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(b. Saint-Affrique, Aveyron, France, 7 January 1871; d. Paris, France, 3 February 1956)
mathematics.

Borel’s father, Honoré, son of an artisan, was a Protestant village pastor. His mother, Emilie Teissié-Solier, came of a local
merchant family. In 1882, already known as a prodigy, he left his father’s school for the lycée at nearby Montauban. In Paris as
a scholarship student preparing for the university, he entered the family circle of G. Darboux through friendship with his son,
saw the “good life” of a leading mathematician, and set his heart on it. In 1889, after winning first place in the Ecole
Polytechnique, the Ecole Normale Supérieure, and the general competitions, Borel chose the gateway to teaching and research,
in spite of the blandishments of a special representative of the Ecole Polytechnique.

Fifty years later Borel’s colleagues celebrated the jubilee of his entrance to the Ecole Normale, rightly considering that as the
beginning of his scientific career. Indeed, he published two papers during his first year and appears to have established there
his lifetime pattern of intensely serious and well-organized activity. He embraced an agnostic, scientific, and rational outlook
that implied a responsible interest in all aspects of human affairs, and the extensive friendships of his undergraduate days
helped make possible his broad cultural and political influence in later life. First in the class of 1893, he was promptly invited
to teach at the University of Lille, where he wrote his thesis and twenty-two papers in three years before being called back to
the Ecole Normale, where publications, honors, and responsibilities piled up rapidly.

In 1901 Borel married Paul Appell’s eldest daughter, Marguerite, who had interested him for some time but had only then
turned seventeen. She wrote more than thirty novels (as Camille Marbo), was president of the Société des Gens de Lettres, and
both assisted and complemented her husband’s many-sided activity. They had no children but adopted Fernand Lebeau, son of
the older of Borel’s two sisters, after the early death of his parents. In 1906 they used money from one of Emile’s prizes to
launch La revue du mois, which appealed successfully to a very broad circle until the war and economic crisis killed it in 1920.
During this period Borel’s publications and activities showed a progressive broadening of interest from pure mathematics to
applications and public affairs. Without seeming to diminish his mathematical creativity, he wrote texts and popularizations,
edited several distinguished series of books, contributed to popular magazines and the daily press, played leading roles in
professional and university affairs, and maintained acquaintances ranging from poets to industrialists.

Such an implausible level of activity was possible because Borel’s uncommon intelligence and vigor were accompanied by
efficient organization and self-discipline. He could be kind and generous of his time and energy in meeting his official or self-
imposed obligations. He was even ready to risk his status for a good cause. But he had no time for “small talk” or trivial
activity, seemed formidable and even rude to outsiders, and with increasing age grew more impatient with would-be wasters of
his time. His lectures displayed his mind at work rather than a finished exposition, and his teaching consisted primarily in
directing his students’ efforts.

In 1909 Borel occupied the chair of theory of fonctions, newly created for him at the Sorbonne, and began thirty-two years on
the University Council, representing the Faculty of Science. In 1910 he entered what he called the happiest time of his life as
vice-director of the Ecole Normale in charge of science students, but World War I cut it short. His service in sound location at
the front (while Marguerite headed a hospital), and in organizing research and development in the War Office under his old
friend Paul Painlevé, turned his interests more than ever toward applications. After the war he could not be happy again at the
Ecole Normale. There were “too many ghosts in the hallways.” including that of his adopted son. At his request he moved to
the chair of probability and mathematical physics at the Sorbonne and maintained only honorary connections with the cole
Normale. The era was closed by the longest of his many trips abroad, including five months in China with Painlevé, and by his
election to the Academy in 1921.

While continuing his flow of publications and his lectures in mathematics, Borel now moved rapidly into politics as mayor of
Saint-Affrique (with Marguerite presiding over the Jury Femina), councillor of the Aveyron district, Radical and Radical-
Socialist member of the Chamber of Deputies (1924-1936), and minister of the navy (1925). Important scientific legislation,
the founding of the Centre National de la Recherche Scientifique, and several ships named after mathematicians are traceable
to his initiative. He helped plan and raise funds for the Institut Henri Poincaré and served as director from its founding in 1928
until his death.

