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EDITOR’S FOREWORD

As soon as one first encounters the work of Mihailo Petrovi¢, it becomes evident that he
was a person that according to its numerous traits was a polymath. Above all, the academician
Petrovi¢ was a gifted mathematician and a renowned professor at the University of Belgrade, but
also a fisherman, writer, philosopher, musician, world traveler and a travel writer. He earned a de-
gree in mathematics at the Belgrade Grand School and a licentiate degree in mathematics, physics
and chemistry at the Sorbonne. At the age of 26, only a year after he had completed his studies,
he defended his PhD degree in mathematics at the same university, as a student of the famous
French mathematicians Henri Poincaré, Charles Hermite and Charles Emile Picard. In the same
year (1894) he was elected to the position of professor at the Grand School to which he brought
the spirit of the French mathematical school. It was at that point that his long and prolific jour-
ney through science began, whereas, owing to him, Belgrade achieved parity with other major
European centers in mathematical sciences. He became an initiator and a leader of the Serbian
mathematics and strongly contributed to the spirit of the modern European science in Serbia.

Petrovi¢’s expertize spanned several mathematical areas in which he achieved scientific
results of world-class relevance: differential equations, numerical analysis, theory of functions
of a complex variable and geometry of polynomials. He was also interested in natural sciences,
chemistry, physics and biology, and he published scientific papers in these fields, too. In his
scientific endeavor he managed to meet the most rigorous standards of the most developed Eu-
ropean countries. In a brilliant rise, in a few years’ time, up to the early 20" century, he wrote
around thirty papers that he published in the leading European mathematical journals. It was
due to this fact that he was elected a member of the Serbian Royal Academy as early as at the
age of 30, and soon after he became a member of a number of foreign academies and promi-
nent expert societies. He won the greatest respect of the global mathematical community: he
was among few mathematicians (13) who delivered at least five plenary lectures or lectures as a
visiting lecturer at the International Congress of Mathematicians (ICM). He delivered five such
lectures (1908, 1912, 1924, 1928 and 1932). One such invitation has been considered by the
mathematical community as an equivalent of an induction to a hall of fame. In addition, it has
been considered that Petrovi¢ was a founder of new scientific disciplines, namely mathematical
phenomenology and spectral theory. He invented several analogue computing machines, pos-
sessed technical patents and was the main cryptographer of the Serbian and Yugoslav Army.



Up to the Second World War he was the mentor of all doctoral thesis in mathematics defended
at the University of Belgrade. Aforementioned is related to one of professor Petrovi¢’s greatest
and most important achievements — he was a founder of the Serbian mathematical school that
has produced a great number of renowned and successful mathematicians not only in Serbia but
also around the world.

In 2018, the Serbian Academy of Sciences and Arts and mathematicians in Serbia cele-
brate the 150" anniversary of the birth of Mihailo Petrovi¢ Alas. Throughout this year, the Acad-
emy has organized a large exhibition dedicated to Petrovi¢, alongside a solemn gathering and a
conference. This monograph commemorates this important jubilee of the Serbian mathematics.
Given the fact that a lot of articles on Petrovi¢ have already been written, and that his collected
works were published at the end of the last century, the editors and authors of the papers in this
monograph were faced with a daunting task of finding some new details from professor Petro-
vi¢’s life and career. Even more so given that his body of work is immense, spanning different sci-
entific areas and encompassing topics that at first glance one finds difficult to combine. As Dra-
gan Trifunovi¢, Petrovi¢’s biographer and a man who most thoroughly studied his life and work,
noted on one occasion that almost an institute was necessary that would encompass professor’s
entire body of work. Therefore, we set a relatively modest goal to ourselves to shed light upon
some main points of Petrovi¢s life and work, times and circumstances he lived in, as well as to
elaborate on the present developments in relation to the Serbian mathematical school, through a
selection of papers. The authors of the papers steered clear of technical details and excessive use
of mathematical language. Hence, the monograph is intended for a broader readership, in par-
ticular to those readers who are interested in the history of Serbian science and its evolvement at
the turn of the 20" century, but also to those who want to gain a deeper insight into the life of
a brilliant mathematician and a polymath, and, we can quite freely say, an unusual personality.

7. Mijajlovi¢, S. Pilipovi¢, G. Milovanovié¢
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MIHAILO PETROVIC ALAS
AND HIS AGE

Zarko MIJAJLOVIC
University of Belgrade, Faculty of Mathematics

Mihailo Petrovi¢’s appearance in Serbian science and culture
coincided with quite specific circumstances in Serbia and Europe. The
Obrenovi¢ and Karadordevi¢ dynasties alternately ruled Serbia. In the
last four decades of the 19" century, the Obrenovi¢s ruled Serbia until
the coup détat in 1903, when the Karadordevi¢s assumed power. Not
so long before, in 1878, after the wars with Turkey and the Congress
of Berlin, Serbia gained full independence and defined its borders.
Until then it was considered a part of the Ottoman Empire. The bulk
of the Serbian people lived in the diaspora, while science and culture
were only emerging. Funds that the Serbian government could spend
on science were very modest. Still, Petrovi¢’s biography suggests that
these events did not stand in the way of his education and science.
This can be ascribed to several facts. Petrovi¢ was born into a family
that cherished the tradition of solid education of its younger genera-
tions. Besides, the family was wealthy enough to enable such educa-
tion. Moreover, as the Serbian authorities recognised the importance of
education, they constantly invested in it and enhanced the educational
system in accordance with European standards. Gymnasiums and the
Great School provided their pupils and students with knowledge that
enabled them to continue their education and defend their doctoral
theses at European universities.




In the 19" century, particularly its second half, science gained momentum, heralding its
present-day development. The foundations of contemporary mathematics were laid. Universally
recognised as the most influential mathematicians of the time, Henri Poincaré and David Hilbert
introduced new mathematical concepts and a new style of abstract mathematical thinking. New
mathematical theories with multiple applications in technical engineering and physics were
emerging, and old theories were receiving novel grounding. It is not possible to elaborate on
this in merely a few words as this deserves separate examination. Still, let us give at least two ex-
amples. Somewhat earlier, with his e-6 definition of limit, Karl Weierstrass formally defined the
analysis, while his student Georg Cantor created the set theory, establishing the framework and
universal language of contemporary mathematics. Mihailo Petrovi¢, Poincarés direct student,
began his academic career equipped with such knowledge and the understanding of science and
culture that existed in Europe at the time. As a young man, he was already a well-formed math-
ematician and highly prolific academically. Fond of analysis, he was well familiar with the works
of mathematicians of the French school in this area, examining the most topical issues in his
works on differential equations and the theory of functions.

Mihailo Petrovi¢ was born on 23 April 1868 (Julian calendar) in Belgrade to a reputable
family, of mother Milica and father Nikodim. Nikodim Petrovi¢ (1843-1875) earned a doctor-
ate in theology in Kiev and taught theology at the Belgrade Faculty of Theology. As Nikodim
died young, Mihailo barely remembered his father. Mihailo’s maternal grandfather, parish priest
Novica Lazarevi¢ (1821-1902) took care about his grandson and his education!. Mihailo was
very close to this grandfather, until his death, as indicated by the intensive correspondence be-
tween the two of them, which has been preserved in Petrovi¢’s legacy?. Mihailo completed the
First Belgrade Gymnasium in 1878-85. His school peers were Milorad Mitrovi¢, Jovan Cviji¢,
Pavle Popovi¢ and others, who later became important figures of Serbian culture and science. He
already then showed interest in mathematics, winning awards for his term papers and attracting
his professors” attention with his talent. He enrolled in the Scientific-Mathematical Department
of the Belgrade Faculty of Philosophy. He graduated in 1889 and soon went to Paris for special-
isation and further studies of mathematics.

Petrovi¢ was gifted at mathematics and other sciences, writing his first mathematical
work already as a first-year student®. He gained solid knowledge during his studies of mathemat-
ics at the Belgrade Faculty of Philosophy from professor Dimitrije Nesi¢. After arriving in Paris,
he underwent one-year preparations for the entrance exam for the prestigious UEcole Normale
Supérieure. Other candidates often prepared for this exam for several years, which attests to
Petrovic¢’s success and talent. Petrovi¢ passed the exam with distinction, gaining the privilege
to study at Collége de Sorbonne, the best European school of mathematics at the time. Petrovi¢
availed of this exceptional circumstance and gained extraordinary mathematical education. At
Sorbonne, he first graduated from chemical sciences in 1891, from mathematics in 1892 and then
from physics in 1893. As the best student in his generation, he was received by the President of
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Advanced Pedagogical College, (I'Ecole normale supérieure), Paris, 1885

the French Republic both in 1893 and 1894. He enrolled in doctoral studies at the same univer-
sity. He received a Serbian scholarship, but was obliged to complete the studies in 1895. In 1894,
one year ahead of schedule, he defended his doctoral thesis in the field of differential equations*
and was commended by the examination committee, which consisted of reputable professors
and leading French mathematicians of the time Charles Hermite, Emile Charles Picard and Paul
Painlevé. According to the Mathematics Genealogy Project, the former two were co-mentors
of the dissertation, though Petrovi¢’s results were close to Painlevé’s area of expertise. Mihailo’s
grandfather Novica financed the first two years of his stay in Paris. The Ministry of Education
of Serbia later recognised the talent and success of this Serbian student and granted him a state
scholarship. Serbian envoy to France Milutin Garasanin attended the defence of his doctorate.

When Petrovi¢ returned from Paris to Belgrade in 1894, his erstwhile professor Dimi-
trije Nesi¢ retired. Petrovi¢ applied for the vacancy of a professor at the Great School, together
with Petar Vukicevi¢, his somewhat older colleague from the Belgrade Faculty of Philosophy.
Vukicevi¢ earned his doctoral degree in Vienna in 1894, also in the field of differential equations
and was a good mathematician. Immediately after the defence, the results from his thesis were
cited in the famous Schlesinger’s monograph about differential equations®. Petrovi¢ was chosen
for the post, after getting one vote more than Vukicevi¢. Vukicevi¢ subsequently became a gym-
nasium professor and, probably under the influence of his defeat at the competition, no longer
dealt with science or pursued an academic career. At the time, the Great School consistently
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applied the numerus clausus principle, limiting the number of teaching
posts. Regarding his election for the post, Petrovi¢ once said: “Had I not
obtained that additional vote at the competition for a Great School pro-
fessor, I would have never dealt with mathematics. I would have lived on
Serbian rivers, not on a boat, but in a dinghy”.

At the time, there were several mathematicians in Serbia who
engaged in scientific work: Ljubomir Kleri¢, Dimitrije Nesi¢, Petar Zivk-
ovi¢, Dimitrije Dani¢, Mijalko Ciri¢ and Bogdan Gavrilovi¢. Most of them
attended German and Austro-Hungarian schools and all of them, apart
from Petar Zivkovi¢, lived in Belgrade. As a state scholar, Kleri¢ complet-
ed high schools in Germany and Switzerland, becoming a mining engi-
neer. Upon returning to Serbia, in addition to his mining jobs, he taught
mechanics at the Great School. He was elected a member of the Serbian
Learned Society and the Academy upon its foundation, and held several
ministerial posts in the Serbian Government. He remained remembered
by the construction of the tractoriograph, second-line curve drawing de-
vice, mechanical construction of transcendental numbers 7 and e, and
other measurement mechanical devices, some of which were used for mil-
itary purposes. In Serbia, Kleri¢ was Mihailo Petrovi¢’s precursor in the
construction of computing and other mechanical devices.

Dimitrije Nesi¢ studied at the Lyceum and high technical schools
in Vienna and Karlsruhe. He was a professor at the Great School from
its foundation in 1863 until his retirement in 1894. He significantly im-
proved the teaching of mathematics. He was publishing in the Academy’s
Glas (Voice) and wrote a voluminous textbook Algebraic analysis on ad-
vanced mathematics. He was a rector of the Great School and president
of the Academy. Zivkovi¢ first taught in a gymnasium in Belgrade, and
as of 1889 in Uzice. He wrote around twenty papers, most of them pub-
lished in the Academy’s Glas, and was elected a corresponding member
of the Academy. As far as we know, Zivkovi¢ was the only member in the
Academy’s history who spent his entire career as a gymnasium professor.
Dani¢, the first Serbian doctor of mathematics, was a professor at the Mil-
itary Academy and author of solid university textbooks. Gavrilovi¢, ed-
ucated in Novi Sad, completed mathematical sciences in Pest, where he
defended his doctoral thesis in 1887. He came to Belgrade in the same
year, where he was elected a mathematics professor at the Great School.
He spent some time in Germany, where he attended Weierstrass’s lectures.

Dimitrije Nesi¢ (1836-1904), : ) ) )
Petrovié's professor He stayed in Belgrade over the course of his entire academic career, as
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Dimitrije Dani¢ (1862-1932), Bogdan Gavrilovi¢ (1864-1947), friend Charles Hermite (1822-1901)
first Serbian doctor of mathematics and colleague of Mihailo Petrovi¢

Mihailo Petrovics friend and closest colleague. His merits for the establishment of Belgrade Uni-
versity are significant. He authored excellent university textbooks on linear algebra and analytic
geometry, which Radivoj Kasanin assessed as follows: “Both of these textbooks, particularly the
latter, would do the honour to any nation; many nations, larger and happier than us at the time,
did not have such works”. Kleri¢ and Nesi¢ were professors at the Great School and members of
the Academy, while Gavrilovi¢ became that somewhat later’. Although he attended Hermite’s
lectures in Paris just like Petrovi¢, Mijalko Ciri¢, a professor at the Great School, did not leave
a visible trace in Serbian science. From this group, Nesi¢, Danic, Zivkovi¢ and Gavrilovi¢ were
pure mathematicians, judging by their published papers and academic focus, while Kleri¢ and
Ciri¢ dealt with applied mathematics, as mechanics was often called at the time. Two doctors of
mathematics, Porde Petkovi¢ and Petar Vukicevi¢ also lived in Belgrade at approximately the
same time. They also spent their careers as gymnasium professors.

There were also several other distinguished intellectuals in Belgrade who specialised in
sciences akin to mathematics. For instance, Stevan Boskovi¢, a general of the Serbian Army and
full member of the Academy, is the most renowned Serbian geodesist, topographer and cartog-
rapher. He was educated at high military schools in St Petersburg and the famous Pulkovo Ob-
servatory. He carried out the first geodetic survey of Serbia, applying state-of-the-art numer-
ical, mathematical and astronomic methods. This is also attested by the books of his professor
in Russia Nicholai Zinger, a well-known Russian geodesist and astronomer from the second half
of the 19 century, which he translated. Kosta Stojanovi¢ was a professor of theoretical mechan-
ics and the first Serbian author of an advanced book on mathematical economics. This book is
probably one of the most important and best works on economic sciences written by a Serbian
author, which still attracts interest. Finally, let us also mention Milan Andonovi¢, an honourable
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member of the Serbian Royal Academy, a geodesist, engineer and author of astronomy books. An-
donovi¢ brought to Serbia the first knowledge in the field of statistics and Gaussian law of error.?

In the late 19% century, though Belgrade barely had 70,000 inhabitants, it had a pleiad
of illustrious scientists, such as Jovan Cviji¢, Sima Lozani¢, Stojan Novakovi¢ and others. Given
the size of Belgrade and the number of its inhabitants, we may conclude that at the time it had
a significant number of learned men and a good school producing new generations of educated
young people. New technological inventions began to apply in Belgrade. Electric lighting was
introduced in 1893 and the first electric tram in 1894. Given all this, we may say that the time
of Petrovi¢’s return to Serbia overlapped with the zeitgeist of new-century Europe which was
already felt in Belgrade. However, in other Serbian towns, science and education were reduced,
in the best case, to what was taught in gymnasiums, and real science and high education in
Serbia were concentrated in the capital. This continued into the second half of the last century,
when the universities in Skopje (1949), Novi Sad (1960), Ni$ (1965), Pristina (1970), Podgorica
(Titograd, 1974) and Kragujevac (1976) sprang up from Belgrade University. The first studies of
mathematics outside Belgrade were established in Novi Sad in 1954 at the Mathematics Depart-
ment of the Faculty of Philosophy.

In the late 19" century, the bulk of the Serbian people were illiterate and the govern-
ment, through scholarships and by sending students to study abroad, was more inclined to
supporting and developing practical sciences such as construction, mining, legal and technical
sciences, rather than fundamental sciences. The aim was to strengthen the young state in eco-
nomic and military terms as soon as possible. Regardless of this, in his scientific work Mihailo
Petrovi¢ met the highest standards of the most advanced European states. During his brilliant
academic rise, within four years only, i.e. until the start of the 20" century, he wrote around
thirty papers and published them in leading European mathematical journals. This success
brought to Petrovi¢ high reputation, as well as widespread recognition. Already in 1897, about
to turn thirty, Petrovi¢ was elected a corresponding member of the Serbian Royal Academy
and in 1899 he became its full member. At the start of the new century, Serbia got its king of
mathematics. Petrovi¢’s name and mathematical results soon surpassed the borders of Serbia,
and later of Yugoslavia, after its creation. He was elected an honorary member of several for-
eign academies - in Bucharest, Prague, Warsaw and Krakow. He was elected a corresponding
member of the Yugoslav Academy of Sciences in Zagreb, and became a member of numerous
European scientific societies.

In terms of his scientific work, Mihailo Petrovi¢ belongs to a specific time. In the late
19t century, mathematics became a complex and high edifice with many floors. New mathemat-
ical disciplines emerged, with others practically dying away. In the 17" and 18" centuries, nat-
ural sciences, particularly mechanics and astronomy, were in full swing, directly impacting the
development of mathematics for their own purposes. The scientists of the time dealt with their
own sciences and mathematics to an almost equal extent. They introduced new mathematical
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concepts and developed methods with the foremost aim to describe and
resolve topical problems in their sciences. In the second half of the 19t
century, this need was not so acute as the mathematical apparatus was
sufficiently developed to satisfy the majority of requirements of other
sciences. Moreover, due to the abundance of mathematical knowledge, it
was difficult, if not impossible, for an individual to be well familiar with
the entire field of mathematics. Specialisation also gained momentum as
a toll of scientific productivity. The time of universal mathematicians and
scientists was practically gone. Given the scope of his scientific work in
the fields of mathematics, mechanics and philosophy, Henri Poincaré was
certainly one of the last homo universalis of science. And it was Poincaré
who was one of Mihailo Petrovi¢’s professors. Petrovi¢, as a young stu-
dent from Serbia, attended Poincaré’s lectures and passed two exams, one
which was mathematical physics. Judging by Petrovi¢’s later mathematical
work, we can conclude that he was imbued with the spirit of universal-
ism of his professor. He was equally familiar with and achieved first-class
results in several mathematical fields: differential equations, numerical
analysis, theory of functions of a complex variable and geometry of pol-
ynomials. He was also interested in natural sciences — chemistry, physics
and biology, and he published papers in these fields. In addition, Petrovi¢
is considered to have founded new scientific disciplines — mathematical
phenomenology and the spectral theory.

In hindsight, the influence of Mihailo Petrovi¢ on the develop-
ment of mathematics in Serbia was enormous. He was the spiritus mov-
ens of Serbian mathematics and gave a strong contribution to the spirit
of contemporary European science in Serbia. Moreover, he would gather
and motivate people. This was not only the opinion of the Serbian math-
ematical public, but world reference publications testify to it as well. For
instance, a third of the article The Balkan Trilogy: Mathematics in the
Balkans before World War I by Snezana Lawrence and six pages in The
Oxford Handbook of the History of Mathematics® are dedicated to the bi-
ography of Mihailo Petrovi¢ and his contributions to mathematics. In the
former article, he is by far most widely cited author, with eleven works. In
the article, Petrovi¢ is described as the greatest and most famous Serbian
mathematician. It is stated that Petrovi¢, as the most renowned Serbian
mathematician of the time, defined the directions of development of the
Serbian mathematical school on the foundations of French mathematics,
although all Serbian doctors of mathematics of the time, apart from Pet-
rovié, were educated at Austro-Hungarian and German universities!©.




During his scientific career, Petrovi¢ published around 400 pa-
pers, of which around 300 on mathematics. He published 12 books. There
are 14 casebooks from his lectures, prepared by his students or himself.
As a member of the Serbian Royal Academy, the highest Serbian scien-
tific institution, Petrovi¢ was highly active in its Department for Natural
Sciences and Mathematics. Together with his friends and colleagues Bog-
dan Gavrilovi¢ and Milutin Milankovi¢, he contributed to its high reputa-
tion. For instance, together with Gavrilovi¢, Petrovi¢ wrote the Statute of
the National Committee of Mathematicians for the Kingdom of the Serbs,
Croats and Slovenes'!, which was adopted by the Academy’s Presidency.

Mihailo Petrovi¢’s academic career was related primarily to the
Great School, until it grew into University in 1905, and to Belgrade Uni-
versity, until the end of his working age. As he himself said once, as a
pupil, student and professor he spent total 55 years in Captain Misa’s
edifice, where his gymnasium and the Great School were located. We
shall therefore present several basic facts about these leading and, in ad-
dition to the Military Academy, the only higher educational institutions
in Serbia at the turn of the 20" century. We shall also give a separate
overview of the Mathematics Department of the Faculty of Philosophy,
given that the Department was the main place of Petrovic’s scientific
and pedagogical work.

The Great School, pursuant to the Law on its organisation from
1863 was “a scientific institution for high and professional education”!2.
After the reform of the Lyceum in the same year, it was divided into the
Faculties of Philosophy, Technical Sciences and Law. The School was lo-
cated in the building known today as Captain Misa’s edifice. It was a large
building at the time, bestowed upon the Serbian people by captain Misa
Anastasijevi¢ for the needs of the Great School. In 1894, when Petrovi¢
was elected a professor at the Faculty of Philosophy, there were two de-
partments: Historical-Philosophical and Natural Sciences - Mathematics.
Until 1873, mathematics and natural sciences were taught at the Faculty
of Technical Sciences only. That year, the studies of mathematics were
introduced into the Faculty of Philosophy, and the Mathematics Depart-
ment was set up at the same time. Education lasted for three years. The
first student, Mihailo Bani¢, graduated from the Mathematics Depart-
ment already in 1875. From the establishment of the Department until
the outbreak of World War I in 1914, only 35 students graduated from
mathematics!?. In addition to Petrovi¢, there were also other notable per-
sons in the fields of science, culture and politics. Petar Vukicevi¢, one of



six Serbian doctors of mathematics in the 19 century and Petrovic’s
opponent at the competition for a professor at the Great School, grad-
uated in 1886. For instance, it is little known that Stanislav Binic¢ki, a
renowned Serbian conductor, composer and music pedagogue, grad-
uated from mathematics at the Great School in 1894. It was only after
he completed these studies that Binicki dedicated himself fully to mu-
sic. Mladen Berié, the first doctoral student whom Mihailo Petrovié
tutored and the first mathematician who defended his doctoral thesis
at Belgrade University, graduated in 1909. Sima Markovi¢, the second
doctoral student under Petrovi¢’s mentorship and, together with Filip
Filipovi¢, the first secretary of the Communist Party of Yugoslavia,
graduated in 1911. Let us also mention Borivoj Puji¢, a student who
graduated in 1914. In the 1960s, Puji¢, or someone of his succes-
sors, granted to the Mathematical Institute of the Serbian Academy
of Sciences and Arts 24 manuscripts — lectures of mathematics pro-
fessors at the Great School and Belgrade University Dimitrije Dani¢,
Kosta Stojanovi¢, Mihailo Petrovi¢ and Milutin Milankovi¢. Of these,
14 manuscripts are Mihailo Petrovi¢’s lectures. The majority of these
manuscripts were written by Borivoj Puji¢ in a nice handwriting.
These books are an important testimony to the teaching of mathe-
matical sciences at higher educational institutions in Belgrade at the
turn of the 20™ century!.

Before Petrovi¢ was elected a professor, Dimitrije Ne$i¢ was
the only professor at the Mathematics Department until the arriv-
al of Bogdan Gavrilovi¢ in 1887. After Gavrilovi¢s arrival, mathe-
matics was taught at two departments of the Great School - higher
and lower mathematics. Dimitrije Nesi¢ led the Higher Mathematics
Department, and Bogdan Gavrilovi¢ took the Lower Mathematics
Department. At the time, teachers could have the title of professors,
junior lecturers and lecturers. There was also the title of an honorary
professor, who could be appointed by the minister independently of
the Great School Council.

During his professorship, Petrovi¢ taught various subjects. In
one period, from the establishment of Belgrade University in 1905
until the appointment of Milutin Milankovi¢ as a professor of applied
mathematics in 1909, Petrovi¢ was the only mathematics professor
at the Faculty of Philosophy. It would happen that in a single aca-
demic year he practically taught all subjects, as seen in the number
of preserved manuscripts, i.e. notes from his lectures from Puji¢s
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Notes from professor Petrovi¢'s lectures,
taken by student Borivoje Puji¢ 1910-1914
(Mathematical Institute of SASA)
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collection. Those were subjects in linear algebra, analytic geometry in
plane and space, differential calculus and its application, primarily in
solving geometry tasks, including ordinary and partial equations, func-
tion theory!® and algebraic equations. The last manuscript, standing
out from others in terms its interesting content, was the basis for the
textbook Theory of Algebraic Equations, co-authored and published by
Mihailo Petrovi¢ and Nikola Saltikov in 1927. As this book contained
a great number of solved problems on polynomials, mostly of the 3+
and 4" degrees, students and advanced secondary school pupils used it
for a long time, even after World War II. By inspecting the content of
these manuscripts, we can conclude that the structure and distribution
of topics were to an extent similar to what was taught at the first cours-
es on linear algebra, analysis and differential equations at the Faculty
of Science and Mathematics, until the first several decades after World
War II. This is entirely understandable given that professors at the time
were either Petrovi¢s doctoral students'® or students of the first gener-
ation of Petrovi¢s successors!”. Judging by the manuscripts, Petrovi¢’s
lectures were of algorithmic type, i.e. were not structured in the form
of strict definitions, theorems and proofs, but had a continuous flow,
with many examples and gradual introduction of concepts and proce-
dures for solving concrete mathematical problems. Manuscripts were
not hard to read and it seems they contained exactly the material that
students had to learn. At the time, already available were the excellent
books Theory of Determinants and Analytic Geometry, which were writ-
ten by Bogdan Gavrilovi¢!8 in the late 19% century and are interesting
even for the contemporary reader. These textbooks could also fit into
the courses held by Petrovi¢, but were too broad and ambitious for an
average student. For instance, the second book, although concerning
only plane analytic geometry, had over 900 pages. This is why profes-
sor Petrovi¢ held lectures by his choice, with the aim to have students
master the main techniques of higher mathematics and to successfully
pass the exam. He published three university textbooks: Computing
with Number Intervals, 1932; Elliptic Functions, 1937 and Integration
of Differential Equations by Use of Series, 1938. He also published the
textbook Legons sur les spectres mathématiques, Paris, 1928, according
to which he held lectures at Sorbonne in Paris in 1927-1928. Of these,
particularly important is the book Elliptic Functions, which is a mon-
ograph-type publication and can be interesting for the contemporary
reader as well.



Petrovi¢ lectured for 44 years at the Great School, and later at Belgrade University, to-
gether with Bogdan Gavrilovi¢, another great name of Serbian mathematics, until his retirement
in 1938. In 1894, the same year when Petrovi¢ returned from France to his homeland, mathe-
matics for students at the Faculty of Technical Sciences became a separate course, led by Bogdan
Gavrilovi¢. Mihailo Petrovi¢ stayed at the Faculty of Philosophy. Over 15 years, the two of them
were the only professors of pure mathematics at the Great School, i.e. Belgrade University, from
1894 until 1909 when Milutin Milankovi¢ became a professor of applied mathematics.

As regards Petrovi¢’s work at the University, with the help of his friend and somewhat
older colleague Bogdan Gavrilovi¢, Petrovi¢ raised Serbian mathematics to the European level.
In his necrology devoted to Gavrilovi¢, Milutin Milankovi¢ said that the two of them laid the
foundations of Serbian mathematics. Petrovi¢ did so in scientific and Gavrilovi¢ in organisation-
al terms, by significantly contributing to the transformation of the Great School into Belgrade
University. The work of these two scientists, who can be considered the creators of contemporary
Serbian mathematics, deserves particular attention and analysis. Without carrying out an in-
depth analysis, we shall point out several details. As Poincaré’s student, Petrovi¢ was an eminent
representative of the French school of mathematics from the late 19* century, while Gavrilovi¢, as
Weierstrass's student, was under the main influence of German and British mathematicians who
were at the time developing abstract algebra and were applying algebra in geometry. Gavrilovi¢
and Petrovi¢ were rather complementary in terms of their mathematical interests. While the
focus of Petrovi¢’s work was on analytic methods, Gavrilovi¢ dealt more with linear algebra and
geometry. Petrovi¢ mostly published scientific papers, while Gavrilovi¢ wrote valuable textbooks
on algebra and geometry of monographic character. Unlike Petrovi¢’s, Gavrilovi¢’s works have
not left a deep imprint in the Belgrade mathematical milieu, perhaps undeservedly so, let alone
in the international environment as all of them were published in Serbian, although Gavrilovi¢
was a polyglot. This was certainly due to the rule that papers published in the Academy’s Glas,
in which Gavrilovi¢ was publishing, had to be in Serbian. On the other hand, more than a half
of Petrovi¢’s papers were published in French, in the leading European journals. Let us empha-
sise once again that over entire 15 years, the two of them were the only professors of the Great
School, later Belgrade University, at the height of their academic careers, owing, in fact, to the
then cap on the number of university professors. In any case, both Petrovi¢ and Gavrilovi¢, each
in his own way, contributed to the development of mathematics in our country and the creation
of a special atmosphere, owing to which Belgrade was transformed from a provincial town into
a scientific centre.

The complementarity between Petrovi¢ and Gavrilovi¢ was not exhausted in education
and science only, but was seen in their everyday lives as well. Petrovi¢ was a passionate fish-
erman, Gavrilovi¢ cultivated peaches. Petrovi¢ was a world traveller, while Gavrilovi¢ usually
spent his free time on his estate in Grocka. Gavrilovi¢ had a family and many children, while
Petrovi¢ never got married and left no direct descendants. Gavrilovi¢ was close to the Court,
while Petrovi¢ was not, mainly due to his friendship with Prince Porde Karadordevi¢, who was
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Petrovi¢ (violinist with a hat) leading his music troupe “Suz” at a tavern celebration (SASA Archive, 14197/11-1)

in King’s disfavour. Gavrilovi¢ was the rector of Belgrade University and president of the Acad-
emy (1931-1937). Such proposals coming from the academic milieu for Petrovi¢, in 1927 and
1931, were not accepted or approved by the authorities, which the majority of authors ascribes
to King’s animosity towards him. However, it should be noted that Petrovi¢ was not hampered in
his scientific work or other activities. On the contrary, by inspecting the daily press and archival
documents of the time, we can see that he received from the Ministry funds for his frequent
travels and was highly respected as a great scientist and renowned expert both by the public
and the authorities. He was engaged in important state affairs. For instance, he was the main
cryptographer of the Serbian, and later the Yugoslav army, representing his homeland in interna-
tional committees and delegations concerning education and fishery!®. Petrovi¢’s unconventional
life may have contributed to his not becoming the rector and president of the Academy. As the
mythological deity Janus, Petrovi¢ had two faces. One was turned to mathematics, philosophy
and the spiritual world, while the other looked at distant travels, fishing adventures and tavern
parties. It is possible that respectable gentlemen and a part of the authorities could not imagine
this other Petrovic’s face — the image of a rector who almost daily wades in his fisherman’s boots
through Danube backwaters and catches fish, and then plays the violin to entertain folks in a
tavern®. However, those were, though high, only administrative duties, and Petrovi¢ did not
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complain a lot about not having them. It is possible that he himself did not want to undertake
such tasks as they would have only impeded the life that he led and loved?!.

Regardless of the said differences, Petrovi¢ and Gavrilovi¢ shared the same love towards
science, students and the university. They were colleagues and the cornerstone of the Mathe-
matical Club?? between the two world wars. They were friends, who socialised not only in the
Mathematical Club, but also in taverns, and engaged in various fishing adventures. When Mi-
lutin Milankovi¢ became a professor at Belgrade University, he immediately joined the two of
them, both in scientific and social terms. These three scientists were outstanding personalities
and pillars of mathematical sciences in Serbia until World War II and the arrival of a new scien-
tific generation. Although highly individualistic in their work - for instance, none of them wrote
their scientific papers with a co-author or a visible associate — they were connected through
their work at the University and their warm friendship. Milankovi¢ wrote about this with a lot
of sympathy in a nice biographical novel Mika Alas — Notes about the Life of Great Mathemati-
cian Mihailo Petrovic. The atmosphere they created at Belgrade University is described by Rad-
ivoj Kasanin, Petrovi¢’s doctoral student, Gavrilovi¢’s assistant and successor at the Mathematics
Department of the Faculty of Technical Sciences: “In addition to their exceptional educational
background and original scientific works, all three of them featured something that I value the
most and consider the highest human value - love towards young generations, understanding
of young people, unselfishness and sincere help to young, talented people in their advancement.
They knew how to rejoice and enjoy when young people advanced. I was lucky to develop my-
self and work next to them - those great authorities of science and morality. To take pride in their
friendship. I do not believe there was anywhere such an environment as was created by Gavrilovic,
Petrovi¢ and Milankovic”.

Already in 1894, the library of the Mathematical Seminar was set up, offering to gen-
erations of mathematicians of Belgrade University broad possibilities for scientific work. Until
World War I, Bogdan Gavrilovi¢ and Mihailo Petrovi¢ were in charge of the library, only to be
later followed by other mathematicians. The library had a relatively rich collection of books, sets
of journals, monographs and other mathematical literature. When the Mathematics Department
moved in 1938 to the new building constructed next to the old building of the Faculty of Phi-
losophy in Captain Misa’s edifice, the library was moved there as well. Unfortunately, only two
days before the liberation of Belgrade, on 18 October 1944, the enemy army, during their retreat,
set fire to the library and destroyed it. Only a few books borrowed by individuals survived out
of the entire library. As the first book of the inventory until 1907 was preserved, we found out
that Bogdan Gavrilovi¢ entered by hand books until number 110, and Mihailo Petrovi¢ from this
number until 301.

The story about the life path of Mihailo Petrovi¢ is inseparable from the development
of Belgrade University and mathematical sciences in Serbia. In the late 19" and particularly ear-
ly 20% century, higher education in Serbia was rapidly developing. In 1896, the Great School
obtained some autonomy, and the mathematics curriculum came close to European standards.
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The first eight professors of the University of Belgrade in 1905. Sitting from the left: Jovan Zujovi¢, Sima Lozani¢, Jovan Cviji¢ and
Mihailo Petrovi¢. Standing from the left: Andra Stevanovi¢, Dragoljub Pavlovi¢, Mili¢ Radovanovi¢ and Ljubomir Jovanovi¢.
(SASA Archive, 14197/11-18)

The regulations of 1900 raised further the level of teaching and scientific work. Faculties became
independent entities of the Great School and obtained the organisational framework preserved
after World War II. In 1900, the Seminar for Mathematics, Mechanics and Theoretical Physics
was created, involving the professors of mathematics, mechanics and astronomy from the Fac-
ulties of Philosophy and Technical Sciences. Mihailo Petrovi¢ and Bogdan Gavrilovi¢ played the
main role in the work of the Seminar. After years-long preparations and delays, in 1905 the Great
School was transformed into the university as “the highest self-managing body for higher pro-
fessional education and pursuit of science”. The university consisted of four faculties - of philos-
ophy, law, technical sciences and theology. Eight full professors were appointed at the Faculty of
Philosophy: Jovan Zujovic’, Sima Lozani¢, Jovan Cviji¢, Mihailo Petrovi¢ Alas, Andra Stevanovi,
Dragoljub Pavlovi¢, Mili¢ Radovanovi¢ and Ljubomir Jovanovi¢. On their proposal, several days
after the appointment, the Ministry of Education issued a decree on the appointment of profes-
sors of the Faculty of Technical Sciences. Bogdan Gavrilovi¢, Mihailo’s colleague and friend, was
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among them. He was immediately elected a full professor of the Faculty of Technical Sciences??.

Petrovi¢ and Gavrilovi¢ thus gained the leading role in the organisation of scientific work and
mathematics courses at the newly established university.

Until 1909, lectures in theoretical mathematics at the Faculty of Philosophy were held
by Mihailo Petrovi¢ and occasionally by Bogdan Gavrilovi¢, as an honorary professor. That year,
on their proposal, Belgrade University invited from Vienna Milutin Milankovi¢ to teach applied
mathematics. This voluminous subject, taught by Milankovi¢ for years, was in fact mainly a
course in mechanics and astronomy. At the time, in 1908/9, Petrovi¢ was the dean of the Faculty
of Philosophy.

In the meantime, science at Belgrade University advanced to such an extent that the first
doctorate in mathematical sciences was defended, under the mentorship of professor Petrovic.
This doctorate in the field of differential equations was defended in 1912 by Mladen Beri¢, a
junior lecturer at the First Belgrade Gymnasium and assistant to professor Petrovi¢. Already
the following year, Sima Markovi¢ defended his doctoral dissertation on the Riccati differential
equation, also under Petrovi¢’s tutorship. Those were the beginnings of the Belgrade School of
Mathematics. Unfortunately, the work of Belgrade University was often halted due to wars. In
the academic 1912/13 year, the University did not work due to the Balkan Wars. During the
academic 1913/14 year, the University was re-opened, but World War I suddenly interrupted
the work and further development of this institution. Its students and professors went to war. In
August 1914, just after the war started, a part of Captain Misa’s edifice was destroyed during the
bombing. The enemy troops plundered the deserted and destroyed building. Mihailo Petrovi¢
took part in the war as a reserve officer. At the start of the war, in 1914, he led a group of soldiers
at Skeljanska ada on the Sava river and captured around thirty Hungarian soldiers. Skeljanska
ada is located opposite Obedska bara and the Kupinovo village, with the remains of the old royal
town of Kupinik, the seat of despots Stefan Lazarevi¢ and Purad Brankovi¢.

Immediately after the war, in 1919, the University began to work, although in difficult
circumstances. The curricula and university regulations were adjusted to the needs to restore and
develop the country as several generations of students and experts perished, and the University
cadre had already been decimated in earlier wars. In the early 1920s, the University experienced
accelerated development within a short period - the number of professors increased. Among
others, mathematicians Nikola Saltikov and Anton Bilimovi¢ came from Russia, significantly
reinforcing the teaching cadre of the Mathematics Department of the Faculty of Philosophy. Al-
though Mladen Beri¢ and Sima Markovi¢ were appointed lecturers at the Mathematics Depart-
ment, already in the early 1920s they left the University. Beri¢ was forced to do so due to a per-
sonal adverse situation, while in the case of Markovi¢, the Ministry of Education did not confirm
his election for an associate professor due to his political engagement as a communist. Although
professor Petrovi¢ laid a lot of hope in his first students, he was not particularly lucky with them.

In the mid-1920s, a new generation of mathematicians matured: Tadija Pejovi¢, Radivoj
Kasanin, Jovan Karamata and Milo§ Radoj¢i¢. They were all Mihailo Petrovi¢’s graduate and
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Historical shot: Belgrade school of mathematics, 1926. Milo$ Radoj¢i¢, Tadija Pejovi¢, Vjaceslav Zardecki, Anton Bilimovi¢, Petar
Zajonckovski, (Jelenko Mihailovi¢, seismologist) Radivoj Kasanin, Jovan Karamata (standing). Nikola Saltikov, Mihailo Petrovi¢,
(Pavle Popovi¢, rector), Bogdan Gavrilovi¢, (K. Petkovi¢, dean of Faculty of Philosophy), Milutin Milankovi¢ (sitting)

(SASA Archive, 14197/11-16)

doctoral students. In the 1930s, Dragoslav Mitrinovi¢, Danilo Mihnjevi¢, Konstantin Orlov, Petar
Muzen and Dragoljub Markovi¢ also defended their doctoral theses under the tutorship of pro-
fessor Petrovi¢?4. We shall give the names of all mathematicians at Belgrade University in 1926.
The Department of Theoretical Mathematics of the Faculty of Philosophy consisted of: full pro-
fessors Mihailo Petrovi¢ and Nikola Saltikov, lecturer Tadija Pejovi¢ and administrative assistants
Jovan Karamata and Milo§ Radoj¢i¢. The Department of Applied Mathematics consisted of: full
professors Milutin Milankovi¢ and Anton Bilimovi¢, associate professor Vojislav Miskovi¢ and
lecturer Vjaceslav Zardecki. The Mathematics Department of the Faculty of Technical Sciences
consisted of: full professors Bogdan Gavrilovi¢ and Petar Zajonckovski, lecturer Radivoj Kasanin;
and the Department of Applied Mathematics consisted of: Ivan Arnovljevi¢ and Jakov Hlitcijev.
All professors and assistants of theoretical and applied mathematics from the University made
up the Club of Mathematicians of Belgrade University. This seminar was in fact the mathematics
school of Belgrade University and the main point of gathering of Belgrade mathematicians. It is
possible to say that this was the golden age of Serbian mathematics. The Club did not have any
special rules, except for monthly meetings, when works of Club members were presented and
academic discussions held.

28



Expedition of Belgrade astronomers and mathematicians to Fruska Gora, with the aim of determining a place for building
the new observatory. From the left: R. Ka$anin, J. Mihailovi¢, M. Petrovi¢, P. Popovi¢, A. Bilimovi¢, M. Milankovi¢, V. V. Miskovi¢,
G. Gracanin and the guide (SASA Archive, 14188/7-2)

The mathematical successors of professor Petrovi¢, connected through tutorship in the
preparation of doctoral dissertations, make up the mathematical genealogical tree consisting of
around 800 nodes - mathematicians?>. Of this number, somewhat over 500 are Serbian mathe-
maticians and the rest are foreign. Successors are placed in eight circles — generations, the sev-
eral last of which include the majority of contemporary Serbian mathematicians. Looking at
Petrovi¢’s mathematical tree, we can see four large clusters, with Tadija Pejovi¢, Jovan Karamata,
Dragoslav Mitrinovi¢ and Konstantin Orlov representing their roots. Each of them introduced
new areas into Serbian mathematics or set up their own schools of mathematics. The successors
of professor Pejovi¢ usually dealt or deal with logics or algebra, although Pejovi¢’s main focus
were differential equations. The mathematicians gathered around professor Karamata usually en-
gaged or engage in analysis. The students of professor Mitrinovi¢ work in discrete and numerical
mathematics, while the mathematical successors of professor Orlov deal with differential equa-
tions and numerical analysis. These professors or their direct students created new mathematical
centres in Serbia. Professor Bogoljub Stankovi¢ opened his own mathematical school in Novi
Sad, while professor Mitrinovi¢ developed scientific work in the field of mathematics in Ni$ and
at the Belgrade Faculty of Electrical Engineering. Of course, these divisions are rather rough, but
give some sort of picture about mathematics in Serbia today.
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Members of the Belgrade mathematical seminar were publishing their works mainly in
the Academy’s Glas and Yugoslav Academy of Sciences’ Rad (Work) in Zagreb. Unfortunately, the
Academy’s rule was to publish papers in Serbian, which is why they remained unknown to the
wider global public. There was an acute need for a new journal where papers would be published
in world languages. Owing to the endowment of Luka Celovi¢ - Trebinjac in 1932 and the initia-
tive of Anton Bilimovi¢, and with the support of Mihailo Petrovi¢ and Milutin Milankovi¢, a new
journal was launched - Publications de I'Institut Mathématique Université de Belgrade*®. Papers
were published in Russian, English, French and German. In the same year, at the International
Congress of Mathematicians in Zurich, Mihailo Petrovi¢ and Anton Bilimovi¢ presented Publi-
cations to the world public. The works of Belgrade mathematicians became known to the global
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mathematical community. Until World War II, seven volumes of Publications were published. In
each of these issues, Petrovi¢ published at least one paper.

Petrovic’s last paper was published after his death in the first post-war issue of Publi-
cations in 1947. In addition to Serbian mathematicians, mathematicians from other Yugoslav
centres, Zagreb and Ljubljana, were also publishing in this journal. For instance, Puro Kurepa,
who was educated in Paris and was a professor in Zagreb at the time, published in 1935, in the
fourth issue of Publications his entire doctoral thesis Ensembles ordonnés et ramifiés. This disser-
tation contains some of the key contributions to the contemporary set theory. After World War
I1, professor Kurepa had a very strong influence on the development of mathematics in Yugo-
slavia, including Serbia. The double issue VI-VII was dedicated to professor Petrovi¢. The last
pre-war volume VIII was printed on the eve of World War II, and was lost in the enemy bombing
of Belgrade in 1941. In addition to mathematicians from Belgrade University, world-renowned
mathematicians were publishing their papers in Publications both at the time and later, such
as, for instance: Elie Cartan, Wactaw Sierpinski, Paul Montel, Josip Plemelj, Puro Kurepa, Paul
Erdés and Saharon Shelah.

In his younger age, Petrovi¢ was interested primarily, if not exclusively, in abstract or the
so-called pure mathematics. Whatever he did - differential equations, analysis or distribution of
zeros of polynomials in complex plane - Petrovi¢ would detect a problem, formulate a theorem
and give proofs. His scientific writings did not go further than this nor was he interested in wid-
er application of the results obtained. Already at the start of the 20® century, he demonstrated
particular interest in the practical aspect of mathematics. He pondered over how mathematics
appeared in natural sciences, i.e. how it could apply to the exploration of natural phenomena.
Just like Leibniz tried to arrive at a characteristica universalis, a universal and formal language
to express all mathematical, scientific and metaphysical concepts, Petrovi¢ tried to invent a uni-
versal method to solve problems of other sciences. Analogies had a fundamental place in his
examinations. He sought and gave examples of entirely disparate phenomena that were described
by the same differential equations. These efforts resulted in his original work — Mathematical
Phenomenology. He published three books, two in Serbian and one in French, in which he pre-
sented his theory?’.

Petrovi¢ was a highly prolific and versatile mathematician. He published several hun-
dreds of papers, mainly in the leading foreign journals. He also put forward new and original
ideas, and made significant breakthroughs in world science. This fact must be particularly ap-
preciated given the circumstances in Serbia in which Mihailo Petrovi¢ worked. His algebraic
results are a good example of his contributions to mathematics and his influence on the work
of other mathematicians. The results in this field are closely related to the function theory and
were recognised, cited and further developed by the leading mathematicians such as: Hermite,
Landau, Polya, Fejér, Hardy, Montel and others. Around thirty Petrovi¢’s papers, four in algebra
and number theory, are presented in the German reference mathematical journal Zentralblatt
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fiir Mathematik und ihre Grenzgebiete. It should be borne in mind that those are only papers
published after 1930, when this journal was launched. Petrovi¢’s theorems and works on the
geometry of polynomials are contained in the most famous monograph in this field - Geometry
of Polynomials by Morris Marden. This issue of the American Mathematical Society (the book
was published twice, in 1949 and 1966) quotes four Petrovi¢s papers®8. This monograph also
contains references to several other Serbian mathematicians: J. Karamata, M. Tomi¢, B. Rasajski,
D. Markovi¢ and S. Raljevi¢. Dragoljub Markovi¢, the founder of the Algebra Department at
the Faculty of Science and Mathematics in Belgrade, is cited the most (six papers), and can be
considered the true successor of Petrovi¢’s work in the field of the geometry of polynomials in
our country. In the 1970s, our renowned algebraist Slavisa Presi¢ made significant contributions
in this field. It is therefore reasonable to accept the opinion of academician Miodrag Tomi¢ that
the geometry of polynomials, together with the function theory (which can be hardly separated
from the former), is perhaps the most important Petrovi¢’s field, in which he made his greatest
achievements. Moreover, Petrovi¢ brought this area to our milieu. Owing to his influence, several
important Serbian mathematicians were engaged in this field, making recognisable and valuable
contributions.

Mihailo Petrovi¢ retired in 1938, receiving the highest recognition from his students and
colleagues. The following year, he received an honorary doctoral degree of Belgrade University
and the order of St Sava of the first rank. The proposal for the honorary doctorate submitted to
the Council of the Faculty of Philosophy clearly highlights Petrovi¢’s merits for the creation of
the mathematical school in this region: “M. Petrovi¢ created the Mathematical School, the first
in Yugoslavia, raising mathematical courses at Belgrade University to the level of modern world
schools. Our Faculty, University and this entire state must give the highest recognition to Mihai-
lo Petrovi¢”. At the same time, the members of the Mathematical Seminar paid respects to their
teacher and colleague. They proposed that the unit for theoretical mathematics be separated
from the Seminar and called the Institute for Theoretical Mathematics of Mihailo Petrovié. The
explanation read as follows: “Our Mathematical Seminar owes to Petrovi¢ eternal gratitude as
it was he who founded it, worked there and was developing it for entire 44 years. He gathered
around him a large number of young people and prepared them for scientific work”

Petrovi¢ held a high rank of a reserve officer, was a reserve engineering lieutenant
colonel. When the Germans attacked Serbia in April 1941, he was drafted, although he was 73
at the time. He was soon after captured and spent several months in captivity. According to
some sources, he was released after the intervention of his friend, Prince Dorde Karadordevié,
while according to other sources, he was released due to his age and illness. He soon began
to contract illnesses, stopped going out and, as Milankovi¢ wrote, would sit all the time in his
room and write.

Mihailo Petrovi¢ had a rich, interesting and unconventional life. It is hard to enumer-
ate in one place, let alone describe in detail everything that he engaged in. Besides tackling
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various mathematical issues, Petrovi¢ was present at many other, of-
ten unexpected places. He was the author of laws and proposals of
intergovernmental agreements®® and the inventor and owner of suc-
cessful and implemented patents. Many consider Petrovi¢ one of our
most important philosophers and the creator of the original theory
in natural philosophy - mathematical phenomenology. He wrote in
a nice and interesting way, and some of his novels became a part
of obligatory school reading and belonged, as they do today, to fa-
vourite youth literature. In addition to novels, he wrote essays and
travelogues, and was an associate of daily papers. He wrote scientif-
ic papers and was also interested in other natural sciences, primar-
ily astronomy, relativity theory and chemistry. He created the cryp-
tographic system and was the main cryptographer of the Serbian and
Yugoslav armies. He played the violin and led the music company
“Suz”, which had one of the leading roles in Belgrade’s bohemian life
until the start of World War II. He also collected folk poems and
folklore elements. Finally, he was a passionate fisherman and a great
world traveller and seafarer on northern and southern seas. This
great mathematician and great traveller passed away silently, dream-
ing about a new and great oceanic travel. Mihailo Petrovi¢ died in
Belgrade on 8 June 1943, in his home on Kosanci¢ev venac 22.

Many Serbian and several foreign authors have written about
the work and life of Mihailo Petrovi¢. The author of this text had
a difficult task not to fall into the dangerous trap of repetition and
mere enumeration of the already well-known facts. We have there-
fore focused on the newly revealed archival records, for instance
from Adligat, and on details and personalities surrounding Petrovi¢.
Some sources have not been explicitly mentioned here, while some
less known have been stated. We have not given the list of authors
who have written about Petrovi¢ as we would have thus wronged
others whom we might have left out. However, I must mention Dra-
gan Trifunovi¢, Petrovic’s biographer, historian of mathematics and
professor at Belgrade University. He wrote and edited several books
about Petrovi¢ and his age. He not only shed light on Petrovi¢’s name
in the past half a century, giving Petrovi¢ the place he deserves in
Serbian mathematics, but also revealed numerous, less known details
from Petrovi¢’s life. If we failed to specify some sources, they prob-
ably derive from the above works by Dragan Trifunovi¢. In addition

Mihailo with his mother Milica in Bern in 1918
(SASA Archive, 14188/25)
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to all Petrovi¢’s works, The Collected Works of Mihailo Petrovié, published by the Institute for
Textbook Publishing and Teaching Aids in 1997-99, contain complete and valuable scientific
analyses and contributions of renowned Serbian mathematicians. Owing to the Academy’s en-
gagement and by curtesy of this publishing house, The Collected Works have been digitised and
are available to the interested public in the Virtual Library of the Belgrade Faculty of Math-
ematics and its digital legacy devoted to Mihailo Petrovi¢. Owing to authors’ contributions
in this publication, a reader can learn about other details of Petrovi¢’s work and interesting
episodes from his life30.
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ACADEMICIAN MIHAILO PETROVIC -
HIS CONTRIBUTIONS TO SCIENCE AND EDUCATION

— 150 years later -

Stevan PILIPOVIC
Serbian Academy of Sciences and Arts
University of Novi Sad, Faculty of Sciences

Academician Mihailo Petrovi¢ passed away 75 years ago, aged 75.
This year we mark the 150% anniversary of his birth. We shall attempt to
answer several questions in this paper, most notably why professor Petro-
vi¢, who became an academician aged 31, is so important for our math-
ematics and science in general? Why is Mihailo Petrovi¢ so loved and
esteemed among our people?

A lot has been written about academician Mihailo Petrovié,
mainly about his mathematical results, travelogues and philosophical
treaties and essays. There is ample literature about his friendships with
fishermen, numerous fishing adventures, “Suz” music orchestra and his
bohemian life. Almost all his students wrote about him, particularly
professors Dragoslav Mitrinovi¢, Tadija Pejovi¢ and Radivoj Kasanin.
Within commemorative programmes organised to mark his birth an-
niversary, our numerous mathematicians analysed almost all his works.
One of our greatest scientists, academician Milutin Milankovi¢ and
our famous seismologist Jelenko Mihailovi¢, who was Petrovic’s peer
and friend, depicted Belgrade in their authentic notes®!, in the years
between the two world wars and Mihailo Petrovi¢ as the icon of Bel-
grade’s scientific and social life in the late 19 and the first half of the
20" century.

The work of our eminent historian of mathematics Dragan Tri-
funovi¢ also contains plenty of information. In 1998, the Institute for




Textbook Publishing and Teaching Aids, in cooperation with the Faculty of Natural Sciences in
Belgrade and the Society of Mathematicians of Serbia, published an outstanding book — The Col-
lected Works of Mihailo Petrovi¢, in 15 volumes®2. Trifunovi¢ headed the editorial board of this
publishing project, which sheds light on the personality and work of Mihailo Petrovi¢. Our most
eminent academicians participated in the preparation of The Collected Works. Another impor-
tant work, a forerunner of The Collected Works, is The Chronicle of the Life and Work of Mihailo
Petrovi¢, 24 April 1868 - 8 June 1943, by the same author. Trifunovi¢ collected available archival
data, classified by year Petrovi¢’s biography and arranged his letters, scientific works, descrip-
tions of his travels and other events from his life. Particularly interesting are the letters reflecting
Petrovic’s personality and his line of reasoning. Original notes fill the reader with excitement and
anticipation as one can feel the spirit of the time in which Mihailo Petrovi¢ lived and worked,
and gain a genuine picture about him as a modest man of great capabilities. We have today all
of his works, owing primarily to professor Zarko Mijajlovi¢ and his associates who digitalised all
the books concerning Mihailo Petrovi¢.

Mihailo Petrovi¢ Alas, or our Mika, as his contemporaries called him, was a fisherman
and seafarer, musician and thinker, writer and bohemian, but, first and foremost, a great math-
ematician. He was highly enduring and physically strong, which enabled him to participate in
numerous adventures and travels. For instance, he survived malaria at his last transoceanic
travel, during an expedition in the southern part of the Indian Ocean. He was already 65 at
time. According to him, he survived by drinking only water and mild wines. From this dis-
tance, I have the impression I am writing about an exceptionally interesting man of a great
creative talent, a genius, who wove events from ordinary and everyday life into uninterrupted
creative thought, which beset him wherever he was and whatever he did. I believe his activities
outside mathematics were the periods of relaxation, during which he still ruminated about
mathematics and philosophy, or practical solutions of problems, such as patents. Exceptional
creativity and universality are the main features of Mihailo Petrovi¢’s scientific work. By care-
fully examining Petrovi¢’s activities, including fishing, one can discern his outstanding crea-
tive spirit. Our enthusiasm with academician Petrovi¢ is based on our understanding of his
simplicity and modesty, as well as, given the level of mathematics at the time he lived in, his
achievements in mathematics. Petrovi¢ was one of the most educated mathematicians Serbia
has ever had.

