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c/o Dr. H. Coblans, 

Mr. L. J . F . Brimble, 
" ature", 
Mac ill nand Company Ltd ., 
St . Martin ' s Str et, 
London , w. c . 2. 

29th August , 1959 . 
Scientifi Information Service . 

ear .M r • B i m b 1 e , 

I wish to thank you for your very kind lett r of 

30th July and I am returning enclosed Mr . Smith ' s Note 

together with ote of y own for simultaneous publica+ion. 

I am at present away from my office at th~ 

University of Chicago, The Enrico Fermi Institute for Nuclear 

Studies, as I am cpendio~ y vacation in Europe . A letter 

sent to my Chicago address will reach me, however, with a few 

w eks ' delay . 

Yours sincerely, 

Leo Szil rd 

r:ncs . 
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In n i ~ r ~ing le tor to d1tor ri i 
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r t h o y o.t' t 1 

r c ntlt ro o d (" n t e tu t t A in roc 
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th 9 t ke r ·u t. A I b 11 pres ntly w, 
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Lt:t: r ppreci bly 'f t l 1 nd th fe 1 • 

s it ci (t in hi th u 1 . f ct o! .. 

t t r 01 t ne ot \B n t f i 

D. • l 8 0 8 to 'th t n futur th th t 

b f1 J lly app ic 1 t n t ou.l p t n u.du 
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u n+i i•e it i p 'f ing 

~ 
pe i nt d, n OT' - te ' i h i • A resent 
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I a n t t pre e di po ed 

t g al ng wit th a prai 1 'f e the r , i pli d in t 1 t 

ar r ph of t • mith' Note. 

t J. u e , l g5 • 



The Editor 
Nature 

Sir , 

J 

c/o Clarendon I" bora to r y 
Parks Poad 
Oxford 

December 3rd 1936 

enclosed I an sending you the corrected proofs of my paper 

with the request to forward it to the printers . 

A number of changes has proved to be necessary to make the 

meanine of t he paper clearer, and it appeared also necessary 

to change the summary . 

I mus t apologize for these chan~es , and should of course 

be glad to take care of any additional expenses that might be 

caused by them. 

l~y I again see proofs of t h e paper before finally releasing 

it for print , and have perhaps three or four copies instead of 

the usual two ? 

Apologizing once more both for the changes and for the 

delay caused by my absence 

I am 

Yours very truly, 

(Leo Szilard) . 



It is however very improbable that two such a.nomalieo as isomerism and 

a new type of radiative capt ur e (requiring fast neutrons) atlo uld both 
-o~ 

occur in tl same element unless tl e r e is a _,inherent reason for their 

combined occurence, becaus e eac .. of these tvw anorrm.lies - i f it exi eta. 

must be rare . t-iince fo:r. the time beinJ no uc 1 ren.son is Etp arent , we 

have to inve ~ tie;a te othe r al ternati v, interpream1J io.1 s of our observati 

The e;eneration of the 4;f hr . p eriod by ouch a non capture process 

fro '· indium 113 woul d only be )os ni ble if t 1e bJ.ndin,; enereY of the 
l)..y.. 

neutr m irt t h is isotOJ)e were of t~ n xpectedly lo :v value of l ees 

than 2 . 5 m. e . v . 

An estirllate of the ,ass of such a tetr< neutron based 

on current ideas on the neutron- neutron interaction lead to a. value 

whio t is so much .: n exces n of the lower limit • ota tcddabove to be 

4 . 016 , t lwti t he ejection of sue~~ a t 0trn. neutron from indium 115 by a 

2 . 5 . m. e .v. neutron wo 1ld a. ,.Jpear to be ir·l~oseible . Tha t the ejection 

of a double neutron from j_ndiurrl 113 sould a ccount for the e;ener~.ti on 

of of the exceptionally st rone; 4t hr . period wonld seem surpri sing 

'O since the relative ablmdance of this j.sotope is les ti thnn 5!% . The sam 

di ffi c ulty would a.rise if we attmnpted t o explain the genera t ion of 

the 4i hr . pe:riodby a. non capture :>roce.ss fi'Oh indi urn 113 . Sue a non 

capture process is ruled out '>vi t h certainty as an explanation for a.ny 

one of the three radioactive bromine isotopes generated i n the experi-
7-; 

)llents of Kourtchatow . lcy-ysowsky , and Roussinow which raise a problem 

posoibly similar to ·~hnt of tndium. 

None o:fBchhe· of t he discussed in t erpretations of our ob­

servations can thus be accepted without additional evidence and i ndium 

will be furthe :r investigated. 



