
r . Leo z · · ard 

PALMER PHYSICAL LABORATORY 
PRINCETON UNIVERSITY 

PRINCETON NEW JERSEY 

Pupin Ph sics Laboratories 
Columbia University 

e York, ew York 

ear Szilard : 

ay 27 , 1940 

Enclo ed is a co oP the manuscri pt of a Letter to the 
Editor on the subject of fission . I thought that you would be 
interested in it . r.igner tells e that so e of the ork on the 
subj ect i not being p bli hed a present because o~ i s ~ossible 
ffiilitar va u& . I find it a little difficult to ~i ur~ ou the 
guidin p inciple in vi~w of the recent ~~1~ b ' cit i en to 

he se ution of isotopes . Nevertheless , if that is the case , 
I sho ld be leased if you would turn this ov r to •\Jtl "" Lt_v4tl the 

.fll.'( fY' O \A. I...-. .. 

on such matters and I sha 1 be &lad ~o ~ corifor to his 
wi~hes. I seem as if it as ild enough spec ation so that it 
could do o possible harm, but that is Par som one else to say. 

V.'i ner also spoke abou some genera Flans whic are 
de·r lo inu ~or a 1 rge sc le concer ed at ack on this probl~..;m oP 
getting atomic en rgy out of uranium. He thought th~t perha s 
we could do som thi~b abo t it here. I should be very ~la to 
assist in that en er .rise if there i~ an u~e u part thut I could 
p ay in it . I do have a few iceas as to m tho s of attackinb t e 

roblem . aturall don't just >ant to char e ahead and s art 
orue research whi ~ some c~ the rest of 9u have prob~~ ~on~i -

ered and rejected r con~ider~d and p ~~to be in . We'l juc 
F t e matter rest unti we h ar so cth ' n ~r ~ vU fu1 her. I 

was sorrJ hat I did!l't ;,..ve chance to talk to u a some len6 h 
t P ot er ~~ heL ou were own. 

SincerelJ ours , 

LAT: IH Lcuis A . T ·n r 
Enc os e 



Dr. Leo Szilard 
Pupin Physics Laboratories 
Columbia Univers j ty 
Ne~ York, Ne~ York 

Dear Szilard: 

COPY 

Princeton University 
Princeton, New Jersey 
May 27, ~940 

Enclosed is a copy of t he manuscript of a Letter to the Editor 
on the subject of fission. I thou ,ht that you ould be inte .~ ested 
in it. ,1~er tells tr,e t hat some of t he •:.rork on t he subject is not 
bein3 published at present because of its possible mil tary.value . 
I find it a little difficult to fi - ure out the ·;uidin p1•inciple in 
vie1 of t he recent ample publicity given '-' O the separation of iso­
topes . Nevertheless, if t.ha t is the case., I shoulc' ba pleased if 
you would turn t his over to the authority on such matters and I shall 
be glad to hea.1· 1 rom him and to conform to his wishes . It seems as 
if it was wild enou~ speculation so thqt it could do no possible 
harm, but that is for someone else to say . 

· igner also spoke about some general plans ·hich are developing 
for a large scale concerted attack on this problem Jf ,ettine 
atomic energy out of u canium. He thou,.l:i:; that perhaps 'le could do 
something about it here. I should be very glad to assist 1n that 
enterprise if thf'i 'e is any useful part L~ t I could play in it . I do 
have n few ideas as t o me U ods of , ttacl::in ..,. the problem. Naturally 
I don ' t just want t o ch• rge ahead ·nd start some research which some 
of the res ',_, of you have probably c nsidered an l"ejected or considered 
and planned to be~ in . We ' ll just lot the matter rest un il we hoar 
.::- ornethin.-; 1rom you .f'u.rther . I was sorry t h nt I didn ' t have a chance 
to talk to you at some len.:_~ th the othe r day whon you wePe down. 

