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anenergyofabout 100ekv. Theenergyoftheprimary 
electron does not allow of very accurate evaluation, 
but it is sure to approach some 1200 e.v. (E). The 
energy balance is thus seen to bo correct : 

E = 2mc• + &+ + e;_ 

(After collision, the kinetic energy is can-ied only 
by one of the two negative electrons which take part 
in the process.) 

During the impact, the impulse of the primary 
particle is wholly passed on to the nucleus and the 
latter acquires sufficient energy to produce several 
ionisations. At the intersection of the three tracks 
there is to be seen a distinct thickening due, perhaps, 
to the 'recoil' of the nucleus. 

Among my remaining photographs, I have one 
very similar to that of Fig. 1, but it is less to be 
relied upon, since, on it, the electronic track lies on 
the boundary of the illuminated region. 

The total length of the electronic tracks I have 
hitherto examined amounts to several hundreds of 
metres. The probability of the effect is thus seen 
to be rather high ; in any event, it is much above 
the corresponding theoretical value found by Furry 
and Carlson •. 

Assuming the above interpretation and Dirac's 
conception of the positron to be correct, an intense 
'annihilation radiation' should be expected to take 
place from the anticathode under the action of an 
electronic beam if the velocity of t he electrons 
exceeds 1000 ekv. 
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Combination of Proton and Neutron 
SolliE time ago, experiments were made, in collabora

tion with Dr. L. H. Gray, in which the scattering of 
neutrons by various materials was detected, with the 
aid of a high-pressure ionisation chamber containing 
nitrogen 1 • The results were on the whole compatible 
with the view that the observed ionisation was due 
to neutrons scattered in all directions by elastic 
collisions with nuclei, and various experimenters have 
confirmed this•. Measurements made with paraffin 
wax and liquid hydrogen (the latter kindly provided 
by Dr. P. Kapitza) showed, however, the surprising 
result that radiation was freely emitted at angles of 
120°-180° to the direction of the incident neutrons. 
It is clearly impossible for neutrons to be scattered 
at angles greater than a right angle by single elastic 
collisions with protons, and calculation shows that 
multiple scattering cannot explain the observed 
effects. 

Recently the experiments have been resumed, and 
the scattering in the backward direction from paraffin 
has been measured in terms of the ionisation pro
duced in two high-pressure chambers filled with 
argon and hydrogen. A given intensity of gamma
radiation produces an ionisation current twelve 
times greater in argon than in hydrogen, while for 
neutrons the ratio is rather less than unity. Accord
ingly it was possible by comparing measurements 
in the two gases to distinguish between gamma
radiation and neutrons. When allowance was made 

for the carbon present in the paraffin (by observation 
of the scattering from graphite) the results showed 
that the radiation scattered from hydrogen was 
entirely gamma-radiation. Absorption measurements 
extended up to a thickness of 3 ·4 em. of lead indicated 
that the scattered gamma-radiation was hetero
geneous and of mean quantum energy of two to four 
million volts. 

No mechanism is known to account for the back
ward scattering by hydrogen of the hard gamma
rays present in the radiation from the source of 
polonium plus beryllium, and experiments with 
thorium CH gamma-rays failed to show any scattering 
under similar conditions. The most plausible way 
of explaining the results is to suppose that in some 
of the collisions between the neutron and proton, 
the particles combine to form H 2

, the heavy isotope 
of hydrogen. The combination will result in the 
emission of energy in the form of gamma-radiation, 
and assuming that momentum is conserved, the 
amount of radiation will be roughly equal to half 
the kinetic energy of the neutron plus the mass 
defect of the H 2 nucleus (about one million volts, 
taking the mass of the neutron as 1·0067). The 
energy deduced experimentally for the gamma
radiation would agree with a neutron energy of two 
to six million volts. This is of the right order, for 
the majority of the neutrons from beryllium and 
polonium have energies between two and four 
million volts, and some have more. 

It is to be expected that H 2 nuclei produced in 
this way could be observed in the expansion cha.mber 
as short tracks confined to directions within a few 
degrees of the direction of the neutrons. It is possible 
from the present data to make only a very rough 
calculation of the number of such tracks compared 
with the number of recoil protons, but it is estimated 
that the proportion may be as high as one quarter. 

These experiments have been made with the active 
support of Dr. J. Chadwick, to whom I am much 
indebted. I wish especially to him for pre
paring the polonium source, and for suggesting the 
interpretation of the experiments. 
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Cosmic Ultra-radiation and Auroroe Boreales 
RECORDS of the ionisation in a closed vessel, 

caused mainly by the cosmic ultra-radiation, have 
been obtained at Abisko in northern Sweden (lat. 
68° 21 ' N.) during two periods : October 1929-July 
1930 and September 1932-July 19331• During the 
first period, a Kolhorster apparatus, placed within 
an iron shield 6-11 em. in thickness (free opening 
upwards), was used; during the second period, a 
Steinke apparatus, placed within a lead shield 10 em. 
in thickness in all directions, was used. Every second 
fortnight the Steinke apparatus recorded, however, 
with the shield open upwards. The results of both 
periods have been compared with simultaneous 
observations of the auroroo boreales and also, for the 
first p eriod, with the simultaneous magnetic records 
of the Geophysical Observatory of Abisko 2 • 

The ionisation found during aurorre of different 
types and of different extension over the sky of the 
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