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Letters to the Editor. 
[The Editor does not hold himself responsible for 

opinions expressed by his correspondents. Neither 
can he undertake to return, nor to correspond with 
the writers of, refected manuscripts intended for this 
or any other part of NATURE. No notice is taken 
of anonymous communications.] 

The Constitution of Mercury Derived from 
Coal Tar. 

IT will doubtless be a surprise to many readers of 
NATURE, as it was to me, to hear that the element 
mercury is obtained in the distillation of coal tar. 
This fact was recently brought to my notice by Mr. 
W. Kirby, of the South Metropolitan Gas Co., who 
kindly provided me with a sample for examination 
of its isotopic constitution. He informs me that the 
mercury appears in the lightest of the fractions distilled 
and occurs to the extent of about one part in seven 
millions of undistilled tar. Its accumulation in any 
reasonable quantity will, therefore, take place only 
in a plant arranged for continuous fractionation. 

It was my first intention to compare its density 
with that of ordinary mercury, and if any appreciable 
difference was detected to submit it to analysis by 
the mass-spectrograph, but a favourable opportunity 
having occurred, I have been ab1e to perform the latter 
operation under advantageous conditions. The dis
charge bulb was washed with carbon dioxide until all 
trace of the spectrum of mercury had disappeared. 
A portion of the sample was then introduced. This 
operation was more troublesome than I expected ; but 
ultimately the bulb was flooded with the vapour and 
a nmnber of mass-spectra were obtamed, while the 
mercury spectrum was predominant in the discharge. 
On these the groups of isotopic lines were absolutely 
indistinguishable, both in position and intensity re
lations, from those of ordinary mercury described in 
NATURE, Aug. 8, 1925. F. W. AsTON. 

Cavendish Laboratory, 
Cambridge, Mar. 10. 

The Passage of a.-Rays and through Matter. 
THE loss of energy suffered by a fast-moving 

electrified particle passing through matter, and the 
ionisation produced by the moving particle, are 
phenomena which have, so far, not received accurate 
quantitative explanation. There are two main 
theories of the stopping-power due respectively to 
Bohr (Phil. Mag., 25, lD; 1913; and 30, 581; 1915) 
and Henderson (Phil. Mag., 44, 680; 1922). The 
theory of the primary ionisation due to a fast-moving 
particle is as it was left by Thomson in 1912 (Phil. 
Mag., 23, 449). In all these theories, classical 
mechanics is used to calculate the possible energy 
transfers during encounters between the moving 
particle and the atomic electrons, and Fowler (Oamb. 
Phil. Soc., 21, 521; 1923) has suggested that the 
discrepancy which exists between theory and ex
periment may be due to the inaccuracy of classical 
mechanics in this field. Whether this is so or not, it 
may be of interest that a fair proportion of the dis
crepancy between classical calculations and experimental 
results disappears when the motion of the atomic 
electrons is allowed for. The effect of this motion 
may be considerable, though the velocity of the 
electron be small compared with that of the moving 
electrified particle. 

The momentum imparted to an electron by a fast
moving electrified particle is to a first approximation 
independent of the initial motion of the electron, and 
it is the same as that communicated to an initially 
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stationary electron provided the shortest distance 
between the undisturbed paths of the electron and 
moving particle is the same in both cases. If e 
represent the kinetic energy of the electron in its 
orbit and Q0 the energy given to an initially stationary 
electron, then, adding momenta, we find that the 
energy, Q, acquired by an electron is given by 

Q = Q0 + 2yQ0e cos rf>, (l) 

where rp is a random angle. It would appear that 
as the value of Q averaged for all rp is Q0, it is un
necessary to take the second term on the right-hand 
side into account. However, in Henderson's theory 
of the stopping-power and Thomson's theory of 
ionisation, it is not legitimate to average for all ¢, 
only those values of rp for which Q is greater than a 
certain minimmn value being concerned. (In Bohr's 
theory there is no such minimum and it is legitimate 
to neglect the motion of the atomic electrons.) It 
follows from (l) and the classical expression for Q0 
that in an element dx of its path the average number, 
dA, of encounters in which the moving particle gives 
to the electron energy between Q and Q + dQ is 
given by 

dA = 2rrN'E2e2 dQ ( 1 _t:) d 
mv2 Q2 + 3 Q x, . (2) 

usual notation being used. This expression is greater 

by the factor l + the expression for stationary 

electrons. By integration we find that the primary 
ionisation is given by 

2 
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l=lp= rr e 2: -- =k"J:. ___ •, (3\ 
mv2 s=1 V, 3 V, 1 V, 

N being the number of molecules per unit volmne, 
n the number of electrons per molecule, V, the binding 
energy of the sth electron, and its average kinetic 
energy. (Quantities of the order of u 2 fv2 where u is 
the initial velocity of the electron and v the velocity 
of the moving particle are neglected, and this re
presents the accuracy of the results.) According to 
Thomson's theory 

n 1 
l=lT=k "J:. 
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(4) 

The difference lies in the extra term 
2 

' in the sv 
numerator of (3). E/V is generally equal to or greater 
than unity, so that the new value is at least about 
70 per cent. greater than the old value. C. T. R. 
Wilson (Proc. Roy. Soc., 104, 192; 1923) found that 
the primary ionisation produced by f3-rays in air 
was about double Thomson's theoretical value. The 
value given by (3) is thus nearer the experimental 
value than the value given by (4), although the 
uncertainty of atomic data prevents a final com
parison. The data for hydrogen is more certain, and 
certain experimental results obtained by the writer 
for this case are in satisfactory agreement with the 
new result. The new theoretical value in fact agrees 
to within about 5 per cent. with the observed value 
of the primary ionisation in hydrogen, whilst the 
theoretical value according to Thomson's theory re
presents little more than half the observed ionisation. 

If R represents the first resonance potential of an 
electron, then Fowler (loc. cit.) has shown that the 
stopping-power according to Henderson's theory is 
approximately given by 

S - 2rrNE2e2 I Q /R 
F- mv2 8=1 og m ., (5) 

Qm being the energy given to a stationary electron 
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