This paper focuses on Petrovi¢’s scientific and teaching activities. In this light, we also
examine today’s achievements in the field of analysis within the so-called Novi Sad School of
Analysis. Other mathematical fields that Petrovi¢ dealt with will be presented by our eminent
colleagues. The literary, historical, travelogue, ethnographic and professional works on fishing
and music will be described in other sections of this monograph.
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Mihailo Petrovi¢ Alas (“Mihailo Petrovi¢ Alas” Primary School, Belgrade)

MATHEMATICS IN SERBIA IN THE SECOND HALF
OF THE 19* CENTURY

In the 19 century, from the establishment of the Society of Serbian
Letters, the Serbian language was the dominant theme of the most educated
people in Serbia. Natural sciences and mathematics were in the background
given the lack of educated mathematicians. However, in addition to mem-
bers of the Serbian Learned Society and professors of the Great School Dim-
itrije Nesi¢ and Bogdan Gavrilovi¢, there are several other professors of the
Great School and authors of the first university mathematics textbooks in
our country that are worth mentioning: Atanasije Nikoli¢, the founder of the
Society of Serbian Letters (together with Jovan Sterija Popovi¢), Emilijan Jo-
simovi¢, also a member of the Society of Serbian Letters, Dimitrije Stojanovi¢
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and Petar Zivkovi¢, members of the Serbian Learned Society. Professor Nesi¢, later Member
of the Serbian Royal Academy, began his career with an article on squaring the circle in 1878.
Nesic¢’s ideas were of much higher quality than the results were not possible to be proved, as ear-
lier established by Hermite and Lindeman. Nesi¢ also wrote several interesting works, printed in
Serbian in Glasnik of the Serbian Royal Academy.

Some of the world’s most brilliant mathematicians were active at the time - for instance,
Bernhard Riemann, Sophus Lie and Henri Poincaré. Is it necessary or even possible to compare
the situation in Serbia with that in France, Russia, Germany, Italy, Holland, Austria, Switzerland
or Hungary? Nonetheless, in the last decade of the 19" century, some great scientific minds
started their work in Serbia, such as Jovan Cviji¢, Ivan Daja, Jovan Zujovic’, Sima Lozani¢, Kosta
Stojanovi¢, Dorde Stanojevi¢, Slobodan Jovanovié, Branislav Petronijevi¢ and mathematician Mi-
hailo Petrovi¢. This is why such a comparison in the late 19" century is, after all, possible.

Around ten years before these great names of our science appeared in Serbia, we had
two extraordinary figures in America — one of the greatest innovators in world history, Nikola
Tesla, 12 years older than Mihailo Petrovi¢, and Mihajlo Pupin33, a great scientist and professor,
14 years older than Petrovi¢. The two of them already had exceptional careers, demonstrating
supreme talent that we take pride in and that inspires us with the awareness that we can create
great deeds.

Let us return to the description of the development of mathematics in Serbia at the time.
Above all, let us highlight the merits of our professors: Dimitrije Nesi¢, Petrovi¢’s mathematics
professor at the Great School before he left for France, and Petrovi¢’s colleague and friend Bog-
dan Gavrilovi¢, a member of the Serbian Royal Academy and its later president. Academician
Miodrag Tomi¢ gives us plenty of selected information about Dimitrije Nesi¢ and his merits for
mathematics in his article Contributions about Mathematical Sciences among the Serbs (Mathe-
matical Institute, 1992). Professor Gavrilovi¢ (also Rector of the University of Belgrade) was ex-
tremely important for the development of higher education in Serbia, though in scientific terms
he remained in Petrovi¢’s shadow. A distinguished pedagogue, writer of several solid and studi-
ous mathematical higher education textbooks, Bogdan Gavrilovi¢ occupies an important place in
our history, i.e. the most important after Mihailo Petrovi¢, in the late 19* and early 20% century.

Historical figures in all fields of human activity are formed in certain time periods and
favourable social and economic circumstances. The geniuses of science, art and invention live in
any time and in all parts of the world. However, historically the most important personalities in
any creative field, in addition to being ingenious, must be lucky to be born at the right moment.
Namely, I wish to highlight an almost concurrent appearance of several historical figures in our
scientific and cultural milieu by the late 19" century. We are proud of all of them, although with
the enormous development of science their achievements are today merely smaller elements of
highly developed and advanced theories. It is in this context that we observe academician Mi-
hailo Petrovi¢ Alas, one of the most important scientists in Serbia and the founder of the math-
ematical educational and scientific system in Serbia.
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FRAMEWORK OF SCIENTIFIC WORK OF MIHAILO PETROVIC

The scientific and pedagogical activity of academician Mihailo Petrovi¢ marked the path
in the development of mathematics and university teaching of mathematics in Serbia. His biog-
raphy is an important contribution in understanding historical events in Serbia in the late 19%
and the first half of the 20" century.

After completing the Department of Natural Sciences of the High School in Belgrade,
in 1985-1989 Mihailo Petrovi¢, owing to favourable circumstances and his enormous talent that
must have been evident, became a student in Paris at the most opportune time. He gained di-
plomas at Sorbonne in Paris, first in mathematics, and later in physics. A diploma on com-
pleted studies of chemistry was also recently found in his legacy. He was one of the first for-
eign doctoral students in mathematics at I'Ecole normale supérieure. This school was and still
is the most famous educational mathematical centre, whose lecturers were some of the greatest
mathematical minds from the late 19" and the first half of the 20" century: Jules Henri Poin-
caré (1854-1912), Jean-Gaston Darboux (1842-1917), Paul Appell (1855-1930), Paul Tannery
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(1843-1904), Charles Hermite (1822-1901), Paul Painlevé (1863-1933). Painlevé served twice as
the Prime Minister of the Republic of France - during and after World War 1. Petrovi¢’s friends
were his peer Félix Edouard Justin Emile Borel (1871-1956) and around ten years younger Paul
Antoine Aristide Montel (1876-1975), both of them exquisite personalities of world science. In
the company of the greatest mathematicians whose originality of scientific work was their main
feature, Mihailo Petrovi¢ demonstrated all his qualities. By defending his doctoral dissertation in
1894 before the Dissertation Committee consisting of Hermite, Picard and Painlevé, and having
published a paper in the French Academy’s journal, the famous Compte Rendus, Mihailo Petrovi¢
entered the world of great mathematicians of his time and wrote a number of important papers.
He dedicated his doctoral dissertation to Tannery and Painlevé.

According to the information analysed by Trifunovi¢, academician Mihailo Petrovi¢
published 393 works, of which 328 are mathematical manuscripts from twelve different areas,
according to Trifunovi¢’s categorisation, in the leading world journals both then and today. He
published 30 papers in Compte Rendus, where reports of French academicians on mathematical
manuscripts considered important were printed. Even more important are the following journals
where Petrovi¢ was publishing: Acta Mathematica, Mathematische Annalen - two papers, Bulletin
de la Société Mathématique de France - fourteen papers, and American Journal of Mathematics -
three papers. He also published in numerous other journals, primarily in Switzerland, Germany,
the Czech Republic and Poland. Information about the number of papers is not reliable given
that Petrovi¢ published some papers both in Serbian and French. In any case, Petrovi¢ was one
of our most prolific mathematicians, whose papers were published in the journals still highly
ranked on the lists of mathematical journals.

To better understand the time in which Mihailo Petrovi¢ worked on his doctoral dis-
sertation, we should underline that in the 1880s and 1890s the greatest minds of French and
world mathematics, Picard, Painlevé and Fucs studied nonlinear second-order equations with
immovable branch points. The concept of the Painlevé transcendent, which is still highly topical,
derives from the analysis of special functions arising as solutions of specific classes of nonlinear
second-order differential equations in the complex plane. Among them are elliptic functions
(doubly periodic functions), which are one of the most important classes of special functions.
Painlevé transcendents are defined by nonlinear second-order differential equations with solu-
tions whose singularities have the Painlevé characteristic: the only movable singularities are
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poles. Painlevé, followed by Fucs and Bertrand Gambier (1910) described the equations of this
type — the so-called Painlevé equations. For the equation

y"' = F(x,p,y")

where F is the quotient of two polynomials under y and y’ with coefficients which represent
holomorphic functions, Painlevé found fifty general forms with immovable branch points and
reduced them to six essentially new equations known as the Painlevé equations. After Fucs and
Gambier supplemented his results, the solutions of these equations are known as the Painlevé
transcendents. These six generic cases have a great importance today and are applied in statisti-
cal mechanics, physics of plasmas, theory of nonlinear waves, quantum gravity theory, quantum
field theory, relativity theory and nonlinear optics. They are non-reducible in the class of clas-
sical special functions and have a number of exceptional characteristics. Integrable systems are
reduced to these types of equations. For instance, the solutions of the soliton type of nonlinear
differential equations are reduced to the Painlevé equations by the method of inverse scatter-
ing. Let us mention that this problem is being examined, by applying the methods of algebraic
geometry, a modern mathematical field, by our colleagues in the group of professor Vladimir
Dragovic. Several their papers dedicated to the Painlevé equations have been recently printed or
are about to be printed in the leading world journals. The theory related to the Painlevé equa-
tions is today unusually rich and modern. In 2017, the American Institute of Mathematics in San
Jose organised a high-level conference devoted to the application of the Painlevé equations in
the study of random matrices and the number theory. I highlight all this because I believe that
the works of Mihailo Petrovi¢, and probably those of his students, contain the forgotten original
roots of modern mathematical research.

Painlevé published his first results in 1887 and 1895. Besides him, Poincaré and Picard
worked on this issue. The problem of three bodies, linked to the movement of planets, was
(almost) solved by Poincaré. This is worth emphasising because, I reiterate, Mihailo Petrovi¢
defended his doctoral dissertation before the Dissertation Committee consisting of Picard and
Painlevé. Let us mention that Poincaré participated in developing the theme of the doctoral
dissertation. Even Poincaré’s biography contains information that Mihailo Petrovi¢ was his
student. The third member of the Committee, Hermite, as the oldest and highly respected
professor, a mentor to Poincaré, Tannery, Stieltjes, considerably contributed to the reputation
of this Committee.
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DOCTORAL DISSERTATION

Mihailo Petrovi¢’s doctoral dissertation deals with the
immovability of zeros, poles and essential singularities of solu-
tions of particular classes of algebraic first-order and second-or-
der differential equations. Let us explain in short the movability
of zeros and singularities of the general solution of a differential
equation which, in a general case, depends on the constants di-
rectly calculated from initial conditions. First of all, let us remind
that singularities are poles, essential singularities, finite order and
logarithmic branch points. Movability means that zeros and sin-
gularities change incessantly with a change in initial conditions,
i.e. it is a “well-posed” problem in contrast to “ill-posed” problem
which often cannot be solved if initial conditions change a little.
The adjectives “ill” and “well” do not have a formal meaning in
mathematics, and in this particular case they only testify to the
constant dependence of solutions on initial conditions. The prob-
lems studied by Mihailo Petrovi¢ are those in respect of which the
solutions of equations have singularities independent of a change
in initial conditions.

In the first part of his doctoral dissertation, Petrovi¢ anal-
yses first-order nonlinear equations with products of powers of
derivative of an unknown function y’, function y, and holomor-
phic function ¢ (x) under the independent variable x. Their shape
is the following:

@;()y™iy™ = 0.
1

F,y,y) =

N
i=

In this analysis, Petrovi¢ constructs the polygon added to
the following equation with vertices

(M, N), N =n, M,=m_ + n, i=1,..,s.

He arranges them according to specific rules, with (M,
N,) and (M, N,) signifying the most distant/proximate vertices to
the axis ON, while A designates the coefficients of the direction of



Polygon R, a drawing from Petrovi¢'s dissertation (“Svetozar Markovi¢”
University Library)

the sides of the polygon. In the first chapter of the first part of the thesis, Petrovi¢ gives a com-
plete answer to the defined problem, by analysing the given convex polygon. For the infinities (as
Petrovic¢ calls poles and essential singularities) of the general solution (integral) of the first-order
equation F(x,y,y) = 0 not to change with the integration constant, it is necessary and sufficient
that the polygon joined to F does not have any vertex to the right from the most highly elevated
vertex of the polygon. The existence of the movable zero of order A is necessary and sufficient
for the polygon to have a side with the slope A while for it to have a movable pole of order A it is
necessary and sufficient for the polygon to have a side with a slope -A. Based on these two out of
six assertions from the first chapter, we can clearly see the simplicity of Petrovi¢’s formulations.
Such geometric interpretations are more easily acceptable (let us remember Newton’s
polygons in the case of partial differential equations) and essentially give a new geometric meth-
od for the analysis of the solution of the equation. The conditions for essential singularities are
also given. There may be a finite number of poles and essential singularities in the case of their
immovability. In the second chapter, Petrovi¢ explains the application of theorems from the first
chapter, connecting them to the results of Painlevé and Fucs which arise from immovability of
branch points. Let us mention an assertion concerning the rational function R and equation
" = R(x,y): this equation may not have more than three different uniform (single-valued) solu-
tions, which I will hereinafter call only solutions. If there are three of them, it is Riccati’s. If there
are two of them, it is linear or Riccati’s or has a solution of a particular shape. If it has one solu-
tion, it is reduced to one of the earlier forms or a special form. We do not mention special forms.
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For precise formulation of these assertions, see the paper by professor V. Dragovi¢ in this mon-
ograph. Furthermore, in the second part of the first chapter, he examines various forms of the
right side of the equation, function R(x,y), and gives general forms of the solutions of equations.

In the second part of the thesis, Mihailo Petrovi¢ deals with nonlinear ordinary differ-
ential equations of the second order, with similar questions as in the first part. He deals with the
movability of the singularity of the equation and gives sufficient conditions for the immovability
of poles, essential singularities and zeros, under the assumption that branch points are immov-
able. Starting from the results of Poincaré and Fucs and by drawing polygons under the same
principle as in the first chapter, though in a much more complex form, Petrovi¢ shows his results
rather than illustrations, as sufficient conditions, and less as necessary and sufficient conditions
in the form of a theorem. The necessary conditions in the mathematical sense were achieved
only in special cases. In the second chapter of the second part of his doctoral dissertation, Mi-
hailo Petrovi¢ gives examples of solutions through holomorphic solutions of adjoint equations.
Under appropriate conditions, starting again from the results of Painlevé and Fucs about the
immovability of branch points, he finds functional links, the so-called first integrals that the
solutions must meet and specifies the number of solutions.

Academician Bogoljub Stankovi¢ translated Petrovi¢s dissertation into Serbian. This
translation is part of the first volume of The Collected Works, prepared by academician Stankovi¢.
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DIFFERENTIAL EQUATIONS

The turn of the 19" into the 20" century brought great discoveries in almost all
sciences, particularly mathematics. New mathematical theories and new methods emerged.
Though at the time it might have looked different, but the events that happened have their
repercussions still today. Mihailo Petrovi¢ belonged to the generation of the greatest minds in
the field of the analytic theory of differential equations, which at the time reached its pinna-
cle, while on the other hand, new mathematical disciplines emerged, which were theoretically
highly demanding, including the theory of partial differential equations. Mihailo Petrovi¢
was at the height of this mathematical field, the most developed at the time, and it is in this
light that we should observe the exceptionally high scientific level of his research at the time
when he was writing his doctoral dissertation, including the destiny of these results as well.
This is worth emphasising because generations of our mathematicians who dealt with differ-
ential equations did not go much further than the results of Mihailo Petrovi¢ from the period
when he defended his doctoral thesis, or from the works he wrote in the first twenty years
of the 20" century. The majority of his doctoral students explored in their theses the topics
relating to ordinary nonlinear differential equations, mainly of Riccati type, or with a quali-
tative analysis of some classes of equations. It is possible that the basic problem was the fact
that Mihailo Petrovi¢’s successors, and later his students in the fields of differential equations,
perhaps less followed the development of mathematical physics or other branches of mathe-
matics, where the results of Painlevé and Picard remained dominant. Besides, insufficiently
followed is the theory of partial differential equations, which at the time was developing ex-
ceptionally fast both in theoretical terms and in terms of application in almost all natural and
technical sciences. Petrovi¢ himself did not follow new directions of development of the the-
ory of partial differential equations with entirely new methods arising from the then modern
areas - set and algebraic topology, geometry and algebra, particularly functional analysis. The
results of Hilbert, Lebesgue, Dirac, Banach, Sobolev and many others brought entirely new
insights into mathematical research and its link with other scientific areas. The progress and
development of mathematics was particularly intensive after World War I. One should bear
in mind that Mihailo Petrovi¢ was aged around 50 at the time, and was increasingly outside
scientific developments due to complicated circumstances in Serbia in the post-war period.
Some of our colleagues mathematicians unjustifiably wrote that Petrovi¢, with his exception-
al energy in the areas that he dealt with, hindered the development of other, also important
mathematical fields. It is hard to provide arguments, particularly from this perspective, out-
side the time during which Mihailo Petrovi¢ lived and worked. He did not encourage the
areas he was not familiar with, nor did he impose upon anyone doctoral dissertations relying
on the research that he personally engaged in.
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Mihailo Petrovi¢ with Prince Dorde
Karadordevi¢ (Foundation “Mihailo
Petrovi¢ Alas”/ Primary School “Mihailo
Petrovi¢ Alas”, a gift from Jovan Hans
Ivanovi¢)

SCIENTIFIC WORKS - DIFFERENTIAL EQUATIONS

The first work of Mihailo Petrovi¢ signalled the problems ex-
plored in his doctoral dissertation, while the works that followed the
dissertation relied on its results. The independence of singularities,
zeros, extremes or other features of a general solution with respect to
constants, dominates in all these works as one of the determinants of
Petrovic’s scientific work. This is the essential, constitutive feature of a
model related to an equation describing the model. When analyzing the
residue of the function and exploring the so-called binomial first-order
equations, i.e. the asymptotic solution, or when writing about a “class
of second-order differential equations” or the nature of the solution, he
aims to examine the internal structural relationship between the de-
pendent and independent variable given by equations. This can also be
seen in some of his works reprinted in the first volume of The Collected
Works. A great creative potential in his scientific papers initiated by his
doctoral dissertation is also seen in the works written and published
during World War I, when his papers in Compte Rendus were presented
by Picard, Appel and Hadamard. During the war, he was dispatched to
Switzerland, in service of Prince Porde Karadordevi¢, to be a cryptog-
rapher at the Serbian Military Command. Even there did he have suffi-
cient strength to tackle serious mathematical problems. It is interesting
to note that his paper in which he described his own most important
results in the period until 1922 was published in France. This analy-
sis and overview of Petrovi¢’s results, written by academician Bogoljub



Stankovi¢, clearly attest to the quality and value of results presented in the doctoral dissertation.
An excellent overview of Petrovi¢s scientific and teaching opus in the article by academician
Miodrag Tomi¢, in the first volume of The Collected Works, clearly confirms all already men-
tioned qualities of Mihailo Petrovi¢ as a scientist and a renaissance personality in our science.

According to Dragan Trifunovi¢’s statistics, in addition to his doctoral dissertation, Mi-
hailo Petrovi¢ published 86 papers on differential equations. In the first volume of The Collected
Works, 14 papers were reprinted and translated into Serbian, primarily in the field of the analytic
theory of differential equations. The second volume contains 23 papers and the monograph The
First Definite Integrals. Those were mainly works in the field of the qualitative analysis of gener-
al linear and nonlinear equations, and typical solution of some classes of equations. Papers are
presented chronologically so that a careful reader can follow the development of ideas and the
quality of publications compared to already printed manuscripts.

In the works published in the second volume of The Collected Works, Petrovi¢ studied
the qualitative features of solutions of differential equations. He upgraded his new ideas based
on those from his doctoral dissertation. In this context, he particularly examined various forms
of the Riccati equation z'(¢) = a(t)z(t) + b(t) + c(t)z(t)? and generalisations which can be
solved with integrations and known special functions. He based the classification of differential
equations on appropriate transformations of independent and dependent variables. Petrovi¢ used
his exceptional knowledge of the theory of analytic functions. He thus found canonical forms of
various classes of equations and solved them. The analysis of equations through the formulation
of sufficient conditions for equation coefficients, along with appropriate initial conditions, is the
domain of the qualitative analysis of differential equations to which the majority of Petrovic’s
papers are devoted in the second volume of The Collected Works. The theorems about the com-
parison of solutions of equations relative to the comparison of coefficients or right-hand sides of
equations, the so-called Sturm-type theorems, were the inspiration to his students in their doc-
toral dissertations. He studied Champling-type equations independently of Champling, and be-
fore him, although he did not go into the detailed analysis which was later formulated. Applying
subtle mathematical insight and having clear motivation, he obtained results of general character
for various classes of linear and nonlinear equations. The solution asymptotics also has an im-
portant role in the analysis of equations — those were again mainly nonlinear, Riccati-type equa-
tions. When reading the papers from the second volume of The Collected Works which Mihailo
Petrovi¢ published aged 50 and 60, one can see a decline in scientific enthusiasm, although these
papers still contained new ideas of qualitative generalisations and classification of equations.

Unlike today’s practice, Mihailo Petrovi¢ wrote his works by explaining a theory starting
from special to general mathematical conclusions. As if in a story, easy conclusions are given and
generalised; then, fully explained, they are turned into assertions that are only at the end formu-
lated. This enables the reader to easily follow the narrative, with clear objectives that are already
defined at the beginning. We can add another analysis of Mihailo Petrovi¢’s works, written by him-
self, to our assessment of the quality of papers from the second volume of The Collected Works. It is
worth noting that professor Ljubomir Proti¢ wrote a systematic article in the same volume related
to Petrovi¢’s work. Together with professor Milorad Bertolino, he was one of the important follow-
ers of Mihailo Petrovi¢ in the theory of ordinary nonlinear differential equations.
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APPLICATION OF EQUATIONS - PHENOMENOLOGY

The seventh volume of The Collected Works contains the equations of mathematical
physics in the monograph Elements of Mathematical Phenomenology (later in the monograph
Phenomenological Reflections). The results of modelling explained by Petrovi¢ in philosophical
sense are a highly important scientific contribution in applied mathematics. Moreover, it was in
philosophy and other areas of humanities that his phenomenology with metaphors and allegories
obtained a number of followers.

As an exceptionally educated mathematician, Mihailo Petrovi¢ dealt with mathematical
research which can be divided, perhaps too freely, into lart pour lart research and motivated, i.e.
applied research.

In a rather free interpretation, lart pour lart research concerns his doctoral dissertation
and differential equations which he theoretically examines from the viewpoint of the theory of
analytic functions, power series and appropriate algebraic problems, which he links to the com-
plex structure of analytic functions.

Applied research is related to modelling, i.e. formulation of models, various physical or
chemical phenomena. Moreover, in phenomenology to which he devoted a great number of pa-
pers and which he experienced as the most important part of his research, Mihailo Petrovi¢ tried
to determine, through analytic dynamics, “the activity of causes” by establishing appropriate sys-
tems of equations and thus describe phenomena independently of the nature of objects and phe-
nomena being modelled. Phenomenology arises from his algorithmic approach to mathematical
problems. A monograph on this topic was printed by the Academy in Serbian in 1911. Petrovi¢
published the same work in an abbreviated version in Paris, at his own cost. Petrovi¢ analysed
general phenomena arising from the minimum number of basic facts, causes, established analo-
gies and arrived at conclusions based on a narrow, base set of data. This is a generally accepted
procedure in mathematical research.

Metaphors and Allegories (a posthumously published monograph) elaborates on the ide-
as of phenomenological research. As unlike phenomenology, metaphors and allegories are sig-
nificantly void of mathematical formulae, they offer, in addition to philosophy, a significant basis
for the structural research of phenomena in other social and humanistic disciplines as well. For
instance, in the phenomenology of Mihailo Petrovi¢, in his metaphors and allegories, we also
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Norbert Wiener (1894-1964)

find the contemporary line of linguistic research. Almost a hundred years after the publication
of Petrovi¢’s works, Noam Chomsky, a foreign member of our Academy and the greatest world
linguist, wrote that analogies or the establishment of similarities represent the key issues of lan-
guage functioning. Academician Jasmina Grkovi¢-Major pointed out this and referred me to an
interesting article by Dr Ivana Basi¢ from 2012.

Our literature perhaps overemphasises the fact that Mihailo Petrovi¢ was one of the first
creators of phenomenology. There were before him many other authors of scientific theories
attempting to use mathematical clarity and an axiomatic approach to the examination of gen-
eral laws. Many our mathematicians believed that Petrovi¢’s phenomenology is the precursor of
cybernetics. Dragan Trifunovic’s dissertation “Study of Modelling in the Work of Mihailo Pet-
rovi¢” dealt with phenomenology, metaphors and allegories. Somewhat younger than Petrovic,
world-renowned mathematician Norbert Wiener is considered the father of cybernetics. It is a
real pity that the works of Mihailo Petrovi¢ were insufficently known at the famous Massachu-
setts Institute of Technology, where an entire group of brilliant mathematicians worked, headed
by Wiener.

Let us emphasise that Petrovi¢’s descriptions of phenomena through the systems of rele-
vant equations today still constitute a modern approach to exploring phenomena in nature, par-
ticularly in the context of the so-called motivated or applied mathematics, as the most important
determinant of contemporary mathematical studies.
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OTHER MATHEMATICAL WORKS

As we have already emphasised, the most important works of Mihailo Petrovi¢ belong
primarily to the fields of analysis, differential equations, complex and real analysis.

Within the theory of analytic functions, he explored functions whose Taylor series do
not have zeros in an appropriate circle of convergence. Landau, Hardy, Fejér, Montel, Pélya stud-
ied his works in this field, while Jentzsch developed them in his doctoral dissertation. Related to
these works are his papers in the field of algebraic equations. Particularly interesting is his work
on the geometry of polynomial zeros, which was also studied by this group of renowned math-
ematicians. Petrovi¢ determined the ring in which an algebraic equation has at least one root
without using the Rouchés theorem. His paper from 1899, published in Compte Rendus, was the
first paper determining the number of zeros contained in a given circle.

Let us also mention his contribution to numerical mathematics - for instance, the anal-
ysis of number differences and the instability of solutions, i.e. the interval analysis separately
published in his textbook Calculation with Number Differences. Related to this research are his
papers in which he dealt with the calculation of specific integrals through series, to which he
devoted a particular textbook. In addition, his textbook Elliptic Functions is still popular today.

In an analogy with light spectres in physics, Petrovi¢ developed the theory of mathemat-
ical spectres which is not related at all with today’s spectral theory of operators. Quite the con-
trary, it can be classified into the theory of numbers and cryptology - algorithmics, rather than
analysis. During one term at Sorbonne, he held lectures on spectres, and published two mono-
graphs in this field in Paris. The main idea behind this theory is that infinite series of data are
coded with infinite decimal numbers (with zeros and ones), translating mathematical operations
with data into certain numerical or combinatory procedures. Relying on his exceptional knowl-
edge of the theory of function series, he assigns to the appropriate analytic function the analytic
expression — a number which with its decimals determines this function, i.e. its Taylor coeffi-
cients. His student, professor Konstantin Orlov focused later on this field, in his dissertation.
Orlov was one of the most renowned followers of professor Petrovi¢ in the field of differential
equations and numerical analysis. Unfortunately, the spectral theory did not find a significant
place in mathematical literature. It seems to have appeared too early.

Petrovic’s inequality

Zk=1f(xk) < f(zk=1xk)(n_ 1)£(0)

is the precursor of Jensen’s inequality. It is related to the study of convex functions and was an
inspiration to professor Mitrinovi¢ and his students in the examination of analytic inequalities
and writing of a number of exceptionally well-received and cited books on functional equations
and inequalities.
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An invitation to Mihailo Petrovi¢ for participating i e
in the work of the Encryption Commission, - / -'" i L
1 April 1898 o

While serving in the army during the Balkan Wars and the Great War, Petrovi¢ dealt
with cryptography and gained the rank of a reserve engineering lieutenant colonel. From the
Balkan Wars until the start of World War II, he was a cryptographer at the Serbian army. Petrovi¢
took a lot of pride in his military rank.

As already said, Petrovi¢ completed in Paris the studies of physics and chemistry as well.
He liked chemistry a lot. He probably attended lectures of Sima Lozani¢, a professor at the Bel-
grade Great School and later an academician. He expressed particular creativity in his works
in which he formulated models for various phenomena in mechanics and chemistry, Based on
simple models, he constructed devices that produced solutions to equations through mechani-
cal devices or chemical reactions. Analogous computers, and present-day cutting-edge quantum
computers, were created based on the principles of electrical and physical-chemical reactions,
which is the area of the state-of-the-art theory in computer science today. A possible link, in a
rather free interpretation, with the ideas of modern quantum computers can be found in Petro-
vics results.

At the start of his career, along with mathematical modelling, Mihailo Petrovi¢ dealt
with the creation of patents, range markers and depth gauges. He constructed the gear and eter-
nal calendar. In 1900, he received the third award at the World Exhibition in Paris for the hydro
integrator described in the Journal of the American Mathematical Society in 1898.

S1



THE ECHO OF PETROVIC’S SCIENTIFIC RESULTS

There are few persons today who are well familiar with Petrovi¢’s doctoral dissertation
and works. Objectively, mathematical results last as long as they are topical in contemporary
research. After some time, only a small number of them become classical results and enter
textbooks where authors are no longer mentioned, unless they carry the authors’ names, as is
the case, for instance, with the Pythagorean theorem, Newton-Leibniz formula or Petrovi¢’s
inequality.

The works of Mihailo Petrovi¢ were cited in the time approximate to that when he wrote
them, which is why these citations are not contained in statistics, which are modern, but quite
often badly interpreted. Let us mention that the manuscripts published in Acta Mathematica,
Mathematische Annalen and a number of other journals, which explore problems from his doc-
toral dissertation, and most other papers published in earlier specified journals in France, were
correctly cited in the late 19% and early 20* century. The results of Petrovi¢s first work in Compte
Rendus were stated in their entirety in the famous, at the time the most valued Picard’s mono-
graph Traité danalyse, while the results of his doctoral dissertation were cited in the Encyclopedia
of Mathematics.

In the vortex of events during the Balkan Wars and World War I, Mihailo Petrovi¢ was
increasingly less present in France, and thus in world circles within which new science was being
developed.

Whether he wanted it or not, Mihailo Petrovi¢ was a rather lonely intellectual. He often
did not develop his ideas in full, which is why others, inspired by his results and ideas, wrote
much more in-depth and more widely cited works. Regardless of Petrovi¢s brilliance and fond-
ness of friendships, he did not have followers to highlight his scientific grandeur. The reason
may be the fact that everyone — and here we refer primarily to mathematicians in France, aspired
to their personal prestige. Given that there were very few mathematicians in Serbia at the time
and that Petrovi¢ was our first mathematician who tackled these problems, he could not have
an important mathematical support in Serbia, particularly in the period between the two wars.
In addition, Mihailo Petrovi¢ was not much interested in being cited nor was he interested in
having someone to follow him in mathematics, particularly after World War I. On the other
hand, mathematicians from the late 19" and early 20" century did not have many options for
citation and did not have the habit of such mutual communication in science. In Mihailo Petro-
vi¢’s thesis and works, the citing of results of other mathematicians did not take the form which
is acceptable today. The citations in his dissertation are given through the presentation of results
ascribed to Picard, Fucs and most certainly to Painlevé. He has in total eight references in his
entire doctoral dissertation.
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The certificate of membership in the Czechoslovakian Mathematical Society (SASA Archive, 14188/31)

Mihailo Petrovi¢ wrote all of his papers alone, apart from one paper
which he wrote together with Karamata. This joint work is interesting because
the authors corrected Poincaré’s error. The reason for this “mathematical lone-
liness” may be his exceptional individuality, and perhaps, mathematical cul-
ture and mathematical knowledge that he possessed, which is why he did not
need any associates.

Mihailo Petrovi¢ presented his works as a guest lecturer at a number of
important international congresses of mathematics in Rome (1908), Cambridge
(1912), Toronto (1924), Bologna (1928) and Zurich (1932), and many confer-
ences of scientific federations of France (around ten times), Romania, Italy,
Slavic and Balkan countries. He was widely esteemed. He was a member of the
Yugoslav Academy of Sciences and Arts, Czech Royal Academy, Polish Academy
of Sciences in Krakow, Academy of Sciences in Warsaw, Romanian Academy of
Sciences, and many mathematical societies in Paris, Palermo, Bucharest, Leipzig,
Prague, Lviv. He was also a member of several other scientific societies in Paris.




Doctoral students

of professor Petrovi¢: Tadija
Pejovi¢, Konstantin Orlov,
Dragoljub Markovi¢
(Faculty of Mathematics,
University of Belgrade)
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STUDENTS OF MIHAILO PETROVIC

Mihailo Petrovi¢ came to Serbia with enormous knowledge that he
gained in Paris. Learning from the best, he raised the educational system of
mathematics to the highest possible level. He understood exceptionally well
the classical mathematical fields of analysis and the theory of equations. His
lectures are in fact the greatest contribution to the development of mathemat-
ics in our country. Petrovi¢ passed on to all of his students his excellent knowl-
edge of classical mathematics, primarily of analysis. They continued to develop
themselves further in the fields that best fit their preferences and talents, con-
tributing to Serbian and world mathematics. His students, academician Jovan
Karamata, professor Dragoslav Mitrinovi¢ and professor Tadija Pejovi¢ taught
the greatest number of doctors of mathematics.

At the time when academician Petrovi¢ lived and worked, the most
spectacular achievements were made in mathematics. Petrovi¢’s contemporar-
ies were Lebesgue, Poincaré, Cartan, Hilbert, Dirac, Smirnov, Fichtenholz and
many others. The functional analysis based on Lebesgue’s integrals, Hilbert
and Banach spaces, including the development of topological and algebraic
methods of Poincaré, Hausdorff, Borel, Kolmogorov and many other greats of
the time, largely enriched the areas of differential equations.

The majority of Mihailo Petrovi¢’s students continued his work in
the area of equations, as already explained, and its quality is mainly on a par
with Petrovi¢. In addition, some of his followers in the field of analysis studied
classical theorems on the mathematical analysis of real and complex functions
— particularly the assertions of Abel and Tauber type, with many ingenious
mathematical witty remarks, with exceptionally talented Jovan Karamata hav-
ing a lead role. His proof of Tauber’s theorem for the Laplac transform of the
non-negative measure is still today largely important in mathematical liter-
ature, e.g. microlocal analysis. Karamata himself could not envisage that his
theorem would be used nor was he familiar with all the areas in which the
theorem is relevant. Of course, some of these areas were studied in his time as
well. The works on the theory of analytic functions through professor Tadija
Pejovi¢, one of 1300 corporals, and his students, resulted in the creation of the
outstanding Belgrade School of Real and Complex Analysis, which is still active
today. Furthermore, professor Pejovi¢ taught distinguished professor Slavisa
Presi¢ who, owing to his great erudition, initiated new mathematical research
in mathematical logics and algebra. It is worth noting that Pre$i¢ created the
so-called Belgrade School of Logics, the most famous in post-war Yugoslavia.



Doctoral student of professor Petrovi¢:
Jovan Karamata

(Faculty of Mathematics,

University of Belgrade)

In his article about Mihailo Petrovié¢, academician Tomié wrote that it seemed Petrovié¢
had hurried in his scientific work. As if he wanted to compensate for the enormous differences
in the scientific level of the country that he came from and world science. It is possible that he
therefore did not have time, and perhaps patience either, to fully develop his ideas, which was
later used by mathematicians in world centres, who became famous with theories that had no
mention of Petrovi¢’s ideas. We are referring here to works on differential equations, theory of
analytic functions, the already mentioned phenomenology, and works on spectral theory which
contain the roots of interval analysis. It seems that the reason for his perhaps rapid neglect of
important results that he obtained was the fact that Petrovi¢ was lonely, without appropriate con-
versation partners or associates in the country who could with their questions or in discussions
motivate him to go deeper into the analysis of his results. On the other hand, it was Petrovi¢’s
great creativity that prompted him to quickly overlook some of his ideas. He was simply brim-
ming with ideas.

Academician Petrovi¢ did not write papers with his students, but, being mathematically
highly educated, he offered to everyone complete classical knowledge which they further used.
The Belgrade School of Mathematics is fundamently connected to Petrovi¢ and Karamata. Histo-
rians of mathematics owe us the analysis of work of the Belgrade School before World War II and
immediately after the war, in the context of world mathematics, and not in terms of turbulent
events in Serbia only. It seems that there is no analysis of the impact of the German occupation.
Some events are unreasonably mystified and those less favourable in the historical context of
mathematics of the time are disregarded.

What is considered the greatest quality of academician Petrovi¢ is his closeness to or-
dinary people, sympathy with their suffering, as seen in numerous examples from his life. He
participated as a Serbian soldier in the Balkan Wars and the Great War. Aged 73, he voluntarily
joined the army in World War II. He was captivated and interned in a camp. Upon his return, he
passed away in silence and sailed into our history as one of our greatest scientists.
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Mihailo Petrovi¢ Alas in his late years
(SASA Archive, 14188/21)
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PETROVIC’S CONTRIBUTION
TO HIGHER EDUCATION

In the role assigned to him by a set of circum-
stances, academician Petrovi¢ was exceptionally important
for the development of the university teaching of math-
ematics in Serbia. What we particularly emphasise and
what is particularly important to all of us concerns Pro-
fessor Petrovi¢’s mentorship in Serbia. Until World War I
and between the two world wars, Petrovi¢ was developing
the mathematical system to be applied at the universities
of Serbia, almost on his own. As of 1894, he was full pro-
fessor of mathematics at the Great School, and as of 1905
at the University of Belgrade. He was the only professor
who in the 1912-1941 period mentored doctoral students
in mathematics at the University of Belgrade. He did not
publish many textbooks — only three, but his hand-written
manuscripts are of exquisite quality and one still derives a
lot of satisfaction from them. He held 16 different courses
- ten courses on analysis and differential equations, two
courses in algebra, three on numerical mathematics, and
a separate course on mathematical phenomenology. He
wrote eight teaching manuscripts.

He was Member of the Professorial Examination
Board, Ministry Supervisor at maturity exams and Presi-
dent of the Main Educational Council of Serbia. He was
also an advisor for the preparation of high-school text-
books and wrote several works on methodology.

Mihailo Petrovi¢ was a strict and principled pro-
fessor. Graduate students of mathematics understood this
very quickly, paying much more attention to the prepara-
tion of exams in mathematical fields. For instance, during
one year, Mihailo Petrovi¢ held all mathematical subjects
at the University of Belgrade. His students and Milutin
Milankovi¢ later held courses and helped him in teaching.
It has been noted that he held not a single public speech,
which is not unusual among mathematicians. However, he
left behind many interviews and several newspaper arti-
cles, describing mathematical life in Serbia.



(SASA Archive, 14197/11-22-1)

Together with Milankovi¢, he launched the journal Mathematical Publications of Belgrade
University, which later grew into today’s Publications of the Mathematical Institute. The journal
was established in 1932 by academician Anton Bilimovi¢, one of our most famous mechanical
engineers, who came from Russia after the October Revolution, and was a close associate of
Mihailo Petrovi¢ who proposed him for an academician. In addition to the Mathematics Depart-
ment of the Faculty of Philosophy led by Petrovi¢, the Society of Mathematicians was established
by professor Tadija Pejovi¢. All this was very important for the development of mathematics in
Serbia. Mihailo Petrovi¢ was an unavoidable or, one may say, one of the most important partic-
ipants in all these activities.
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Mathematical offspring of professor Petrovi¢: academician Slobodan Aljan¢i¢ (Archive of MISASA), academician Bogoljub Stankovi¢
(author: Dragan Ac¢imovi¢, 2016) and professor Slavisa Presi¢ (author: Dragi Radojevi¢, 2006)

SCIENTIFIC SUCCESSORS OF MIHAILO PETROVIC

Academician Mihailo Petrovi¢ was to a great extent celebrated by his students, primarily
professor Tadija Pejovi¢, academicians Jovan Karamata and Vojislav Avakumovi¢ and professor
Dragoslav Mitrinovi¢, with a large number of students who, after them, further developed the
enormous mathematical genealogical branch of academician Petrovi¢.

The following result worth of great engagement in teaching is unknown for many our
mathematicians, mathematical successors of professor Petrovi¢ - he is a mathematical predeces-
sor for around 70% of doctors of mathematics in Serbia. The names of academicians, with each
following being the mentor of the previous one, appear in the mathematical history of the author
of this article: Bogoljub Stankovi¢, Vojislav Avakumovi¢, Jovan Karamata, Mihailo Petrovi¢. In
addition to students of academician Puro Kurepa and mathematicians in Serbia who completed
their doctoral studies abroad with different mentors, as well as geometricians whose mathemat-
ical roots go to professor Danilo Blanusa, there are many of those whose close mathematical
predecessor is Mihailo Petrovi¢.

Let us also mention the names of his students of the first generation: professor Mladen
Beri¢, Sima Markovi¢, Dragoslav Mitrinovi¢, Konstantin Orlov, Tadija Pejovi¢, Dragoljub Mark-
ovi¢, Danilo Mihnjevi¢, Petar Muzen, corresponding member of the Serbian Royal Academy
Milo$§ Radojci¢, and academicians Radivoj Kasanin and Jovan Karamata; second generation:
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academicians Miodrag Tomi¢, Slobodan Aljanci¢, Vojislav Mari¢, Milosav Marjanovi¢, Drago$
Cvetkovi¢, Gradimir Milovanovié: third generation: Ivan Gutman, Olga Hadzi¢, Miodrag Matel-
jevi¢, and the author of this article. I feel a great obligation to mention our exceptionally es-
teemed mathematicians, successors of academician Petrovi¢, who passed away - professors
Manojlo Marovi¢, Ernest Stipani¢, Tatomir Andeli¢, Milorad Bertolini, Milica and Vojin Dajovi¢,
Petar Vasi¢, Slavisa Presi¢, Zagorka Snajder, Svetozar Mili¢, Zoran Ivkovi¢, Janez Usan, Dusan
Adamovi¢, Dragoljub Arandelovi¢, Vladeta Vuckovi¢, Bogdan Bajsanski, Ranko Bojani¢, Tat-
jana Ostrogorski, Zoran Popstojanovi¢, Ljubomir Proti¢, Rade Daci¢... All of them are related
through academician Mihailo Petrovi¢. Many names have not been mentioned. In the genealogy
of academician Petrovi¢ we can find information about them and about those who are still active
and whose names are therefore not mentioned.
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Academicians Mihailo Petrovi¢, Bogdan
Gavrilovi¢ and Milutin Milankovi¢
(Faculty of Mathematics, University

of Belgrade)
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WORK AT THE ACADEMY

Mihailo Petrovi¢ Alas became a corresponding member of the Ser-
bian Royal Academy in 1897 and its full member in 1899. The official ad-
mission took place in 1900, the same year when Jovan Cviji¢ became its full
member. Petrovi¢ was highly active in the Academy’s work. He was Secre-
tary of the Department of Natural Sciences and member of the Executive
Board of the Academy. He wrote overviews of the works of mathematicians
who published in the Academy’s Glas and also presented new candidates
for membership. He published around 60 papers in Glas, thus significant-
ly contributing to the Academy’s reputation. According to the tradition
practiced still today, which is also the tradition of the French Academy,
the works of authors outside the Academy were reviewed by members of
the Academy. Mihailo Petrovi¢ was devoted to these activities particularly
because his students, doctoral students and later doctors of mathematics
published a great number of their most important works in Glas of the
Serbian Royal Academy. He promoted a number of academicians - Bogdan
Gavrilovi¢, Milutin Milankovié, Anton Bilimovi¢ and Jovan Karamata.

In 1909, Jovan Cviji¢ and Mihailo Petrovi¢ invited Milutin Milan-
kovi¢ to move from Vienna and take a teaching post at the University of
Belgrade. In 1920, they proposed him for corresponding member and in
1925 he became a full member of the Academy. When Jovan Cviji¢ died in
1927, Mihailo Petrovi¢ was the most serious candidate for the Academy’s
president. However, due to the will of the authorities at the time and his
friendship with Prince Porde Karadordevi¢, he was not elected. Slobodan
Jovanovi¢ was elected instead.

Jovan Karamata became a member of the Serbian Royal Academy
in 1939. He helped a lot his teacher Mihailo Petrovi¢ in preparing scientific
publications. Owing to this and the great wish of Mihailo Petrovi¢ to bring
his papers and legacy in order, we have today a plenty of information about
his life and work.



NOVI SAD SCHOOL OF MATHEMATICAL ANALYSIS

Within the Programme Board for Marking the Jubilee, we agreed to prepare texts that
connect academician Mihailo Petrovi¢ with today’s situation of mathematics in Serbia and the
areas that we belong to. The text that follows elaborates on the development of mathematical
analysis in Novi Sad, functional analysis concerning partial differential equations and harmony
analysis through the theory of generalised functions. The genealogical tree, through academi-
cians Karamata and Avakumovi¢, reaches academician Bogoljub Stankovi¢, going to the contem-
porary research and the scope of mathematical analysis in Novi Sad.

As already stated, academician Jovan Karamata is our most famous and recognised
scientist in the world of mathematics among students of academician Petrovi¢. Introducing
into mathematics the class of slowly varying functions, he earned a place in the history of
world mathematics. This class of functions naturally lies between the class of constants and the
class of polynomial functions with equations. It enabled him to achieve a number of brilliant
results in the field of function asymptotic in the theorems of Abel and Tauber type for various
integral transformations. The leading scientists in classical mathematical analysis in the first
quarter of the 20" century, Hardy and Littlewood, were impressed with the elegance of his
proof of the Tauber theorem, named after him the Karamata Tauberian theorem. Academician
Vojislav Avakumovi¢ fit into the field developed by academician Karamata. In the already
significantly developed theory of regularly varying functions, he defined new classes with ap-
propriate Tauberian results, particularly in the estimate of the number of own values of elliptic
operators. Their work was continued by brilliant mathematicians and pedagogues, students
of Jovan Karamata - academicians Miodrag Tomi¢, Slobodan Aljanci¢ and their students at
the Faculty of Science and Mathematics. Academician Vojislav Mari¢ used the class of slowly
varying functions in the study of solutions of the Thomas-Fermi equation. Also, this class of
functions was used by our mathematicians in America, Karamata’s students Bojani¢, Baj$anski
and their successors.

The Novi Sad School of Mathematical Analysis was founded and led by recently de-
ceased academician Bogoljub Stankovi¢. He introduced modern mathematical analysis in Ser-
bia through contemporary areas of functional analysis. Let us also mention that academician
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Slobodan Aljanci¢ wrote a high quality textbook on functional analysis at the Faculty of Science
and Mathematics in Belgrade.

In the field of mathematical analysis, the 20" century was the period of functional analy-
sis based on algebraic-analytic methods. In its integral part, it contains the theory of generalised
functions. The text that follows contains names of important mathematicians, as well as years,
in order to better determine the time of their scientific achievements and the development of
scientific areas that we elaborate on.

The analysis of functional spaces began in the late 19 century with the works of Ascoli
(1843-1896), Volterra (1860-1940), Arzela (1847-1912), while the Lebesgue integral (in the dis-
sertation from 1902) enabled a qualitatively new approach in all areas of analysis. The functional
analysis in the works of Hilbert, Fredholm and Banach, was established in this context, through
the synthesis of various areas of geometry, algebra and analysis. Worth mentioning are also Haar
(1885-1933), Kolmogorov, Wiener (1894-1946), von Neumann (1903-1957). Particularly im-
portant for the development of functional analysis is the development of the modern topology of
Borel, Fréchet (1878—1973), Hausdorff (1868—1942) and others.

Within functional analysis, the theory of generalised functions was developed, based
on the duality theory. The first results of formal calculus with generalised functions in the solu-
tion of differential equations were found with Heaviside (1850—-1925). Nobel prize winner Dirac
(1902-1984) introduced (~1925) into mathematical physics the calculus with brackets, and
Sobolev (1908-1986) introduced (~1930) the concept of the weak derivative in the examination
of weak solutions of hyperbolic systems.

L. Schwartz (1920-2003) created (~1950) the theory of distributions, contributing to
the development of functional analysis. He also published a monograph which is still today
used at post-graduate studies in the theory of linear partial differential equations. Their theo-
ries gave an impulse to the theory of pseudo-differential and Fourier integral operators devel-
oped by Calderon, Sigmund, and particularly Hérmander, Gelfand, Stein, Bony, and a number
of other, mainly European mathematicians. Another approach to the theory of generalised
functions, based on the theory of complex functions of several variables and the cohomology
theory, was introduced by Sato and his students Kawai and Kashiwara. In this context, we
should mention Komatsu, who formulated the theory of ultradistributions (~1970) and Co-
lombo who introduced (~1980) the nonlinear theory of generalised functions, with the aim of
studying nonlinear problems.

After his stay in Paris, where he taught as a maitre de conférences and attended lectures of
great mathematicians, Bogoljub Stankovi¢ became aware of the importance of functional analy-
sis. This was a period of somewhat older mathematicians than him - Dieudonné, Schwartz and
later their students (J. L.) Lions and Grothendieck. Together with Mikusinski, based on algebraic
methods in the theory of equations, they developed the theory of Mikusiriskis operator. An ex-
ceptionally important aspect of the activity of academician Stankovi¢ was his work with young
people, whom he familiarised with modern trends of analysis, with application in solving partial
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differential equations. The theories of distributions, ultradistributions
and hyperfunctions developed in the second half of the 20 century,
to which he gave a personal contribution, became a scientific language
of an entire group of mathematicians making up the Novi Sad School
of Mathematical Analysis, developed through the seminar held almost
continuously over the past 60 years on Mondays, at noon at the Novi
Sad Faculty of Natural Sciences. Distinguished world mathematicians
were guests at the seminar. Students of academician Stankovi¢ present-
ed their first scientific results there. In addition, as one of the first asso-
ciates of the Mathematical Institute, after academician Aljanci¢, he led
the Mathematics Department of the Mathematical Institute. The Novi
Sad seminar is thematically primarily devoted to functional analysis,
while the seminar of the Mathematical Institute was of a general nature,
where our most important mathematicians taught, as well as world-re-
nowned foreign mathematicians, such as Laurent Schwartz.

One of the first students of academician Stankovi¢ was acad-
emician Olga Hadzi¢. Her work on the fixed point theory and contri-
bution to leading the journal NSJOM and international verification of
scientific results of younger associates was exceptionally important.

Academician Stankovi¢s cooperation with eminent world
mathematicians Mikusinski, Vladimirov and others resulted in confer-
ences under the general name of Generalised Functions. They served as
an important impetus first to the structural analysis of various spaces of
generalised functions and general integral transforms, and as of recent-
ly to application in the theory of partial differential equations and the
microlocal analysis with the theory of pseudo-differential and Fourier
integral operators. The International Association for Generalised Func-
tions was set up, seated in Vienna, with mathematicians from Novi Sad
playing a highly active role in its work. The majority of conferences on
generalised functions were held in Novi Sad.

The Novi Sad group applied the strong theorems of function-
al analysis, particularly the theory of measures and various spaces of
generalised functions, to solving equations with singularities to which
classical mathematics does not have answers. Particularly important
are contacts with scientific groups at universities in Vienna and Torino.
Owing to cooperation of the author of this article and one of his first
students Marko Nedeljkov (not to mention others) with H. Komatsu, E
Colombo, L. Rodin and M. Oberguggenberger and a number of bril-
liant mathematicians, new areas became the framework of the scientific
work of the Novi Sad group.

Mihailo Petrovi¢ and Jovan Karamata
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AREAS OF SCIENTIFIC RESEARCH
OF THE NOVI SAD SCHOOL OF MATHEMATICS

In addition to the structural results of Avakumovi¢, Mari¢, Tomi¢, Aljanci¢ and their
Belgrade followers, Karamata’s theory of regularly varying functions gained in the works of the
Novi Sad School its full meaning through the development of generalised asymptotics and Tau-
ber-type theorems in the spaces of distributions, ultradistributions and hyperfunctions. The mi-
crolocal analysis of pseudo-differential and Fourier integral operators, including applications in
the analysis of the spread of singularities through the wavefront, hypoellipticity and time-fre-
quency analysis, are the dominant research topics. The framework and wavelet theory gives a
clear perspective of applications in the analysis of signals. Research areas are maintenance laws
and singular solutions of the so-called gradient catastrophe, with solutions containing distri-
butions, as well as the fluid dynamics. Furthermore, the equations of evolution with the as-
ymptotic of hypercyclical and chaotic orbits of semigroups, H-measures or microlocal defect
measures and their natural generalisations of H-distributions and ultradistributions describe,
for instance, the homogenisation of particular structures. The stochastic analysis and stochastic
equations with uncontrolled noise (the so-called white noise), in initial conditions, i.e. stochastic
perturbations of the ideal situation in a particular environment, are studied through stochastic
differential equations within the Malliavin calculus and chaos expansions. Fractional differential
equations with applications in the examination of models with viscoelastic materials, with the
use of the distribution theory method, are also an important research area within the Novi Sad
School of Analysis.
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THE SERBIAN SCHOOL OF MATHEMATICS -
FROM MIHAILO PETROVIC TO THE SHANGHAI LIST

Gradimir V. MILOVANOVIC!, Miodrag MATELJEVIC?,
Miloljub ALBIJANIC®*

'Serbian Academy of Sciences and Arts

2University of Belgrade, Faculty of Mathematics
3Metropolitan University, Faculty FEFA

In 19%-century Serbia, there were six doctors of mathematical
sciences. One of them was Mihailo Petrovi¢34, the founder of Belgrade
School of Mathematics. Petrovi¢ and his successors—disciples contribut-
ed to the development of mathematical education in Belgrade, in towns
and cities of the former Yugoslavia: Skopje, Sarajevo, Banja Luka, Zagreb,
Podgorica, and particularly in university centres in Serbia: Novi Sad, Ni§
and Kragujevac. They contributed to the development of mathematics,
each in his own way: through scientific work, education of young gener-
ations, excellent teaching, writing of textbooks, etc. In this text, we will
try to give an overview of their respective contributions to this develop-
ment, in different fields of work. When it comes to scientific publica-
tions, we have relied on the sources at Zentralblatt MATH (zbMATH)3>,
ZBL in further text, for researchers belonging to the earlier period, as it
also includes the period before World War II, and Mathematical Reviews

*  The authors are part of the vertical line of the Belgrade School of Mathematics.
Gradimir Milovanovi¢ obtained his PhD under the supervision of Dragoslav Mitri-
novi¢, and Mitrinovi¢ - under the supervision of Mihailo Petrovi¢; Miodrag Matelje-
vi¢ obtained his PhD under the supervision of Vojin Dajovi¢, Dajovi¢ — under the su-
pervision of Tadija Pejovi¢, and Pejovi¢ — under the supervision of Mihailo Petrovi¢.
Miloljub Albijani¢ obtained his PhD under the supervision of Miodrag Mateljevi¢,
Gradimir Milovanovi¢ and Milo§ Arsenovié.

Mathematicians pictures were drawn by artist Bajo Lukovi¢.




(MathSciNet)3°, MR in further text, the database of the American Mathematical Society for more
recent researchers.

There are 228 Petrovi¢’s publications, including 12 books (search under “ai:petrovitch.
michel”), in the German referential mathematical journal Zentralblatt MATH, which is now ed-
ited by the European Mathematical Society and the Heidelberg Academy of Sciences, and the data-
base of which incorporates, as of 2003, the entries of an earlier similar publication Jahrbuch iiber
die Fortschritte der Mathematik (JEM) which existed from 1868 to 1942. His papers referred pri-
marily to ordinary differential equations, complex variable functions, as well as sequences, series
and summability. His associates continued to work in these fields of study, but they were evident-
ly encouraged to work on the development of other areas of mathematics as well. This progress
spread through the entire territory of former Yugoslavia and outside its borders on the one side,
while on the other side it expanded through the introduction of new disciplines emerging in
the world. A reverse process was also present, as mathematicians from the other places came to
Belgrade, enriching our school of mathematics and adding to the existing knowledge. This refers
primarily to the arrival of Anton Bilimovi¢ and Nikola Saltikov from Russia and later of Puro
Kurepa from Zagreb. Many of their successors are also to be given credit for the development of
the Serbian school of mathematics, but here we will focus only on those who are genealogically
connected with Mihailo Petrovi¢.

