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LIFE AND WORK IN EXTREME 
ENVIRONMENTAL CONDITIONS 

IT must have been almost without precedent that 
Section A (Mathematics and Physics) of the 

British Association should have devoted a session at 
the recent Edinburgh meeting to so biological a 
subject as "Life and Work in Extreme Environmental 
Conditions". The title mignt have included pressure 
as well as temperature extremes ; but the former were 
not considered by any of the speakers, and the 
morning was devoted entirely to the effects of thermal 
stress. The study of this subject is not new, for it 
began two hundred years ago ; but it has been taken 
up again recently with some intensity, and its 
importance for industry and the Armed Services can 
scarcely be over-emphasized. Those who have been 
frustrated in their attempts to lay in a stock of fuel 
for the winter of 1951~52 may feel that it has con
siderable importance for the ordinary citizen. 

The president of the Section, Sir David Brunt, was 
in the chair and the first paper was given by Dr. 
0. G. Edholm, who pointed out that the subject 
under discussion must be counted an unusual one 
since it had brought together physicists, psycho
logists and physiologists. Had Dr. Edholm realized 
what the discussion would bring forth, he might have 
said even more about the widespread interest of the 
subject. His paper. dealt with the basic principles of 
heat regulation in man. He emphasized the relative 
constancy of the body temperature and discussed the 
various ways by which this is maintained. He directed 
attention to the fact that the various organs produce 
heat at different rates, and emphasized the over
riding effects of exercise and of the ductless · glands 
in varying the amount of heat produced by the body 
as a whole. 

The second paper, by Dr. F. Marsh, was the only 
one which did not deal with human physiology. The 
work he described had been done on rabbits at 
Abadan in the Persian Gulf, where he had studied 
the effect of raising their temperature by exposing 
them to the sun. The rabbit loses heat mainly by 
varying its respiration-rate and the amount of blood 
flowing through its tongue. Observations were made 
of the animals' respiration-rate, carbon dioxide out
put, rectal temperature, heart-rate and venous 
hremoglobin. Dr. Marsh did not give any details of 
the methods he had employed to make these measure
ments, but his observations showed that after the 
body temperature had risen to a certain height, which 
varied from one rabbit to another, there was great 
danger of collapse and death at any time from then 
onwards for at least twenty-four hours, even if the 
animal was cooled to a normal temperature by 
placing ice on its fur, and if it appeared relatively 
normal after this had been done. In considering the 
application of this work to man, the chief conclusion 
was that prevention is better than cure. 

Dr. N. H. Mackworth described work which he had 
done in an improvised wind tunnel at Fort Churchill 
in Canada on the effect of cold and wind in destroying 
touch discrimination in the fingers. This is an 
important matter where fine work is concerned 
because gloves destroy a man's manual dexterity . 
.But so do cold and wind, so that to remove the 
gloves to do the job often leads to unfortunate 
results. Dr. Mackworth made two points which were 
no doubt noted by the physicists in his audience. 
In defining conditions for fine work out of doors, it 

is not enough merely to give the temperature and 
wind velocity. The reaction of the man and some 
way of measuring it are just as important, because, 
first, no two men are able to withstand extreme 
conditions equally well, and, secondly, acclimatization 
and practice can lead to great imr.rovement in the 
performance of a single man. , He illustrated this by 
showing how much better men accustomed to working 
out of doors performed in these experiments than 
those who nornially did all their work in warm rooms. 

A joint communication by Profs. E. M. Glaser and 
R. A. McCance dealt with some of the fundamental 
adjustments by which the temperature of the internal 
organs is maintained, and they pointed out that in 
order to achieve this the temperature of the peri
pheral parts of the body may vary very widely. The 
temperatures of the skin and limbs are usually lower, 
but may he higher than the mouth or rectal tem
perature. They also directed attention to the fact 
that some variation in the internal temperature is 
compatible with life and even with comfort, and that 
after the internal temperature has been raised or 
lowered by a degree or more it tends to stabilize 
itself for many hours at or near the new temperature 
even when the man returns to the original environ
ment. In other words, the body is so organized that 
it tends to produce a balance between heat gain and 
heat loss rather than to maintain a fixed internal 
temperature. In this respect its regulating mechan
isms may be compared with the governor of a steam 
engine rather than the laboratory thermostat which 
usually operates by cutting in and cutting out as the 
temperature of the bath varies. 

