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ANOMALIB.S IN TilE FERMI EFFECT 

1) 
Amaldi, D'Agostino and Segre have found that neutrons Which 

have been slowed down by paraffin wax induce in indium two radio­

active half-life periods (16 eea. and 54 min.). T.A. Cha~ers and 
2) 

I have subsequently reported that indium can also be comparatively 

strongly activated with a third period of several hours if irradiated 

by neutrons from a radon alpha-particle beryllium source in the ab-

sence of hydrogen-containing substances, and we raised the question 

whether its existence can be satisfactorily explained without a new 

assumption. The two shorter half-life periods arise, to all appear-

ances, from the two stable isotopes of indium, 113 and 115, by a pro­

cess in which the neutron is captured and added to the indimn nucleus 

(radiative capture) and can accordingly be attributed to two radio­

active isotopes or indium - 114 and 116. 

In the present experiments, the behaviour of the third period -

the half-life of which I have now found to be 4t h. - has been invest!-

gated, us i ng various sources of neutrons. 

Gamma rays from radium C liberate neutrons from beryllium as pre-
3) 

viously r eported and these photo-neutrons are efficient in activating 

elements which transmute into their own isotopes by adding a neutron 

to the nucleus (radiative capture). By irradiating indium for more 

than *-X twelve hours with suoh photo-neutrons in the absence of hydro­

gen-containing substances, (the presence of Whioh would unduly rein­

force the 54 m. period) I obtained 5 minutes after irradiation activi­

ties up to about 150 kicks per minute on the Geiger L11ller beta-ray 

counter, which decayed to less than 2 kicks per minute in eight hours. 

These kicks are due entirely to the 54 m. period, no trace being tound 

ot the 4i h. period. 

Using neutrons from radon alpha-particle beryllium and radon boron 

sources, I compared in both oases the initial intensity of the 4th. 

1) Amaldi, D'Agostino and Segre. La Ricerca, Anno v. Vol.ii, n.~lO. 
2) Szilard and Chalmers, Nature Vol. 135, p. ~8, 1~35 ·. 
3) Szilard and Chalmers, Nature Vol. 134, p.494, 1934. 



Anomalies in the Fermi Eff~h 

Tne pre ent ex;eriments on the Fermi Effect of indium 

show anomalies which - pparen uly compell u to chose between 

two alternative views . One of these alternativex vie\ ·s 

inv-olves the as um.~) tion th t a hitherto not ob:.:;erved he~vy 

isotol)e of the neutron is ejected from a stable i otor e of 

indium when indium is bombarded by neutr nf; . According 

to this view , the ansmalous radio-active isotope of indium 

ari~. es from one of the s tahle indium isotopes by iJro cess 

in whi<i:h the neutron is cc-t. tured and an isotope of ·Lhe 

neutron of ma ss munber ~ or 4 - or IJ er.hr .... s even more thai& 

4 - is ejected . There are a rguments a gainst the assumption 

of the ejection of e dou.bl e ne tron, an the sim1,les t 

ae;sum.c.tion seeme to be that a tetra neutron is ejected 

from t: .e more C~bund nt ~table isotope 115 . The 1)resent 

experiments will be discussed from the 1,a int of view of 

rrguments f111r and <" Gainst t}J.is assump tion . 

Th e other 8-lternPtive vle•vV does not involve the 

e:xiEtence of a heavy ncu .ron isotope at all , aml it might 

be con. :dered be some as equally rob~ble , or even more 

proballe them u-.e first alternative •. While we ehcdl 

empha~:ize the .oos ibility of this second. view , we will 

not discuss i t- ~n such detail &.s the jirst a.lternetive . 

Thi~ unec~ual treHtment is not due to c>. bia. .. ed opinion in 

favoar of one of the two views, and seems to be justified 

by t . e fact that the first view leads to a number of potential l y 
possible 

/ experJmcnts v ich may decitle in it.., favour, or may decide 

geinst it, wherees it seems to be difficult to think of 

e:xperiments whin.h lead to direct decisions on the ::;econd 

view . 



( 

-2-

2.) In order to obtain information on the 

vital noints. a systematic inves~igation is necessary. 

Such an investigation would be also of scientific interest, 

and it a'l"/ears that close co-oneration with laboratories 

pertaini g to t11e University of London would be nossible. 