In addition to choosing their area of work, associates were also given the opportunity to
travel abroad in order to expand their knowledge and their views. These visits helped spreading
mathematical ideas in the other countries as well. Mihailo Petrovi¢ was versatile with regard
to his scientific and pedagogical work, establishing of journals, activities in the Serbian Royal
Academy, etc. He also enjoyed some other activities such as music, fishing, travelling, writing
travelogues and novels, etc.

As we have already said, the Serbian school of mathematics made an important impact
in former Yugoslavia and the rest of the world. Since mathematicians gather around these ide-
as, the expansion of this school has continued to the present day through participation in the
work of seminars, conferences and mathematical journals, such as today’s FILOMAT, AADM
and MATCH Communications in Mathematical and in Computer Chemistry (SCI list journals),
as well as other ESCI list journals, etc. In recent years, our state universities have improved their
ranking in the area of mathematics and they are now among the top 500 in the Shanghai list for
mathematics, which is clear evidence of the progress of mathematical sciences in Serbia.
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Mihailo Petrovi¢'s report on the work of Cabinet of Mathematics in school year of 1904/1905, submitted to Dean of Faculty
of Philosophy, 22 May 1905

ROAD TO THE GRAND SCHOOL

Mihailo Petrovi¢ was born on 24 April 1868 in the vicinity of Princess Ljubicas Res-
idence and the Cathedral Church, in the Kosanci¢ev Venac neighbourhood on the Sava slope
descending to the confluence of the two rivers. When he started elementary school, his father
Nikodim died. His mother Milica and her father, Novica Lazarevié,3” took over care of his up-
bringing and education. Petrovi¢ respected his mother’s father and preserved a fond memory of
him. He often retold his grandfather’s sayings and quips, and it is from him that he inherited his
love for the ordinary people of the Savamala and Dor¢ol neighbourhood [Trifunovi¢, 1969, 26].

After finishing elementary school, Mihailo Petrovi¢ enrolled in the First Belgrade Gym-
nasium, then located in the courtyard building of Captain Misass Edifice. On the occasion of cel-
ebrating the 100-year anniversary of the Gymnasium, Petrovi¢ said: “If one of the alumni of the
First Belgrade Gymnasium told you that he had spent 55 years in Captain Misa’s Edifice, without
changing during all that time either his vocation or his profession, you would look at that person
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with incredulity, wondering if that was even possible. However, not only is it possible, but it was
actually the case for the writer of these lines himself, who entered this building at the beginning
of school year 1878/79 as first class student of the Gymnasium and left it in school year 1937/38
as retired full-time professor of the University of Belgrade, with only one intermission during
his education abroad, after finishing the Grand School which was located in this building, too
[Trifunovié, 1969, 32]”

In his book, Chronicles of Life and Work of Mihailo Petrovi¢, Dragan Trifunovi¢ vividly
conveys the impressions about education in the Gymnasium of the time. With his friend Pavle
Popovi¢, Petrovi¢ often commented on the literary abilities of the literature teacher, Andra Niko-
li¢, presented to students by the then Minister of Education, Stojan Novakovi¢. Interestingly, at
a later time, Andra Nikoli¢ and Mihailo Petrovi¢ were elected the members of the Serbian Royal
Academy on the same day, and in 1905, when Petrovi¢ was appointed full professor at the Uni-
versity, Andra Nikoli¢ was the Minister of Education. Petrovi¢ also had a particular liking for his
chemistry teacher, Marko Leko. He studied this subject from a textbook written by Sima Lozani¢
for Grand School students. His teacher of mathematics was Sreta Stojkovi¢, who, as students
used to say, was mathematician by profession, poet by soul. Mihailo Petrovi¢s friends from the
Gymnasium days included Paja Marinkovi¢, Jovan Cviji¢, Jasa Prodanovi¢, Vladislav Ribnikar,
Ljuba Jovanovi¢, and the others. They grew to become a generation that spearheaded the pro-
gress of science in Serbia in the decades to come.

Mihailo Petrovi¢ enrolled in the Grand School in 1885. A group of subjects was taught
by professor Dimitrije Nesi¢ (1836-1904), who heralded the dawn of Serbian mathematics. He
was a teaching assistant at the Prince’s Lyceum, long-time professor of the Grand School, the first
member of the Serbian Learned Society. In 1887, he was elected among the first 16 full members
of the Serbian Royal Academy. At that time, Josif Panci¢, Dimitrije Nesi¢, Ljubomir Kleri¢ and
Jovan Zujovi¢ were in the Academy of Natural Sciences.

Professor Nesi¢’s personality was such that he was able to convey to his students love for
the subject; he was known for clarity of exposition; he directed his students attention and taught
them to be able to tell the important from the unimportant; he identified himself with the sci-
ence he was teaching [Trifunovi¢, 1996, 19]. Nesi¢ began his studies at the Lyceum in Belgrade,
then continued his education at the Vienna Institute of Technology and finally at the Polytechnic
Institute in Karlsruhe. He was a true devotee of the temple of education, a humane, noble man,
a man of angelic soul. He was considered to be an ideal man.

In 1873, the Faculty of Philosophy was divided into two departments: Department of Phi-
lology and History and the Department of Sciences and Mathematics. As of 1880, under the Law
of the Constitution of the Grand School, it was determined that studies at the Faculty of Philoso-
phy should last for four years. New subjects were introduced and the curriculum was expanded.
In 1887, Bogdan Gavrilovi¢, a young doctor of mathematical sciences was appointed at the Grand
School. From this appointment until the end of his life (1947) and, from 1894 onwards together
with Mihailo Petrovi¢, he will, in a quiet manner of a scientist and an outstanding organiser, build
our higher education and produce several invaluable contributions to the mathematical science.
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PARIS SCHOOL OF MATHEMATICS

At the Grand School, Petrovi¢ received a gen-
eral education in natural sciences. He had no speciali-
ty, but he did demonstrate an affinity for mathematics.
In addition to mathematics, he was also an exceptional
student of chemistry, taught by professor Sima Loza-
ni¢, mechanics, taught by professor Ljubomir Kleri,
and history, taught by professor Sre¢kovi¢. The young
Petrovi¢ was therefore well prepared for Paris. Paris
was, at the time, the centre of scientific Europe. It was
the hub of scientific and technological innovation. The
mathematical school was particularly strong. A mathe-
matician of this school emanated his universality. Such
were, for instance, Henri Poincaré, Picard, Painlevé,
Hermite, Darboux and the others.38

Thanks to Novica Lazarevi¢, Mihailo Petrovi¢
continued his studies in Paris. He saw his grandson off
with the following words: “I will see with the govern-
ment that you get a state scholarship, your job mean-
while is to study.” After an application by the minister
of education to the French minister of foreign affairs,
the preparation and sitting of the demanding entrance
examination, Petrovi¢ continued his studies at LEcole
Normale Supérieure.

After Dimitrije Dani¢ and Bogdan Gavrilovi¢,
in 1893 the scientific environment in Belgrade was
enriched by a new doctor of mathematical sciences,
Dorde Petkovi¢, who obtained his PhD in Vienna. The
Serbian Royal Academy of the time had three mathe-
maticians in its ranks: Dimitrije Ne$i¢ and Ljubomir
Kleri¢ were full members, while Petar Zivkovié, the
headmaster of the Gymnasium, was a correspond-
ing member. Mihailo Petrovi¢ defended his doctor-
al dissertation On Zeroes and Infinities of the Integral
of Algebraic Differential Equations® in Paris in 1894,
before a commission made up of renowned profes-
sors and leading mathematicians of the time, Charles
Hermite, Emille Picard and Paul Painlevé. “This young




ace from Savamala and Dor¢ol, a masterful mathematician at
the Grand School, the holder of two Orders of St. Sava, the
author of appreciated student discussions, lived up to every-
one’s expectations. In Paris, he was ranked the best together
with three other students of the school. Novica’s grandson, his
success in Paris, his doctoral title and other degrees in math-
ematical sciences were the talk of the entire town of Belgrade
[Trifunovié, 1969, 126]”

Mihailo Petrovi¢ was one of the best doctoral students
of his generation in Paris. Emile Picard included his result on
particular uniform integrals of differential equations into his
textbook on analysis.
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Belgrade Grand School (University of Belgrade) in 1907 (Belgrade City Library, fund F-1-191, inventory number 1593)

MIHAILO PETROVIC’S BELGRADE SCHOOL OF MATHEMATICS

In 19™-century Serbia, there were six doctors of mathematical sciences. They were Dim-
itrije Dani¢ (1862-1932), who obtained his PhD in 1885 in Jena, Bogdan Gavrilovi¢ (1864-
1947), who obtained his PhD in 1887 in Budapest, Vladimir Varic¢ak (1865-1942), who obtained
his PhD in 1891 in Zagreb, Porde Petkovi¢ (1862-1934), who obtained his PhD in 1893 in Vien-
na, Mihailo Petrovi¢ (1868-1943), who obtained his PhD in 1894 in Paris and Petar Vukidevié
(1862-1941), who obtained his PhD in 1894 in Berlin [Kecki¢, 1985, 3-6].

After professor Dimitrije Nesi¢ left to assume state administration duties and his retire-
ment in 1894, a vacancy for a professor of mathematics was announced at the Grand School.
Competition was very strong: Dr Mihailo Petrovi¢ got 11 votes of the Academic Council of the
Grand School, Dr Petar Vukicevi¢ — 10 votes and Dr Dorde Petkovié¢ — one vote. Mihailo Petrovié
succeeded Dimitrije Nesi¢ as a professor of mathematics. His lectures were easy to understand,
as he tried to maintain a level that was accessible to the listeners. He encouraged independent
work in those who wished to expand their knowledge. He was direct, modest and had a cheerful
spirit. He managed to bring the harmony of his spiritual qualities into everyday life. He consid-
ered scientific work to be the foremost duty of a university professor, as without science there
could be no success in teaching and no progress at all.
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He was elected corresponding member of the Serbian
Royal Academy in 1897, at the proposal of his professors, now
colleagues at the Grand School, Dimitrije Nesi¢, Sima Loza-
ni¢, Jovan Zujovi¢ and Ljubomir Kleri¢. At the proposal of the
same group of academicians, he became full member of the
Serbian Royal Academy in 1899. In the same period, he was
elected member of several foreign scientific societies, and had
already published an imposing number of scientific papers.

An important date in the development of education
in Serbia was 19 February 1905, when University Law was
enacted. The efforts of Grand School professors had finally
borne fruit. Serbia got a University. At the proposal of the ed-
ucation minister, by a decree of the King of Serbia, the first
eight full professors of University were appointed on 27 Feb-
ruary: Ljubomir Jovanovi¢, Dragoljub Pavlovi¢, Mili¢ Radova-
novi¢, Jovan Zujovié, Andra Stevanovié, Jovan Cviji¢, Mihailo
Petrovi¢ and Sima Lozani¢.40

In 1909, at the proposal of Mihailo Petrovi¢ and Jovan
Cviji¢, the University of Belgrade invited Milutin Milankovic,
the civil engineer from Vienna, to work as professor of ap-
plied mathematics at the Faculty of Philosophy. As a result,
Petrovi¢ and Milutin Milankovi¢ shared not only their office,
but also the universal world of mathematics. Petrovi¢ taught
theoretical mathematics and Milankovi¢ — applied mathemat-
ics. In 1920, Milankovi¢ was elected corresponding, and in
1924, full member of the Serbian Royal Academy.

In 1912, Mladen Beri¢ defended the first doctor-
al dissertation in mathematical sciences at the University of
Belgrade, before a commission made up of Mihailo Petrovi¢
and Milutin Milankovi¢. A year later, Sima M. Markovi¢ de-
fended his doctoral dissertation before the same commission.
The letter which Petrovi¢ thereafter sent to the Council of the
Faculty of Philosophy, as justification for appointing another
lecturer to teach theoretical mathematics, represents the cor-
nerstone of future scientific work at the University and the
start of creation of the mathematical school.

Parts of this letter outline actual intentions to develop
mathematical sciences: “By working alone, the teacher could
only teach the indispensable elements, without having the op-
portunity to move on and introduce to listeners some of the



branches of Mathematics that are developing today, that containing topical problems, that are,
therefore, the most fitted for independent work, and that cannot be embarked upon until ele-
mentary things are mastered. However, it is precisely in these areas of Mathematics that we now
have no time to embark upon that the system of today’s scientific work is reflected and it would
be of utmost benefit to introduce listeners into independent work on this terrain precisely, which
in a science like Mathematics, where each part is the foundation for the next, is impossible to
realize with the programme of work which has so far been applied”

After World War I, there was growing demand for teaching staff as the number of young
people attending schools and of university students increased. Petrovi¢ dedicated his attention
to this issue as well, aware as he was that a teacher of mathematics could, through his approach,
either help students acquire love for the subject or turn it into a genuine “scare”. For this reason,
he advocated in the Council that it would be very useful for teachers to be well grounded in math-
ematical didactics and the methodology of teaching mathematics. He sent letters and requests to
the authorities asking for an increase in the number of University professors in order to enable the
spreading of scientific knowledge but also the introduction of pedagogical sciences to students so
as to improve the quality of teaching. The lectures would thereby become clearer, more simplified
and delivered in a systematized manner. This contributed to a greater interest in mathematics.

The period from 1921 onwards was significant for the development of mathematics at
the University of Belgrade as two distinguished names of the mathematical science arrived in Bel-
grade: Anton Bilimovi¢ and Nikola N. Saltikov. There was also the younger generation: Vjaceslav
Zardecki, Tadija Pejovi¢, who obtained his PhD in 1923, and Radivoje Kasanin, who obtained his
PhD in 1924 (both before a commission comprising Petrovi¢ and Bilimovi¢), Jovan Karamata,
who obtained his PhD in 1926 (the commission comprised Petrovi¢, Bilimovi¢, Saltikov), Milo$
Radojici¢, who obtained his PhD in 1928 before a commission comprising Petrovi¢ and Saltikov.

The year 1931 marked the start of publication of the journal Matematicki list za srednju sko-
lu (Mathematical Journal for Secondary School Students) in Belgrade, edited by professors Radivoje
Kaganin, Vojislav V. Miskovi¢ and Jovan Karamata. In the same year, together with his colleagues
at the Faculty of Philosophy, Mihailo Petrovi¢ set up the famous mathematical journal entitled
Publications Mathématiques de I'Université de Belgrade. Dragoslav S. Mitrinovi¢ obtained his PhD
in 1933, before a commission comprising Petrovi¢, Saltikov and Pejovi¢, while Danilo Mihnjevi¢
and Konstantin Orlov obtained their PhDs before the same commission a year later. Petar Muzen
obtained his PhD before the same commission in 1937, and Dragoljub Markovi¢ - in 1938.

Radivoje Kasanin and Jovan Karamata, both doctoral students of Mihailo Petrovi¢, later
became full members of the SASA, while Milo§ Radojci¢ was a corresponding member. From the
table above, it is evident that Mihailo Petrovi¢’s disciples for the most part wrote their doctoral
dissertations in the area of differential equations.#! Through their teaching and scientific work
at the University of Belgrade, as well as their activities at the Seminar set up by Petrovi¢ and the
publication of scientific papers in Belgrade and mathematical journals worldwide, this group
of mathematicians, Petrovi¢’s students, made up the core of the mathematical school called the
Belgrade School of Mathematics.
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.| Radivoje Kaganin

(two doctoral students)

Milo$ Radoj¢i¢

Danilo Mihnjevi¢

of the First Order

On Analytic Forms of Multiform
Functions

Analytic Functions Expressed in Terms

of Convergent Series of Algebraic
Functions

Structure of Partial Equations
with Given Characteristic Integrals

Name and surname year | Name of doctoral dissertation Commission
1. | Mladen Beri¢ 1912 | Figurative Polygons of First-order Mihailo Petrovi¢
Differential Equations and their Milutin Milankovi¢
Relation with the Properties of Integrals
2. | Sima Markovi¢ 1913 | General Riccati Equation Mihailo Petrovi¢

Milutin Milankovi¢

Mihailo Petrovié¢
Anton Bilimovié¢

Mihailo Petrovi¢
Nikola Saltikov

Mihailo Petrovié¢
Nikola Saltikov
Tadija Pejovi¢

(one doctoral student)

10. | Petar Muzen 1934 | On Bases of Continuous Functions Mihailo Petrovié
Nikola Saltikov
Tadija Pejovi¢

11. | Dragoljub Markovi¢ 1938 | Limits of Roots of Algebraic Equations | Mihailo Petrovi¢

Nikola Saltikov
Tadija Pejovi¢

Mathematicians who obtained their PhD under the supervision of Mihailo Petrovi¢
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When Mihailo Petrovi¢ was awarded the title of honorary doctor of sciences of the Uni-
versity of Belgrade in 1939, he was referred to as the “engineer of mathematical sciences in our
country, while the degree he received specified that his major achievement was the Belgrade
School of Mathematics, whereby he was duly credited for his outstanding scientific work in all
areas of mathematical sciences and the creation of a school of mathematics at the University of
Belgrade [Trifunovi¢, 1969, 412]”

The focus of Mihailo Petrovi¢’s work were differential equations and the function theory.
It is interesting to note that the bulk of Mihailo Petrovi¢’s papers were published in Paris, but
also that his papers were presented at the Paris Academy by great mathematicians of the time.
Such approach to Petrovi¢ mirrored the approach of these great men of science to work in gen-
eral. It was in fact an ode to the act of creation. Or as Newton said: “Hard work and dedication
to learning are the highest hopes of humanity”. Petrovi¢ applied the same style. He published
and presented the papers of his doctoral students at the Serbian Royal Academy. This approach
encouraged his students to improve and create further. Scientific work in Belgrade was therefore
based on grand ethical postulates.

Petrovi¢’s qualitative analysis of solutions of differential equations was interesting and
inspiring, particularly for that time. In this qualitative analysis, he did not look for the solution to
the differential equation, which at the times can or cannot be found, while the quest for it is very
complicated, but he rather tried to provide as much information as possible about the nature of
the solution based on the properties of the equation itself.

Mihailo Petrovi¢ investigated the Riccati differential equation y’=y2+f(x) and its gen-
eralization (y")?*=y2+f(x). Inspired by the papers of Mihailo Petrovi¢, at a later time Sima Mark-
ovi¢ (also in his doctoral dissertation), Tadija Pejovi¢ (in his doctoral dissertation and a num-
ber of papers), Dragoslav Mitrinovi¢ (in his doctoral dissertation and in around 25 papers) and
Milorad Bertolino (in about ten papers) studied the above differential equations. In Petrovic’s
papers, the qualitative analysis of solutions to differential equations also included the so-called
qualitative first integral, the nature of the solution and the properties, the number of zeroes and
their distance, etc. He also ventured into the theory of numbers, the theory of polynomials, com-
plex analysis, applications in numerical mathematics or chemistry.

We will quote an exceptional description of mathematics and Mihailo Petrovi¢’s place in
it from his Collected Works, published by the Institute for Textbook Publishing: “Mathematics is
a strange world in our universe. It is not known who its creator is - God or man. Therefore, it
is not known whether a mathematician discovers the entities and their mutual relations in it or
whether he himself creates them. Either way, it is both wonderful and exciting to be in that world
especially to those who know how to discover it and enjoy in it. Mihailo Petrovi¢ spent many
beautiful hours of his rich and diverse life in the mathematical world, discovering or creating,
and he left a part of himself in it. This world is unique. Its classification into individual are-
as, which often overlap, is more administrative in nature. Mathematician Petrovi¢ was versatile.
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He trod his roads, in pursuit of his ideas and visions. His papers, like memories from these trav-
els, cannot always be classified into a single area. What is more important are the ideas that he
had and the way in which he realised them [Arandelovi¢, 1999, 281]”

Petrovi¢ had a developed geometrical view on mathematics, which is particularly con-
ductive to intuition or a sense of result. And whereas intuition can mislead, the element of crea-
tion is important for a creator. For instance, Petrovi¢ proved the following inequality:

n n
A
ag| = COS§Z|ak|
k=1 k=1
on condition that complex numbers a,, a,, ... , a, are located in an angle with vortex at the begin-

ning and measure A < 7, which is symmetrical with respect to the real axis.

Inequalities are one of the fundamentals of mathematical analysis. Well known is Pet-
rovi¢s inequality for convex functions at [0, a), (a>0) [Publ. Math. Univ. Belgrade 1 (1932),
149-156]

flx )+ f(x,)+ -+ f(x,) < f(x,+x,+---+x )+(n-1)f(0),

for which he is most often cited in literature. Even before, he considered this inequality to repre-
sent only a narrower class of functions (functions that can be represented by a power series with
positive coefficients). Petrovi¢’s inequality has been used and generalised in different directions
by a large number of mathematicians in the world!

Petrovi¢ also studied generalisations of some of Stiltjes formulas, but also many other
issues relating to mathematical analysis. In the afterword to book 3 of Collected Works of Mihai-
lo Petrovi¢, a fine conclusion is drawn: “New mathematical structures are born out of a wish to
cover everything that has been discovered so far; Petrovi¢ thus trod his own path, in pursuit of
his own visions. He opened many new problems. He solved them impatiently, often not seeing
them through. He generously left this for others to do. He was in constant search of a higher
connection of mathematics and life, or at least a part of it. Because, finally, mathematics is life,
too”. [Arandelovié, 1999, 296].

In addition to differential equations, Mihailo Petrovi¢ also wrote some papers on the
analytic function theory and inequalities, but his writings also included phenomenology, trav-
elogues, etc. Like his professor Henri Poincaré, he wished to express his universality and thus
be elevated to higher levels of knowledge. This is also the avenue for learning mathematics.
Petrovi¢ considered metaphors and allegories subjective, but still belonging to a lawful form
of human knowledge, spirit and consciousness. They had a deep sense and a deep root in hu-
man consciousness and corresponded to an instinctive and irresistible need of the spirit and the
consciousness. They even tied themselves to certain facts and represented a specific expression
of existence of these particulars. The methodology of natural sciences included, among other
things, anticipation, analogical mapping, modelling and represented the development of thought
in science, art and life in general.
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A MAN OF INTELLECTUAL VIRTUE

This is how Milutin Milankovi¢ described his colleague Mihailo Petrovi¢: “Petrovi¢
spiralled upwards to reach the peak of the pyramid of exact sciences already as a young man,
when he left for Paris, in a bid to quench his thirst, tapping into the most abundant spring
of mathematical knowledge, and then, imbued by the spirit of this science, he reached those
boundaries of science where its new unsearched areas began. Already at the very start, he
went past these boundaries with the doctoral dissertation which he defended in 1894 at Par-
is University before a commission comprising three most celebrated mathematicians of the
time, Hermite, Picard and Painlevé. That year Mihailo Petrovi¢ returned to Belgrade as an
accomplished and renowned scientist, and, appointed full professor at the Grand School, he
also came to occupy the position of the greatest mathematician. This is the position he kept
until his death - for one half of a century [Trifunovi¢, 1969, 428].” Milankovi¢ spoke of Petro-
vi¢’s personality, of a man who received five Orders of St. Sava. Of how Petrovi¢ brought and
sowed the seed of the mathematical science in Serbia and created there a sprouting ground of
mathematical knowledge. Petrovi¢’s work was not limited to the education of secondary school
teachers of mathematics only, but he managed to create scientists out of talented students and
to prepare them for independent work.

“In terms of scientific work, he took precedence over us all. Since 1894, when his first
study was published in the reports of the French Academy of Sciences, he published two and
a half hundred scientific papers, of which twelve represent self-standing scientific works... He
diligently compiled this treasure trove for the sake of the science, not for himself, because he
never even thought of deriving from it any personal benefit, fame or celebrity. It was one of
the most beautiful features of his character and of his entire work... He was a man brimming
over with feelings, he knew how to enjoy everything beautiful that life had given to him.
He loved company and music, his favourite sport (fishing) and travels... A tranquil, quiet,
humanly simple, superhumanly gifted, Petrovi¢ was one of the greatest sons of our country
[Trifunovié, 1969, 429]”

Jovan Karamata also wrote about Petrovi¢: “During his many years of fruitful work, Pet-
rovi¢ touched upon almost all areas of mathematics, and though they differ significantly among
them, he was guided by the procedures and considered them primarily from a viewpoint of
mathematical analysis. [Trifunovi¢, 1969, 362].” These papers cover the areas of algebra, arithme-
tic, integral calculus, theory of functions, differential equations, mathematical physics, chemistry
and general phenomenology. Milan Bogdanovi¢ said: “The opus of Mr Mihailo Petrovi¢ is to the
fullest possible extent contemporary, both with regard to its content and its spiritual orientation
that goes hand in hand with both time and the spirit of time.”
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DEVELOPMENT OF THE SERBIAN SCHOOL
OF MATHEMATICS

Almost all doctoral students of Mihailo Petrovi¢ studied
differential and functional equations, with the exception of Jovan
Karamata, Dragoslav Mitrinovi¢ and Konstantin Orlov. Karamata
studied sequences, series and summability, Mitrinovi¢ examined
real, complex and special functions, and in particular inequalities,
while Orlov engaged in numerical analysis of differential equations.
This meant a step forward and the expansion of the mathematical
school to include not only other people, but also other areas.

Some of the doctoral students achieved particularly noted
results. One of the selected criteria is the number of further doctor-
al students, where Tadija Pejovi¢, Jovan Karamata, Dragoslav Mi-
trinovi¢ and Konstantin Orlov stand out. Tadija Pejovi¢ was also
exceptional for his textbook writing, Jovan Karamata wrote a par-
ticularly large number of scientific papers, earning him world fame,
while Dragoslav Mitrinovi¢ stood out for the number of papers and
the number of published books and Konstantin Orlov for his ped-
agogical qualities. All four of them together, and their successors,
made an indisputable impact on the development of the Serbian
School of Mathematics.

If we look at further development of mathematics along
different branches, we will see that a number of areas developed in
Serbia. For instance, differential equations were the object of study
of doctoral students of Tadija Pejovi¢, Dragoslav Mitrinovi¢ and
Konstantin Orlov; mathematical analysis - of doctoral students of
Dragoslav Mitrinovi¢, Jovan Karamata and Tadija Pejovié; algebra
- of doctoral students of Tadija Pejovi¢ and Dragoslav Mitrinovi¢;
numerical analysis — of doctoral students of Dragoslav Mitrinovi¢
and Konstantin Orlov, etc.

The start of scientific and pedagogical work of Tadija Pe-
jovi¢*? (Draca, 1892 — Belgrade, 1982) is marked by his doctoral
dissertation New Cases of Integrability of an Important Differential
Equation, which was completed in 1922 and defended on 6 Febru-
ary 1923 before a commission comprising Mihailo Petrovi¢, Milutin
Milankovi¢, Anton Bilimovi¢ and Vladimir Petkovi¢ (dean of the
Faculty of Philosophy). The subject of the dissertation was the gen-
eralised Riccati differential equation ()/’)2+y2 = H(x) which had



even before been the subject of consideration by Apelle, Elliot, Mihailo Petrovi¢, Liouville, and
which was later studied in Belgrade by a number of mathematicians (D. Mitrinovi¢, M. Bertoli-
no, Lj. Proti¢). In his first scientific paper, Tadija Pejovi¢ also dealt with the problem of invariants
of this same differential equation, which he will continue to examine in several later papers.
When on 1 March 1948 the Society of Mathematicians and Physicists of Serbia was founded, Ta-
dija Pejovi¢ was its first president (1948-1952). He taught at the Faculty of Philosophy and later
at the Faculty of Sciences and Mathematics at the University of Belgrade. He was also the dean
of the Faculty of Sciences and Mathematics.

In his pedagogical work, Tadija Pejovi¢ was particularly known for the publication of
textbooks. He published Mathematical Analysis in five books and Differential Equations in three
books, with the third book dedicated to the existence of solutions. The number of pages in the
above textbooks is over two thousand, which is unusual in mathematical publications. All of the
above books were reprinted, some for more than ten times (for instance, Analysis I was printed
thirteen times).*> He had 17 doctoral students including Vojin Dajovi¢ (1956), Ernest Stipani¢
(1957), Milorad Bertolino (1961), Nedeljko Parezanovi¢ (1962), Slavisa Presi¢ (1963), Zoran Ivk-
ovi¢ (1963), Milosav Marjanovi¢ (1964), Zoran Pop-Stojanovi¢ (1964), Petar Todorovi¢ (1964),
Rade Daci¢ (1965) and Caslav Daja (1967).

Vojin Dajovi¢ defended his doctoral dissertation On the Existence of Limit Values of Some
Classes of Analytic Functions in 1956 at the Faculty of Sciences and Mathematics of the Univer-
sity of Belgrade, supervised by Tadija Pejovi¢. After receiving his PhD, he developed Complex
Analysis and continued the tradition of work with young and gifted students. According to MR,
Dajovi¢ had 16 papers in the area of complex functions. He participated in the reform of the
teaching of mathematics and physics at all levels and advocated a general promotion of mathe-
matics as a fundamental science and one of the most important subjects at all levels of education.

Vojin Dajovi¢ wished to see a development of the impact of mathematics and mathema-
ticians on the improvement of the educational system and the social reality at large. In particular,
his contribution is reflected in his ability to recognise and foster gifted young mathematicians;
he was the initiator of the idea and the founder of the Mathematical Gymnasium in Belgrade.
He participated in the establishing of the Society of Mathematicians and Physicists of Serbia
and in the founding of the Association of Mathematicians and Physicists of Yugoslavia. He suc-
cessfully organised congresses of mathematicians. In particular, he advocated the introduction
of the subject Methodology of Mathematics. At the Belgrade Faculty of Mathematics, doctoral
studies of Methodology of Teaching Mathematics were introduced. Continuing Dajovi¢’s vision,
the Faculty of Mathematics has organised symposiums entitled Mathematics and Its Applications
each year since 2008.

Vojin Dajovi¢ had nine doctoral students, including Miodrag Mateljevi¢ with 82 publi-
cations (MR), Miroljub Jevti¢ with 79 papers (MR), Miloje Rajovi¢ with 54 papers (MR), Dusan
Georgijevi¢ with 25 papers (MR) and Mioljub Niki¢ with 18 papers (MR). The most successful
is Miodrag Mateljevi¢, whose field of work is the geometric theory of functions and harmonic
analysis and who has eight doctoral students including Vladimir Markovi¢ (the member of the
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British Royal Society) with 43 papers (MR) and David Kalaj with 83 papers (MR), who works at
the University of Montenegro. Mateljevi¢ chairs the Seminar for Mathematical Analysis which
seeks to promote the geometric theory of functions.

Slavi$a Pregi¢44 obtained his PhD in 1963, with a doctoral dissertation entitled A Con-
tribution to the Theory of Algebraic Structures. He published around 50 publications (MR). He
began his scientific career with Dragoslav Mitrinovi¢, with whom he wrote several joint papers
in the area of difference and functional equations, for which he is recognisable. Slavi§a Presi¢ was
a very fruitful mathematician and he spearheaded further development of Algebra and Mathe-
matical Logic in Serbia, but he also wrote papers in the other areas such as numerical analysis,
geometry of polynomials and theoretical programming. He had 14 doctoral students who con-
tinued to work in these areas: Janez Uan with 105 papers (MR), Zarko Mijajlovi¢ and Gradimir
Vojvodi¢ with 50 papers each (MR), Dragi¢ Bankovi¢ with 48 papers (MR), Svetozar Mili¢ with
29 papers (MR), etc. With regard to the number of doctoral students, the most successful were
Zarko Mijajlovi¢ with 12 and Svetozar Mili¢ with seven doctoral students; their doctoral students
for the most part continued and built their university careers in Novi Sad: Zoran Stojakovi¢ with
60 papers (MR) in Algebra and Combinatorics, Stojan Bogdanovi¢ with 149 papers (MR) in the
Theory of Semigroups and Automata Theory, Sini$a Crvenkovi¢ with 64 papers (MR), Branimir
Seselja with 119 papers (MR) and Andreja Tepavéevi¢ with 89 papers (MR), published mostly in
the area of Algebra and Mathematical Logic. Usan and Vojvodi¢ built their careers at the Univer-
sity of Novi Sad, and Bankovi¢ at the University of Kragujevac. In late 1980s, Bogdanovi¢ moved
to Ni§ where he organised a school in these areas. Among six of his doctoral students, the most
successful is Miroslav Ciri¢, now a professor at the Faculty of Sciences and Mathematics in Ni§
who has so far had nine doctoral students already and has published 127 papers (MR) in the area
of Theory of Semigroups, Automata Theory and Theoretical Computer Science. The doctoral
students of Zarko Mijajlovi¢ continued their university careers elsewhere — Slobodan Vujosevi¢
at the University of Montenegro in Podgorica, Miodrag Raskovic¢ at the University of Kragujevac,
Milan Grulovi¢ at the University of Novi Sad, etc.

Zoran Ivkovi¢ had 51 publications (MR) on probability theory and stochastic processes.
He had 12 doctoral students, including Jovan Malisi¢ with five doctoral students and Svetlana
Jankovi¢ with 52 papers (MR) in the area of probability theory, stochastic processes and differ-
ential equations. Among Mali$i¢’s doctoral students are Pavle Mladenovi¢ with 28 papers (MR)
and 10 doctoral students, Tibor Pogany with 160 papers (MR) in the area of probability theory,
stochastic processes and special functions (employed at the Rijeka University) and Biljana Popo-
vi¢ with 31 papers (MR) and two doctoral students. Svetlana Jankovi¢ and Biljana Popovi¢ work
at the Faculty of Sciences and Mathematics in Nis.

Milosav Marjanovi¢ has 42 papers (MR) in the area of general topology, functional anal-
ysis, convex and discrete geometry and real analysis. He is the founder of topology in Serbia. He
has also dealt with issues relating to the teaching of mathematics. He had eight doctoral students,
including Rade Zivaljevi¢ with 60 papers (MR) and Sini$a Vrecica with 29 papers (MR). Zarko
Mijajlovi¢ is also specified as one of the supervisors of Rade Zivaljevié.
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Ernest Stipani¢ published 29 papers (MR). He studied the
history of mathematics, summability of series and mathematical
logic. Milorad Bertolino published 36 papers (MR) in the area
of ordinary differential equations and the history of mathemat-
ics. Nedeljko Parezanovi¢ was engaged in the introduction of in-
formatics and computing and had six doctoral students. Zoran
Pop-Stojanovi¢ was at the University of Florida, USA, since 1965.
He published 39 papers (MR) in the area of Probability and Sto-
chastic Processes. From his retirement until his death (2011) he
visited Serbia and organised stochastic seminars. Rade Daci¢ pub-
lished 32 papers (MR) in the area of Algebra and General Topol-
ogy. Caslav Daja published 21 papers (MR). His doctoral student
Milo$ Canak published 58 papers (MR) in the area of Complex
Functions and Differential Equations.

Jovan Karamata and Dragoslav Mitrinovi¢ made a spe-
cial contribution to the development of mathematical analysis in
Serbia. In 1926, Jovan Karamata (Zagreb, 1903 - Geneva, 1967)
defended his dissertation On Certain Limits Similar to Definite In-
tegrals before a commission made up of Mihailo Petrovi¢, Anton
Bilimovi¢ and Nikola Saltikov. He published 160 scientific papers
(according to ZBL) in the following areas: Sequences, Series and
Summability, Theory of Numbers, Fourier Analysis and other areas
of mathematical analysis. Most joint papers he published together
with Miodrag Tomi¢ (6) and Bogdan Baj$anski (4).

Karamata’s approach to the introduction of new subjects
and the manner of their exposition was quite radical, which some-
times even made students protest. New scientific concepts and new
theories are a difficult thing, and already accustomed opinion re-
sists new ideas. At that time, not much discussion took place with
regard to whether the faculty was a school for educating teachers
or primarily a scientific institution. Karamata thought that science
was the only goal of the faculty, so he attuned his lectures, even
introductory ones, to this principle. Hence there is no wonder that
the majority of students did not understand him. In order to have
more time for contemplating mathematics and writing papers, he
had the custom to hold all his lectures in a single day. A number of
completely different courses: Elementary Algebra, Higher Algebra,
Introduction to Analysis, Theory of Sequences and Series, and De-
scriptive Geometry — all in quick succession one after another.




During break time, Jovan Karamatas office was packed with students who brought in
mathematical problems or asked for advice regarding their seminar papers. During his lectures,
he also presented students with problems. Some were so difficult that at first students did not
even understand them. There were students who spent days trying to solve some of the problems.
Some dedicated all their work to interpreting his lectures. Others, by contrast, stopped attending
his classes altogether. As he alone taught a large number of courses in the first year of studies,
the number of those who fled mathematics after attending a few of his classes was certainly not
small. He prepared some of his lectures in detail and there were moments when students left
his classes with radiant faces. The first step when drafting a seminar paper was to study foreign
sources, without which it was impossible to even conceive a seminar paper. Students thus began
to see that it was not talent but hard work that mattered most.

Jovan Karamata achieved global fame in 1930, when he found a short proof of the Har-
dy-Littlewood theorem published in his paper Uber die Hardy-Littlewoodsche Umkehrungen des
Abelschen Stdtigkeitssatzes. The paper had only two pages, but it caused perturbation in mathe-
matical circles and brought his author immediate world fame. It is very interesting to read Vo-
jislav Maric’s testimony of this: “When I was visiting St. Andrews University in Scotland, I was
introduced to the renowned mathematician Copson (E. T. Copson) from whose book many from
my generation studied the theory of functions of a complex variable. He said: “I have so far heard
of only one Yugoslav mathematician, Jovan Karamata. When I was studying under Hardy in the
1930s, I found him one day pacing nervously up and down his office. Without greeting me, and
visibly excited, he said: I got a letter from a young man from Belgrade who claims to have proven
the Hardy-Littlewood theorem on two pages only. That is simply impossible.” This Karamata’s paper
not only brought a new, short and extremely elegant proof of the famous theorem, but also a new
method that enabled many future results and applications.** Jovan Karamata set the cornerstone
of the theory of regularly varying functions and was the author of several important Tauberian
theorems. It was soon evident that these functions can successfully be applied in many branches
of mathematical analysis and in the probability theory, wherever not only the fact of convergence
itself is needed, but also other additional information.*6

He was elected corresponding member of the Yugoslav Academy of Sciences and Arts in
Zagreb, in 1933. The candidate report on Karamata was submitted on 20 February of the same
year by academician Vladimir Vari¢ak. In addition to a concise biography and the list of 37 pa-
pers published that far, the report also stated: “Though still young, our candidate, Dr Karamata,
is already a well-known and reputable person in the mathematical world” He became a corre-
sponding member of the Serbian Royal Academy in 1939, and a full member of the Department
of Sciences and Mathematics of the SASA in 1948. Karamata continued his university career in
Switzerland.

Jovan Karamata had 12 doctoral students, of whom nine in Belgrade, including Vojislav
Avakumovi¢, Miodrag Tomi¢, Slobodan Aljan¢i¢, Ranko Bojani¢, Vladeta Vuckovi¢, Bogoljub
Stankovi¢, Bogdan Bajsanski and others, and three in Geneva, the most famous being Ronald
Coifman, who is now a professor at Yale University. He has 170 papers (MR) published in the
area of Fourier analysis and in a number of other areas, as well as over 30 doctoral students.
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According to ZBL data, Vojislav Avakumovi¢ had 44 papers in the area of differential
equations, operational calculus, sequences, series and summability, Fourier analysis and other
areas of analysis. He had eight doctoral students, of whom six in Germany, including in particu-
lar Jochen Briining with 107 papers (MR) and five doctoral students, Helmut Neunzert with 32
papers (MR) and 40 doctoral students, and Manojlo Maravi¢ with 30 papers (MR) in the area of
Fourier analysis, Summability of Series and Ditferential Equations. Maravi¢ worked at the Uni-
versity of Sarajevo and had four doctoral students.

Miodrag Tomi¢ published 72 papers (MR) in the area of Fourier analysis, Ordinary Dif-
ferential Equations, Approximations, Special Functions and other areas of analysis. His papers on
the geometry of polynomials have been greatly appreciated and highly cited.

Slobodan Aljanci¢ defended his doctoral dissertation On Asymptotic Expansion of
A-Summable Linear Functionals in the Serbian Academy of Sciences on 10 January 1953 before
a commission made up of Jovan Karamata, Milutin Milankovi¢, Vojislav V. Miskovi¢, Radivoje
Ka$anin and Miodrag Tomi¢. He was elected corresponding member of the SASA in 1961, and
full member of the SASA in 1968. He published 50 papers (MR), the majority in the area of
Fourier analysis, sequences, series and summability and approximation theory, measure and in-
tegration theory, and special functions. In the 1957-1966 period, he published several auxiliary
textbooks in the complex function theory, real functions, introduction to functional analysis
and measures and integrations. He then published his most famous and influential textbook
Introduction to Real and Functional Analysis (Belgrade, 1968), which was renewed in the next
three editions. Aljanci¢’s book, which is an excellent textbook from the pedagogical point of view
as well, made an impact on the education of our mathematicians and represents a qualitative
leap relative to standard courses in analysis. Slobodan Aljanci¢ had 13 doctoral students, among
whom Milan Taskovi¢ and Dusan Adamovi¢ were the most successful. Taskovi¢ published 92,
and Adamovi¢ 32 papers (MR) in the area of mathematical analysis.

Ranko Bojani¢ and Bogdan Bajsanski continued their careers in the USA at Ohio State
University, and Vladeta Vuckovi¢ at the University of Notre Dame in Indiana, and they were
very successful. Ranko Bojani¢ had 67 publications (MR) in the area of Approximation Theory,
Fourier Analysis, Theory of Numbers, Partial Differential Equations, etc. One of his most suc-
cessful doctoral students, and there were nine of them, is Ronald DeVore, who today is member
of the American National Academy of Sciences and has 165 papers (MR) and seven doctoral
students. Vladeta Vuckovi¢ published 33 papers (MR) in the area of Mathematical Logic and
Summability of Series. Bogdan Baj$anski published 25 papers (MR) in the area of Approxima-
tion Theory, Fourier Analysis and Summability of Series. He was more committed to teaching
and had 11 doctoral students. In addition to Karamata, one of Bajsanski’s supervisors was also
Nikola Saltikov (Nikola Saltikov who in turn was the disciple of Vladimir A. Steklov and Alek-
sandr M. Lyapunov) who had five doctoral students, including Caslav Stanojevi¢ who continued
his career in America. Stanojevi¢ made an outstanding contribution to the development of Ser-
bian and Yugoslav mathematics by organising during the 1980s the famous Kupari Conferenc-
es, to which he gathered the most renowned global mathematicians of the time in the area of
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analysis, both from the East (Sergey Mikhailovich Nikolsky (Cepreit Muxaitnosua Hukonbckumit),
Oleg Vladimirovich Besov (Oner Bragumuposnu becos), Sergey Borisovich Stechkin (Cepreit
Bopucosnu Creukun), Boris Sergeevich Kashin (Bopuc Cepreesnu Kammn), Sergey Aleksan-
drovich Telyakovsky (Cepreit Anekcannposuy TenskoBckmii...)) and from the West (Walter Ru-
din, Ronald A. DeVore, Richard Askey...), as well as our mathematicians, especially of the young-
er generation [Milovanovi¢, 2013, 33-40].

The founder of Mathematical Analysis and Functional Analysis at the University of Novi
Sad was Bogoljub Stankovi¢. In addition to Karamata, Avakumovi¢ was also one of his super-
visors. Stankovi¢ had ten doctoral students, including Olga Hadzi¢, Danica Nikoli¢-Despotovic,
Endre Pap, Stevan Pilipovi¢, Dragoslav Herceg, Arpad Takaci, Purdica Takaci, and others. Stank-
ovi¢ published 163 scientific papers (MR), mostly in the area of Functional Analysis, Integral
Transformations, Operational Calculus, Ordinary, Partial and Integral Equations, Complex and
Special Functions, etc. He published the largest number of papers with Teodor Atanackovi¢ - 23
and Stevan Pilipovi¢ - 19.

Olga Hadzi¢ published 160 papers (MR) mostly in the area of Operator Theory, General
Topology, Differential Equations and Theory of Probability and Stochastic Processes, Danica
Nikoli¢-Despotovi¢ published 34 papers (MR) in the area of Operational Calculus and Func-
tional Analysis, while Edre Pap published 202 papers (MR), mostly in the area of Measures and
Integrations and Functional Analysis, and had seven doctoral students. Olga Hadzi¢ had four
doctoral students, engaging primarily in General Topology, Operator Theory and Probability
Theory and Stochastic Processes. They include: Mila Stojakovi¢ with 47 papers (MR), Ljiljana
Gaji¢ with 57 papers (MR) and Zoran D. Mitrovi¢ with 35 papers (MR), who works at the Uni-
versity of Banja Luka.

Stankovi¢’s most successful doctoral student and successor is Stevan Pilipovi¢, who has
so far published 352 papers (MR) in the area of Functional Analysis, Partial Differential Equa-
tions, Operator Theory and other areas of analysis, as well as several books and monographs. The
famous publisher John Wiley ¢ Sons, published in 2014 two monographs by T. M. Atanackovi¢,
S. Pilipovi¢, B. Stankovi¢ and D. Zorica under a general title Fractional calculus with applications
in mechanics and sub-titles Wave propagation, impact and variational principles and Vibrations
and diffusion processes. Pilipovi¢ continued the tradition of work with young associates and he
supervised 30 doctors of sciences. Dragoslav Herceg published 114 papers (MR) in the area of
Numerical Analysis and had 10 doctoral students. Arpad Takaci published 69 papers (MR) in
the area of Functional Analysis, Integral Transformations, Operational Calculus and Differential
Equations. Durdica Takaci had five doctoral students and published 48 papers (MR) in the area
of Integral Transformations, Operational Calculus, Differential Equations and Numerical Anal-
ysis. Stevan Pilipovi¢’s doctoral students include: Mirjana Stojanovi¢ with 83 papers (MR), who
unfortunately passed away prematurely, Marko Nedeljkov with 43 papers (MR) in the area of
Partial Differential Equations, Mirko Kosti¢ with 90 papers (MR) in the Operator Theory and
Differential and Integral Equations, Nenad Teofanov with 37 papers (MR) in the area of Func-
tional Analysis, Fourier Analysis and Operator Theory, etc.
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The doctoral students of Dragoslav Herceg engaged in numerical analysis, linear algebra
and optimisation: Ljiljana Cvetkovi¢ has so far had 87 papers (MR) and three doctoral students,
Natasa Kreji¢ - 51 papers (MR) and seven doctoral students, Zorana Luzanin — 18 papers (MR)
and four doctoral students, etc.

An exceptional student of Mihailo Petrovi¢, Dragoslav Mitrinovi¢ (Smederevo, 1908 -
Belgrade, 1995) obtained his PhD on 24 October 1933 in the area of differential equations, with
a doctoral dissertation entitled Investigations of an Important Differential Equation of the First Or-
der, before a commission made up of Mihailo Petrovi¢, Nikola Saltikov and Tadija Pejovi¢. From
1946 until his retirement in 1978, he worked as university professor in Skopje and Belgrade. He
was the member of the Macedonian Academy of Sciences and Arts since 1991. The bibliography
of Dragoslav Mitrinovi¢ has a total of 275 scientific papers and he has been cited 2310 times
(MR). In addition, he published 30 other professional papers, 17 monographs, 35 textbooks and
12 other books. He published his papers in the journals at home and abroad, while his books
and monographs were published by publishers in the country but also by the world famous pub-
lishers. He wrote mostly together with Pecari¢, Vasi¢, Pokovi¢ and Kecki¢. His main scientific
areas included differential equations, functional equations, inequality theory, complex variable
functions, special functions and a range of other areas of mathematical analysis.

Speaking of his prolific writing production, Radosav Dordevi¢ accurately noted: “All this,
without reprints, amounts to over 30,000 pages. The entire working life of Dragoslav Mitrinovi¢
lasted from 1931 until 1994, which is a total of 64 years, including 17 leap years. As this makes
up close to 25,000 days, together with all religious and different state holidays, it is easy to con-
clude that Dragoslav Mitrinovi¢, during 64 years, wrote on average more than one printed page
per day, or even three if we take into account the reprinted editions. Or still more, if we exclude
the five years of war [Milovanovi¢, 2000a].”

He did not like to travel much, but he always returned from Paris satisfied because dur-
ing his stay he had collected enough material for further research, for himself and for almost
each one of his associates, in the libraries of the Institut Henri Poincaré and the Ecole Normale
Supérieure. By government order, after World War II, he was designated to set up the department
of mathematics in Skopje. He was the supervisor of Blagoje Popov, the first doctor of sciences in
Macedonia. He transferred there the school of differential equations which has been maintained
to present day in Macedonia.

Upon his return to Belgrade, he became professor at the School of Electrical Engineering
and head of the department of mathematics. He expanded the area of differential equations to
include functional equations as well. Mitrinovi¢ set up three mathematical journals in Yugosla-
via and initiated the publishing of several mathematical editions in the country and abroad. He
established a school globally known as the Belgrade School of Functional Equations.

The most important Mitrinovi¢s works were certainly on inequalities in the area of
Mathematical Analysis. He considered many important classical inequalities including their gen-
eralisations. Especially, let us mention his work on the Steffensen inequality from 1969, as well as
a joint paper with P.M. Vasi¢ on an integral inequality ascribed to Wirtinger. In 1974, Mitrinovi¢

85



Fongmay, T ) T

Hn-th‘l‘l‘ﬂ

jrp,,, [ESCEL NP u&-’-‘?y'“"""ﬁ"%;
e e an sy = T o

O T T T e i
PR, of
; . “"‘"&_L,f_(e, J'

bag co x chmpn ko daparasay - fite oy Buise
e Bk ..a.&-.i-..r-lc.ﬁ;-hurt“
L;_M;ﬁ.'i? .-:?v.‘.-,,qr.n p&uh-‘rh‘hjﬁr
T e ol T K

ﬂlduﬂaj'ﬂh ﬁ-d'--rht L M"Ih'j
-f’." N Ao v o adtemuns ek,

By fin far puttese o L legpatng, . Hartn o oy
eam smy mant Bag WESemp, i q oy s les
e e e B o

A letter from Mihailo Petrovi¢

E i-"i"l-‘r'-‘l--. ﬂ"""- .,{'Eq.... . W r to Dragoslav Mitrinovi¢

and Vasi¢ published one important paper about the history, variations and generalisations of the
famous Chebyshev’s inequality, and the question of some priorities relating to this important in-
equality. As far back as in 1965, Mitrinovi¢ published the book Inequalities on 240 pages; it was
published by Nauc¢na knjiga, Belgrade, as part of an edition entitled: “Mathematical Methods in
Physics and Tehcnics.” Five years later, in 1970, a grandiose work appeared - Analytic Inequalities
published by Springer Verlag (Berlin — Heidelberg — New York).

Professor P. S. Bullen (University of British Columbia, Vancouver, Canada) wrote: “Dur-
ing his long and active life professor Mitrinovic not only did much original work in various
fields, although mainly in inequalities. In addition he became famous for research into the ob-
scure origins of many famous results. However his most abiding contribution are three. The
famous book, done with the collaboration of professor Vasic, “Analytic Inequalities” It is, af-
ter the classic “Inequalities” by Hardy, Littlewood and Pé6lya, the most referred to book in the
field of inequalities. He founded the journal Publikacije Elektrotehnickog Fakulteta Univerziteta u
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Beogradu, serija Matematika i Fizika, an essential tool for working in the field of inequalities,
and the almost complete run that I have is one of my most valuable possessions. Finally there
are many students professor Mitrinovic brought along and who are now carrying on his work all
over the world. It is no exaggeration to say that they are keeping him alive, and will continue to
do so for many years to come.”

The monograph Analytic Inequalities clearly had a very powerful impact both on the
development of this area in our country and globally. It is, certainly, one of the most referred to
mathematical books. Inequalities appear everywhere and have an important role in almost all
areas of mathematics and other sciences. Dragoslav Mitrinovi¢ used to say that equalities are rare
and are almost always an exception, even in everyday life, whereas the inequalities are always met
[Milovanovi¢, 2000b, p. 1-10]. The monograph Topics in Polynomials: Extremal Problems, Ine-
qualities, Zeros, written by G.V. Milovanovi¢, D. S. Mitrinovi¢ and Th. M. Rassias, and published
by the famous publisher World Scientific (Singapore — New Jersey — London - Hong Kong), con-
tains important results on the analysis of polynomials and their derivations.

Dragoslav Mitrinovi¢ organised a large-scale school of mathematics in Serbia and Mace-
donia. Under his supervision, 33 doctoral dissertations were written at the Universities in Skopje,
Belgrade, Nis, Pristina, Kragujevac and Sarajevo.

Blagoj Popov was his first doctoral student in 1952 in the area of Differential Equations
and the first to defend a doctoral dissertation in Macedonia, not only in mathematics, but in any
other area of science. Popov published 70 papers (MR) in the area of Special Functions, Differ-
ential Equations and Operational Calculus. Ivan Bandi¢ was Mitrinovi¢’s second doctoral student
(1958), also in the area of ordinary Differential Equations, while the third was Lazar Karadzi¢ the
same year. Bandi¢ published 47 and Karadzi¢ 30 papers (MR).

Mitrinovics first doctoral student in functional equations, Dragomir Dokovi¢, was one
of the most successful; he obtained his PhD in 1963, continued his career at the University of
Waterloo and had seven doctoral students. He published, according to MR, 333 publications. His
key areas were Combinatorics, Topological and Lie Groups and Algebra, Linear and Multilinear
Algebra, Difference and Functional Equations, etc.

Petar M. Vasi¢ obtained his PhD in the area of functional equations in 1963 and pub-
lished 122 papers (MR) in the area of real functions, inequality theory, functional equations
and special functions. Doctoral students in the same area included: Radosav Z. Dordevi¢ (1966)
with 19 papers (MR), Radovan R. Jani¢ (1968) with 53 papers and Ionel Stamate from Romania.
Vasi¢’s doctoral student Josip Pecari¢, who later worked mostly with Mitrinovi¢, left for Zagreb
in late 1980s, where he founded the school of inequalities. He published a vast number of papers
in the area of inequality (1193 papers according MR) and has so far had 18 doctoral students.

At the University of Skopje, under Mitrinovi¢’s supervision, Ilija Sapkarev obtained his
PhD (1964) in the area of differential equations, Dragan Dimitrovski (1968) - in the area of Gen-
eralized Analytic Functions and Zivko Madevski (1973) - in the area of Inequalities. Sapkarev
published 45 (MR) and Dimitrovski 117 papers (MR) in the area of Differential Equations and
Complex Variable Functions.
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Jovan Kecki¢ obtained his PhD in 1970 and had 115 papers according to MR. He en-
gaged in the area of ordinary and partial differential equations, difference and functional equa-
tions, complex variable functions, linear algebra, inequality theory, special functions, etc.

Drago$ Cvetkovi¢ obtained his PhD in 1971 in the area of Graph Theory and is the
founder of this area in our country. He has so far published 188 papers (MR) on Combinatorics,
Graph Theory and Operational Research, including several books. He introduced the spectral
graph theory and had three very successful doctoral students. Ivan Gutman works at the Faculty
of Sciences and Mathematics in Kragujevac and this is his second doctorate, in addition to one
in Chemistry. In the mathematical graph theory, Gutman published 536 papers (MR). Slobodan
Simi¢ has so far published 146 papers (MR), and Dragan Stevanovi¢ 112 papers (MR) and has
already had six doctoral students. Three monographs by Cvetkovi¢, P. Rowlinson and Simi¢ were
published by the famous publishing house Cambridge University Press: Eigenspaces of Graphs
(1997), Spectral Generalizations of Line Graphs. On graphs with least eigenvalue-2 (2004) and An
Introduction to the Theory of Graph Spectra (2010).

