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Dr. N. Kurti directed attention to the fact that in 
many universities there are several parallel and 
simultaneous courses in thermodynamics for chemists, 
physicists and engineers. If, instead, a combined 
course of lectures was given with emphasis on the 
nature and scope of the subject, considerable benefit 
would result. Mr. J. H. Awbery added to Dr. Ruhe
mann 's contention, that the laws of thermodynamics 
are no more difficult than those of Newton, the point 
that students at school are drilled in mechanics at an 
age before they can ask questions, and it is solely this 
discipline which makes mechanics seem far easier. 
If thermodynamics was hammered home at an early 
age with plenty of illustrations, the concept of free 
energy would be as easy to understand as volume or 
temperature. Dr. L. R. G. Treloar also agreed with 
this point, stating that thermodynamics should be 
taught as dogma. Only so will familiarity and con
fidence be attained. 

Summarizing the discussion, Sir Alfred Egerton 
indicated several points on which agreement had 
been reached. First, elementary instruction in 
thermodynamics should be given at school, and for 
this a very carefully prepared syllabus would be 
required. Secondly, in teaching thermodynamics 
more use should be made of diagrams and solid 
models; and thirdly, a unified system of notation 
is desirable. In conclusion, he pointed out that in 
1850 Clausius and Kelvin had simultaneously, 
though independently, formulated the Second Law 
of Thermodynamics, and he expressed the hope that 
in 1950 the centenary would be suitably celebrated. 

G. G. HASELDEN 

NATURAL SCIENCE AND THE 
FINE ARTS* 

_By F. IAN G. RAWLINS 
Scientific Adviser, National Gallery 

I PROPOSE to consider here the relations which 
we may expect to find existing between these two 

great examples of human endeavour. In so doing 
it will be seen that the man of science, using that 
term in the broad sense, has been instrumental both 
in the fashioning of objects of art and in caring for 
them afterwards. It appears likely that many of the 
great masters of classical art were somewhat casual 
in their concern, as judged by our standards, for the 
beautiful things which they made ; nowadays 
conservation has become an art in itself, and the 
philosophers are not slow in pointing out that our 
preoccupation with the treasures of the past may 
be bound up with a certain lack of confidence in 
ourselves to generate loveliness in our own time. 
However that may be, there is much to be said for 
a close study of the techniques of the great masters, 
and such a discipline does, in fact, help us to devise 
ways and means of looking after our heritage more 
adequately. 

Thus, the man of science needs to be something of 
a Kunstjorscher as well as competent to apply any 
method or methods which will help fonyard objective 
investigations of structure and condition. Clearly, 
one should know a good deal about materials and 
their limitations, above all to be imbued through 
and through with a sense of 'safety first', if museums 
and galleries are to reap positive advantages from the 
possession of a laboratory and its equipment. The 

• Substance of a Friday evening discourse delivered at the 
Royal Institution on February 14. 

war years, too, have provided problems on a seale 
commonly associated with those in engineering. 

The greater part of this discourse will be devoted 
to the physics of classical paintings, chiefly because 
I find myself rather less incompetent perhaps with 
them than with other material; and secondly on the 
score of their combined weight and fragility, which 
makes them probably the most intractable of all. 
From the technical point of view they fascinate, not 
merely artistically, but because they are frequently 
so 'awkward'. At the National Gallery, for example, 
we have pictures weighing anything from a few 
ounces to nearly three quarters of a ton. To design 
plant both convenient and safe for such a range is 
not too easy. In surface area as well there is wide 
variation, from about 20 square inches to 16,000 
square inches. The apparatus in question consists 
essentially of X-ray, ultra-violet and infra-red 
sources of radiation, with appropriate recording 
gear, both photographic and visual. In addition, 
there is considerable scope for colorimetry and for 
microscopy in polarized light. Further, the orthodox 
methods of photography have been extended to 
include macrographs, the use of special filtration 
processes, and the employment of raking light. In 
all this, one is not looking for the production of 
something that looks like the picture ; we are seeking 
information which, in general, can only be obtained 
in bits and pieces, here a little and there a little, 
by deliberate exaggeration or suppression as the case 
may be. It is only when a purposeful effort at integra
tion is made that the significance of these separate 
approaches becomes apparent. No method is known 
which by itself will tell us all that we wish to know, 
and unfortunately there are many examples in which 
failure occurs in spite of everything. 

