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Abstract
This paper brings to the public’s attention the key moments of the
life and work of the great mathematician Jacques Salomon Hadamard,
whose name is related to many mathematical concepts (“correctly stated
problem” in the domain of differential equations, “Hadamard matrix”
used in the “Hadamard transformation” (a generalization of the Fourier
transformation) with a large application scope: quantic algorithms,
signal processing, data compression, the “Hadamard product” for two
series, the “Hadamard variety”). Getting to know his life and his so
vast work gives the possibility of opening new horizons of applications
of his labour, through his example of dedication and perseverence in the
complex land of mathematics.
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1. The life of Jacques Salomon Hadamard

Jacques Salomon Hadamard
Versailles, France, December 8, 1865 – Paris, France, October 17, 1963
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His parents were Amédée Hadamard and Claire Marie Jeanne Picard,
who got married on June 6, 1864. Amédée Hadamard was a teacher and
taught grammar, history and geography, while Claire Marie Jeanne was a
piano teacher.
At the moment of Jacques’s birth, his father was teaching at the Lycée
Impérial of Versailles.

The high school’s Chapel (since 1888 it is called Lycée Hoche, in the memory
of the general Lazare Hoche, born in Versailles)
The Hadamards move to Paris in 1868, when the father obtains a chair
at the Lycée Charlemagne.

Lycée Charlemagne
An unhappy period follows in his life, as life in the Paris of 1870 was very
harsh because of the French-Prussian War (July 19, 1870 - May 10, 1871), and
also because two of his sisters die (Jeanne dies in 1870, before the siege of Paris
and another sister, Suzanne, who was born in 1871, died in 1874).
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He started to learn at the Lycée Charlemagne where his father was teaching and, during the first school years, he was a very good student in all subjects
excepting mathematics.
This statement does not reflect entirely the truth, because though in the
beginning he was weak in arithmetics, in the fifth grade he was the second in
his class and he also gained various prizes in several subjects at the Concours
general (1875).
In the fifth grade, he had a very good mathematics teacher, who managed
to arise his interest for his subject. In 1936, Hadamard was writing:
... in arithmetic, until the fifth grade, I was last or nearly last.
Instead, he excelled in Greek and Latin.
In 1875, Hadamard’s father was transferred at Lycée Louis-le-Grand and
Jacques would start studying in this school from 1876.

Lycée Louis-le-Grand, view from Rue St. Jacques
In 1882, he graduates as Bachelier ès lettres et ès sciences, and the next
year he graduates Baccalauréat ès sciences.
In 1883, he receives the first prize in algebra and in mechanics at the
Concours generale.
In 1884, Hadamard sustains the entrance exam to the École Polytechnique and École Normale Supérieure, being admitted to the both of them. He
choses École Normale Supérieure, where he has Duhem and Painlevé among
his colleagues. He has Jules Tannery, Hermite, Darboux, Appell, Goursat and
Émile Picard as teachers.
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École Normale Supérieure
He graduates from the École Normale Supérieure on October 30, 1888.
Starting June 1889, he teaches at the Lycée Saint-Louis and from September 1890 to 1893 he teaches at the Lycée Buffon.

Lycée Buffon, Paris
In 1892, Hadamard obtains his PhD with a thesis on the functions defined
using Taylor series.
The same year he is awarded the Grand Prix des Sciences Mathématiques
for the paper Determination of the number of primes less than a given number.
The theme proposed by Hermite for this competition treated the Riemann Zeta functions. Stieltjes had pretented in 1885 he had proved Riemann’s
hypotheses, but he couldn’t ever publish the ”proof”. After the announcement
of the competition’s subject in 1890, Stieltjes realised his proof had a fail he
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could not mend. Meanwhile, Hadamard realised his results could be applied
to the Zeta functions.
1892 is an important year for Hadamard, because beside the academic accomplishments stated above, he married in June Louise-Anna Trénel (September 26, 1858 - July 7, 1960) with whom he had 5 children:
• Pierre Amedee Isaac HADAMARD 1894-1916
• Etienne HADAMARD 1897-1916
• Mathieu Georges HADAMARD 1899-1943
• Ccile Mariette HADAMARD 1901-1987
• Jacqueline Claire Jeannette HADAMARD 1902-1989
In 1893, he moves to Bordeaux, as Hadamard is appointed lecturer at the
University of Bordeaux. On February 1, 1896, he obtains a chair of astronomy
and rational mechanics at Bordeaux.

Faculty of Sciences of Bordeaux, 1893-1897

The jubilee of 50 years since Hadamard’s death was marked by a memorial plate on the house he dwelled in Bordeaux.
Hadamard’s house in Bordeaux is at 52 Boulevard Franklin Roosevelt.
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Hadamard’s House in Bordeaux
On October 5, 1894 his first son, Pierre, is born at Bordeaux.
In 1896, he receives the Bordin prize of the Académie des Sciences.
On July 26, 1897 his second son, Etienne, is born at Cenon, near Bordeaux.
During his stay at Bordeaux, he published 29 remarkable papers from
which we mention:
• Hadamard, J., Étude sur les propriétés des fonctions entières et en
particulier d’ une fonction considérée par Riemann (Grand Prix des Sciences
Mathématiques de l’ Académie), J. Math., Ser. 4, 9 (1893) 171-215. (Oeuvres
1, 103-147.)