I think I could ~et hospitality and facilities for t 1rts 

work in one of these laborator.,_es, and that I v1ould oe 

perrai tted to have a small staff working wi_ th me. 

I understand that the only condition that 

would be i_moosed would be that the results should be 

published as soon as they are ascertained, b1t no objection 

wo11ld be raised against an lying for natents before 

publication. 

It woulr be desirable to have add tional 

facilj ties of £2,000 available for the next two years, 

in order to speed up the work and ensure its continuity. 



b,- Kou:rtchatow, Iey'ssowslcy' and Roussinow B). It is further concei vab~e 

that UX might perhaps emit spontaneousl,y an isoptope of' the neutron. Should 

UZ arise from UX through a beta transformation followed by a spontaneous 

ejectirn of an isotope of &he neutron, it would not be an isotopic isobar 

of UX, and the one seemingly well-established case of isomerism would dinap:pear . 

One must, however, bear in mind that none of' our a:rgtlllents can be 

regarded as entirel,y conclusive until we succeed in understanding more rully 

the inter-action between th.e neutron and the nucleus. ~ It is 
., 

conceivable, though there is no know.n precedent in the case of other elements, 

that the radio-active indium isotope ( 4 t h.) is generatea from the stable 

indium isotope 115, by radiative cap~ and that this process cannot be 

broug:b.t about by neutr~~o of' a few httn<U~d t.b.ousnn~ volts, but can be brought 

abou t by neutrons of a million volts of energy. It is £urth.er conceive.ble, 

( though there is no lt:mi:HI!!i;pt*batbmtx 'lmawn precedent in the Fel.'mi effect o6 other 

elements ) that this radio-active indium iso{ott ftas)the se.me mass number as 

another radio-active indium isotope ( 18 sec . or 54 ms. ) If the radio-active 

indium isotope ( 4 t h. ) is considered to be exceptional in these two respects, 

no further ~ is needed :from the point of view of the present observations. 

In t.h.ese ciroums:i)anoes DD.d in ,riew of the far-reaching implications 

of the ejection of a heav.y neutron isotope, it ia desirable inferences 

drawn from accumulated evidence should be corroborated by direct observation 

of the ejection of such n pro-ticle1 F~~~ ~hus.aew..~;i,ng 

,matil&: in"'"'t!:M'!"tlikte..t:~ or alternatively that the ejection of such a particle 

should be ruled out. Fairly extensive attempts are now being made in this 
direction. 

Clarendon Laborato~, ( LEO SZILABD ) 

OXFOliD. 

8) Kourtchatow, M;,yssows.ky and Roussinow 

• 
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In these circumstances, one might be inclined to 

think that the radio~active indium isotope (4i h.) is 

generated from one of the two stable indium isotopes by 

a process in which the neutron is captured and a heavier 

isotope o f the neutron - a particle not observed hitherto -

lS ejected. The capture of a neutron by the less abundant 

indium isotope 113 and the ejection of a neutron of a mass 

number 2 in the process would lead to a radio active indium 

isotope 112_:) r~ ~ 1 .. ~~~ ~ ~ / 
~ ~ w~ "'-I( r1. u ·J;c:opq. ~ · It s- ~,.t "~ 

l./11 -vi tt . ~ / ~ ""' . 'r ;._.._,_ tt-_. ~-:I ~( lA-,_ 
- d ' "r "14 ~r , /1;'...__.-./l, ,;,~t-/ -r r.. ~ .... , •. <.. 1 ~ 1"' "' 

l.- There are, however, arguments against the assumption that _,.. .;::... 1 
r T , .....,. .. ,_ 

the indium isotope 113 is involved. Wehave, therefore, :.. ..... ~ ~ 
I' ~ • ' • 

to consider the possibility that a neutron 1scaptured by 

the indium nucleus 115 ana ejects a neutron isotope of 

mass number 4 (or perhaps even higher than 4). The 

election of such a tetra-neutron would 1eau ~o a radio-

active isotoye of indium of mass number 112. Though the 

existence of atetra neutron has not beeen assumed hitherto , 

the present experiments give sufficiently strong evidence 

to warrant further work along this line. 
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We can get a lower limit for the mass of the tetra neutron by considering 

two radio-active elements, of which the lighter one arises from the heavier 

one through one alpha and two beta transformations. If the mass of the 

tetra neutron were larger than the mass difference of these two radio-active 

elements, the heavier element ~ould spontaneouslY have to eject a tetra neutron 

and thus transmu~e into the lighter element. A lower limit for the mass of 

the tetra neutron can thus be given fairlY accuratelY from the mass of the 

alpha particle, and the energy leberated in the form of the kinetic energy 
~J-t-._ r . . -"'(~ ~ 

of the ~~tom, and the maximum kinetic energies of the beta particles, 

and the gamma rays which are invloved in the radio.active transformation. 

