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The Founding Fa he

In March 1861, Italy achieved independence
and was uni ed under the Savoy monarchy
(e cept for enice and ome, which oined in
1866 and 18 0, respectively).

This spurred a resurgence of Italian mathe
matics, which had been languishing for many

years.

Some seminal events:

e T hree analyststa eatrip: Be 1 B 10 chi
and Ca o0 a i1in Paris, Gottingen and erlin
(18 8)

e Founding of the
(18 8)

e The in uence of Be nha d Rie ann



The Founding Fa he con

Around the same time, the Italian school of al

gebraic geometry was founded by uigi C e
ona (1830 1903), best nown for the intro

duction of i1aional an o aion .

Eugenio Bel a 1 (183 1900) made great
contributions to di erential geometry, non
Euclidean geometry, and mathematical physics.

Uli e ini (18 1918), a student of etti,
iIs best nown for his wor in real analysis and
Fourier series.

Cremona, eltrami and Dini, li e etti, all
became ena o O he ingdo

OTE At this time, appro imately of
all Italians were illiterate and wor ed in agri
culture.



The olden Age

In the years to follow, Italy uic ly became
one of the leading countries in many areas
of mathematical research, together with Ger
many, France and Great ritain ( ussia and
Sweden also played an important role).

In the late 1800’'s, some of the main gures
of Italian mathematics were:

e alaoe inchele (18 3 1936) func
tional analysis, comple analysis

e e€goio RicciCu a o (18 3192 )
tensor calculus

e uigi Bianchi (18 6 1928) number the
ory, algebra, di erential geometry

e iue e eano (18 8 1932) analysis,
a iomatics



The olden Age con

e i0 ole a(1860 19 0) analysis, math
ematical physics, biomathematics

e Co ado eg e (1863 192 ) algebraic ge
ometry

All of them created important schools of math
ematical research in the universities of ologna,
Padua, Pisa, Turin, and ome.

An important event of this period was the
rise of the Ci colo Ma e aicodi ale o0,
founded in 188 and directed by B uc
cia (18 191 ). The Rendicon i of the Cir
colo soon became one of the leading mathe
matical ournals in the world. Many famous
mathematicians, including oinca e icad
Hil e ch id el ic on Bi ho
etc. were members of the Circle and published
in its ournal.



O agoni

The central gures in Italian mathematics in
the early 1900's, besides eg e and ol e a,
were the algebraic geometers uido Ca eln
uo o (186 19 2), FedeigoEni ue (18 1
19 6) and Fance co e ei (18 9 1961),
and the renowned mathematical physicist Tul
lio ei Ciia(l18 319 1).

All of them e cept Severi were ewish.

The Italian ewish community was rather dif
ferent from that of other European countries.
It was small, highly integrated, strongly in
volved in the commerce and professions and
in politics, with a high percentage of non
practicing members. olterra, Castelnuovo,
Enri ues and Levi Civita all considered them
selves as liberals and free thin ers



Ma he a ician hilo 0 he

Fede igo En i ue had developed a strong
interest in philosophy and psychology, largely
as a result of his own research in geometry.

This interest encompassed the foundations of
geometry (which he thought of as a part of
physics, not unli e Rie ann and lein), the
psychology of mathematical discovery or in
vention, and the respective roles played by in
tuition and logic.

Eni ue was also deeply interested in the
history of science and philosophy, and new
very well the wor of the ancient Gree ge
ometers and philosophers. In this, he was the
antithesis of the modern specialist.

e became close to Ein ein and founded the
interdisciplinary ournal



Ma he a ician hilo O he con

Even during his wor on algebraic surfaces,
En i ue involvementin the philosophical scene
was so deep that he became president of the
Italian Philosophical Society (190 1913) and
chaired the International Congress of Philos
ophy that too place in Bologna in 1911.

This was the occasion for a memorable clash
with the leading Italian philosopher of the time,
Benede o0 C oce (1866 19 2), and his then
closeally, 1o anni enile(18 19 ). The
traditional (neo idealistic) philosophers re
sented what they felt as an intrusion by an
invadent (and a realist to boot).

This clash was to have profound conse uences
on Italian culture, which are still felt today.



