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Emission of Neutrons accompanying the Fission
of Uranium Nuclei

THE experiments of Halban, Joliot, and Kowarski
described in NATURE! give an indirect proof of the
neutron multiplication accompanying the fission of
uranium nuclei after neutron capture. It can be
deduced from these experiments that the additional
neutrons are, on the average, faster than the photo-
neutrons from radium C - beryllium used as active
primary radiation. This conclusion is confirmed in a
subsequent note? by the same authors in which they
find that the neutrons contributed by uranium are
able to produce the endo-energetic reaction S(n,p)P.

I have made some experiments on the same problem
by a different method. Any increase of neutron
effects observed when neutrons are allowed to pass
through a given medium may be due: (a) to the
inelastic scattering of neutrons, {b) to the reaction
(n,2n) or, exceptionally (n,3n); (¢} to an unknown
cause, as in the case of uranium to the fission of its
nuclei. In the experiments of Halban, Joliot and
Kowarski, effects (¢) and (b) are excluded owing to
the integrating method adopted and to the low en rgy
of the primary neutrons. But if these effects are
present, it is possible to estimate their importance
relatively to effect (¢) by comparing uranium with
substances in which only effect (@) or only (@) and (b)
are possible. I have used aluminium and copper
as comparison substances of the first and of the
second type respectively.

A radon plus beryllium source was placed in the
cylindrical axial hole of a cylinder of aluminium, of
2:2 em. diameter and 5 em. height, or, alternatively,
of a ecylindrical double-walled vessel of identical
dimensions filled with wuranium oxide (U,;04) or
copper oxide. The mass of aluminium was 40 gm.,
of uranium oxide 49 gm. and of copper oxide 42 gm.,
and the thickness of walls could be neglected. The
number of absorbing or scattering uranium nueclei
was therefore 9:2 times smaller than the correspond-
ing number of aluminium nuclei and 3+3 times smaller
than the number of copper nuclei. One would expect,
therefore, that the effect (a) due to aluminium, and
effects (@) and (b) due to copper would be at least
of the same importance and probably larger than
the same effects due to uranium. The number and
quality of neutrons issuing from these substances
were compared by measuring the activation of a
silver foil surrounding the cylinders in two cases :
first, when no appreciable scattering of neutrons took
place outside the cylinders, and secondly, when the
neutrons were scattered back by a cylindrical sheet of
paraffin wax of 6 mm. thickness. The results are given
below, the figures being the total numbers of counts
of a Geiger-Miiller counter in corresponding series.

It can be inferred from these data that uranium
gives off, in fact, more neutrons than aluminium or

Aluminium TUranium Increase (%) Copper
9,089 9.325 2-6 4,810

No paraffin s
16,285 10,775 4-8 10,049

With paraffin

Uranium Increase (%)
4,869 1:2
10,292 2-4

copper. The increase is larger relatively to aluminium
than to copper, which must be attributed to the
reaction (n,2n) occurring in this last element. In
both cases, the increase is larger when the neutrons
are slowed down by a small quantity of paraffin,
which shows that the additional neutrons from
uranium are, on the average, slower than the bulk of
primary neutrons emitted by the source. As, from
other evidence, they appear to be faster than the
radium C - beryllium neutrons, we can estimate that
their average energy must be of the order of 1 Mev.

Owing to the small number of uranium nuclei
acting as absorbers or scatterers, it seems very unlikely
that the apparent excess of neutrons given off by
these nueclei should be due to some trivial cause like
the inelastic scattering or the reaction (n,2n). It
probably represents the ‘neutron shower’ accompany-
ing the fission of an activated uranium nucleus.
Assuming the cross-section for this process produced
by the neutrons from radon plus beryllium equal to
5% 10725 em.?, I calculate that the number of neutrons
emitted in a single fission is equal to 6.

J. ROTBLAT.

Mirostaw Kernbaum Radiological Laboratory

of the Scientific Society of Warsaw,
Warsaw. April 8.
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Statistical Calculation of Composite Decay Curves

WHEN uranium or thorium is bombarded with
neutrons, a number of radiocactive bodies are formed
with periods ranging from a few seconds to several
days. The decay of this assembly of fission products
(not chemically separated) has been studied by
Bjerge, Brostrem and Koch! and found to be prac-
tically the same for thorium and uranium. They
have pointed out that this may be due partly to the
fact? that some of the fission products are the same
for uranium and thorium but that, apart from this,
the large number of periods would tend to wipe out
any individual features of the decay curve.

This suggests that it would be possible to calculate
the decay curve of such an assembly by the use of
statistical assumptions on the distribution of periods.
I have made such a calculation, based on admittedly
crude assumptions, the result of which is indicated
by the full line in the accompanying diagram, while
the circles represent the measured decay!.

In this calculation, the actual (discontinuous)
assembly of periods is replaced by a continuous
distribution with a suitable density function f(A)d(2),
where 1 is the decay constant. We introduce the decay
energy F, using Sargent’s law A = k.En, and assume
the density function with respect to E to be constant.
(This may be justified by arguing that
the decay energy of a radioactive
isotope is roughly proportional to the
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