Mitrinovi¢’s doctoral students at the University of Ni§ include, among others, Ivan Lack-
ovi¢ (1975) with 39 papers in the area of Real Analysis, Gradimir Milovanovi¢ (1976) with 292
papers (MR) in the area of Numerical Analysis, Approximation Theory, Special and Orthogonal
Functions, and Real and Complex Analysis, Miomir Stankovi¢ (1979) with 57 papers (MR) in
the area of Special Functions and Numerical Analysis, Miodrag Petkovi¢ (1980) with 225 papers
(MR) in the area of Numerical and Interval Analysis (iterative methods for zeroes of polynomi-
als) and Igor Milovanovi¢ (1980) with 110 papers (MR) in the area of Real Functions, Inequality
Theory, Graph Theory and Computer Sciences. Lackovi¢’s doctoral student at the University of
Ni§ was Ljubisa Koci¢ (1980) with 78 papers (MR) in the area of Approximation Theory and
Numerical Analysis.

Gradimir Milovanovi¢ has 13 doctoral students.*’ In addition to the above monograph
Topics in Polynomials: Extremal Problems, Inequalities, Zeros (World Scientific, Singapore — New
Jersey — London - Hong Kong, 1994), the famous Springer publishing house published the book
Basic Theory and Applications he wrote with Giuseppe Mastroianni, while many generations of
students throughout former Yugoslavia studied from his three-volume textbook Numerical Anal-
ysis (Naucna knjiga, Beograd, 1985). Milovanovi¢’s successful doctoral students include Predrag
Stanimirovi¢, with nine doctoral students and 166 papers (MR) in the area of linear algebra, op-
timization and computer sciences, Ljiljana Petkovi¢ with 75 papers (MR), Miodrag Spalevi¢ with
59 papers (MR), Predrag Rajkovi¢ with 53 papers (MR), Aleksandar Cvetkovi¢ with 62 papers
(MR) and Marija Stani¢ with 37 papers (MR) in the area of Numerical Analysis and Approxi-
mation Theory, Nenad Caki¢ with 34 papers (MR) and Gospava Dordevi¢ with 28 papers (MR)
in the area of Special Functions and the Theory of Numbers. Today, they are all professors at
Universities in Ni$, Belgrade and Kragujevac.

Miodrag Petkovi¢ has so far had eight doctoral students, including Slobodan Trick-
ovi¢ with 34 papers (MR) and Jovana Dzuni¢ with 25 papers (MR). Petkovi¢ published a large
number of books and monographs, including in particular: Iterative methods for simultaneous
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Dragoslav S. Mitrinovi¢ Konstantin Orlov

inclusion of polynomial zeros (Lect. Notes Math., Springer, 1989), Complex interval arithmetic and
its applications (Wiley-VCH, 1998) (together with Lj. Petkovi¢), Multipoint methods for solving
nonlinear equations (Elsevier, 2013) (together with B. Neta, Lj. Petkovi¢ and J. DZuni¢).

Finally, the other three successful doctoral students of Mitrinovi¢ were: Dusan Slavi¢
(1975) with 29 papers (MR) in Numerical Analysis, Petar Lazov (1977) with 49 papers (MR)
in Ordinary Differential Equations and Vlajko Koci¢ (1981) with 63 papers (MR) in the area of
Difference, Functional and Differential Equations, who now works in the USA.

Konstantin Orlov (Ufa, Russia, 1907 - Belgrade, 1985), obtained his PhD in the area of
spectrum in 1934, before a commission comprising Mihailo Petrovi¢, Nikola Saltikov and Ta-
dija Pejovi¢. He published, according to MR, 52 papers. His fields of work included Numerical
Solution of Differential Equations, Ordinary and Partial Differential Equations, Spectrums and
Numerical Analysis. He was also one of the first teachers of programming. At his lectures, he
frequently expressed his view: “How much students learn is more important than how much
they are taught” He published two monographs, Finding a General Integral of Partial Equations
of the Second Order, That are Not Monge-Amperes, Serbian Academy of Sciences, Belgrade, 1948,
and Numerical Spectral Arithmetic and Algebra, Society of Mathematicians of Serbia, 1973 [Zoli¢,
1998]. Konstantin Orlov had nine doctoral students. They included Mihail Arsenovi¢, Petar
Madi¢, Ljubomir Proti¢, and the most successful of them - Bosko Jovanovi¢ with 12 doctoral
students. He published 148 papers (MR) in the area of numerical analysis and partial differential
equations. His most successful doctoral student is Endre Siili, professor at Oxford University.
He published 160 papers (MR) and had 25 doctoral students. Bosko Jovanovi¢ and Endre Siili
published a noted monograph entitled Analysis of finite difference schemes for linear partial dif-
ferential equations with generalized solutions (Springer, London, 2014).

As it is shown previously, Mihailo Petrovi¢ transmitted his knowledge to younger gen-
erations of mathematicians. He did not restrict their work only to those areas in which he

89



himself worked, but enabled them to expand their scientific ideas further. Mihailo Petrovi¢ was
the founder of the Serbian School of Mathematics and the teacher of an entire generation of our
mathematicians. Though in late 19" century there were six doctors of sciences in Serbia, the
development of our mathematical science began with the appointment of Mihailo Petrovi¢ at the
Grand School. Scientific work was assigned special value, but also the assurance that it must be
evaluated by European norms. At that time, Petrovi¢ brought experience and knowledge from
Paris, the renowned centre of world mathematics where he received his PhD. The French school
of mathematics was at the forefront of mathematical teaching of the time, not only because of its
professors but also because of their disciples who spread the knowledge further on in the world.
The transmission of this experience to Belgrade meant a lot for our country. This was happening
at a time when the Grand School was being transformed into a University. The flourishing of
new ideas in Belgrade led to a real progress of science.

It is clear from the above scientific and teaching activities that Petrovi¢’s school of math-
ematics expanded to include the entire Serbia, Macedonia, Zagreb, Sarajevo and some other cen-
tres. Many of his students left to work abroad - in America, Germany, Switzerland, etc. Hence
this impact was allowed to spread beyond the borders of former Yugoslavia. All the centres set
up fruitful, mutually beneficial cooperation with some developed centres abroad. Our mathema-
ticians are often plenary speakers at important international conventions. Mathematicians from
the other places came to Serbia, including Anton Bilimovi¢ and Nikola Saltikov from Russia and
Duro Kurepa from Zagreb. In Belgrade, Kurepa developed new areas of work. Our researchers,
particularly young ones, travelled abroad for further education and acquired new knowledge.
Some of them returned to the country and continued here their further scientific activities. A
number of prolific mathematicians did not return, but they contributed to the expansion and
development of mathematical ideas in global centres and have maintained ties and contacts with
colleagues in Serbia.

Finally, it is important to highlight the role of the Mathematical Institute SASA which,
throughout this period, and in the past three decades in particular, has, in its own specific way,
taken care of the unique mathematical area of Serbia, bringing together mathematicians from
all the centres to participate in joint projects grouped by scientific area. In addition to the tradi-
tional areas, new contemporary areas of work are introduced, with the involvement of primarily
younger associates.

Finally, another novelty in the past years is the Doctoral School at the level of Serbia,
endorsed by relevant state institutions from Novi Sad, Ni§, Kragujevac, Belgrade and Novi Pazar,
including the Mathematical Institute SASA.

The Shanghai list*8 is one of the criteria for assessing our mathematical school, which
has evidently risen to a significant and respectable level globally. Four state universities in Serbia
(in Belgrade, Novi Sad, Ni$ and Kragujevac) were included in the prestigious Shanghai list in the
area of mathematics, published each year by the Jiao Tong University from Shanghai, and this
is one of the most influential lists ranking the best universities in the world. The criteria taken
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into account include, among some other things, the number of winners of the Nobel Prize and
of Fields medals among university alumni or staff, the number and quality of scientific papers.
On the top of the list are Princeton, Paris, Stanford, Oxford, New York, MIT, Cambridge, etc.
The above universities in Serbia are ranked among top 500 in the area of mathematics, and this
success is based exclusively on the number and quality of scientific papers in referential interna-
tional journals. This is the result of development of the Serbian School of Mathematics which,
as has already been said in the Introduction, does not include only those who are genealogically
connected with Mihailo Petrovi¢, though their number is dominant.

In today’s Serbia, there are mathematicians committed to teaching, to writing good
mathematical textbooks, to producing prestigious scientific papers and publications. Their en-
thusiasm, their commitment and their work stand witness to future development of the Serbian
School of Mathematics.
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PEDAGOGICAL WORK
OF MIHAILO PETROVIC*

Vojislav ANDRIC
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“Serene, silent, modest, humanly sim-
ple, superhumanly endowed, Mihailo
Petrovi¢ was one of the greatest sons
of our nation.”

Milutin Milankovié¢

Various ranking lists with one hundred best, greatest, most im-
portant or most influential persons are often prepared across the world.
Of course, such choices are invariably somewhat disputable and par-
tially biased, depending on the authors making such lists. One thing,
however, is certain — the list of the leading and most important Serbi-
an scientists, greatest mathematicians, the most versatile and unusual
people, and the list of one hundred most important historical figures
among the Serbs of all time will certainly contain the name of Mihailo
Petrovi¢ Alas - a man who significantly marked the time in which he
lived and enriched the culture of our people with his prolific work in a
large number of disciplines.

Even a fragmentary study of the work of Mihailo Petrovi¢ makes
every researcher convinced that he was an outstanding person, teacher
and scientist. Just as his entire life and work were marked by incredible
and unusual versatility, his pedagogical work was also characterised by

* I dedicate this work to late professor dr Dragan Trifunovi¢, who did the most to shed
light on the interesting and dynamic life of Mihailo Petrovi¢, his versatile personality
and enormous contributions to the history and culture of our people.




many significant contributions to the future of our peo-
ple and civilisation in general.

Of around twenty areas of mathematics and nu-
merous disciplines outside of mathematics that Mihailo
Petrovi¢ Alas successfully dealt with, mathematical sci-
ence and teaching of mathematics are certainly among
the most important, all the more so as the majority of
scientists — teachers find it hard to say where teaching
stops and science starts, because successful professional
and teaching activity implies primarily a high degree of
scientific expertise and a solid mathematical apparatus,
including didactical skills of the lecturer.

The aim of this article is to elucidate the peda-
gogical work of Mihailo Petrovi¢ Alas and his indirect
and direct contribution to the development of the teach-
ing of mathematics in Serbia and the world, in his time
and later, when the implications of his work became ful-
ly manifest in Serbia and Yugoslavia.



Mihailo Petrovi¢'s portrait, a drawing from
“Mihailo Petrovi¢ Alas” Primary School

TEACHING

Mihailo Petrovi¢’s pedagogical work deserves to be elucidated from all aspects, most
notably his teaching efforts, the courses he taught, his direct influence on the creation of the Bel-
grade Mathematical School, contributions to the progress of several generations of his students
and doctors of science in the fields of teaching and science, and the promotion of mathematics
in Serbia and the region.

Very young, aged only 26, Mihailo Petrovi¢ became a full professor at the Faculty of Phi-
losophy of the Belgrade Great School.#° In the academic 1894/95 year, he taught mathematical
analysis at the Natural-Sciences Department of the Faculty of Philosophy. The documents avail-
able to us show that professors at higher educational institutions were at the time obliged to take
an oath. Newly elected professors would also be received in audience with the ruler.#’

In the June term of 1895, Mihailo Petrovi¢ had an exam in mathematical analysis and
in the academic 1895/96 year, he taught mathematics II and III at the Faculty of Philosophy and
Technical Sciences of the Great School. In this period, Mihailo Petrovi¢ often presided at exams
of his other colleagues, particularly Bogdan Gavrilovi¢, and at exams in physics, including even
the French language. From 1905 to 1909 (when Milutin Milankovi¢ was engaged to teach at the
Applied Mathematics Department)*’, Mihailo Petrovi¢ was the only professor of mathematics
at the Faculty of Philosophy and, together with Bogdan Gavrilovi¢, the only mathematician at
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the Great School. At the time, following the model of French university studies of mathematics,
Petrovi¢ began to teach his specialised mathematical courses.

It is worth noting that the rule on the limited number of teachers*® was in force at the
Great School at the time. It was only in 1912 that professor Mladen Beri¢ was received as the
first associate to Mihailo Petrovi¢. Later, after World War I, the Mathematics Department was
systematically reinforced. Teaching professors were Anton Bilimovi¢, Nikola Saltikov, Radivoj
Kas$anin, Jovan Karamata and others.

Mihailo Petrovi¢ loved his teaching profession and dedicated to it a lot of time during
his professional career (formally 44 years: from 1894 to 1938). His lectures were simple and
appealing to students. The following quotation speaks volumes about him as a lecturer and ped-
agogue, who always held a piece of chalk: “His school produced forty classes of mathematicians,
all of whom cherished and still cherish undivided respect and esteem towards their professor,
who instilled them with knowledge at his versatile courses in mathematical analysis, which were
presented with ease and reflected his deep thought and virtuosity of teaching. He gladly received,
invited and taught everyone who showed interest in mathematics. He wanted to unselfishly de-

vote himself to teaching and science in our country.”>®

At the start of his professorship, Mihailo Petrovi¢ was considered someone with a very
strict grading criterion. The highest mark (five) was very rare, with a half of students often
referred to the following teaching terms. Such criterion considerably differed from the hitherto
practice and significantly encouraged students of mathematics and technical sciences to pre-
pare themselves more systematically for the exams in mathematics and mathematical scienc-
es.’! Mihailo Petrovi¢ remained strict primarily towards himself and then towards others until
the end of his life.

Petrovi¢ was a sincere and eager devotee to science in general, particularly mathematical
and natural sciences. His biographers mention his great interest in all areas of mathematics and
some restraint in terms of the contents of geometries and probability theories. In the course of
his 44-year long career of a full professor at the Great School and University of Belgrade (from
1894 to 1938) and an honorary professor (from his retirement until April 1941), Mihailo Petrovi¢
taught a number of regular and specialised courses: analytic geometry in plane and space, higher
algebra, differential and integral calculus, geometrical application of the theory of differential
equations, calculation with numerical intervals, infinite order theory, elliptic functions, partial
differential equations in mathematics and physics, second-order linear differential equation and
its application, qualitative integration of differential equations, integration of differential equa-
tions by use of series, analytical problems for interpretation, theory of errors, theory of analytical
functions, elements of mathematical phenomenology>2.

The range of areas and disciplines taught by Mihailo Petrovi¢ best testifies to his mathe-
matical knowledge, and creative and teaching originality as many of the above courses were not
classical, but were based on Petrovi¢’s long-lasting teaching and research work and innovations
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Jovan Karamata (1902-1967) Tadija Pejovi¢ (1892-1982) Dragoslav Mitrinovi¢ (1908-1995)

that he continuously introduced in his lectures, based on his papers and papers published in for-
eign journals. Petrovi¢’s courses were simple, short, concise and methodologically well-designed,
without any exaggeration in content.>® Lecture notes followed each of the above courses, to assist
students in learning.>*

Mihailo Petrovi¢ carefully followed, detected and supported his best students. After
completing the studies of mathematics at the Belgrade Faculty of Philosophy, his students
would most often be referred to Belgrade gymnasiums as teachers of mathematics, while the
best ones were engaged as assistants at the University. In the 1912-1938 period, eleven math-
ematicians defended their doctoral theses before Mihailo Petrovi¢. In the decades before and
after World War II, these mathematicians, together with their students and associates, played
a great role in the development of mathematical science and the teaching of mathematics in
Serbia and Yugoslavia.

Mihailo Petrovi¢’s doctoral students were the following (by order of gaining the doc-
toral title): Mladen Beri¢ (1912), Sima Markovi¢ (1913), Tadija Pejovi¢ (1923), Radivoj Kasanin
(1924), Jovan Karamata (1926), Milo§ Radojici¢ (1928), Dragoslav Mitrinovi¢ (1933), Konstantin
Orlov (1934), Danilo Mihnjevi¢ (1934), Petar Muzen (1937), Dragoljub Markovi¢ (1938).

The analysis of the available databases shows that as much as it is important to observe
the doctoral students of Mihailo Petrovi¢, so much it is important to analyse their students
who continued their professors’ curricular, extra-curricular and scientific activities. Mihailo
Petrovi¢ currently has close to nine hundred mathematical “successors” given that his doc-
toral students, following in the footsteps of their professor, aimed to leave behind themselves
numerous successors of their work and ideas. The most prolific in “producing” the scientific
offspring were Jovan Karamata (12 doctoral students and 480 successors), Tadija Pejovi¢ (17
doctoral students and 193 successors) and Dragoslav Mitrinovi¢ (33 doctoral students and 120
successors).”>
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Although some connoisseurs of Mihailo Petrovi¢’s life
and work are sceptical in terms of the scientific formation and
continuous instruction of younger colleagues, there is no disput-
ing that Mihailo Petrovig, his closest associates Bogdan Gavrilovi¢
and Milutin Milankovié, and his doctoral students and closest as-
sociates after the Great War, contributed the most to the creation
and development of the institution designated in the history of
our science as the Belgrade Mathematical School.

It is considered that the formal beginnings of the Bel-
grade Mathematical School date to the time when the first doc-
toral student of Mihailo Petrovi¢ — Mladen Beri¢ began to work
at the University of Belgrade. Beri¢ defended his doctoral dis-
sertation in May 1912 before a committee consisting of Mihailo
Petrovi¢ and Milutin Milankovié.”®

However, equally important for the functioning and
activity of the Belgrade Mathematical School was the arrival
of professor Milutin Milankovi¢ to Belgrade University (the
Applied Mathematics Department - 1909), Anton Bilimovi¢
(1920) and Nikolaj Saltikov (1921). In the third decade of last
century, a team of highly capable mathematicians and applied
mathematicians gathered around Mihailo Petrovi¢. They initi-
ated many useful mathematical activities such as: replenishing
the university mathematical library, set up by Mihailo Petro-
vi¢, writing quality secondary-school textbooks, launching the
Mathematical Journal etc., which will be elaborated in more de-
tail hereinafter.>

Furthermore, the Belgrade Mathematical School was the
precursor of the membership of our mathematicians in interna-
tional mathematical associations. In late 1921, upon the order
of the Serbian Royal Academy, Mihailo Petrovi¢ and Bogdan
Gavrilovi¢ wrote a report, proposing and recommending that the
National Section of the International Mathematical Union (IMU)
be established within the Professorial Society.>”



One of the most important contributions of the Bel-
grade Mathematical School was certainly the initiation of
the mathematical journal in foreign languages — Publication
mathematiques de I'Université de Belgrade. Upon the initiative
of Mihailo Petrovi¢ and Milutin Milankovi¢, the journal was
established in 1932 to help interested mathematicians actively
involved in research in the fields of mathematics and applied
mathematics to publish their results. Until 1941, seven issues
were published. The journal was, in fact, the gazette of the Bel-
grade Mathematical School. Owing to it, our mathematicians
could present themselves, individually and collectively, to the
international mathematical public®®.

The journal continued to be published in 1947 under the
title: Publications de I'Institut Mathématique (nouvelle serie). It is
issued twice a year by the Mathematical Institute of the Serbian
Academy of Sciences and Arts in Belgrade®®. The new journal
series has been published since 1961. The journal accepts papers
of Serbian and foreign mathematicians. The main language is
English. Papers in French, Russian and German are also accept-
ed. The journal is one of the leading Serbian scientific journals
in the field of mathematics and enjoys considerable reputation in
the country and the world. It has a wide range of associates and
a respectable editorial board.

“Mihailo Petrovi¢ rejoiced in his students’ scientific suc-
cess and did not impose upon them fields of research”®® He was
very circumspect and modest, never aiming to ascribe to himself
the success and results of his associates, while at the same time
not restraining himself from putting everyone in their place.
Quite illustrative is his answer to journalist Krsto Cicvari¢, pub-
lished in the Politika daily on 24 June 1921 - Alas wrote that
Cicvari¢ was not competent enough to assess (or even praise)
him and his colleagues, some of whom did a lot for science and
whom he (Alas) particularly esteemed and loved.®!




Cover pages of other publications of Mihailo Petrovi¢'s textbooks

TEXTBOOKS AND LECTURE NOTES OF MIHAILO PETROVIC

It is known, and has already been highlighted in this article, that materials supporting
the mathematical courses taught by Mihailo Petrovi¢ were mainly sheets (lecture notes). Unlike
his colleague Bogdan Gavrilovi¢, he long resisted the writing of a textbook.

In the period from 1909 until the end of Petrovi¢’s professorial career, his courses
were supported by lithographic sheets (lecture notes). The notes were designed in the fol-
lowing way: students would take detailed notes at Petrovi¢’s courses and submit them to
Petrovi¢ for analysis. He systematically inspected the notes and approved them for lithogra-
phy (copying). The year 1924 was important as the notes for six Petrovi¢’s courses were lith-
ographed. From 1925 to 1930, the notes for all 15 mathematical courses taught by Mihailo
Petrovi¢ were issued. Unlike the previous ones, these notes were authorised and, in technical
terms, the format of hand-written sheets was abandoned, with the text now taking the shape
of typewritten books.%?

The notes were divided into chapters. Within each chapter, Mihailo Petrovi¢ present-
ed theory for each thematic unit (definitions, theorems with evidence), which was followed
by solved examples and a significant number of tasks methodologically ranked from simpler
to more difficult. In regard to theory, Petrovi¢ referred students in his notes to literature

with detailed evidence, and in regard to tasks he referred them to more in-depth collections
of tasks.6!
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By the end of his career and life, Mihailo Petrovi¢ “yield-
ed” and wrote several textbooks: Calculation with Numerical In-
tervals (1932), Elliptic Functions (1937) and Integration of Differ-
ential Equations by Use of Series (1938). Just like some of con-
noisseurs of his works, he considered his seminal work Elements
of Mathematical Phenomenology from 1911 to be a textbook.6!

In April 1932, Mihailo Petrovi¢’s textbook Calculation
with Numerical Intervals was published, containing 193 + II pag-
es, in 15.9 x 23.7 format.®! The textbook was published by the
Endowment of Luka Celovi¢ Trebinjac within the series “Lec-
tures at Belgrade University”, most probably in 500 copies.®!
Some mathematicians believe that this textbook has all features
of a monograph, though this cannot be reliably claimed given
the absence of the bibliography of works.

In 1937, Petrovi¢s textbook Elliptic Functions was also
published within the series “Lectures at Belgrade University”, by
the Endowment of Luka Celovi¢ Trebinjac, in 128 + III pages,
15.9 x 23.7 format.®® It is interesting that students, not knowing
that professor Petrovi¢ was working on the textbook, prepared
and published the new issue of lecture notes on the same topic.
It is noteworthy that a significant role in preparing the textbook
was played by Petrovi¢’s doctoral students and associates Drago-
slav S. Mitrinovi¢, who carried out detailed proofreading, and
Milo$ Radoj¢i¢, who made the final review, together with his
professor.

Already the following, 1938 year, the textbook Integra-
tion of Differential Equations by Use of Series was also printed,
again by the Endowment of Luka Celovi¢ Trebinjac, within the
same series®. It had 219 pages, 15.2 x 23.3 format.

These three textbooks of Mihailo Petrovi¢ were pub-
lished three times (“Nauc¢na knjiga”) in 1969, as part of the pro-
gramme to mark the 100" anniversary of the birth of this great
mathematician. Dragoslav S. Mitrinovi¢ initiated the publication
of the second issue of these textbooks. A significant contribution
was also provided by dr Milorad Bertolino and dr Petar Vasi¢,
who did the editing. In a succinct foreword, the editors gave the
most necessary information about the interventions that they
carefully carried out.®

QHOEPEHLHIAITHE
JEITHAYHHE
NPYTH JEO

MHXAHKJIO
[IETPOBHR

Cover page of Differential
equations, pt. II, The Collected
Works, Book 2 (Digital legacy of
Mihailo Petrovi¢)
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The third issue of Mihailo Petrovi¢’s textbooks was published within the seminal project
The Collected Works of Mihailo Petrovi¢: book 8 - Interval Mathematics — Differential Algorithm
and book 9 - Elliptic Functions - Integration by Use of Series, prepared by dr Dragan Trifuno-
vi¢ and dr Zoran Kadelburg. In addition to the prepared texts of Mihailo Petrovi¢s textbooks,
both books contain detailed forewords which systematically and highly illustratively elucidate
the most important details concerning the publication of the three textbooks.®®

The 15 books of The Collected Works of Mihailo Petrovi¢ were published owing to the In-
stitute for Textbook Publishing and Teaching Aids in Belgrade and its then director dr Dobrosav
Bjeleti¢, as well as thanks to dr Dragan Trifunovi¢ who was a tireless guardian of the personality
and work of Mihailo Petrovi¢, and the Faculty of Mathematics in Belgrade, Society of Mathema-
ticians of Serbia, and editors and members of the Editorial Board.%”
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Anton Bilimovi¢ (1879-1970) Nikola Saltikov (1872-1961)

MODERNISATION OF CURRICULA

Mihailo Petrovi¢ actively worked on upgrading the mathematics curricula at all levels, as
illustrated by the following:

At the Fourth International Congress of Mathematicians in Rome from 6 to 11 April
1908, the decision was made to reach - through the comparative analysis of mathematics
curricula in participating countries — a single curriculum to be applied in countries wishing
to introduce it.%% A working group was set up, led by well-known professor of Géttingen Uni-
versity Felix Klein. The group was to establish the International Commission on Mathematical
Instruction (ICMI). Mihailo Petrovi¢ informed in detail professors of mathematics in Serbia
about the events that followed in his inspired text “The International Commission on Math-
ematical Instruction” published in Prosvetni glasnik (Educational Gazette) in 1913%. The text
shows that the International Commission had 43 full members from 25 countries of Europe,
America, Asia and Australia. Our delegate was Mihailo Petrovi¢®®. The members of the Com-
mission were respectable world mathematicians. Mihailo Petrovi¢ informed his colleagues
about the Commission’s meetings in Brussels in August 1910, Milan in September 1911, and
Cambridge in August 1912.
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The International Commission on Mathematical Instruction focused on two issues:
a) systematic presentation of mathematics and its disciplines in secondary schools and b)
theoretical and practical courses in mathematics for students of physical and natural scienc-
es. Based on voluminous material obtained, Mihailo Petrovi¢ forecast the direction of cours-
es in mathematics in the period to come (after 1913). For the sake of comparison with the
present-day situation in teaching of mathematics in the country and the world, Petrovic’s
“indications” are worth quoting: “an impetus should be lent to intuition and experiment in
lower and medium-level teaching, with the least amount of formalistic elements; a purely
practical, utilitarian character will be given to mathematics as the main auxiliary element
in expert teaching; while a purely logical direction will be pursued in higher-level teaching,
where mathematics is to be taught for the sake of itself, regardless of its role in other areas

of knowledge” 70

Mihailo Petrovi¢ then gives a short overview of the most important achievements in the
teaching of mathematics in the world. He mentions British mathematics laboratories and text-
books focusing on clarity and intuition, the interest of teachers across Europe in reforming the
teaching of mathematics (he mentions Germany and Romania as examples), and expresses his
personal enthusiasm that all this took place spontaneously, without any official intervention”®.
He also mentions the partially designed Bibliography of Mathematical Teaching, which contained
around 2000 titles, classified by content and type of school. Mihailo Petrovi¢ sincerely hoped
that the reform movement of mathematical teaching would inevitably engulf Serbia and that the
educational authorities in Serbia had to show interest in the project. He called upon the teachers
of mathematics in Serbia to study the material of around 300 papers printed in 160 issues, and
organise a national subcommittee of the ICMIL.7°

Of course, Mihailo Petrovié’s interest in this area was not limited to mere statements and
observations. As was typical of him, he always actively participated in everything, writing papers
in which he showed his interests and put forward interesting proposals for the introduction of
elements of differential and integral calculus in mathematics curricula in second-level secondary
schools.”!

The International Commission on Mathematical Instruction was particularly active until
World War I, but went into a decline between the two world wars, exerting no influence on the
teaching of mathematics.”? This, however, did not prevent Mihailo Petrovi¢ and his associates
from advancing the teaching of mathematics in Serbia. In 1926, the Mathematical Club was
created in Belgrade, led by Anton Bilimovi¢. In 1937, the Yugoslav Mathematical Society was
established (the precursor of today’s Society of Mathematicians of Serbia), led by Tadija Pejovic.
The Society gathered around 100 eminent mathematicians and physicists from Belgrade, Zagreb
and Ljubljana. Its work was interrupted by World War I1.73
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POPULARISATION OF MATHEMATICS

Real pedagogues in mathematics differ from those who are not
so as they present mathematics by showing all its beauties and numer-
ous applications, trying to popularise mathematics as much as possible,
and give it an appropriate, significant place in the educational system. In
addition to popularising mathematics among his students, post-graduate
students, teachers and associates, Mihailo Petrovi¢ played an important
role in many other activities aimed at familiarising the public with math-
ematics and pointing out the great importance of mathematics for civili-
sational development in general.

As he was an avid reader from his early childhood, Mihailo Pet-
rovi¢ knew well what literature meant for the development of a science.
As soon as he arrived in the Great School, he began to create a library.?>
Just before the foundation of the University of Belgrade, libraries were
created at other departments as well. The first official data on the Math-
ematical Library of the Faculty of Philosophy of the Great School date to
1902. Judging by the then established inventory book of the Mathemat-
ical Cabinet, the library had over 300 titles. Until the inventory num-
ber 100, the library was led by Bogdan Gavrilovi¢, with Mihailo Petrovi¢
taking the lead later on. Gavrilovi¢ and Petrovi¢ obtained mathematical
literature through libraries in Belgrade, Paris and Vienna. The notes at
the end of each inventory book suggest that they were carefully replen-
ishing the library fund with books on elementary mathematics, applied
mathematics, the history and philosophy of mathematics, analytical and
higher geometry, higher algebra etc. Between the two wars, Mihailo Pet-
rovi¢ and his associates carefully and continuously replenished the li-
brary, which was therefore very well equipped. In his lecture notes and
textbooks, Mihailo Petrovi¢ recommended to his students to use the nu-
merous books and collections from the library in order to deepen and
broaden their knowledge. Unfortunately, the mathematical library and
many other important documents concerning the work of this great sci-
entist and his associates did not survive the war as they were burnt to
ashes in the fire of 18 October 1944.74

Mihailo Petrovi¢ was also aware of the fact that “high” science
had to be presented to pupils and students in a popular way, and that
the University and the Academy of Sciences had to be constantly inter-
ested in mathematics curricula in primary and secondary schools. The
mathematical literature between the two wars thus contains a number
of articles that Mika Alas wrote for secondary school students, their




teachers and fans of mathematics in Serbia.”> It is in this regard that we can observe three
types of Petrovi¢’s contributions: articles — appendices to secondary-school mathematical text-
books, interesting popular texts in journals, and support to the publication of relevant math-
ematical literature.

Young mathematicians and teachers of mathematics certainly still find topical Petrovi¢’s
articles: “Real and Illusory Geometric Impossibilities” (1937)7>76, “Wrong Geometric Conclu-
sions from a Carelessly Drawn Picture” (1938)7>76, “Interesting Details in the Application of
the Pythagoras’ Rule” (1939)7>76, “Indeterminate, Impossible and Incompletely Defined Plani-
metry Tasks” (1940)7>76 and “Falseness of the Eye in Comparing Straight Lines and Surfaces”
(1940)7>76, All these articles were published between 1937 and 1940 as annexes to textbooks on
mathematics, i.e. geometry for the second, third, fourth, fifth and first year (in order of publi-
cation) of secondary school. The authors of these textbooks were Anton Bilimovi¢ and Tatomir
Andeli¢. It is worth noting that Petrovics article “Stereometric Inequalities” was written in 1941
for the geometry textbook for the fourth grade (the textbook was not printed due to the war) and
published only in 1953.7>76

Mihailo Petrovi¢ wrote similar articles in the most widely read journals for teachers
of his time: Nastavnik (Teacher), Glasnik profesorskog drustva (Gazette of Professorial Society),
Srpski knjizevni glasnik (Serbian Literary Gazette), Zbornik radova Akademije nauka (Collection
of Works of the Academy of Sciences) or other foreign journals. Particularly interesting are his
articles “Absolute and Restrictive Mathematical Impossibilities” (1914)7>76, “A° Question from
Logarithm Teaching” (1928) 7>76, “Squaring the Circle and Angle Trisection Before the Parisian
Academy of Sciences” (1928)7>7¢, “Mathematicians’ Errors” (1933)7>76, “Squaring the Circle”
(1938)7>76,

We wish to particularly highlight the article “About the Dependencies Among Magni-
tudes in Tasks”, published by Petrovi¢ in 1932 in Matematicki list za srednju skolu (Mathematical
Paper for Secondary School) (No 3-4, p. 37-44)77. The article is rather interesting — diminished
caution in formulating tasks often leads to errors arising from the lack of knowledge about de-
pendencies among magnitudes in tasks, so that the characteristics of mathematical objects are
sought, which, with the defined characteristics, in fact do not exist.”” It is also worth noting that
the owner and editor of Matematicki list was one of Petrovi¢’s students and closest associates —
Jovan Karamata, and that the journal had a Yugoslav editorial board.”®

All the stated, and other non-stated articles’, were written in a simple, popular, com-
prehensible language and with an acceptable style. The themes of all enumerated articles were
obviously very useful, very carefully chosen, highly interesting and topical, and largely interest-
ing still today as part of the general mathematical culture of every young person. We shall give
only one, but a very characteristic example. If some journalists had read Petrovi¢’s texts about the
squaring of the circle or angle trisection, as his students did, it would have never crossed their
minds to write in our daily with high circulation the truly “sensational” news: “A professor from

Uzice defeats Gauss and Descartes with his compasses and ruler”30
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MIHAILO PETROVIC’S OTHER
PEDAGOGICAL CONTRIBUTIONS

Mihailo Petrovi¢ was also active in other areas of
pedagogical research. It seems he was a man on whom the
then Ministry of Education and Church Affairs could always
count, regardless of whether he was entrusted with tasks in
Belgrade or the interior.

For a number of years, he was a member of the pro-
fessorial exams committee. The first time, already in 1895, he
and Bogdan Gavrilovi¢ had five candidates®!. Somewhat later,
in 1913, Mihailo Petrovi¢ was elected a member of the stand-
ing professorial exams committee with a four-year mandate.
The importance attached to professorial exams at the time
in Serbia is best seen in the composition of the committee,
which also consisted of Pavle Popovi¢, Jovan Skerli¢, Aleksan-
dar Beli¢, Jovan Cviji¢, Bogdan Gavrilovi¢, Sima Lozani¢ and
other distinguished professors of the University3!.

Today, when many doubt the validity of the future
national maturity exam, highly relevant is the fact that Mi-
hailo Petrovi¢ was also a member of committees supervising
final exams in Serbian gymnasiums such as the First Belgrade
Gymnasium (1896, 1898)8!, Gymnasium in Kragujevac (1900,
1906)%!, Gymnasium in Ni$ (1902)8!, Gymnasium in Jagodina
(1906)31, Second Belgrade Gymnasium (1908)3!. In terms of
our present-day national maturity exam, it must be empha-
sised that back in 1902 Mihailo Petrovi¢, owing to his expe-
rience in maturity exams in gymnasiums (which he praised),
believed that only those students who passed the maturity
exam could enrol in the University, as such exam was the best
reflection of their actual knowledge®!.

Mihailo Petrovi¢ was a member of the Main Edu-
cation Council of the Ministry of Education on several oc-
casions (1896, 1898, 1900)8!, and served as its president in
the 1909-1910 period®!. As the Council’s member and presi-
dent, he could more decisively influence the development of
the teaching of mathematics in secondary schools (curricula,
textbook reviews etc.).

Handwritten notes and comments of Mihailo Petrovi¢ for one
of his works (Society “Adligat”)
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Mihailo Petrovi¢ was occasionally appointed the supervisor in secondary schools (aca-
demic years of 1897/98, 1909/10 - the Third Belgrade Gymnasium)3!, which seems to have been
a good practice. This method could be implemented today as well since the engagement of the
most renowned university professors could significantly improve the cooperation between sec-
ondary schools and universities, and enable continuous monitoring, at least partial supervision
of the work of schools, better understanding of their work, and greater possibility to upgrade all
activities in schools.

It is worth noting that Mihailo Petrovi¢ also discharged several important functions at
the University of Belgrade. He was the dean of the Faculty of Philosophy from 1908 to 190932,
and its vice-dean three times - from 1909 to 191382, He was proposed to be the rector of the
University of Belgrade several times, but he refused these offers for the reasons of personal and
political nature (although he never dealt with politics), which are not related to teaching or sci-
entific factors®2.

The pedagogical contributions of Mihailo Petrovi¢ can be elaborated in even more de-
tail since he exerted an undoubtable influence on the establishment of the Council of Yugoslav
Students of Mathematics (1927)%2, formation of general staff officers in the area of code work
(he wrote the textbook Cryptography in 1928)82 and the establishment of the Department for
Geometry (1930).82

At the end of this chapter, it should be noted that Petrovi¢’s pedagogical achievements
were not related to Serbia only as his teaching influence went beyond the borders of our country.
The most typical example is that from 1928, when Petrovi¢ was a guest lecturer during a summer
term at Paris University, holding a one-term course on mathematical spectres.®?
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INFLUENCE OF MIHAILO PETROVIC’S PEDAGOGICAL WORK
ON PRESENT-DAY TEACHING CIRCUMSTANCES IN SERBIA

The influence of Mihailo Petrovic’s scientific work on the present-day teaching practice
in Serbia is doubtless significant. Petrovic’s greatest pedagogical achievement were his students.
After World War II, his closest associates and followers did a lot for the development of math-
ematical science and teaching in Serbia and Yugoslavia. Several hundred mathematicians who
are direct successors of Mihailo Petrovi¢ work today in Serbia, at universities, institutes and
schools, carrying out the most important teaching and scientific duties in the Serbian Academy
of Sciences and Arts, Mathematical Institute, Society of Mathematicians of Serbia, universities
and faculties, Mathematical Gymnasium and other institutions. Also important for present-day
mathematics in Serbia is the genealogical tree of dr Puro Kurepa, which contains around 160
mathematical successors.

Worth mentioning is that all the above institutions and their present-day activity were
designed by students and associates of Mihailo Petrovi¢ or their students (Jovan Karamata, An-
ton Bilimovi¢, Tadija Pejovi¢, Radivoj Kasanin, Miodrag Tomi¢, Dragoslav Mitrinovi¢, Vojin Da-
jovi¢, Milica Ili¢ Dajovié¢, Slavisa Presi¢ etc.).

The analysis of Mihailo Petrovi¢’s teaching ideas®* from his 44-year professorship at the
University of Belgrade suggests that there is almost no segment where his exceptional work was
not continued, as well as that, quite naturally, these ideas were further developed and improved
in numerous fields. The table below contains one of possible comparisons only for Petrovi¢’s
most important teaching activities:

Mathematics Department
of Belgrade University

Faculty of Mathematics in Belgrade, mathematical departments
and institutes at faculties of science and mathematics in other
university centres

Mathematical Institute
of Belgrade University

Mathematical Institute of the Serbian Academy of Sciences and
Arts

Mathematical Library

Library of the Faculty of Mathematics and the Faculty of Science
and Mathematics, University Library, National Library, Library
of the Academy of Sciences and Arts, Library of the Society of
Mathematicians of Serbia

Mathematical Club, later Yugoslav
Mathematical Society

Society of Mathematicians of Serbia

Journal Publication mathematiques
de I'Université de Belgrade

Journal Publications de I'Institut Mathématique (nouvelle serie)

Matematicki list za ucenike srednjih
skola

Matematicki list za ucenike srednjih skola and Tangenta
for secondary schools

Popularisation of mathematics

Society of Mathematicians of Serbia, Mathematical Society
“Arhimedes”, School for Lovers of Mathematics “Integral”
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The present-day teaching of mathematics in Serbia contains areas not existing at the
time of Mihailo Petrovi¢, but it is worth noting that these ideas are mainly developed by his
successors. These include: seminars for teachers and teaching conferences, mathematics teaching
journals, publishing activity popularising mathematics, work with gifted students, mathematical
competitions, summer and winter schools of young mathematicians etc.

*

The above sections of this paper contain a lot of information about the teaching work of
Mihailo Petrovi¢. Each footnote suggests the enormous effort that Mihailo Petrovi¢ invested in
the education of young people and their familiarisation with science. At the same time, each of
those footnotes contains a great story as it sheds light on a concrete event, endeavour or book,
article, study, and life story that Mihailo Petrovi¢ left behind himself. Analysing the voluminous
bibliography of his works®>, which contains around 400 bibliographical units (and numerous
excerpts, overviews, quotations) and rich general literature®® about Petrovi¢, one can see that
materials concerning the teaching of mathematics are so comprehensive that they can be used to
write a number of papers, studies and even doctoral dissertations.

It is indisputable that each day of his professional career Mihailo Petrovi¢ worked on the
mathematical enlightenment of the milieu that he lived in and that his teaching ideas and activ-
ities relating to the popularisation of mathematics have strong implications for the present-day
teaching practice in the field of mathematics in Serbia.

Mihailo Petrovi¢ was a brilliant lecturer. He was correct towards his students. He re-
spected their effort and supported their constructive proposals. Just as he was strict towards
himself, he was strict at exams, but created an atmosphere of immediacy at his courses®”,

However, it would be unjust to observe Mihailo Petrovi¢ Alas only as a teacher and
scientist as over a half a century he shaped the social life in Serbia of his time. Let us therefore
at least briefly illuminate the social aspect of his personality and his unusual versatility. Petrovi¢
was at the same time both a sociable and withdrawn person. Although he was affable, he nev-
er imposed himself or showed off (he shunned great publicity). He was composed, somewhat
shy®’, moderate (apart from work, travels, music and fishing) and modest®”. He was obviously
very pleasant, humorous, communicative, systematic®” and disciplined. His general culture was
at the highest level. The abundant preserved correspondence of Mihailo Petrovi¢ testifies to a
highly accurate, well-organised and polite man, who did not leave his professorship work for a
single day without informing beforehand his superiors and associates. He would leave no one’s
letter unanswered. Mika Alas was certainly a unique personality also judging by the fact that he
socialised with people from the widest social strata®’ - fishermen on the Sava and Danube riv-
ers, Roma musicians in Savamala, visitors and owners of numerous Belgrade taverns, his school
friends and professors, students and associates, world-class scientists and members of the royal
family. The extent to which his students, associates, acquaintances and friends liked him is best
attested by numerous anecdotes from the life of old Belgrade, and even songs in his honour®?,
Mihailo Petrovi¢ was also a humane person. His biography illuminates many places and events
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showing that he often gave up on his pay, helped the poor and feeble, gave away the caught fish,
or helped his friends to make ends meet.

Finally, let us also say that the life and work of Mihailo Petrovi¢ Alas, his patriotism and

exceptionally rich work are an example of how to help one’s nation and its future, as well as a
very good chance for young people (those whom we educate and reveal to them the secrets of
mathematical science) to be inspired by the work of Mihailo Petrovi¢ Alas, a wondrously original
personality and one of the most important figures in the history of the Serbian people.
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MATHEMATICAL PHENOMENOLOGY AND
THE PHILOSOPHY OF MATHEMATICS”

Slobodan VUJOSEVIC
Mathematical Institute of SASA

Twenty®® papers discussing the representation of natural and so-
cial phenomena by mathematical means hold a noteworthy place in the
corpus of work of Mihailo Petrovi¢, founder of the mathematical school
in Serbia. He published these papers throughout his career as professor,
preparing the majority of them in both Serbian and French languages,
since he, as a rule, wished to make them accessible to as wide an audience
as possible. In them, Petrovi¢ laid the foundations of a general mathe-
matical phenomenology, reminiscent of a philosophy of nature. The key
philosophical assumption of this science is that each phenomenon can be
mathematically represented, i.e. that it has its mathematics which can be
determined. Its key goal was therefore to make a typology of analogous
phenomena as a basis for a method for faithful representation of each
individual phenomenon. And though Petrovi¢ was inspired by natural
phenomena, what he had in mind was a very general science that would
encompass all phenomena, natural and social, real and imaginary, includ-
ing phenomena in literature and art. He believed such science was capa-
ble of becoming a “guiding principle in individual sciences,® as well as
shedding light on the “great problem of natural philosophy, the solution
of which is the ideal asymptotic goal of all sciences, which consists of
reducing to the least possible measure all that has to be assumed in order

* A revised and supplemented version of the paper initially published in the catalogue

Mihailo Petrovi¢ Alas: The Founding Father of the Serbian School of Mathematics
(SASA, 2018).
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to understand natural phenomena as well as the number of proposi-
tions that encompass everything that occurs in nature™!.

Petrovi¢ began forming his viewpoint on the role of math-
ematics in the phenomena of nature and the world during a period
of a sudden blossoming of natural sciences and, at the same time, of
an increasing presence of mathematics in them. Similarly to many
philosophers and scientists of the time, he believed in the unlimit-
ed power of natural sciences, and thus of mathematics, as mathe-
matics played such an important role in their success. In terms of
his education, Petrovi¢ was not only a mathematician, but he also
graduated in physics at Sorbonne in 1893 and engaged in the study
of chemistry and other sciences as well; therefore, he had an op-
portunity to see directly that mathematics permeated and connected
science and contributed to its unity. He perceived that one and the
same analytical apparatus appeared in completely disparate areas of
science, that “disparate phenomena” could be “analogous,” that is,
represented by the same mathematics. “One of the most important
such analogies [...] exists among the phenomena of electric current,
heat transfer and the flow of fluids. It is so complete that these three
kinds of phenomena, with their multiple and diverse variations, rep-
resent from an analytical point of view one and the same problem,
the solution of which only needs to be interpreted in three different
ways.” He believed that this connection was not random and tried
to explain its regularities. Independently and without relying on any
predecessors, he very patiently gathered an immense body of ma-
terial and established a branch of science which he termed mathe-
matical phenomenology.®? He defined its conceptual apparatus, sim-
ilar to that of mathematics,”® in which it was possible to determine
groups of analogous phenomena “from which the mechanism of this
or that phenomenon could be extrapolated directly as the concepts
which figure in them are assigned this or that concrete meaning. A
set of such analogies, once there is a sufficient number of them, will
make up a separate branch of natural philosophy, a kind of a general
mechanics of causes which will, just like other mathematical disci-
plines and notwithstanding its vast general application, operate with
a small number of general basic concepts” Hence the key problem
of phenomenology is the “mathematical explication of particulari-
ties of disparate phenomena of all kinds and all concrete natures as
necessary consequences of the similarities of (their) mechanisms”



Petrovi¢ elaborated his science in a voluminous work of
around eight hundred pages entitled Elements of Mathematical
Phenomenology, published in 1911. He believed it could prove re-
ally fruitful in other disciplines as well, by helping them recon-
struct valid mathematical models for natural and social phenom-
ena. In order to transcribe a phenomenon into a mathematical
form, he elaborated a method of phenomenological mapping: once
its “mechanism” is determined, the phenomenon is represented
as a “figurative point” in space and its mechanism is then mathe-
matically described in the way mechanisms of phenomena are de-
scribed in classical mechanics. He expounded this method in his
monograph Phenomenological Mapping published in 1933. Howev-
er, Petrovi¢ did not stop at phenomena in nature and some phe-
nomena in society, but invested a great deal of effort to confirm
the universality of his method in literature as well. The material
he gathered for the accomplishment of this goal was published in
1967 in his book Metaphors and Allegories.

Phenomenon is undoubtedly the fundamental concept of
mathematical phenomenology. And just as in mathematics, where
its basic concept, the set, is not defined, in establishing his science
Petrovi¢ did not define its key concept, the phenomenon, either. But
whereas in mathematics the set has its clearly defined main inter-
pretation, in a cumulative hierarchy, defined by a general inductive
procedure, in mathematical phenomenology there is no detailed ex-
planation of what is assumed under its fundamental concept. Phe-
nomena are classified by analogy, but nothing is said of analogy as a
relation between phenomena and its possible mathematical proper-
ties. The key properties of a set are its extensionality and regularity,
i.e. sets are equal if they have the same elements and the relation to
be an element has no cycles. By contrast to the set, the phenomenon
is in all likelihood an intensional concept that is at the same time
irregular, i.e. it allows for cycles, as there is no reason not to consider
the manifestation of all phenomena a phenomenon. This actually
means that there are phenomena in our world that cannot be fully
represented mathematically, hence considerations of a quite gener-
ally understood concept of phenomenon are much closer to philos-
ophy than to mathematics and positive science, to which Petrovi¢
generally had an affinity. During his schooling, the entire French
educational system was based on a strictly rationalistic and entirely
positivist spirit, to which each form of metaphysics was alien,
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in science just as in philosophy. Aware that the key problem of his science, the role of mathemat-
ics in our understanding of the phenomena of the world, greatly surpasses the bounds of mathe-
matics, Petrovi¢ who, in the spirit of his epoch, believed in the omnipotence of science, tried to
shed light on this problem within the framework of a “general mechanics of causes which will,
just like other mathematical disciplines and notwithstanding its vast general application, operate
with a small number of general basic concepts.” For some reason, he did not wish to see this as
a purely philosophical problem, though that is what it essentially is.

Namely, already in German classical philosophy of the first half of the 19* century, in the
period from Kant to Hegel, there were very detailed discussions about the phenomenon and its
essence, and the circumstances in which we acquire knowledge of it, while in 20"-century phi-
losophy this issue practically took centre stage in phenomenology as the prevailing philosophical
orientation.?* Thus, Kant made a distinction between noumenon and phenomenon. Noumenon
is the essence of the phenomenon or the thing-in-itself, while phenomenon is that part of the
noumenon that is accessible to consciousness. Science only deals with phenomena, i.e. with what
is cognizable by the senses and fitted in apriori forms of consciousness, or more freely said, in
mathematical and logical forms. Hence phenomenon is the collection of inteligible thruts about
the noumenon, while the noumenon is unknowable and each rational attempt to determine its
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entity and the truth about it leads to a contradiction; science should, therefore, leave noumena
to religious experience and theology. It is quite possible that Petrovi¢’s view of the phenomenon
had some common points with Kants understanding that our knowledge of phenomena is based
on sensory data fitted into apriori mathematical and logical forms. Still, judging by the signifi-
cance he attached to mathematics when studying phenomena, it is more likely that he perceived
mathematics as an element of the very essence of the phenomenon, which, according to Kant, is
not accessible to the rational consciousness.

Kant represented a kind of a turning point in the history of philosophy. After him, phi-
losophy for a great part made a turn towards science, i.e. towards a positivist understanding of
the world, by trying to describe and anticipate phenomena in the most accurate and comprehen-
sive way possible, without asking questions about their sense. There was also a different point of
view which disputed the view on the unknowability of the essence of phenomena in the world
and continued to look for it through metaphysical means. The key representatives of this other
orientation were Hegel and the phenomenological school of philosophy. In his Phenomenology
of Spirit, Hegel developed a philosophical method to enable the knowing of the absolute meta-
physical entity of the phenomenon, while the school of phenomenology, based on the works of
Edmund Husserl, appeared as a form of resistance to the increasingly prevailing influence of a
positivist position in science and philosophy. Interestingly, Husserl was an affirmed mathemati-
cian, inspired by similar ideas as Petrovi¢, but when he embarked upon phenomenology or the
“seeing of the essences®, he distanced himself radically from positivism. He believed that the very
essence of the phenomenon could be seen through the interaction of the consciousness and the
phenomenon. In seeing the essence, it is important to liberate oneself from everything that is
irrelevant for a given phenomenon, but also from everything that is irrelevant for seeing the phe-
nomenon in the consciousness itself, i.e. from predispositions and apriori assumptions about the
phenomenon. In a sense, Petrovi¢’s conceptual apparatus was designed so as to enable a sort of a
“phenomenological reduction®, but with the goal to mathematically represent a given phenome-
non. However, Petrovi¢’s teaching undoubtedly had no common points with this school of phe-
nomenology. He could have had some knowledge of it because he was friends with philosophers,
primarily Brana Petronijevi¢, at a time when this school was very current. In order to distance
himself from philosophical teachings that were not close to him, it is possible that over time he
began to use other names for his science, such as general mechanics of causes and similar.

If by education Petrovi¢ was connected with the positivist school in philosophy and
science, the key problem of mathematical phenomenology, because of the mathematics present
within it, turned him somewhat unexpectedly back to metaphysics. Namely, in the foundations
of mathematics in the 20" century, it was necessary to raise questions about the philosophical
status of mathematics and its abstract ideas; hence, a new branch of philosophy emerged - the
philosophy of mathematics. It was dominated, though not exclusively, by an entirely metaphysi-
cal view of the nature of mathematical objects, mathematical platonism, and the philosophical
assumptions that Petrovi¢ explicitly highlighted reveal that his teaching was close to this view.
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Portrait of Mihailo Petrovi¢ Alas (work of Uros
Predi¢, oil on canvas, Belgrade, 1943 - Library
of SASA, photographer Vladimir Popovi¢)
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The two assumptions that can certainly be viewed as funda-
mental to his mathematical phenomenology are:

1. Each phenomenon in nature can be mathematically
represented.

2. There is a minimal set of assumptions from which is
possible to derive all laws of nature.

The first assumption posits that each phenomenon
in nature has its mathematics, i.e. that it determines a set
of mathematical statements that are true for the given phe-
nomenon. It should not be understood as a position that
each science of a phenomenon can be reduced to mathe-
matics, but that in the science of that phenomenon there
is invariably a purely mathematical part comprising math-
ematical truths and a part comprising truths of the science
itself about that phenomenon. Mathematical truths are uni-
versal and indispensable, they apply in this, but also in all
past and future worlds. This cannot be said for truths of
individual sciences regarding natural phenomena, as they
are contingent, they hold true in this, but not necessarily in
any other world, they are not eternal and cannot be derived
from purely mathematical assumptions. In all likelihood,
Petrovi¢’s first assumption was originally his and had not
been taken over from another author. The second assump-
tion is purely logical,” and had been taken over from Mill
as a “problem of natural philosophy, the solution of which
is the ideal asymptotic goal of all sciences.” Petrovi¢ claimed
that “there are general statements, the least numerous ones,
from which it is possible to derive all regularities existing
in nature” and he believed that this “asymptotic goal of all
sciences” was achievable in mathematical phenomenology.

We will demonstrate that, taken together, both of
Petrovi¢’s assumptions in the philosophy of mathematics
belong to mathematical platonism. Metaphysics and plato-
nism are not customary in the philosophy of nature, and
they are completely alien to the mechanicism that all Petro-
vi¢’s commenters find in Petrovi¢’s work. Possibly because
when Petrovi¢ mathematically represents a phenomenon,
he relies on classical mechanics, but he uses mechanics
as a form of a language for mathematical representation



of phenomena in nature, because he does not view mathematics itself and its language as the
universal language of science.

To a different degree, natural sciences aspire to base and present their research in the
framework of a mathematical model. The more elaborate and perfected it is, the more com-
plete, reliable and ultimately closer to reality do we consider its results to be. This also holds
true for a substantial number of social sciences, the contemporary development of which greatly
relies on the presence of mathematics in their research. Mathematics is omnipresent in science
and the greater its presence, the more perfect a branch of science is considered to be. Science
believes that each phenomenon, everything that changes in the world, can be clad in an appro-
priate mathematical form. The usefulness of this can sometimes be nil, or it may even generate
a completely distorted image about a phenomenon, but in the main, and in the case of natural
phenomena in particular, the advantages brought by mathematics are immeasurable.

The mathematical representation of a phenomenon usually emerges quite independently
of mathematics, in concrete individual endeavours by scientists to explain that phenomenon.
With time, this representation is adjusted for results in mathematics: the already existing results
and theories are used, or mathematics is given an impetus to arrive at new results on its own
and develop new theories. Such relationship between mathematics and other sciences has existed
since antiquity and is really quite natural. To understand this relationship, one should first an-
swer a purely philosophical question:

Does each phenomenon conceal immanent mathematics in itself?

If the answer is yes, then it is a scientist’s job to discover and determine the unique inner
mathematics of the phenomenon he is studying. Also, in this way, mathematics is given the key
place in science - it is the foundation and the binding tissue of all sciences and ensures their
unity.