Here perhaps is the place to emphasize that 
scientific practice and methodology will never be 
substitutes for stylistic knowledge and insight. A 
certain amount of harm has occasionally been done 
to the cause of laboratory co-operation by expecting 
it to achieve results of which it is a priori incapable. 
Nevertheless, its help in confirmation, and briefly, 
in lifting conclusions out of the region of subjective 
judgment, has been demonstrated time and again. 
This only amounts to asserting the obvious truth 
that the nature of evidence needs extremely careful 
thought when using such evidence under conditions 
wherein the original assumptions cannot well possess 
full formal validity. Maybe this is why, in matters 
of this kind, there has been much reasoning by 
analogy, that. is, from particular to particular. 
Scientific method will strive to raise this one degree 
in the hierarchy by attempting to apply the process 
of induction (that is, reasoning from the particular 
to the general) ; so far as one can see, it seems most 
unlikely that the final, or deductive, system will 
ever be reached in scholarship of the type we are 
contemplating now, since argument from the general 
to the particular is almost a denial of the individualism 
of art. It is a fact, however, that a remarkable 
degree of agreement is often registered among 
people thoroughly conversant with questions of 
style, iconography and provenance, but this is not 
to say that objective testing has no place in these 
deliberations. Its verdict may be crucial. 

My purpose thus far in sketching, necessarily 
briefly, the theoretical background of the scientific
artistic complex has been to try to elucidate certain 
basic suppositions which experience shows to be 
liable to misapprehension or even to neglect. It is 



© 1947 Nature Publishing Group

No. 4045 May I 0, 1947 NATURE 629 

easy to claim too much ; equa lly faint-hearted is it 
not to realize the force of analytic and synthetic 
means as signposts on the journey. With these 
dispositions in mind, we can tackle the experimental 
problems which await us with greater confidence. 
To some extent, our advances must be by comparative 
methods, that is by the use of models, since obviously 
no risks can be run with irreplaceable originals. 

We now discuss in some detail the physical 
fftructure of a typical painting in oil or in tempera. 
!ts most marked characteristic is its stratified nature; 
that is, it is built up of a number of layers. These 
are, starting from the back: (I) the support; (2) 
the ground; (3) the paint film; (4) t he surface 
film. The physical boundary lies between (I) and 
{(2), (3), (4)}, since the support is essentially
for our present purpose-composed of a biological 
fibre (wood or canvas, or both), whereas the three 
superincumbent members are film-substances, differ
ing mainly in the amount of pigment and medium 
which they contain. They are traditionally enumer
ated separately more on account of their method of 
application and purpose than for their differing 
chemical natures. 

At the moment, however, I propose to consider 
particularly (3), for the paint film is the picture as 
commonly conceived. It is the design itself, and upon 
it, essentially, the resthetic value of the whole depends. 
In many cases the paint film is itself complex, con
sisting of a number of components. These often 
show a lack of continuity in one plane, a rough 
parallel with the 'faults' of the geologist. Again, 
imbrication is not uncommon, which adds many a 
trap for him who has forgotten to walk like Agag. 
In general, interpretation of structure is difficult, by 
whatever means it is attempted. 

Within the paint film itself is, restricting 
ourselves to one plane), we are confronted with a 
sequence or gradation of properties depending in 
the main upon the relative properties of pigment 
and medium. Paint structures rich in pigment are 
called granular (examples are to be found in most 
fresco and wall paintings); those of medium con
centration are known as vehicular (a large class 
containing most normal easel paintings); and 
finally, phases very rich in medium are termed 
pellicular. In this latter group are found the glazes 
and, in the limit, pure oil films. The important 
point to notice about this scheme, which is due largely 
to G. L. Stout of Harvard University, is that whereas 
chemically all these entities are simply so much 
paint, the ordinary appearance depends mostly 
upon the state of aggregation, while the physical 
properties such as transmission, reflectivity, perme
ability and so on show correspondingly transitional 
characters. 

From the point of view of the impact of electro
magnetic radiations, however, . we are concerned 
more particularly with the chemical nature of the 
pigment particles themselves. Thus, as is well known, 
lead in any of its numerous compounds is very 
opaque to X-rays, and so, of course, are the other 
heavy elements. It is for this reason that our 
X-radiographs of a picture represent a kind of 
scaffolding of the 'edifice', delineated into areas of 
high lead content. Ultra-violet tests, on the other 
hand, function because of the capacity of certain 
pigments to excite fluorescence, an effect which is 
not independent of the medium, whereas discoloured 
varnish is often reasonably transparent to the near 
infra-red. Naturally, a complete examination will 

include all these methods, and, as indicated earlier, 
no one of them alone is likely to tell the whole story. 
In general, each has its particular part to play. 

