WITOLD HUREWICZ, IN MEMORIAM
SOLOMON LEFSCHETZ

Last September sixth was a black day for mathematics. For on that
day there disappeared, as a consequence of an accidental fall from
a pyramid in Uxmal, Yucatan, Witold Hurewicz, one of the most
capable and lovable mathematicians to be found anywhere. He had
just attended the International Symposium on Algebraic Topology
which took place during August at the National University of Mexico
and had been the starting lecturer and one of the most active par-
ticipants. He had come to Mexico several weeks before the meeting
and had at once fallen in love with the country and its people. As a
consequence he established from the very first a warm relationship
between himself and the Mexican mathematicians. His death caused
among all of us there a profound feeling of loss, as if a close relative
had gone, and for days one could speak of nothing else.

Witold Hurewicz was born on June 29, 1904, in Lodz, Russian
Poland, received his early education there, and his doctorate in
Vienna in 1926. He was a Rockefeller Fellow in 1927-1928 in Amster-
dam, privaat docent there till 1936 when he came to this country.
The Institute for Advanced Study, the University of North Carolina,
Radiation Laboratory and Massachusetts Institute of Technology
(since 1945) followed in succession.

Mathematically Hurewicz will best be remembered for his im-
portant contributions to dimension, and above all as the founder of
homotopy group theory. Suffice it to say that the investigation of
these groups dominates present day topology.

Still very young, Hurewicz attacked dimension theory, on which
he wrote together with Henry Wallman the book Dimension theory
[39].! We come to this book later. The Menger-Urysohn theory, still
of recent creation was then in full bloom, and Menger was preparing
his book on the subject. One of the principal contributions of Hure-
wicz was the extension of the proofs of the main theorems to separable
metric spaces [2 to 10] which required a different technique from the
basically euclidean one of Menger and Urysohn. Some other note-
worthy results obtained by him on dimension are:

(a) A separable metric n-space (=n dimensional space) may be
topologically imbedded in a compact metric n-space [7].

1 Square brackers refer to the bibliography at the end.
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(b) Every compact metric n-space Y is the map of a compact metric
gero-space X in such a manner that no point of Y has more than n+1
antecedents, where n cannot be lowered, and conversely where this holds
dim Y=mn. In particular one may choose for X a linear set containing
no interval [6].

(c) Perhaps his best dimension result is his proof and extension of
the imbedding theorem of compact spaces of dimension <# in Eu-
clidean Ej,y1 which reads: A compact metric n-space X may be mapped
into Enom (m=1, 2, -, so that the points which are images of k
points of X make up a set of dimension <n—(k—1)m [26].

This proposition may also be generalized as follows: Any mapping
f: X—E..n may be arbitrarily approximated by one behaving as stated.
Special case: X may be mapped topologically into Eqnty. Earlier proofs
of this last theorem existed. The wholly original proof of the main
theorem by Hurewicz rests upon the utilization of the space Ef+,,, of
mappings of X—E, ., as defined by Fréchet and the proof that the
mappings of the desired type are dense in EX,,.

A more special but interesting dimensional result is:

(d) Hilbert space is not a countable union of finite dimensional spaces
[10].

Recall R. L. Moore’s noteworthy proposition: a decomposition of
the two-sphere S? in upper semi-continuous continua which do not
disconnect S? is topologically an S2. Hurewicz showed [17] that for
S? no such result holds and one may thus obtain topologically any com-
pact metric space. This shows that R. L. Moore's results describe a
very special property of S2.

Another investigation of Hurewicz marked his entrance into alge-
braic topology. The undersigned had introduced so called LC" spaces:
compact metric spaces locally connected in terms of images of p-
spheres for every p =%. One may introduce HLC" spaces with images
of p-spheres replaced by integral p-cycles and contractibility to a
point by ~0 in the sense of Vietoris. Hurewicz proved this very un-
expected property: N.a.s.c. for X as above to be LC" is HLC" plus local
contractibility of closed paths [33]. An analogous condition will appear
in connection with homotopy groups.

