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statement made by these authors, was found to contain 
a large concentration of hydroxylamine. This solu
tion, like hydroxylamine and unlike oxime, on 
addition of sodium nitroprusside and a little caustic 
soda, turns red on heating. Like hydroxylamine it 
oxidises hremoglobin to methremoglobin. It precipi
tates cuprous oxide from an alkaline solution of 
copper sulphate, and the titration of this solution 
with Fehling solution reveals the presence of about 
87 mgm. of free hydroxylamine. We find there
fore that about 66 per cent oxime was decomposed. 
liberating a corresponding amount of hydroxylamine. 

On testing this solution with nickel it was found 
to contain only 29 per cent of undecomposed 
dimethylglyoxime, which conforms fairly well with 
the previous estimation of the free hydroxylamine. 

These results show that 0 ·018 M solution of oxime 
treated by the method of Sevag and Maiweg gives 
approximately 0 ·024 M solution of hydroxylamine. 
In other words, the molar concentration of 
hydroxylamine (a well-known catalase inhibitor) in 
Sevag and Maiweg's solution, at the end of their 
manipulation, was higher than the initial concentra
tion of the oxime. It is not surprising, therefore, 
that their solution had such a powerful inhibitory 
action on catalase. D. KElLIN. 
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Passage of Very Fast Protons through Matter 
IT is now generally assumed in nuclear theories' 

that the interaction between a neutron and a proton 
is of the form - J(r)S (1) 

where J(r) is some function of the distance r between 
them, and S is the operator which interchanges the 
space co-ordinates but not the spin of the two par
ticles. Such an interaction has some important 
consequences in the passage of very fast protons 
through matter. 

We consider a collision in which the neutron is 
initially at rest, and the proton moving with a large 
momentum such that the wave-length is small com
pared to the effective radius of the interaction J(r). 
Then, as Wick 2 has pointed out, with an exchange 
interaction of the type (1), most of the neutron11 are 
thrown in the forward direction. (With a non
exchange interaction, most of the protons would be 
scattered in the forward direction.) To .calculate the 
magnitude of the collision cross section we must 
make some assumption about the form of J(r), of 
which we know very little. Assuming J(r) to be 
of the form J(r) = a e-br (2) 

the effective cross section, calculated by the Born 
approximation, for the scattering of the neutron in 
the solid angle dw making an angle 6 with the original 
direction of the proton is 
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where p 0 = Mvly(1 - v 2fc2 ) is the initial momentum 
of the proton, v its velocity, M the mass of the proton 

or neutron assumed equal, and E 0 = cy(p0
2 + M 2c2) 

the initial energy of the proton. E" p 1 are the energy 
and momentum of the neutron given by the con
servation of energy and momentum for a particle 
scattered at an angle 6. The effective cross section for 
the scattering of the neutron in any angle less than 6 is 
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where we have neglected terms of the order 
(hb j21tMC) 2• When 21tp 0 fh b, (3) has a very 
strong maximum in the forward direction, and in 
this case the mean angle e at which the neutrons 
are ejected is 

- 1 hb 
6 = y2 . 21tpo' (5) 

and the neutron has on the average an energy less 
than the original energy of the proton by an amount 
a, where 
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a = 167t·· Y· (6) 

Taking a = 1·4 x IQ- 4 erg, b = 6 ·8 x 1012 em.-', 
being the values determined by Wick• from the 
stability of oxygen, the total cross section for an 
encounter q, got by neglecting the last term in square 
brackets in (4), is 0·16 x Io-•• em.•, 6 = 1·1°, and 

0·47 X 106 e :v., for a proton with E 0 = 5 X 10° 
e.v. 5·4 Me•, such as might possibly occur in 
cosmic radiation. 

Thus, such a proton in its passage through matter 
will go on until it collides with a neutron and gives 
nearly all its energy to the neutron. The neutron 
will travel until it collides with a proton in the material 
as given by (4), (5), (6), and the proton which is 
thus ejected will have very nearly the same energy 
as the original proton, and travel in very nearly the 
same direction. Further, for protons of such high 
energies we should expect to be able to treat t.he 
neutrons in nuclei as free, so that, using the cross 
section given above, the mean 'range' of a proton 
in lead is about 1 ·5 em., and that of the neutron 
about 2 · 3 em., as the lead nucleus contains 82 
protons and about 125 neutrons. Therefore in going 
through a metre of lead there will be roughly twenty
five changes from proton to neutron and back, and 
the total energy loss due to ionisation of the 
emerging proton will be about half that to be 
expected theoretically since more than half the 
distance will be travelled by neutrons. 

We may remark, that with the values of a and b 
assumed above, an accurate calculation• of the cross 
section for the collision of neutrons of energy roughly 
3·8 x 106 e.v. with protons gives a result which is 
nearly four times larger than the cross section found 
by Chadwick. Our results may therefore be too large 
by a factor four. 

The above expressions are further inaccurate 
inasmuch as (a) there is no relativistic wave equation 
for the proton, and (b) the interaction energy (1) can 
be represented by a potential J(r) probably only in 
non-relativistic approximation. One might hope that 
the correct relativistic treatment would reduce the 
total cross section given above. 
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