LAT &MU 
Enclosure 

Sincerely yours, 

Louis A. 'I'urn3r 
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I 

l':t·of "'c.oz• Louis J.... Tul'nar 
.Ya.lru&:r 1 "'ysic_l I.!~'~ bo-ra. t?l"~ 
Pt•incat' n un:tvers1 ty .. 
Princeton, ~ w ersey 

420 West 116 th Street 
N..,; lo ... k lJity 
May ~>0, lG40 

I ~un very gra t~f' 'l to you fi r l t tin l'!la have n C0?Y ot 

your rLa.nuscr1pt w· 1-:·1 mi-;ht ,.;vc;nt;uslly tur~1 o·tt to ho n ~'"l'Y 

importnn t contribution. 

d .c! r · ~~nln t t ;;rf san.t 

·. ,.: ~l : n ts:tng .<'Jr t ;..oc~ · ': .:1nc' ·:·.het ·.;; no';. 
I 

of cl~-: o~. r•.e pnbl1oity fi.'~Ven to th~ s~p~rr.tion cf isoi.O~H!S 

~· ro"" L ttGd by &l t . oaa w.t th ·hem 

otLn .. ,!Ol'k 11.!. ,.ht -:-. on in ccmpar .~.VE>l usc.lusion. 

As you perhaps mow, l hQV& ·.vr,.tten a r t.1or detnJl·~d pago:r 

on tht:l sub,1eot of chain r s.ctions ~1ich 1 :u1 s nt t. th P yfllo l 

Review early in F$bruary but I have b on ~,ked to dal. v t1e 

pv.blicat ·on of this ps.plitr !·nd l.o r~f'::oain from dia~uasin!'T th~ 

I 

dld not 1 eel free to sho 1 yo,l or~ th•J n th~ae faw page3 1n h1ch 

yo-u ilad nleg1t1mat " interest. 



Latter t o Professor 1urnar 

r·eq· .. 1res r.: bett r adju tru nt. t appo· rs 1.mpOr1G&.nt th<-.. t fre dis-

<H·ss1.on of · J ·i \'($'l'4Ults ~nd 1d~a.a mong as ma11y ph aic1st~ a.s l s 

p:r~ctic'l le uhou.lt: t bt; 'nhibi ... Gd. ...._no 1 b~(..._ .. ev t.hr t it, 1s o r 

r::'. · .bt •m· (;\ to 1 ;.51ct vL .._ 8UCb .frG~ d~ e.CUB13.• On .,1 OUlC1 nc.t be 

hind ,r tl by u.rJdUEJ sscr C ~/ · P "c?hap~ tho be~ olution r'Ou_a be 

to d.t.• ·"' up s. 11 s t t'H :111 t:r J st r thy pe.... lu 'lit0 •·. i '11 ;-.> cl~) •WP1oua 

work on UI'an:1U111. ru Lv ltitiT\.. tree c .... ~0 .. soion ·•i ,.._in >-nl!. ! up. 

J\n uncontrull0d dlff1 s:-vn •)f 1n.<~.)J't.1Qt1on · .. o-::: (I o rt·-;;'f.!'t ,.· hJ 

pl d·i1 t. 1St< 5 c1\.~·o, 1 t tltio !ot .;o ~:>flHjn fr·(·'- :ii..~<..l:~.b-,g 

tJl ~ :.b ~hn~t 1f tl: t .. o • 1 ."11!1 :.•e n·.1 '; 1ncl' 1.tied. in t!l· •. o J..., c ~· · 