Summary. 

Dr. Leo Szila rd reports anomalies concerning the generation 

of a radioactive indium isotope having a half life period f 4 ~hr . 

Fro m the experimenta l evidence one mi gh t t h ink t .la ;:, two anomalies , 

isomerism and a new anomalous type of radiative captur e occur in indium. 

Since each of t hea •;; :o n01nalie s i n it s lf ,KLHE:txmt -i f it exists - must be 

a r are occu.rence it is diffic .~l t tcf be J. ieve t ha t they sho ul d bot:1 occur 

for the same element unles s the e is a s pe c i a l reason for t hei r comb i ned 

o c cur eu ce . Al t e nn. i ve i nt e r p reta i. i on s of t .. te o·bserva tions are inves ti­

ga t ed i n c lading t he osf i bil i t y t w a h itherto unknown heavy isoto .L-•,te of 

t h e neutron may be ejected from indi um by a neutron. 



A·n· lli , 
1) 

rvo , i , ,~ • are h v 

fo · that 1ndi h . o ra io- cti v .. lt 1 ·-li 0 

.. n ti4 i.l • ) . r 'bo' b 1' e b· n ll tron 'f;7 ).10 h v. 

o r i • r 

t t i i c 4 1 vely 

of 1over l or if rro ic e fro 

.. rticle bel"l'll · ouroe e t .'1 r 

ceo . T e t o nortc1· h ..1. ·- if )eriod.. e . 1 

11 · e~ r cc , fro t o 

roc i 1 tic t n i c· tLres n .. e 

riod (l 

lu d 

) riod 

, to 

1 5 • 
t 1e i i .. 

n cleu • hct>c t chart r eriod • therefore , no \1 b t rib t ed 

to t o r dio- .c ve i 11 an 116 . 

to acco~mt for t ird r·dio-

· ctive 1t lf-11ff3 ,perl d i the ~- i 1 , ema "'· e tlu.r f ,r . r 1 .. e 

t te <: e' t o. exL t C('~ c b; ex.ll i ed tll t 1 ' 

• t . be: viou.r of t li 1 ... ird 

er1 > ' 
0 

4l hour ) h be L vot t1 te lJ:V • .:.n..., v rio < ~o· ro f e ron· . 

:from r i.t C lib·~r"ted ~.. ttron fro be~rlli 
3) 

as r ~iou ly reported an th e >hoto neutron are efficien t in 

hich m.1to into t cir o '"l i oto e b ... inao 

ne tr n to t1e nucl ( r i tl7e c I tur } • 1 irradi ti indi:.t 

t'd.r hour" v;i t 1 uo11 .til o to- neu l#rone in t 1.. b enc 

co tainine c~b t .ce (no ~re•o.~ =of , tic . ld .,d ly re · nforce 

t u4 i u erio ) , I obatuw a.;tivltie• u .• l t 150 lc~.· Jl r ,i ute 

\ h ie eery d to let. th"J ···.c1< ;er iJtlt 11 h.o \r o • tlle 

1 e r - !11 er n t - r .} co t t r . 'l'ne e · i cl· e bel on , e.1 i rr;;ly to th 

- - --------~-----~--~--~~--~ 
1) A aldi , 
~) Szil rd 
3) Szil rd 

• nd ..... 0 re "L ic .. I'CP Anno V, Vol . l l, n . - 10. 
etu.re Vol . lZo , p . 9 • 1. ,./ • 
Neture Vol . l=:4 , ... .~e4 .. 4, 1 ""4 . 

-



-·-
• ri • tr c 1 1 t r r o • 

lll t ·r 1' -
., lli ~ . ' r 0 . • 0 

i uO r 
t ' t.o or r 

e. . c rv ~ l-• c.· to 

t 1 ·it er 

'T or rc I 0 re l J . 
e .c .. 0 f ar ,) r Ot. 

. 1 t 

0 l 1 lb . ,e:ri i 1 • ' • • • 

ill con, , .. i. ,.eri 1 • 
r o. 0 0 

Q r J.c I ci it 1 • 
n. >l .... . I"LU 

t tl~ ' 

l r 0 0 • 
1 tl r1o 0 0 r t 

er Ct 
• 4 ... , 

• 18 cot 0-l o .. r ,.) ot e i 

. e () t tet·, 10 Vf l', t 

i i c 1'r 0 e of e b iA r.. 

r.c i ic 0 

(r ... 1 ) , b 1 B 

s: ~- ne ·on~ Cl .e to-

eat • 
, . e r:;. ., u .1 . •tltr r. ·r r.: on- l'O 

~u·c • t. r c r io- v ·1 

oto 'r 
. oto_ e ll lt ~ ll b e .r e a J.. ' 

ve :.d.".!.l,C lt to t • :r od , . . ich, 0 t.J e 

:: • t. -. io 0 · t.;t obu; ~v • 
u!le 0 r v ic .. . ri r ble 

! i• 0 l • 1.-oe 0 ot 11 b 
--~-~--~-~-----~~~-~----------

) i, • en. iro , or· i • 0! . • _.00 11 • o . ) . 





