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The Nature and Origin of Ultra-Penetrating Rays. 

THE meeting of the Royal Society, held on May 
14, was devoted to a discussion on ultra

penetrating rays. In his opening address* Prof. 
H. Geiger outlined three main lines of experimental 
investigation, referring first to the results of direct 
absorption measurements, and in particular to the 
very beautiful measurements of Millikan and 
Cameron, and of Regener, which together furnish 
a complete series of ionisation measurements from 
an altitude of 5 km. down to a depth of 240 metres 
below the surface of Lake Constance. Since, in 
traversing 240 m. of water, a particle will make 
many hundreds of collisions with oxygen nuclei, it 
is highly improbable that the ionisation at these 
great depths is produced by corpuscular radiation. 
On the other hand, the shape of the lower portion 
of the absorption curve is in good accord with the 
assumption that the ionisation is produced by 
photons. Appropriate analysis yields the value 
p. = 0·02 metre- 1 for the true absorption coefficient 
of the hardest component ; which, according to the 
generally accepted formulm, corresponds to a quan
tum energy of about 3·7 x 109 electron volts. 

According to the Einstein mass-energy relation, 
the emission of this amount of energy is necessarily 
accompanied by a loss of mass equal to that of 
two protons. This fact naturally suggests that the 
radiation in question may arise through a new type 
of disintegration, taking place in a heavy nucleus, 
in which two protons and two electrons unite in 
self-annihilation. If we assume that the annihila
tion takes place in free space, then it would appear 
that momentum can only be conserved during 
the process by the simultaneous emission of two 
quanta of equal energy. The appearance of quanta 
of energy 3·7 x 109 electron volts would in this case 
signify the annihilation of four protons and four 
electrons, that is, a helium atom. As is well known, 
astrophysical data appear to indicate that matter 
is being annihilated continuously within the stars. 
There are, however, strong arguments against the 
hypothesis that ultra-penetrating radiation is of 
stellar origin. 

It was pointed out in discussion by Prof. 11'. A. 
Lindemann that only the penetrating radiation 
generated in the surface layers of the star is able 
to escape, so that even if the rate of generation of 
energy at the centre is no greater than at the sur
face, the amount of energy escaping as penetrating 
radiation ought to be an infinitesmal fraction of 
the whole, whereas the energy reaching the earth's 
surface in the form of the hard component alone is 
more than 1 per cent of the total energy of starlight. 
Several attempts have been made to obtain evi
dence of penetrating radiation coming from the 
sun. Dr. G. M. B. Dobson referred to the recent 
investigation by Hoffman and Lindholm, who 
made a very careful series of measurements extend
ing over about a hundred days, and found that the 
intensity was 0·5 per cent greater during the day 
than during the night. Attributing the additional 

• NATURE, May 23, p. 785. 

No. 3214, VoL. 127] 

effect during the day to the sun, we obtain a more 
reasonable value for the ratio of the emission in the 
form of penetrating radiation to the total emission, 
but there still remains the problem of accounting 
for the enormously increased emission of the stars. 

If penetrating radiation is of cosmic origin, it is 
therefore likely to originate not in the stars, but 
in the extremely diffuse matter in inter-stellar 
space, a conclusion which might account for the 
absence of any marked variation of intensity of 
the radiation coming from different directions in 
space. It has indeed been a very real difficulty of 
the hypothesis of stellar origin, that in spite of the 
relatively high density of matter in the galactic 
plane, no increased intensity is observed from this 
direction. Prof. F. Regener ventured to speculate 
upon the possibility that the radiation which we 
are observing now comes principally from our own 
galaxy-but was generated in a previous cycle of 
the universe, some 109 years ago. If the universe 
is closed, as Einstein supposes, such radiation 
might be refocused, as it were, upon the galaxy, 
but with sufficient blurring of the image to account 
for the observed uniformity of intensity. 

