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Mathematical Physics in University 
and School. 

I T was suggested to us recently by a distinguished 
mathematician that for a considerable time to 

come much of the research in physics will consist in 
working over our present knowledge with the view of 
the restatement of the laws in conformity with the 
theory of relativity. However this may be, the present 
is an appropriate time for a review of the mathematico
physical education of England in order to estimate its 
value as a general education, and in particular to esti
mate the degree to which these studies are producing 
a supply of workers suitably equipped for undertaking 
this restatement of the laws. 

The whole region of knowledge with which we are 
concerned divides itself naturally into four fields. The 
first field is that of pure mathematics, and its function 
is to furnish the tools for use in the remainder of the 
region. The second field is applied mathematics and 
consists chiefly of mechanics ; this requires a real 
equipment of pure mathematics and only the slightest 
knowledge of physics. A third field is that of physics 
proper, for which a very moderate command of mathe
matics is sufficient. The fourth field is mathematical 
physics, and requires a thorough knowledge of both 
mathematics and physics. 

In our inquiry for suitable workers for the cultivation 
of these fields we naturally turn to the University of 
Cambridge, and if we take the graduates of the last 
forty years we shall be including most of the workers 
who are still active. Taking first the mathematical 
tripos, we look through the lists and find a number of 
men doing excellent work in such subjects as astronomy, 
rcllativity, and the philosophy of mathematics ; that 
is to say, in our first two fields of pure and applied 
mathematics. We know of one case only in which a 
mathematician has added the full equipment of the 
physicist to his original mathematical outfit. We 
look next through the natural science tripos lists and 
among the research graduates. Again we find ex
cellent work being done, but in this case the work 
is- practically confined to our third field, that of 
physics proper. Among the younger mathematicians 
a few are turning their attention to physics; these 
have a prospect of becoming mathematical physicists 
in time, but at present they have not earned the 
title. Thus, among the men whom Cambridge has 
produced in these forty years, we are unable to find 
more than one leading worker of the type we have in 
mind who possesses the double equipment required 
for progress in the field of mathematical physics. 

This field was not always left uncultivated. Let 
us look at the graduates of the forty-year period 
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preceding the period we have been discussing. There 
we find numbers of men who tackled indiscriminately 
problems from all parts of the mathematico-physical 
region. Witness such names as Stokes, Kelvin, 
Maxwell, Rayleigh, Poynting, J. J. Thomson. The 
view has been advanced that the absence of work in 
mathematical physics is the natural result of the swing 
of the pendulum; that the earlier forty-year group had 
completed work on the problems that existed in their 
time and a lull was inevitable until new problems 
manifested themselves. This view, however, is not 
convincing. Is it, for example, a mere accident that 
in Britain no work comparable to that of J. J. 
Thomson's mathematical investigation of the structure 
of the atom is being carried on while work of the first 
importance is being done abroad ? 

The true reason of the difference between these two 
periods is not far to seek. A change was made in the 
mathematical tripos at Cambridge in the year 1882 by 
which the centre of gravity was seriously shifted. 
Before that year the tripos contained almost as much 
physics as mathematics; since then, the physics has 
been almost negligible. There was real necessity for 
some change in the tripos at that time. The mathe· 
matico-physical region had expanded until no individual 
could cover the whole of it, and some reduction of the 
range of the tripos was inevitable. That the method 
of cutting out the physics should have been chosen was 
the height of misfortune. If the reformers of that day 
could have foreseen relativity and the problems that 
would consequently arise, their decision would ,b_ave 
been different. They would have kept mathematics 
and physics together as a single indivisible whole and 
would have reduced the total mass by severe pruning. 
Each item of the tripos programme, whether mathe· 
matical or physical, would have been judged by its 
importance for development on relativist lines, and 
only those found to be absolutely necessary retained. 
All students would thus have been familiar with the main 
line of development, while the discarded items would 
have remained as additional possibilities for particulai 
students who happened to be specially attracted to 
them, to be taken either as post-graduate studies or (if 
time allowed) at the same time as their degree studies. 

So far we have been thinking of the highest products 
of the mathematical tripos, the men capable of adding 
to our store of knowledge by original work. We must 
also think of the general mass of the graduates and con· 
sider whether the present arrangements are the best 
possible for them. Let us imagine the change made in 
1882 to be carried to its natural conclusion, so that the 
mechanics and the fragmentary physics are cut out of 
the tripos and the study reduced to pure mathematics. 
We shall then have a body of men in possession of a 
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tool on the fashioning of which they have spent three 
solid years, and yet to whom no material has been 
supplied upon which to use the tool so elaborately 
prepared. Could any education be worse ? It is true 
that few of them will make direct use of the tool in 
after-life, that the thing of value to them is a training 
that will fit them to do good work in other spheres. 
But to be effective, such training by means of this tool 
must include the use as well as the fashioning of the 
tool. This picture is of course worse than the reality, 
since the tripos includes mechanics as material to which 
the students may apply their mathematics, but this 
range of use is too limited to secure effective training. 

Fortunately there is ready to hand a means of 
broadening the training given by the mathematical 
tripos. Physics provides a great variety of material 
for the working up of which the mathematical tool is 
required, and if that subject (studied from a suitable 
angle) is included, the student's training gains enor
mously in value. The situation at Cambridge is not 
without hope. There was a time when the mechanics 
and physics of the tripos were no more than pegs on 
which to hang pieces of mathematical manipulation, 
but now the regulations require that students should 
show a knowledge of physical phenomena and not 
merely of analytical developments. We may hope 
that as this attitude towards physics gains strength, a 
course of study will be developed in which, without 
overloading the tripos, suitable mathematical and 
physical studies will be carried on in harmonious pro
portion. 