• Hadamard, J., Sur le module maximum que puisse atteindre un déterminant, C. R. Acad. Sci. Paris, 116 (1893) 1500-1501. (Oeuvres 1, 237-238.)
• Hadamard, J., Résolution d’une question relative aux déterminants,
Bull. Sci. Math. Ser. 2, 17 (1893) 240-246. (Oeuvres 1, 239-245.)
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• Hadamard, J., Sur les caractères de convergence des séries à termes
positifs et sur les fonctions indéfiniment croissantes (avec note complémentaire),
Acta Math., 18 (1894) 319-336, 421. (Oeuvres 1, 249-271.)

• Hadamard, J., Sur la distribution des zéros de la fonction ζ(s) et ses
conséquences arithmétiques, Bull. Soc. Math. France, 24 (1896) 199-200.
(Oeuvres 1, 189-210.)
• Hadamard, J., Mémoire sur l’élimination, Acta Math., 20 (1896) 201238. (Oeuvres 1, 273-310.)

• Hadamard, J., Sur les fonctions entières, C. R. Acad. Sci. Paris, 122
(1896) 1257-1258. (Oeuvres 1, 149-150.)
57

• Hadamard, J., Sur les fonctions entières, Bull. Soc. Math. France, 24
(1896) 186-187. (Oeuvres 1, 151-152.)
• Hadamard, J., Sur certaines propriétés des trajectoires en dynamique
(Prix Bordin de l’ Académie), J. Math. Ser. 5, 3 (1897) 331-387. (Oeuvres 4,
1749-1805.)
His most important result from this period was the Prime Number Theorem (1896).
Even before 1800, Gauss and Legendre had conjectured that
π(x) ∼

x
,
log x

where π(x) is the number of primes less than or equal to x.
Around 1850, Tchebyshoff and Riemann made the first steps towards
solving the problem. Riemann related the prime number theorem with the
function that carries his name.
The first proof of the theorem was given by Jacques Hadamard and
Charles de la Valée-Poussin, independently one from the other. These first
proofs use complex analysis.
Another famous result treats an inequality concerning determinants:
Hadamard, J., Résolution d’ une question relative aux déterminants, Bull.
Sci. Math. Ser. 2, 17 (1893) 240-246. (Oeuvres 1, 239-245.)
During this period, France was parted in two camps by the Dreyfus affair.
Hadamard would assume a political engagement in 1897 for the recognition
of the rights of the Jews (Alfred Dreyfus’s wife was the daughter of David
Hadamard, a cousin of Amédée Hadamard, Jacques’s father).
His third son, born in Paris on February 27, 1899 would be called MathieuGeorges in the honour of Mathieu Dreyfus (the brother of Alfred Dreyfus) and
of Georges Picquart, two key persons in the rehabilitation of Dreyfus.
Therefore, Laurent Schwartz would write [1]:
It is the Dreyfus affair which was in this sense (defence of justice) the
great affair of his life. From the moment when he understood the enormity of
the injustice perpetrated against a man in the name of reason of state, and the
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consequences which anti-semitism could have, he devoted himself passionately
to the review of the trial. This affair marked his life.

Paul Painlevé (December 5, 1863 - October 29, 1933)
In 1897, he quits from his job in Bordeaux and moves to Paris to replace
Paul Painlevé at the Faculty of Sciences of Sorbonne (october 1897) as an
associate professor and at Collège de France from November 1897 to replace
professor Maurice Lévy on the chair of analytic and celestial mechanics.

Maurice Lévy (February 28, 1838 - September 30, 1910)
In October 1897, he publishes the first volume of Leçons de Géométrie
Elémentaire.
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Leçons de Géométrie Elémentaire [4]
In 1898, he publishes the second volume of geometry in two dimensions,
while the third volume on three dimensional geometry appears in 1901. These
volumes have been written at Darboux’s suggestion and had a major influence
on the mathematical teaching in France.
In 1898, Hadamard is awarded the Poncelet prize for his mathematical
results during the last 10 years.
From February 1900, he is appointed assistant professor and in 1906 he
becomes the president of the Société Mathématique de France (”Society of
Mathematics of France”).
In 1909, he becomes official professor of the chair of analytic and celestial
mechanics at the Collège de France (1909-1937).
From 1912 he takes the place of Henri Poincaré at the French Academy
of Sciences. He was also professor at the École Polytechnique (1912-1937),
taking the place of Camille Jordan and also at the École Centrale in Paris
(from 1920).