If the answer is no, the mathematics in which a given phenomenon is represented is
created by the very science of it, relying on its degree of development. This does not at all mean
that each phenomenon has its own unique mathematics, as there can be more of them or none at
all. They are more or less useful tools for studying phenomena in nature and the world at large,
and it is up to a specific science which of the tools it will use, including the possibility not to
use mathematics at all in studying some phenomena. It is left to the intuition of the researcher
whether to choose mathematics or not, and this choice can be motivated not only by scientific
but also by very specific cultural, ideological or utilitarian reasons. In this case, mathematics
does not have a special place among sciences, and is only significant to the extent to which it
actually contributes to them.

Petrovi¢’s mathematical phenomenology is based on an affirmative answer to the above
question, i.e. the position that each phenomenon can be mathematically represented. This cer-
tainly refers to phenomena in nature. Even more than that, Petrovi¢ believed that there are al-
ways the tools to enable this representation. He constructed these tools and considered them
completely universal, applicable to all phenomena in nature. Petrovi¢, therefore, assumed that
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each natural phenomenon has its mathematics, i.e. that each such phenomenon has a corre-
sponding set of mathematical truths about it, which can at all times be determined. Although
he himself did not argue in favour of the uniqueness of this set, it actually follows from his as-
sumptions. Namely, if there were two such sets that contradict each other and are at the same
time true for a given phenomenon, the science of nature would be contradictory. Hence, each
phenomenon has its unique mathematics. If this holds true for individual phenomena in nature,
as there is a “minimal set of statements from which it is possible to derive all regularities in
nature,” than the same thing holds true for nature taken as a whole, i.e. the entire world is built
upon unique mathematics. This is an entirely metaphysical view and it is very close to Platos. In
the Timaeus, his Demiurge uses mathematical laws to assemble the world from Plato’s bodies. In
the beginning was mathematics, interwoven into the physical world which is entirely subject to
its abstract and ideal laws; mathematics is its metaphysics.

It is possible that Petrovi¢ did not wish to go that far, but this is where his assump-
tions lead. On the other hand, as we have already mentioned, starting from the time of Des-
cartes and under the impact of his rationalism supported by an overall development of natural
sciences which brought fundamental change to the life of man, metaphysics and all forms of
platonism were systematically removed from philosophy. Today, only their traces can be found
in philosophy and they are not welcome at all, while in sciences they are deemed entirely
unthinkable. Still, Petrovi¢’s leaning towards Platonism has its justification in a part of the
philosophy of mathematics.

Namely, when the question about the presence and uniqueness of mathematics in natu-
ral phenomena is limited to phenomena in mathematics only, i.e. to purely abstract mathemati-
cal objects and statements, it then gets the following form:

Does mathematics express the actual relations of actually existing objects?

The affirmative answer to this question determines the most acceptable philosophy in
mathematics, mathematical platonism. Mathematicians who never asked themselves this ques-
tion are platonists, hence a vast majority. But this can certainly not be said for philosophers of
mathematics, who by nature of their work certainly asked themselves this question. They, with
only very few exceptions, give a uniform negative answer to it. This answer, however, does not
constitute a uniform view in the philosophy of mathematics that would contradict platonism.
The denial of each form of actual existence of some (or even all) mathematical objects as a rule
restricts mathematics and calls for a special interpretation of the meaning of its regularities.
Depending on the extent of this denial and for some other reasons, a whole range of views
emerged in the contemporary philosophy of mathematics, which is possibly infinite: construc-
tivism, formalism, intuitionism, logicism, conventionalism, structuralism... With the exception
of logicism, which is quite close to platonism, the denial of platonism is the common point of all
these philosophies of mathematics, but what they also have in common is that they contradict
one another and that each of them individually is incomplete. And whereas platonism is a com-
pletely natural and effective viewpoint, all of its disputations have had the character of academic
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objections that only rarely shed light on anything, most often bear no fruit, and are irrelevant
for mathematics itself. Because they are reduced to a denial of platonism alone, they have made
the philosophy of mathematics in which they prevail to a large extent useless for mathematics,
much like Aristotelian logic interpreted in the scholastic tradition. The position on the unique-
ness of mathematics in each individual phenomenon makes Petrovi¢ quite close to mathematical
platonism. True, it does not follow necessarily from mathematical platonism, but it is quite in
agreement with it and strongly supports it. Hence, the Platonism of Petrovi¢’s assumptions or
their support to this position are not disputable at all when it comes to mathematics, though they
may seem that way in the modern-day philosophy of nature to which all form of metaphysics is
alien. Mathematical platonism was advocated by many mathematicians and philosophers from
Petrovi¢’s time, including Cantor, creator of the contemporary set theory, Frege, who laid the
foundations of the syntax of contemporary mathematical language, and finally Godel, the great-
est logician in history if judging by his works. He himself stated that platonism enabled him to
understand the relationship of syntax and semantics on which he based his results.

Though they have a philosophical justification, Petrovi¢’s assumptions definitely call for
additional explanations in the light of achievements of contemporary logic, i.e. in the light of
Godel's incompleteness theorems. The problem is that Godel’s theorems show that mathematics
cannot be based on a simple non-contradictory set of assumptions. For Petrovi¢’s assumptions,
this means that two questions need to be answered: which part of mathematics is necessary to
describe a given natural phenomenon, and which part is necessary to describe all phenomena in
nature? If that part of mathematics contains the summing and multiplication properties and is
closed for mathematical induction, Godel’s theorems make this Petrovi¢’s thought impossible to
be realised. By contrast, although contemporary science uses very complex mathematics, pri-
marily the tools of mathematical analysis, i.e. the tools of second-order arithmetic, this still does
not mean that they are necessary in the description of phenomena in nature. It is quite possible
that this part of mathematics of natural phenomena is much less complex or even very simple.
In physics, for instance, opinions are greatly mixed with regard to this question. If it is indeed
possible to unify the general relativity theory and the quantum field theory, as postulated in the
so-called theory of everything, we would obtain a complete description of all physical phenome-
na. Hence Petrovi¢’s other assumption, when reduced to physics, would get a significant justifi-
cation, but would still not be confirmed. Stephen Hawking, one of its key proponents, believed
that Godel’s theorems quite seriously put into question the theory of everything®®. A similar view
is held by Roger Penrose”” because he believes that there are phenomena in nature that are not
computable. On the other hand, a group of authors advocate a completely contrasting view, a
variant of Church’s thesis according to which all physical processes are computable. This position
is justified by the fact that the speed of exchange of information in nature is limited by the speed
of light. The theory of everything in which the tools of its mathematics would be limited only
to the decidable fragment of arithmetic would entirely confirm Petrovi¢’s second assumption.
In addition to the above, there is also a completely realistic possibility that there is a theory of
everything, as a complete theory of the world of physics, while at the same time its mathematics
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Gottfried Wilhelm Leibnitz (1646-1716), German
philosopher, painted by Christoph Bernard Francke, before
1729 (Herzog Anton Ulrich-Museum, Braunschweig)
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is incomplete, i.e. the postulates that are not provable in this
mathematics do not relate to purely physical regularities at all.

Petrovi¢’s aspirations to set the foundations of a science
that could tailor an appropriate mathematical framework for
each phenomenon, and his belief that the entire world is struc-
tured according to unique mathematical laws the assumptions
of which can be determined, have not yet found their confir-
mation in science. Contemporary logic has undoubtedly proved
that each language, even the universal language of mathematics,
has a limited power of expression. To the extent that today’s sci-
ence relies on mathematics, where such limitations have been
proved, it is natural to face the limited power of science as well.
There is no justification for its omnipotence. One could rather
say that this power is not even sufficient for a complete descrip-
tion of some more complex natural phenomena. This is possible
in some ideal cases only, but by no means can a complete de-
scription of the entirety of nature be provided.

Mathematical phenomenology should be seen as a sep-
arate large-scale project in the total opus of Mihailo Petrovi¢.
Philosophers and scientists often work on several independent
projects, spending some time on one, then moving on to anoth-
er, while often some of the projects remain unfinished. In par-
allel with working on mathematics and philosophy, throughout
his life Leibnitz worked on four such projects simultaneously:
logic, ideal language, encyclopaedia of knowledge and a gener-
al scientific method.”® They all remained unfinished and, log-
ic excluded, the other three great projects by Leibniz strikingly
overlap with and permeate Petrovi¢’s mathematical phenome-
nology. The ideal language is conceived as a universal symbol-
ical language for science, mathematics and metaphysics, which
would be “a basis of the calculation or the algebra of thinking,
the encyclopaedia of knowledge was his systematic collection
intended to enable the realization of the project of the ideal lan-
guage, while within the project of the general scientific method,
Leibnitz tried to formulate a procedure for an accelerated ex-
pansion of knowledge. Mathematical phenomenology fits quite
well in the general scientific method project and it is possible
that Petrovi¢ was inspired by the idea of accelerated expansion
of science and knowledge of phenomena. Unlike Leibnitz, who
found the cornerstone of his grand project of commonality of



science in logic, but not necessarily in the logic of his time, Petrovi¢ sought the foundation
stone of his science in classical mechanics. To him logic seemed empty, and the relationship
between the cause and the effect too abstract, so he tried to formulate the concept of a cause in
“concrete sciences” in which it “always appears inseparable from its substratum and its material
nature” He gave his concept of cause “a natural-science-like form” implying that the cause is
“every phenomenon which aspires to change some state of affairs or to introduce perturbation
in some other phenomenon.” At the time when he was laying his groundwork for mathematical
phenomenology, contemporary logic was in its early days, hence logic was reduced to Aristotles
teachings about the four types of categorical statements. He had every reason to turn his back on
such logic and base his mathematical phenomenology “closer to nature” He constructed a not
entirely articulate conceptual apparatus with “active causes” and “necessary effects” on which he
built a kind of a general mechanics of phenomena modelled on classical mechanics. Quite pos-
sibly, Leibnitz’s and Petrovi¢’s attempts to reinstate unity to science and knowledge did not yield
the expected results for the same reason, because of the Aristotelian logic. Petrovi¢ did not want
to rely on that logic due to its perceived shallowness, but with this he also rejected contemporary
logic which was developing powerfully in parallel with his phenomenology and which could
have been useful to him. Leibnitz formulated the first contemporary logical systems and was the
first to identify the significance of language for logic and science. Therefore it can be said that he
tried to realize his project with some of the tools of contemporary logic, whose forefather he had
been, but his hands were tied by the scholastic legacy in logic from which he could not free him-
self. Therefore in both Petrovi¢’s and Leibnitz’s case, the problem was that, at the time when they
were beginning their project of description of all phenomena, mathematics did not have its own
language. In search of this language, Petrovi¢ relied on the language of classical mechanics, the
expressive power of which lagged far behind the power of the contemporary language of math-
ematics. Leibnitz did try to establish such a language, but he had problems with its logical basis.

When Petrovi¢ began his project of mathematical phenomenology, the process of divi-
sion of the existing branches of science, and the emergence of new disciplines, was in full swing.
He held that for the benefit of science this process should not go too far, and believed that this
fragmentation of science could be counteracted, and its former unity restored. In his view, math-
ematics was to play a key role in that and to become the main counterweight to the process of
auto-fragmentation of science and knowledge in general. He was partially right in the sense that
the language of mathematics and its syntax, created in the early 20" century in contemporary
logic®®, became the theoretical basis for the development of the syntax of programming lan-
guages that enabled the realization of digital computers.!?® With them, mathematics entered the
world of science in great style and perhaps created conditions for a renewal of its unity, to which
Petrovi¢ had aspired.
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MATHEMATICAL PHENOMENOLOGY
BETWEEN MYTH AND REALITY

Nikola PETROVIC MORENA
Morena inZenjering, Nis

Mathematical phenomenology is a relatively well-known term in
Serbia owing to the works of Mihailo Petrovi¢ Alas. Even though none of
Petrovi¢’s students or the other Serbian scientists continued the work in
that field (or perhaps for that very reason), it acquired a certain mystical
aura. At times, one could read (or, even more likely, hear) an opinion
that Petrovi¢’s phenomenology has yet to be properly interpreted. How-
ever, searching the Internet for the term “mathematical phenomenology”
yields just a few results, apart from the translations of Serbian papers,
and contemporary encyclopaedias, for the most part, do not contain an
entry referring to that topic. Does mathematical phenomenology exist at
all or is it a part of national mythology nurturing the stories about the
unrecognized grandeur of our scientists? If it exists, what is mathematical
phenomenology concerned with and how can it be distinguished from
mathematical modelling which, at least at first glance, seems very similar
to it? And finally, what is the unique contribution that Petrovi¢ made to
that field? This investigation represents an attempt to give some of the
possible answers to those questions.




PHENOMENOLOGY AS A PHILOSOPHICAL CONCEPT

The word “phenomenology” is derived from the Greek words
phainomenon (“appearance”) and ldgos (“study, research”), so one of the
meanings of this term is “the study of phenomena” If we translate ldgos
differently in this compound word,!%! we will get alternative meanings
of phenomenology - “the appearance (revelation) of the first principle,
the all-encompassing law or spirit”.

In The Critique of Pure Reason (1781), Immanuel Kant point-
ed out the difference between the “phenomena’, man’s interpretation
of an object or an event based on the information apprehended by the
senses, by reasoning or through experience, and the “noumenon’, an
object or an event in itself, which is inaccessible to man. According to
Kant, human reason is actively involved in acquiring knowledge about
the world, trying to put the phenomena into “matrices” that are already
present in his consciousness. The main matrices exist in man a priori,
that is, prior to experience.!%? Such a priori matrices include space and
time. Science deals with the world of phenomena, with the apprehen-
sible, and theology with the unknowable, the noumenon.l9 Kant has
proved that striving towards the metaphysical truths of the noumenal
world through reason invariably ends up in contradiction.

Hegel accepts Kant’s distinction between phenomenon and
noumenon, but denies his claim that the essence of things is not ap-
prehensible by man. In The Phenomenology of Spirit (1807) and other
works, Hegel develops an idea of phenomenology as a philosophical
method which starts with what can be apprehended by the conscious-
ness - phenomena, and by deepening the knowledge about the phe-
nomena, ends in reaching the absolute, metaphysical spirit — logos,
which lies behind phenomena.

By the end of the nineteenth and the beginning of the twenti-
eth century, positivism had become a dominant trend in philosophy.
Positivism aims to deal only with the things that are “positive’, verifi-
able, and it banishes metaphysics from philosophy.'% Within the pos-
itivist approach, phenomenology has been equated with the scientific
view according to which it is vital that the phenomena of the so-called
empirical world be described and anticipated as accurately as possible,
without ever questioning their purpose.

In the 1920, Edmund Husser], a German mathematician and
philosopher of Jewish origin, laid down the foundations of phenome-
nology as an independent philosophical movement and made the term



become more widely used. Husserl makes a departure from positivism,
asserting that there exists a spiritual reality independent of the material
world and that studying that reality is to be the basic aim of science,
which has “strayed”, especially in Europe, focusing only on the empiri-
cial and natural. The essence of things and phenomena (Husserl uses
the term “essences”) exist in our consciousness and we can grasp them
by gradually discarding all that is variable in the phenomena. That pro-
cess is called the phenomenological reduction. According to Husserl,
phenomenology is a method of philosophical investigation which re-
quires that the investigator eliminate all preconceptions and assump-
tions,'% which enables him to look at things with an open mind and
to understand their meaning through the interaction between his own
consciousness and the observed object [Moustakas 1994].

Natural sciences are founded upon axiomatically accepted par-
adigms and hypotheses. An astronomer assumes the physics to be ac-
curate and a physicist relies on the truthfulness of mathematics in the
same way as a mathematician relies on logic. The advantage of a phe-
nomenological method lies in the fact that the analysis begins with lived
experience and does not require any a priori assumptions whose valid-
ity lies beyond the domain of a concrete investigation. Owing to that, a
phenomenological investigation has got a fundamental character. One
of the axiomatic assumptions of the natural sciences is the existence of
reality that lies outside of man’s consciousness and is independent of it.
A phenomenologist rejects such an assumption. He does not deny the
possibility that such a reality exists, he does not even doubt it, he simply
refrains from passing judgement on that matter. A phenomenologist is
trying to explain the world strictly by analyzing the experiences within
his own consciousness through systematic reflection. Phenomenology
is trying to build a framework for an objective, scientific studying of
topics that are usually considered subjective, such as consciousness,
reasoning, perception, or emotions, but using methods different from
those applied in clinical psychology or neurology.

Unlike analytical philosophy, which is mostly concerned with
analysis of utterances and sentences, phenomenology deals with experi-
ences and their structure [[IneueBuh 1997]. The structure of a linguis-
tic utterance, as phenomenologists claim, cannot really be understood
without analyzing the structure of experiences that lend meaning to
those utterances.

The goal of phenomenology lies not in new empirical knowl-
edge, but in understanding our fundamental relation to the world which
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comes before any empirical investigation [Zahavi 2008: 664-665]. It en-
deavours to describe rather than analyze, and that is the fundamental
phenomenological instruction [Merleau-Ponty 1990]. Thus, in the Hus-
serlian context, phenomenology acquired a markedly different meaning
from the one used within positivism.

A similar view is held by a German psychotherapist Bert Hell-
inger, according to whom there are two ways towards an insight. One
traverses the unknown, revealing to our reason the secrets of the world
around us, step by step. That is the way of science. The other way re-
quires of us to stop our trying to understand things and, in turn, let our
attention become ever broader in scope, ever more expansive, until it
is able to contain the whole instead of the parts. Such renunciation of
analysis and giving priority to sensory experience represents the foun-
dation of the phenomenological method.

The further development of phenomenology during the twen-
tieth century has brought new, often critical interpretations of Husser!’s
views and new philosophical trends, including the existentialism. The
most prominent philosophers of the twentieth century who based their
doctrines on phenomenology were Martin Heidegger, Jean-Paul Sartre
and Maurice Merleau-Ponty.



PHENOMENOLOGY AS A SCIENTIFIC METHOD

In science, phenomenology is a method which comes to the
essence of a matter (noumenon) by using written accounts of lived ex-
perience (phenomena) as sources of knowledge [Conklin 2007: 275].
Phenomenological method is used in statistical sociological research,
when the members of a target group in a research study are asked to
respond to the questions presented in forms. Their responses are then
coded in numerical values which are amenable to a mathematical treat-
ment, mostly with a view to establishing an average value.

A scientific theory which mathematically expresses the find-
ings of an investigated phenomenon, without considering the essence
of the phenomenon (noumenon), which lies behind it, is called a phe-
nomenological theory [Thewlis 1993: 248].

There are scientific subjects, such as astronomy, in which there
is a very limited scope for conducting experiments. It is very hard to
analyze the appearance and disappearance of a star in laboratory condi-
tions [boxxih 2005: 24]. In subjects of this kind, studying the phenom-
ena is the basic scientific method.




PYTHAGORAS AS A PRECURSOR OF MATHEMATICAL PHENOMENOLOGY

If phenomenology is understood to be a process of reducing the phenomena to their
“essences’, and mathematical phenomenology is viewed as the kind of phenomenology that finds
the said essences in numbers and their relations, then Pythagoras can be said to represent a pre-
cursor of mathematical phenomenology. He thought that the world had a mathematical charac-
ter at its root. Studying music, he spotted the relation between the length of a string on a lyre, the
most popular musical instrument in his time, and the frequency of the tone the string produces
when it oscillates. Observing astronomical phenomena, the orbits of the planets, the length of
days and nights, he found everything to be numerically related. That all things are number was
the main Pythagorean dogma [Boxxuh 2010: 53].

Moreover, Pythagoras and his disciples, the Pythagoreans,!% had not only thought the
world could be described in terms of numerical relations, but also that numbers as well as nature
are governed by the same principle: both the infinite series of “natural numbers” and the whole
universe represent the relation between the finite and the infinite - “peiron” and “apeiron”. The
Pythagoreans have taken over the terms peiron and apeiron from Anaximander, and they com-
plemented his teachings with the thesis that the relation between apeiron and peiron is ruled by
the principle of harmony. For instance, the infinite series of musical tones (apeiron) has to be
limited in some way (peiron) in order to form a scale. However, we cannot choose any series
of tones so as to produce a scale that is to be musically agreeable, harmonious. Only the tones
whose frequencies are related by whole-number ratios sound harmonious! In the same manner,
the universe and all living creatures in it are not created by a random combination of finite and
infinite elements, but by elements combined in a harmonious way in
numerical proportions, which all together constitute the cosmic order.

What the Pythagoreans meant by a number was what we now
call positive rational numbers - natural numbers and their relations.
When they had discovered that in nature there are values that cannot be
represented by rational numbers, such as the diagonal of a square whose
side is a natural number, their view of the world was shaken up to its foun-
dations. That discovery was kept as a great secret of the inner circle of Py-
thagoras’s followers. It is said that certain Philon divulged the secret, and
was forced to commit suicide by jumping from a high cliff into the sea.

In Pythagoras’s reduction of everything to a number, we can
sense the method that much later Husserl will come to call the phe-
nomenological reduction. Pythagoras was not interested in the empir-
ical (or “scientific”, as we would now say) approach to phenomena, he
was only trying to describe them using a mathematical model with-
out entering into the analysis of the causes of a phenomenon. This
is especially evident in Pythagoras’s astronomical investigations. The
emancipation of mathematics from empiricism” [boxxuh 2010: 126],
which had been conducted by the Pythagoreans, enabled mathematics
Pythagoras to start developing as an independent discipline.
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THE PHENOMENOLOGY
OF “MATHEMATICAL PHENOMENOLOGY”

Even though the ideas upon which mathematical phenom-
enology is based had appeared much earlier, the term itself started
to be used in the late nineteenth century in parallel with the devel-
opment of the positivist school of philosophy.

The claim that mathematics is the only solid epistemolog-
ical paradigm and that every scientific finding has to be based on
it (or even reducible to mathematics) was made among the first by
a French philosopher René Descartes in his work Discourse on the
Method of Rightly Conducting One’s Reason and of Seeking Truth in
the Sciences of 1637 [boxxuh 2010: 183]. A very influential work of
Isaac Newton, Mathematical Principles of Natural Philosophy'?” of
1687, contributed to spreading the idea that all exact sciences have
to be amenable to a mathematical formulation.

Among world-renowned scientists in the late nineteenth
century, the term mathematical phenomenology was used by an
Austrian physicist Ludwig Boltzmann, German physicist Gustav
Kirchhoff, after whom the laws on the conservation of the quantity
of charge in closed electrical circuits were named, as well as Hein-
rich Hertz, a German scientist after whom a unit of frequency was
named [Hon and Rakover 2001: 9]. In the introduction to the book
The Principles of Mechanics, which was posthumously published
in 1894, Hertz wrote that physicists must focus on finding equa-
tions by which they can determine the development of phenomena
in quantitative terms, without using any hypotheses, non-mathe-
matical models or mechanical explanations. According to Hertz,
Maxwell’s theory is a classical example of such an approach. To
the question — “What is Maxwell’s theory?” - there is no shorter or
more accurate answer than the following: “It is Maxwell’s system of
equations”, wrote Hertz. Such an approach was very well-known to
the positivists, who were on the rise at the time. Their ideal was not
only philosophy freed from metaphysics, but also physics (and sci-
ence in general) freed from “mythology”, that is, from metaphysical
systems that are trying to make sense of the world. The question
“why” had been banished from science, and the pivotal place was
taken over by “how much” and “in what manner”. The majority of
positivists later softened their original views, presenting them as a
reaction to the historical moment in which philosophy had been
dominated by German idealism.
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In the article on models for the tenth edition of Encyclopaedia Bri-
tannica of 1902, Ludwig Boltzmann explained that mathematical phenom-
enology represents a specific view on the nature of physical theories ac-
cording to which the goal of a physical theory should primarily be the con-
struction of mathematical formulae by which the observed phenomenon
can be quantitatively described in a way that is closest to reality. Boltzmann
named Kirchhoff and his school as typical representatives of mathematical
phenomenology. “Mathematical phenomenology is a presentation of phe-
nomena using mathematical analogies”, wrote Boltzmann (1902).

Boltzmann also wrote about a radical variant of a mathematical
phenomenology framework, according to which the equations describing
a phenomenon are more important (or, at least, more purposeful) than an
attempt to discover the cause of a phenomenon [Feuer 1989: 337]. Accord-
ing to that viewpoint, the hypotheses-paradigms based on which the equa-
tions are formed are not permanent and they change with the development
of science, but empirically conducted and verified mathematical formulae
describing physical phenomena remain valid even after a paradigm shift,
except possibly in marginal scopes of measured values having lied outside
of the domain of empiricism when the formulae were being created [Boltz-
mann 1901: 248-250]. Boltzmann has criticized the phenomenological ap-
proach by stating that it is impossible to understand nature by relying solely
on the empirical. He has especially criticized mathematical phenomenolo-
gy, claiming that no set of equations can ever give a complete description
of a phenomenon.

Since the end of the first decade of the twentieth century, apart from
the papers related to Mihailo Petrovi¢ Alas, very few references in literature
related to the term “mathematical phenomenology” have been published.
The most comprehensive world encyclopaedias (even those specializing in
mathematics) do not contain entries regarding that field. According to data
available on the Internet, the only higher education institution holding a
course in mathematical phenomenology is “Waseda School of Science and
Engineering” in Japan. However, it should be pointed out that even to this
day there are many scientists, magazines and scientific conferences dealing
with the relation between mathematics and phenomenology.



THE DIFFERENCE BETWEEN MATHEMATICAL
PHENOMENOLOGY AND MATHEMATICAL MODELLING

Unlike mathematical phenomenology, the term mathematical
modelling is in widespread use. There are thousands of books and univer-
sity courses dealing with mathematical modelling.

A mathematical model is a description of a system by using math-
ematical language and concepts. The process of creating a mathematical
model is called mathematical modelling. The difference between this defi-
nition and Boltzmann’s definition of mathematical phenomenology (the
presentation of phenomena by using mathematical analogies) is a subtle
one and lies at the level of linguistic and philosophical preferences.

It might be said that mathematical modelling is a practical skill
within the domain of applied mathematics, whereas referring to mathemat-
ical phenomenology usually entails a philosophical viewpoint or at least
a philosophical background. This distinction is not sharply defined, as
Boltzmann himself [1901: 250] pointed out that mathematical phenome-
nology has got a primarily practical purpose. The author of this paper is of
an opinion that between mathematical phenomenology taken in positivist
context as defined by Boltzmann on the one hand, and mathematical mod-
elling on the other, there is no essential difference. In Boltzmann’s time,
mathematicians were almost invariably philosophers, as well. However, the
twentieth century saw many generations of mathematicians-craftspeople,
and the term mathematical phenomenology was accordingly superseded by
an intellectually less challenging term mathematical modelling.

Boltzmann’s definition of mathematical phenomenology is not the
only one. Some contemporary authors, such as professor Doorman from
Utrecht University, think that mathematical phenomenology refers to how
mathematical ideas structure and organise phenomena [Doorman 2005: 59].
Thus defined, mathematical phenomenology represents, in fact, the philos-
ophy of mathematical modelling.
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MATHEMATICAL PHENOMENOLOGY
OF MIHAILO PETROVIC ALAS

Mihailo Petrovi¢ Alas (1868-1943) is a renowned Serbian
mathematician, physicist, travel writer, violinist and a fisherman.
As a government scholarship holder, he obtained his doctorate in
mathematics and physics in Paris. He spent his whole scientific ca-
reer working at the University of Belgrade. The greatest impact on
the community of experts was made by his papers in the field of
differential equations. He is one of the first Serbian scientists whose
works have been cited in Europe. His interests were very versa-
tile and reinforced by his encyclopaedic knowledge [Tpudynosuh
1998: 366]. He travelled as a member of scientific expeditions to the
North and South Pole. His virtuosity on the violin was recorded on
one of the earliest audio files of that instrument produced by Radio
Belgrade [Tpudynosnh 1991: 15]. It could be said that he was a
polymath, homo universalis!®8, one of the rare Renaissance people
in modern Serbia (bo>xih 2005). Mihailo Petrovi¢ Alas had friends
among people from diverse social backgrounds and in Belgrade
downtown community he has been remembered as “our Mika”.

Out of the fifteen volumes of his collected works published
by “Zavod za udzbenike i nastavna sredstva’, two volumes compris-
ing about 1000 pages in total are devoted to mathematical phenom-
enology. They include twenty published Petrovi¢’s works (books,
papers, speeches...) on that topic and list more than one hundred
references in which other authors commented on Petrovi¢s phe-
nomenology. The editor entitled those volumes Mathematical Phe-
nomenology and The Elements of Mathematical Phenomenology.

At the heart of Petrovi¢s interest in those works lies the
concept of phenomenological mapping. He realized that the phe-
nomena from different areas of human experience (Petrovi¢’s term:
“disparate phenomena”) can be reduced to, that is, mapped onto
the same abstract essence (Petrovi¢’s term: “a phenomenological
type of facts”) [IlerpoBuh 1998a: 13]. For instance, the phenome-
na of the height of tsunami waves being reduced as their distance
from the place of origin increases, the waning of military power of
a conqueror in the face of vast expanses, a reduction in the inten-
sity of light in proportion to its distance from the light source, all
of which represent disparate phenomena that belong to a common
phenomenological type - weakening in proportion to expanding.



The turning of the tide or of the day into night have the same phenomenological type as some
phenomena disparate in relation to those, like the menstrual cycle - periodical changes induced
by a periodical cause. There is an obvious analogy with Husserl’s terminology: phenomenologi-
cal mapping refers to phenomenological reduction, and phenomenological types refer to essenc-
es. The roles (Petrovi¢’s term: “phenomenological beings”) contained in the phenomenological
type of facts are independent of the concrete nature of the holder of the role. In our first example,
tsunami, military charge and light wave have the role of an impulsive factor, whereas the ocean,
the expanse of a state that is being conquered as well as the space through which the light wave
is spreading have a territorial role.

What is the goal of phenomenological mapping according to Petrovi¢? The goal is to
step a little closer to the ideal, ultimate goal of “positive philosophy”, the reduction of an infinite-
ly colourful view of the world to the most simplified sketch that underlies it, but such that the
original picture could be reproduced from it by adding specific, phenomenologically insignifi-
cant details that do not contradict the sketch [ITerposuh 1998a: 17]. The significance of phe-
nomenological mapping lies in the possibility of predicting the details in the phenomena whose
phenomenological type we have identified even if we do not understand their essence. Those
details are not exclusively related to the number and for that reason Petrovi¢ proposed founding
a new subject whose methods would include all the details that could be completely abstracted
from concrete phenomena and studied in themselves, as it is done in mathematics with abstract-
ing numbers [1998a: 18]. Petrovi¢ defined that subject as “a new branch of the philosophy of
nature that would comprise general methods for predicting phenomena based on the nature of
the roles of the factors that represent the cause of a phenomenon” [1998b: 14]. What is the name
of that new branch of the philosophy of nature?

A more attentive reader would be perplexed, even upon browsing through the volume
entitled Mathematical Phenomenology — none of the five Petrovi¢’s works published in it contain
in their title, or even in the chapter headings, the term mathematical phenomenology. The editor
of these collected works mentions this illogicality himself in the afterword and he justifies it by
saying he did not know how to name the field with which Petrovi¢ had dealt with in these works
and that he gave that title to the volume “in order to arrive at a natural and necessary unity”
[Tpudynosuh 1998: 420] with the title of the following volume, in which the central place is held
by Petrovi¢’s work The Elements of Mathematical Phenomenology.

And indeed, it had not been an easy task for the editor. Although Petrovi¢ has kept
the said definition of the subject of his research for about forty years of working in that field,
the terms he used for that field varied a lot. In his inaugural address on the occasion of being
elected a full member of the Serbian Royal Academy in 1900, Petrovi¢ named it “a mathemati-
cal theory of actionality”, only to change the title into “a mathematical theory of the activity of
causes” for the print version of the very same speech [1998c: 222]. Five years later, in the debate
An Attempt at a General Mechanics of Cause, the field became “the general mechanics of cause”
[Tpudynosuh 1998: 274], and in 1911 in The Elements of Mathematical Phenomenology, Petrovi¢
named it “mathematical phenomenology”. However, he soon relinquished even that appellation
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Branislav Petronijevi¢
(1875-1954)

and in the book Analogies as a Basis of General Phenomenology, of 1922, he uses the term “gen-
eral phenomenology”. In his philosophically most complete work, Phenomenological Mapping,
of 1933, Petrovi¢ is very careful to avoid using the term “mathematical phenomenology” and in
general naming the field of his research, except in one place where he called it “mathematics in
an extended sense” [IlerpoBuh 1998a: 18].

In spite of the proverbial saying “you can call a pot a jug if you will, as long as you don’t
break it’, it is very likely that Petrovi¢’s undecidedness about naming that field was one of the
reasons for the fact that his work did not have a wider reception. One has to admit, it is very
difficult to popularize a field which even its pioneer cannot name. It is evident that mathematical
phenomenology was only one of the terms Petrovi¢ had used and later discarded. Moreover, it is
clear that Boltzmann’s encyclopaedic definition of mathematical phenomenology (a presentation
of phenomena using mathematical methods) refers only to a subset of Petrovi¢’s mathematical
phenomenology as a new branch of the philosophy of nature, which comprises general methods
for predicting phenomena based on the nature of the roles of the factors that represent the cause
of a phenomenon. It seems reasonable to assume that Petrovi¢ had realized that the term mathe-
matical phenomenology was already burdened with the other, narrower meaning, so he decided
not to use it in order to avoid causing confusion.

If we accept the “fundamental phenomenological instruction” and pay attention to Pet-
rovi¢’s descriptions instead of the terms he used, it is clear that it is philosophy based on phe-
nomenological concepts. Which area of philosophy is this?

In Phenomenological Mapping Petrovi¢ wrote that phenomenological types of facts and
phenomenological beings cannot be discovered within any single scientific field because, irre-
spective of how broad a field is, it is always concerned with one concrete nature of phenomena.
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In order to reach the essence, “in our mind we should erase the boundaries between certain
fields and view the world directly, the world in which one and the same details thread through
the infinite colourfulness of external phenomena, their outer guise” [[Terposuh 1998a: 12]. Only
then is it possible that, by direct observation, scientific analysis or poetic intuition, we can man-
age to abstract a common core out of the myriad of disparate phenomena. Therefore, Petrovi¢’s
method requires a return to the original philosophy, the first philosophy, such as it had been be-
fore specific sciences were derived from it. In spite of the fact that Petrovi¢ frequently refers to a
“positive philosophy”, his science is the science of being — metaphysics! That may explain why he
failed to “circumscribe” the field of his research by some term, and put it within the framework
of mechanics, classical mathematics or any other specific scientific field.

The Swiss psychiatrist C. G. Jung would call it an instance of synchronicity that almost
at the same time when Petrovi¢ was writing Phenomenological Mapping in Belgrade, only several
hundred kilometres to the north, in the Hungarian plains, Béla Hamvas began his essay Poetica
Metaphysica'® with the following words:

“There were times and there are peoples whose religion, science, philosophy and poetry
were all one, and are one even now... However, at times like these, reality has different areas, lay-
ers, planes, and they are segmented from one another... The one who crosses from one field into
another is looked upon as though he has made a false step. The one who breaks barriers, bring
areas together, joins the planes, is simply said to have become insane.”

Was it the very fear of the reaction of the public and the loss of reputation of a positivist
mathematician that prevented Petrovi¢ (and consequently the editor of his collected works) from
defining this area more clearly as deeply philosophical? Or perhaps he did it out of consideration
for his colleague from the University, the philosopher Branislav Petronijevi¢, who had conceived
as his life’s work precisely what Petrovi¢ managed to do to a much greater extent — to put meta-
physics on the firm ground of logic, notwithstanding the prevalent view holding that even Kant
in his time had proved it to be impossible?!10

The fact that Petrovi¢ has made a solid philosophical system is also demonstrated by
his original ontology. In his phenomenological works, Petrovi¢ has introduced over one hun-
dred terms that are either completely new or he has given them a quite different meaning
[Tpudynosuh 1998: 416-420].
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THE UNIQUENESS OF THE PHILOSOPHY OF MIHAILO PETROVIC ALAS

Petrovic’s universality is also reflected in the fact that he was one of the rare philosophers
who were both metaphysicists and practitioners. The book Phenomenological Mapping offers on
hundreds of pages not only detailed instructions for inductive abstraction of phenomenological
types of facts from versatile phenomena, but also quicker, deductive methods for their identifica-
tion, followed by the methods for predicting future phenomena solely based on thus abstracted
types, as well as the methods for inverse phenomenological mapping, which enables an abstract
phenomenological type of facts to be mapped onto an insufficiently known concrete area (of
nature, psychology, economy, etc.) and predict phenomena within it. For those who deal with ar-
tificial intelligence, a matter of particular interest is Petrovi¢’s vision of a general phenomenology
as a tool which, once it is sufficiently developed, “will have that power to think for us and yield
results surpassing human reasoning” [1998a: 20]. The other Petrovi¢’s seminal work from this
area, The Elements of Mathematical Phenomenology, focuses on those types of analogies among
disparate phenomena that can be expressed by the existing, classical mathematical apparatus,
particularly by differential equations. With regard to that matter, Petrovi¢ is completely within
the area of his specialized expertise, and extensive knowledge of mathematics is required in or-
der to fully understand Petrovi¢’s accomplishments in that area.

Many ideas of Petrovi¢, (probably) independently of him, have been further developed
in such diverse areas as cybernetics, psychology, economics or mythology. For instance, Petrovi¢
stated that concrete myths of various peoples are frequently very similar, because their essence
is represented by the same phenomenological type of facts [1998a: 197-208]. Jung has arrived at
the same conclusions, only using different terminology — Jung’s archetypes of collective uncon-
scious are completely compatible with Petrovi¢’s phenomenological type of facts.!!! Petrovi¢ has
gone even further than Jung, seeing in paradigms of contemporary science “scientific mythol-
ogy’, which is only another expression of the same phenomenological type of facts that is to be
found in classical mythology. What is the modern scientific entity of “force” which pulls, pushes,
attracts, but a manifestation of the same phenomenological being that also represents the essence
of mythological Eros, concluded Petrovi¢ [1998a: 199].

Transactional analysis of a Canadian psychiatrist Eric Berne (whose most famous book
-The Games People Play has been translated into Serbian as Koju igru igras?) shows that social
interaction functions in terms of small variations of a limited set of scenarios and roles. The said
concepts are completely analogous with Petrovi¢’s phenomenological roles and types.

In investigations of “small-world networks” it has been noticed that many networks, like
social networks (e.g. Facebook), neural networks in the brain or the Internet, have an unusu-
al feature in that an average distance between two randomly chosen knots (a person, neuron,
computer), measured by the number of knots between them, is much shorter than it could be
expected considering the size of the network and that it is proportional to the logarithm of the
total number of knots in the network.!'? That is only one illustration of what Petrovi¢ used to
call mathematical analogies in disparate facts [1998a: 71].
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An advantage of Petrovi¢’s general phenomenology in relation to the above-mentioned
examples lies in its universality — while Jung’s and Berne’s investigations refer to isolated areas
of human experience, and small-world networks look at one type of analogies among disparate
phenomena, Petrovi¢’s phenomenology includes all the areas as well as all the types of analogies.

The term “mathematical phenomenology”, as well as the word phenomenology itself, is
polysemous. In the most frequent, positivist context, mathematical phenomenology denotes a
presentation of phenomena by using mathematical analogies, which is very close to mathemati-
cal modelling. In another context, it refers to investigating the ways in which mathematical ideas
structure and categorize phenomena, in which case it is associated with the philosophy of math-
ematical modelling. Mihailo Petrovi¢ Alas founded a new branch of the philosophy of nature,
which comprises general methods for predicting phenomena based on the nature of the roles of
the factors representing the cause of a phenomenon. That field of his research was at one period
named mathematical phenomenology, but later he relinquished that term with reason, because a
presentation of phenomena by using mathematical analogies represents only one component of
his philosophy. Petrovi¢’s original contribution to phenomenology lies in developing universal,
practically applicable methods of phenomenological reduction and inverse phenomenological
mapping, which could also readily be applied in contemporary artificial intelligence.
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MIHAILO PETROVIC ALAS AND
MODERN COGNITIVE SCIENCE*

borde VIDANOVIC
University of Nis, Center for Cognitive Sciences

In this paper we plan to analyze and compare the work of our
distinguished mathematician Mihailo Petrovi¢ Alas, from the early 20%
century presented in his seminal book titled Elements of Mathemat-
ical Phenomenology, published in 1911, with a book authored by the
American philosopher and cognitive semantician Leonard Talmy that
came out in 2000. Our analysis will present a brief outline and the basic
elements of the “expanded” mathematical theory of Mihailo Petrovi¢
Alas as well as the cognitive semantic approach to force dynamics by
Leonard Talmy. In our paper we will try to keep track of significant
similarities that connect the two authors and reflect on their deep and
meaningful insight into the principles of human thinking in regard to
Alas’ and Talmy’s interpretation of disparate phenomena, as well as the
thought processes of metaphor, analogy and allegory, but most impor-
tantly, their like-minded interpretation of causality in an abstract multi-
dimensional mental space, obviously representable by different vectors.
Based on our findings, it can be concluded that Mihailo Petrovi¢ was
a close forerunner of Talmy’s conceptual understanding of important
semantic phenomena.

This paper will focus on Mihailo Petrovi¢ Alas, a polymath
with brilliant ideas and a synthetic mind, who worked on his doctoral

*  This paper was written within the SASA project: “Comparison of stereotypical lexi-
cal-syntactic elements in the Serbian and the English language”, No. 0-18-18.




dissertation more than one hundred years ago and defended it before a brilliant committee
composed of the leading French mathematicians, which was a fact that helped him plunge
deeply in the “philosophical” mathematical waters in France in the second half of the 19 cen-
tury. At that time, as well as in the early 20™ century, an important place in France belonged
to a speculative interpretation of the Cartesian ideas dating back to Descartes, even though
Leibniz’s ideas were quite influential in France at that time. Namely, Leibniz originally com-
posed his powerful essay on monadology, not longer than ninety pages of hand-written text,
in the French language. Both Descartes and Leibniz were seeking comprehensive explanations
of the Universe, and were continuing the scholastic search for a universal, general explanation
of the World, the so-called characteristica universalis, which, Leibniz believed, was the monad,
a constitutive unit of everything in this world and a basic ontological element of the Universe
(Leibnitz, 1714/1978).

It is at this point that we can find a connection between Mihailo Petrovi¢ and modern
cognitive researches and theories. It appears that any comprehensive attempt of explaining the
world and human cognition about how the world is construed and how it functions is nowadays
in the focus of the science of cognition, i.e. cognitive science, which is not a singular, separate
whole, but rather a coherent, although loosely defined, scientific paradigm that is best described
by way of a corresponding diagram (see below).

Philosophy

Psychology Linguistics

Artiﬁc/iol

_________________ - - -~ Anthropolo
Intelligence —

1
Neuroscience

Connections among the Cognitive Sciences
Kn: Unbroken lines = strong interdisciplinary ties
Broken lines = weak interdisciplinary ties
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The diagram depicts philosophy, which is a general, the-
oretical and abstract science, as a fundamental cognitive science,
with epistemology, as its part, accounting for the ways in which
we acquire knowledge about the world, whereas the neuroscience
is at the bottom of the diagram as the true opposite of philoso-
phy, looking into specific issues on how the human brain works
and accesses facts about the outer world. The dash lines which
connect philosophy with psychology and linguistics indicate that
there are very strong interdisciplinary ties among them in terms
of their interests, goals, and even their research methodology. In-
deed, one can notice that philosophy, via epistemology, looks into
the processes of making conclusions and learning facts, just like
linguistics does (how people acquire language and how such an
exosomatic mechanism can help them gain knowledge about the
world easier), or psychology (how children develop and acquire
different concepts, how one creates beliefs and attitudes towards
society and oneself, and one’s own subjectivity). Both psychology
and linguistics are also closely related (connected with the dash
line) to each other, and to neuroscience, as well. This is fully in
line with what we already know: namely, there is an established
science termed “psycholinguistics”’, but there are also sciences
such as “neuropsychology” or “neurolinguistics”, which try to find
a connection between their deductive, mainly theoretical, pos-
tulates such as Chomsky’s transformational-generative syntax or
Piaget’s theory of cognitive development on one side, and their
cortical equivalents within the research of the central nervous sys-
tem which is a part of the cerebral cortex (neocortex).

In addition, linguistics is directly related to anthropolo-
gy, the science which studies customs and traditional cultures of
certain communities and which, in various ways, often customary,
contributes to linguistic expression which can be specific, depend-
ing on the environment in which the community lives and works.
For instance, it is interesting to grasp, both for linguists and an-
thropologists alike, to what extent the Inuit language (the most fre-
quent language among the Eskimos), influenced the perception of
the world with its lexicon. Thus the Eskimos have a much richer
description of winter and various types of snowfall than the rest of
the world, and, consequently, different customs and oral and writ-
ten narratives stemming from the mentioned circumstances (Li and
Abarbanell, 2018).




In a certain way psychology is in direct relation with the
research in the area of artificial intelligence, as it uses comput-
er-generated models for describing the functions of the human
brain, which can serve as a guidepost for psychology to take the
right direction when describing spiritual and emotional life, nev-
ertheless this process is also reverse: algorithmic descriptions, es-
pecially neural networks, replicate the existing cognitive psycho-
logical hypotheses and test their descriptions. About twenty years
ago, a special case shed light on the interaction between psychol-
ogy and artificial intelligence, showcasing how several similar
and mutually related disciplines looked into the semantic aware-
ness of the subject who answered questions asked by the exam-
iner who did not know whether the answer would come from an
entity that possesses artificial intelligence or from a human (the
Turing test for checking the knowledge of a natural language,
Chinese in this specific case). During this thought experiment
which philosopher John Searle devised to determine whether it is
enough to answer the asked question meaningfully, or it is neces-
sary to be aware of the process itself at the same time, and not to
give answers without prior self-reflection and understanding of
the nature of the offered answers, which eventually led to the re-
jection of the so-called functionalistic model of human cognitive
abilities (Searle, 1980).

We believe that this important thought experiment is worth
mentioning, given the fact that the discussion initiated by philoso-
pher John Searle 38 years ago, by mentioning the so-called “Chinese
room” mystery, is still ongoing. Nevertheless, the diagram which
depicts multiple interdisciplinary connections that exist in the cog-
nitive sciences, shows, at least partially, how various approaches are
included in the common attempt to unravel the mystery of cogni-
tion, i.e. of the cognition process. In addition, the “Chinese room”
example directs the attention of the motivated scientists towards
the existing ties between philosophy and neuroscience, because it
is possible to investigate to what extent the success of computer
intelligence in the Turing test coincides with the existing human
neurosynaptic connections, and which areas of the cortex can be
included in the processing of syntactic and semantic properties
(Bostrom 2014).



Leonard Talmy, contemporary American
cognitive scientist and linguist

MIHAILO PETROVIC’S PHENOMENOLOGY OF MATHEMATICS
WAS A PRECURSOR OF SOME CURRENT POSTULATES
OF COGNITIVE SEMANTICS

From 1902 to 1906 Mihailo Petrovi¢ was investigating and writing about ideas which
he would later transform into a voluminous book titled Elements of Mathematical Phenome-
nology (published in 1911 in the Serbian language, printed in the Cyrillic alphabet), (Petro-
vi¢, 1911). This last fact should be specifically emphasized, because it had a logical outcome:
unlike most of his works published during his stay in France, Mihailo Petrovi¢ published his
most speculative, and, in a way, most ingenious and most original book in a little-known lan-
guage and which came out printed in the Cyrillic script. For this reason, his prophetic work, of
great importance and scope, was unavailable to a broader global scientific community, which
was not an issue at that time, because Petrovi¢ was constantly in touch with a narrow circle of
his French colleagues, with whom he discussed what he wrote in his book. This is the reason
he felt that he had had a productive exchange of ideas on an international level, and, being a
young scientist, he was pleased with this fact. He definitely could not suppose what would be
happening much later, and this constitutes the focal point of our paper in regard to his schol-
arly labor.

It just so happened that Leonard Talmy, the distinguished American cognitive scientist,
linguist and semanticist (but also an author who majored in mathematics), wrote a two-volume
book, his magnum opus, titled Toward a Cognitive Semantics, volume one: conceptual structure
systems, which was published 89 years after the Petrovi¢’s book Elements of Mathematical Phe-
nomenology, which means in 2000 (Talmy, 2000). Over a thousand pages long Talmy’s two-vol-
ume set offers detailed descriptions of mechanisms in language related to cognitive semantics, by
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using the fundamental concepts of space, force, time and the so called
embodiment. To understand the importance and academic influence
of Leonard Talmy’s work, we should mention that on January 7, 2019
the mentioned book had 7,021 citations at the Google Scholar scientific
internet forum, whereas Talmy’s overall influence on the international
scientific community is also huge, given the fact that the total number
of citations from his works and books exceeded 35,000 at the previous-
ly mentioned web search engine. Definitely, these facts would not be
so relevant if it was not for significant conceptual overlapping found
between the ideas which Mihailo Petrovi¢ Alas elaborated on in his
book from 1911, and the ideas presented by Leonard Talmy in his book
printed 89 years later.

We will follow a chronological order and summarize what Mi-
hailo Petrovi¢ Alas was saying in 1911, and try to show similarity, or, in
some cases, to draw an analogy between the ideas of these two authors.

First, in his book Elements of Mathematical Phenomenolo-
gy> Mihailo Petrovi¢ develops the so-called “extended mathematics”
which is a logical consequence of his wish for mathematical explana-
tions to leave their abstract, hermetic world and start opening up to
other areas of life in reality. This was in line with the ancient search
for universal characteristic of order in the Universe (let us remember
the scholastic need to find characteristica universalis, as well as later
Leibniz’s monadological description of the construction and interpre-
tation of the World). We should point out that it is a mistake to look
for the connection between Plato’s understanding of mathematics and
the universal characteristics of medieval scholastic philosophy. Name-
ly, Plato, instead of seeking the elements which make the total picture
and construction of the World, sees arithmetic and numbers as perma-
nently given entities which are unchangeable and totally inaccessible
to people due to their divine characteristics. On the other hand, Mi-
hailo Petrovié¢ Alas, like other mathematicians of that time in France,
although under great influence of the French mathematical philosoph-
ical school, believes that there is no significant “separation” between
the researcher (mathematician) and the object of research (any object,
either in the domain of numbers and equations, or in social, political
and psychological sphere of life), and claims that it is logically justified
to include mathematics in the research of unknown objects, with the
purpose of finding any common element whatsoever, seemingly differ-
ent, disparate (as Mihailo Petrovi¢ used to describe it), which would



be comparable to the language of mathematics. Petrovi¢ does that, although the idea of separat-
ing the observer from the observed object is old, and dates back to the Presocratics, first from
Protagoras, whom Plato quoted, stating the colloquial sentence that “man is the measure of all
things” (Shoemaker 1988 for further clarification).

Mihailo Petrovi¢ Alas emphasized that in such situations it is useful to use a “mechan-
icistic” procedure, or, in a broader sense “Newtonian” mechanics, in order to eventually draw
up a scheme for explaining the phenomena in literary language and its frequent use of stylistic
devices such as allegories, metaphors or analogies, when there is a successful figurative mapping
of disparate phenomena from one mental space into another.

Naturally, when we mention allegories and metaphors (it is well-known that in 1933 Alas
wrote a book titled Metaphors and Allegories, which was published in 1967 by the Serbian Lit-
erary Cooperative), we note that both stylistic devices are based on the cognitive mechanism
of mapping (translation) from one mental space into another. Much earlier, between 1902 and
1906, he developed a mathematical function in order to have an adequate tool for later analysis
of figurative speech, which, actually, often does not have to be literary language only. He was
convinced that human spirit requires recognition in order to fulfill this function and stimulate
knowledge, once the activation of mapping happens. Various phenomena or observed disparities
speak in favor of the fact that even seemingly different phenomena still can be sorted, classified
and recognized.

It is useful to briefly mention another cognitive act: the cognitive process of analogy,
which, one way or another, can be sufficient to raise cognitive awareness of an object which
we notice with our senses or describe via a literary formulated report. It is an analogy,
which, historically, in ancient Greece was considered a part of mathematical technique or
skill based on proportion (hence the Latin translation of Greek word “analogy”, proportio,
secundum, rationem, and even regula). Although analogy was primarily a mathematical pro-
cedure of recognition and categorization, it was a useful research tool for various complex
language forms at the time, especially in terms of closed morphological sets such as flective
forms, where classical philologists dealt with simple proportions such as A: B = A" X (X =
B'), (Mattiello, 2017).

Owing to such cognitive processes (metaphors, allegories and analogies), Mihailo Pet-
rovi¢ managed to formulate and mathematically describe similarities and parallelisms among
mechanics, electrics, electric motors, biological phenomena, human body, medicine, along with
social and psychological conditions, drawing the adequate, primarily analogical, but also meta-
phorical and allegorical, comparisons of disparate phenomena. In order to get a deeper insight
into Alas’ work and concretize it, we will state several illustrative examples:

“That was the key which opened the door to his conscience”; “He was rummaging through

»

the ashes of his past”; “His fear burst like a soap bubble”; “Iry to heighten your cultural level”; “In
his heart a storm was raging”; “All his efforts were shipwrecked”.
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Hermann Minkowski (1864-1909), German
mathematician and physicist
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When we consider the quoted examples from the book
Metaphors and Allegories (1933/1967) it is easy to notice some dis-
parate phenomena, which belong to different physical domains,
but also to something which, in cognitive science, is called dif-
ferent mental spaces (see author Gilles Fauconnier, mathemati-
cian who wrote the first and the most influential book on mental
spaces, Fauconnier, 1985/1994). The fact that some mental spaces
are available to human senses, and some are not, at the same time
indicates that some phenomena cannot be noticed sensually, nev-
ertheless deduction leads to the conclusion that they do exist, and,
furthermore, that it is possible to talk about them. In previous ex-
amples, this is easily illustrated by a concept we passionately talk
about, and even with understanding, nevertheless it is a concept
categorized and constructed in one mental space, while its existence
in another, non-perceptual space can only be discerned - we are,
definitely, talking about the implicit mentioning of “time”, when, in
metaphorical sense, it is possible to talk about rummaging through
ashes of the past, which is mentioned in one of the Alas’ examples.
Of course, many mathematicians are acquainted with the fact that
in the 18% century a French philosopher, encyclopedist and math-
ematician, dAlembert was probably one of the first scientists who
advocated the introduction of the fourth dimension, dimension of
time, which should be described with the language of space, never-
theless, even though Petrovi¢’s professor, Henry Poincare, showed
interest in such an idea, he remained passive about it, so, unfor-
tunately, it was realized rather late, in the early 20% century, when
German physician Hermann Minkowski, in his short article con-
sisting of only few pages, formalized the discussion on the invisi-
ble time which can be described by space (Minkowski 1915/1907).
As for many everyday conversations in common, even colloquial
language, this was trivial, because natural spoken languages have
long been doing exactly this - talking about time within the frame
of space. So, what we mentioned was actually happening, and this
case reflects two mental worlds, two mental spaces in which el-
ements of one can be replaced by the elements of the other. It is
easy to talk, and this goes back to ancient Greek, about the “arrow
of time” which once released, following its spatial trajectory, marks
the flow of time. Natural language takes this for granted, and hence
the paremiological narrative that time flies, runs, or, as it is said in
Latin, "tempus fugit” or “tempus volat™



SIMILARITIES AND COMMON ELEMENTS OF ALAS MATHEMATICAL
PHENOMENOLOGY AND TALMY’S COGNITIVE SEMANTIC
APPROACH TO FORCE DYNAMICS

In order to describe the work of Leonard Talmy as clearly and straightforwardly as pos-
sible, it would probably be best to start with an adequate example:

“The door is closed”.

Such a sentence is fully neutral from Talmy’s force dynamics point of view, because there
is nothing in it which is opposite to something else. Simply, we are faced with a homeostatic
description of inactivity and with position that can be described as the “status quo” within the
frame of dynamic relation. There is neither a doer, nor an opponent. However, the following
sentence is different:

“The door cannot be opened”.