Commenting on this communication, Sir Arthur 
Eddington said he doubts whether the universe is 
sufficiently accurately spherical for the necessary 
degree of focusing. Prof. Regener claimed that at 
least this hypothesis had the merit of doing away 
with all difficulties concerned with the mode of 
generation of the radiation, for, in a complete cycle, 
the physical conditions may have changed entirely, 
so that interaction between matter and radiation 
of a kind now unknown may have been possible 
in a previous epoch. While we may share Prof. 
Regener's enthusiasm at the prospect of turning 
back a page in the history of the universe, the 
immediate line of advance must clearly be to 
endeavour to reach a solution by extending our 
knowledge of the universe accessible to experiment. 

If helium is being annihilated in interstellar 
space, it is just possible that the process might 
be detectable under laboratory conditions. Lord 
Rutherford described how he had investigated this 
point by placing a number of cylinders containing 
helium at a pressure of 100 atmospheres round a 
high pressure ionisation chamber. The presence 
of the helium certainly did not increase the ionisa
tion by so much as I per cent of that due to 
penetrating radiation. Since the mass of helium 
surrounding the chamber was equal to a layer of 
water 0·4 em. thick, it is easy to calculate, using 
Eddington's estimate of the total amount of diffuse 
matter in interstellar space, that if this matter 
consisted entirely of helium and was disappearing 
at the same rate as under the conditions of the 
laboratory experiment, it would only account for 
about one-fiftieth of the observed effects of pene
trating radiation. While it is possible that the 
complete annihilation of helium may only take 
place under the conditions of temperature and 
pressure existing in outer space, it is well to 
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remember that, in ascribing this origin to the hard 
component of penetrating radiation, we are pre
supposing the validity of the formula by which 
the absorption coefficient of the radiation was 
interpreted. This formula, which only takes into 
account the scattering of quanta by the extra
nuclear electrons, has been tested very thoroughly 
for quantum energies up to two million volts, and 
found to account accurately for the observed 
absorption. Is it not likely, however, as Lord 
Rutherford emphasised, that the more energetic 
quanta may interact also with the nucleus ? 

Although this question is only just coming within 
the reach of experimental investigation, it appears 
almost certain that even quanta of two and a half 
million volts energy show a very marked inter
action with the nuclei of the heavier elements. 
The evidence for this interaction has emerged from 
a study of the y-rays emitted by thorium C". 
As is well known, when a quantum is deflected 
through an angle (} by an encounter with an elec
tron, its wave-length is increased by an amount 

h 
D.,\= mc(1- cos{}). Thus, however great the energy 

of the incident quantum, the wave-length after 
scattering through, say, 120° will be greater than 
36 X.U. It has been shown by Chao that if 
thorium y-rays are allowed to fall on lead, and the 
absorption curve of the radiation scattered in a 
backward direction is analysed, there is, in addition, 
a hard radiation of wave-length about 20 X.U. 
A more detailed investigation (unpublished), by 
G. T. P. Tarrant and L. H. Gray, has shown that at 
a 120°, in addition to the soft scattered radiation, 
there are also present at least two other radiations 
of much shorter wave-length, namely, X.U. 
and A.-12 X.U. Similar radiations were also found 
when tin was used as scatterer in place of lead. 
Moreover, by using a very inhomogeneous source 
of y-rays, it was found that only quanta of energy 
greater than about two and a half million volts 
were capable of exciting the new radiation. 

These facts appear to confirm very fully the con
clusions reached independently by Chao, Meitner, 
and Tarrant from direct absorption measurements, 
that part (at least 10 per cent) of the absorption 
of the thorium C" y-rays in heavy elements must 
be ascribed to the nucleus. As the energy of the 
quantum increases, there is reason to believe that 
the contribution of the nucleus to the total absorp
tion will become commensurate with that of the 
extranuclear electrons. It is most important that 
this point should be settled experimentally, for it 
is difficult to believe that the ionisation produced 
at great depths is due to any other than quantum 
radiation, and even if this radiation is of secondary 
origin, its wave-length would set a lower limit to 
the energy of the primary corpuscular radiation. 
At present this limit is about 4 x 109 electron 
volts. 