Ma he a ician hilo 0 he con

In newspapers interviews and other venues,
C oce sharply critici ed En i ue organi a
tion of the congress, especially the choice of
spea ers (which included several mathemati
cians and natural scientists) and the way Ital
lan philosophy had been represented.

C oce denied philosophical value to the sci
ences and asserted the superiority of history
and aesthetics as a terrain for philosophical
investigation.

En i ue was soundly defeated, and had to
retreat for a long time. e was rediscovered
in the 19 O’s.

oth C oce and en ile were later appointed
minister of education. Their victory over En
I ue in this struggle for egemony had a
great in uence on Italian culture through en
ile s school reform of 1923.



ICM inl1 al

Thelnternational Congress of Mathematicians
of 1908 was held in ome and was chaired by

ol e a, who was then at the pea of his
fame (and a senator since 1906).

This congress saw the o cial international
recognition of Italy as one of the mathemati
cal superpowers of the time.

The ICM, which is held every four years, re
turned to Italy (in ologna) in 1928, in a
much di erent atmosphere. Chaired by En
I ue , it was the rst ICM since WWI to
which Germany had been invited, owing to
the tireless e orts of iInche le and against
strong ob ections from some uarters.

The German delegation to ologna was led
by the great a id Hil e , who received a
standing ovation.



ICM 1iIn1 al con

The e ect of WWI on mathematical research
had been di erent on di erent countries.

F ance lost a whole generation to the war
and was not to recover for several years. In
contrast, e an was careful to use her stu
dents in support operations rather than com
pbat, and German science recovered uic ly.

Italy’'s mathematics lost a brilliant young math
ematician, E E e 1, who died in combat in
191 , but was otherwise spared.

Some important wor was done by e e
and by e 1 Ci i a during the war years. For
instance, Levi Civita's important memoir on
a allel di lace en was published in the
Rendicon i1 of Palermo in 191 .



ICM inlIal con

On the institutional side, the early 1920's saw
two important developments in the organi a
tion of the Italian scienti ¢ community:

e Founding of the UMI (
) by inche le, 1922

e FoundingoftheC R (
) by ol e a, 1923

ears later, both these institutions were to
become instrumental in the Fascisti ation
of Italian science.



Ene Mu olini

y this year RO e had become the main cen
ter of mathematical activity in Italy, and many
foreign scholars travelled there for visits. The

ussian O ca ail 1 and the Dutch i

ui studied in ome under Ca elnuo o
and e 1 Ci i a, respectively.

esides continuing strengths in algebraic ge
ometry and analysis ( iue e i ali uido
Fu ini eonida Tonelli Mau o icone

I0 anni an one and F ance co T ico i
were the main names here), there was an
emerging activity in abstract algebra around
the gureof ae ano coza( rstin Ca a
nia, then a le and nally Ro e).

The wor of Scor a's school in the theory of

algebras was to have considerable in uence

on the wor of the American mathematicians
iIc on Al e and e che z



En e Mu olini con

y the mid 1920’s, political events began to
a ect mathematicians. ol e a led a valiant
battle against Fascism in the senate, and was

among the so called after the Fas
cists murdered laco o Ma eo 1, a So
cialist leader, in 192 . e e 1, a Socialist at

the time, resigned from his post as the rector
of the U. of ome.

In 1923 en ile oined the Fascist party and
was promptly appointed Minister of Educa
tion. In 192 Gentile and others issued a

It was answered immediately by a counter
Manifesto written by C oce and signed by
many of the leading Italian mathematicians in
cluding ole a ei1Ciia Ca elnuo o
B e i Tonell adoa and e el.



ign O decline

The 1928 ICM has sometimes been described
as the funeral of Italian mathematics, which
was then beginning to show the rst symp
toms of a deep crisis.

In retrospect, it is clear that the leading Ital
lan researchers had by then become to decline
and that their replacements, while generally
very good, were not uite at the same level as
the old masters. Moreover, some important
new elds of research were being ignored.

It is interesting that the decline in mathemat
ics coincided with the rise of Italy’'s bright
est scienti c star, the physicist En ico Fe |
(1901 19 ), who had close ties with Castel
nuovo, Enri ues and Levi Civita. Fe 1 went
on to create an important, but short lived
school of modern physics in Ro e.



