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TOPOLOGICAL METHODS IN ANALYSIS

IN his Presidential Address to the Mathematics
Section of the 38th Ind an Science Congress,
Dr. Racine gave a survey of the methods de-
veloped by J. Schauder and J. Leray for the
boundary value problems associated with
elliptic partial differential equatio.s of the
second order. The first linear problems to be
studied were . those of determining harmonic
functions satisfying the boundary conditio.:s
of a Dirichlet- or Neumann-problem (D- or
N-problem). The D-prcblem in this case may
be solved, under very general condtiors, by
the method of “balayage” due to H. Poincaré.
Such a metblod has not been adapted so far
to the general elliptic eguation. By construci-
ing appropriate Green’s fuacrtors, Giraud
established the equivalence of trhe general D-
and N-problems to certain integral equations
and fhus made available the method of poten-
tials and irtesral egustions as in the classical
case of the Laplace equation. Giraud also de-
veloped a method of successive approximation
for treating non-linear problems. Schaudar’s
method of sclution of linear ellipti» problemsis
extremely original and deduces an existence-
theorem from an “a priori approximation’ of tre
solution. Generally it excludes the po=sib’lity of
any construction and gives only existence, not
uniqueness, theorems. He makes use of
refined forms of certain well-known inequali-
ties inh the theory of Newtonian poteatials and
a process of successive approximation starting
frcem the solution for the Laplace equation.
Schauder’s most important contribution to the
theory of partial differential equations of
mathematical physics is his new method of
solving non-linear problems. His first investi-
gations deal with exiensions to function-spaces

of the celebrated *“fixed-point-theorem” of
L. E. J. Brouwer. There exists an equivalence
between a given D-problem and the problem
of fi..ding the fixed points of the transforma-
tion u = U(u), where U is a functional opera-
tor which maps a certain function-space V or
a subset of it onto itself. Schauder generalised
Brouwer’s fixed-poi..t-theorem to tcpological
spaces, but he was obliged to restrict himself

to metric wvectorial spaces, in particular,
Banach spaces. He developed alsc a second
method, based upon his generalisation of

Brouwer’s theorem on the “invariance of the
dcmain” to Banach spactes in which he defined
a weak topology in addition to the strong topo-
legy. Leray had utilised a topological invari-
ant: ‘“the degrce of a transformation”. This
notion, due to Brouwer, was generalised to
function-spaces by Leray and Schauder, who
were thus enabled to develop a general methad
of proviag existence-theorems in the theory of
functional equations. The method of Leray and
Schauder may be applied to the most general
non-linear problems under certain conditions.
It has been very successful in the hydrodyna-
mical theories of wviscous fluids and of wakes.
Recently Leray has developed the theory of a
tepological invariant attached to the continuous
mappings of a topological space into itself. Tt
is valid in compact Hausdorff spaces. His new
theory, baved essentially on the notion of the
“¢total index” of a transformation with respact
to an open set, has enabled him to arrive at
a very powerful syntbesis of his and Schauder’s
previous results and to generalise the same

considerably.
V. R T.

GLEEP

THE CGranhite Low Fnergy Exnerimental

Pile (Gleen) at Harwell, was con~tructed
to meet twn main reayirement~: the first was
for a pile able to work at as hirh a prwer as
it is possible without introduci-g elaborate
conling avrancements. This h'sh povwer was
reeded for the pro?u~tian of the radin-a~tive
torms of elements which sre provine of im-
mence yvalue in manv b=aneh»e of m~iieal ard
geientifie regearoh: the cerond wns tn enmnnra,
for seinntifier purnoces. the wnye in which diffe-
rent elemerts ghanth clawr pautrons, the type of

atomic particle emitted by the pile.

This relatively small experimental pile re-
quires 12 tons of uranium and a further 21 tons
of oxide of uranium. In add't'on, the pile
contains over 500 tons of graphite in a wvery
pure state, It bas an ouiput of 100 kilowatts.

By providiag radio-active forms of natural
clements for research purposes. the Gleep has
alreadv proved immense'y valuable. In addi-
tion. the experience gained in operating this
experimental pile during the last three years
heas proved an invaluable aid to the design of
larger pfles suitable for prov.ding energy on

an industrial scale.
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