,.·~n ·ec~1pt ·, ::1 publ~ C;f~t.lon of ~ll !ch ia beL_; d .. laye•=~, ~;•o :lC! be 

conun,,n:ic t.ect '·o ev 1•ybody ..,.~hin -c~.: g~oup. 'f ~~ v~ tll i :1!n·~ e1on 

t.h...: t eom~ olu ci.l'l \_)J. tb~ s t:r.i,w !'ill b 'H) •·l-."' ,uc :t 'ch(: ll\)&l" 

ui, 11. o ill b. "Pfl'O ·c!:O • o.~ ~ocn ai:.l ::H.ci a hOl~ttion .i a 

At t.he · lnut meetir1g at !dc..:.h t_ s sttbj at \"0~ d·· uu od tl 

L-epr t~cntS).tive o the aovernnn.nG 8,!.'l;ge ted tih~t t.co s ... 1oltl•;t.s 

.m1ght themselves t orm some sort of volunt ry .ss :,cie.tion ~no 

i mpo e upon tl!~mselv6s the roatr1cti·!l!! C"' rJ."~V>!l~np_; pu l.lc 1 fl~ 

which app :u· to be necGssai>y in order to ~Rfe_.,'il9.rd ·~~e reqPlr~d 

secr~oy. P'rofesDor Urey has no ta.kGn upon niruo J.f .... be ta~l£ ~r 

cur1·yi11 ~ out thla suggl0lst1on nd h 'fril l .neve G d f'.c•: ..,e 'l.on on 

tL1a enbjent ~ t:h the Goverrn11 ··nt author1 ties in the ne 1,; e ' daya. 

In tha ci rcur.1st nee .... f 1 t the. t tJ beat CO'l r f' r Dl£ to 
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Letter to Proressor 1~rner - 3 .. :May 30 1 1940 

take a to--he.nC' ovor your letter to Drey rathe r t bnn send youP 

uanuseript to the Oove1~ent dep~rtments concerned . By ahoosing 

this avenve it -,i l l t ake l on . .:e r for you to h ear oi'ficially anything 
w-e_ 

abou t the f t o:f your- p s.pGr, but on the o ther hand , ~ t aks leas 

riak in t hs long run thnt our work will be h,mpered by undue secrecy. 

In the meantime, you could por.' aps write to 'f'R to advising h im 

t hat you~ paper is being s~hmitted to c~rta~n '"! ovarnmc. nt departmen t s 

and ask him to delny t:1e p olicntt<m un .11 h.a hears .trum you to the 

con trary. 

of you;.· :J'Gl" ·· ill !'-.avo t: b e deluye<'l i 1dc.n ni t&ly _·n -Le san e way 

ray own 1 s t pGc pel', 

I f y ou wish me to uo s o I C01}1d t1• .... nsmit yCJi.l. ..... a En• dirac l; t o 

dec if:> J ou i11 .L.i s par·ticul.or. c e.s • Lo·iv(HTer , if 1 '· is a.gr'eeable to 

you, I w ~,..uld r u-chnr aw"' i· .. r_tt u"coru:.: of vrey 1 n dis cus sion 1dtn 

t.b.e &u h orities and tl.en -~ ym.:r p~:.-..p.Jl'~·.~ i) 
Your paper· it' certain l y very slilnul9. ti.rHt, :3Ven :"Lf sor1.e ~·he. t 

hypothetica l nd I VI&S ver-y glt:ld t o h ave a:o oppor un::.ty o l~ea .- tt . 

As I repeatedly explained to ~t,{ner I p e rsonally ,.rould bo n· happy 

if you at Princeton could collaborate with ·he r·.:-st of us a .1.d 1 

shall get in touch ~d th you aa soon as I an f: .. •e e to do so . If 

there is no othe r solution I mi;ht G t 1n ouch tvl t you in \voodshole 

and perhaps rtm up for a dn/ i ... ·,~hero 13 nything iwpo ·tan t to 

settle befo.ll! you retnrn. 1e oou.l a. t..hen dl~cus s ~ 

~ t .hin s i n g roate)• de t.e.11 . Could you poss ibly l et t~e hHVe 



·. 

Latter to Professor •ru.rner 

your v~oodab.ole address? 

tlease considsl' all th inf .rm6.Cion contuin~d i.a t his latter 

ae ..... conf:l..dent,ie 1, , ... d 1 should be very ,Sl'atefu::!. if you. d!d 

net c'.~. iscuse 11~ with nyone except ', ign~r to l"hC. I f.lil - ding a 

copy. 