The oa h

In the 1930's the regime’s grip on every as
pect of Italian life became stronger and stronger.

In 1931 en ile convinced to demand
of all university professors an oa h o alle
giance to the ing and to the Fascist regime.
Until then, unli e other State employees, uni
versity professors had never been as ed to
ta e any oath.

In all, only 20 professors (out of appro imately
1200) refused to ta e the oath and were forced
to resign among them ol e a, who was
wealthy and went on a self imposed e ile.

Several other professors, among which e i
Ci 1 a, were able to use their connections to
reach some type of honorable compromise and
retained their post.



The od a he e el and icone

y 1930, Italian mathematics was e ectively
in the hands of two men: e e i, who by then
had set aside his initial opposition to the Fas
cist regime, and Mau o icone (188 19 ),
who had been a convinced Fascist since the
very beginning.

T he previous year the venerable but politically
unreliable had been dis
banded and replaced by the more pliable

scientists loyal to the Fascist
regime were rewarded with a seat in it, and
the huge per s that went with it.

e e 1 was among the rst to attain member
ship and, with it, the title of
Fe 1 was another one.



The od a he con

e el and 1i1cone represented the two souls
of Italian mathematics: the pure and the
applied one.

e e i insisted on the intrinsic value of math
ematical thought (regardless of its possible
applications) and elected himself to the role
of defender of the Italian school of algebraic
geometry, its methods, and results.

icone was eager to put mathematics to wor
at the service of society and to increase the
industrial and military strength of the coun
try. is own wor was mostly in analysis and
applied mathematics.

icone’s interest in e ective methods of so
lution of di erential e uations originated from
his service as an artillery o cer in WWI.

In 192 hecreated thel AC (Istituto a ionale
per le Applica ioni del Calcolo), the rst cen
ter in the world devoted to numerical analysis.



The od a he con

icone developed thel AC with Mussolini’'s
approval and encouragement. The Institute
was concerned with both basic and applied re
search. Many young mathematicians started
their career there, including Rena o Caccio
oli a e oCeai ilue e Cco za
agoni ian anco Ci ino Ca lo Mi
anda and, after WWII, Ennio e io qdi.

One of 1cone’s merits is to have understood
the importance of the new (abstract) func
tional analysis, which was being developed in
the late 1920’s and early 30's, especially in
Poland (Banach), Germany ( on eu ann)
and USA ( one).

In this he di ered from other analysts, li e

ol e a and Tonelli, who were suspicious of
the new and clinged to the old style of anal
YSIS.



The od a he con

The importance of 1icone lies primarily in his
institutional role, his vision, and his school,
which was to lead the recovery of Italian math
ematics after the war. ecause of his open
ness to new currents of thought, he proved
instrumental to the survival of mathematical
analysis research in Italy.

The most famous member of icone’s school
was Rena o Caccio oli (190 19 9), who
acted as a bridge between the pre and post
war generations.

The life of Caccio oli was dramatic enough
to ma e him the subect of a 1992 movie
by Ma io Ma one (

).



The od a he con

e e i yielded even greater power and in u
ence than icone, to whom he was far su
perior as a mathematician. e e 1 interna
tional fame was such that on a conference
tour of apan in 193 he was received by the
Emperor. At the end of his life, he belonged
to 26 scienti ¢ academies worldwide.

€ e i1 had direct access to Mussolini. e
used his in uence to e ert complete control
on every aspect of mathematical life in Italy:
competitions for university positions, edito
rial boards of ma or ournals, publications and
translations of boo s, conferences, educational
policy, etc.

In 1939 e e ifounded the
(I AM)in ome.



agging ehind

In the 1930’'s Italian mathematics entered a
deep crisis. The causes of this decline were
both In € nal to the various disciplines and
e e nal

In some areas, |li e analysis and mathematical
physics, activity remained at a decent level,
but far from the past glories. y and large,
modern developments were shunned. The use
of modern topological and functional analytic
methods and language were seen by many as
a concession to fads from abroad, not to be
ta en seriously.

oung researchers could eopardi e their ca
reer if they tried to eep up with contempo
rary trends.