From the application of this principle to the transformation 

we obtain as a lower limit for the mass of the 

tetra neutron If we use the average kinetic energy of the beta 

particles instead of the maximum kinetic energy, we obtain somewhat lower 

value for this lower limit~ 

We cannot expect that a particle with such a small mass def.eet should be 
.{ \ "' f t c. 1 . .. .. • "' ..,_~ , 1.. , · ·"" 

ejected by slow neutrons from ma~ st ble isotopes. 
J,;, 14-. ~ ~·-- ._, 4.:._/' t,r~ 

Yet it -looks as if--thi-s-

wa& tk~ aaee in the case of Bromine. Kouzchatow, ~ssowsky and Roussinow have 

disvovered that three radio-active isotopes of Bromine can be generated from 

bromine and all three products ( half-live periods 18 m. 4 h. 36 h. ) can be 
1 ~ 

generated by slow neutrons. Bromine has an(atomic number and its two stable 

isotopes have mass numbers 79 and 81. We cannot exclude with certainty the 
~&tl:-r"J f ,. , ~ r 

~~--~ a third isotope ( Mass n~ber 77 or 83 ), of a relative abundance of 
~4~ ~v<_ ~· 

less than 1 i, ~g~la exis~ i~Q 
"- ,.,1...~~4 

tence of Se 7~ and Kr 83 does no 
~ ~r~ ' 

neutrons ':/.but the exis- /" 
~ 7 (" • ; I t ~ 

The mass numbers 79, 80, 

81 and 82 are allotted to either a stable Bromine isotope or to one of the 

three. 
•, r '/II' i..-1 ~·~ ~y~- -<...-
~, (~ no third stable isotope of Bromine exists, we may either 

assume that two different radio-active bromine isotopes have the same mass 
I 'I ( 

number ( isomerism ) or we may take the view that a slow neutron is ~captured 

by the stable bromine isotope 81 and ejects a tetra neutron leading to radio-

active bromine isotope 78. 



The view that a slow neu tron may eject a tetra 
. I' 

neutron fro m the stable bromine isoto _ .. e 81 f~tH'!lg to 

a radio-active bromine isoto ... ;e 78 mjty however, yaid · ... .,q- 1 

certain difficulties. We can obtain an upper limit for 

the mass dif f erence of the stable bromine isotope 81 and 

the radi~-active bromine isotope 78 from the mass of the 

neutron ( ) and the estimated lower limit 

far the mass of the tetra-neutron ( ) . 
~ .J f.· <" 

~ upper limit ( We obtain ). On the 
I 

othe~ hand Aston gives for the mass difference of the 1 
~- • ~ ],<lt::;1 ~ 

stable bromine isoto _t> e 8P Sl?4-~~ ~table: m=ami~::i'aat.o.p-e-- • From this we obtain as an upper 

limit for the mass difference of the stable bromine isotope 

79 and the radio-active bromine isotope 78 ~ '""·' 
c--'< 

• A negative value for this mass difference acald not be 

reconciled with the fact that bromine 79 is stable and does 

not spontaneously transmute into bromine 78 by emitting a 
'h._. ~ e. 

neutron. {! a slow neutron can indeed eject a tetra-

neutron from bromine 81 and produce the radio-active bromine 

isotope 78, we have to co~de that a few million electron 

volts energy are sufficient remov~~ neutron from the 

~~mine isotope 71, produc~the~dio-actiTe bromine 

isotope 78. It remains to be sefn wyhether this is so. 
l "'- ....... 0 c...o.;.. - t... . '"'=- 4 

Attempts wil be made to produce the radio-actiTe 

isotope 78 from bromine by means of ~ gamma rays of a few 

million volts energy h 
(/ )- -t'"'{-<f---, 

~~ ~ l~ 

~ ~ ·;~ 

l 

~~£.&..-.r f.~-~ ~ 

CYI~~ 
~ ~ ~· 

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

} J. 
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t h . h t d ~ t• t • . Anothe r elemen w 1c seems o eserTe 1nves 1 a 1~1s UX1. 
ux~and uz are supposed to be isotopic isobars and this is one 

seemingly well-eitablished case of isum~rism. It is ~~~ 
..,./ 

conceivable that UX 1 emits aneously an isotope of the neutron. 

