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easily detectable track due to the neutron itself. One aspect of this un-
certainty has already been discussed, but its extent is not entirely defined
merely by considering the upper surface of the beryllium as the effective neutron
source. Small angle deflections in nearly 3 mm. of lead might not be very
uncommon, whilst particles scattered by surrounding matter and traversing
the chamber in random directions cannot altogether be neglected. General
considerations indicate that backwards scattering is likely to be most effective
from the floor of the chamber, but it is extremely difficult to form a reasonable
estimate of the extent to which it might occur. Having mentioned these two
difficulties, therefore, we shall proceed on the assumption that the complexity
of the results is not chiefly to be attributed to either of them.

Finally, there is the question of the accuracy attained in the measurement of
angles, entirely apart from their identification. In a recent paper Blackett
and Lees* have discussed this question in detail and conclude that in the case
of disintegration forks, examined by the method of right-angle photography,
a probable error of 1°in 0 and 0*5° in & a reasonable assum,
present method somewhat greater errors are to be expected; moreover it is
likely that the error in O is increased more than is the error in €= Probable
errors of 3° in the former case and 1° in the latter may be tentatively assumed.
Whilst these will not in general make decision between alternative modes of
capture disintegration impossible, they will obviously lead to considerable
uncertainty in the energy change in any specified case. A probable error of
about 0-2 mm. in measured lengths must also be considered.

About 130 cases of interaction between a neutron and a nitrogen nucleus have
been observed ; of these about 30 resulted in disintegration, more than half of
the latter without capture of the neutron. This is very diflerent from the
results obtained under a-particle bombardment, where elastic collisions, result-
ing in measurable spurs in an expansion chamber, outnumber inelastic (dis-
integration) collisions by a factor of the order of 1000 :1. Moreover, although
the possibility of non-capture disintegration by a-particles has frequently been
considered,f unexceptionable evidence for its occurrence has yet to be obtained.
The former of these points of difference is certainly to be ascribed to the
different extent of the external fields of the two particles, that of the neutron
falling off very rapidly to become already inappreciable at a few diameters
distance ; it is quite possible that further investigation will exhibit the latter
difference, also, as a direct result of the same circumstances.”.

* “Proc. Roy. Soc.,” A, vol. 136, p. 338 (1932).
f Chadwick and Gamow, ‘Nature,’ vol. 126, p. 54 (1930).
t It would hardly arise in this way on the basis of the detailed mechanism suggested

Pollard, ‘Proc. Leeds Phil. Soc.,” vol. 2, p. 206 (1931). 3 ’
a
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A study of the angular distribution of recoil tracks must obviously lead to
important data for any theory of the field of the neutron, but hydrogen collisions
are so much more suited to this study, owing to the greatly simplified con-
ditions, that this aspect of the problem must be left until the experimental
data are available. For the present the distribution shown in fig. 3 may be
discussed from another point of view, namely, the process in which neutrons
are liberated.

The experiments of Webster* and of Kirsch and Rieder ( cit.) have shown
that whilst the effects observed with beryllium are produced for the most part
by a-particles of more than 4 million electron volts energy, yet in some part
they are to be attributed to particles of lower energy. They do not become
inappreciable until the energy of the incident particles is reduced to about
2 ‘6 million electron volts. Now if neutrons of 6*4.106 electron volts energy,
corresponding to the upper limit of velocity 3-5.109cm. per second, are
ejected in the forward direction when a-particles of 5-3 . 106 electron volts
energy are captured, and if the energy released in this process is constant, then
when a-particles of 2+6 . 106 electron volts are captured the neutrons emitted
in the backward direction will have an energy of 22 .106 electron volts.
Almost all directions of emission are represented in the data of fig. 3and a lower
limit of 13 .106 electron volts has been deduced (o= 16.109 cm. per
second) from that distribution. The discrepancy is not outside the limits of
error; and if it be divided, and mutually consistent limits, 5-8 and 1*7.106
electron volts, be assumed, the internal agreement may be regarded as quite
satisfactory, whilst the agreement between the upper limit here deduced and
that adopted by Chadwick is greatly improved. It may be that the energy
change is not constant, the CI2nucleus in some cases being left in an excited
state, but more extensive and more accurate data than the present would
certainly be required in order to establish this result from energy considerations
alone.

From the disintegration phenomena, on the other hand, we have more
definite proof of a state of higher energy in the case of the boron nucleus Bu,
the energy of excitation being of the order of 1*5.106 electron volts,f The
capture disintegration here observed is of interest from another point of view

* *Proc. Roy. Soc.,” A, vol. 136, p. 428 (1932).

t This excess energy is doubtless emitted in the form of y-radiation in a time negligible
compared with the time of description of the recoil track of the new nucleus. The observed
direction of the latter will differ from the original direction on this account, but the differ-
ence is well within the limits of acuracy of measurement.
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also. Curie and Joliot and Chadwick have shown that the anomalous effects
found with beryllium are obtained with boron also under a-particle bombard-
ment. If the a-particle is captured in this case, as in the former, when the
neutron is liberated it is most probable that the nucleus B1lis effective, for
otherwise the final result would be N13 hitherto unknown. On the assumption
of capture, therefore, we have observed the nuclear reaction

Bll+ Hed4f N4+ wl

to take place both in the forward and reverse directions. In the reverse
direction the maximum release of energy found is almost certainly negative,
1¢5.10° electron volts. In the forward direction, likewise, no release of
energy greater than about —1-5. 106 electron volts has as yet been detected.
There is a discrepancy here which may be due either to the restricted data of
Table | or to the difficulty of absorption measurements in the case of a weak
proton radiation markedly inhomogeneous in velocity, but at least it indicates
that in one case or the other, or in both, capture of the incident particle into
the ground level of the final nucleus is a relatively infrequent occurrence.*