Coula you possibly confirm whether you h~ve ask~d Tate for 

a tempors.ry dela.y 1m tiJ fur t.b.er notice h y d.r op in· !L.e n. lin 'l 

Your sineerely1 

(Let' Sz 'tle.rd) 



Dr. Leo Szilard 

PALMER PHYSICAL LABORATORY 
PRINCETON UNIVERSITY 

PRIN CETON NEW JERSEY 

420 West 116th Street 
New York, New York 

Dear Szilard: 

June 1, 1940 

Your letter of May thirtieth was received. It seems 
to me that the present situation is a very unsatisfactory one. 
If the matter is really important, it should not be on such a 
catch-a8-catch-can basis. Assume for the sake of argument that 
my paper is a really important contribution. The question of 
its being published or held up should not have to depend on the 
accident of our being acquainted and my having sent it to you. 
There ought to be some general way in which the thing was being 
handled -- right no•, not week after next or some later time. 

I find it hard to understand how it can be that one 
important paper was held up in February and now, more than three 
months later, the matter is in the stage of being discussed in­
formally sometime next week. I think that it is better that I 
decline to ask for delay in the publication of my paper. Please 
do not misunderstand me. I am not anxious to rush publication 
for any personal reasons, and I certainly do not want to fail 
to cooperate reasonably. I feel that there is a matter of prin­
ciple involved; that it is high time that the matter was brought 
to a focus; that somebody, either in the government or outside, 
like Urey, should take the authority and request a.ll editors to 
defer publication of papers on the subject until some plan has 
been worked out. I feel that if this minor paper can produce 
some action instead of talk it may be of some importance quite 
apart from any ultimate consequence of the ideas expressed in 
it. 

I am sending a copy of this letter to Tate and also 
one to Urey. 

Sincerely yours, 

LAT:MH Louis A. Turner 



0 llGtb tre t 
York City 

r Turn r: 

I un er t d t t ou h v 8 t toT t oopy of our 

1 st letter · 1eh s address d t e d t, in conso uene 

1 t! • 0 offici 1 ction h been tak n but d y 

ur .9. l • I t lee 1t th rotor t t I n ad not do nything 

b t tb tt my elt. 

l 1 to d!' ' your t•· en t1on to th 1 t 1 u ot Phy -

ic-1 t ·Vie 1n .bien ~c 1. llan and Ab leon SilO th t le nt 

.11 1B :-':roduc from ur nium by the 1 neutrons. 1 

1s t t the 111 try to a hot! er tb1 el m t how f1 -

1 n 1th tho mal n utron 1 but I do not 0'\1 this for e rt-

1n. Sine this 1 pOl'ha on· ot t ue t1 

to b deoid by 1ngl exper1ll t, .nd inc 1t 1 urgontly 

nee t) a'r1 to kno t.he answer to 1t, I f ·1 th t tho tt r 

o ght to tnk n u~ offici lly or unott1ci 11 

tor doing an, ·thin .. b:JUt t, lo ,ver, I nt d to sk you 

r to ·rit t L rone yo l 

an ut to B rkoley ~ou s l.f ur1n 1 r 

n. c ll~·bor t 1n uch r1mont. 

·ould you be kin no to 1 h th r you in-

nd to r1t to r o yo 1r olt? 

1th b t , your no r ly, 

(Lo z 1 
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Professor Louis A. urner 
Palmer Physics Laboratory 
Princeton University 
Princeton, • J. 

De r Turner: 

y 

420 est 116th Street 
Hew York City 
June 24th, 1940 

I understand that you hBve sent to Tate a copy of your 

last l~::ttBr which was u.daressed to e and that, in consequence 

of th~t, some official action hus been taken about del ying 

your ea per. I t ak:o it therefore that I need not do any thin 

about tho ~tter myself . 