Retired from politics in 1936 and from the Sorbonne in 1940, Borel still had the vigor to produce more than fifty additional
books and papers, to participate in the Resistance in his native village, to which he returned after a brief imprisonment by the
Germans in 1940, and to travel extensively. The breadth of his services was recognized by such honors as the presidency of the



Academy (1934), the Grand Cross of the Legion of Honor (1950), the first gold medal of the Centre Nationale de 1la Recherche
Scientifique (1955), the Croix de Guerre (1918), and the Resistance Medal (1945). A fall on the boat while returning from
giving a paper at a meeting of the International Institute of Statistics in Brazil in 1955 hastened his death the following year at
eighty-five.

Borel’s undergraduate publications showed virtuosity in solving his elders’ problems rather than great originality, but a “big
idea” was incubating. Already in 1891 he was “extrémement seduit” by Georg Cantor, whose “romantic spirit” mixed
explosively with Borel’s rigorous training in classical analysis and geometry. By sensing both the power and danger of set
concepts, Borel anticipated the unifying themes of his lifework and of much mathematics in the twentieth century. In his thesis
of 1894, which Collingwood rightly calls “an important mathematical event,” can be found the ideas with which he initiated
the modern theories of fonctions of a real variable, measure, divergent series, nonanalytic continuation, denumerable
probability, Diophantine approximation, and the metrical distribution theory of values of analytical fonctions. All are related to
Cantorian ideas, especially to the notion of a denumerable set. This is obvious for the two most famous results in the thesis, the
Heine-Borel covering theorem (misnamed later by Schoenflies) and the proof that a denumerable set is of measure zero. The
first asserted that if a denumerable set of open intervals covers a bounded set of points on a line, then a finite subset of the
intervals is sufficient to cover. The second involves implicitly the extension of measure from finite sets of intervals to a very
large class of point sets, now known as Borel-measurable sets.

Borel exploited his first insights in many directions. His Lecons of 1898 and other works laid the basis of measure theory so
solidly that in that field the letter B means Borel. In 1905 he noticed that probability language was convenient for talking about
measure of point sets, and in 1909 he introduced probability on a denumerable set of events, thus filling the gap between
traditional finite and “geometrical” (continuous) probability. In the same paper he proved a special case of his strong law of
large Borel remained skeptical of the of the actual infinite beyond the denumerable and of nonconstructive definitions. Much
of his work was motivated by finitistic ideas, and his last book (1952) discussed his observation that most real numbers must
be “inaccessible.” since with a finite alphabet we can name at most a denumerable subset. By this caution he avoided some of
the pitfalls into which others fell, but he also was barred from the fruits of greater daring. It was Lebesgue, Baire, Fréchet, and
others who pushed set and measure theoretic ideas more boldly and so opened the way to the abstract analysis of the mid-
twentieth century.

Other motivations are visible in Borel’s work: the challenge of unsolved classical problems and visible gaps, an early and
increasing admiration for Cauchy, an interest in physical and social problems, all tinged strongly with French patriotism. Often
his solutions opened whole fields for exploitation by others. His “elementary” proof of Picard’s theorem in 1896 not only
created a sensation because the problem had resisted all attacks for eighteen years, but also established methods and posed
problems that set the theme of complex function theory for a generation. Borel’s work on divergent series in 1899 filled the
gap between convergent and divergent series. His work on monogenic fonctions (summed up in his monograph of 1917)
showed the primacy of Cauchy’s idea of the existence of the derivative over the Weierstrassian notion of series expansion and
filled the gap between analytic and very discontinuous fonctions.

Before World War I, Borel had worked out most of his original ideas, and thereafter his scientific publications were largely the
development and application of earlier ideas and the solution of minor problems. A major exception is the series of papers on
game theory (1921-1927) in which he was the first to define games of strategy and to consider best strategies, mixed
strategies, symmetric games, infinite games, and applications to war and economics. He proved the minimax theorem for three
players, aftersome doubts for five and seven, and finally (1927) conjectured its truth a year before John von Neumann
independently first took up the subject and proved the general theorem. Although Borel’s papers were overlooked until after
von Neumann’s work was well known, he must be considered the inventor, if not the founder, of game theory.

Borel’s innovations are essential in twentieth-century analysis and probability, but his research methods belong rather to the
nineteenth. He abjured generalization except when it was forced on him. He was motivated by specific problems and
applications. He disliked formalism (“pure symbolism turning about itself”’), logicism, and intuitionism (both too removed
from the physical reality that he thought should guide mathematics). Borel was the most successful mathematician of his
generation in using specific problems and results as scientific parables pointing the way to broad theories that still remain
fertile.
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