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reflection of a pencil of light from a source, real or 
virtual, having a transverse speed of the same order as 
that of light, are the same as if the source was at rest. 

M. E. J. GHEURY DE BRAY. 
40 Westmount Road, 

Eltham, S.E.9, 
April 23. 

Deep-Focus Earthquakes. 
·WITH reference to Mr. Scrase's letter in NATURE of 

Mar. 28, p. 486, a few additional remarks concerning 
deep-focus earthquakes may be of interest. Such 
earthquakes are comparatively rare occurrences, and 
in the years 1918-1926 the late Prof. H. H. Turner 
reported only 138 in the "International Seismological 
Summary". 

Turner's very great focal depths, amounting in 
one instance to 0·090 of the earth's radius below 
normal, had to some extent fallen under suspicion, 
for three reasons : 

( 1) His depth of 0·040 for a normal earthquake 
shock is certainly faulty ; the Montana earthquake 
of June 28, 1925, examined by Byerly, was not found 
by Turner to have an abnormally high focus, yet 
Jeffreys was able to show that the time-distance 
curve agreed with that found for the Jersey and 
Hereford earthquakes of 1927, for which the foci 
were less than 20 km. deep, and he furthermore 
deduced from Byerly's curve a set of corrections to 
the Zoppritz-Turner tables that agreed with a set 
inferred by Turner from the residuals of a very large 
number of earthquakes. 

(2) Turner's estimates of focal depth depended 
upon Knott's seismic rays, which were in turn calcu
lated from the Zoppritz-Turner tables; the known 
errors of these tables, particularly for small epi
central distances, require a revision of Turner's focal 
depths. 

(3) The crucial test had not been applied to Turner's 
deep-focus earthquakes that, in view of a general 
reciprocal theorem in dynamics, the amplitude of a 
surface wave generated by a deep-focus disturbance 
should be small if the amplitude of the disturbance 
of a wave of that type is relatively small at the depth 
in question (cf. H. Jeffreys, "The Earth", 2nd 
edn., p. 136). Actually, the presence of L and M 
readings in the " International Seismological Sum
mary " for many of the earthquakes of supposed 
very deep foci seems prima facie to constitute a 
valid objection to presuming foci of these depths. 

As regards (1), it seems definite that Turner's 
value of the normal focal depth must be abandoned; 
(2) awaits the thorough testing of much- improved 
tables, but a definite answer may be expected in 
the near future; (3) has recent.ly been the subject 
of a detailed investigation, and the result, which I am 
publishing in the forthcoming number of Gerlands 
Beitrage, entirely supports the idea of abnormal focal 
depth, at any rate for the additional focal depths of 
0·040 and more; a further investigation is being under
taken for depths of less than 0·040 below normal. The 
typical deep-focus earthquake is most interesting : 
most of the energy is carried by body waves, and 
P, PP, PPP, S, SS, SSS are of very great amplitude; 
at the time where L and M normally appear there 
is a disturbance which is just the general motion 
corresponding to the dying down of the distortional 
waves. This weakening of the normal long wave phase 
is, of course, one of the distinctive features that Mr. 
Scrase refers to. 

There is one partial exception to the previous 
statement. Although the normal L and M phases 
are practically absent from the shocks of very great 
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depth, the phase known as G, Gutenberg's " Early 
Long Wave", of velocity about 4·4 km. fsec., is 
often still discernible, although of rather small 
amplitude. It is to be expected that this wave of 
very long period should be sensible at much greater 
depths than the long waves of the normal L and 1.1. 
phases. 

There is no difficulty in explaining the recorded 
L and M of the " International Seismological Sum
mary ". A graph shows at once that they are some
times G; but more often the large amplitudes of S, 
SS, SSS, so conspicuous in these deep-focus shocks, 
are mistaken for surface waves. 

It is greatly to be regretted that Prof. Turner, 
who carried out so many of the pioneer investiga
tions of focal depths and to whose energy and en
thusiasm their systematic study and report in the 
" International Seismological Summary " are due, 
has not lived to see the confirmation, both by the 
reciprocal theorem argument adduced by Dr. Jeffreys 
and by the important method discovered by Mr. 
Scrase, of the occurrence of abnormally deep foci. 

The University, Leeds, 
April17. 

R. STONELEY. 

Opacity and Stellar Structure. 
THE emission of the nuclear -y-rays from radio

active elements is accompanied by the photo
electrons emitted from the atom giving rise to the 
-y-radiation. This has been described by Ellis 1 as 
the internal photoelectric effect. For a long time, 
the obvious explanation has been that the -y-ray is 
sometimes absorbed by the extranuclear electron 
which is emitted with the energy given by the Einstein 
equation. Calculations based on this view, made 
recently by Casimir, lead to the conclusion that 
the probability of emission of the photoelectron is 
about 1/10 to 1[30 of that experimentally observed. 
Thus, for RaC -y-ray of energy 6·12 x 10' volts, 
experiment shows that in 994 disintegrations out of 
1000 the-y-ray escapes and in 6 it is absorbed. There
fore, the value for the probability of absorption is 
6 x I0-3, while the calculated value for this case is 
only 0·46 x 10·3 : that is, the experiment shows the 
atom to possess about ten times more opacity for its 
-y-radiation than is indicated by calculation . 

The wave mechanics• does suggest, however, a 
different kind of energy transfer between the nucleus 
and the outer electron: that is, energy can pass 
directly from the nucleus to the electron without the 
intervening process of the emission of radiation in 
the nucleus and its absorption by the electron taking 
place. This may be called a radiationless energy 
transfer, and in fact the experimental results taken 
in conjunction with the calculations of Casimir 
indicate that such radiationless transfers are ten to 
thirty times more frequent than the radiational ones. 
We now turn to the stellar structure. 

The recent investigations of Prof. Milne 3 have 
led us to consider every star as made up of a de
generate core surrounded by a gaseous envelope. 
In the case of white dwarfs this gaseous envelope 
is negligible. The important question in connexion 
with the theories of stellar structure is that of opacity. 
The greatest difficulty of the theory of Eddington 
has been that it demands stellar opaeities about ten 
times higher than can be allowed by physical con
siderations. It has been said 4 that Milne's theory 
only enhances this discrepancy. 

The purpose of this note is to suggest that Milne's 
theory is capable, at least qualitatively, of over
coming this difficulty. In the degenerate core, 
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