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1. INTRODUCTION

The ever increasing use of the deepest and the most abstract parts of
mathematics has been a remarkable feature of modern physical theory.
Mathematics of the present day abounds with abstract notions ‘like abs-
tract sets, abstract spaces, abstract algebra, abstract analysis, and so forth,
and equally so in the highest departments of modern physics like relativity
and quantum theory, it appears that the abstract point of view is likely
to yield the most fruitful results. It is also true that the more varied and
more subtle contributions from mathematics are in proportion to the wider
range of physical fact acquired as a result of more and more accurate ex-
perimental research in fields involving a progressive increase in the complexity
of experimental facts. :

This increase in the application of abstract mathematical notions
can be traced to a large extent to the change brought about by quantum
mechanics in the meaning to be attached to physical quantities. This
basic importance of mathematics arises mainly on account of the funda-
mental notion of complementarity which, when pressed to its logical
conclusion, implies that natural science is not nature itself, but a part of -
the relation between nature and man, and is, therefore, dependent on man.
Thus the understanding of the symmetry laws of nature is nothing but
the attainment of the transparent clarity of a mathematics which governs
these possible laws. In the old classical physics, a physical quantity was
considered as the exact equivalent of the mathematical function assigned
to the observable. Mathematics now abounds with concepts which are
not mere functions, and yet allow the assignment of numbers under certain
conditions, e. g. matrices, differential operators, groups, integral operators,
and tensors. What quantum mechanics has done is to emphasise that the
definition of physical quantities as such operators should be taken, not in
a symbolic, but exact sense. With this interpretation, an operator may
yield not one but a large set of numbers which can, however, be consistently
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used with the aid of a statistical theory. In the language of mathematics,
we mlght saJV that the number concept has been replaced by the more general
concept of aggregates.

The widening of the concepts of theoretical physics is bound to be
of significance to the, mathematician also. The hlbeI‘V of mathematics
is a clear witness to the fact that stlmulatnm questlons arising in the appli-
cation of mathematics to other fields spur on the progress of mathematics
itself. In some concepts like analysis, one can even say that mathematics
owes more of its advance in these branches to the physicist than to any
other eﬁgentr We thus recall how the problem of heat conduction, and
wave motion led to the development of the function concept, and the intro-
duction of orthogonal series, which are basic elements of present day ana-
lysis. Dirichlet’s problem in pbtential theory had a profound influence on
the caleulus-of variations, and led to the theory of integral equations. In
the masterly hands of Hilbert, this became a theory of orthogonal trans-
formations, and reduction of quadratic forms, and created the atmosphere
which  stimulated basic discoveries on function spaces including the
abstract Hilbert space. It is a remarkable, but a common feature in physi-
cal theory, that while these developments excited by physics were taking
place in ‘mathematics, the physicist himself had little or no interest in them,
until the advent of quantum mechanics compelled him to look at them more
seriouly. It is common knowledge, nowadays, that the analytical problems
of quantum mechanics can be thought of in terms of linear transformations
i an abstract Hilbert space. -

2. ALGEBRA AND PHYSICS

On the other hand, the relationship between algebra and physics has
been a rather loose one in the earlier years. It is no doubt true that the
theory of groups has always played an important part in theoretical physics,
as for example, in the domains of molecular physics, crystal physics, and
chemical physics. Also the analysis of space and time has involved group-
theoretic - considerations, and classical dynamics has employed group
methods through transtormation theory, and many recent studies have freely
used topological notions. But it is only in the last two decades that the
more profound portions of the theory of groups, and some other parts of -
modern ‘algebra have played notably enhanced roles in relativity and
quantum. theory.

.o dn this case it is perhaps not true, as in the case of analysis, that these
braniches of ‘group theory and algebra were inspired by the physicist. The
reséarches of Noether, Weatherburn, Dickson, Artin and others on abs-
tract-algebras, of Frobenus, Schur, and Weyl on the theory of group re-
presentafions, -and: of Cartan on continuous groups were carried on inde-







