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Applied Geophysics. 

I N opening to the public a geophysical exhibition, 
and in publishing a handbook* which not only 

is descriptive of the exhibits but also constitutes an 
admirable historical resume of and introduction to 
thestudyof applied geophysics, the Science Museum, 
South Kensington, has taken an important step 
in promoting the development of this branch of 
science ; a step which is particularly appropriate 
at the present moment in view of the growing 
appreciation in Great Britain of the practical value 
of these relatively new methods of exploration. 
The exhibition is specially arranged to demonstrate 
the nature of geophysical prospecting operations, 
the various forms of instruments and field equip
ment employed, and the types of practical problems 
with which they are capable of dealing. Certainly, 
never before in Great Britain has there been a 
better opportunity for geologists and mining en
gineers to familiarise themselves with a subject 
which is rapidly becoming an important factor 
in the development of the world's mineral re
sources. 

In the handbook, the four principal geophysical 
methods (magnetic, gravimetric, seismic, and elec
trical) are dealt with individually. In the first 
half of the book, a.n eminently readable and well
balanced historical account is given of these 
methods, with explanations in simple language of 
the general physical principles on which they are 
based. Although the literature of applied geo
physics is extensive and in many languages, it is 
not readily accessible to the public, but in these 
pages there is ample evidence of an extensive 
research into the development of the various 
methods and regarding the most recent practice 
both in Great Britain and abroad. The sane out
look which is reflected will do much to dispel any 
misunderstandings which may have arisen in the 
minds of some in consequence of exaggerated claims 
or unduly sceptical opinions regarding geophysical 
methods of exploration that have occasionally 
appeared in print. 

It is appropriate that an authoritative work 
on this subject should begin by dispelling the 
popular misapprehension that is some con
nexion between geophysical exploration and the 
divining rod ; an instrument which is aptly described 
on the second page as " an unscientific device de
pending on real or imaginary supernormal facul
ties possessed by certain individuals". This 
definition will be in accord with the opinions of 
most geophysicists and geologists. The persistence 
of the popular belief in the divining rod is truly 
remarkable, and it may be of interest to mention 
that in certain of the more remote parts of the 
British Empire the faith in this device for locating 
water is so ingrained that professional diviners are 

• Iloard of Education: Science Museum. "Applied Geophysics : 
a Ilrief Survey of the Development of Appara tus and Methods employed 
in the Investigat.ion of Subterranean Structural Conditions and the 
Lor.ation of Mineral deposits." Ily Capt. H . Shaw, with the assist ance 
of J . l\1cl1. Bruckshaw and S. T . Newing. Pp. 101 + 10 plates. (London : 
H.M. Stationery Office, 1931.) 2s. net . 
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still employed upon the staffs of some government 
departments. 

Although the full theory of the several geo
physical methods requires a somewhat specialised 
study, the fundamental principles which underlie 
their applications to the search for mineral deposits 
and to the investigation of geological structures 
are relatively simple, and thus it will be readily 
appreciated that most minerals of economic import
ance possess some characteristic feature by which 
they may be distinguished from the banen rocks 
which enclose them. For example, some iron ores 
have distinctive magnetic properties, whilst most 
metalliferous minerals have a relatively high density. 
Amongst the latter there are many which are also 
good conductors of electricity ; the sulphide ores 
of iron, copper, and lead being notable examples. 
In the non-metallic group of minerals there are not 
so many outstanding cases, but advantage may 
sometimes be taken of the low density of certain 
types of coal, and several important discoveries of 
oil are due to the fact that rock salt also has dis
tinctive physical properties, namely, a low magnetic 
susceptibility, a relatively high density, and a high 
elasticity. In the coastal oilfields of Texas and 
Louisiana, the oil is characteristically associated 
with large plug-like masses of salt. Although the 
oil cannot be detected directly, it has been possible 
to locate these salt domes by geophysical methods, 
and thus to discover the oil-bearing ground. Mag
netic, gravimetric, and seismic methods have all 
been used for this purpose ; the success obtained 
by the latter being most remarkable. 

The physical properties upon which the magnetic, 
gravimetric, seismic, and electrical methods are 
based are, therefore, those of magnetic suscepti
bility, density, elasticity,t and electrical conduc
tivity. Whilst the magnetic and gravimetric 
methods are concerned entirely with naturally 
occurring phenomena (anomalies in the earth's 
normal magnetic and gravitational fields), it is 
apparent that the elastic and electrical properties 
of a concealed body are quite inert, except in 
response to an artificial applied stimulus. In the 
case of the seismic method, waves are propagated 
in the ground by means of explosive charges which 
are usually buried a few feet below the surface. 
The speeds with which these waves travel are 
measured with portable seismometers, and by 
plotting a series of time-distance graphs for each 
explosion, the structural features of an area may 
often be determined with a high degree of accuracy. 
In the electrical methods, current is applied to the 
ground, either conductively by means of earthed 
electrodes or inductively by insulated loops of 
wire which are connected to a source of alternat
ing current. A search is then made with suitable 

t The velocity of propagation of a seismic wave through the ground 
is determined by the elastic constants and densities of the various 

geological formations that constitute its path . V = • is the ·y 
general expression of this relationship. 
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instruments (potentiometers, search coils, etc..) for 
departures from a normal current distribution or, 
in the inductive methods, for anomalies in the 
associated magnetic field . In favourable circum
stances, it is possible in this way to locate the 
positions of conductive deposits lying several 
hundred feet beneath the surface. 