The second type of experiment to which Prof. 
Geiger referred in his opening address is most 
naturally explained in terms of a corpuscular 
hypothesis. It consists in observing the simul
taneous discharge of two ' tube counters ' by a 

No. 3214, VoL. 127] 

suitable relay system. Since it has been shown 
experimentally, using radioactive sources, that 
every {3-particle passing through a counter produces 
a discharge, whereas only about 2 per cent of the 
y-ray quanta are recorded, the simultaneous dis
charge of two counters will, apart from chance 
coincidences, be taken to indicate the passage of 
the same particle through both tubes. In the ex
periments of Bothe and Kolhorster, two counters 
were arranged vertically above one another, and 
the number of coincident discharges was noted. 
The ratio of this number to the total number of 
discharges of either counter was in rough agree
ment with the value calculated from geometrical 
considerations, so that the immediate ionising 
agent in the case of penetrating radiation has an 
efficiency in discharging the counter of something 
like unity. On introducing a 4 em. block of gold 
between the counters, a reduction in the number 
of coincidences of only 24 per cent was observed, 
which is approximately the reduction that this 
block would produce in the total ionisation. 
Bothe and Kolhorster concluded that since, in this 
case, the corpuscular radiation was of the same 
penetrating power as the total radiation, whereas 
throughout the region open to experiment a 
secondary corpuscular radiation is always observed 
to be much less penetrating than the quantum 
radiation which generates it, the ultra-penetrating 
radiation was corpuscular. 

Referring to a possible origin of radiation of this 
penetrating power, Prof. C. T. R. Wilson pointed 
out that thunderstorms are capable of generating 
electrons of energy 109 electron volts or even con
siderably more, and in numbers which should be 
far more than sufficient to account for the observed 
ionisation-in fact, the problem is rather to under
stand why we do not observe radiation of very 
much greater intensity arising in this way. For, 
from the known proportion of radioactive atoms 
in the air, we know that about ten #-particles will 
be emitted per cubic metre per second, and of these, 
some will be ejected in such a direction as to be 
accelerated by the electric field of the thunder
cloud. From time to time the accelerated 
{3-particle will make a close collision with another 
electron in which the minimum energy necessary 
in order that the second electron should be acceler
ated by the field is transferred to the latter. The 
number of fast particles thus increases with astound
ing rapidity-a single {3-particle making one close 
collision every 10 metres would generate 1030 

particles in a distance of l km. Though the 
currents through thunder-clouds do not reach this 
figure, the total energy of all the thunder-clouds in 
action at any instant is about 100,000 times greater 
than that necessary to maintain the supply of 
penetrating radiation reaching the earth's surface. 

Experiments have been performed, however, 
which appear to give evidence against the view 
that penetrating radiation consists of streams of 
very energetic {3-particles. Thus Rossi, and quite 
recently Mott Smith, using the coincidence count
ing method, have attempted to deflect the rays by 
a magnetic field. In each case, the experiment 
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gave a negative result, though in the experiments 
of Mott Smith a 109 volt electron should have 
been deflected through 2 em. on reversing the 
field-a deflection that would have been easily 
measurable. Since the momentum of a proton of 
109 volts energy is only double that of an electron 
of the same energy, the negative result of this ex
periment conflicts also with the suggestion of Prof. 

Geiger that the radiation consists of streams of 
protons. 

Considering that the range of energy open to ex
perimental investigation is only a few million volts, 
however, it is scarcely surprising that no satis
factory hypothesis can be framed to account for 
phenomena exhibited by radiation of 1000 million 
volts energy. L. H. G. 

Obituary. 
PRoF. ALFRED WEGENER. 

rrHE death of Prof. Alfred Wegener, leader of the 
. . German expedition to Greenland, has now been 

confirmed. By this event the sciences of meteoro
logy and geophysics have lost a very valuable 
worker. 

Alfred Wegener was born on Nov. 1, 1880. He 
studied at the Universities of Berlin, Heidelberg, 
and Innsbruck, obtaining the degree of Ph.D., at 
Berlin, with an astronomical thesis. He took part 
in a Danish expedition to Greenland under Mylius
Ericksen in taking charge of the meteoro
logical work, including upper air observations with 
kites and captive balloons, and later summarising 
the observations for publication. He was a brother 
of Kurt Wegener, well known as a balloonist, and 
he took an active interest in his brother's work. 
From 1906 until 1908 the two brothers held the 
world's record for duration of balloon flight with a 
flight of 52! hours. 