In this other case, there is an element of force that is present, because one element is
opposed to something else, i.e. to another element. Thus, we can notice that there are two roles,
one that is active, which in Talmy’s cognitive semantic approach to force dynamics is called the
agonist, while the other one, which opposes the activity or the change of standstill, is known as
the antagonist. In this example, it becomes clearer what Talmy’s cognitive semantic approach to
force dynamics is about, so we can say that in Talmy’s theory there are two roles, one which is ac-
tive, known as the agonist, and another one, which opposes the beginning of action and change,
known as the antagonist. Thus, in the previous sentence, we can mark the formal subject “the
door” as the agonist, while the other, in this case unidentified, force is called the antagonist. If we
talk about the action potential of a certain state, Talmy says, then we should start from the initial
status in which the action potential is intrinsic characteristic of the agonist. On the other hand,
the antagonist opposes action and has a tendency towards passive preservation of the status quo,
and its intrinsic characteristic is inclination to inertia.

In order to initiate a short discussion on Talmy, we will start from the construction of
the sentence similar to the one we used at the beginning of this chapter:

“The door is closed”.

Such a sentence, from Talmy’s cognitive semantic approach to force dynamics point of
view, is neutral, because it does not have elements which contradict one another in cognitive-se-
mantic sense. However, the situation totally changes it we slightly modify it and say:

“The door cannot be opened”.

Here we are dealing with different sentence, because there are dynamic forces which are
opposing one another. The essence of the cognitive semantic approach to force dynamics is that
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there are two roles in the sentence, which we are already familiar with, the roles of - agonist and
antagonist. This means that in the previous sentence the door was the agonist, whereas anything
that prevents the door from opening is the antagonist, force opposite to action and the change
of dynamic status quo (that could be wind, draft, a person on the other side of the door who
prevents the doors to open, etc.).

If we look into, for example, the second chapter of Mihailo Petrovi¢’s book Elements of
Mathematical Phenomenology, and, especially, the descriptive table of contents on “the mecha-
nisms of phenomena” which is shown below, it is clear that in the very descriptions of chapters
and sections some entities are mentioned which, by their essence, and in terms of terminology
used (agonist, antagonist, activity, obstacle to action, cause, etc.), precede the “new” terms and
names that Talmy first mentioned in the 1990s, and which appeared in a more updated and re-
fined form in his seminal two-volume book in 2000. We have an example in which we can easily
identify overlapping ideas of causality, mechanical, “Newtonian” causation, and, strangely, the
same or almost the same terminology that is used in the description written almost 90 years after
Petrovi¢’s book Elements of Mathematical Phenomenology was published.

APYTA TTIABA.
MEXAHH3MH NOJABA

[ Enements 34 wemaTery SecKpamumjy.

Yaora, amasorwja yaors, JEMpO ampaonejc. — AKTHEHE
yAOrE, AKTVRMTET, TeMFd, YTWadl jawand Yiposi — [lacusee
yaore, — Yiofe memyacwheRs, sOjisassjyhax yipoed; yRone
AENPECHRRNT, AHTAFDARCTHNKHT FIPOKE; YAOPE 2KTHEHHT W peax-
THRHHE Y3pOsd. — CRCMMjAtNje BPCTE FAOMA: YAOIA WIAIHBANA,
YAGTE TREHyTHME YIPOKE, ROOPRANSATHESE YAOTE, FEryIATOPORE
yaore, YAOre Tepesd, yaore meda, yaore npenpexy. — Kaantwe
TATEESE H KBATHTITHEHE EHAROFHE FROTL — [Tpepias w wesd-
THCame wa0ri — LLlemaTHCINS MECEHKIME DOJERD. = (AHSSOCT
CRCTERN MENIHHEIME. 3 + = 4 0 8 & 8 & & & & & & = & & 4 b s TR 05,

In terms of its structure, Talmy’s concepts of cognitive structuring and semantic
conceptualization are very similar to Alas, especially his descriptions and explanations of
cause and effect, so in this segment of the description of cognitive mechanisms, their works
overlap in many aspects. Interestingly, Talmy’s work was modified and complemented by
probably today’s most prominent active cognitive linguist Ray Jackendoff, first in his book
from 1996 titled The Architecture of the Language Faculty (Jackendoff, 1996). Although at
first sight there is some inconsistency, chronological of course, we should keep in mind that
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Talmy’s work on the description of force dynamics is based on hierarchical, vertical linguis-
tic and semantical analysis that starts from the interpretation of meaning and its foundation
on the determination of concepts in terms of space, time and vector, so we can say that his
earlier articles and monographs, written in the early 1990s, were in similar tone and had
continuity that preceded his book from 2000. Therefore, it is no wonder that Jackendoff
influenced later Talmy’s work, regardless of the chronology of publication of the two major
books by these authors.

We will try, again with appropriate examples, to better explain the mechanism of ex-
planation of cognitive force dynamics in Leonard Talmy’s work. Here are the examples which
should above all be interpreted as agonist-antagonist and by using vectorization and unin-
tentional appearance or use of force at the given moment. As for vectorization, it is nothing
but a frequently used mathematical term convenient for the representation of some mechanic
or automated terms, e.g. any more or less intelligent machine, similar to Alas’ prototype of
analogue intelligent machines. When describing the work of such mechanical or electronical
devices by using natural languages such as Serbian or English, vectors are successful, and,
thanks to their indexicality (displayability which is sometimes semi-iconic, which means al-
most picturesque, they are easily understandable in a large number of cases). It has to be
perfectly clear that relative positions of vectors of the same terms in different languages (in
our case Serbian and English) are conceptually transparent because they represent the origi-
nal form of communication, which humankind used before the appearance of discursive lan-
guage forms of communication (today’s natural languages). Simply put, language semantics
is, in many ways, represented by vectors within different geometric relations in multidimen-
sional Euclidean spaces.

We can remember that, while talking about the cognitive mechanism of analogy, we
emphasized that it was originally defined mathematically, and that analogy was seen as a sort
of proportion. Thus, we want to emphasize that the perception of an analogy is primarily a
mathematical concept in which, during the interpretation, we look for similarities of disparate
phenomena. Of course, analogy is just one of the elements that both Mihailo Petrovi¢ and Leon-
ard Talmy share in their approaches to the interpretation of meaning. The most frequent and,
perhaps, the most important common element is metaphor, which Petrovi¢ usually interprets as
a phenomenon of recognizable disparity, and Talmy as a similarity in different mental spaces.
Common for both authors is the issue of causation which is directly related to the role of force,
coercion or obstacle and hurdle to the agonist’s intentions or action. Several examples of Talmy’s
work will confirm this:

“A gust of wind made the pages of my book turn”; “The appearance of the principal made

the students calm down”; "When the dam burst, water gushed out from the artificial lake”; “The
abating of the wind slowed down my sailboat”.
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Since the above examples are typical even of this huge corpus of sentences, although
metaphorical ones, in Alas’ book titled Metaphors and Allegories, we can talk about the common
set of formal features attributed to Petrovi¢’s and Talmy’s theories:

a. causing b. resisting
+
—_— ——
c. overcoming of d. blocking
resistance
—_— —e—

Regarding the mechanics of force dynamics the accounts of the two authors are not
strictly physical, which can be noticed in Petrovi¢’s interpretation of metaphors and allegories,
where he often used examples from literary or colloquial language. For instance, Petrovi¢ accepts
that it is possible to “expand” mathematical explanation of causality by analyzing psychological
states such as “convincing” or “coercion’, although he is aware that, in its final philosophical
frame, it will lead him to interactive Cartesian dualism. The same or similar comments can be
applied to Leonard Talmy’s work, as is evident in the previous diagram.
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INSTEAD OF CONCLUSION

At the end of this condensed outline of Petrovi¢’s brilliant insight into a “hidden” con-
nection between ‘expanded mathematics’ and modern cognitive science that uses multidimen-
sional spaces in order to explain meaning in language, including modality, deontic logic, as well
as causality, we shall look at one specific example which should elucidate and enhance this claim
even further:

“Jovan was dragging his feet down the street, lacking the strength to walk”

In the previous sentence we are facing reflexive causality where one and the same body
(Jovan) is both the agonist and the antagonist at the same time, implying that body and will
are separate, which, as we stated, can be interpreted as an interactive type of duality that Mihailo
Petrovi¢ quite possibly discussed with his senior colleagues Henri Poincare and Cartan during
his academic stay in Paris.

Thus it seems plausible to contend that Talmy’s cognitive-semantic theory, in essence
very similar to Mihailo Petrovi¢’s ideas, can be accepted within modern interpretation as an
overall explanation of causality, based on the functions of the neocortex constantly calculating
the minimal muscle vectorizations and their probable outcomes, making other doable or undo-
able decisions that lead to action or inaction (activity or passivity).
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ON FISHING AND LITERARY
WORKS OF MIHAILO
PETROVIC ALAS*

Mihajlo PANTIC
Faculty of Philology of the University of Belgrade

There is but one Alas. Among all his interests and preoccupa-
tions, for which two lifetimes would hardly suffice, Mihailo Petrovi¢ Alas
had given undeniable primacy to an age-old passion - fishing. It is this
passion for fishing, for that matter, that earned him the nickname by
which he has been permanently remembered in Serbian history, science
and culture. (According to certain testimonies, the nickname, used ironi-
cally at first, was given to him by Milutin Milankovi¢, another prominent
Serbian scientist of that era, but later on that other name of Petrovic’s
came to be used as a term of endearment which, according to the cus-
toms of Serbian cultural milieu, emphasizes general affection and popu-
larity; it is enough to say - Alas! - and everybody knows the name and
to whom it refers.)

The power of Petrovi¢’s pastime, which, over time, had turned
into a specific worldview and had imperceptibly become his own brand
of an idiosyncratic, identificatory, applied and embodied “philosophy of
life”, is substantiated not only by a large body of data and evidence, but
also by some direct Alas’s gestures (in a veritably eccentric “fishermen’s
style”). The son of Alas’s friend Mladen St. Durici¢, a writer — Predrag

* A revised and supplemented version of the paper initially published in the catalogue
Mihailo Petrovi¢ Alas: The Founding Father of the Serbian School of Mathematics
(SASA, 2018)
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Duric¢i¢, a publicist, who had remembered the re-
nowned Serbian scientist since his childhood, wrote in
the article “The Personality of Mihailo Petrovi¢ Alas
in Memories and Anecdotes” that it was his father
who drew his attention to the odd character of Alas,
showing him “the study of Mihailo Petrovi¢, in which
he had only one diploma hung on the wall above the
desk - it was a master fisherman’s letter, written in a
clumsy, coarse handwriting by the president of their
committee, stating that on such and such a day Mihai-
lo Petrovi¢, professor, passed the master’s exam for a
river fisherman, the fishing craft, as hereby acknowl-
edged and confirmed by the undersigned committee”
(Bypuanh 2005: 70)!!3. Notwithstanding all the aca-
demic accolades, honorary doctorates and member-
ships in the most prestigious scientific associations,
Alas saw himself, first and foremost, as a committed
fisherman, turned towards the water and the brother-
hood of men with a passion for fishing.

Apart from the voluminous and versatile in-
terdisciplinary scientific work which, though system-
atized a number of times, requires permanent study
and re-examination, which has been facilitated by the
most comprehensive edition to date in the Collected
Works,'14 throughout his life Mihailo Petrovi¢ Alas
had been concerned with both the theoretical and
practical aspects of ichthyology, the study of fish.
Having had a lifelong, almost fated, fascination with
the world of fish, he knew down to the last detail
everything concerning the nature, tradition and tech-
niques of river fishing in general, and on the Danube
and Sava rivers in particular. As a committed mem-
ber and practitioner of the river fishing community,
he perseveringly, one could rightfully say — even ob-
sessively! - investigated, described and interpreted
the customs, language, tools, ordinary and extraor-
dinary scenes from the lives of that numerous, seem-
ingly marginal, but then, at the turn of the century,
and even afterwards, before and after the Great War,
very colourful and authentic social group.



At first and any other glance, one could say that Mihailo Petrovi¢ Alas was a man of two
callings, a mathematician and ichthyiologist, and also a man of exquisite, very well nurtured and
complex passions, a passion for travelling, scientific research, music, and yet, above all else - the
passion for catching fish. “If I had not obtained that one additional vote at the competition for
the position of a professor at the Belgrade Grand School, I would never have pursued a career
in mathematics. I would have been living on the rivers across Serbia, not on a ship, but in a
boat” - he wrote once (Mujajnosuh 2018).115> When we talk about people with two callings, we
usually, according to certain unwritten rule, look for the answer to the question as to which is
the first, and which the second activity (vocation) of such a person, because two competencies,
and in equal measure to boot, are rarely acknowledged to anyone, at any time or place. A man
can be only one thing, not both, such is the ingrained, rigid stereotype. In the vein of that den-
igrating and yet active stereotype, Mihailo Petrovi¢ could be said, most probably with no great
inventiveness, to have been the best mathematician among fishermen, and the best fisherman
among mathematicians: competence always lies elsewhere, never there where it could undermine
a hierarchy established by the power of customs, especially one that is artificial.

However, Mihailo Petrovi¢ Alas could not content himself with even those two callings.
When we read his book, by which I mean primarily the travelogues and articles on fishing, we
cannot fail to discover his third talent and skill — the one for writing. We come across a writer
not in the common, fictional sense of that term. Alas is a first-class “applied” writer, he is able to
flourish at what many writers of fiction labour under, even though that is their main calling - in
a word, he knows how to narrate engagingly about lived, not imaginary, events, and to articulate
linguo-stylistically an area of experience he has undergone, to give a document fullness it does
not have outside of the framework of the story, even though an unskillfully prepared document
is what it is, a dry archive material. Whatever he reports about or gives testimony of, Mihailo
Petrovi¢ Alas does it in a straightforward manner, seductively drawing the reader in. He has the
capacity for the magical weaving of a tale, which, it should be noted, has its roots in oral heritage
and, as is easily associated, in the famous fishermen’s tale-telling and oneupmanship (competing
in telling tall tales, banter, derision, and getting one up on each other) in a tavern or outdoors,
by the fire. In his writings Alas himself often mentions both of these situations (tavern and fire-
place), in which story and story-telling are a mandatory side act, almost like a natural phenome-
non. Viewed from a more expert, formal and stylistic aspect, one could say that Mihailo Petrovi¢
Alas is a representative of the Belgrade school of style, which was promoted exactly at the turn of
the nineteenth into the twentieth century, and whose main feature is narrativization, structured
and fluent presentation of even the most complex speculative content. Only bad writers and
pretentious scientists, it was thought at the time, and it is not any different now, tend to misti-
fy their competences (or, rather, pseudo-competences), whereas the representatives of Belgrade
style, Mihailo Alas among others, present what they have to say in a simple, meaningful, visual
and always engaging manner. The travelogues and fishing-related writings of Mihailo Petrovi¢
Alas belong to a corpus of truly representative texts of the said type, then, as now.
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Belgrade Fishery Association confers a diploma to its founder Mihailo Petrovi¢ on 12 July 1942
(SASA Archive, 14188/33)

Of course, one should not exaggerate and accord Alas canonical status and relevance
that he objectively does not have, but, equally, one should not lose sight of his literary work in
our literary history, which had practically been the case before the publication of his Collected
Works. The inner circle of readership, truth be told, were familiar with several Petrovi¢s travel
books that had been published at the time in the editions of ,,Srpska knjizevna zadruga®“ How-
ever, few people knew of the texts scattered about the periodicals and in less accessible pub-
lications, which were collected in Volume XIV of the said publication, under the title Fishing
(Ribarstvo). (Alas being the only “fisherman” to get his own edition of Collected Works!) Special
attention should here be given to the editorial work of Dragan Trifunovi¢, because editing the
book Fishing, composed of insufficiently known Petrovi¢’s papers, required applying a whole
set of complex editorial procedures and following a specific methodological principle, which
is primarily reflected in the fact that the individual texts, published for the first time in their
integral version, are organized in a harmonious way, with an inner logic to them and a natural
order, which lends the book a dimension that even Mihailo Petrovi¢ Alas himself did not have
in mind. Some of those texts, though, were not hard to find and be made available to the public
again, as they had originally been published in the regular editions of the Serbian Academy of
Sciences and Arts (SASA), but a certain number of texts had firstly been printed in small papers
and magazines or the ones that are now antiquarian. These diverse texts, which only have the
same general topic, while everything else is different, were to be unified in a proper way intrinsic
to the material, and this is exactly what the editorial team headed by Dragan Trifunovi¢ did. Pet-
rovi¢’s book Fishing, thus, is not only a collection of texts entertained and organized around the
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theme of fishing, but something else besides, a novel, so to speak, an unintentional, spontaneous-
ly created “novel”, such as is usually written out of obsession, out of an all-encompassing passion,
for passion, when it is true, stands in for the whole world. I do not think I am qualified enough,
though I am not entirely unqualified, either (I share the same passion with Alas, and passion is
what makes me qualified), to speak of the purely scientific, ichthyological aspect of Petrovic’s
Fishing. Let others, who are more professionally equipped, have their say about it. And perhaps
for the very reason that Fishing does not appeal to me only and exclusively from its scientific as-
pect, which is not at all to be underestimated (on the contrary!), I see in that book a great story,
a history, in fact, a special chronicle of these parts seen from an unexpected, unconventional, and
yet ordinary angle, from the perspective of fishing, which treasures and reflects the glimpses of
bygone times. (It seems to be similar in kind to the intentions of Philippe Aries to write a history
of the Middle Ages based on facts from the daily life of common people, and not on the so-called
pivotal events or biographies of privileged individuals.) That conditional “novel” of Petrovi¢ has
got an anthropological, ethnographic, geographical-descriptive, chronicling, and documentary
dimension, which, taken collectively, in their comprehensiveness, represent the very quality that
gravitates towards literature.

Nowadays, we also read Fishing as a testimony of a time gone by, as a story about people
that once inhabited the banks of the Danube and Sava rivers, and, in harmony with nature, lived
off plentiful fish stocks in those great expanses of water. The way in which they, metaphorically
speaking, picked the fruit of those mythical rivers changed and improved over the centuries,
preserving something from the olden days of one of the earliest crafts in the world, and building
up around it a whole system of very convoluted customs, facts, beliefs and superstition. That es-
tablished system is clearly and strongly related not only to the category and type of geographical
region, but also to the character and customs of the people inhabiting it. Jovan Cviji¢, another
prominent Serbian scientist, wrote and spoke in his time of how the natural landscape shapes
the character, mentality and the way of life of the domicile population. That thesis, precisely that
scientific truth, is indirectly confirmed in the book Fishing by Mihailo Petrovi¢ Alas. If a “novel”
represents, as it does, some sort of a non-systematized encyclopaedia, with deeper, poeticized
intellectual and conceptual system, Alas’s Fishing is also a special, though non-alphabetized, en-
cyclopaedia in which the interested reader can get very detailed information about numerous
names, aspects, facts and subtleties not only concerning fishing, but also the daily life in the
history of Belgrade of earlier and more recent times.

Fishing is an ancient practice, so old that it delves into the collective unconscious, with
deep archetypal and symbolic meanings, and thus it is natural that this practice reflects universal,
characterological, geopolitical, ethnographic and psychological features of the nation and indi-
viduals that are involved in it. In the book Fishing we can find, among other things, that, at least
as far as fishing is concerned, the Turks have left us a legacy containing some positive features. In
accordance with the power and might they had wielded, Alas instructs us, during the late Middle
Ages, the licences and rights for fishing on the Sava and Danube were in their hands, but, after
the Serbian uprising, they passed on all their knowledge, or rather, gave it away reluctantly to
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Types of fish at Belgrade hunting ground (Collected Works, Book 14) (Digital Legacy of Mihailo
Petrovic)

Serbian fishermen, who in the nineteenth century went on to fish in those still enormously rich
waters of the two large bordering rivers, and fishing at the border is fraught with challenges,
dangers, resourcefulness and adventures, which makes it all the more suitable for being turned
into a good novel. (While we are on the subject of the richness of the fish fauna of the Danube
and Sava, let me add that virtually none of the travel writers from the previous centuries who
passed through Belgrade failed to mention its rivers replete with fish as well as the abundance,
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Folding of a large fishing net (a dragnet, alov) into a boat (SASA Archive, 14197/11-6)

diversity and cheapness of its fish markets. Alas mentions those travel writers and passers-by
extensively in his writings.) The techniques for catching fish and the equipment for fishing had
been used according to the Turkish tradition up until the great regulation of the Danube, in the
1890’s, when they were gradually changed into their present condition, having been adapted and
innovated in accordance with the Central European style of fishing, and indeed since then, due
to more limited options for natural propagation, as well as to the forthcoming industrialization,
the fish stocks have become increasingly reduced...

In the book Fishing a reader can also find out the origin of the surname Balugdzi¢,
Balugdzija and the nickname Balug, which in Turkish refer to — a fisherman. This should be
pointed out because a special linguistic value of Mihailo Petrovi¢’s narrative style, who might as
well have been nicknamed Balug, is represented by extremely interesting and extensive lists of
fishermen’s nicknames, to such an extent that we can infer that the onomastic treasure of the said
kind speaks volumes about the character of that marginal, but certainly very authentic part of
the Serbian society. During the eighteenth and nineteenth century, that demi-monde, free from
social conventions, and rudimentary in the more positive sense of the word, populated the right,
lower bank of the Danube in Dor¢ol, having their back turned towards the town, facing the river.
In the twentieth century, Belgrade completely lost its touch with the water, and moved away from
the banks of the Sava and Danube, cramming them full of warehouses, railway line, industrial
facilities, dumps and slums. The connection had been lost between the old townspeople and
the people from the river banks, who passed their whole lives on and by the water, from their
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birth to death. (That world is evoked by Ivo Andri¢ in the
story entitled “A Rabbit” (,Zeko®).) And Alas describes how,
at the time of favourable water coming in, the inhabitants of
Belgrade had the opportunity to witness true spectacles of
catching fish, as at the foot of the Kalemegdan fortress lay
one of the richest fishing grounds in the whole flow of the
Danube river. A fisheries association had been established
and, in agreement with the state, it imposed strict regula-
tions upon that branch of economy. Mihailo Petrovi¢ writes
the history of fishing in a well thought-out and at the same
time enthused manner, naming the types of fishing, the
fish fauna and the most favourable fishing grounds on the
Danube and Sava, but at a certain moment of reading his
unusual, spontaneously created “novel”, you come to realize
that in the whole story the fish is not important in itself, but
as a symbol around which the whole community of people
has organized themselves, and which serves to confirm life
in its fundamental aspect, in its deepest elementary form.
Apart from that, it is common knowledge that one of the
most prominent Christian symbols, the symbol of fish, is
in essence pre-Christian, ancient, and that it is rooted in
the deepest layers not only of collective memory, but of the
individual, subconscious memories, as well - it is enough
to mention Lepenski vir and their fish-like stone idols. It
touches the deepest past of the humankind and has an une-
quivocal ontological significance. After all, a man in one of
the phases of his uterine development represents a fish, as
a phoetus has gill openings. Through that universal dimen-
sion, as suggested by the book Fishing, we indirectly discover
the basic values of manss life in the community, on the water,
in the quoted fisherman’s boat, under the open sky, which is
exactly the moment in which the Kantian categorical imper-
ative begins to take shape within us.

Upon publishing an anthology of Serbian stories
about fishing entitled Reading Water (Citanje vode) (ITantuh
1998)116, which represented the result of twenty years’ “tar-
geted” investigations of Serbian prose, during which I had
been collecting stories related to that topic, I remembered
Mihailo Petrovi¢ Alas among others, and included one chap-
ter of his unusual travelogue, imbued with cosmopolitanism




— With Deep-sea Fishermen... (Sa okeanskim ribarima...). In that extract Mihailo Alas describes
the time he spent with cod fishermen during his stay aboard a fishing vessel, on Newfoundland’s
plate. The deep-sea fishermen used to spend six months aboard the vessel during one harvest
in extremely severe weather conditions, compared to which modern “extreme sports” seem like
child’s play. Many of them were buried at sea, while in their homeland, on the European coast,
cenotaphs were erected in their honour. And that narrative passage of Alas’s is certainly one of
the best in the thematic anthology Reading Water.

The theme of fishing was introduced in the Serbian literature in the late nineteenth and
early twentieth century. (In the story ,,Svabica“ Laza Lazarevi¢ writes about how to “gut a fish” in
the Serbian household (Jlasapesuh 1986: 216).117 The fish, particularly among the people from
earlier times, had an almost sacral status, predominantly because of their way of life, because of
a great number of fasting periods, as well as because of a great tradition of fishing and fishery
among the Serbian people; one merely needs to mention the toponyms derived from that root
word. Alas himself in his book Fishing reconstructs the said past with a whiff of nostalgia.) It is
well known that Stevan Sremac intended to devote one of his stories to the description of Bel-
grade fishing community. The credits for the discovery of the aforementioned fact go to Mihailo
Petrovi¢, who wrote an article about it entitled “An Incomplete or Lost Story of Stevan Sremac”
(»Jedna nedovrsena ili izgubljena pripovetka Stevana Sremca“), and published it in Prilozi za
knjizevnost, jezik, istoriju i folklor, of 1938. (The article was reprinted in the book Metaphors
and Allegories (Metafore i alegorije), Volume XIII of Petrovi¢’s Collected Works.) Stevan Sremac,
a great writer of peoples daily life, in accordance with his non-academic method of observ-
ing reality and frequenting utterly quaint places, also liked visiting taverns in which fishermen
gathered, and there he used to diligently take notes about anything that might be of use to him
in composing a story with such a theme, which had never been published, and it is uncertain
whether he had written it at all. Giving primacy to verisimilitude and “objectivity” in his writing,
Mihailo Petrovi¢ is getting closer to the realistic tradition, which he particularly appreciates,
and he speaks about it directly in the aforementioned text. Thanks to Alas himself, this idea,
somewhat indicative of Sremac’s poetics, has remained remembered; it is, namely, in accordance
with the writer’s principle of the close observation of life and the subsequent authentication and
transposition of thus acquired experience.

Following the period of realism, fishing becomes an increasingly frequent topic in Ser-
bian prose. An interest for it is sparked by none other than Petrovi¢s books. In spite of being a
non-fictional writer, Alas gives the topic of fishing in the twentieth century a considerable im-
petus and a literary, symbolic value and weight. Moreover, fishing represents the topic that was
readily and fairly often taken up predominantly by the writers who were fishermen themselves,
who had that passion, and an increased interest in writing such stories is probably the result of
a fast-paced urbanization of life, in which the natural environment and fishing occur as some
sort of a relaxing, liberating counterpoint, as a verbal stress relief therapy. The writers who wrote
about fishing are, among others, the following: Isidora Sekuli¢ (a superb description of a fish
market in Bergen in the book Letters from Norway), Milo$ Crnjanski, Rastko Petrovi¢, Miodrag
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Borisavljevi¢, Antonije Isakovi¢, Stevan Raickovi¢, Danilo Nikoli¢ and
others, ending with my generation.

In the world of fishing, in an environment which seems rather
odd and eccentric compared to the daily life, just like Mika Alas now
apears to us, story is an inescapable part of the whole fishing ritual.
It is this, precisely this, and many other things, that Mihailo Petrovi¢
Alas speaks about in an inimitable way in the book Fishing, a string of
narrative medallions, details described with inspiration, verbal records
covered with patina, well found, well chosen, and still better composed
anecdotes and documents.

Writings about fishing by Mihailo Petrovi¢ Alas can provi-
sionally be divided into four groups. The first group is ichthyological
in the strict sense of the term (the list and description of fish species).
The second deals with fishing skills, ways of harvesting, the descrip-
tions and locations of fishing spots, cataloguing equipment and baits,
technology of fish preservation and treatment, and finally, guidelines
for fish breeding. The third group refers to the history of fishing in
Serbia, since the ancient times, across the Turkish era during which
fishing was very well developed, up until Alas’s time, including the
history of the association and legislation of that branch of economy,
while in the fourth he gives different kinds of literary accounts of his
existentially privileged passion (travel pieces, travelogues, popular ar-
ticles on the topic “Do fish sleep?” and the like, whimsical historical
fragments, for instance: “An Extraordinary Fishing Adventure at the
Court of Emperor Napoleon the Third”).

A special group, indirectly related to fishing, is represented by
Petrovi¢’s works on hydrography and oceanography, and the one that
stands out in every sense is the most voluminous and best known pop-
ular science writing — Eel Novel (Roman jegulje). Defining the genre of
that at first glance unusual title does not refer so much to the longest
fictional form as it points to a broader meaning of the said literary
concept. Under the label of a “novel”, we read in that book of Petrovi¢’s
about an exciting, real, but at the same time mysterious, duly stylized
and formalized account, with a clearly defined theme, a specified time
and space, as well as an immaculately formed role of the narrator.

The Eel Novel begins with an explanation of the reason why it
has been written. Alas notes: “The eel has since time immemorial been
considered as a living creature that nobody can make heads or tails of.
The question as to how the eel is engendered has been a riddle piquing
the curiosity and imagination of natural scientists and philosophers of
all times. It also interested Aristotle, who, thinking about it, found it to




Three portraits of Mihailo Petrovi¢ as a fishery master on the Sava
and the Danube rivers.

Petrovi¢ maintained an extensive correspondence with the world.

He used his seal to secure a postal package or an envelope. His stamp
depicts a "fish eating a fish" with MP initials, which certainly isn't

a coincidence (the stamp was made in Paris out of silver and yew tree
wood — Taxus baccata, in 1898). (Collected Works, Book 14)

(Digital Legacy of Mihailo Petrovic)
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be an unsolvable conundrum, just as much as the
question of how an eel ends its life. The mystery
baffled the world to such an extent that an opin-
ion has been formed, when it became evident that
no one can say anything about it, that it is elusive,
inaccessible to the human reason for eternity and
that it is part of the mysteries of religion. Writing
about the eel, Herodotus has said that it is a holy
creature of whom only a deity can give account”
(IMerposuh 1998: 177).118

In the Middle Ages, Petrovi¢ continues,
eels were also considered to be the evidence of
the divine. Such evidence, he says, “had to be con-
vincing even for the most hardened non-believer”.
And every mystery, not only of the eel, as has long
been known, has its poetic flavour. Else, there
would be no mystery at all. Izaak Walton in The
Compleat Angler (1653), undoubtedly the most
world-famous book that deals with the subject of
fishing in a literary fashion, in an attempt to shed
light on the mystery of eel breeding says, among
other things, that “they breed (as some worms
do) of mud [...] or out of the putrefaction of the
earth [...] like some species of bees and wasps”;
that they are “bred out of a particular dew, fall-
ing in the months of May or June on the banks of
some particular ponds or rivers [...] and some of
the ancients have called the eels that are thus bred
the offspring of Jove”, and he adds that “her brood
come alive from her, being then little live eels,
no bigger nor longer than a pin” (Walton/Cotton
1897: 185-188).119

Petrovi¢’s Eel Novel presents to a wide
readership a retrospective of the proposed solu-
tions to the aforementioned two-thousand-year-
old mystery of the eel in easily understandable
terms, starting with the discoveries of the natural-
ists Redi and Mondini in the seventeenth century,
followed by Sirevi and Jacobi in the second half
of the nineteenth century, as well as Grassi and
Fesersen by the end of the same century, ending



with the pre-eminent Johannes Schmidt, whose scientific research carried out in the first half of
the twentieth century lasted for twenty-five years. After all the reconsiderations, challenges and
enigmas, that research resulted in an in-depth scientific description of the breeding of that mys-
terious fish, in whose creation maybe there is no divine, but there is undeniably an inexhaustible
source of supreme creative imagination of our holy Mother Nature. With a view to giving a de-
tailed account and interpretation of the numerous questions encountered in ichthyology to do
with unravelling the mystery about the eel, Mihailo Petrovi¢ Alas has himself undertaken trips to
the eel spawning areas in the Atlantic Ocean. In his “novel” he included a series of outstanding
reports, replete with extraordinary, sometimes intriguing, sometimes almost unbelievable de-
tails, as well as facts established by experience and then scientifically confirmed and explained,
and last but not least, some striking impressions. It was such impressions that enabled Petrovi¢’s
text to overcome the limitations of the documentary genre and make for a compelling read, with
a worldview of an individual-empirical provenience transposed into writing with great inspira-
tion and conveyed by the matching, recognizable, nicely modulated narrative voice of the author.
This in turn begs the pivotal, previously partly suggested, question of whether Petrovi¢’s prose of
the said type, at the secondary level at the least, could be read and considered within the context
of literary art.

Indeed, it could. Even though he did not consider himself a writer, dismissing the
thought that other people see him as such, and being a self-proclaimed rationalist - that is, a sci-
entist who believes in facts and practical evidence - expressing scepticism regarding the human
need for fantasizing, particularly towards flimsy “poetry” and the dissembling art of the “theatre”,
Mihailo Petrovi¢ Alas has nevertheless shaped a considerable part of his opus by literary meth-
ods and devices, by following an inherent rule that the portrayed world is conditioned by the one
who writes the story. Not only in a great number of travelogues, which are an eminently literary
genre, but also in texts of another, non-scientific character, Petrovi¢ proves himself to be a writer
with an engaging style. That style is neither expressive, nor lyrical, after the fashion of the best
writers of his time, but very suggestive; the subjects and themes thereby exposed instantly grip
the readers’ attention.

Many critics wrote about the literary qualities of Petrovi¢s texts (Milan Bogdanovic,
Milivoje Pavlovi¢, Dragan Trifunovi¢, Slobodanka Pekovi¢, and others). They are united in the
view that Petrovi¢ is a master of the functional, reporting narrative style, an engaging and be-
guiling narrator focused on presenting his key subject with utmost precision. He is completely
in charge of the form and the narrative rhythm, he controls the relation and proportions holding
between the main course of action and the digressions, strikes a balance between a document
and his own reaction to it, all of which is suggestive of the writer’s rational, scientific character,
of his emotional restraint, and clear, positivist penchant for exact facts apprehended by common
sense. (This could be brought into question up to a point: Mihailo Petrovi¢ Alas was, namely,
an avid reader of adventure and science fiction novels, with a particular interest in the relation
between science and poetry, which is the subject of one of his studies.) Alas’s language is accu-
rate, mildly archaic at times, and an added value is represented by his lexis, always pertinent to
the subject of narration, specialized when it is required, and colloquial when describing life itself
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(for example: fishermen’s nicknames, an index of tools, professional jargon, etc.). What testifies
to this are his travelogues and texts related to fishing, as well as certain essays and articles, some
of which represent full-fledged stories without an excess of poetic stylization (“A Great Muslim
Pirate” (,Jedan veliki muslimanski gusar®), “Memories from the Grammar School” (,,Gimnazi-
jske uspomene®), “An Experience from the Djerdap Gorge” (,,Jedan derdapski dozivljaj“), “Mija
Jagodinac, a Bandsman” (,,Muzikant Mija Jagodinac®)).

Standing apart from, but indirectly related to the other scientific and existential inter-
ests of Mihailo Petrovi¢, is his incomplete phenomenological study Metaphors and Allegories,
published posthumously in 1967 by ,,Srpska knjizevna zadruga®, the publisher of many of Alas’s
books. Starting from the description of the properties of metaphor, that universal, generative
literary trope, and allegory as a particular artistic mechanism of conveying meaning and crys-
tallizing sense, Petrovi¢ deals exhaustively with the issue and types of analogies, that is, sets up a
network of analogies, which represent the basis of the scientific and creative thinking alike, and
rounds off his work by systematizing typical events and their roles, in an attempt to get as close
as possible to an otherwise elusive principle of the phenomenological “absolute adequacy” As
Dragan Trifunovi¢, editor of the first edition of the book Metaphors and Allegories, finds, “Pet-
rovi¢ is adept at grasping the sense of those figures of speech and develops an intriguing theory
of affinity as yet another contribution to his ‘extended mathematics” (Ilerposuh 1998: 233).120

Let us now go back to the beginning. Petrovi¢’s inimitable creative nature presents itself
to us from a distant past, since which time the world has rapidly accelerated and transformed
in a way that our ancestors could not even have dreamed of, as an epitome of a harmonious,
optimal realization of the full potential of a creative individual, who was in all things second to
none. In saying that, we take account of his sense and passion alike. Petrovi¢’s passion, fishing
— and every passion truly beggars all description — belongs to the deepest, archetypal, collective
instincts of humankind. By realizing the instinct for hunting, that passion returns to the general
mysterious laws governing the existence of the whole living world and (re)turns to be its integral
part. Few are the passion’s captives who succeeded in bringing it to their awareness, in bringing it
to light, as far as it is humanly possible. Petrovi¢ is, without a shadow of a doubt, a representative
of that small circle. Everything is transient, but the story remains. With his stories about fishing,
about his travels and everything else besides, Alas indebted the Serbian literature and culture.
With him at our side, we have become quicker and better at “reading water”, as well as the world,
in which we perish so quickly, barely managing to squeeze in a couple of fishing trips.

And on that note, one more time — there is but one Mihailo Petrovié, Alas.

170



TRAVELS AND TRAVELOGUES®

Milan BOZIC
University of Belgrade, Faculty of Mathematics

Even a brief insight into the biography of Mihailo Petrovi¢ Alas
suggests he was a man constantly on the move. Even properly written
biographies can at times be misleading as biographers, sometimes even
unconsciously, delineate events in the person’s life which can be in-
terpreted in different ways. On the other hand, what travels are if not
events?

Moreover, very few readers would read lengthy descriptions of a
hero’s everyday life. Occasional anecdotes may make a biography absorb-
ing, but without such details the narrative remains vapid. The biogra-
phy of Mihailo Petrovi¢ Alas doubtless confirms our starting assumption.
This is evidenced both in literal and metaphorical sense.

In literal terms, the most important part of his life were his,
rather serious journeys. In the epoch in which he grew up, his travel to
Paris to continue his education after completing the Great School in Bel-
grade, was not an insignificant endeavour. As years passed by, he was
an unremitting, incessant traveller. He went around present-day Belgrade
suburbs and Danube backwaters, where he caught fish and earned mon-
ey, was striving to stay alive or performed important state duties during
the world wars, was visiting Paris to which he would always return, or
was travelling to “ordinary” scientific conferences and meetings. In his

* A revised and supplemented version of the paper initially published in the cata-
logue Mihailo Petrovi¢ Alas: the Founding Father of the Serbian School of Mathematics
(SASA, 2018).




advanced and working age, he visited a number of world capitals,
discharging his scientific and war-state duties. He was also a coder
of the Serbian and later Yugoslav Army.

Still, the travels we dwell on in this article are rather special,
in terms of time, place and circumstances.

A significant turnabout took place in the fourth decade of
the 20" century and the seventh decade of Petrovic’s life. Between
1931 and 1939, he spent almost every summer on long journeys,
often scientific exhibitions. He travelled practically across the entire
world, from the North to the South Pole. It is worth reiterating that
Petrovi¢ embarked on these journeys in his advanced age, when
people rarely cross their thresholds. It not usual even today that
someone would go above and under the two great polar circles, let
alone then, almost one hundred years ago.

Finally and most importantly, after these journeys, Mihailo
Petrovi¢ became a travel writer. He published a number of books,
voluminous travelogues, which make up two comprehensive vol-
umes of The Collected Works.

The secrecy imbuing these Petrovi¢’s journeys is further
deepened by his labelling them “scientific expeditions”, without
stating the motives (which, ultimately, can be a personal matter) or
the sources of funds and connections with explorers that he trav-
elled with.

In his Letopis Zivota i rada Mihaila Petrovica Alasa (Chroni-
cle of the Life and Work of Mihailo Petrovi¢ Alas), Petrovi¢’s most no-
table biographer Dragan Trifunovi¢!?! thoroughly covers the fourth
decade of the 20" century, but mentions nowhere the motivating
factors behind these Petrovi¢’s grand journeys. As meticulously not-
ed by Trifunovi¢, Petrovi¢ left behind him an enormous number of
letters and notes, in which he addressed his friends, relatives, col-
leagues (either in the fields of science or fishing), government and
paragovernment authorities and many others.

However, even a most thorough insight into his legacy does
not reveal how he embarked on his journeys. Dragan Trifunovi¢
wished to believe that Petrovi¢ undertook them for scientific and
thus state purposes, in order to decipher the earth’s magnetic field
and ice movement on the poles so as “to study the possibilities of
ship navigation”. Of course, the question immediately arises as to



Eskimo shamans, around 1931 (SASA Archive,
14197/11-3-6)

why a country, impoverished and without a significant influence such as Yugoslavia, would have
played any role in such expensive research.

Still, it is known that Petrovi¢ had numerous friends and acquaintances, whom he gained
primarily during his education abroad, notably in Paris, who were, in their advanced age, wealthy
enough to undertake such expeditions and invited their friend Mihailo Petrovi¢ to join them as
well. This hypothesis is supported by the fact that, for instance, a six-member French expedition
set off on the first journey to the North Pole from Dunkirk, joining a Norwegian expedition that
numbered around twenty persons. For those less familiar with the history of the period, France
was a superpower at the time, contrary to Norway. The author of this paper is more inclined to
the second theory, but would also like it to turn out that Mihailo Petrovi¢ dealt on these journeys
with important inventions which were put to use in the oncoming war. Even if it had not been
so, he left to future generations voluminous travelogues with numerous comments which we will
cover by the end of this paper. If someone thinks this was not a great achievement, they should
consider the fact that the Serbs do not seem to be particularly fond of travels.

The first journey (summer 1931)
Northward Ho!

From France to Greenland and almost all the way to the North Pole.

The first expedition started from the historically famous Dunkirk. This journey is
well-documented, which attests to Petrovi¢’s degree of diligence, typical of natural scientists
and less common among mathematicians. He also shows, in a way, his second nature, reflected
in his scientifically grounded curiosity towards the sensory world around him. Before setting
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Personal possessions
of Mihailo Petrovi¢,
his loyal traveling
companions: a leather
suitcase with initials,

a metal cup in a leather
casing with initials,
the mechanically
powered dynamo
flashlight (Luzy),

a photo camera (Hutig
A:G Dresden, 1908).

I. Markovi¢, 2018
(“Mihailo Petrovi¢”
Foundation)

off, he took a picture of himself in the uniform of a reserve officer, with binoculars and in
boots!22, They took extremely difficult routes, even measured by present-day standards. They
even went beyond modern standards as living people would today be replaced by drones and
satellites.

In his travelogue, based on which a precise map of the journey was made, Mihailo
Petrovi¢ first gives a short overview of the route. He then focuses on the pictures that left on
him the greatest impression. He writes about icebergs, polar bears, and outlines the tasks of
scientific expeditions. Just like an anthropologist, Petrovi¢ analyses Eskimos, their economy
and style of life.

“Of everything I have had the chance to see on this unusual journey, my meeting with the
most primitive man living today on the planet excited me the most - it was the first roaming
Eskimo that we came across. It was a creature clad in bearskin. When it saw us, this creature sud-
denly stood up, grabbed its short spear and hesitated for a moment whether to run away or stay.
This was the first Eskimo that we came across, a real Eskimo nomad, who for months, until a real
polar night sets in, is roaming and hunting, incessantly eating and sleeping on ice wherever he
tinds himself at the moment. Nomadic families usually roam together. They leave on ice, together
with dogs and small children, the sledges pulled by dogs, in which they carry their most neces-
sary things. The men, women and older children go their separate ways looking in ice for a hole
that a seal made beforehand with its mouth, and then - the hunt takes place... The hole widens
up to half a metre. Lying on ice and holding his head above the hole, the Eskimo waits for a seal
to appear, which, swimming under the ice, uses each hole to pull its head through it and breathe.
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At the right moment, the spear tied to the hunter’s hand pierces the animal, which gets instantly
pulled from the water and killed”.

Petrovi¢ notes down all morphological features of this group of Eskimos in a coherent
and systematic way.

“All of them were smaller people, whose height did not exceed 1.50 metres. They have large,
elongated sculls, with the upper parts of their foreheads narrowed. Their cheeks are wide and
plump, noses flat, eyes small, black and barely open, probably due to severe weather they are
constantly exposed to from their childhoods, and due to the sparkling whiteness of the snow and
ice in which they spend their lives. Their hands and legs are small commensurately with their
bodies, and the upper parts of their bodies are strongly developed; most of them are fat. They are
dark red in the face. These are, doubtless, the specimens of the human species that today most
resemble a primitive man, at least in terms of the way of life... They rarely live up to 50, perhaps
due to their great voracity for meat. An Eskimo, as soon as he catches an animal, seal, walrus,
polar bear etc. starts immediately, on the spot, to eat, ingesting even up to seven kilograms of
meat per meal. However, such short lives seem not to apply to women, who very often live up
to 60-80 years. This can probably be put down to their less arduous lives than pursued by their
men. Women entirely resemble men. They are not more beautiful than them, behave in the same
way, and therefore cannot be distinguished. Apart from raw meat and raw fish, they do not eat
anything else. They know not of salt, they do not particularly need it because the animal food that
they exclusively use contains sufficient salt for the needs of their organisms.”

Petrovi¢ describes the Eskimos’ abodes in a picturesque and documentary way.

“When in their settlements, the Eskimos live under tents or in huts made of ice blocks,
which they sometimes cover with snow. Their tents are made of sealskin, propped by wooden
poles and stones; the cracks are plugged with Greenland moss. There are no windows and the
entrance is closed with a curtain made of seal intestines, split and stitched one to another; such
curtain does not let in wind and lets in some light. The huts are made of ice blocks cut by knife
and assembled into semi-spherical cupolas (called the “igloo” in their language). A narrow tunnel
3-5 metres in length, through which they squeeze on all fours, connects the interior of the igloo
with its exterior. When I tried to enter an igloo through such tunnel, I almost fainted halfway
because of the indescribable stench coming from the entrance of the igloo and, going on all four
backwards I returned to the exit faster than I came in. During long polar nights, a primitive lamp
burns in the igloo, chiselled in the soft stone, with the wick made of spun moss. The lamp lets
in faint light and a bit of warmth. They very rarely use fire as they have no fuel, and are used to
eating only raw food. While sitting in their huts, they are well clad in skin. When they want to go
to sleep, they lie one next to another, completely naked, on the spread skin of the polar bear and
cover themselves with long skin. Their clothes are made of the skins of seals, deer or the polar
bear, or their combination. They are sown by women with needles made of fishbone. Both men
and women wear trousers, often decorated, as well as coats with woven or etched images. They
usually put on two pairs of clothes; when at the open sea, they put on one more sealskin, which
preserves the bearskin underneath from becoming wet. They put on their heads skin hoods,
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fought.

which leaves only their eyes, nose and mouth open. They often pull over their eyes little seal-
skin with two thin horizontal slits to look through; they thus save themselves from snow needles
which can cause eye inflammation, and from the reflection of the snow and ice. They have on
their legs some sorts of socks, in the form of bags made of skin of polar rabbits, over which they
pull sealskin boots”

The Eskimos from eastern Greenland, about whom Petrovi¢ wrote, never quarrelled or

“They have phlegmatic temperaments, they are open and good-natured, but without excite-
ment and exuberance. Once they stop looking upon a foreigner with mistrust and realise they
have nothing to be afraid of, only they care about is how not to make him angry or sorrowful.
No one has ever heard them complaining of their tough life or anything else. They have a very
poor notion of ownership. They believe everything can be shared with others apart from wom-
en, clothes and tools. When one of them catches a seal, all those nearby can eat as much as they
want. This, however, also implies the duty that each of them must hunt or assist in hunting and
preparing tools and gear when it is requested from him.

Understandably, in his descriptions of the Eskimos’ lives, Petrovi¢ devotes most attention

to their hunting practice.

“As soon as, in early spring, the sky clears up so that it is possible to hunt, and the time
allows them to survive outside, the Eskimos go hunting in groups - some of them on sledges,
others in boats or dinghies. [...] Sledges are pulled by large and strong Eskimo dogs, wild and
sanguinary almost like wolfs, but very obedient to the Eskimos. [...] They use for navigation
large boats and light dinghies. [...] Large boats with wide sails of sealskin, which carry 6-12
persons each, are used for entire families with their luggage, or for whale hunting. Much more
interesting for them are light dinghies for individuals, called “kayaks”, which play a very im-
portant role in the Eskimos’ lives. They obtain primarily what they need for everyday life and
food: meat and fat, skin for clothes, footwear and tents, bones for tools and other. Kayaks are
made of tanned sealskin, stretched over wooden bars and tightly tied to the bars with straps
and strings of skin or intestines. They are entirely closed, covered and waterproof. The Eskimos
get used to handling them from their earliest childhood. They use them to navigate the seas,
look for prey and brave strong winds, even storms, because kayaks cannot sink unless pierced
by solid objects”

Petrovi¢’s overview of the method of hunting and adequate equipment is rather exhaus-

tive and detailed, but he did not stop there. He also devoted particular attention to the spiritual
life of the Eskimos, their customs and beliefs.
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“Above all, the Eskimos have their own language which, although poor, has expressions even
for things going beyond everyday life. They have their beliefs, superstitions, even their naive
explanations of what is happening around them. Their language is very poor in words and ex-
pressions, and can therefore be very quickly and easily mastered. One word often expresses an
entire idea, but as the number of ideas is small, the number of such words is also very limited.



Mihailo Petrovi¢’s passport.
1. Markovi¢, 2018 (“Mihailo
Petrovi¢” Foundation)

Sentences are very short, often consisting of one word only. The Eskimos’ religious ideas are
highly undefined and vague. They believe in monsters and evil spirits that only their sorcerers
can influence. Natural phenomena such as: the northern polar light, thunders, very rare in those
regions, become a good or evil will of those monsters and spirits. The land of the dead is entirely
similar to the land of the living - the Eskimo continues his hunt there and can die once again in
that land. The appearance of sunlight after clouds suggests that a young man died somewhere in
that moment, and the Great Spirit makes the sky and earth cloudy and shiny so as to solemnly
receive his soul. The sky is a spacious earth with holes, and these holes are stars. This land is
inhabited by people who left this earth to another world; when they pour down water, the water
leaks through those holes to this world - this is rain. When a man or animal die, the moon carries
the soul to the land upwards. When the moon is not seen, it carries the souls. A man’s soul can be
transformed into the soul of any type of animal. Good people become people again, and the evil
ones become animals; everything that lives cannot be destroyed.”

Finally, in the third layer, Petrovi¢ explains in detail various phenomena explored by po-
lar expeditions and gives a highly in-depth overview of the main expeditions to the North Pole
from which, at the time he was writing, less than a half a century elapsed. This travelogue - and
the author applies the same method, in a highly meticulous way, in other travelogues as well - is,
in fact, a true textbook on geography, demography and economy of the regions he visited. It may
be possibly called the Encyclopaedia of the Arctic Circle.
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The second journey (summer 1932)
Eastward Ho!

Across the Atlantic to the Sargasso Sea, Caribbean islands,
Antilles and Bermuda.

This journey could have the status of “a pleasure trip” both in Petro-
vi¢’s time and today. Mihailo Petrovic¢ travelled with his friends to the islands
of Central America, the Azores, Haiti, Bermuda... Being a good travel writer,
he feels he must intrigue his readers. Apart from picturesque descriptions,
the most interesting is his division of sea plunderers into regular and irreg-
ular, i.e. state and ordinary pirates. State pirates — this is how I began to
read about famous sir Francis Drake who eventually became an admiral and
defeated the Spanish Armada which attempted to invade England - looted
their enemies, waging a sort of “a trade war’, though with somewhat more
violent methods than today, but with similar consequences.

Of course, Petrovi¢ meticulously describes fishing and the econ-
omy of Central American islands, publishing even two travelogues about
these journeys.

The third journey (summer 1933)
Northwestward Ho!
To Labrador and Newfoundland.

This route was also directed rather to the north, but already in a
warmer place. People lived there, there was an economy mainly based on
fishing and whale hunting. Being a passionate fisherman, Petrovi¢ did not
miss any of the most important products of the region - the cod. While
the northern route was coloured with ice, coldness and dangers, Petrovi¢
describes this route with many more human colours.

The fourth journey (summer 1934)
Southward Ho!

Towards the Antarctic via the Atlantic route.

If you thought that the South was warm and the North cold,
you were wrong. Of course, it depends on how southward you go. On



his journey to the Horn of Africa, Petrovi¢ saw pen-
guins, visited Saint Helena, the famous island where
Napoleon spent in exile his last days. He missed to see
the giant tortoise from Napoleon’s time. It died aged
around 200, a year before the arrival of Petrovic’s ex-
pedition. The British Empire brought tortoises mainly
from the Galapagos islands. Petrovi¢ wrote they were
owned by the sovereign United Kingdom of Great Brit-
ain and Northern Ireland and, as the Crown’s property,
were roaming around numerous parks of the gover-
nor’s residence, with the governor’s children “riding”
on their back. This tradition is strong still today with
the oldest “movable living being”!?? Jonathan!?* that
lives on Saint Helena. In his travelogue “Around Far-
Flung Islands”, Petrovi¢ published a photograph with
two tortoises for which he claimed to originate from
Napoleon’s time. However, the photo was taken in 1886
and contemporary biometric analyses have confirmed
it was Jonathan and his “lady”!?® that he outlived by
around twenty years. Petrovi¢ cannot be blamed for
this error — he received the photographs together with
the claim about the origin - but he perfectly noted the
fauna which is still today a world attraction. Above all,
he saw “the future oldest animal”!

The fifth journey (summer 1935)
Westward Ho!

To the Indian Ocean.
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Map of the route traveled from the French coast to Madagascar
in 1935

The fifth expedition went through the Suez towards the Indian Ocean. Just like the sec-
ond one, it focused mainly on French colonies, which are today already independent countries.
However, they also visited, as reflected in the travelogue name, far-flung islands, which still to-
day fascinate the public in BBC science and nature documentaries. Petrovi¢ again showed his
directing talent, selecting the flora and fauna that he explored and wrote about. Madagascar
understandably takes the main place, which is in fact a smaller continent, with numerous living
species that can be found nowhere else on earth!?6. He also examined the indigenous people’s
way of life, displaying his unusual gift to describe exactly what we consider necessary. We can
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In his book In the Empire of Pirates, Mihailo Petrovi¢ writes about notorious pirates, such as
Charles Vane, who robbed the Antilles, the Bahamas and the Bermudas.

only imagine what Petrovi¢ would have made had he had, instead of his camera, modern multi-
media recording devices!

The sixth and last journey (summer 1939)
Warward Ho!

The break in his journeys lasted for four years. We do not know the reasons. Tiredness,
finance, the crisis in Europe on the eve of the war. This journey was somewhat shorter. It ended
on the Azores, 1500 km northwest from Portugal. Petrovi¢ set off on this journey with the same
French team with whom he had travelled across the world. As this journey was also “on the
route of eels, we can assume with certainty that it, along with the second journey, served as the
basis and inspiration for the Eel Novel. As Petrovi¢ mentions at almost each his journey the sea
flora, particularly fish, his narrative is imbued with his fishing sentiments as well. The journey
routes suggest that other expedition participants were also highly interested in fish, notably eel
movement. As the names or functions of members are rarely mentioned, we cannot claim with
certainty that Petrovic’s fellow travellers were interested concretely in eel. Still, it is not disputable
that eels, passing through the entire Atlantic and the Baltic Sea to spawn and close their life cycle
are still today intriguing to experts and us, laymen, alike. Mihailo Petrovi¢ returns to his country
after this journey and goes to the war, approaching his final days.
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Travelogues

All descriptions of the grand journeys that Petrovi¢ under-
took in the fourth decade of the 20" century are in fact his own.
They are a part of voluminous manuscripts which, unlike his math-
ematical work, were created very suddenly.

Already after his first journey, in summer 1931, Petrovi¢
addressed!?” his friend Pavle Popovi¢!?8, president of Srpska kn-
jizevna zadruga (Serbian Literary Cooperative), proposing that his
travelogues be printed “to the amusement of the Serbian people”.
Being a long-lasting Petrovi¢s friend, Pavle did not hesitate and
published the first travelogue in the literary edition of Zadruga,
regular circle, in the Savremenik (Contemporary) library, thus im-
mortalising Petrovi¢ in another way, unexpected not only for us,
but for Petrovi¢ as well. Thus, along with being a travel writer, Pet-
rovi¢ became a literary author. The most important information
linking Popovi¢ and Petrovi¢ is the fact that Popovi¢ was elected
a professor of the Great School in 1904, along with Simo Lozani¢
and a few others. The following year, he was elected a professor at
the newly founded University. The purge carried out by members of
the Karadordevi¢ Dynasty after the coup détat was rather compre-
hensive. At most a third of those who were professors of the Great
School in 1904 and later of the University survived. A similar age
and favour they enjoyed with the new Dynasty created strong mu-
tual connections among this small group of people. The Dynasty’s
importance declined after the Great War, but personal connections
remained, perhaps even becoming stronger, as the political back-
ground sustaining them disappeared.