At the risk of falling into the sin of over-simplifica
tion, I should mention that there are two ways in 
which an artist may build up his structure. One is 
to allow the ground, that is, No. 2 of the strata 
already mentioned, to provide the body of the 
lighter parts of the composition, adding white lead, 
perhaps very thin, for the high lights. Franciabigio's 
Portrait is an example. Alternatively, the whole of 
the lighter areas, including the high lights, can be 
painted in lead, beginning, of course, with a dark, 
or darkish, background. A head by van Dyck shows 
this technique well. Actually it is unlikely that a 
specimen can be produced to give a complete case 
of either practice ; most instances are mixtures of 
both, inclining perhaps more one way than the other. 
But the conception is a useful one for technical 
purposes, and X-rays are capable, in general, of 
exhibiting these distinctions satisfactorily. All the 
layers, unfortunately, except those which are exceed
ingly thin, are registered together, which makes 
interpretation all the more difficult and at times 
uncertain. By reducing the penetrating power of the 
rays, gradation is much improved. We use I4 kV. 
or 2I kV., with a current of I5 ma. at the National 
Gallery, and are planning to go to still lower potentials. 
Exposure times are from two to three minutes, 
depending, of course, upon the thickness and nature 
of the support, as well as upon the type of ground 
and paint film. Good results may be expected if the 
ground is of Gesso (plaster of Paris), but not if a 
lead priming is present, or if a lead-bearing adhesive 
has been used in the course of relining. Radiography 
is defeated in these cases. 

The ultra-violet is occasionally a very powerful 
weapon in a museum laboratory. So far as paintings 
are concerned, it is possible to reveal retouchings 
and to observe to what extent the surface film is 
intact. A characteristic fluorescence is excited. It 
follows that if it is desired to study the paint film in 
this way, it is essential to remove the varnish, the 
fluorescence from which is usually intense enough to 
obliterate everything else. In general, the ultra
violet is a means of dealing with surface phenomena, 
the penetration being nearly zero. At the other 
end of the wave-length scale we have infra-red 
radiation. Certain practical difficulties are commonly 
encountered, but the method has great possibilities, 
greater perhaps than those of X-rays. The reason 
for this is that, with orthodox X-ray equipment, as 
already mentioned, superposition effects cannot be 
avoided, whereas, naturally, they do not occur with 
a reflexion phenomenon such as infra-red photo
graphy. Thus varnish, even when highly discoloured, 
is usually penetrable ; and if this is the case, a much 
improved image of the paint film is obtained com
pared with an ordinary photograph. At their best, 
infra-red records can be very significant, particularly 
for such masters as Tura, Crivelli, an<l Cossa, where 
exceptional under-modelling is brought out, and their 
anatomical build-up displayed. From ordinary 
vision, most of this is hidden. 

It has probably become clear that much of what 
I have been saying so far is applicable mutatis 
mutandis to a variety of museum material other than 
paintings. Instrumentation will a little different, 
and probably there will be greater scope for chemical 
investigations. The ultra-violet has not infrequently 
proved effective in the detailed study of pottery, and, 



© 1947 Nature Publishing Group

630 NATURE May I 0, 1947 Vol . !59 

as is well known, for the elucidation of manuscripts 
and drawings. An ingenious application of electro
endosmose has been for the cleaning of pottery, of 
which the surface has become encrusted with salt 
crystals in which some pigment is entangled. The 
homely method of a good with water would 
quickly end in disaster, since the precious coloured 
particles would be scattered far and wide by such 
treatment. But by immersing the vase in water, 
and inserting a cathode wire into it as one electrode, 
and using another wire dipping into the water as the 
anode, the salt crystals conveniently move off in one 
direction, whereas the pigment grains are drawn 
back on to the surface of the vase, to which they 
can then be anchored by the application of shellac ; 
30 volts D.C. for about half an hour is enough. 

Another striking example of laboratory technique 
has been the mounting of Foraminifera from the 
limestone supports of classical fresco murals by 
means of thermo-plastic resins. Micro-sections can 
be made in this way from such friable material and 
preserved for archmological research in a convenient 
and permanent form. 