I wish to dra\'V your attention to the last issue of Phv s-

ioal Review in wnich • c'.illan and Abelson sho the.t element 94 

is produced frO!tl. uranium by ther al neutrons. .cy guess is that 

they will try to see · hetiler thia ele:r.ent shows i'ission with 

tner:nal neutrons, but I .. o uot k.no •. this for certain. Since 

~ is is perhaps one of the most import nt questions to be de-

--
ciaed by a sinble experiment, an since it is urgently necessary 

-
to knww the ~1swer to it, I feel t hat thematter ought to be taken 

up officl4lly or unofficially 

about it. however, I nanted t you p 1haps ould prefer 

to write to Lawrence yourself and perhaps offer to go out to BGrKeley 

yourself summer and collaborate in such an experiment. 

~uld you be kind enoubh 

to ~Tite to Lawrence yourself? 

ith best nishes. yours eincerely, 

you intend 

(Leo Szilard) 
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Dear Szilard:-

11food~ Hole, :~ass ., 

July 11 , 1940 

pour letter of June ~4 - July 3 RR forwardP~ to me 

' here . Segre wrote me ebout the work of c illan and Abelson 

after reRiling my paper in the June 1 PhyR . Rev . :F<e m ce no 

mention of any proQpective work on t~e fie~ion of 94- 239 

B~ it would hAVP been nntural for him to do in that connPction 

if they were contemplating such work . 'lhite an I had 

ci~cu _ ~ed the po~ ibility of h?ving a go at the thing in 

Princeton but I think probably that it i• better that it 

~houl~ be done in Berkeley ~ince plenty of inten~it~ will 

probably be reruired for getting the kind of ~econd order 

eff~ct thnt thie will he . Accordingly I have written the 

enclo~ed letter to Lawrence. 

I'm :o~orry that yol didn't Ree fit to ~enc the copy 

of my p8per on to whoevor it wa!'l that was rPspon~ible f or 

havine- your~ held up, a~ I under!:!tood that you were going to . 

I felt that ~uch action would contribute to ~ more rap~d 

clarification of the whole problem, 'Vhich was the end !'!ought . 

Breit has my paper , but as far a I can make out he thinks 

thAt I am holding it up and I thought that he w~e, and there 

hao been nothing official about it one w~y nr the other . I 

~hall write to him about~i 
~th be t ree-ard~, ~incerely yo~rs , 

0 



420 a t ll6th Street 
~e York City 

July 13:, 1940 

ay- th 

ny t~nks !or your let. r of July 11. I m so~ry to 

1 did not ont 1n th co y of our lett r to La -

Co ld 

nd m~ th~t copy, as I ~n rather nxio~ to ks 

u -po sibly 

in 1.0loao 

touch with tho devslo ent con~em1. olamon t 239? 

1 .. f w ft r our 1 st, m et a I 

stnnc t t the Physical R~v1 1s offici lly eon ! erL~g 

h thor or not to .ubl1sh your note, ancl I h~ve ther upon a.d• 

~1aed ~1gne~ that 1n view or thie I do not ro ose to r 1se 

tho a~me uestion r1tb another uthor1ty. You prob bly r -

nlize that the a.ct1-:>n taken 
A!V 

y Ph o1eal Rev. e f.-llo d 1-

r o t y 1.'X'Om your send in·_, to Tate a eony of l tter h cll 

you had 't'ltten me, and that 1t wo 1<1 create confusion 1£ 

t ·ro d1ft'orent o.g neies ra eked to a o!d about th~ r to 

of one and the same pn~er. It, ho ever. l shoulo vo s-

undar to?d the action t .ken by Phyfi10al ev:t 

your noto, nd if .o official act1cn concsrnin , your note 

1s unaor we.y, tllon I would be ; l d to t ke up th tter 

.gain at the point where it ae 1 tt, all th l' a I p r-

aon. lly think it vc1~y imp :rtant t t our oto should not. 