Dr. T. Bedford drew upon his great experience of 
industrial work to bring out the facts that industrial 
efficiency depends very much upon the temperature 
at which the work is done. He showed, for example, 
that the output from mines is affected in this way 
and that there are interesting differences between 
the European miner and coloured workers. A wet
bulb temperature of 84° F. reduces the efficiency and 
output of European miners very materially, much 
more so than it does those of coloured people ; this 
is probably because the European sets himself a 
relatively much higher standard in a cooler environ
ment. Dr. Bedford produced many other instances 
of the effects of temperature. In hot industries, for 
example, the output tends to rise in winter, whereas 
in cold industries it tends to rise in the summer. 

Warp breakages can be reduced by raising the 
temperature under which cotton is woven ; but in hot 
humid environments human efficiency falls, so that 
a mean has to be found at which the man and the 
cotton thread can both survive. This has been shown 
to be about 75° F. (dry bulb) and 73° F. (wet bulb). 
Dr. Bedford concluded by quoting some work of Dr. 
Mackworth's which has shown that the reception errors 
of telegraphists rise very rapidly when the external 
temperature and humidity reach a certain point. 

Dr. Ezer Griffiths was the last speaker on the 
programme. He discussed various ways of measuring 
temperatures and humidity as they applied to man 
and pointed out the failings of the kata-therrno
meter. He then described a mechanical man which 
has recently been deoigned and which can measure 
the heat absorbed by or radiated from itself by using 
electronic recording. The control panel, which Dr. 
Griffiths displayed, looked very complicated, although 
he said it was simple-as no doubt it was, compared 
with the physiological control panel in the hypo
thalamus. 
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::SJ.r David Brunt opened the discussion by saying 
that he had encow-a.ged the organization of this 
meeting as he was anxious to know how the environ
ment which he had studied as a meteorologist affects 
the bodies which the physiologists set out to study. 
His idea had been to stimulate interest in the climatic 
conditions under which man ceases to work efficiently 
and to discover whether physiologists and psycho
logists a.re prepared to find out more about this. The 
lively discussion which followed centred largely upon 
the word 'comfort'. Miss M. V. Griffiths and others 
spoke about the advantages of floor heating. It was 
:stated that if the temperatw-e of the floor is 72-75° F. 
people in the room can be maintained in comfort 
when the temperature of the room itself is only 
-54° F., though this was doubted by Dr. Bedford-
-c,vidently one of the world's 'cold mortals'. The heat-
ing and ventilation of motor buses also came in for 
-some discussion, a matter of some importance to many 
people to-day. The most satisfactory system seems 
to apply the heat near the floor and ventilate the 
bus near the ceiling. Reducing the humidity brought 
in on wet clothes and inseparable from expired air 
appears to be a very important matter in bus 
management because, apart from the comfort of the 
travellers, it greatly reduces the· time which has to 
be spent by the maintenance staff in sponging down 
the in,teriors to keep them clean. Two geographers 
joined in the discussion and pointed out the im
portance of work of the kind described at the meeting 
for anyone who has to study man's pl-ace in Natw-e. 
B,o.th put in a plea for more work of the same kind 
and also for meteorological records which could be 
made the basis of geographical science. At present 
the material supplied to them by the meteorological 
services gives no clue as to how a man would react 
under those conditions. In a final word, Prof. Glaser 
pointed out that any discussion of comfort must take 
into account the fact that what is comfortable for A 
is not comfortable for B, and that what is uncom
fortable for A to-day may be quite comfortable for 
him in a few weeks time when he has become 
acclimatized. He also pointed out something much 
more striking, namely, that comfort can be achieved 
at an internal temperatw-e relatively far removed 
from the person's 'normal' one ; and as a last shot 
at the reliability of comfort as an index of any value, 
he directed attention to the fact that the man in a 
rigor from malaria with a rising temperatw-e usually 
feels most miserably cold. 