At the beginning I referred briefly to the task of 
conservation in general. This is a matter which 
concerns the man of science very closely ; and given 
the requisite knowledge for, and appreciation of, the 
task, he should be able t o render valuable assistance. 
The experience gained during the War has been, or is 
being, turned to good account, and will assuredly 
influence future practice in gallery construction. 
With regard to the all-important subject of air
conditioning, it is essentia l to realize that any scheme 
must provide not only an appropriate environment 
for the exhibits, but also for the public. Repository 
surroundings during the war years can scarcely be 
considered as sure guides, since their only purpose 
was to take care of the valuables : the comfort and 
convenience of visitors did not arise. In short, we 
are now faced with a much more complex problem. 
Luckily, as regards relative humidity-the most 
vital single factor from the technical point of view
the human body is remarkably accommodating, 
much more so than with respect to t emperature. 
Therefore we can provide a range of moisture-content 
well suited to the particular material, without the 
introduction of disagreeable features on that account. 
More trouble is likely to be met with in Britain in 
dealing with buildings architecturally unsuitable (as 
many are), and on account of our erratic climate. 

In very general terms, the aim should be to prevent, 
or at least to diminish, the 'working' of substances 
like wood, textiles and so forth ; or in the language of 
physics, to restrict the area of the hysteresis loop 
for wetting and drying to a minimum. This means 
keeping the moisture-content nearly level, which in 
its turn indicates the need for a constant relative 
humidity-say around 60 per cent for most exhibits. 

More attention than hitherto will need to be paid 
to the so-called 'near-surface' effects. In other 
words, the relative humidity in the centre of a large 
room is not the same, even in the absence of tempera
ture gradients, as that near the surface of objects 
placed in it. The reasons for this are complicated, but 
they point to the necessity of micro-determinations 
if trustworthy data are to be obtained for precious 
things, even if they are immersed in a nearly infinite 
reservoir of air of statistically satisfactory thermo
dynamic propertie's. 

Given a return to something remotely approaching 
normality, there are good opportunities in the 

museum world : openings are not numerous, but 
they offer interesting careers with plenty of respon
sibility and scope for originality. But all on one 
condition. Natural science in such a context is 
ancillary to the fine arts in the literal sense of the 
word. She is art's serving maid; yet art must be 
sympathetic, apt to realize not only what science can 
do, but also what an objective philosophy can teach. 
Then all will be well. Such is our intention ; and 
striving to attain it, not weighing our merits, but 
pardoning our offences, is, I take it, no m ore than 
our bounden duty and service. 

OBITUARY 
Dr. H. M. Tory 

HENRY MARSHALL ToRY died in Ottawa, Canada, 
on February 8, at the age of eighty-three. At the 
time of his last illness he was president of Carleton 
College, a post which he had filled from 1942 when 
he was instrumental in founding this institution of 
higher learning. At that time he had returned to 
active academic work after having enjoyed a few 
years of well-earned rest following a long life of high 
achievements. Thus once again his great talents for 
organisation were directed towards the establishment 
of yet another college. Early in his career he had 
contributed in no small measure to the founding of 
the University of British Columbia at Vancouver, 
and later the University of Alberta at Edmonton. 
He had directed the organisation of "Khaki College" 
in the First World War, and had been the first full
time president of the National Research Council of 
Canada. By virtue of his many high offices and as 
he was by l'tatural bent a philosopher and an earnest 
educationist, he was widely recognized as one of 
Canada's most distinguished sons. 

Born in Guysboro, Nova Scotia, on January II, 
1864, Tory was educated in the local academy and 
at McGill University, Montreal, where he graduated, 
a gold medallist in mathematics and physics, in 1890, 
and then continued on the staff as lecturer and assoc
iate professor, teaching mathematics and physics, 
and gaining a master's degree in 1896, and a doctorate 
in science, 1963. 

From 1908 until 1928 he was of the 
University of Alberta. His successors in office at 
that western institution have paid moving tributes to 
Dr. Tory's memory. Dr. R. C. Wallace, who suc
ceeded him and is now principal of Queen's 
University, said: "He was a stalwart in the cause of 
world peace and intellectual co-operation, an able 
exponent of science in the modern world, and a warm 
friend to distressed peoples everywhere. There are 
not many men of Dr. Tory's stature in a generation, 
for he built the thi,ngs that will endure" ; and Dr. 
Robert Newton, president of the University of 
Alberta, expressed the feelings of many when he 
observed: "Dr. Tory was the greatest Canadian 
figure of his time in the field of education and scientific 
research''. 

Always actively interested in all matters concern
ing the welfare and progress of the Dominion and its 
people, Dr. Tory found himself chosen time and again 
to serve on royal commissions and boards established 
by various authorities to inquire into such diverse 
subjects as agricultural credits in Europe (1913) 
and in Canada (1923-24); coal classiflcation (1923-
35); the fruit industry in Nova Scotia (1930); and 
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