-3-

le t ( 

z ve t e ltl o t u.tron 

f 0 r on-boro e r a ton. roup 

of c tron ~ fl' r on- l >h > rt · vl . so rce inc 

re V f'lr . l.C l ft'icie t J.;. cti. T · ting t 
6) 

1.t • .rio 

of i ic • v e • fi• t .t·U. t · onv r by 1 , j)' Ac:.O ti 0 , 

ermi, Po t oorvo, ~e re , fi d i.l .ort ir r nt ri e ta 

~hich how l t th . 
"~ • h . ~.l eriod of ... hoep 1oru , 

7) 
xcite 

· nbo t 3 lli•V ne1.1tron i ore th 

s th 10 in . l h . rion o .1 .,, t1e • . 3 in. e 1 or i •• 

and th ~ .. . in . er1od of P. Therefore it 

would be diffic lt to e th t t t e od rc:tely t hou.ld 

roduo o r r dio- ctive indiu.~ 1 o e in non- ca.~: tare ... r oeti by 

knocl..ing ott n u tron fro7t one o t" he ~ t c i oto .. o in 1 , 
T lie u tion ou.l l or unli ~ly , uo . no -o 

ture .. roce oal le from the btl t t ble i oto.e of indi 

11 to t1e r io- Ltiv i oto~e 1 
' 

uch , e h l:r ... y ll tte 

to the la lf-life .,~eriode of ei t 1er 1.6 .c . or o4 mil • 

All thi le me to thi p th t t e indiwn i t .. ~ d c i1 g 

th t c 4! hour '"' rio 1.~ a n Ullber m.f ller 11 ' tnst 

it •l'i. es fro t.n i di icoto ), A-15 in io t e ne 1tron 

ia O'" ... t~J.red . Accordi sly, I wif to ut fo , rd the ollo ing vie :-

Mo erntely f ·ot neutron e c tured by th india , m nucleu 

115, d tim eject article of t e e e nuriber four a c. the c ree 

nouGht . i l to r io-ac ive 1 ot ;e of 1 di o1· th 

nu b r 11',, :hi on iaintegr te .11th ht lf'-lif ) riod t: 4. h . Tne 

ejecta J.l ticlc - ·n isotope of t. e neutron, • ic, lg. ~ c v .. nie~, y 

b c lled _u~ ron tetron • 1a not b n o .e:r.ve in t. e 

t 1ere no in ic~ tion f 1 te e i,~ te ce hither o . T'he r re en t 
-~---~~-----~--~-~~--~~~----~-

5) ton, roo. oy. Soc . 
) Analdi , n•A~o ~lno, e~i . Pont corvo and e re, La R cere , 

o Vl , Vol 1 , b. ll-1 • l9Z~ . 
7) Btcrge and . tcott, N ture, Vol. 1~4. p.l?7 , 1 . ~4 . 

d 
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exJeriments, however, seem t ve afficiently trone; evidence 

for 1t~ existenc to justify t fo a~rect ob r tion 

of this • article, and sucr1 £.ttemvta re now being de. 

t\n exac ly analogous ex..f:)lo.nation nieh be put forea.rd 

in order o ex.ul in the e;ener id n of three raaio- cti ve isotopes 

of bro.m1ne fro1.a bro-- ine, wnicn he. been discovered recently by 
8). 

Kourtcil.atow, liyssoweky, Rous · i • All theDe t.nree radio-

active bromine i eotol!ea can be generated by neu trona hich 1 ve 
9) 

been slowed do n by par ffin w • 

Clarendon Laboratory, 

OXFORD. 

January 30th. (Leo Szilard). 

.. •.,;:;:~' . . -

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

8 )Kourtchatow, Myssowsky, Roussinow. C.R.200, 1201, 1935 . 
9)Amaldi, D'Agostino, Fermi, Pontecorvo, Segre , La Ricerca, 

Anno Vl, Vol.l, n.ll-12. 1935 . 
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