We come now to the four celebrated 1935 Notes on the homotopy
groups, of the Amsterdam Proceedings [29; 30; 34; 35]. The attack
is by means of the function spaces XY. Let ¥ be a separable metric
space which is connected and locally contractible in the sense of
Borsuk. Let S? denote the p-sphere. Let x be a fixed point of S,
n=1, and y, a fixed point of Y. Let N be the subset of ¥5"" consisting
of the mappings F such that Fx,=1y,. The group of the paths of N
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is the same for all components of M. It is by definition the #th homo-
topy group m(Y) of Y. For n=1 it is the group of the paths of ¥,
and hence generally noncommutative but for #>1 the groups are
always commutative. Hurewicz proved the following two noteworthy
propositions:

I. When the first n—1 (n=2) homotopy groups of the space Y (same
as before) are zero then the nth wa(Y) is isomorphic with H,(Y), the
nth integral homology group of Y.

II. N.a.s.c. for a finite connected polyhedron II to be contractible to
a point is m(II) =1 and H,(II) =0 for every n>1.

For many years only a few homotopy groups were computed suc-
cessfully. In the last five years however great progress has been made
and homotopy groups have at last become computable mainly through
the efforts of J.-P. Serre, Eilenberg and MacLane, Henri Cartan, and
John Moore.

Many other noteworthy results are found in the four Amsterdam
Proceedings Notes but we cannot go into them here. We may men-
tion however the fundamental concept of homotopy type introduced
by Hurewicz in the last note: Two spaces X, ¥ are said to be of the
same homotopy type whenever there exist mappings f: X—Y and
g: Y—>X such that gf and fg are deformations in X and Y. This con-
cept gives rise to an equivalence and hence to equivalence classes.
This is the best known approximation to homeomorphism, and com-
parison according to homotopy type is now standard in topology.
Identity of homotopy type implies the isomorphism of the homology
and homotopy groups.

At a later date (1941) and in a very short abstract of this Bulletin
[40] Hurewicz introduced the concept of exact sequence whose mush-
room like expansion in recent topology is well known. The idea rests
upon a collection of groups G, and homeomorphism ¢, such that

. __)G"Hibi‘,(;"ﬂi';(;n_) ce
and so that the kernel of ¢, is $»41Gns2. This was applied by Hurewicz
to homology groups and he drew important consequences from the
scheme.

Still another noteworthy concept dealt with by Hurewicz is that
of fibre space. In a Note [38] written in collaboration with Steenrod
there was introduced the concept of the covering homotopy, its exist-
ence was established in fibre spaces, the power of the method was
made clear. He returned to it very recently [45] to build fibre spaces
on a very different basis. In another recent Note [46] written in col-
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laboration with Fadell there was established the first fundamental
advance beyond the theorem of Leray (1948) about the structure of
spectral sequences of fibre spaces.

Hurewicz made a number of excursions into analysis, principally
real variables. A contribution of a different nature was his extension
of G. D. Birkhoff’s ergodic theorem to spaces without invariant
measure [42].

During World War II Hurewicz gave evidence of surprising versa-
tility in distinguished work which he did for the Radiation Labora-
tory. This led among other things to his writing a chapter in the
Servo Mechanisms series issued by the Massachusetts Institute of
Technology.

The scientific activity of Hurewicz extended far beyond his written
papers important as these may be. One way that it manifested itself
is through his direct contact with all younger men about him. He
was ready at all times to listen carefully to one’s tale and to make all
manner of suggestions, and freely discussed his and anybody else’s
latest ideas. One of his major sources of influence was exerted through
his books. Dimension theory [39] already mentioned is certainly the
definitive work on the subject. One does not readily understand how
so much first rate information could find place in so few pages. We
must also mention his excellent lectures on differential equations
[41] which has appeared in mimeographed form and has attracted
highly favorable attention.

On the human side Witold Hurewicz was an equally exceptional
personality. A man of the widest culture, a first rate and careful
linguist, one could truly apply to him #nshil homini a me alienum puto.
Tales were also told of his forgetfulness—which made him all the
more charming. Altogether we shall not soon see his equal.
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