Ironically, in better times inche le ol e a,
and A zela had been pioneers in functional
analysis.



agging ehind con

In the same years Italy made no meaningful
contributions to mathematical logic, of which

eano had been one of the founders. Topol
ogy, number theory, Lie theory, and commu
tative algebra were virtually ignored.

CO za's attempt to create a school of ab
stract algebra clashed against the impossibil
ity to establish university chairs in the sub ect
and foundered. Many of his students had to
go into more traditional elds in order to nd
employment.

apidly, Italian algebraists became unable to
eep up with the imposing development of al
gebrain e an (up to 1933) and U A.



agging ehind con

The most important case, however, is that of
algebraic geometry, where Ca elnuo o En
I ue e e 1 and their students had domi
nated for decades. The birational classi ca
tion of algebraic surfaces, essentially due to
Enri ues, remains to this day a ma or achieve
ment.

y the mid 1920's the synthetic methods of

the Italian school had reached their natural
limits, and were insu cient to deal with the
most pressing problems of the discipline.
Ca elnuo o, who was well aware of that,
directed his student a1 1 towards the use
of more re ned algebraic methods, a piece of
advice that was to lead to profound changes
in the foundations of the sub ect.

e el, on his part, followed icad e
che z and Hodge in teir use of powerful
function theoretic and topological methods in
the study if higher dimensional varieties.



agging ehind con

e e 1 also violently attac ed En i1 ue , who
was still very active at the time, for the lac
of rigor in his wor .

It is a fact that En i ue privileged the mo
ment of discovery over that of painsta ing
logical usti cation. e had little interest in
(and even despised) rigorous, detailed proofs,
and some of his theorems had been shown
to be defective. In most cases the results
were true but the proofs were incomplete or
even wrong. This attracted a good deal of
sarcasm, especially from German and French
geometers (  eil).

Eni ue was a perfect e ample of the intu
itive genius. is geometric investigations were
of the e perimental, almost tactile ind, in
agreement with his Platonist views.



agging ehind con

Italian algebraic geometry was classical, i.e.,
it was developed entirely over the eld of com
ple numbers. Either e plicitly or implicitly,
many of its results relied on topological prop
erties of the comple plane.

In the late 1920's several mathematicians, in
cluding ai 1 an de ae den and eil
began to rebuild the entire edi ce of algebraic
geometry in the new language of commuta
tive algebra. This was needed both to put
the whole sub ect on a rm foundation, and
to brea the standstill that had been reached.

Eventually, this led to the replacement of the
comple eld with an arbitrary (abstract) eld.
Many of the results of the Italian school no
longer applied in this more general setting.



agging ehind con

Unable to meet the new challenge, e e i (by
now the sole owner of Italian pure mathe
matics) reacted by clamming up and strenu
ously defending the classical methods against
the new abstract trends, which he saw as
largely devoided of geometric meaning.

e repeatedly clashed with the enemy (es
pecially with an de ae den) in several
occasions, |li e the 1932 ICM in urich which
mar ed the o cial beginning of the new trends
in algebraic geometry. e was to clash again
with a1 1 at the 19 0 ICM in Cambridge
and with eil as late as 19 in Amsterdam.

As a result, the contributions of the Italian
school of algebraic geometry were virtually
forgotten until their rediscovery inthe 19 O0's,
due mostly to the Soviet mathematician ha

a e ich and his school.



agging ehind con

Among the e e nal factors, it should be ept
in mind that in the 1930's Italy became in
creasingly isolated (economically, politically and
culturally) as a result of the colonial campaign
in Africa.

Travel, visitors, conferences, ournal subscrip
tions became more and more problematic. The
soO called was enforced.

The rigid hierarchical organi ation of society
(including university studies) did not encour
age innovative wor on the part of the new
generations being formed.

A sterile rivendication of Italy's leadership
in mathematics (by now a fading memory)
replaced honest confrontation with the stimuli
coming from other, more advanced nations.



a O Ina

In the Fall of 1938, under pressure from itler,
Mussolini’'s regime passed a set of anti Semitic
laws.

The ground had been prepared by e tensive
anti ewish propaganda on the political front,
and by the infamous on
the ideological front.

This document had been issued by a group
of medical researchers, oologists, anthropol
ogists and other self styled scientists. Two
prominent academics, icola ende (1880
19 0)and a ao ico (18388 19 1), were
among the authors.

