
© 1931 Nature Publishing Group

MAY 23, 1931] NATURE 785 

be had to the larger types of instrument that are 
represented in the Exhibition. 

In Australia the principal use of the gradiometers 
was in determining the dispositions and boundaries 
of a concealed portion of the Victorian brown-coal 
deposits, and they proved quite effective for the 
purpose. One of the instruments used by the Sur
vey is included in the Exhibition and may be com
pared with the most recent model which has been 
made by the Cambridge Instrument Company. 

The display of electrical prospecting instruments 
certainly merits special attention, since this appears 
to be the first occasion on which geophysical equip
ment of this kind has been open to public inspection. 
In this connexion it is interesting to recall the follow
ing statement which appeared in 1927 in a report 
on geophysical surveying by a sub-committee of 
the Committee of Civil Research : "In particular, 
the electrical method has throughout been treated 
... as a jealously-guarded secret trade process. 
In the result, little information is available to 
the general scientific world regarding the methods 
employed ... the apparatus required, the field 
operations, or the interpretations of results. We 
believe that . . . a full disclosure of the scientific 
facts would tend, more than anything else, to stimu
late the natural development of this method of 
geophysical surveying, by placing it on a scientific 
footing, similar to that of the gravimetric method." 

During the past few years, efforts have been 
made to remedy this position, and it is hoped that 
the forthcoming report of the Imperial Geophysical 
Experimental Survey will be found to assist in 

this direction to a substantial extent. Electrical 
methods were used in many parts of Australia, and 
several of the instruments which were developed 
and used by the Survey are to be seen at the Science 
Museum, with examples of the latest patterns which 
have resulted from the field experience gained 
during these investigations. Amongst these are 
the standard types of equipment used in the well
established equipotential line and spontaneous 
polarisation methods; and the Bieler-Watson double 
coil, with which inductive fields are investigated, 
and the ratiometer apparatus which was described 
in NATURE of Jan. 3, 1931, p. 37, are also to be 
seen. A further exhibit is the ' Megger ' earth 
tester, which is now being used extensively in 
connexion with earth resistivity surveys. 

It is noteworthy that although the foundations 
of these four · principal geophysical methods lie 
predominantly to the credit of pure research workers 
in Great Britain, the development of their practical 
applications is largely due to foreign enterprise, 
mostly on the Continent and within the last ten 
years in particular. Although we must admit a 
serious lag in this important phase of the work, 
considerable satisfaction is to be derived from the 
ample evidence afforded in the Science Museum of 
the fruitful activity now being displayed by British 
geophysicists and instrument manufacturers. It is 
also gratifying to know that this Exhibition is not 
the only step being taken in responsible quarters to 
ensure that the science of applied geophysics shall 
continue to be developed in Great Britain along 
progressive lines. A. BROUGHTON EDGE. 

Ultra-Penetrating Rays.* 
By Prof. H. GEIGER, Tiibingen. 

·"-BOUT twenty years ago we first noted the 
ft presence of a 'Y-type radiation of high pene
trability, probably of cosmic origin, passing through 
the atmosphere. The first fundamental experiments 
carried out by Hess and improved on by Kolhorster, 
in which an air-tight electrometer registered the 
ionisation current at different altitudes, showed us 
that the current increased with the altitude ; at 
not more than a few thousand metres the current 
was several times larger than at sea-level. These 
results indicated the presence of an extremely 
penetrating radiation, which seemed to be markedly 
absorbed by the atmosphere above us. Great 
difficulties were met with in studying the nature of 
this remarkable radiation, due principally to its 
extremely weak intensity, high penetrability, and 
lack of properties affected by external influences. 
Our knowledge progressed slowly, and only after 
many years of experimentation were we able to 
say that the penetrability is about ten times greater 
than the hard 'Y-rays of radium, and that the 
ionisation in air at sea-level is slightly more than 
1 ion per second per cubic centimetre. We were 
able to add that in the explorable regions of the 
atmosphere the radia.tion was diffuse, and, further, 
there seemed to be no relation to. the daily move-

• Opening paper of a discussion at the Royal Society on 14. 
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ment of the sun. Even at the present time, we 
cannot say with certainty that the variations ob
served in the intensity of the radiation are wholly 
of atmospheric origin or partly an intrinsic property. 