Should UZ arise rough a Beta transformation followed by 

·ection of an isotope of the neutron, it would 

not sotopic isobar of UX~ 1 and no well established case of 

would remain. ~ne must, however, bear in mind that 

none of the arguments put forward in favour of the view that a 

heavy isotope of the neutron is ejected from certain elements 

can be retgarded as entirely conclusiTe until we succeed in 

understanding more fully the interaction between the neutron and 

the nucleus. Moreover these arguments were based on a great 

Y.ariety of obserTations, some ~ur own and some~ others, including 
.....-<. 1 

observat tons report~ on •., the abfD3nce of certain effects. If -
some of these observations shoul d be incorrect or incomplete, our 

arguements would have to be reTised. n~f all the 

obser~ations are correct, it remains still conceivable1 though 

there is no known precedent in the case of other elements, that 

the radio-active indium isotope (4f h.) is generated from the 

stable indium isotope 115 by radiative capture and that this 

process cannot be brought about by neutrons of a few hundred 

thousand volts, but can be brought about by neutrons ~million 
volts of energy. It is further conceiTable (though there is 

no known precedent in the Fermi ~ffect of other elements) ta.t 

that this radio-active isotope (4! h.) has the same mass number 

an another radio-actiTe isotope (16 sec. or 54 min.). If the 

radio-active indium isotope (4th.) is considere d to be except­

ional in these two respects, no further assumption is needed from 

the point of view of the present observat1ona. 



arguments against that the 

consider the possibility that a captured b~ the 

indium nucleus 115 and ejects isotope of mass 

number 4 (or perhaps The ejection of 

such a tetra neutron to a radio-active isotope 

of indium of mass Though the existence of a 

tetra-neutron has been assumed hitherto, the present 

experiments give sufficiently strong evidence to warrent 

further work It has to be mentioned in 

this connection that there is one seemingly well established 

case of isomerism; Ux and Uz are supposed to be isotopic 

isobars. One might think it conceivable that Ux erhaps 

emits spontaneously an isotope of the neutron. Should Uz 

arise from Ux through a Beta transformation followed by 

spontaneous ejection of an isotope of the neutron, it would 

not be an isotopic isobar of Ux, and no well established 

case of isomerism would remain. However, the view that 

ux1 spontaneously emits a tetra neutron leads to &e•i._s 

difficulties. According to this view, Uz would be an 

iwooa~ i ~f Io. Uz is an isotope of Pa, whereas Io is an 

isotope of Th. From the energies of the Beta rays of 

Ux1 and Ux2 and the alpha rays of U, we can see that the ~ 
(r'/ 4'2 ,~::l>.tl\..A 

mass of Io would be much higher that the mass of Uz, and 1/X, /..1.,.,..."--( 

it is therefore difficult to see wht Io should not emit 

Beta rays and trandmute spontaneously into Uz if Uz were 

an xzwtsJ isobar of Io. 

~;· • f 
.e ,. I 
P /II 4/-, 

) 

) 
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In the circumstances it ap~ara advisable to attempt a 

direct observation of the ejection of the heavy isotope of the 

neutron. Whereas the ejection of the tetra neutron by a slow 

neutron from a stable element must in any case be exceptional, 

conversely the disintegration of %ka a stable nueleus by a 

tetra-neutron must be the rule rather than the exception. This 

is due to the small mass defect of the tetra-neutron. Attempts 

will be maae to observe the emission of positiTe nuclii 

(protons, alpha-particles etc.) arising from the disintegration 

of certain elements which are being exposed to a radiation which 

is suspected to contain heavy neutrons. Attempts will also 

be made to observe the• effect of such radiation on some eleme~ s 

with a view to detecting the presence of heavy neutrons by obser­

ving some anomalous radio-activity induced in these elements. 
possibility 

The ~ that a tetra-natron might easily eject a neutrnn 

from most of the elements, and might eject two neutrons from 

some of the dements deserves particular attention, since it 

might lead to chain reactions in which the initial number of 

neutrons and tetra-neutrons is multiplied by a very large factor. ) 