p r 1n prtnt. Perhap you 111 l t -· lmo if I ca do 

anything flu tJ sr 1n the t t r ai'ter you 111 .. 1 v obt 1n d. 

oloar 1oturo through your rurther oorre pondenc 1th 

reit. 

ith b t 1ohos, ou s 1 oerely, 

{_. h , 



-2--

Memerandum -'-"' Turner January 5, 1941 

It is practically certain that if a chain reaction can be made 

with unseparated uranium trans-uranic elements can be produced 

which can be chemica lly separated f rom uranium and which can then be used 
r~ 

to maintain a chain reaction in system composed of a trans-uranic element 

and another element which serves to slow down the neutrons to thermal 

energ ies. 
~ 

c....r/1----~ 
If uranium 238 Bep a neutron a trans-uranic produced 

which~ a mass number of 239 and which after 

transformations does not show any appreciable spontaneQUS disintegration. 

At present it is not known whether this element itself shows fission by 

thermal neutrons but if it does not then it is practically certain to 

go over if exposed to thermal neutrons into an element having a mass 

number of 240. Again this element will either show fission with ther'llal 

neutrons or if exposed to thermal neutrons go over into an element which 

has a mass number 241 etc, etc. It follows that if uranium 238 is exposed to 

slow neutrons for a sufficiently long time trans-uranic elements which 

show fission with thermal neutrons will accumulate in the uranium. 

Figure 10 shows an arrangement for the nroduction of such 

trans-uranic elements which can be used for maintaining a chain reaction. 

In figure 10 (1) is a sphere of four-meter diameter which is composed 

of carbon, natural uranium or carbon, natural uranium and beryllum; 

(2) is a sphereical layer abru.t 50 em thick wh:ich is either composed of 

a mixture of natural uranium or sub-normal uranium and graphite containing 

these two elements in a ratio of abyut one uranium atom to twenty carbon 
~~ • 'I 

atoms or it is composed of ~dinete layers of graphite and uranium. 

The uranium may be present in the form of having about a density 

of 6 gm per cc and layers of graphite having a density of about 1.7 gms 

-per cc. Somewhat less than 1/3 of the volume may then be occupied by 

the uranium oxide in somewhat more than 2/3 of the volume by graphite. 

The graphite layers may be abru. t lcm to 2t em thick. A third layer 

(3) is a spherical layer of graphite also about 50 em thick serving the 

· th number of neutrons which escape from the system. purpose of reduc1ng e 
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Uemorandum Turner January 5, 1941 

The amount of the trans-uranic element whbh shows fission 

with thermal neutrons and which is produced in the layer (2) increases 

gradually and will reach an equilibrium which is determined by equ~librium 

amount of the element from which it is produced and the ratio of the 

capture cross section of this element to the fission cross section of 

the trans-uranic element in which we are interested. Since this fission 

cross section may be expected to be large compared to the capture cross 

section of the preceding element the equilibrium concentration of the 

trans-uranic element in which we are interested will be a small fraction 

of the concentration of the element from which it is produced.!n order 

to obtain an economical production it is advisable to remove chemically 

the trans-uranic element which we wish to produce as soon as concentration 

reaches abuut 1/4 of the equilibrium concentration. 



uranium oxide is used the radius of the sphere or cylinder should 

be considerably larger in order to have sufficient thermal 

absorption. A thermal neutron which reaches the surface of the 

sphere or cylinder and which reaches the uranium body without 

being absorbed has then a considerable chance of returning to the 

same uranium body again and be eventually absorbed by it. In this 

case a reduction of the graphite density would have the effect of 

decreasing the thermal absorption and the disadvantages would 
trf,.-.-y-,.,) 

thus t compensate the advantages. 
I 

/ 



\ 
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tomic ;illergy from u238
" 

