. 

Aug. 27, 1947. (decl. Dec. l, 1947) llp. 

UNCLASSIFIED 

Szilard, L., and s. B3mstoin1 B. Feld1 J, Ashldn, (Clinton 
Laboratories) • 

Inolastic scattering of Fa1 Fb1 and Bi, . 
Septorr.bor 251 lcJtl 14p 

- --~~~ ~c.~ . .• '?PlJ.- .UNCI..ASSIFIE·o-­
~T-866 (cT~c~.z .... ,, .. (.,r ·:aisfiiisl:s~ 

· Ohlinger., 1 . • A., and.._ t. Szil~u·d, G. Young. 
· New End olosure for Alca~re.roh 30, 1944, 

Szilard, 1 .... 

Proposal for use 
pile. (AIDC-LS-17) 

Sl1lard, L. 

~~·A . ..,(fre.~ .. 3AJ. UNCl.J\sSifl~--· 
N-962 (cp G) U.,.(.( .:z-11-t.r ' .., . ... ... 

;- " r.7 :!$EC11m. :; .. : 
ot . .. ..... . 4 ... .... . 

of thorium in poisoning slugs for W 
.tpril 14, 1944. 

Extrusion proooas for elimination of weld on aluga.· (:WC-LS-27) . J'uly 7, 1944. ' 

(!..A), _.dJ 111-91- .r6 
U-1355 {CS-Limitod) 

Sz Hard L. 
--~at&t'moderatod pile with P-9 ooro. 
July 7, 1944. 

UNCLASSii'IED 
,' ~iaR ... Y"'?.: 
.,. : · ·-·- -· ~ ._;:.-:·.~ 

(MUC-I.S-28) 

(Contentss possibility of largo aoalo production of 
plutonium ln a p1lo having a heavy water-uranium 
lattioe at tho oonter and a lightwator-uranium lattioe surrounding it) · 

. . - ·. ~ ~ .. ( 5 )aC . . 
---- ~ 

-. -~ -~ . 
0 ' . ...;• 

-----~-
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ZSi"'"sc~rift :ur Physik, J? :753-?35 
""' t~ .. lO) lQ25 .. ~- (, ' 

UB:3:R ::!::3 A S!):!:SrXG D2.. P?].l~O.·::..~O:::,OGISC:-1.2.' 
T.:1E..Z· ODYl~ \:IK A.UF D E SC!-1'.\. . KlJr GSER-
SCREI JU1 G2..\J . 

Von Leo Szilard 

; l -

Zcitschri~t _ur Physik , 2} :688-691 
(i:ef-c 9) 1925 

c 

EIN EHFACHE. VERSUCH ZUR AUFFI DUNG EDJES 
S:SLEKTIVE:.\T EFFEKTES BEI DER ZEE\STREUUNG 
VON RO::.'. TGE:\STRA .. qLJ~r • 

Von H • • 1ar!<: und L . Szilard 

,, 
Zeitsc~rift f~r Physik , ]2:743-747 
(Heft 10) 1926 

I 

" . 
DIE POLA.::USIE?..U.iG VOt R.ONTGENSTRllJlLEN DURCH 
~FLEXION A; KRISTALLEN . 

Von H. Mark und L . Szilar d 

Zeitsc hrift f"·r Pnysik , .22. :840-856 
(Heft ll und 12) 1929 
.. 
UBER DI.S EXT. O?IEVE..B.J.'1DJDS..'till1G I N EIP~ 
TnER ;ODTI\A.:HSC=·Ex SYST:C:-: BEI EINGRIFFE.J 
L 'TELLIGEl'TER ': .::.S;::\ . • 

Von L . Szilarci 

o. ~,. 

0 TH:!: DS ,EAS:!: G? ENT~O?Y IX A TP.ER:.'10 -
Dn'A.:HC SYST2-f 5 THE Ii,J"'ERVSl TIO T OF , 
V ELLIGE' TT BED:c:-s 

by Leo Szilard 

·If ,~st.t ..... ';<~"'"'' 
o. <?t' . r -

fHY ~b~~:~ature, 1)4 :462 c~ept . 22) 1934 
) 