The tetra neutron has a very small mass def/ect, and if it 

penetrates into the nucleus there is a large excess of energy 

present. In such a case two neutrons may be ejected one after 

the othe~ rather than one very fast neutron. It seems to me 

These neutrons will again in their tur iberate tetra neutrons 
~ '1M.-( 

lf~~Z8~~~~~~~4,(We t have 
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a chain reaction in which the number of initial neutrons may be 

multiplied by a very large factor, the value of which is 

determined by the geometrical conditions. 
121 ~ tw J 

~ ~hain reactions 

would lead to a practically unlimited supply of energy and of 

radio-active ~od1es ~hich coula. be usea. for storing energy.) 

In : iew · ef the .ilti±t~ al ssibirit±es ~f such chain 
\ 41/tG .r( 

~e~~t appears advisable to attempt a airect observatinn 

of the ejection of the heavy neutron isotope in order to obtain 

ctirect evtictence :ror its existence, or, alternatively, in ord~r 
/£.- vf-, 

to show it is not ejected from certain elements either by slow 

or by fast neutrons. Such attemptrl are now under hay. 



SUMMARY 

Dr. Szilard reports that the 4t h. half-life period of 

radio-active indium cannot be excited by photo-neutrons from 

a radon beryllium source. From this fact and other observa-

tions with radon boron neutrons and radon alpha-particle 

beryllium neutrons which he reports one may infer that a heavy 

isotope of the neutron, the existence of which has hitherto not 
fast 

been assumed, is ejected from indium if bombarded byLneutrons. 

The radio-active isotope of indium may arise from the stable 

isotope of indium 115 by a process in which the neutron is 

captured and a heavy isotope of the i•wtm neutron is ejected. 

This neutron isotope should have a mass number of at least 4. 

The simplest assumption is that its mass number is equal to 4 

and that accordingly the mass number of the radio-active indium 

isotope is 112. 

. ' 



Poli ti cal Powers which have im interest in maintE.ining 

peace are ahead of t he others and make up their mind 

to police t he reet of the world . 

It may very well ve that no hea vy isotope of the 

neutron existe, and that the obcer"Jed snomalies have 

some more or less strai ehtforv·ard explanation. Howe:rrer, 

until we Cc n exclude t he exi r. tence of such a neu.tron 

i s otope with certainty, it is preferable to avoid 

publishing in Scientific ..)eriodicals remarks a.bout 

heavy neutron isotopes and those anoma.lies which may 

indica te their exi s tence . 

Attempts will be made to observe t he ejection of 

a lmvy neutro n i s otope t .::.nd effortf- v1ill a lso be made 

t o sttov.i that .:L t does not occur . It i s not pos sible to 

fores ee hov1 long it will take to settle these quesM.ons, 

bt1t it is to be hoped that if we communicate res il ts in 

t hi · par tl cul ar field priva t el y t o e&ch other, a.net thus 

avoid too mu.ch 0Yerla11.i ng of oar workt pr ogres s ~ 

:ca~HX.% will be accelerated . Ab f)OOn e.s there is a 

concem:iuf, of opinion to the effect that no heavy isotope 

of the neutron e;.ist 0 • Luch unu.eual fo rrn.s of 1mblication 

£~'-' t he _pre5e nt com.z:amica t i on will bec ome s u.perf::i.u.ous . 

j:~~ 
I eho .,1. ld be glad to keep you informed about. e.x 1erimente 

in this 1;articular field whic.n come to my knowledge should 

you ca.re to let me know tha.t you wish to receive such 

communications . 



Anomalies in the Fermi Et!fec t of i ndium re )orted in the 

enclos eti communication raise the question of the existence 

of the hee.vy isoto1'e of the neu.tron . I ·t; a .. >ears c ,mceivable 

that these anomalies indi cate the eiection Of eneutron Of " . 
mass number 4 by a neutron from indium. By no means do the 

preeent experiments ho ;ever furnish conclusive proof of this 

and it may very -v ·ell be that the reporte ;, anomalies rd.11 

find an e~plmiation in whi ch no heavy isotope neu t r ori is 

involved . 