Given the above, the assessments that Petrovi¢ imposed
with his travelogues should be taken with reservations. Pavle Popo-
vi¢ was most probably well informed about Petrovi¢’s journeys, see-
ing in them not only a potential literary text, but also a connecting
transversal of his generation. Such approach can also explain how
the first travelogue of Mihailo Petrovi¢, who was after all an ama-
teur and beginner in literary profession, was printed in the Savre-
menik edition, where the works of the most eminent Serbian writers
were published.

This cooperation continued. As many as five Petrovic’s
books were published by Srpska knjizevna zadruga: Kroz polarnu
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In his book With the Ocean Fishermen, Mihailo Petrovi¢ writes about endurance, persistence and
sobriety of the oceanic fishermen.

oblast (Through the Polar Region) (1932)'%°, U carstvu gusara (In the Em-
pire of Pirates) (1933)130, Sa okeanskim ribarima (With Ocean Fishermen)
(1936)13L, Po zabacenim ostrvima (Around Far-Flung Islands) (1936)132
and Roman jegulje (Eel Novel) (1940)'33. Apart from the Eel Novel, the rest
are travelogues!34, — the first from the first journey, the story about pirates
and fishermen from the second, and far-flung islands from the third.

The Politika daily published “abbreviated editions” of Petrovic’s
travelogues, with his notes and reflections. Politika may have exerted a
stronger influence on Mihailo Petrovi¢ becoming a paradigm of the trave-
logue genre among the Serbs than all publications of Pavle Popovic.

It is also true, or at least it again seems so to the author of this ar-
ticle, that Mihailo Petrovi¢ understood well the power of the media, using
his self-promotion gift to the utmost in his epoch. Others, however, believe
this is not befitting for such a great man. The exact explanation probably lies
somewhere “in the middle”, which makes it both tedious and irrelevant.



Of the fifteen volumes of The Collected Works, Travelogues make
up the two largest. Slobodanka Petkovi¢ (the foreword to book 13, i.e. sec-
ond volume of Travels) wrote an excellent article where those who like
curiosities can find a lot of information missing in this overview.

Being a descendant of men and women who built their reading
careers on Petrovi¢’s travelogues, I read all his travel writings while still a
child. Colleague Mihailo Panti¢, who contributed to the exhibition cata-
logue and this monograph with an outline of Petrovi¢’s fishing activity and
literary work, proposed that Mika’s literary work be subjected to a serious
analysis. The timeframe for such endeavour being too short for this occa-
sion, I am confident that Panti¢ is right and that a separate “project’, as it
is said today, should be devoted to such task.

Petrovi¢’s travelogues and other works can be accessed in digital
form in the Virtual Library of the Faculty of Mathematics'®”.
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MIHAILO PETROVIC’S FISHING -
ONE VIEW

Nenad TEOFANOV
University of Novi Sad,
Faculty of Sciences

Mathematical phenomenology is an original theory by Mihailo
Petrovi¢, which, as a mathematical theory of the activity of causes, was
briefly presented to the public in his accession academic speech when
he became a full member of the Serbian Royal Academy. In less than 10
years, Mihailo Petrovi¢ grew from a graduate of the Belgrade Faculty of
Philosophy into a world-class mathematician and became a full member
of the Serbian Royal Academy. After completing his studies at the Bel-
grade Faculty of Philosophy’s Department of Natural and Mathematical
Sciences, Mihailo Petrovi¢ moved to Paris for further education. The year
was 1889, late September, and the World Exhibition (Exposition Univer-
selle) was on, an ambitiously organized event marking the centenary of
the French revolution. The Eiffel tower dominated the exhibition, which
was built for this occasion. In this period, later named the Belle Epo-
que!36, Paris was the center of significant social changes. In addition to
scientific, technological and cultural innovations, the emergence of enter-
tainment industry and consumer society took place. Educational, scien-
tific and medical institutions, alongside casinos, cabarets and restaurants
in Paris were the leading ones in Europe at the time.

Studying at the prestigious I'Ecole normale supérieure enabled
Mihailo Petrovi¢ to form himself as a scientist under the influence of the
top-notch professors among whom the most important one was probably




Henri Poincaré, who, together with the other committee members, approved the subject of Pet-
rovi¢’s future doctoral dissertation. The committee before which Petrovi¢ defended his doctoral
dissertation at Sorbonne in 1894 consisted of equally famous mathematicians Hermite, Picard
and Painlevé.!3”

The Serbian Royal Academy in Belgrade recognized the quality of Petrovi¢s scientific
discussions from that period and consequently he became a corresponding member in 1897.
That same year, the first International Congress of Mathematicians was held in Zurich, and Poin-
caré was invited to participate as one of the four plenary lecturers.!38 At the opening ceremony,
Adolf Hurwitz highlighted the importance of aligning mutual cooperation and individual act of
mathematical research: “No science, unless perhaps philosophy, has such a brooding and solitary
character as mathematics. Nevertheless, in the breast of a mathematician subsists the need for
communication and understanding with colleagues.”!3

The subsequent world congress of mathematicians, held in Paris in 1900, was marked
by the rivalry between the two approaches to nature and the essence of mathematical research, a
formalistic one and an intuitionistic one, as they were termed later. Poincaré was classified into
the intuitionistic group, whereas David Hilbert was the main proponent of formalism, who de-
livered his famous lecture on mathematical challenges heading into the 20 century.!40

Mihailo Petrovi¢ took part in the congress and it is very likely that he attended Hilbert’s
lecture.!! Henri Poincaré, Petrovi¢s professor and one of the four plenary lecturers in Paris, was
also in the audience. One of Hilbert’s problems, the so-called Poincaré Conjecture, was included
in the Clay Mathematic Institute’s Millennium Problems list, which was published in 2000. The
list contained seven mathematical problems for the solving of which an attractive reward of one
million dollars per problem was offered. The Poincaré Conjecture has been the only solved prob-
lem from the list up to now.'42

A few months prior to Hilbert’s lecture, on January 9, 1900, Mihailo Petrovi¢ delivered
his accession speech titled On Mathematical Theory of Activity at the ceremony held on the occa-
sion of his appointment as a full member of the Serbian Royal Academy. Petrovi¢’s theory, later
termed mathematical phenomenology'43, has been original, ambitious and promising, in accord
with the spirit of the most important mathematical achievements of that time.

IT

Mihailo Petrovi¢ delivered his accession speech at the Serbian Royal Academy almost one
year after he was elected its full member on February 4, 1898. In his speech he expounded the
“first draft of a theory” and announced the direction of his future research. The theory was about
the causes of phenomena, with an emphasis on disparate, different phenomena and about possibility
of discerning analogies among those phenomena. For this purpose, the term activity of causes was
introduced, representing the dynamic side of the cause, embodied in the aspiration of the cause,
which is defined by its meaning and intensity. The discussion aims to show the following:
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Mihailo Petrovi¢'s memory from fishing (SASA Archive, 14197/11-23)

“That it is possible to introduce the term of activity as a pure, general, precise term, which
possesses all characteristics of terms in mathematical analysis;

That it is possible to develop a general, purely mathematical theory the subject of which
would be the following: researching various activities in terms of their dynamic nature, looking
into their various combinations and determining the effects that result from the impacts of those
activities on a certain phenomenon;

That the theory developed in such a way can be applied to seeking quantitative laws of all

phenomena for which the activities of the cause are known, regardless of their nature’144

In order to clarify this abstractly formulated goal, Petrovi¢ states a more specific idea:
“Instead of gravitational, electrical, magnetic, chemical, etc. forces, we would deal with a general
term of causes and their activities; instead of a mechanical, physical, chemical, etc. phenomenon
which is being observed, we would have an abstract concept of effects; instead of special laws
based on which the mentioned specific causes act, we would deal with the laws applicable to the
aspirations of causes according to which they attempt to affect the phenomena. Knowing the way
in which a cause or a group of causes aspires to strengthen or weaken a phenomenon, we can
calculate their effect and determine the law based on which the phenomenon will change when
the strength of the cause with such aspirations changes”

Finally, various phenomena, observed with the proposed method, could be unified un-
der a more comprehensive theory. According to Petrovi¢, all separate theories obtained in such a
way would be then observed from a higher point, from which they would look as parts of one and
the same whole. Thus, Petrovi¢ used his accession speech to expound the program of his future
scientific work, shortly stating the idea concerning the way in which his theory of activity will be
treated with the help of mathematical analysis, and the general aspect this theory will have once
it is fully developed.
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Petrovi¢ further observes historical phenomena, environmental impact on the de-
velopment of various biological species, science of language development, etc, in line with
the idea of developing a theory which would combine and bring to a common basis a huge
number of disparate theories, which otherwise would not share any interdisciplinary ties
whatsoever. Undoubtedly, such an approach was inspired by the success of the mathematical
description of physical phenomena. As an illustration of analogy among disparate phenome-
na, we mention examples of proportionality of some physical quantities. That is the simplest
possible relation between the two physical quantities in nature, and it is described by a linear
function.!4

The continuous flow of electric charge (direct current, without the change of the velocity
of a charge carrier) determines current intensity. Such current intensity, defined by a change in
charge quantity which passes through a certain point of the wire in a unit of time, is proportional
to the difference of potentials (voltage) at the ends of the wire:

I—dQ— V-1

dt R’
where R stands for resistance, and V, and V| stand for potentials. The minus sign shows the
direction, i.e. that the flow goes from the point with higher potential towards the point with
lower potential. If G denotes conductivity, then we obtain a connection which is also known as
the Ohm’s law:
dq
I = E= —G(Vz— Vl)

The next example is related to a thermal phenomenon. If a metal bar the length of which
is denoted by I is heated at one end, and constant temperature is maintained at the other end,
then the quantity of heat passing through the bars’ cross section in a unit of time is proportional

to the difference in temperatures at the bar’s ends:
dH kA
- T (T;=T1),

where A denotes an area of the bar’s cross section, and k is thermal conductivity of the material.
The minus sign says that the heat flows in the direction opposite to the temperature increase.
With the notation

K= KA
o
for the bar’s thermal conductivity, we get the equation
dH
Frinie K(T,-Ty).
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We can notice the analogy with the Ohm’s law. However, instead of the flow of electric
charge, here we are dealing with the flow of heat, caused by the difference in temperatures, not
in potentials.

The third example looks into the flow of liquid through a pipe (without turbulence)
which occurs due to the difference in pressures at the ends of the pipe. If r is the pipe’s radius,
is the pipe’s length, and n) is its viscosity (measure of its inner friction), then the volume of liquid
which passes through the pipe’s cross section in a unit of time is shown with

dv nrt

%= - 8_nl(p2_ P1)

where p, and p, are pressures at the ends of the pipe. The minus sign marks the direction of the
flow of the liquid from the end with higher pressure towards the end with lower pressure. Such
a relation is named Poiseuille equation. With the notation F for flow conductivity through the
pipe, we get

av F( )

dt p2—P1)-

There is a similar law, for instance, related to diffusion (change in the concentration of

a solution) which relates a concentration gradient with the difference in concentrations at the
ends (of sump)

dn
= _C _ ,
dt (ny-ny)
where C denotes diffusional conductivity (of the sump).
Therefore, the flow phenomenon is characterized by a general relation that is evident in

the following table:

Current intensity | dQ

dt = —G(V-1)
Heat dH

2t = ~K(T-T)
Flux dv

ar F(p2-p1)
Diffusion dn

- ¢ (ny-ny)

Mihailo Petrovi¢ wanted to generalize the analogies of this type of phenomena in soci-
ology, economy, linguistics, and to describe them with mathematical formulas, by expanding the
existing terminology. Petrovi¢ dealt with mathematical phenomenology for the rest of his life,
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developing his theory of causes, activities and analogies in a number of
scientific discussions and books: Analogies among Disparate Phenomena
(1902), An Attempt at a General Mechanics of Causes (1905, translated into
French in 1906), Elements of Mathematical Phenomenology (1911), On Mi-
hailo Petrovics Works (1921), Phenomenological Mapping (1933), Mathe-
matical Analysis and Oceanographical-Biological Problems (1939) etc.

It is impossible to briefly present Petrovi¢s theory, nevertheless,
one may caught a glimpse of the goal of his approach in the following
quotes:

“If activities of all the factors that either actively or passively partic-
ipate in causing or maintaining a certain phenomenon would be known,
the phenomenon would be fully understandable and its state would be
known in advance at any moment, the same way as in rational mechan-
ics, where the state of a movement is known at any moment, provided
that the forces that cause it, resistances that hinders it, and material re-
lations that are maintained during the movement are known. A form
of mathematical laws concerning phenomena primarily depends on the
roles and activities of causes that participate in them: in two phenom-
ena, no matter how mutually disparate they may be in terms of their
specific nature, mathematical laws will be the same by their form if the
corresponding factors in them play the same roles and if they have the
same dynamic nature of activity.....

The common characteristics of the flow, imposed by a certain type
of a mechanism on various disparate phenomena, clad in specific mean-
ings contained in the observed specific natural phenomenon are also ex-
ternally expressed by specific properties that are immeasurably versatile,
depending on the specific nature of the phenomenon. Thus, the growth
of an element will be manifested either as an increase of translation or
rotation in movement, or as a gradual change of some color from red
to purple, or as warming of an object, or as an electrical current that
is becoming stronger and stronger, speeding up of a chemical reaction,

worsening condition of a disease, etc”146

Given the previously said, one can easily perceive the similarities
with the idea of the Grand Unified Theory the physicists have been dealing
with, in particular since the mid- twentieth century, under the influence
of Einstein’s research. In the last decades of his life, Einstein was preparing
himself to develop a unified field theory, i.e. a theory that would unify all
natural laws owing to a unified mathematical language. Instead of sepa-
rate groups of laws for individual physical phenomena, Einstein wanted
to discover the whole, which would unite all the laws. More precisely, it
was a search for a “mathematical sentence” that would include gravity and



electromagnetism. Gravity was described by Einstein’s Theory of General Relativity, whereas the
other force, electromagnetism, was described by Maxwell’s equations from 1864. Maxwell’s uni-
fication of electrical and magnetic forces in the 19" century has been one of the invaluable sci-
entific contributions. “Before Maxwell, the electricity flowing through a wire, the force generated
by a child’s magnet, and the light streaming to earth from the sun were viewed as three separate,
unrelated phenomena. Maxwell revealed that, in actuality, they formed an intertwined scientific
trinity. Electric currents produce magnetic fields; magnets moving in the vicinity of a wire pro-
duce electric currents; and wavelike disturbances rippling through electric and magnetic fields
produce light.'47 Einstein intended to generalize Maxwell’s program by formulating a theory of
unified description of natural law that would include electromagnetism and gravity.

In the meantime, two more forces were experimentally discovered: strong nuclear force
and weak nuclear force, and eventually the unified theory was to include all four forces. During
the late 1960’s and 1970’ physicists managed to describe the weak nuclear force and the strong
nuclear force by applying the methods of the quantum field theory to electromagnetic force.
Therefore, all three forces that are not related to gravity can be described by using the same
mathematical language. Nevertheless, when those methods are applied to the fourth force of
nature, gravity, mathematical description becomes useless, unusable.!48

Among numerous examples that Petrovi¢ used to corroborate the ideas of his phenome-
nology there is a detailed description of a research conducted by professor Umberto D’Ancona in
the field of biocenosis.'® In this research from 1926, empirical data from fish markets in Rijeka,
Trieste and Venice were observed. D’Ancona studied a natural balance between predator and
prey fish species and eventually found an optimum related to fishing activity. When this activity
drops below a certain level, predators are favorized, whereas when fishing increases above this
optimum level, the effect is opposite. Petrovi¢ states that this result fits into the mathematical
model that was previously formulated by the Italian mathematician Vito Volterra!>? in the form
of differential equations, as well as some known fluctuations of fish species that were observed
and explained by Volterra’s equations.

ITT

According to Mihajlo Panti¢, among all his interests and preoccupations, Mihailo Petro-
vi¢ — Mika Alas attached undeniable importance to his primordial passion - fishing.!>! In sim-
ilar manner, Dragan Trifunovi¢ writes that the life of Mihailo Petrovi¢ was fulfilled with fishing
and science, two natures constantly complementing one another, thus creating a unity and har-
mony, making Petrovi¢ the fisherman always present in Petrovi¢ the scientist. To his colleague
Milutin Milankovi¢, who was not at all interested in fishing, Mika Alas used to say that the best
combination was: “A little bit of fish, a little bit of book!”

Petrovi¢ developed a passion for fishing prior to his passion for science. After his father
Nikodim Petrovi¢ passed away (in 1875), his grandfather Novica Lazarevi¢ introduced him to
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the world of fishermen on the Danube and the Sava rivers. “Fishermen’s life, charm of many
nights spent on the Sava and the Danube rivers, passion and experience when fish is caught, all
those things attracted the young Petrovi¢ to this sort of life”1>2

Even in the formal sense, Petrovi¢ was a fisherman by vocation: in 1882, at the age of
fifteen, he became an apprentice (with fisherman Cuklja), then in 1888 he became a fishing jour-
neyman, and upon his return from his doctoral studies in Paris, he became a master fisherman.
In the meantime, during his stay in Paris, Mika was dreaming about his master’s diploma, yearn-
ing for it as much as he was yearning for his doctorate degree in mathematics:

“T used to wander and walk along the river Seine watching how they caught fish, dreaming
of becoming a professional fisherman after I finish my studies and return to Belgrade. It was
when I was a student back in Belgrade that I learned the fisherman trade and got my certificate

of craftsmanship; I prefer it to my doctoral diploma.!%3

As a professional fisherman, Mika Alas took part in a number of important social ac-
tivities. Thus, for instance, he participated in drafting the Law on Freshwater Fishing (1900), as
well as in resolving the disputes with the neighboring countries, Austria-Hungary and Romania,
and in developing the relevant conventions (1905-1908), in London he organized a well-noted
exhibition of Serbian fishing (1907), whereas in Belgrade he organized the first exhibition of Bel-
grade fishing where he displayed the 83 kilo catfish that he caught in the Sava (1908), he founded
a stock company with the purpose of organized exploitation of fish harvested from Ohridsko and
Prespansko lakes (1921).

Still, he preferred life with fishermen on the Sava and the Danube to all these activities.
There are many testimonies about this, especially about the allure of the fishermen’s way of life,
their joint work, code of conduct, mutual understanding and solidarity. Thus, for instance, M.
Milankovi¢ wrote that, on one occasion, Mika Alas announced he would go to the river, but he
unexpectedly came to his office in the Institute, because his fellow fishermen, after a good catch
and good income, got drunk, got into a fight and finally ended up in custody. Academician Pet-
rovi¢ was obviously fond of these “common” and “uneducated” people who were, plainly speak-
ing, “honest and good-natured” !>

Academician Stevan Sremac also spent some time with Petrovi¢ on the Sava and the
Danube, in an environment totally new to him. On the occasion of publishing Stevan Sremac’s
Collected works in 1938155, Petrovié¢ recalled their past adventures and retold the content of a
story which Sremac was preparing, and eventually published his own story about the life and
adventures of fishermen in the prewar period.

Prince Porde Karadordevi¢ had similar experience, writing in his autobiography that,
during the mathematics class, he complained to professor Petrovi¢ that he got bored in the pal-
ace, and it was then when the professor proposed to take him to the Sava river and teach him
the craft of fishing: “Fishermen greeted the professor as an old friend. He knew everybody, and
everybody knew him. Nobody stood up to pay him respect, everybody was going about their
business, and greetings were expressed by shouts. My presence did not bother anyone, and it
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did not raise any major curiosity. Even if someone had recognized me, it could not have been
noticed”’1°6 However, these activities did not sit well with his father, king Petar: “I am not against
tishing. It is a good sport, and fishermen are honest people. I even used to fish myself, but this
was during my leisure time, and I was not an heir to the throne. You are in a different situation.
Your actions are in the limelight, and everything you do is commented among people. You do
not belong only to yourself anymore, remember this, and take care not to cause any unwanted
reaction by your behavior”1>7

Immediately after his abdication in 1909, prince Dorde spent some time on the Danube,
and in his memoirs he gave a touching description of this period: “I am running away from my
home, I am running away from my family - I am running away from myself. I am spending days
and days on the Danube. Together with professor Petrovi¢ I am camping in fishermen’s cottages,
sharing life with common fishermen. I am dressed just like them - I have one cap which I never
take off. And the professor is wearing always the same straw hat. His face has gotten dark and
rough from wind and sun. We keep fishing constantly, day and night, and old fishermen, my
friends, keep shaking their heads worryingly, watching me depressed... The professor keeps qui-
et... On the lapel of his coat, even here, on the water, the pen which I used to sign my abdication
sticks out...”158

Mihailo’s life was full of curiosities. The same was with his transoceanic voyages. He
crossed the Atlantic for the first time in 1924, to attend the mathematicians’ congress in To-
ronto. He set out on his next transoceanic journey seven years after that. He was 63 at the
time. During five consecutive summers from 1931, he cruised all over the Atlantic Ocean,
getting into its polar areas and finally sailed deep into the Indian Ocean. He converted memo-
ries from those voyages into interesting travelogues, among which the most known one is The
Novel of an Eel, published in 1940.

Regarding his first stay at the Sargasso Sea (1932), a few years later he complained to
Milankovi¢ that he was walking around like an idle tourist, and that he could have solved the
interesting, centuries-old problem of the breeding process of an eel instead. This “centuries-old
problem” Mihailo Petrovi¢ tried to solve during his next two missions heading toward the Sar-
gasso Sea in 1938 and 1939. A fishing net, which was specially prepared for this second mission,
unhooked during the lifting and stayed at the bottom of the Sargasso Sea for good. Upon his re-
turn, Petrovi¢ was making design for the improved fishing net for his next trip that was planned
for 1940, but the trip never happened because World War II broke out. The secret of the eels has
not been fully resolved up to the present day.

In his essay “The Secret of Fish” from 1985!%° Zivojin Pavlovi¢ wrote: “Thus he named
his book on eel a novel (although it was written as a mixture of a travelogue and a scientific
discussion), because the life of eels contains two characteristics of this literary genre: adventure
and mystery. But, unlike fictional stories (the plot of which, in the final instance, must also have
an outcome), this story, at least during Mika’s life, in spite of his three attempts to resolve it by
himself, remains deprived of its outcome and the resolution of a mystery.’
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IV

The fish is a symbol of Christianity, from its very beginning.!®® However, the carved
carp that decorates the entrance door of Petrovi¢’s house in Kosanci¢ev venac and testifies of his
love for fishing, hardly symbolizes the house owner’s faith.

In the voluminous written legacy of Mihailo Petrovi¢, there are almost no clues that
would shed light on his views concerning Christianity. His worldview must have been formed
under the influence of his father Nikodim, who was a priest and professor at seminary, and, after
his death, of his grandfather Novica Lazarevi¢, archpriest at the Cathedral church. In such an
environment, Mihailo Petrovi¢ adopted patriarchal principles and respect for traditional values,
above all in the customary sense. Mihailo Petrovi¢ was dealing with scientific facts, tangible phe-
nomena, and therefore religious topics were not the subject of his numerous discussions, because
he obviously deemed them scientifically irrelevant. Since he thought very highly of Napoleon, 6!
it is appropriate to mention here an anecdote familiar to mathematicians. The story has it that
Napoleon, after Laplace gave him a copy of his new book titled Celestial Mechanics, asked the
author how it was possible that in the book on the structure of the universe there was no men-
tion of its creator, God. Laplace replied: “Your Highness, I did not need such a hypothesis”. The
same goes for the entire work of Mihailo Petrovi¢, in which there is no place for contemplating
and speculating about extrasensory phenomena, because he was focused on visible phenomena
and the rationalistic explanation of this world’s phenomena.

Still, as mentioned before, Mihailo Petrovi¢ cherished customs, so, for instance, he set
St. Apostle Philemon’s Day, December 5, as patron saint’s day for his musical troupe “Suz”. The
troupe’s patron saint’s day was celebrated in line with all the customary rules, and there were
usually more than 500 guests. Since this was the period of Nativity fast, it was necessary to catch
sufficient quantities of fish on time, so 10 to 15 days prior to the patron saint’s day Mika Alas
went fishing everyday with his fellow fishermen. J. Mihailovi¢ testifies:

“We were preparing for St. Philemon’s Day, 5 December 1913. We had been fishing for sev-
eral days now. When we went fishing on December 3, we had no luck the entire morning. We
hardly provided enough for lunch that day.

Right after noon, we continued fishing. When we were already on the water, before throwing
the fishnet, Mika prayed to Saint Philemon, and we all prayed together with him. He uttered these
words: — Help us, our patron saint, Saint Philemon, we are doing this for you, not for ourselves!

Then he threw the fishnet into the river, and when we pulled it, a catfish was rolling inside
it, almost two meters long. When we lifted it, it weighed 124 kilograms. Beside it, there was a lot

of other fish. That afternoon we had a very good harvest.”162

When, apart from this and some similar examples, he was supposed to state his view on
the experience of perceptions outside the worldly reality, Petrovi¢ was doing it in the spirit of his
worldview and positions of from his phenomenology’s point of view. For instance, he concludes
his book Phenomenological Mapping from 1936 with Chapter XI “Mythology of Facts“ in which
he wrote:
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On the Danube shore with a foreign delegation (Belgrade, 1898: Professor Petrovi¢ is wearing a cap)
(SASA Archive, 14197/11-8)

“The oldest, more voluminous human perceptions of the outer world, myths of various
peoples in the childhood stage of awareness and cognition development, are nothing but a
special form of mapping. The basis for mythical mapping lies in the mystical anticipation of a
primitive mind implying that, beyond the visible, concrete world, there is another one, inac-
cessible to it, filled with entities whose play behind the scene determines the events that take
place in the visible world”

This quote brings us back to the idea of fishing in psychoanalysis. In a dictionary of sym-
bols!®3, fishing is the extraction of elements of the unconscious, but not by directed and rational
research, but rather by allowing them to emerge spontaneously. Here, the unconscious is compared
to a water expanse, a river, a lake or a sea in which many riches are hidden, and which will be lifted
to the surface by anamnesis and analysis, just like a fisherman lifts fish in his fishnet.

Based on this symbolism, we introduce the analogy based on which the water expanse
of the unconscious is equal to the space of ignorance or hidden knowledge. Thus fisherman be-
comes the symbol of knowledge bearer or mediator, and fishnet becomes a knowledge medium
or a carrier. The fish caught in this mystical mapping become the owners of knowledge that
transforms them into knowledge bearers - fishermen.
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Mihailo Petrovi¢'s memory from fishing (SASA Archive, 14197/11-24-1)

By using this analogy, fishing which Mihailo Petrovi¢ took up literally, i.e. “in the visible
world” is expanded by fishing where the catch was of different nature. In the mathematical net
of professor Petrovi¢, the first such net in Serbia, his doctoral students were caught. 11 doctoral
theses in total were defended under his mentorship from 1912 to 1938. Petrovic’s students then
taught their students to fish in mathematical sense, so the tree of mathematical fishermen grew
wider, and most of our professional mathematicians can be found in it, whereas Mihailo Petro-
vi¢ is in the root of this tree. About eight hundred mathematicians, out of which more than five
hundred are Serbian, are connected by mentorship of their doctoral dissertations, as successors
of the “arch-mentor” professor Petrovi¢.164

Professor Vladeta Jankovié¢ writes that, in a sense, it could be said that the Christian
church was born at the moment when Jesus invited four fishermen to follow him.!6> By analogy
among disparate phenomena, we could say that mathematical sciences in Serbia were born when
Mihailo Petrovi¢ returned from Paris, and owing to his enormous efforts invested in the field
of education, scientific work, seminars, founding of the Academy’s journal titled Publications de
PInstitut Mathématique, and his mentorship of the first generation of professional mathemati-
cians in Serbia.

Finally, near the end of his life filled with fishing, when setting out on long journeys,
Mika Alas used to say: “I am already in my late years, what I have done, I have done. If I return
from this journey alive and manage to do something else, it is pure benefit. And if I die, it does
not matter. I will be buried there where the death finds me. It would be best if I died on a ship
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and they throw me into the sea so that fish can eat me and have their revenge because I was

catching and eating them a lot.”166

Something similar was said by Serbian Patriarch Pavle, when he was flying over the
sea and the airplane got into the zone of turbulence. Asked what he thought about the possible
airplane crash, the Patriarch replied: “In relation to myself, I will see it as an act of justice,
because during my lifetime I ate so much fish that it would be strange if they would not eat

me now. “167

These quotes bring us back to Mihailo Petrovi¢’s thought which says “it is not rare in
science that a certain phenomenon, with its appearance, more or less has point of semblance to
other phenomenon, totally different from it and with no real relations with it, but similar to it

in a way.’168
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MIHAILO PETROVIC:
INVENTIONS AND PATENTS







THE HYDROINTEGRATOR
OF MIHAILO PETROVIC ALAS

Radomir S. STANKOVIC
Mathematical Institute of SASA

Building computing machines and other technical devices for the
acceleration and automatization of calculating procedures has been a sub-
ject of scientific interest for centuries, and even millenniums, to which,
for instance, Antikythera mechanism!'%® bears testimony.

Taking into account the writings of Mihailo Petrovi¢ Alas on the
equipment used for fishing and the detailed guidelines for its usage, it is
hardly surprising that this eclectic research scientist turned his practi-
cal character towards building devices for solving specific mathematical
problems. Having in mind the topic of his doctoral dissertation (Petro-
vi¢ 1894), it is completely understandable that he had chosen differential
equations as the subject of his research within that field.

As his nickname - Alas (“a river fisherman”), clearly indicates,
Mihailo Petrovi¢ spent a lot of time fishing on the Danube and Sava riv-
ers, and it is only natural that he had chosen water as the main element
of his device for solving differential equations, which he simply dubbed
the “hydrointegrator”.

In this paper we are going to describe the basic parts of the hy-
drointegrator, as well as its working principles, give comments on one
specific realization, as well as on the potential improvements suggested
by Petrovi¢, and with a view to all that was previously said, name the
contributions of Mihailo Petrovi¢ Alas to building analogue computers.




HYDROINTEGRATOR

The originality and effectiveness of a solution
is probably more important than emphasizing the pri-
macy of an invention, but it should still be noted that
the hydrointegrator of Mihailo Petrovi¢ Alas is the
world’s first analogue computing machine for inte-
grating differential equations based on hidraylic prin-
ciples. Up until then the devices based on the princi-
ple of the law of hydraulics had been suggested only
for solving algebraic equations, such as Veltmann’s
machine of 1889.

The working principle of the hydrointegra-
tor is based on noticing the equivalence of laws of
changes to water levels when a body is immersed into
it and the procedure for integrating certain types of
differential equations, including Riccati’s equation!”?,

in whose solving Petrovi¢ was particularly interested.
With a view to that, the hydrointegrator can be con-

Petrovic's sketch of the hydrointegrator sidered to be what Petrovi¢ calls the materialization
(Digital Legacy of Mihailo Petrovi¢) of mathematics as the ultimate goal of mathematical

phenomenology, seen as drawing analogies between
certain mathematical problems and physical, often disparate, phenomena, with a view to re-
solving the former, as noted in Petrovi¢’s publications on the said topic (Ilerposuh 1911; Pet-
rovic¢ 1921).

The hydrointegrator represents the result of Petrovi¢s considerations and research of
many years, to which testify his notes from the lectures on mechanics given by professor Konig
at Collége de France in Paris, which Petrovi¢ attended in 1892. These notes contain elements of
the input-output system that Petrovi¢ called integraph. It represents the devices for calculating
the surface of irregular geometrical figures circumscribed by closed contours. The corresponding
page from the notes of Mihailo Petrovi¢ is reproduced in Trifunovi¢ (see Tpudynosnuh 1968a:
459, Picture 112).

Petrovi¢ later applied these considerations and other original solutions to a practical
realization of the hydrointegrator. Let us mention that Petrovi¢’s work on that problem had been
announced as early as 1896 by his senior colleague Ljubomir Kleri¢, a professor of mechanics at
the Faculty of Philosophy of Belgrade Grand School, placing a special emphasis on the original-
ity of his approach.
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Figure 2 (left): 3D model of

the hydrointegrator, author of 3D model
of the hydrointegrator Petar Vrani¢
(Mathematical Institute of SASA)

Figure 3. 3D model of basic elements

of a hydrointegrator with a rotating input
roller, author of 3D model Petar Vranié¢
(Mathematical Institute of SASA)

ELEMENTS OF THE HYDROINTEGRATOR'S CONSTRUCTION

units:

The hydrointegrator, viewed as a computing device, consists of the following functional

1. Input unit, which is in essence a body of a certain shape with or without a rotating cylin-

der. The function of the body shape represents the input data for the hydrointegrator. In
the case of there being added a rotating cylinder, the additional input data represents the
function determining the way in which the bodies are immersed in a water-filled tank.
This function is realized by a groove in the rotating cylinder which corresponds to the
graph of the selected function. The shaft of the body being immersed in the water slides
along the groove.

2. Arithmetical unit, which comprises a tank of a certain shape filled with water, a body of

the precisely defined shape, belonging to the input unit, which is immersed in the tank,
and a floating buoy, which is used for determining the water level in the tank.

Output unit, which is in the shape of a rotating cylinder, with a pencil for tracing solu-
tions on the paper fastened onto the surface of the cylinder.

As previously mentioned, using the rotating cylinder for tracing solutions, which can be

said to represent an original contribution to building analogue computers, had been considered
by Petrovi¢ as early as during his stay in Paris in 1892. He presented this idea as a technical
solution in the first paper devoted to the hydrointegrator of 1897 (Petrovi¢ 1897).
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Sketch of a rotating cylinder as an element of the hydrointegrator (Library of SASA, A40/120)

In the article published in Srpski tehnicki list (IlerpoBuh
1898), as well as in the following two papers on this subject (Petro-
vi¢ 1899a, 1899b), Mihailo Petrovi¢ examines several versions of hy-
drointegrators and proposes certain improvements.

Figure 2 shows a 3D model of the basic version of the hy-
drointegrator, and Figure 3 an improved version of the device with a
rotating input cylinder. The improved version has never been prac-
tically realized.




Apart from adding the rotating cylinder as an element of the input unit, in (Ilerposuh
1898) Petrovi¢ proposes that at the bottom of the tank in which the body is immersed an orifice
be made through which water would continually flow out. The diameter of the orifice would
be defined so as to ensure that the contraction of the current of water flowing out be complete.
Thereby an additional parameter in defining the functionality of the hydrointegrator would be
set up, using the quantity of the displaced water in observing changes to the water level in the
tank, as a result of immersing in it a body of a certain shape from the input unit. This would
enable integrating different types of differential equations, depending on defining the said pa-
rameters related to the input and arithmetical unit of the hydrointegrator.

In (ITerpoBuh 18996) Petrovi¢ proposes the application of a clock mechanism for pro-
viding constant angular velocity and synchronization of the turning of the input and output ro-
tating cylinders joined together by a kinematic connection. The clock mechanism would ensure
that the floating buoy on the input cylinder, which is used to determine the manner of immers-
ing the body into the water tank, always crosses the same distance in a set period of time, which
improves the precision of the final result.

Owing to the kinematic connection between the input and output rotating cylinders, the
hydrointegrator of Mihailo Petrovi¢ can be considered as a combination of hydraulic and kine-
matic analogue computing machine that is used for integrating one specific differential equation,
based on the selected parameters. Changing the parameters allows for integrating a broader class
of differential equations.

Bearing in mind some aspects of a practical nature, more specifically, the simplicity of
replacing the tank and the immersed body, Petrovi¢ proposes the construction of a hydrointegra-
tor in which the tank and the shaft of the body are placed sideways and turned facing outwards,
so that they could easily be replaced by a tank and body of another appropriately chosen shape.
Thereby the hydrointegrator can easily be reprogrammed for integrating another type of differ-
ential equations. In that sense, the pair (body, tank) can be taken to be a subprogramme in terms
of modern computing terminology. The parameters used for making a selection of an equation
that the hydrointegrator is to solve are the following:

1. The shape of an immersed body;
2. The shape of a tank;

3. The existence of an orifice of a pre-selected and appropriate diameter at the bottom of
the tank;

4. The manner of immersing the body in the tank, that is, the choice of function according
to whose graph the shaft of the immersed body is moving; and

5. The diameter of the rotating cylinders in the input and output unit.
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Figure 4. An illustration of hydrointegrator's working

principle from the first page of The Serbian Technical -
Journal, January and February 1898, Notebook 1 and 2, . i
figure 1. s-’"} R

WORKING PRINCIPLES OF THE HYDROINTEGRATOR

The basis for building the hydrointegrator represents the observation within the field of
mathematical phenomenology that by an adequate choice of the shape of the body M and the tank
B in which the body is immersed, they can be so adjusted that the law of changes to the water level
in a tank is correlated with the procedure for integrating a previously selected differential equation.

Let us label the surfaces of the horizontal cross section of the tank B and body M as
¢(y) and F(z) on a plane at a distance x from the bottom of the tank, see Figure 4. Due to the
immersing of the body M into the tank B, the distance of the body from the bottom of the tank
changes from x to x — dx, while the level of fluid is raised from y to y+dy, so that the volume of
the fluid that shifted from y to y+dy equals (¢(y)-F(z))dy. The volume of the displaced fluid is
equivalent to the volume of the fluid taken up by the body M submerged at the value of dz, that
is, F(z)dz, which yields

(¢(y)-F(z))dy = F(z)dz.
As the relation z =x - y, is satisfied, it results in the following
dy F(x-y) M
dx )

The aforementioned improvement of the construction presented in (Petrovi¢ 1897) re-
quires adding an orifice at the bottom of the tank, through which it is continually drained, and
thus in that case the change to the water level in the tank is equivalent to the volume of the dis-
placed water upon submerging the body M and the volume of water flowing out of the orifice at
the bottom of the tank during the period of time dt.

As a man of practical bent, Petrovi¢, taking into account the materials and the tech-
nology at his disposal at the time, proposed that the immersed body and tank have two flat
sides parallel to each other, as well as a flat bottom part, whereas the other two sides should be
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arbitrarily but adequately selected curved surfaces as in Figure 5, where the breath of the tank
¢(y) and the body 6(z) at the height y and z functions are freely chosen, as are the distance «
and 8 of the parallel sides of the tank B and the body M. In that case @(y)=a¢(y) and F(z) =
BO(z), so that the equation (1) represents

dy
= = BO(x-
ap(y) == BO(x-).
If the shapes of the body and tank are selected in that order, as in

1 1
o) = =W (2),

0 and 9(z)=ﬂ

the hydrointegrator integrates the equation of the following form
dy
2 = fOPG-y).

In the improved model of the hydrointegrator proposed by Petrovi¢, the manner of im-
mersing the body M would be determined by a grooved rotating input cylinder, as shown in
Figure 6. Provided that the diameters of the input and output cylinders D and E are mutually
different, a more general equation follows

dy
2 = Fopax-y).
If the body M is in the shape of a prism, then it holds that 6(z) = const. = B, so that the
hydrointegrator works as an integraph for calculating the surface of the cross section of the tank

in the plane of a picture
a
x=-m| ¢(dy.
BB f

As shown in (ITerposuh 1898), the hydrointegrator works as an integraph even in the
case when the body B is in the shape of a prysm.

In case the input rotating cylinder D is grooved with the
function #=f({) according to which a body is immersed, then
x=1=f(() the level of the water y as a function of { brings the solu-
tion of the equation as follows

d
ap () 7> = O D-f ().

The solution is traced with a pencil as a graph on the output cylinder E.
Petrovi¢ asserts in (ITerpoBuh 1898) that the same device

Figure 5. The realization of a submersible body could integrate different equations by changing the shape of the
and a tank with parallel sides according . . .

s : tank and the immersed body and by adding several different tanks
to Petrovi¢'s initial suggestion, figure taken . . . . .
from [Ilerposth 1898] and integral cylinders, which resulted in the construction as the
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Figure 6. The principle of work of a perfected version of
hydrointegrator, by adding the rotating input cylinder, figure
taken from [ITerposuh 1898]

one shown in Figure 2, with the aim of enabling a simple replacement of a tank and body as
the basic elements of the arithmetical unit of the device, placed on the outside in order to
provide easy access.

As Petrovi¢ showed in (ITerposuh 1898), by selecting the body and tank of different
shapes, as well as setting up other parameters, such as for example, the manner of immersing the
body, equation (1) becomes a general model that incorporates five specific differential equations,
including Riccati’s equations

dy _ 2,2
o= XO-y

in whose methods of solving Petrovi¢ took a special interest, as well as the equation

dy _

-+ FO) = FOW(0),
d

D)+ Ay-af' () =0,
d

D) 7o = k(F - (),

dy
— = fOplax +).

Moreover, for another set of parameters and entry data, the hydrointegrator could also
solve the equations such as the following

P(x,y)dx+Q(x,y)dy=0. (2)
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Class (2) contains equations such as

v(x-y+A)dx+(9(y)-y(x-y+1))dy=0,
f(y)dy+y(z)dz=0.

A detailed account of the aforementioned assertions related to the types of equations
which could be solved by the hydrointegrator through selecting the manner of immersing, the
shape of the body and tank and adding an orifice at the bottom of the tank, are presented by
Petrovi¢ in (IlerpoBuh 1898; Petrovi¢ 1899a; 1899b).

At the time when Petrovi¢ was working on the hydrointegrator, it was the first machine
for integrating differential equations that ran on the principle of hydraulics. A significant advan-
tage of this compared to other devices of similar kind lied in the possibility of solving a greater
number of equations by recombining its constructive elements. One of the existing integrators at
the time, the Jacob’s integrator, is based on some other principle, and could only solve Riccati’s
equation of the first order.

In (ITerpoBuh 1898) Petrovi¢ carried out a comparison of the proposed hydrointegrator
with the corresponding devices with similar application, although based on different principles,
presented in the catalogue of computing machines of 1892-1983 (von Dyck 1892). Figure 7
shows an extract from (ITerposuh 1898) in which Mihailo Petrovi¢ summarizes the advantages
of his hydrointegrator.

Ha moeaerny. sampmyjvhw, tomajed ia ey
CHE A0 CAL HPELIOMENM HHTCTPASH W AmApPATH
Ja TPASHMEY WATErpamnjy nojeinunx Bpora am-
SEPCHIHJATHUE JCAHANHES OCHOBAME HA YOOT[CGR
MPHEMNEEE CA CoaM IPYTE, 9HCTH  RiEHeMATHUHE,
NPHPOAL, KOjH €Y MK OOLECHA 34 |LSTRTTERTITRAY
0 AOBOAS A0 TAMGER [EARRUNHA MHOMG MAHE 00
ITHX, WO IWAPAFINSNE NPHAIHA 0 ROME & omie
Gira pes, Hapounto ce npocToros ROHCTpYE@DNje
n remepatnomby upotaesma, koje pemana, oxan-
KEyje anapar c3. 4.

Figure 7. A segment of text from (ITlerposuh 1898) which refers to the
comparison of the hydrointegrator with similar devices from that era

210



SCIENTIFIC PROMOTION OF THE HYDROINTEGRATOR

At the World Exposition of 1900 in Paris, France, at the Serbian Pavilion designed by
the architect Milan Kapetanovi¢, professor of geometry at the Technical Faculty of the Belgrade
Grand School, Serbia presented the hydrointegrator of Mihailo Petrovi¢ among other representa-
tive exhibits, as an example of its scientific achievements. A prototype of the hydrointegrator was
constructed for that occasion, for which a French constructor of precise mechanisms had been
hired. There are no records of the name of that constructor, but he is mentioned in the letter of
Mihailo Petrovi¢ addressed to the Minister of National Economy, in which he requests financial
support for the realization of this device (Tpudynosuh 1968a). In that letter Petrovi¢ explicitly
states that the working principle of the device was published in Comptes rendus de I'Académie
des Sciences de Paris. At the said World Exposition, the hydrointegrator was awarded with a gold
medal.

It is significant to note that at the time of the World Exposition, from 6 to 12 August,
1900, the International Congress of Mathematicians was also held in Paris, with Mihailo Petrovi¢
participating for the first time at a mathematical congress. As the prototype of the hydrointegra-
tor had been made up to full functionality, it is reasonable to assume that the specialist public
was familiar with this unique machine for integrating differential equations. As far as we know, it
was the only model of the hydrointegrator that had been physically realized. The reconstruction
of the hydrointegrator was carried out by Professor Dragan Trifunovi¢ in 1980, with the assis-
tance of the architect Gradimir Bosni¢. This reconstruction is kept at the Mathematics Depart-
ment of the Faculty of Forestry in Belgrade.

The second international acknowledgement for the development of the hydrointegrator
that Mihailo Petrovi¢ received was by the Mathematical Society of London, which conferred on
him an honorary diploma in 1907 (Tpudynosuh 1968a).
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CONTRIBUTIONS OF MIHAILO PETROVIC TO BUILDING
ANALOGUE COMPUTING MACHINES

It has been widely accepted that the hydrointegrator of Mihailo Petrovi¢ is the first ana-
logue computing machine based on the hydraulic principle, with particular emphasis on the fact
that the same device had the capacity to integrate several differential equations (de Morin 1913;
Murpunosuh 1955, 1958, 1960; Price 1900; Tpudynosuh 1968a; Willers 1949). Furthermore,
the work on building the hydrointegrator is considered to be one of the most cited mathematical
results of Mihailo Petrovi¢.

The original contributions of Mihailo Petrovi¢ can be summarized as follows:

1. The application of hydraulic principle for solving differential equations;
2. The application of calculating elements in the form of immersed bodies;

3. The combination of the hydraulic principle and kinematic connection between the input
and output rotating cylinders; and

4. Considerations related to the analogies between analytical facts for curved line integrals
and geometrical facts from the theory of minimal surfaces with capillary phenomena
(ITerposuh 1911). The analysis of these analogies would serve for building the hydroin-
tegrator with several chambers in the arithmetical unit equipped with capillary tubes.

It should be noted that such a solution as the one with capillary tubes had been applied
in the hydrointegrator of 1936 for solving Fourier’s partial differential equation. This hydrointe-
grator designed by Lukyanov works on the principle of analogy between heat conduction and the
model of fluid flow in capillary tubes (Lukyanov 1937, 1939).

More details about Petrovi¢’s work on the hydrointegrator can be found in (Stankovi¢
2004; Tpudynosuh 1968a, 19686, 1982).
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MECHANICS AND ENGINEERING
IN MIHAILO PETROVIC’S WORK*

Katica R. (STEVANOVIC) HEDRIH
Mathematical Institute of SASA
University of Nis, Faculty of Mechanical Engineering

»Not only do true poetry and true science
have common points, but they also share
deep common characteristics. One such
characteristic, so much so that it is some-
times difficult to differentiate science from
poetry, is discovering and utilizing similarities
among disparate elements and facts.”

Mihailo Petrovié, 1925.

It is evident that Mihailo Petrovié, as the founder of the Serbi-
an School of Mathematics and having been an inspiration to numerous
Serbian mathematicians of his “first generation of doctoral students”,
was spiritually hugely influential man of his time. It is for this reason
that Mihailo Petrovi¢ has primarily been celebrated as a mathematician,
whereas the promotion of his numerous ideas and achievements in other
various fields, which are equally important, has been neglected. It is only
now, when we mark 150 years since the birth of Mihailo Petrovi¢, that
the SASA Gallery is hosting an exhibition offering a major retrospective

* A revised and supplemented version of the paper initially published in the cata-
logue Mihailo Petrovi¢ Alas: the Founding Father of the Serbian School of Mathematics
(SASA, 2018)




of his achievements spanning a significant number of subject areas, which is made available to
modern generations [11, 12].

Mechanics, as a fundamental science in mechanical engineering, and in other technical
sciences, is a very complex science, but also a basis for application in many mathematical and
technical sciences, as well as in many multidisciplinary researches. This points to the fact that
one who wants to deal with mechanics and mechanical engineering needs to possess exper-
tise spanning a significant number of fundamental subject areas, as well as to be able to link a
multitude of multidisciplinary ideas and materialize them into realistic and useful engineering
systems of practical interest.

Mihailo Petrovi¢ was a unique and brilliant Serbian mathematician, an inspirer and a
scientist with broad scientific culture and possessing knowledge ranging through all the fields of
theoretical and applied disciplines and capable of materializing his ideas into the constructions
in the field of mechatronics and mechanical engineering.

Petrovic’s theory that was expounded in his books titled Elements of Mathematical Phe-
nomenology [5, 6] and Phenomenological Mapping [3, 10], is interpreted by many as “the mathe-
matical foundations of natural philosophy”, reminiscent of Newton’s work Philosophiae Naturalis
Principia Mathematica (Mathematical Principles of Natural Philosophy), which was published in
May 1687. This comparison is acceptable and highly significant for cognitive sciences studies.
However, in my view, Petrovi¢’s theory rises in importance when it comes to the application and
identification of the same non-linear dynamics models in physically totally disparate areas of
sciences, through knowledge transfer from one field of natural and technical sciences to another,
including humanities as well [1, 2, 13].
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Figure 1. The depth

measurer of the land
artillery: “Télémetre

a sextant’, patent

no. 413.730

MECHATRONICS AND MECHANICAL ENGINEERING
IN MIHAILO PETROVIC’S PATENTS

It is evident that for devising mechatronic devices, machine constructions and the inven-
tion of hydro integrator, besides mathematical knowledge, one undoubtedly has to apply knowl-
edge of non-linear dynamics and fluid mechanics, which are fundamental sciences in mechanical
engineering.

Mihailo Petrovi¢ often stressed the phrase — materialization of differential equations.
Engineers love the phrase, because if an idea can contribute to science, it can make a dif-
ference in everyday life only if it is realized into a specific device, mechanism or machine.
Mihailo Petrovi¢ was a theorist and a scientist, but also an experimenter and a construc-
tor who knew how to apply his theoretical and mathematical knowledge to such a degree
that through the desired dynamics model, it could be handed over to engineers for realiza-
tion. Some examples of such practically oriented discussions and realized ideas are: work
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Figure 2. A sketch of the part of the mechanism of the depth measurer - named “Télémétre & sextant’, patent no. 413.730
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on mathematical modelling and analogue calculating machines, on the hydraulic integrator
— hydro integrator, and on the range indicator made for the needs of the Military-Technical

Institute in Kragujevac.

Here we will present several mechatronics inventions and machine constructions

through the presentation of ten patents that had interesting and important applications. Each
of these inventions and devices illustrate a high level of Petrovic’s creativity and his capability of
transforming abstract ideas and sketches into very usable devices and inventions in the field of

mechatronics and mechanical engineering.

From the bibliography of his works and archive documents of the Patent Offices in
France and Great Britain, we can learn that Mihailo Petrovi¢ patented ten inventions. For nine of
them he was granted a patent in France, and for one in Great Britain.

The first patent is the range indicator,
construed for the needs of the Military-Technical
Institute in Kragujevac. He made this device to-
gether with the general of the Serbian Army Mi-
lorad Terzi¢. The patent was bought and realized
in Serbia and in Russia (Paris-1910; No. 413730.).
Petrovi¢ submitted an application for this patent
to the French Patent Office on February 11, 1910,
and the patent with number 413.730 was grant-
ed to him on August 17, the same year (Figures
1 and 2).

Petrovi¢s Eternal calendar was recorded
in his bibliography as an original author’s contri-
bution, and made official under the patent num-
ber 480.788, granted to him on September 21,
1916 by the French Patent Office, based on the
documents and applications submitted on January
27, 1916 (Figure 3).

His next invention is the construction of
the cogwheel transmitter (Paris-1913; No. 463082),
in the field of machine constructions and me-
chanical engineering. This patented machine con-
struction, according to D. Trifunovi¢, PhD, is a
precursor of automatic gearboxes for cars and it
enables a constant transmission of the number of
revolutions per minute. Petrovi¢ applied for this
patent together with Svetolik Popovi¢, a machine
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Figure 3. Sketches of Petrovi¢'s Eternal calendar
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Figure 4. A sketch of the construction of the cogwheel transmitter model (Paris 1913; no. 463082) patent no. 463.082, issued
on 13 February 1914

nautical engineer from the Serbian Nautical Society. The application was submitted to the French
Patent Office on September 29, 1913, and patent with number 463.082 was issued to him on
February 13, the following year (Figure 4).

The invention named multiple compression ration cogwheel transmitter with bending con-
ical cogwheels was submitted on August 31, 1912, and it was approved by the French Patent Of-
fice on January 17, 1913 with number 447.861. He applied for this patent together with Svetolik
Popovi¢, nicknamed Suljim, a machine-boat engineer from the Serbian Nautical Society. This
patent model has similar structure as the patented model named the construction of the cogwheel
transmitter (Paris-1913; No. 463082), with number 463.082, which was issued on February 13,
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Figure 5. Discovery named Multiple compression ration cogwheel transmitter with bending conical cogwheels was submitted
on 31 August 1912, and the patent was granted on 17 January 1913, with the no. 447.861, by the French Institute for Patents.

1914 based on application dated September 29, 1913, and represents new generation of helical
gear for automobile transmissions (Figures 4 and 5).

The next invention by Petrovi¢ also belongs to this group of mechanical constructions
in the form of cogwheel transmitters of the number of revolutions per minute. It was patented
under the name automobile gearbox under the patent number 476.320, based on application
dated October 17, 1914, and the patent was granted on June 27, the following year, in 1915
(Figure 6).

A device for quick launching and ejecting of missiles, intended for the use on the old
type of cannons, in the air and water, as well as on land and at sea, was patented by the French

221



- . e
T 3
]

EI' REPUBLIQUE FRAN

OFFICE NATIONAL-DE LA~ IETE INDUSTRIELLE.

BREVET D'INVENTION.

X. — Transport sur roates.
*- —_ .*IH-h_rulb-l.

N* §T7E.320

el

Changamant de vitesse,
M. Micsn. FETROVITCH résidast en Serbie.

la 47 sctobee 1044, & 140 857 & Paris,
Déliwr la & mab ugan 5. =— Publié be 37 juilllel 1gab.

BLTERLY N

™

|

|
h S
wrhan

Figure 6. A sketch of an automobile gear, patent no. 476.320

patent number 503.321. Petrovi¢ submitted the application for this invention on February 22,
1918 to the French Patent Office, and the French patent under the number 503.321 was granted
to him on June 8, 1920 (Figure 7). With this device, the initial axial-rotation of the missile fired
from old-type smoothbore cannon was achieved. This initial axial-rotation of the missile result-
ed in the decrease of the resistance of the environment (air or water).
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Figure 7. Sketch of the device for ejecting and launching missiles, meant for usage both in water and air, as
well as on ground and on sea. Protected by French patent no. 503.321
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The last patented invention, which we find recorded in Petrovi¢’s bibliography, is a model
of the motor with a piston of alternating impact, the main spindle of which was made with the coil
for transmission of the piston movement. Petrovi¢ submitted an application for patenting this
invention on February 15, 1918, and the patent under the number 495.040 was granted to him
on September 26, the following year (Figure 8).
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Figure 8. Sketch of a model of a motor with the piston of alternating impact, patent no. 495.040
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The device for rapid launching and rapid determination of fire was an important inven-
tion of Petrovi¢ for military use. Petrovi¢ submitted the application for this invention on Decem-
ber 7, 1917 to the French Patent Office, and the French patent number 493.774 was granted to
him on August 21, 1919 (Figure 9).
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Figure 9. The device for quick launching and quick determination of elements of fire. Petrovi¢ submitted his application for this device
on 7 December 1917 to the French Institute for Patents, and the French patent no. 493.774 was granted to him on August 21 1919.
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To these patents one should also add the model of the efficient avoidance of a minefield
(Mémoire No. 120, 1920). Petrov¢ also protected with a patent in France his device named the
means for assuring the buoyance of ships following damages caused by collision, mine, torpedo or
stranding. This device consists of a large number of bodies, in the form of a balloon, with appro-
priate sources of gases under pressure for inflation, which can be handled manually, remotely or
automatically, with an appropriate electromagnetic device. The inflation of the elements of this
device prevents or slows down sinking of a vessel (a ship). Petrovi¢ submitted the application
for this device to the French Patent Office on November 24, 1917, and patent number 515.072
was issued to him only on March 24, 1921 (Figure 10). He also patented this invention in Great
Britain in 1918 under the patent number 121.279 (Figures 10, 11 and 12).