So far we have been considering the balance of energy without reference to
its wider implications. It becomes necessary now to investigate the bearing
of the present results upon the general question of the mass defects of the
lighter nuclei. These have generally been calculated on the assumption of a
nuclear structure composed of a-particles, protons and electrons in which the
number of a-particles is as large as possible. Then Aston’sf results lead to the
values (16-7 + 16). (T 3and (14-0 +28). 10“3 mass
respectively. This corresponds to a liberation of energy, 2*5.106 electron
volts in probable amount, in the transition N14->B1L If the net result is, in
fact, the liberation of energy, considerably less than this amount is involved.
The discrepancy is not entirely beyond the limits of error in the direct deter-
minations of mass, but it may be pointed out that it would be greatly reduced
if a structure composed of a-particles, protons and neutrons were adopted,
the binding energy of the neutron being assumed to be of the order of 115 . 106
electron volts.

It is much more difficult to explain the non-capture results on the basis of
the general assumptions hitherto accepted. #he mass defect of C13 calculated

* This is also found in the capture (resonance) disintegration of boron, fluorine and
aluminium by a-particles, Chadwick and Constable, ‘ Proc. Roy. Soc.,” A, vol. 135, p. 48
(1932).

J 6Proc. Roy. Soc.,” A, vol. 115, p. 487 (1927).
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from the a-particle disintegration experiments with boron, is probably 4«2 . 10%3
mass units less than that of N14 so that the absorption of 3-9.106 electron
volts of energy* should be necessary to effect the non-capture disintegration
N14->CI13+ H1, presumed to occur. Actually about 1-5.106 electron volts
appear to be required. Moreover, the present suggestion of the a-particle-
proton-neutron structure does little to remove the difficulty. For the nuclei
B10 NMare similar in type ; the difference in mass defect of the two, and there-
fore the difference C13->N14, would not be greatly influenced by the change.
Finally, if release of energy in certain cases is eventually established it may be
necessary to assume, following Gamow,f that the number of a-particles in
the nuclear structure is not the maximum possible on merely arithmetical
grounds—and it may even be the case that certain of the non-capture
disintegrations observed are really of the type N14->C12+ H?2 though this
assumption would require the further structural unit H2 with the consequent
additional complication of the problem of the mass defects of nuclei.

At present more extensive data are urgently required. It is the writer’s
hope to be able to undertake, in the near future, the necessary investigations
which will enable us to study as many cases as possible of the artificial dis-
integration of nuclei under neutron bombardment. The expansion chamber is
indispensable for such investigations and it is of interest to point out that the
speed with which data may be obtained is limited only by the strength of source
available, since the absence of a track due to the neutron itself does not impose
any restriction upon the number of particles admitted to the chamber at each
expansion. In the present experiments that number was probably of the order
of a few thousand.

Summary.

Tracks have been observed in an expansion chamber resulting from elastic
and inelastic collisions between neutrons of mass 1 and nitrogen nuclei. The
neutrons were obtained from beryllium under a-particle bombardment. They
are shown to be emitted with energies distributed over a wide range.

Inelastic collisions resulting in disintegration were found to be of two main
types, in the first the neutron is captured and an a-particle liberated, in the
second the neutron is not captured. It is probable that a proton is liberated
in the second type of collision, although certain indications are found of a
further subdivision of this class corresponding to the possible occurrence of

* This figure may be reduced to 3 . 106 electron volts if optical data be adopted,
t “ Atomic Nuclei and Radioactivity,” p. 112 (1931).
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1011-capture disintegrations with emission of a-particles or H2 nuclei, also.
The emission of y-radiation in cases of artificial disintegration appears as a
general phenomenon.

A general consideration of the energy changes involved in the various
nuclear processes has been undertaken.

The investigations above described would have been altogether impossible
but for a generous gift of old radon tubes from Dr. C. F. Burnam and Dr. F.
West of the Kelly Hospital, Baltimore, to whom my best thanks are due.
I wish to thank Dr. Chadwick, also, for preparing the polonium source from
this material and for his continual help and encouragement throughout the
course of the experiment. | wish, further, to acknowledge many helpful
discussions with Professor Lord Rutherford and, finally, to express my gratitude
to the Council of Trinity College for a grant from the Rouse Ball Research
Fund towards the cost of the apparatus.

Attempts to Detect the Interaction of Neutrons with Electrons.

By P. I. Dee, M.A., Pembroke College, Cambridge.
(Communicated by J. Chadwick, F.R.S.—Received May 10, 1932))

[Prates 17-19.]

8 1. Introduction.

The present paper contains an account of investigations made with a Wilson
chamber on the penetrating radiation emitted by beryllium when the latter is
bombarded by the a-particles of polonium. Dr. Chadwick* has suggested that
this radiation consists of a stream of neutrons of unit mass and maximum
velocity 3*3 X 109 cm. per second. The neutrons in their passage through
matter collide occasionally with the atomic nuclei and produce recoil atoms
of short range and great ionising power. The recoil atoms of nitrogen have
been studied in detail by Dr. Feather,f using an automatic expansion chamber,
and the lengths of the recoil tracks are in agreement with the neutron hypothesis.
It is of special interest to examine the interaction of the neutrons with electrons.

* 4Nature,’ vol. 129, p. 312 (1932).
*4Proc. Roy. Soc.,” A, vol. 13b, p. *09 (1932).
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