OBITUARIES 
Prof. A. Sommerfeld, For.Mem.R.S. 

THE death of Prof. Arnold Sommerfeld, at the age 
of eighty-three, occw-red in Munich on April 26, after 
he had been knocked down by a motor-car. 

With Sommerfeld one of the physicists has passed 
away who helped transform physics from what we 
now call classical physics to the new or quantum 
physics. ''Quantum Theory is a child of the twentieth 
century", Sommerfeld was fond of saying, alluding to 
the fact that Planck introduced the quantum constant 
h in the theory of black-body radiation in 1900. Much 
of the rearing of this infant fell to Sommerfeld. 

Sommerfeld's main contribution to quantum physics 
consists not of the fundamental laws or models. 
To his name there remains attached the fine structw-e 
constant and the method of applying quantization to 

more than one variable ; the discovery of selection 
and intensity rules and thereby the interpretation and 
classification of a wealth of spectroscopic data in the 
optical and X-ray region; and the opening up of a new 
era in the theory of metals . by his application 9f Fermi 
statistics to the electrons in metals. His main 
importance lies in his untiring probing into the new 
methods of atomic physics, by carrying problems to 
the ultimate test of quantitative agreement between 
experiment and theory: He was tireless in pro
pounding the new theory at home and abroad in a 
spirit of optimism and enthusiasm ; and no one has 
done so much for the consolidation of the rapidly 
developing new physics as he did by the five editions 
of "Atombau und Spektrallinien" which appeared 
between 1919 and 1931, each with many chapters 
re-written and brought up to date. Physicists all 
over the world have derived great profit from this 
la.bow-, which seemed scarcely to ii:\terrupt the steady 
flow of research papers of Sommerfeld himself and 
his numerous pupils. 

Sommerfeld was proud that he came from Konigs
berg, a geographical outpost and spiritual ba.E,tion 
among German universities. His father was a 
medical man, and the son graduated at the Gym
nasium (1886) and University (1891) there. Franz 
Neumann, then ninety years old, who was the origin
ator of the teaching of theoretical physics as a subject 
in its own rights and of the seminar method of 
teaching theoretical subjects, had made Konigsberg 
one of the foremost schools for mathematics and 
mathematical physics. Sommerfeld's dissertation 
(under F. Lindemann), on "The Arbitrary Functions 
in Mathematical Physics", deals with the develop
ment of functions according to systems of orthogonal 
functions. Up to his death Sommerfeld found 
occasion to enlarge on this first brilliant work of his. 

The full power and originality of Sommerfeld's 
mathematical construction appeared soon after in a 
series of papers on the diffraction of light by an edge 
(1894). The advance of this theory over previous 
ones (Fresnel, Kirchhoff) lies in defining the solution 
entirely by the differential equation of wave pro
pagation together with the boundary conditions on 
the opaque half-plane; the method is an ingenious 
combination of image methods and of Riemannian 
multiply connected planes. In later years (1911), 
Sommerfeld extended the method when he discussed 
the diffraction of X-rays by deep wedge-shaped slits 
(Walter and Pohl) in papers that led to a reliable value 
of the then still unknown wave-length of X-rays. 

In 1895 Sommerfeld became assistant to Liebisch 
in the Mineralogical Institute in Gottingen ; but soon 
after he turned to more inspiring work than drawing 
crystals by becoming assistant to Felix Klein. This 
great master of mathematical synthesis deeply 
impressed Sommerfeld. Together they planned and 
carried out the writing of the fow- monumental 
volumes "Theorie des Kreisels" (1897-1910), in: which 
the subject of gyroscopic motion is used as a theme 
for making evident the manifold connexions between 
dynamics and a variety of mathematical subjects. 

The period in Gottingen ended in 1897, when 
Sommerfeld was appointed to his first chair, that of 
mathematics at the Bergakademie in Clausthal in 
the Harz Mountains, not far from Gottingen. The 
three years he spent there, newly married, were very 
happy ones. 

His next -6ppointment was the chair of applied 
mechanics at the Technische Hochschule, Aachen 
(1900-6). His contact with the engineering school 
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