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Instantaneous emission of fast neutrons in the interaction of slow 

neutrons with uranium. 
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In the fission of uranium two elements are produced which ob

viously have a 

produced in an 

large neutron exce~s; moreover they are probably 
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~ that these excited fragments will instantaneously emit neutrons, 

and that the number of instantaneously emitted neutrons might be 

of the order of magnitude of one neutron per fi~re may 

also be a delayed emission of neutrons if - as was fiF~ pointed 

out by Fermi - some of the fragments resulting from the fission 

while going through a series of beta-transformations land in a state 
~---

/ 

sufficiently highly excited to emit ~ neut;o~_:..; ,-----.1 

~ ~~elayed emission ~of neutrons in the interaction ·~~~ 

neutrons with uranium havinv a period of about 12 sec. ~aj been 

reported by ~ 1 ~ f.t/~ 1;1'-
't;.,f 1 ~ ~'~-I A l I •• &10.... ·J¢:t=c~~~-........::,....._~....,.~~~~~~~ 
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-and :n:r4:ght ~erliaps be exf)l:~-±tred &J.!in~g .. ~ift&.!. However , i-t ~h:ottl-d 

.:&e s.-...-pri sins i;f a delayed em iss ion of neutrons a:ti§ittg ~ 0 ~ such 
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a process shonld: ~PEiPle y4-e.W an-JC,thiiRg appx oaeai;g,g one neutron 
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In order to see if there is an instantaneous emission of neut-

rona from the fission of uranium we have performed the following 

experiment& We- exposed uraniun oxide toA~s which have 
I' ~~(f ~~ 

been slowed down by paraff in wax, using~hoto neu rons\liberate 
w ~ 

from beryl.l:i:- by,.. gama-rays of radit~ae oax ~otli ce of netttTons. 

A helium-filled ionization chamber connected to a linear amplifier 
.~J"'-pA~ /~ /( 4k-. 

served as a detector for the neutrons . whith le ~asp~~~i8kt be 
pt.l.ls es 

cemitted !rom ttian-iwn. The discharget\of the ionization chamber due 
"' .e.,\'"~ 1-----......_,_ /1"\ , ... ~ 0 t 

to the helium recoils~ both visually~ved by the cathode
we~"-~ 

ray oscillograph andArecorded by the usual counting arrangement, 
(I G\H~"''t."~''~'\'\ l::. 
~~eh a~ ~h makes it possible to discriminate between high energy and 

low energy recoils by varying the bias of at~yrat~ron or the gain 
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-.,.c t.e. • •t ~.I. • .~ .·" } )> v=»" e ;o;,..n .-' of the amplifier. 

th-(. 
By setting our bias so as toflle W81l aligu& the Jr&;;;e;)......s.&J b; 

the action of the radium gama-rays on the ion chamber we obtained 

lead ~;rlindeor was 

from the photo neutrons of beryl

by a lead 

m scattered gama-rays of ~ When this 
~ ~~~e ~ ~ ~ -v?.t!ff"', 

by a cylind~ of uranium oxide ~~: 

~·;-w~~~ · o tained about 70 helium recoils per minute, i.e. about 

40 to 50 additional helium recoils. We attribute these additional 

recoils to fast neutrons emitted from uranium in the interaction 

wit~neut~ awed down M::Para;fC1U: Li'4£• P cllmina-ry e:x:pjitl!fent-s 

which are being carried out in collaboraj; ion with J/. L ·Anderson ---show that the fission of uranium ±x for our 

so small that their effect can be neglected in 

By counting only very high energy helium recoils we obtain 

about 80 recoils in 10 minutes from uranium as against 4 helium 

recoils in 10 minutes without uranium~ 

In order to estimate the number of fast nrutrons emi tted per 
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into account the solid angle, the size of the helium chamber and 

the pressure used, a~d ass~ming a cross section of 3 , .)" for 

an elastic collisio~utrons emttted from uranium ia4ed4um, 
~ 

we find the number of neutrons emitted per fission to be about ~~ 

---- (.; /~ 
can only the time de- / 

neutron emission appears to ~ 
While from our we 

lay involved in this "instantaneous" 

be less than one secQnd, we should expect, if our interpretation 

is correct, this emission to be practically instantaneous. 

In our experiment we also looked for a delayed emission of 

gama-ray background to set a lower limit for the observ9ble helium 
~ 

recoil energy; the only remaining slight background being dtle to the 

zx electrical fluctuations of the amplifier. In 50 experiments,cor

responding to a total observation time of more than 12 minutes, we 

observed only two kicks which may or may not have been due to a de

layed neutron emission. We conclude that, if a delayed emission of 

fast neutrons is caused by slow neutrons in their interaction with 

uranium, the number of neutrons emitted must be very much smaller 
1; 

than the number which we have observed to b~1 instantaneously emitted. 

quite likely that the number of instant-

aneously emitted per fission, this fact 
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nece sarily mean that a chain reaction ca ~~e maintained 
"-"""\ ~ ~.f.A-4 7 ~~ L ~ t~ ,.(' #"~/ 
• Neutrons may be captured by urani ~tself, leading \ 

for formation / 

and to prevent a chain 

reaction. If fission uranium is due to 

uranium 235 - and ng a rguments in favor of 

this view -

I 

-
to uranium 238, an ... , 

e relative abundance of uranium 23~ht be envis-

to decrease the non-fission capture. 
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