What has been said with regard to mineral 
deposits also applies in principle to certain rocks 
and geological structures, a detailed knowledge of 
which is sometimes required for special purposes, 
such as oilfield exploration and various types of 
engineering problems. Although the contrast in 
physical properties between contiguous geological 
formations may not be so marked as between 
mineral deposits and their enclosing rocks, this 
fact is often compensated by the difference in scale 
of the two classes of investigation. Structural prob
lems of the type referred to are usually concerned 
with large scale geological features in which a 
relatively small but consistent difference in a 
physical property may afford a satisfactory basis 
for a geophysical survey. Thus, the axis of an 
anticline may sometimes be determined from the 
fact that the material which constitutes its core is 
commonly of a somewhat higher density than the 
formations forming its flanks. A fault displace
ment may also be revealed quite clearly by a com
paratively small difference in the mean magnetic 
susceptibilities of the rocks lying on each side of it. 

The second half of the handbook issued by the 
Science Museum is descriptive of the numerous 
exhibits which, until the end of June, will remain 
open for inspection there. Although the full benefit 
from these pages can scarcely be obtained without 
a visit to South Kensington, the descriptions of the 
instruments are so lucid and well-illustrated that 
there is much to learn from them alone. The 
historical range covered by the exhibition is very 
wide; in the case of the seismic method even dating 
back to a seismoscope made in China in A.D. 132, 
and in the magnetic method to an instrument made 
by William Gilbert in the year 1600. Of equal 
interest, however, and perhaps of greater import
ance from the point of view of the geophysicist of 
to-day, is a series of modern instruments, several of 
which are of so recent a design that they have not 
previously been seen in public. 

Particular attention may be directed to certain 
of these modern instruments with which consider
able experience has been gained by the Imperial 
Geophysical Experimental Survey during the past 
two years. This Survey, it will be remembered, 
has been conducted in Australia under the joint 
auspices of the British Empire Marketing Board 
and the Commonwealth Government, with the 
special object of testing the four principal geo
physical methods under a variety of field conditions. 
The work of the Survey has now been completed, 
and a full report, under the title " The Principles 
and Practice of Geophysical Prospecting ", will be 
available shortly. 

In the magnetic section the Schmidt vertical 
variometer occupies an important position, since it 
is probably the best known and most extensively 
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used of the more recent types of magnetic field 
instrument. It is intended for quick and accurate 
determinations of the relatively small anomalies in 
the earth's magnetic field that exist in the neigh
bourhood of certain types of mineral deposit and 
rock formation, and although well designed to with
stand vigorous field conditions, it is certainly more 
portable and simple to use than any ordinary survey 
instrument, such as a theodolite or level. Experi
ence in Australia with two o£ these magnetometers 
has shown that they are capable of detecting mini
mum variations in the vertical component of the 
order of lOy (that is, 10-4 gauss), and that a careful 
and conscientious person is capable, after half an 
hour's instruction, of carrying out a complete series 
of field observations. 

In general, it is found that the position of a 
hidden magnetic body or the details of a concealed 
geological structure are revealed most effectively 
by determining the variations in the vertical com
ponent of the earth's magnetic field at a series of 
points in the area in question, and by plotting the 
results of the survey in the form of lines (magnetic 
contours) joining all points at which the values of 
the anomaly are the same. In Australia the form 
lines of the Jurassic bedrock over a portion of the 
Victorian brown-coal field were studied in this way, 
and by a somewhat similar method it was possible 
to delineate a complex system of Tertiary basalt 
flows which lies beneath an alluvial sheet in one 
of the New South Wales goldfields. The magnetic 
method has so many applications, and the observa
tions can be carried out so rapidly and cheaply, 
that it is surprising that its importance as an 
auxiliary to geological survey work has received so 
little attention until within the last few years . 

Amongst the gravimetric instruments, the gravity 
gradiometer is one of the most interesting, since 
it is a comparatively new development specially 
designed to comply . with the two principal needs 
of the working geophysicist, which are portability 
and speed of operation. Advantage has been taken 
of the fact that the gradient of gravity is the primary 
requirement in a gravimetric survey, and that in 
the majority of economic investigations the curva
ture values may be neglected without materially 
impairing the value of the results. By elimin
ating the effects of curvature, it has been possible 
to produce an instrument (the gradiometer) in 
which very substantial reductions in the overall 
dimensions and in the free period of the beam 
have been effected. Two of these small balances 
were used in Australia by the Imperial Geo
physical Experimental Survey and it was found 
that the gradiometer principle has much to commend 
it. Although less sensitive than the normal type 
of torsion balance these instruments are adequate 
for many practical purposes, and the advantages 
gained from the ease with which they are trans
ported to the site of work and moved from one 
station to another, and from their increased speed 
of operation, are so great as to render them pre
ferable for most surveys where curvature values 
are not .essential. If curvature effects and a higher 
degree of sensitivity are required, then recourse must 
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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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