The was endorsed by the powerful
Propaganda Ministry (MI CULPOP).



a O ina con

The stated the e istenceofa u e
I alic ace (belonging to the Aryan family)
and the need to defend its purity from con
tamination by e tra European races.

One of the immediate e ects was the dis
missal of nearly all professors, teachers, and
students of ewish heritage from all schools,
at all levels.

Ca elnuo o EnNni ue eicCiia Fu
ini B el A coli Fano A Te
acini and B eg e were ousted from their

positions and from the editorial boards of our

nals.

Ca elnuo o0 helped organi e and direct the
clandestine ewish university. e and En
ri ues spent the war years in ome, hidden
by friends. Other emigrated to the USA, the
U , Swit erland, Argentina, etc.



a O ina con

The response of the o cial body of Italian
mathematicians, the UMI, came on 10 De
cember 1938. This was the dar est day in
the society’s entire history.

The UMI issued a statement according to which
the departure of mathematicians of ewish
race had a minimal impact on the status and
health of Italian mathematics.

Moreover, the document e pressed concern
that the university chairs that had ust be
come vacant could be redirected to other dis
ciplines, something to be avoided at all costs.

For the ne t few years, several members of
the UMI will devote themselves to rewriting
the history of Italian mathematics in a way
that minimi ed (and indeed, erased) the con
tributions of ewish mathematicians.



a O Ina con

Some mathematicians saw the opportunity to
settle the score against their colleagues. e

e i too full advantage of the situation to ha

rass En 1 ue , his ancient teacher and collab

orator, with whom he had clashed for personal
and scienti c¢ reasons in the previous years.

e forbade him from entering the Mathemat
ical Institute at the University of ome, of
which he was now director.

e also obtained the withdrawal of the ge
ometry te tboo by Eni ue and A aldi,
adopted in all Italian high schools, and its re
placement with his own te tboo , a very lu
crative move



a O Ina con

The impact of anti Semitic law was even worse
on Italian Physics. Of Fe i's collaborators,
only A aldi decided to stay.

y 1939 Fe 1 (whose wife was ewish), eg e
Rae | Roi E Fu ini U Fano Racah
inche le e Benede i1 and B on

eco O had left Italy. Fe i eg € and
RO 1t woredat o Ala o0 on the atom
bomb.

Among biologists, Italy lost two future o
bel pri es: alaoe uia and Ria e i
Mon alcini, both studentsof ue e e i
(the father of the writer a alia inz u g)
in Turin in 1938.



Fa cCi he O iC in a he aic

Li e every other aspect of Italian life, mathe
matics was not immune from the changes in
language that resulted from the Fascisti ation
of the country.

Of course, mathematical e position does not
lend itself to the bombastic to see this change
one has to loo into the prefaces to research
monographs, the accounts of mathematical
meetings in the , boo re
views, reports, letters, etc.

Strongly nationalistic tones, with many refer
ences to the Italic genius and the race,
became virtually mandatory during the 1930’s.

Some historians, li eE o eBo olo 1(1886
19 ), undertoo the tas of e halting Italys’
contributions to matematics many became
obsessed with priority claims.



O he coun ie

It is natural to compare the situation in Italy
with that of other nations, especially e
an . During the Weimar years, Germany
had achieved a position of absolute e cellence
in mathematics and physics, particularly in the
universities of Gottingen, Munich and erlin.

All this came to an abrupt end in 1933, with
the advent of itler. owever a few scientists,
i e EIn ein and on eu ann, had moved
to the US as early as 1930.

The a ivirtually destroyed German science.

early all the leading mathematicians and physi
cists were forced or decided to leave. The vast
ma ority emigrated to the US, enormously ben
e tting American science, which was already
on the rise on its own.



O he coun ie con

The a i dismissed such ma or achievements
as the theory of relativity and uantum me
chanics as  ewish science. They even cre
ated two ournals, and

, devoted to the e position
of Aryan science.

This was supposed to be Nn he ic and iIn
ui i e whereas ewish science was anal IC
and a ac ().

Some German scientists enthusiastically em

braced a ism and anti Semitic views, often
with a personal agenda. The prominent math

ematicians Bie € ach Bla ch e, and
O Teich ulle were among them.