The doubtful origin and nature of this radiation 
continued to occupy our attention. The old ex
perimental methods had been exhausted and new 
ones had to be evolved to insure a better under
standing of the problem. During the past few 
years, we have progressed in two directions, namely, 
along electrometric lines by the improvement of the 
registration and the application of high pressure 
chambers, and by the method of electron counting. 
In the pressure chamber the degree of ionisation 
produced in the gas by the ultra-radiation is 
measured, while in the tube electron counter the 
high velocity electrons coupled with the ultra
radiation are registered singly. 

The results obtained with these methods, in so 
far as they promise to aid in solving the problem, 
are discussed below. Three experimental categories 
are apparent: absorption measurements and the 
determination from the absorption coefficient of 
the energy of the radiation quantum ; further, the 
coincidence measurements from which range and 
other properties of such high energy electrons, which 
are associated, if not identical, with ultra-radiation, 
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can be studied ; the last, which on further develop
ment will probably give us the important data, 
embraces those effects taking place at the boundary 
of two adjacent media. 

The principal aspect of the first of the above 
divisions is the hardest component of the complex 
ultra-radiation. Detailed knowledge is necessary 
here in order to analyse the complex absorption curve. 
With the aid of well-known formulre, a knowledge of 
the coefficient of absorption enables us to determine 
the highest energy quantum. The extremely thick 
layers of material necessary to reduce the intensity 
of the hard component of radiation to a small 
fraction thereof are scarcely avaihi.ble, but we may 
well use the great depths of water in certain lakes. 
Regener has extended the noteworthy absorption 
experiment of Millikan and others by lowering his 
apparatus successively to depths of 236m. in Lake 
Constance. The essentials of the apparatus are a 
pressure chamber with quartz fibre electrometer 
attached, where the deflections are photographically 
recorded every half-hour by the automatic illumina
tion of the quartz fibre. At the greatest depths, 
where the ionisation was smallest, the successive 
half-hour records were close to one another and 
the registration could , therefore, be continued for 
days at a time ; but at the surface of the lake, the 
ionisation was so large that the quartz fibre com
pleted its run in about five hours. 

By another series of experiments, Regener re
placed the ionisation chamber by an electron 
counting tube, the record in this case being made 
by a small adding machine. The sums registered 
were recorded every hour photographically on a 
slowly rotating plate. On the surface, such a 
counter registered about 8000 electrons an hour, 
but at the depth of 235 m. only 13; the residual 
effect of 500 particles per hour is, of course, sub
tracted from the above. Both methods gave the 
same absorption curve, and showed, especially for 
the hardest component, which practically alone is 
present at depths from 80 m. to 235 m., an ab
sorption coefficient of 0·020 per metre water. In 
other words, a thickness of 35m. water is necessary 
to absorb half of this radiation, which on the 
Klein-Nishina formula gives a wave-length of 
0·63 x I0-13 em. 

A completely different view of the nature of 
ultra-radiation was the result of a second series 
of experiments, in which the coincidences of two 
neighbouring tube counters were observed. In 
this fundamental work of Bothe and KolhOrster, 
which was later extended by Rossi, two counters 
were one about 5 em. above the other. 
Simultaneous photographic registration showed 
that quite a number of impulses occurred in both 
counters at the same time. It is difficult to explain 
this phenomenon other than by the presence of 
fast electrons which pass through both counters. 
In general, one would expect the presence of fast 
electrons associated with such penetrating radiation; 
however, the penetrating power of these electrons 
was of a very high order, practically as high as that 
of the ultra-radiation itself. This was observed by 
placing a block of gold 4 em. thick between both 
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counters ; in this block only about 25 per cent of 
the radiation was absorbed. 