A few worde must be stated for t~ : e communication of the 

result. so far obtained privately r~ther than publi shing 

them in one of the Scientific periodicals . 

It seems to me that the question whether we can bring 

about nuclear chain reactions , and the question whether 

uch a heavy isotope of the neutron exists are intj.ma.tely 

connec tecl v;j.th each other . I t would seem that if a neutron 

of the mass number 4 exists , we have to envi aee the ossibilit~ 

of such chain reactions ; if no he(;vy neutron isotope exists , 

there is no possibility of such chain react i ons ~ithin the 

framework of our present knowledge . 

The liberation of nuclear enerey and it storaee in the 

form of radio -~acti vi ty would bdcome possible on c\ lHre;e 

scale through nuclear chain reactions . We mu.st , ho1;vever, 

not be too o timistic as far as useful a ~lic~tions are 

concerned . Even if a heavy r~euti·on is ejected , from certain 

element.s, a.ncl if nuclear chain reactions may be broi.lght about, 

the physiological action of gamma-rays emitteJ in such 

transmutation processes might prevent useful applications of 

importance for a l one time to come . 

On -he ot 1er hand, we can, ot disregard the fact that if 

nuclea~ chain reactions can be brought about , exiilor;ive 

bodies may be c ·nstructed havine mc,derate weieht , and a 

very formidable des tructive act.ion . The uoe of such 

explosive bodiE-;s by certain Poli ticc.-.,l Powers ;;ould lead to 

catastrop1ies which might perhaps be prevented if those 



Anomalies in the Fermi Effect of indium reported in the 

involved. 

them in one of the~cientific periodicals. 

It seems to me that the question whether we can bring 

about nuclear chain reactions, and the question whether 
~ 

such a heavy isotope of the neutron exists 
trr- ~ 

are lntimately 
I 

connected with eaeA eiB~. It would seem that if a neutron 

of ' mass number 4 exists, we 
1...:t J' 

of such chain reactions, if no heavy 
\ ....,.;;:;_ 1 t . 

there is no possibility of such chain 

framework of our present knowledge. 

to envisage the possibility 
l (o-( t t 

neutron iso ope exists, 
'-., .,. 1 

reactions within the 

The liberation of nuclear energy and it storage in the 

form of radio-activity would btcome possible on a large 

scale through nuclear chain reactions. We must, however, 

not be too optimistic as far as useful ap~lications are 

concerned. Even if a heavy neutron is ejected,from certain 

elements, and if nuclear chain reactions may be brought about, 

the physiological action of gamma-rays emitted in such 

transmutation processes might prevent useful applications of 

importance for a long time to come. 

On the other hand, we cannot disregard the fact that if 

nuclear chain reactions can be brought about, explosive 

bodies may be c unstructed having moderate weight, and a 

very formidable destructive action. The use of such 

explosive bodies by certain Political Powers would lead to 

catastrophies which might perhaps be prevent~d if those 
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Polittcal Powers which have an interest in maintaining 

peace are ahead of the others and make up their mind 

to police the reat of the world. 

lA~ It may very well ~e that no heavy isotope of the 

ff neutron exists, and tha~ the observed anomalies have ~ 
,....t.J,,..., / 1 /.1 '!'"• ,J,.J .. ,.,.,. ~ .,'--4- v · "" ~ 

..some mo:PEI QP lesS :::Ktraigb tfQI'I!"a.l!G-e-Jf:pJ.aBati-&H. Howevef, 
~ ~_L.,(~.- -... 

~ntiJ. we can exclude the existence of such a neutron 
~ 

isotope with certainty, it ~~rable to avoid 

publishing in Scientific perihdicals remarks about 

hea~r neutron isotopes and those anomalies which may 

this particular field privately to each other, and thus 
~.,.,. 

avoid too much overlapping of ~ work, progress ~ 

KK~IRX~ be ac~lerated. {~soon as there is a 

concensus of opinion to the effect that no heavy isotope 

of the neutron exists, such unusual forms of publication 

as the present communication will become superfluous. 

you A 11tl let me know that 

communications. 

l\· ~4 ~ ~ I/ t !'it.x J1 

~ 
. 

l J 
I I v( ~ Nv~~~ l I 
~' -<,{ 

1 J ft{ t .t.t <J c fQ ~ 
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