Marie Ennemond Camille Jordan (January 5, 1838 - January 22, 1922)
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Historical entrance of the École Polytechnique in Paris

Poincaré supported Hadamard to obtain his position, but he would die
at the age of 58. Hadamard tried to review Poincaré’s entire work, but till the
end of the summer of 1912 he was able to produce only two important papers.

Jules Henri Poincaré (April 29, 1854 - July 17, 1912)

Paul Lévy would write:
One had to be Hadamard to dare to undertake the exposition of all of
Poincaré’s immense work which dealt with so many different areas, and to
finish it in one summer.
Therefore, Hadamard publishes:
• Hadamard, Jacques, L’ oeuvre mathématique de Poincaré, Acta Mathematica 38, 203-87 (1915).
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• Hadamard, Jacques, The Later Scientific Work of Henri Poincaré: Lectures Delivered at the Rice Institute in March, 1920, Rice Institute Pamphlet
9, 3, 111-183 (1922).
• Hadamard, Jacques, The Early Scientific Work of Henri Poincaré:
Lectures Delivered at the Rice Institute in May, 1925, Rice Institute Pamphlet
20, 1, 1-86 (1933).
• Hadamard, Jacques, Le centenaire de Henri Poincaré, Revue d’ histoire
des sciences et de leurs applications 7, 2, 101-08 (1954).
1916 is a tragic year for Hadamard as his two oldest sons are killed at
the battle of Verdun. In that period he was giving a course in Rome and he
learned of Pierre’s death at his return in Paris. His second son Etienne would
be killed almost two month later. To face this tragedy, Hadamard would
indulge further in his work.
From 1920 to 1933 he travels a lot, visiting USA, Spain, Czechoslovakia,
Italy, Switzerland, Brazil, Argentina and Egypt.
In 1923, he publishes Lectures on Cauchy’s problem in linear partial differential equations, which is considered one of his most important works and
that was written starting from a course he gave at the Yale University in the
USA. He tackled also other research domains, writing several papers of probabilities, especially in the domain of the Markiv chains. He published also
papers concerning mathematical education and education in general.
In the political field, he takes the left side as a consequence of the Nazi
gaining the power in 1933.
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After the beginning of World War II, when France was invaded by the
Germans in 1940, Hadamard and his family moved to the USA, where he was
visiting professor at the University of Columbia. He did not manage to obtain
a permanent chair in the States.
In 1944, he received the terrible notice that his third son Mathieu was
killed at war. Hadamard left the USA at once and after he dwelled a year in
England he returned to Paris.
After the war he started to militate actively for peace and with the strong
support of the mathematicians from the USA, he receives the permission to
enter the country for the International Congress of Cambridge, Massachusetts
from 1950. Laurent Schwartz and Jacques Hadamard, reguarded by the American authorities as communist supporters, obtained visas for the USA after the
personal intervention of president Harry Truman.
Laurent Schwartz was awarded the Fields medal, while Hadamard became the honorary president of the Congress.
Shortly before his death, in 1962, when he was 96, he faces the death
of his grandson Étienne in a mountain climbing accident. This event breaks
down his fighter spirit and he does not get out of his house anymore, wishing
to die.
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2. The Recognition of his Work
In 1945, Princeton University Press publishes The psychology of invention in the mathematical field, Jacques Hadamard and J. S. Joel [2] wrote
that:
... was one of the earliest investigations of the relationship between consciousness and creativity. Hadamard considered the process of invention to
progress through several stages, beginning with ”preparation”, passing through
”incubation” to ”illumination”, and finally reaching ”verification”. His emphasis on the preparatory stage is at odds with one current theory, which emphasizes the illuminatory one. But it seems that Hadamard’s model works very
well for mathematics. In this sense the book retains its importance and value
for modern psychologists, cognitive scientists, and mathematicians.
At the anniversary of 100 from his birth one of his former students said:
... a teacher who was active, alive, whose reasoning combined exactness
and dynamism. Thus the lecture became a struggle and an adventure. Without
rigour suffering, the importance of intuition was restored to us, and the better
students were delighted.
On the same occasion, Laurent Schwartz would mention about Hadamard
that [3]:
I believe that he had a fantastic influence on his time, and that all living
analysts were shaped by him, directly or indirectly.
3. Quotes of J. Hadamard [6]
The shortest path between two truths in the real domain passes through
the complex domain.
Quoted in The Mathematical Intelligencer 13 (1991).
Practical application is found by not looking for it, and one can say that
the whole progress of civilization rests on that principle.
Quoted in H. Eves Mathematical Circles Squared (Boston, 1972).
To parents who despair because their children are unable to master the
first problems in arithmetic I can dedicate my examples. For, in arithmetic,
until the seventh grade I was last or nearly last.
Quoted in D. MacHale, Comic Sections (Dublin, 1993)
Logic merely sanctions the conquests of the intuition.
Quoted in M. Kline, Mathematical thought from ancient to modern times
(New York, 1972).
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