To this discussion of the universities a few words 
must be added about the schools. In order that a 
proper balance between the two sides of the university 
studies of the mathematician may exist, it is important 
that the balance should be maintained in the schools 
also. On this the authorities differ. The Board of 
Education, it is pleasant to see, in its regulations for 
advanced courses in secondary schools, requires the 
mathematical pupil to take up a science in addition. 
On the other hand, seven of the eight bodies that con
duct Higher Certificate Examinations allow candidates 
to appear with mathematics as their sole group subject, 
and only the Northern Universities Joint Matriculation 
Board requires the mathematical candidate to take up 
a science also as a group subject. It is, of course, true 
that in addition to his group subject of mathematics a 
candidate is required by these seven examining bodies 
to offer one subsidiary subject chosen from a list of 
about twenty. Physics is one of the list of twenty 
subjects, and by choosing it the student can do a little 
towards redressing the balance ; but the balance 
remains far from true, and the matter is too important 
to be left to his choice. If the conclusions of this 
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article are sound, the mathematical candidate for the 
Higher Certificate ought to be required to take both 
mathematics and physics as group subjects. Appropri
ate pruning of both the subjects will make this possible 
without overloading the course and without stunting 
his mathematical growth. 

In the Secondary School Examinations Council which 
the Board of Education has set up for the control and 
guidance of examining bodies, there exists the germ of 
the promise of better things. When this council gets 
into its stride it is possible that it may take a hand 
in this question of the proper education of the 
mathematician and the regulations of these seven 
examining bodies. 

Theories of Evolution and their Application 
to H urn an Affairs. 

Studies in Evolution and Eugenics. By Prof. S. J. 
Holmes. Pp. v+261. (New York: Harcourt, 
Brace and Co., 1923.) n.p. 

PROF. HOLMES'S book consists of a collection 
of essays on evolutionary theories and their 

application to human affairs, several of which originally 
appeared in certain American monthly magazines. The 
chapters on evolution are chiefly valuable as reflecting 
the currents of opinion which are passing in the minds 
of American biologists at the present time. They do 
not contain any thorough and critical analysis of the 
subject, nor do they recognise the importance of recent 
experimental work. But it is of interest to notice that 
Prof. Holmes sees clearly that " natural selection " 
cannot be a final explanation of evolution. Natural 
selection undoubtedly works, but there is a "beyond " 
which is unexplained, namely, the cause of the variations 
on which it works. Prof. Holmes rejects the Lamarckian 
.explanation on the ground that " the majority of 
biologists are not Lamarckists." He seems unaware 
that the essential point in the Lamarckian theory has 
been experimentally demonstrated by three different 
observers, namely, Kammerer in Vienna, Durkhem in 
Breslau, and Pavlov in Moscow, whilst his own country
men, Guyer and Smith, have furnished proof that an 
alteration in a bodily organ can effect a corresponding 
change in the germ cell , which is the basis of 
Lamarckism. It is true that Prof. Carr-Saunders 
and Mr. J. S. Huxley attempted to repeat Guyer 
and Smith's experiments and obtained a negative 
result, and founding on this have explained Guyer and 
Smith's results as due to chance. But Prof. Carr
Saunders and Mr. Huxley varied the conditions of the 
experiment, and their confident negation appears rather 
foolish in the light of renewed researches by Guyer and 
Smith on fresh material, in which they not only confirm 
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all their previous discoveries, but also considerably 
extend them. The scepticism of biologists on the 
Lamarckian question is entirely due to their neglect 
patiently and thoroughly.to make themselves acquainted 
with the work that has been done on the subject. 

In considering the problem of the origin of several 
species from one original species, Prof. Holmes 
recognises that isolation plays a definite part. He 
agrees that the law formulated by his countryman 
Jordan is generally true, namely, that the nearest 
allies of any given species are not found in its vicinity 
but in a distant part of the earth. But he complains 
that the law encounters many exceptions. Allied 
species often live side by side and yet refuse to inter
breed, and he states that it is coming to be recognised 
that the marks which distinguish species are usually 
not of any value to their possessors. Now in our 
opinion these scruples of Prof. Holmes are not 
justified. The key to the solution of the problem of 
the origin of species lies in the study of the local races 
of wide-ranging species. All such species, except those, 
like the eels, which migrate from all parts of the world 
to a common spawning place, are broken up into a 
number of such races, and the differences between these 
must be explained as the consequences of the reactions 
of the constitutions of the members of the species to the 
different environments to which they are exposed. 
That Prof. Holmes is unable to explain the exact " use " 
of a particular patch of pigment or of a tuft of hairs is 
entirely beside the point : the animal survives as a 
result of all its activities, and an apparently useless 
feature may be " the outward and visible sign of an 
inner physiological grace." 

So-called allied species which live near each other 
are not really closely allied. In the group in which we 
are especially interested (Echinodermata) two species 
of star-fish, Asterias glacialis and Asterias rubens, live in 
the English Channel; but the nearest ally of A. rubens 
is A . vulgaris from the eastern coast of North America. 
Similarly there exist two types of sea-urchin in our 
British waters, the large rosy Echinus esculentus and the 
small green Echinus miliaris, but the nearest ally of 
E . miliaris is not E. esculentus but E. microtuberculatus 
from the Mediterranean. But once . we look for them, 
cases like this meet us in all divisions of the animal 
kingdom. The herring-gull (Larus argentatus) and the 
black-headed gull (Larus ridibundus) are two very 
similar birds, and may be seen flying together on the 
Cornish coast, but the closest allies of Larus ridibundus 
are the black-headed gulls of N. America. Then there 
is the extraordinary case of the skink lizard, Chalcides 
oallatus, described by Mr. E. G. Boulenger. This 
species ranges from Morocco round the northern border 
of the Sahara to Somaliland : in the west it is a 
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