Wegener accompanied Col. Koch to Greenland 
in 1911-13. As an officer of the reserve, he served 
in the German army during the war of 1914-18, and 
was awarded the Iron Cross of the second class. In 
1916 he was appointed to the meteorological service 
of the German army, and was meteorological ad
viser on a number of Zeppelin flights. After the 
War he joined the Deutsche Seewarte at Hamburg, 
and in 1925 he was appointed professor of geo
physics and meteorology at the University of Graz. 

Wegener's expedition to Greenland in 1929 was 
preparatory to the fourth, in which he perished. He 
set out from Kamarujuk in lat. 71° N., on the west 
coast, on A.pril1, 1930, and by the end of July had 
established a station on the central ice, about 250 
miles from the coast. Wegener again set out in 
September with Dr. Loewe and a party of thirteen 
Greenlanders, with supplies and instruments for 
the observers at the central station, and he started 
with one Greenlander, Rasmus, on the return jour
ney to Kamarujuk on Nov. 1. His non-arrival at 
the coast caused no uneasiness at first, as he was 
thought to have stayed at the central station, and 
it was only in late April that a search party was 
sent out. Wegener's body was found buried in the 
snow, but so far his companion, Rasmus, has not 
been found. 

Wegener's contributions to meteorology included 
a number of papers on the investigation of the upper 
atmosphere, but his best known contribution to 
pure meteorology was a text-book, "Thermodynamik 
der Atmosphare ",which appeared in 1911, and of 
which a third edition appeared in 1928. This is a 
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particularly valuable book, in that it emphasises 
the physical aspects of meteorology. At the time 
of its first appearance it was almost the only text
book which gave a physical account of the processes 
of weather, and it remains a valuable part of the 
literature of a subject in which good text-books are 
rare. 

In recent years Wegener has been better known 
as the author of the theory of ' continental drift ', 
which was set forth in 1915 in the first German 
edition of " The Origin of Continents and Oceans ". 
Later editions of this book appeared in German 
in 1920, 1922, and 1929; it was translated into 
English in 1924, and has also been translated into 
French, Russian, Swedish, and Spanish. Wegener 
claims that the continents are rafts of granitic rock 
floating in a heavier basaltic magma, and therefore 
free to move relative to each other and to the poles. 
He maintains that the continents have changed 
their positions considerably during geological times, 
and so accounts for the great apparent variations 
of geological climates and especially the glaciation 
of regions now within the tropics. The climato
logical aspects of the theory have been set out 
very clearly by W. Koppen and Wegener in " Die 
Klimate der geologischen Vorzeit ". It cannot be 
said that general agreement has been reached on 
tllis subject, as can readily be seen by reference to 
the report of a discussion on this and kindred topics 
held at the Royal Society on March 27, 1930 (see 
Proc. Roy. Soc., B, vol. 106, p. 299; NATURE for April 
5, 1930, p. 54.6). Wegener's ideas have, however, 
stimulated research in a marked degree, and his 
early death is a great loss to geophysical science. 

Wegener's expedition to Greenland was part of 
a co-ordinated scheme of British, German, and 
American co-operation in an investigation of the 
weather conditions over the great inland ice-sheet 
of Greenland. The British expedition made a 
similar attempt to that of Wegener to set up a 
station in the centre of Greenland, but farther 
south, in the latitude of Angmagssrtlik. The narrow 
escape from death of Mr. Courtauld shows the 
dangerous nature of these attempts t.o solve the 
problems of the meteorology of Greenland. It is 
anticipated that the meteorological results obtained 
from the centre of Greenland and from the American 
station at Upernivik, on the west coast, will have 
important bearings upon the weather of Europe 
and America, as well as upon the practical prob
lems of possible air-routes to Canada, which was 
a special subject of study by the British expedi-
tion. D. B. 
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