Regarding these experiments alone, one cannot 
help thinking that ultra-radiation is not of a wave 
nature, but consists rather of high velocity electrons. 
This, indeed, was the general conclusion arrived at 
by Bothe and KolhOrster. 

Be that as it may, it is necessary to intensify 
all experimental methods to determine further 
the nature and properties of such ultra-electrons. 
Heidecke, in Tiibingen, took steps in this direction ; 
he measured the scattering of these electrons 
occurring in their passage through matter. With 
the aid of two counting tubes (A and C), 21 em. 
apart vertically, he observed the coincidences which 
indicated the passage of ultra-electrons through 
the spherical angle defined by both tube counters. 
If a third tube counter B were so placed that the 
horizontal axes of all three were parallel and all 
in the same vertical plane, one would expect the 
middle tube to count simultaneously with the co
incidences of the outer tubes (triple coincidence). 
To a large extent this was observed. On moving 
the lowest tube C horizontally parallel to its original 
position, the expected reduction in the number 
of triple coincidences was observed. In certain 
positions of C, an increase rather than a reduction 
in the number of triple coincidences was observed 
when a 5 em. lead plate was placed between B and 
C. This can be explained by the scattering of a 
number of electrons by the lead which were 
registered by the tube C in its new position; this 
effect can scarcely be accounted for without 
scattering. • 

We can now discuss the third group of experi
ments, which deal with transition effects. Hoff
mann, Steinke, Myssowsky, and others have found 
that by the passage of ultra-radiation from one 
medium into another, absorption peculiarities take 
place. For example, on passing from a less dense 
medium, such as aluminium, to a more dense 
medium, such as lead, the radiation is more highly 
absorbed in the first stages of transition in the 
second medium. One is led to believe that the 
passage of the ultra-radiation through the lighter 
element results in the emission of soft seconda.ry 
radiation. Steinke, with an extremely sensitive 
compensation method, in which a Hoffman electro
meter served as null instrument, could show that 
on placing an aluminium plate in the path of 
the rays the intensity of ionisation was increased 
instead of diminished. 

In my laboratory, similar experiments were also 
carried out, but with tube counters. In one of 
these studies, a 5 em. thickness of lead and an 
equal thickness of aluminium were so placed that 
the ultra-radiation passed first through the lead 
and then through the aluminium before entering 
the counter. After first determining the number 
of electrons in a given interval of time, the measure
ments were repeated with the plates reversed. By 
interchanging the plates the absorption should have 
been the same, and a possible sepondary radiation 
would have been noticed if it did not accidentally 
occur with equal intensity in both metals. The 
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experiments, in fact, showed that with aluminium 
facing the tube counter, 5 per cent more electrons 
were recorded than in the reverse case. A portion 
at least of the secondary radiation thus consists of 
fast electrons. By varying the plate thickness as 
well as material, the penetrating power of such 
secondary electrons could be determined. In the 
three substances investigated the range was ap
proximately inversely proportional to the density 
and amounted in aluminium to about 4 em. These 
electrons, when compared with the ultra-electrons, 
are extremely weak, yet of greater energy than those 
inherent in radioactive processes. 

It is not easy to interpret the origin of these 
observed electrons. To take them for Compton 
electrons is scarcely permissible, for then their low 
and limited energy content cannot be explained ; 
furtherm()re, the slow electrons actually observed 
would then need to travel nearly perpendicularly 
to .the direction of the ultra-radiation, which is 
contrary to experiment. On the other hand, should 
the nature of the ultra-radiation be electronic, we 
are. led to explain the secondary radiation as 

due to ' branching ', that is, the collision of ultra
electrons with the electrons of the filter substance. 
The argument against the second view is similar 
to that given previously. In both cases, whether 
of wave nature or electronic, we should expect the 
presence of electrons the energy of which varies and 
reaches a maximum comparable to that of the 
ultra-particles themselves. 