It is fair to say that German mathematics suf
fered more than Italian mathematics during
this period.



O he coun ie con

Another country of interest is oland. This
country, which had been outside the main
stream of scienti ¢ thought until the early
1900’'s, en oyed an ama ing ourishing of math
ematics in the period between the two world
wars.

The main centers were O and a a
Polish researchers, not burdened by schools
or traditions, wisely chose to concentrate on
the emerging elds of mathematical logic, set
theory, measure theory, probability, general
topology and functional analysis.

Poland contributed immensely to modern math
ematics, especially through the wor of ein

hau , Banach, ie in I, uao i, Bo
u chaude Mazu Ula ac Ta [
u aie icz g und Bochne O licz

and others.



O he coun ie con

The 1930's saw the enormous development
of mathematics (and physics) in U A and
in U R, which was to continue at a much
faster pace after WWII.

F ance returned to the forefront with a

of mathematicians that followed
the generation that had been lost to WWIL
As the great Hada a d F eche Bo el

€ € dgue e E Ca an ica d etc.
reached retirement age, they were replaced
by eil leudonne Che alle H Ca

an Eh e ann and ch a z, collec

tively nown as the rst members of the fa
mous Bou a i circle.

This new generation loo ed at Germany for
inspiration, especially to E oe he (1882
193 ) and her school, who were revolutioni
ing the eld of algebra.



O he coun ie con

Bou ai has had a strong in uence on
modern mathematics, although this in uence
was felt most strongly in the 19 0's and 1960's.

With the conspicuous e ception of And e eil
(1906 1998), who settled in the US, few French
mathematicians were permanently lost to the

a i invasion and French mathematics our
ished after WWVILI.

To this day, F ance remains one of the lead
ing countries in mathematics.



o ld a II

After the fateful date of 8 September 19 3
a number of mathematicians, including some
who had been active in Fascist politics, oined
the and fought against the a i
Fascists oppressors. Tonelli was among them.

The logician e ona (1908 1991) was
commander of a in the orth
of Italy. Another partisan, the mathemati
cal physicist A ignedoli (1918 1989), was
elected to the in 19 6.

A few others, li e Fa io Con o o (1909
19 ), remained loyal to Mussolini and fought
against the Allied forces after their landing in
Sicily.

I0 anni en ile was e ecuted by partisans
in Florence in 19



The a e ah a ne O a hneia

Shortly after the war, the new (democratic)
government, with the support of the pow
erful Communist leader al 1 0 Toglia 1,
passed a sweeping amnesty that pardoned vir
tually all of the people who had been com
promised through their association with the
Fascist regime.

This pardon led to a swift reinstatement of
many academics in the posts they held be
fore and during the war. This is true even of

ende and I Cco, the principal authors
of the

e e I, who narrowly escaped lynching at the
hand of his fellow citi ens of Are o in 19 |
returned to his university chair in ome and
to the direction of the I AM, which was
named for him after his death in 1961. Li e
wise, the I AC was named after icone on
the occasion of his 90th birthday in 19



0 €Co €

After WWII and the di cult period of recon
struction of the country, mathematical activ
ity in Italy slowly resumed. The most impor
tant centers were ome (including thel AC,
by now called IAC) and Pisa.

Most of the leading gures in this recovery
process were analysts: a acchia
Fiche a E Magene and E e 10 di,
among others.

owever, Italian mathematics was virtually ab
sent from the rst post WWII ICM held in
Cambridge, MA, in 19 0 (cf. ai i's ad
dress.).

In 19 Enico Bo iei (b. 19 0) of Pisa
was awarded the Fields Medal for his wor in
number theory, algebraic geometry, and par
tial di erential e uations.



lo eco e con

In 1999 the International Mathematical Union

promoted Italy to Group of nations (also in

cluding USA, ussia, France, Germany, Great
ritain, Canada, China, Israel and apan).

Today, Italy’'s areas of strength in mathemat
iCs are, once again, analysis (especially partial
di erential e uations and the calculus of vari
ations), algebraic geometry, and mathemati
cal physics. Thereis also an important school
of numerical analysis in Pavia.

Italy remains wea in other areas of modern
mathematics, such as topology.