(~' 7 
t .t 

C.-:;:,\: CP..L SE?' ~.TI ~ OF ':'!::!: • : D::!: AC 'r-Vt.: 
..;:::.,:_.:s.,:':' ??.0:,: :TS BO~B DEJ ISOTOPE I N TrtE 

by Dr . Leo Szilard and T . A. Chalmers 

Letter -co t-he 

:J2TECTIO:i _7 .JEUI m lS LIBK 
3E; YLLI i'I BY Gk':::\' RAYS : A 
?OR If UCING RADIO C.IVITY 

ED ?.:::Wi1 
Ed TECE IQUE 

by Dr . Leo Szilard and T . A. Chalmers 

Le tter to the Editor (J~aC ~ fd I 7 r~sq 
I 

O.K. t> I t' I u 

l ature, 134 :880 (Dec . 8) 1934 

LIBE.ATIO :oF NEU"'RO S F.O~ BZ~YLLIUM BY 
X- RP-.YS : RADIOACTIVITY I NDUCED BY i' EANS 
OF ELECTRON TUBES 
A. Brasch 
F . Lange 
A. :..Jaly 
Letter to the Editor 

(),~ 1& .r. pn t;~ 

T. E. i3anks 
T . A. Chalmer s 
Leo Szilard 
F . L. Hopwood 

~(_ )/:..; ~ :26
1 
r Jd'r 

Nature, 1}2:98 ( Jan . 19 ) 1935 

RADIOACTIVITY I NDUCED BY NEUTRO S 

Leo Szila rd 
T . A. Chalmers 

Letter to the Editor 
I 

Nature, 136 :950-951 (Dec . 14) 1935 

ABSOR?TIO OF RESIDUAL NEU~RO. S 

Leo Szilar d 

Let-ter t o the Editor 
I 

If~-- --. 



I 

1 Na:t~re, ·139 :323- 324 (Feo . 20 ) 1937 

J . ri . E. Gri~fi~hs 

Leo Szilard 

Letter to the Edi~or 
I 

rHY 10 

?. . l . c;c; 47 I ( ) P~IY nys1c a • ev::..ev: , 2.L : ' - ..;.9 Jan . l l9J9 11 

RADIOAC'?IV:_' Y :.,::;:JCED BY .-UCLEAit EXCITATION: 
I . EXCITA'?'"O.:\ 3Y :~;:;:;UT.:tONS 

M. Goldhaber and Leo Szilard 

U . c . ' "" :J + 55 (S ' . . I' PNX(~ r anlum ommlt- ~..ee , ! .... eporv A- uomJ.~-- ~ 

ted to the Physical Review in February 1940 , 
but unpublished ) ./\ 

1 
J LJ a..v..o ~ I 

uiVErtGENT CHAIN REACmiONS H SYSTE,1S CO. ?OSED 
OF URANIU:" AND CARBON 

. )' r ~-~~scr 
) Leo Szilard 

, __ 
Physical .~eview, 22_:799- 800 (Apr. 15) f>l-{~2,. 

1939 

INSTA!i'fp_:: .:::o 'JS ;;;-:ISSIO~ OF FAST NEUTRONS IN 
THE HTC:.:{.:..C 'IO.l OF SLO'N' ~.c.UTRO)\!S WITH Urt.ANIUM 

Leo Szil a r d 
1dal ter Zinn 

Letter t o the Edic.or 
. I 

Physic c.::. .. ~vievl , .2£: 619- 624 (Oct. l ) PrfY 13 
1939 7 

Et\J:ISSION OF NEUTRONS 3Y URANIUM 

H. H. Zinn 
Leo Szila rd 

Physica::. 3.eviev;, .2£:234 - 286 (Aug . 1) 
l9J9 

t 1EUTROX ??...~:::;-,c _ _,)1 .£\r D ABSORPTION I 
URANiill1 

H. L. Ander ::. 

0, .1-o ( 



?roceedings of -;:,;. o .. ;;.~~ on?.l .\c ade:ny of 
Sciences, ]2:591- 600 (Oc~ . ) 1949 

LD 

t.X Ertih:~N "'S 0." :..:.Ji1T- :::S.;C':'IVAI'ION 01" ULTRA­
VIOL;!;' I NA.C I.V.:...":::.J BACT~.:UA. 