We might further conceive the secondary radia
tion to be of nuclear origin, but the principal diffi
culty therein is the experimental fact that the 
electrons emitt-ed from paraffin, lead; and aluminium 
have approximately the same energy content ; in 
addition, observations indicate that the electrons 
travel chiefly in the preliminary direction. 

Only by regarding the ultra-radiation as made 
up of material partieles such as protons with the 
energy of an ultra quantum, does it seem possible 
to interpret the secondary radiation experiments. 
The secondary radiation corresponds to the ll-rays 
liberated by a-rays. Following Rutherford, one can 
probably understand the energy of the accelerated 
electrons as corresponding to the observed range. 

Obituary. 

PRoF. J. LoRRAIN SMITH, F.R.S. 

JAMES LORRAIN SMITH was born on Aug. 21, 
1862, the son of the Rev. Walter Smith, of Half

morton, Dumfriesshire. He died in Edinburgh on 
April 18. As an undergraduate in Edinburgh he 
achieved considerable distinction in philosophy, and 
this early training had its influence on all his sub
sequent work and behaviour. After he took to 
medicine and had qualified in 1889, he spent some 
years working at Oxford, Cambridge, Strasbourg, 
and Copenhagen, mostly on physiological problems 
and in association with J. S. Haldane. He then 
went to Belfast as lecturer and afterwards professor 
of pathology, in 1904 to Manchester, when the com
bined chair was split into pathology and bacterio
logy, and finally, in 1912, to Edinburgh as the first 
professor of pathology who had no duties as a 
clinical physician. 

Lorrain Smith was an all-round pathologist and, 
with his own hands or through his assistants, he 
worked at a variety of problems. He will be 
remembered chiefly for two investigations. His 
early work with Haldane on hremoglobin and its 
relation to carbon monoxide led to the first practi
cable method of determining in man the volume 
of the blood and the total quantity of circulating 
hremoglobin. In Belfast he applied this to the 
investigation of human anremias, and found that 
in chlorosis, then common among young women, 
the anremia was due to the dilution of the blood 
with an excess of plasma without any real deficiency 
in the hremoglobin ; in pernicious anremia, on the 
other hand, he showed that there was a substantial 
shortage of hremoglobin whether the blood volume 
was normal or increased. This conception of the 
disease as a plethora was quite novel ; indeed, the 
possibility of such a condition in man had come to be 
gravely doubted as the result of .the failure of the 
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attempts which had been made to establish it 
experimentally. Why the water in the body should 
be distributed in such an abnormal way has never 
been explained, and under modern conditions the 
disease is practically unknown. 

In Manchester, Smith became interested in fats 
and lipoids, and, in conjunction with Mair, devised 
two histological methods which have been taken 
into general use-the Nile blue sulphate stain for 
neutral fats and fatty acids, and the improvement 
and adaptation of Weigert's bichromate-hrematoxy
lin process to tissue lipoids, in which he collaborated 
fruitfully with his chemical colleague, J. F. Thorpe. 
He also did sound work on the supposed toxicity 
of expired air, oxygen poisoning, typhoid fever in 
Belfast, trench foot, and other topics. 

Outside his laboratory, Smith was for thirty 
years one of the best known and best liked figures 
in British pathology. He took a prominent part 
in the foundation of the Pathological Society of 
Great Britain and Ireland in 1906 and of the 
Pathological and Bacteriological Laboratory As
sistants' Association in 1912---two complementary 
organisations which have made a great difference 
to professional pathologists and their technical 
assistants. During a period of development in 
which pathology passed from being an appendage 
of clinical medicine to an independent status, his 
influence was always for the good. 

Pathology occupies rather an awkward border
line between science and technology ; some patho
logists are at heart medical men, some are biologists. 
Smith was essentially a philosopher and a biologist 
and he continually aimed at finding a working com
promise between his outlook and the practical 
requirements of a sound medical education. Many 
of us will gratefully recollect his kindly encourage
ment of young people and his constant friendly 
cheerfulness. A. E. B. 
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