'rhe recent experim~mt s of lHer , Booth , Dunning and Gros se1 and 
~ of Kinrrdon, Pollock, Booth and Dunn in a have confirmed Bohr 1 s pre-

diction3 that the nuclear fission produced in U by thermal neutrons 

is to be attributed practi cally ~ntirely to the rarer isotope of 

mass ~35 . / This is present in an amo~~t only l/139 as ~reat as 

that >f the 2.8 i'sotope so it is natural to conclude that only l/140 

of any quantity of U can be considere'l as a possible source of atomic 

bnergy if slow neutrons are to be used . It sePms likely, however , 
238 that this is wrong, that the energ;y of a large part of' the U 

nuclei can also possibly be made to underg;o fission by slo'v neutrons 

in an indirect way. This is of obvious importance for practical uti -

lization or the atomic ener~y of U. 
~.:>8 The indirect use of U can come about through the fission 

239 
ei tner 01 the U nuclei f ormed by the capture of n uut rons , or of 

239 4 the nuclei descendin g from U • In a forthcoming paper it is 

h 
93 

EkaRe239 Eka0s239 , b d s own that a nd 
94 the proba le lon~- live 

239 desc endants from U , would be expected to under~o fission upon 

capture of thermal neutrons . A sjmilar arg;ument leads to the con-
239 elusion that U itself would probably also P"ive fission wjth ther-

mal neutrons . F'or such fission to be of consequence it is necessary 
239 _ _235 that nearly one U atom be produced for every U atom lost . That 

this condition can be satjsfied may be seen as follows . Consider N 

secondary neutrons . ... number Np v1i ll suffer resonnnc e cap -cure by 
238 839 U to ~ive U , p bein~ t te probability for such capture . The 

remaining N(l- p) neu trons will bec1m€ th.,rm, l. Of these , N(l - p)w 

will~ ~uce fission of u~ 35 nuclei an~ N(l - p)(l - w) will be cap-
-38 

tured bv U nuclei, w being the probability that a thermal neutron 



2 . 

will prodw e fission . It is assumed that no other capture processes 

are important for the th rmal n eucrons , that a non - capturing rc.ethod 

of slow in?; the n eu trans needed for develop in"' the divergent chain 
239 reaction has been found . The total number of U nuclei formed is 

235 thus Np N(l- p)(l - w) and the number of U nuclei lost is 
2.35 N( l - p)w . Th~ condition that every U nucleus be replaced b' a 

G39 U or descendant nucleus becomas Np N(l - p) ( l - w) N( l - p)w 

~ ich reduces to 1(1 - p) 2w . Since w 1 this condition can be 

met if p 0 . 5 as it was in the experimencs of nalban , Joliot , 

Kovarski , and Perrin . 5 Presumably it ern be made so •1i th othe r 

mettods of slowin · do'm he n 'l tr·ons . 

239 It seems lirely, ho·ffiver, t}at 1f t~e three n clei9 Gu , 
239 239 

93Eka Re , and 9 4Eka Ds only the last mi ~ht be exnected to have 

a large cross- section 
240 

fo· fj ssion . rhe excess ener~y in the U 

and 
93 

240 
Ekarte 

239 
nuclei after cap ,ur e of n utr ons by U 

respectively , would be smoll conmared to ''vhat "it is in 

and clcafle 

~56 the U nu-

239 

clei coming from u235 • The cross - sections for f-Ission 'Jould tnus 
240 be correspondingly small. Ing 4Eka0s , on the oi~h r hand , the ex-

23o 
cess enbrgy '!Ould be ev en larger than in U and a lar~e cross-sec -

tion for is sion ro uld be ex-rc c ted . It might thus be necessary to 
235 allow U from ·hich the U had been used up to lie idle for several 

239 times the as yet unknown half - life of \-
3

1K:aRe until a sufficient 
239 quantity of EkaOs had developed in it , aft .r ... j ch it c ould agai.Yl 94 

' 

be us eo . ...:nis could be rer ea ted until all of the u238 had been used up . 

Louis • 1.\11•ner 
~Rlill~r Phys cal LaboratorJ 
Princeton , New Jersey 

li!ay 2 , 1940 
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