By A. r ovick and ::..eo Szilard 

I 

Science, 1:2 :715- 716 (Jec . 15) 1950 

DESCrti?T 0. ' ? T: S C3~':0STAT 

Aaron Kovick and Leo Szilard 

I 

Proceeding:s o_~ t: e \fational Academy of/ t'o .3 
Scier.cc"', )6 :703- 719. (Dec . ) 1950 

EX?ER--•. ...= •• :'..:'.S ~'liTH TnE C:lE: OSTAT 0. SPONTA;.J'EOUS 
XUTA o;.~s OF BAC i~IA 

By Aaron ovick and Leo Szilar d 

VIRUS s·_·_(..... S 0? ...:DE~\TIC,ti, PH2:J.'JOTYPE BUT 
DIFFEIL.:.: u.::;.·oT~?.::; 

Aaron ... ov_c < anC. ::.eo Szilard 

O, J. io rrf t ,· ~ wr' fl credr /, 

( (( ( l' i"c 
}J 0 tJ,_ (j' 

Cold Sp:c_:·. 2arbor Sy:nposia on Quantita- .B/0.) 
tive Bio::~y , x~r: : JJ7-J4J>l95l 

EXP~L:E:.~·.; JX .::;?JNTA.~E8US AND CHEi•HCALLY 
L'DUCED .·.~ _ :0 ... .:. OF BACTERIA GROWING IN 
THS CH~~'S ... _. 

Aaron Novick and Leo Szilard 
0, ( r 

r'att:re ' 170:926- 927 (Nov • 29) 1952 

Aaron rovick 
Leo Szilard 

Letter to ~he Zditor 
llM..t ( .3 0 I I. ~ .r""' 

O, ,. +. rpf''" f 

D1rn~:nic~ of G::owth_ rocesses f2 :i..- J2_) '07 
(.rlnce~on Unlverslty ress; l~j~ 

v 
II. EX?~rt-:-'3~TS WITH THE C~Z:..10ST. '.l' 0 THE 
1 AT:SS OF .4...V:Ir 10 c-D • .l ' snrm.:lESIS I, 1 3. CT2RIA 

by Aaron .. 'ovick and Leo Szilard 

Papers presented at the l::.th Sy;r.8osiurn of the 
Society for the Study of Develop;ent and 
Gro-.;..rth 

f),f_ t> r Yl I 
I • 

Journal of General Physiology , 
}2: 261- 266 (Nov . 20) 1955 

' 
:Sio 

f 

A DEVICE FOR GROw~NG BACTErtiAL POPULATIONS 
UNDER STEADY STA~E CONDITIONS 

By Maurice S . Fox and Leo Szilard 

D, ' a r~ ,., 
c.- :~ (r le# ,. ) 

Proceedings of the National Academy of f>,·o~ 
Sciences , :±.2.: ';-0-45 (Jan . ) 1959 ( 

ON THE NATURE OF THE AGI~iG ?ROCESS 

By Leo Szillard 

Natu:ce , 184 :957- 958 (Sept . 26) 1959 

A THEORY OF AGI::G 

Leo Szilard 

Letter to the 2ditor (Response to 
J . Maynar d Smith) 

0 . h. ~"rfn t-
,r----

---------------------------------------~----------~~-



:!'qceed·· ngs o~ t..""' ;\!--:..:.or:::..::. 
~c~ences , 46 :277- 292 c~~rch 

. .\c ... ci.:.::r.y 
::s6o 

~ 'o of ...v 

T!-!E CJ1 "':'RO~ Oli' TH= _,0 .. -.._·_-.::'I· I 1 0? S?~C:?IC 
.? 1-JTii.lS D B' CTSRI . ·'· "j ::; A~L.:r"..L c;:::r.,:::, ~ 

By Leo Szilard 

?roc eedings o:::' t!-.-a .la :. iona l Ac- r~err.y o:: 
Sciences , 1;.6 :293- J 2 C· ~arch) 1960 

TrtE r-.:OLEC UL;._ B:.s:::s Or' :U~TIBODY ::~0.2.: IATIO. 

By Leo Szilard. 

ratur e , 136 :649- 650 .V:ay 21 ) 1960 

·-=-

SEX RATIO BI. Ta ON THZ 

Leo Szi::.arci 

Of rt ,·o' Procee~~~c~ of ~~e National Academy ~ 
Sciences , 21 :1092-1099 (June) 1964 14 
ON f"lEi'~u: Y AND EillCALL 

By Leo Szilar d 

u. ,..., \..'- c.c 
Q ( • '/ 
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