In addition to the patented technical devices in the area of mechatronics and mechanical
engineering, Mihailo Petrovi¢ is also an author of a series of inventions for which there are no
records that they had been protected by a patent. One of those devices is the hydraulic integrator,
to which a separate chapter in this monograph is dedicated. Here we described a certain number
of devices based on the original patent elaborates available in electronic form.

The depth measurer is Petrovi¢’s invention intended for measuring depth at which an
object is submerged into water — partially (e.g. a boat) or fully (e.g. a submarine). Available
information show that number 96371 is associated with this patent from 1918, and that English
Admiralty gave a positive opinion about it. According to some sources, Petrovi¢ received an in-
vitation from British admirals in relation with this invention, but there are no written records
about it. It is possible that the number associated with this invention represents the number of
the application submitted to the French Institute for Industrial Property (Institut national de la
propriété Industrielle) or to some other patent institution.

While researching Petrovi¢s patents, Snezana Sarboh, MA, searched available Eu-
ropean patent databases, and quoted my article published in the monograph titled Legende
Beogradskog Univerziteta (The Legends of Belgrade University). Particularly useful in that re-
gard were the databases of the European Patent Office (ESPACENET) and the German Pat-
ent and Trade Mark Office (DEPATISNET). Upon request of the author of this article, Ivana
Atanasovska, PhD, continued the search of the Espacenet (European Patent Office) database
and found patent documentation for all ten Petrovi¢’s patents. Based on the search of these
databases, a total of 10 (ten) granted patents of Petrovi¢ was confirmed, and consequently the
table in the appendix was drawn up. Nine patents were registered in France and one in Great
Britain. Nevertheless, we cannot in all certainty claim that this is the final number of Mihailo
Petrovi¢’s patented inventions.
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Figure 10. The means for assuring buoyoncy of ships following damage made by crash, mine, torpedo or stranding
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Sketch 11. One of the sketches of the patent granted in Great Britain, patent no. 121.279, for the discovery named
The means for assuring buoyoncy of ships following damage made by crash, mine, torpedo or stranding.
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Figure 12. The first page of the granted patent under patent number 121.279, for the discovery named The means for assuring
buoyoncy of ships following damage made by crash, mine, torpedo or stranding. This discovery was submitted in Great Britain
on 23 October 1918, and granted under patent number 121.279.
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THE TABLE OF MIHAILO PETROVIC’S PATENTED INVENTIONS

Patent Original title English translation Application | Date of Patent
number of the patent of the title of the patent | submission | granting co-applicant
date of patent
1 | FR 1413.730 | Télémetre a sextant Range indicator February 11, | August 17, | Terzi¢
1910 1910 Milorad
2 | FR 447.861 | Changement de vitesse | Multiple compression August 31, January 17, | Popovi¢
avec pignons étagés ration cogwheel trans- 1912 1919 Svetolik
reccordés par des en- mitterwith bending
grenages en héllice conical cogwheels
conique
3 | FR 463.082 | Changement de vitess Construction of the September February
cogwheel transmitter 29,1913 13, 1914
4 | FR 476.320 | Changement de vitess Automobile gearbox Octoberl7, | July 27,
1914 1915
5 | FR 480.788 | Cadran calendrier pour | Eternal calendar January 27, | September
objets d’horlogerie, de 1916 21, 1916
bijeouterie et autres
6 | FR515.072 | Dispositif pour assurer | Means for assuring November March 24,
la flottabilité des navires | the buoyance of ships 24,1917 1921
en danger following damages
caused by collision,
mine, torpedo or
stranding
7 | FR 493.774 | Appareil pour la Device for rapid launch- | December 7, | August 21,
détermination rapide ing and rapid determina- | 1917 1919
des elements de tir sur tion of fire
aéronefs
8 | FR 495.040 | Moteut Motor with a piston of February 15, | September
alternating effect 1918 26, 1919
9 | FR503.321 | Appareil imprimant Device for launching and | February 22, | June 8,
un movement rapide ejecting of missiles 1918 1920
aux bombes, mines
aériennes et torpilles
aériennes lamcées par
un canin lisse
10 | GB 121.279 | Means for Assuring the | Means for assuring buoy- | October 23,
Buoyance of Fhips ance of ships following 1918
damages caused by col-
lision, mine, torpedo or
stranding

FR and GB represent two-lettered designations of France and Great Britain, in accordance with the appropriate standard
of the World Intellectual Property Organization, WIPO.
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FINAL COMMENTS ON PETROVIC’S
INVENTIONS AND PATENTS

Based on the results obtained by various searches of scientific papers and numerous
patent databases one may conclude that Mihailo Petrovi¢ was an authentic author of at least ten
original inventions in the field of mechatronics and machine constructions, and of at least ten
patents. In addition to the five French patents, which Dragan Trifunovi¢, PhD, mentioned and
elaborated on [7, 8, 9], the latest research has come upon additional four French and one British
patent. However, we cannot in all certainty claim that this is the final number of Mihailo Petro-
vi¢’s patented inventions.

With the passage of time, it may be concluded that Mihailo Petrovi¢’s work in various
tields of science and engineering had stimulated scientific progress in Serbia, not only in math-
ematical sciences, but also in other natural sciences, humanities and technical sciences as well.
Since Petrovi¢ was primarily celebrated as a mathematician, this aspect of multidisciplinarity of
his life and work was somewhat neglected in historical reviews. In all likelihood, Petrovi¢ devel-
oped an interest in practical side of science in the period from 1889 to 1894, during his stay in
Paris, where he acquired thorough knowledge, not only in mathematics, but also in other scienc-
es, primarily in physics and theoretical and applied mechanics, and when he managed to un-
derstand the difference between geometry and dynamics. At Sorbonne, as an excellent student,
he earned diplomas in mathematics and physics and a PhD degree in mathematical sciences
having been taught by the distinguished French mathematicians Hermite, Painleve and Picard,
nevertheless he developed his talents under the influence of Poincaré, as one of the three doc-
toral students of this unique scientist with numerous multidisciplinary achievements. He came
to Belgrade in 1894 and soon showed his exceptional talent through a wide range of scientific
achievements and practical discoveries, inventions and patents in the field of mechatronics and
mechanical engineering, nevertheless it was with his hydraulic integrator that he became a pre-
cursor in the field of computing. As he himself mentioned on several occasions, when it comes
to his practical work, he found inspiration in his paper dealing with natural philosophy;, titled
Mathematical Phenomenology. His book titled Elements of Mathematical Phenomenology is a
powerful tool for the application of philosophy of phenomenological mapping in other sciences. In
this respect, each invention and its patent was an example of materialized idea. The great Serbian
scientist Milutin Milankovi¢ [3] pointed to the importance of this theory immediately upon its
publishing, having said that “it is a pity that it has been published only in the Serbian language”,
and consequently not available to the global scientific community of that time.
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MIHAILO PETROVIC ALAS AND THE STATE
CRYPTOGRAPHY OF THE INTERWAR PERIOD

Miodrag J. MIHALJEVIC
Mathematical Institute of SASA

History acknowledges, and owing to the increasing significance of
the field in which he left his mark, history is to place an ever-greater em-
phasis on the work of Mihailo Petrovi¢ Alas in the domain of state cryp-
tography in the period between the two world wars. The results of Petro-
vi¢’s work in the field of cryptography have not stayed on public records,
which is not surprising given that research findings in cryptography were
in the interwar years classified as military and state secrets. The available
documents taken from the Serbian Armed Forces General Staff and the
Ministry of the Army and Navy, dating from the period prior to World
War II, show that, from the perspective of the general horizon of knowl-
edge at the time, Mihailo Petrovi¢ made significant breakthroughs in the
design and analysis of coding systems, as well as in the training of staff
that operated in the area of cryptography for the purposes of the state.

Petrovi¢’s accomplishments in the field of cryptography and
coding have been documented in the 15 volumes of the Cipher Bureau
of the Intelligence Unit of the Armed Forces General Staff of the King-
dom of Yugoslavia, under the title Kriptografija - skola za obuku na $ifri
(Cryptography: Code School), and in 24 volumes under the title Sistem (za
Sifrovanje) (Coding System). Based on those documents, the work of Pet-
rovi¢ and the ensuing results can be found in the following areas: (a) the
methods for encryption; (b) the methods for “breaking” the codes, and
(c) educational materials related to the techniques for enciphering and
deciphering the encrypted messages.




The basic aim of this chapter is to present the illustrative elements
of the source documents accompanied by appropriate commentary. It should
especially be noted that an evaluation of cryptographic security of the pre-
sented coding systems from modern perspective does not represent the sub-
ject of this chapter, because history has shown that nearly all coding systems
in operational use prior to World War II are now completely insecure. This
fact represents an outcome of the accumulation of knowledge about the tech-
niques that can be used for deciphering the coding systems, as well as of the
now available state-of-the-art technological resources.
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CODING IN THE PRESENT DAY AND IN
THE INTERWAR PERIOD

Our present-day reality represents leading a “parallel life” in real and
digital space, which we use for communication and which contains informa-
tion of vital importance for our daily life. In the digital space there are no
boundaries that separate us one from another and, in order to ensure security
and privacy, cipher techniques have been used on a massive scale. The wide-
spread use of ciphers is one of the features that differentiate the present-day
coding from that of the time when Mihailo Petrovi¢ was concerned with it.
Modern cipher techniques are “a product of cryptology”, a mathematics-based
scientific discipline: in his time, cryptology had not yet existed as a distinct
scientific discipline - the emergence of cryptology as a scientific discipline is
tied to reference [1]. Since the mid-twentieth century, cryptology has been es-
tablished and intensively developed as a foundation for ensuring security and
privacy in the digital space, in which the encryption techniques represent one
of the key elements. It now includes a set of other elements that are generally
classified either within the domain of cryptography or within cryptanalysis.
Plainly speaking, cryptography deals with techniques for protection, while
cryptanalysis is concerned with techniques for the evaluation of the security
of protection or with techniques for “breaking” the cryptographic protection.

A century ago, coding was not developed within a separate scientific
discipline, but either as “a specific craft” or, as in Petrovis case, as “coding
designed by a mathematician”

Cryptography, which once, including his time, was associated only
with encryption, has been developed for over two millennia as a skill that en-
ables the protection of secrecy of information, and it is now one of the funda-
mental approaches for ensuring the security and privacy in the digital space.
Over the centuries, a great number of methods have been developed for pro-
viding cryptographic protection or coding. Up until the 1950%, coding was
based on a combination of skillfulness and mathematical methods.

The present-day cryptology is based on the pool of knowledge com-
pared to which the one that served as the basis for the design and analyti-
cal methods of coding in the 1930’s had been modest to say the least, and
thus could not provide the basis for the design characterized by a long-lasting
and high-level security. Of this Petrovi¢ was well aware: in the introduction to
cryptography contained in the volumes in reference [3], he points to the fact
that all encryption techniques used in World War I appeared to be insecure,
and that it is believed to be necessary to frequently modify the methods of en-
cryption in operational use. This can be exemplified by the following original
text from the notebook Cryptography: Basic Concepts [reference 3]:

However, few are those who
managed to keep the secret
of their code intact for long.

It is firmly established

that, during the last World
War, no method, mode

or system of secret corre-
spondence could have been
used over a longer period
of time.
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Figure 1: Basic information on the
module, Notebook 12, reference [3]

Figure 2: Image of the module,
Notebook 12, reference [3]

From Notebook 12, reference [3]
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ALGORITHMS FOR ENCRYPTION

The documents that were at our disposal indicate that the Ministry of
the Army and Navy of the Kingdom of Yugoslavia used at least 24 systems for
encryption labeled as “System” followed by one of the ensuing numbers: 1, 1a, 2,
2a, 3, 33,4, 4a, 5, 6, 6a, 7, 7a, 8, 9, 10, 10a, 11, 12, 13, 14, 15, 16, 17, 18.

The application of the said systems had the following basic requirements:
(a) a trained cryptographer, (b) written instructions for work, and (c) only in some
cases, certain mechanical devices. The result was to be written on paper and further
communicated in the prescribed way, most frequently by telegraph or courier.

If it was included in the system, the basic device used for enciphering
was the so-called cipher slide (French reglette) - the cited information concern-
ing the slide is presented in the following three figures.

The cipher slide in question is in its simplest form such that it contains two fixed
well-ordered or jumbled-up letters of the alphabet on a piece of wooden bar, one on
top of another, or only at the top or at the bottom, and in the middle a little movable
ruler sliding along the bar, with another set of normal or jumbled-up alphabet. The
alphabet lists have to be duplicated on the fixed bar, as well as on the movable ruler.

The alphabet lists have to be duplicated on the fixed bar, as well as on the movable
ruler.

ABCDEFGHI |KLMMNOPRETUVEABCDEFGHI |JKLMNOPRETUWE I v irrmmp

abcdefghijkimnoprstuvzabedelfghijkimnoprstuve | 7| i e

ABCDEFGHI |KLMMNOPRSTUVEABCDEFGH I |KLMMOP HS-TI_.“.-'ZJ el

Volume 12, reference [3] presents the mode of usage of the cipher slide:

METHOD
OF ENCRYPTING AND DECRYPTING BY USING SPECIAL DEVICES
A) Usage of the cipher slide:

In this volume we are going to introduce a special method of encryption - called a
Saint-Cyr method, which in essence is nothing else than a mechanical application of
Vigenere’s method in the specified manner.

Moreover, this method also involves complex substitution



Starting from the then known methods for compromising (breaking) the
methods of encryption, and in order to obtain a higher level of security, the docu-
ment in Volume 10, reference [3] presents the technique of “double transposition”
An essential explanation of the double transposition is given in the following figure.

Ospe hemo msHeTn jour Texxe ciaydajese, jep je y IuTamy He caMo IMppoBame
jacHor TexcTa Beh 1 mpeunmgpaBame T. j. jeHaHIYT foOujeHa mMdpa MMa ce jour
jemaHITyT muQpoBaTIL.

OBakBM cucTeMu HII/I(i)POBaH)a MOTy C€ Ha3BaTu jOIJ.I n mmprBaH)e CUCTEMOM
AYIUIOT 3aM€ibBamba 110 Ta6III/II.U/I, KOjI/I MOJKe OUTY ca ICTUM UV HOBUM K/by49EM.

Ipyrum peunma, ako jefiaH jacaH TEKCT MI(PYjeMo 10 jeTHOM K/bydy, MI JOOVjeHy

mmdpy npemndpaBaMo, 6110 TUM UCTUM — NPBOOUTHMM K/by4eM VIV APYILUM
HOBUM K/by4eM. PasyMe ce fja je 0Baj Apyry Ha4MH MHOTO TEeXM U KOMIUIMKOBAHUjI.

System 15, reference [2] presents double transposition realized according
to the following paradigm:

— by using the chosen cipher algorithm make the first cipher text based on
the plain text;

- encrypt the cipher text one more time, in general, using another cipher
algorithm.

It is noted that the said approach of improving cryptographic security by
iterative encryption represents the basic principle of building the modern block
cipher procedures, in which the cipher text is made by repeated encryption using
the basic cipher transposition of low-level cryptographic security, thereby provid-
ing a high-level cryptographic security after a certain number of iterations.

Figure 3: Encryption in accordance
with Notebook 10, reference [3]
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System 15, in its original form, in compliance with the one given in reference [2], is pre-
sented in the following two figures:

:_in-l-'rm-l'l L3188 HIH Iullhi o,
m;nn i"‘! “" :I'I ﬁ'

SASFEE| KRJTS SB0RS ¥ ZopasomTezNc) wEOYER, MAXSN O
:m:-umhhm;uﬂnl
:rﬂlmmmmn‘“wq
2ajs rpehy mEdpy Spojwmier Trerpua.
mmm---“-ﬁg__
TPame, o TEM BTC WPRG GAGB0 TPRFANR TPEOR TRaswTE ¥ Aosd)
Easd] mafyum. LA

ﬂ-mﬂmF U‘i'ﬁ# .'E
*-_,-dn_l'lﬁp—lm .
T 1 671 BSE BMB Hgtmni-#
ﬁg:-m ma

."t.

Figure 4: Encryption system no. 15, reference [2]



Figure 5: The table used in System no. 15, reference [2]
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As the final illustration, the following figure shows coding system 18 in its original form.

T W T R
g CHCTEN 10 ;

Jagna Tedasfn EpEsczemor odEims. Tadsaga Je m "
b sa poemER 20 60,000 pewm, wEje OTpANE DpeEade mpexo mmipe G00.
| AR FARLTE
5 Ceaxn npEn onfpa neTomRtpONGr FRFRO 60 3Py ERETIOSHE
& ape cxegoho SRdpo wHwe TREFEaM.
Cawo Specnipasans BpEw oo WA cEegehE mavERl Eerpeam
¥ OBANOM TPEFPAMY, NOJH 02 EFpEOV DRIDOM OBANGE AeTOURSTONGE
TEFOR, YNNG TPATpANS TOAED O ¥ Zoay Tafanme ¥ Eojs] o moms-
onmE SpojunEn SnTpasm, CIO0OINA EXipA SRAARDT TIRFEAMA SoSeaE
S8 ¥ Dopadid Sehos 383y Todasns FE & EoERoANl OpJaER of o
B Da
(o caops TPAFPAMSESET Tposntpatn ERiRdzue § OpeoeEy
GHTEnMA B cEofofNe mWSpE, m F BeprEEasNc) asdyme,.
APFES SEOBS NATRLEMO ¥ EOQESONTAENGY ASOFUR ¥ OpS0eEy
ferpasMn B cEGSOENG ONYFE WD DOTEWNGT ERlApOROT TRATEAMA.
e |
Jueam Tenwsr: 45RBF BLER]  BENAODE
Mpeestpars Ay S pv TATE V3
AEUSPLEARE
TeXoT MSNARNTE HA TpYDO of 4 cacen. CRaEo] TnEme) ERERN
TEFNE OIFOBSEA JeASN DETCONSFoNd TEFO, Xojs Zednjmes wa Taj Ho=
AR ET0 OFER oxchuamn daTEas  EeERlTY1eahs AR ERDPONE TRETERAM,
0 SpFER SEoETRNE OXrpas Ea Opsjemen ORrFpad.
Casie JSERSpOBSRS NPEW OO0 NE TA] WANAN OT0 OO0 NFRO SASRG
nahe ¥y BopTARAIN0) A3OymE, APFTC F XopRaoaTAamo] nafymA, REXGRR
FpacoiE ¥ 0S¥ TolEdme TRe &F HoRHCaH Spolyams NaRorpAME LA1E
WA BYEYy ERUpY, A DPE0MNE FLO oy EOAECANN ONTDAME DAy EAM IPYDE
Ipn Omipe TIErpaAMS. LPFCR caoEwans Sxrpad gesnfpyle o6 =n BOTR

WONEN BAE Of ¥ nesy yamunly camo mmipe Ourpasa xols oo mnby ¥
Eaxy wafaune FEc OF HOEHOSNE OECTaNT

M3 VY TETE uy
Misstpat 1 19332 BABE]  ZN4EE

MTocaegns ERe mESpe Kojo OCTAJY SnMeNETH EX OiToBApalyhms
GEGANER ES BOTTHEAINO B TOFTacaTazie asdyEs HEORIBOSARD

Figure 6: Encryption system no. 18, reference [2], which was used in its improved form in Yugoslavia and
for some time after the World War II
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ANALYSIS OF THE CRYPTOGRAPHIC SECURITY
OF CIPHER ALGORITHMS

The documentation at the Armed Forces General Staff contains infor-
mation about knowing a set of steps for breaking some, then well-known, coding
procedures. The knowledge about those procedures served as the starting point
for the design of the coding system resistant to then known attacks.

Volume 10, reference [3] presents an approach to the analysis of the
safety of cipher algorithms of “complex transposition with repeated encryption™:

Ila HuCMO 3HamM K/byd4, MU 6u cMo ra Mopanu Hahm, amu 6u mocao 610 MHOTO
KOMIUIMKOBAHM)J ¥ CKOIYAH Ca MHOTO BMIIE BPeMeEHa, jep OM MMany fia PemMo
TpU mpobiema:

ITpsu npo6nem: llndpy pemmdposary cucTeMyMa ¥ HauMHUMA OOjallibe-
HMM Y cBecty 6p. 8 1 9. VI ako 0BO M3IJIefja HEMOTMYHO, MITAK Ce MOpa IPHCTY-
[TV IPBO OBOM pajly I1a TeK OHJIA ICTPAXKMBAIby K/byda U JPYro. AKO MMaMo
Buire mmdapa ucTe fyXuHe, mdpoBaHe OBUM METOLOM, OIIET je MOCTYIIaK
VICTIL.

Opyru mpo6mem: JJo6MBIIM jacaH TeKCT, Tpeba ONPENUTH 3a CBAKO CIIOBO
mudpe MecTo Koje OHO 3ay3UMa y jaCHOM TeKCTY, I

Tpehn npo6mem: OfpennBIIN MeCTO 3a CBAKO C/IOBO IINdpe, Koje OHO 3ay3u-
Ma Y jaCHOM TeKCTY, IpoHahy Kjbyd II0 KOMe je M3BpIIeHa 3aMeHa.

OBaj mocrnen by Ipo6IeM Jenn ce Ha [jBa pyra 1 TO:
- Oppemntu Ly>XMHY K/by4a, 1
— YcIocTaBUTY K/byY OHAKaB KaKaB je y3eT.

Kao 1mro BuAMMO, II0CA0 je AT, TeXaK M CKOIYAaH Ca MHOTO CTPIUBMBOCTH, Ie-
[AHTHOCTH Y Pajy, BO/be ¥ METORUIHOCTH. IIpy ToMe ce 3axTeBa Hyboka CTynuja
U pe30HOBaIbe, jep ce 6e3 Tora He MOTYy MMATy Pe3yITary, — a MPUPOFHMU Jap U
CKJIOHOCT Ka Kpumnrorpaduju yopsahe TeMro pasa 1 cMamuTH rpelke, koje he ce
HEMIHOBHO I10jaB/bJBATIL.

Figure 7: Illustration from
the document Notebook

no. 10, reference [3],

about one of the approaches
for “breaking” the code

241



Volume 13, reference [3], contains the following discussion regarding cryptographic
security:

Figure 8: Illustration of the analysis of encryption safety given in Notebook no. 13, reference [3]
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CONTRIBUTIONS TO THE EDUCATION IN CRYPTOGRAPHIC WORK

As noted in section 3, using a coding system required a trained cryptographer and to
that end an educational programme was set up for the training in cryptographic work.

Within the programme the focus was not only on introducing the techniques for en-
cryption known at the time, but much attention was also devoted to education in the domain
of evaluation of cryptographic security and the methods for compromising it. It is specially not-
ed that in educational documents, reference [3], the volume of text referring to techniques for
“attacking” the observed coding system usually far exceeds the volume of text dedicated to the
description and usage of the observed coding system.

In this section we are going to present some illustrative examples of educational materi-
als for working in the field of cryptography, as well as for techniques for breaking certain codes.

In accordance with all that was previously said, from among the volumes in the series
Cryptography: Code School, the following is presented as illustrative material:

o Volume: Basic Concepts;
o Volume 10: Complex Transposition with Double Encryption;

o Volume 14: An Introduction to the Methods of Encryption Using Key — Dictionary of Secret
Correspondence.

The invention of secret correspondence is anything but new. Cryptography has
its origin from the ancient times, the only difference being that those former
methods, systems and modes of usage were completely different from the cur-
rent ones.

Cryptography, or secret correspondence, is derived from the Greek word kryp-
tos, meaning “to hide”, and -graphy, meaning “to write”.

Cryptography or secret correspondence is in its essence, its purpose, and its
main objective, a very sensitive and delicate subject.

Sensitive — because the precision of work must be absolutely and fully guar-
anteed, and delicate, because the very content it conveys is of the most confi-
dential nature, whose disclosure in most cases may have grave and fatal conse-
quences. Greatest care must be taken of the organization, work and secrecy of
such correspondence.

Secret correspondence is regularly used by military institutions in times of
peace and war alike.

Diplomatic representatives must daily report to their government about the Figure 9: Content illustration
: . : ] of “Cryptography — general terms”
particularly important and confidential matters they found out in the states
L ) . K notebook, from the School
they are accredited in, which they regularly do by using a secret or code name. for Encryption Training, reference [3]
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TADIJA PEJOVIC AND THE LOGICAL BRANCH
OF MIHAILO PETROVIC ALAS SUCCESSORS

Zoran OGNJANOVIC
Mathematical Institut of SASA

“It is important to highlight a significant role Mihailo Petrovi¢
played during his work at the Serbian Grand School and later at the
University in Serbia and Yugoslavia. Immediately upon his arrival from
Paris to Belgrade and his appointment as Grand School professor in
1894, he set out to raise the quality of teaching, to develop scientif-
ic work and create scholars. He believed that no serious science, and
in particular no development of science in our country, was possible
without scholars. Thus, though faced with numerous difficulties, he
managed to develop and form the Belgrade School of Mathematics that
was at a par with foreign universities. This was particularly evident be-
tween the two wars. To illustrate, I shall list the names of doctors of
mathematical sciences from this period alone. They were: Mladen Beri¢
(1912), Sima Markovi¢ (1913), Tadija Pejovi¢ (1923), Radivoj Kasanin
(1924), Jovan Karamata (1926), Milo$ Radoj¢i¢ (1928), Dragoslav Mitri-
novi¢ (1933), Danilo Mihaljevi¢ (1934), Konstantin Orlov (1934), Petar
Muzen (1937), Dragoljub Markovi¢ (1938) and Vojislav Avakumovi¢!7!
(1939). As you can see, twelve doctors of mathematical sciences in a
short time period is indeed an impressive number, especially given the
strict criterion for obtaining the doctoral degree. It should also be noted
that all of the above listed scholars became solid scientists and later also
university professors” [TP1992, 260]

This is an excerpt from the writing of Tadija Pejovi¢ (1892-
1982), professor at the Faculty of Sciences and Mathematics, University
of Belgrade, and one of the survivors from the celebrated squad of 1,300




corporals in World War I. He was the third doctor of mathematics at the University of Belgrade
and, at the same time, the first doctoral student of Mihailo Petrovi¢ after the Great War. In
1923, he defended his dissertation on differential equations entitled New Cases of Integrability
of a Significant Differential Equation. For the remaining part of his career, in addition to sci-
entific research, Pejovi¢ also engaged intensively in pedagogical work and in developing high
level educational institutions. One of the doctoral students of Tadija Pejovi¢ was SlaviSa Presi¢
(1933-2008) [SP2018]. In 1963, Presi¢, later a renowned professor at the University of Bel-
grade, defended his dissertation entitled A Contribution to the Theory of Algebraic Structures at
the Belgrade Faculty of Sciences and Mathematics, and soon became the key originator of our
school of mathematical logic. He was the doctoral supervisor of many of our logicians: Koriolan
Gilezan (Some Generalizations of Pseudo-Boolean Programming, 1971), Janez USan (On a Class
of Quasigroups, 1971), Svetozar Mili¢ (A Contribution to the Theory of Quasigroups, 1972), Na-
taga Bozovi¢ (Unsolvable Problems in Group Theory, 1975), Zarko Mijajlovi¢ (A Contribution to
Model Theory and Boolean Algebras, 1977), Gradimir Vojvodi¢ (A Contribution to Research of
Mixed-Valued Predicate Calculus, 1979), Dragi¢ Bankovi¢ (Reproductive Solutions of Equations,
1980), Milan Bozi¢ (A Contribution to Semantic of Relevant Logics, 1983), Branislav Borici¢
(A Contribution to the Theory of Intermediate Propositional Logics, 1984, co-supervisor Kosta
Dosen), Miodrag Kapetanovi¢ (A Method of Semantic Tables, 1996), etc. who set up research
groups not only in Belgrade, but also in Novi Sad, Ni§ and Kragujevac. In Ni§, Dragoslav Mi-
trinovi¢ (1908-1995), professor at the School of Electrical Engineering in Belgrade, was super-
visor to Zivko Tosi¢ (Analytical Representations of m-Valued Logical Functions over the Ring of
Integers Modulo m, 1972) and Lazar Dordevi¢ (On a New Class of Cubature Formulas, 1978),
who were later professors at the Faculty of Electronic Engineering and headed research in the
area of application of mathematical logic in electronics. In this way, though not directly but
more in a methodological sense, Petrovi¢ and Pejovi¢ contributed to the development of one of
the leading scientific disciplines in Serbia.

The development of mathematical logic in Serbia was the subject of a conference held at
the Faculty of Mathematics in Belgrade in 2010 [ILS2010], while a comprehensive study of the
same topic is given in the text by a group of authors [LiS2013]. Although as far back as in 1885
Ljubomir Nedi¢ (1858-1902) defended in Leipzig the doctoral dissertation entitled Die Lehre von
der Quantifikation des Pridikats in der neueren Englischen Logic, for more than half a century
thereafter there was no serious study of mathematical logic in Serbia. It is only in the latter half of
the 1950s that Vladeta Vuckovi¢ (1923-2012), after obtaining his PhD under the supervision of
Vojislav Avakumovi¢ (1910-1990), embarked upon research on the theory of recursive functions;
in early 1960s, he published his first papers in magazines Zeitschrift fiir mathematische Logik und
Grundlagen der Mathematik and Publications de I’ Institut Methématique. At the time, professor
Mihajlo Markovi¢ (1923-2010) and Svetlana Knjazeva, a then teaching assistant who went on
to become a professor, held the first course in mathematical logic at the Faculty of Philosophy,
University of Belgrade. Still, the setting up of the Seminar for Algebra and Logic in mid-1960s
represented the most significant step forward in the development of this area. At the initiative
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of Slavisa Presi¢, a group of mathematicians and philosophers (Svetozar
Mili¢, Dusan Adamovi¢, Dragica Krgovi¢, Marica Presi¢, Branka Alimpi,
Aleksandar Kron and Svetlana Knjazeva) formed the Seminar within the
Department of Mathematics at the Faculty of Sciences and Mathemat-
ics in Belgrade. As of 1970, the Seminar was moved permanently to the
Mathematical Institute SASA and its name was changed to Seminar for
Mathematical Logic. In this period, Slavisa Presi¢ also published a book
entitled Elements of Mathematical Logic [SP1968] which became a com-
pulsory read at faculties where curricula included mathematical logic. It
can definitely be said that all domestic researchers in this area were at one
point or another members of the Seminar; as a result, more than seventy
doctoral dissertations in the area of mathematical logic were defended
[MB2012]. After Presi¢, the Seminar was chaired by Zarko Mijajlovi¢,
Zoran Markovié, Aleksandar Kron, Kosta Dosen, Dorde Vukomanovié
and Predrag Tanovi¢. At regular weekly meetings, members delivered
lectures presenting their results, reviews, overviews of important mono-
graphs and longer specialised courses. Meetings very often featured guest
lecturers, including leading world scholars in this area such as L. Hen-
kin, J. Keisler, J. Burgess, J. van Benthem, H. Barendregt, etc. Over time,
the Seminar for Mathematical Logic became the sprouting ground for a
number of specialized seminars, some of which are still active today, i.e.
the Seminar for Probability Logic (chaired by Miodrag Raskovi¢) and the
Seminar for General Proof Theory (chaired by Kosta Dosen) in Belgrade,
and the Seminar of the Centre for Mathematics and Statistics (chaired by
Silvia Gilezan) in Novi Sad. Another important impulse to the develop-
ment of mathematical logic in Serbia undoubtedly came from the post-
doctoral studies of Zarko Mijajlovi¢, professor at the Belgrade Faculty of
Mathematics and doctoral student of Slavisa Presié, in the USA where,
at Wisconsin University, he worked for a period of time with one of the
greatest living logicians, J.H. Keisler. After his return to Belgrade, Mija-
jlovi¢, inspired by his freshly acquired knowledge, organized a large num-
ber of specialized courses, initiated research in the area of model theory,
non-standard analysis, generalized quantifiers etc., and opened the door
for a number of domestic logicians to make study visits throughout the
USA, Canada and Europe. Zarko Mijajlovi¢ was the supervisor to the next
generation of logicians, including: Aleksandar Jovanovi¢ (A Contribution
to the Theory of Ultraproducts, 1982), Slobodan Vujosevi¢ (A Contribution
to the Theory of Heyting Algebras, 1982), Miodrag Raskovi¢ (Logics with
Measure in Leibniz’s Universe, 1983), Rade Zivaljevic’ (Ten Etudes about




Hyperfiniteness, 1983), Milan Grulovi¢ (Forcing in Model Theory, 1984),
Milenko Mosurovi¢ (On the Complexity of Description Logics with Modal
Operators, 2000), Predrag Jani¢i¢ (Building Decision Procedures into Sys-
tems for Automated Reasoning, 2001) etc. who then developed the logical
school further in different directions. Thus, the group studying probability
logics, set up by Miodrag Raskovi¢ first in Kragujevac and later in Bel-
grade, at the Mathematical Institute SASA (Radosav Dordevi¢, Zoran Og-
njanovi¢, Zoran Markovi¢, Nebojsa Ikodinovi¢, Aleksandar Perovi¢, Dra-
gan Doder, Angelina Stepi¢-Ili¢) tops global research in this area, while
Predrag Janic¢i¢ chairs a group that deals with automated reasoning at the
Belgrade Faculty of Mathematics (Filip Mari¢, Mladen Nikoli¢, etc.).

In addition to direct scientific successors of Mihailo Petrovié, Ta-
dija Pejovi¢ and Slavi$a Presi¢, an important role in the development of
our school of mathematical logic was also played by academicians Puro
Kurepa (1907-1993) and Mihailo Markovi¢ (1923-2010), as well as by Al-
eksandar Kron (1937-2000), professor at the Faculty of Philosophy in Bel-
grade, Kosta Dosen (1954-2017), member of the Mathematical Institute
SASA and professor at the Faculty of Philosophy in Belgrade, and Zoran
Markovi¢, long-time director of the Mathematical Institute SASA. Puro
Kurepa achieved important results in the set theory already in his disser-
tation Ensembles ordonnées et ramifiés, which he defended at Sorbonne in
1935. Through his work on the set theory and the foundations of math-
ematics, Kurepa achieved global fame and made an immense impact in
the territory of former Yugoslavia in particular. A number of mathemat-
ical notions, such as Kurepa tree and Kurepa’s function, were named af-
ter him. Kurepa was one of few participants from Eastern Europe at the
International Symposium on the Theory of Switching organised in 1957 at
Harvard University by the renowned H. Aiken, where in a paper entitled
Sets-Logics-Machines he discussed multiple-valued logics. Under Kurepa’s
supervision, academician Stevo Todorcevi¢, who today is one of our most
highly appreciated mathematicians globally, defended his dissertation
entitled Results and Independence Proofs in Combinatorial Set Theory in
1979. The contribution of scholars from the Faculty of Philosophy to the
development of mathematical logic began with the work of academician
Mihailo Markovi¢ who defended his dissertation entitled Formalism in
Contemporary Logic in Belgrade in 1955 and, a year later, received his PhD
in London as well, where his thesis, The Concept of Logic, was promoted
by A. Ayer. From 1962 until 1975, he headed the Department of Logic
and Methodology. Aleksandar Kron who, together with Presi¢, formed
the school of modern mathematical logic in Serbia, studied intuitionism



at the University of Amsterdam in 1963-1964 under the
supervision of E. W. Beth and A. Heyting. Before an ex-
amination board consisting of Mihailo Markovi¢, Bogdan
Sesi¢, Svetlana Knjazeva and Slavisa Presi¢, Kron defended
his dissertation entitled Relation between Polyvalent Logics
and Probability Theory in 1965 at the Faculty of Philos-
ophy in Belgrade, where he soon became assistant pro-
fessor and later also professor of logic. From early 1970s,
Kron began studying relevance logics, cooperating with A.
R. Anderson and N. D. Belnap in Pittsburgh, while lat-
er he also studied modal and quantum logics, proof the-
ory, etc. He organised specialized courses in these areas
and helped the development of the next generation of
logicians. Under the guidance of Aleksandar Kron, Kosta
Dosen graduated from the Faculty of Philosophy in 1977
in the area of relevance logics, and obtained his PhD in
1981 at the University of Oxford, with a doctoral thesis on
the proof theory entitled Logical Constants: An Essay in
Proof Theory, supervised by M. Dummett and D. Scott. In
1972-1973, Kron, together with Zoran Markovi¢, held a
series of courses on semantics for intuitionistic logic at the
Seminar for Mathematical Logic. The result of this coop-
eration was embodied in Zoran Markovi¢’s master thesis
in 1974, supervised by Aleksandar Kron. Continuing his
work in this area, in 1979 Zoran Markovi¢ defended his
doctoral dissertation, Model Theory of Intuitionistic Logic,
at the University of Pennsylvania, supervised by S. Wein-
stein. Kosta DoSen achieved globally recognised results
in proof theory, category theory and substructural logics,
which is why he was selected for entry in the International
Directory of Logicians [IDL2009]. The following disserta-
tions in Belgrade and Novi Sad were supervised by Dosen:
Branislav Boric¢i¢ (A Contribution to the Theory of Inter-
mediate Propositional Logics, 1984, co-supervisor Slavisa
Presi¢), Silvia Gilezan (Intersection Types in Lambda Cal-
culus and Logic, 1993, co-supervisor H. P. Barendregt),
Zoran Petri¢ (Equalities of Derivations in Categorial Proof
Theory, 1997), Mirjana Borisavljevi¢ (Sequents, Natural
Deduction and Multicategories, 1997) and Milo§ Adzi¢
(Godel on Axiomatization of Set Theory, 2014).
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Meeting of the Logical seminar in hall 2 in SASA.
First row from the left: Dorde Vukomanovi¢, Aleksandar
Kron, Miodrag Ragkovi¢.

Second row: Milo§ Laban, Rado$ Baki¢, Aleksandar Krapez,

Zoran Markovi¢, Zarko Mijajlovié.
Third row: Dragi Radojevi¢, Slavisa Pesi¢
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In this way, mathematical logic in Serbia developed as a
product of interaction of two currents - one mathematical and the
other philosophical. Research originating from doctoral disserta-
tions and topics presented at the Seminar covers more or less the
tull scope of mathematical logic. Researchers have worked in the
areas of model theory, proof theory, category theory, formal com-
putability theory, set theory, Boolean algebras, non-standard analy-
sis, intuitionistic and intermediate logics, modal logics, probability
logics, lambda calculus and computational logics, switching theory
and multiple-valued logics as applied in computer engineering, re-
versible logics, automated theorem proving, etc. As a result of inter-
nationally recognised results, and papers and monographs published
in the above areas, Serbia is highly ranked in the Scimago country
rankings published since 1995 by the University of Granada. Hence,
in the area of mathematical logic, Serbia is mostly ranked 30% -35
in the world, while in 2015 it even shared the 215 -227¢ position on
the list, which is possibly the best result ever achieved by any of our
sciences. This success is all the greater as Scimago rankings only
take into account the researchers working in Serbia, while a large
number of logicians educated in our country (Boban Velickovi,
Valentina Harizanov, Ilias Farah, Dorde Cubri¢, Zeljko Sokolovic,
Sava Krsti¢, Zikica Perovi¢, etc.) now permanently occupy prestig-
ious positions as professors worldwide. International cooperation is
also taking place through projects, starting from “Types for Proofs
and Programs,” part of the European Sixth Framework Programme



Kosta Dogen and Peter Schroeder-Heister, 2016 (Family legacy of Kosta Dogen)

(2002-2003), and TEMPUS project “Doctoral School towards European Knowledge Society”
(2006-2008), through to “Computational Logics and Higher Algebra” (2016-2017), a bilateral
project of Serbia and France, and a COST-action project “The European research network on
types for programming and verification” (2016-2020) where research groups from Serbia were
coordinated by Silvia Gilezan.
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TADIJA PEJOVIC AND THE ROLE OF MIHAILO PETROVIC ALAS AND
THE MATHEMATICAL CLUB IN THE FORMING OF THE MISASA

In his book of memories, Tadija Pejovi¢ [TP1992] highlighted the role that Mihailo Pet-
rovi¢ played in the forming of the Mathematical Institute SASA, the formal setting up of which
in 1946 the latter did not, however, live to see:

“The scientific work developed on a collective - individual basis, as each of us worked in
his own area of expertise, but we all met once a month to discuss the scientific results we had
achieved. In these meetings, the delivered lectures were discussed and views were expressed re-
garding the publication of a given lecture. The group before which individuals expounded their
results comprised professors of Theoretical and Applied Mathematics and Astronomy at the Uni-
versity of Belgrade. They were: Mihailo Petrovi¢, Nikola Saltikov, Tadija Pejovi¢, Jovan Karama-
ta, and later also Milo$ Radoj¢i¢ — academic staff of Theoretical Mathematics at the Faculty of
Philosophy; Bogdan Gavrilovi¢, Radivoje Kasanin, Petar Zajoncovski and later Gojko Vujaklija
- academic staff of Theoretical Mechanics at the Technical Faculty; Milutin Milankovi¢, Anton
Bilimovi¢ and Vjaceslav Zardecki - academic staff of Applied Mathematics at the Faculty of Phi-
losophy; Ivan Arnovljevi¢ and Jakob Hlit¢ijev — professors of Mechanics at the Technical Faculty;
Vojislav Migkovi¢ — professor of Astronomy at the Faculty of Philosophy. As of 1926, this group
came to comprise the Mathematical Club of the University of Belgrade... Though the club had no
written rules, it held regular monthly meetings, followed by joint dinners... The club was headed
by Anton Bilimovi¢... Over dinner, we shared academic jokes and quips. We organised dinners
at taverns offering grilled meat specialties or fish and cheese pie. Very often dinners were also
organised at Petrovi¢’s vineyard on the Topcider Hill” [TP1992, 235-237]

“In the period from 1930 until 1941, the Mathematical Club of the University of Belgrade
represented a very serious group, with no written rules whatsoever... With its magazine, Publica-
tions Mathématiques de I'Université de Belgrade, the Mathematical Club laid the foundations of
today’s Mathematical Institute. Hence, the period of work and development of the Mathematical
Club from 1932 until 1941 can be considered to represent the first stage of work and development
of today’s Mathematical Institute in Belgrade” [TP1992, 265-257]

[TP1992] Tapuja Ilejosuh, Moje yciiomere u goxcuemwaju 1892-1945, beorpaz, 1992.
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MIHAILO PETROVIC,
ALGEBRAIC GEOMETRY AND
DIFFERENTIAL EQUATIONS*

Vladimir DRAGOVIC
Mathematical Institute of SASA, Belgrade
The University of Texas at Dallas

This paper is a short excerpt from the lecture the author deliv-
ered at the first joint session of all three departments of Mathematical
Institute of SASA on 22 May 2018, and within the Round table on the
scientific achievements of Mihailo Petrovi¢ that was held on the same
day in the SASA Gallery. Besides the author of this paper, academicians
Stevan Pilipovi¢ and Gradimir Milovanovi¢, co-presidents of the cer-
emony marking the 150" anniversary of the birth of Mika Alas, were
also speaking.

It would be difficult to find another example of a man and a city
with an elementary school, a gymnasium and a tavern named after that
man. In this city, a real PhD also became a master fisherman. What do we
know about the man and his achievements?

We shall elaborate on a series of Mihailo Petrovi¢s achievements
incorporating algebraic geometry and analytical theory of differential
equations. Those results were achieved within the time frame of almost
half a century, from the first half of the 1890s till the end of the 1930s,

*  The paper was drafted within the project 174020 “Geometry and Topology of Mani-
folds, Classical Mechanics and Integrable Dynamical Systems” of the Ministry of Ed-
ucation, Science and Technological Development of the Republic of Serbia. It was
supported by the University of Texas at Dallas.




under the strong influence of Petrovi¢’s professors Emile Picard and Charles Hermite. Some of
them are noted in well-known textbooks and monographs published in France and Russia. Mi-
hailo Petrovi¢ passed away in 1943 in Belgrade. In the same city, half a century after Petrovic’s
death, Mathematical Methods of Mechanics Seminar was founded, which primarily focuses on
the relation of algebraic geometry and differential equations. Today, twenty five years after the
Seminar’s foundation, we have just left the door of Petrovi¢’s scientific treasury ajar, while wiping
the dust off the old manuscripts, thus getting an insight into the work of the great master. We
cannot help but wonder how ideas and scientific discoveries have been disseminated and how
they travel through space and time.

We live under the well nurtured illusion that the passage of time brings nothing but
progress and that scientific progress is a continuous process. Without denying the progress of
both science and society, one has to bear in mind that, with the passage of time, many scientific
facts, techniques and theories are likely to be forgotten, upstaged, to lose their place in curricula
and give way to the latest and more modern scientific discoveries. In science, just like in other
areas of creation, there is a trend, which comes and goes, to let, in an inexplicable and unjustified
way, valuable achievements fade into oblivion and obscurity. It is
our impression that a similar destiny befell the scientific legacy
of Mihailo Petrovi¢, regardless of his popularity during his life
and after his death, regardless of the number of his students and
his students’ students, and in spite of his brilliant achievements.
We are looking at an impressive list of Petrovi¢’s eleven doctoral
students and almost nine hundred followers, according to Math-
scinet data (see detailed overview in professor Pilipovi¢’s paper
[Pil2018]). This allows the conclusion that the past one century
and a half has seen the domination of Mihailo Petrovi¢ over Ser-
bian mathematics in the first 75 years, whereas Mika’s students
and his students’ students dominated Serbian mathematics in the
remaining 75 years.

Regardless of this, I can testify that during my student
days back in the 1980s, it was only at the lectures within regu-
lar course in differential equations held by professor Ljubomir
Proti¢ that I could get an insight into the specific scholarly en-
deavor of Mihailo Petrovi¢ and its place in modern science. In
September 1988, at Moscow State University, professor Dubrovin
asked me to tell him about the significant achievements of Ser-
bian mathematics during my postgraduate interview. With relief,
I remembered professor Proti¢’s lectures and talked about the
Petrovi¢’s method [Pet1896, Pet1899Annalen], which emerged
two decades before the similar ideas of great Russian mathema-

A bust of Mihailo Petrovi¢ Alas in front of his L. . . .
birthplace, the work of Aleksandar Zarin, 1969 tician and mechanic Chaplygin [Chap1919]. (Professor Milorad
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Panel at “Mihailo Petrovi¢ Alas” Elementary School Photograph and personal belongings of Mihailo Petrovi¢
from “Mihailo Petrovi¢ Alas” Elementary School

Bertolino had explored Petrovi¢’s precedence in this matter for more than 15 years, see [Ber1957,
Ber1967, BerTrif1971], [Prot2015], [Peal886]).

Therefore, it is worth commending the projects that entailed publication of the collected
works of Mihailo Petrovi¢ in 1999 [Pet1999] and this year’s ceremony marking the 150% birth
anniversary of our distinguished mathematician, as our collective effort against oblivion and our
care for preserving national, but also world scientific legacy.

When preparing myself for my lectures, I avoided consulting Collected Works on pur-
pose, prior to choosing the material. For the purpose of this overview, I selected three achieve-
ments of Mihailo Petrovi¢ in the field of algebraic differential equations. Conditionally, we will
name them Theorems A, B and C. As it is well known, Petrovi¢’s scope of work and his scientific
interests were very broad, nevertheless his theory of algebraic differential equations stands out as
his biggest achievement. It turned out that Theorems B and C are from his papers in Acta math-
ematica from 1899 and Publications from 1938, which were not included in the Collected Works
[Petr1999]. Theorem A resulted from a PhD dissertation [Petr1894] that Petrovi¢ defended in
1894 at Sorbonne, under the tutelage of Charles Hermite and Emile Picard, with Paul Painleve as
the third committee member.

Theorem A deals with the nature of the solution of a generalization of the Riccati differ-
ential equation.

An old French proverb says: anyone can differentiate, but only those who know can inte-
grate. It was great French mathematician Liouville who, back in the 1830s, brought up the ques-
tion of the nature of functions that are integrals of some given functions.The idea of studying the
tixed and movable singularities of differential equations is dating back to Fuchs. Fixed are those
singularities that depend on the differential equation itself and are common for all its solutions,
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Paul Painlevé (1863-1933),
French mathematician
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Cover page of the Book of notes from Petrovi¢'s lectures about simple differential equations,
around 1910-1914 (Library of MISASA, 3262)

while the movable ones are the ones which change (“move”) depending on
the initial conditions and which depend on various solutions. The local
solutions of differential equations can be analytically extended, but this pro-
cedure can lead to multivalued function as a solution of the given equation.
Multivaluedness can be tamed by introducing the appropriate Riemann sur-
face as the function domain. If an equation has no movable critical singu-
larities in the neighbourhood of which multivaluedness is generated, then
such Riemann surface can be chosen as common for all solutions. During
the years preceding Petrovi¢’s arrival to Paris in 1889, the following funda-
mental theorems concerning first order differential equations were proved.
Henri Poincare and Lazarus Fuchs proved in 1884/85 that among first order
equations linear ones stand out, Riccati and Weierstrass functions, as the
only ones without movable critical points. Paul Painleve, in his brilliant PhD
dissertation in 1887, showed that first order equations cannot have solutions
with movable essential singularities. In the year when Petrovi¢ arrived in
Paris, two very important papers were published [Kow1889, Picard1899].
Both papers are as relevant today as ever and have served as an inspira-
tion to our Seminar and also inspired some of our recent papers. The paper
authored by Kowalevski directed analytical theory of differential equations
towards applications in mechanics and created foundations of the so-called
Kowalevski-Painleve analysis: to describe classes of equations the general
solutions of which have certain given analytical characteristics. Kowalevski



herself was dealing with the systems of Euler-Poisson equations that describe the dynamics of
movement of a heavy firm object around an immovable point under the influence of the force
of gravity. She regarded time as a complex variable for the first time in history in a mechanical
problem. By examining conditions under which general solutions would have only poles as mov-
able singularities, Kowalevski discovered a new integrable case which is named after her. For this
paper, Kowalevski received the Bordin Prize from the French Academy.

In the mentioned Picard’s paper, among other things, an algebraic-geometrical solution
of the equation, which will be a special case of the future so-called Painleve equations, was found.
These second order equations with characteristic that general solutions only have poles as mov-
able singularities were introduced by Painleve at the beginning of the next century [Pain1902],
thus marking the beginning of the new era of systematic studying of second order equations with
the so-called Painleve characteristic. Painleve’s students continued further research concerning
second order Painleve eqations, see for instance [Fuchs1906, Gamb1910]. These papers are as
relevant today as ever, and have served as a great inspiration for our recent papers.

THEOREM A

Before we formulate the first Petrovi¢’s result which we want to show, let us be reminded
of the basic results on the Riccati equations. Those are first order equations, where their right
side is a quadratic polynomial P per the unknown function w, with coefficients which are mero-
morphic functions of the independent variable z:

w'=P(w,z)

If one particular solution of the Riccati equations is known, the equation is reduced to a
linear first order equation. Otherwise it is reduced to linear second order equations and has no
movable points. If three particular solutions are known w,, w,, w,, then along any of solutions w
cross-ratio is constant w(z):w (z):w,(z):w,(z).

Petrovi¢ looked into the generalization of the Riccati equation

W= P(w,z)
Qw,2)

where P, Q are polynomials in w, the coefficients of which are algebraic functions of z.
First he showed that without losing generality, it can be reduced to equations with the form
W, _ Pn+2(W, Z)
Qn(w, z)

where P, Q, are polynomials in w of degree n+2 and n, respectively. Then he decomposed the
problem into four sub-cases:

1. case: polynomial equation Q=0 allows more than two different roots w =f.(z);
2. case: polynomial equation Q=0 allows exactly two different roots;
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3. case: polynomial equation Q=0 allows exactly one root;
4. case: polynomial Q does not contain w.

Petrovi¢ Theorem A (1894): In case 1 all single-valued solutions are rational. In case
2 all single-valued solutions are reduced to one transcendent function. In case 3 all
single-valued solutions are reduced to at most two transcendent functions. Case 4 is
in line with the Riccati equation and all solutions are reduced to three transcendent
functions.

In his proof, Petrovi¢ skillfully used the known Picard theorems from a complex analysis
and the so-called Lemma on critical points:

If the function f(z,w) reaches infinite value at a certain point (z,w,) and if 1/f is
holomorphic in a neighborhood of the point, the z is a movable critical algebraic point
of the equation w'=f(z,w).

Under the condition that P,Q are polynomials in w, the coeflicients of which have finite-
ly many isolated singularities, Golubev proved the following theorem:

Golubev Theorem (1911): If the generalized Riccati equation has three rational solu-
tions, then each single-valued solution is rational.

Applying the subtle theory of function growth, Malmquist rounded Petrovi¢’s research
with the following result:

Malmquist Theorem (1914): If the generalized Riccati equation is not reduced to a
Riccati equation, then each single-valued solution is rational function.

This improves Petrovi¢’s achievements in cases 2 and 3. Except in the works of Golubev
[Gol1911] and Malmquist [Mal1914], the mentioned Petrovi¢’s Theorem A occupies a significant
place in the famous monographs authored by Picard and Golubev [Pic1908, Gol1950].

THEOREM B

Before we state the basic result of the only Petrovi¢’s paper published in Acta mathe-
matica, let us mention two relatively similar results which preceded it, concerning the equations
which do not explicitly depend on an independent variable. The aforementioned Weierstrass
equation has this form:

(z')*=P,(z).
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Its solutions are given in terms of the so-called Weierstrass P-function, which is a dou-
ble periodic (i.e. elliptic) meromorphic function. The other result comes from one of Petrovi¢’s
mentors, Hermite:

Theorem (Hermite): If the solutions of the equation with the form Q(w,w’)=0,
where Q is a polynomial in no w,w' do not have any movable critical points, then
they set the curve of genus 0 or 1. The solutions are either rational or depend ration-
ally on exponential or elliptic functions.

Petrovi¢ deals with the problem when equation Q(w,w’, ..., w®)=0, where Q is a poly-
nomial, has elliptic, i.e. double periodic solutions. He found the necessary geometric conditions,
using the polygon technology that he developed in his PhD dissertation [Petr1894]. Based on a
polynomial Q polygon IT is constructed. The vertices of the polygon can be simple or multiple.
To each multiple vertex D a characteristic polynomial k is assigned. The polynomial Q can be
presented in the form of the sum s of addends with the form of

Si ymOiy’mli y(p)mpi ,

where S, are constants.
The vertices of the polygon are determined by formulas (M,, N,)i=1, ..., s.

Mi=m0i+m1i+---+mpi;

N=m,+2m,+---+pm .

It may happen that for various i, j pairs coincide (M, N,)=(M,N)).

Then the corresponding vertex is multiple. Petrovi¢ was developing theory of such poly-
gons, which generalize the Newton polygons and are adjusted to algebraic differential equations,
and made substantial contributions to the theory in his dissertation (see also [Stan1999]). “Char-
acteristic B” which exists in the theorem, also stems from the mentioned thesis.

Theorem B (Petrovi¢ 1899): If the equation Q=0 has an elliptic solution, then the
polygon has ‘characteristic B”: either it has an edge with a negative integer angle coef-
ficient or it has a multiple vertex D, so that the characteristic polynomial of vertex k,
has at least one whole-number root that is located between the angle coefficients of the
edges that meet in the vertex D.

Example: let us apply the Theorem to the equation P, (y")=Q,(y), where P, Q, are
given polynomials of a variable of degree m,n respectively. Polygon IT is a triangle AABC the
vertices of which are A(0,0), B(n,0), C(m, 2m).
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Condition B here implies that the triangle AABC has to be an acute triangle. The only
edge with negative coefficient is BC, if n>m. Angle coefficient is 2m/(m-n)€Z. So, n>m, 2m/
(m-n)€Z. Examples of the pairs are: (m, n) € {(1, 2), (1, 3), (2, 4), (2, 6).

THEOREM C

In his paper [Pet1938], Petrovi¢ showed this very general and elegant theorem:

Theorem C [Petrovi¢ 1938] There is a series of functions u (t), u,(t),... so that for
each algebraic differential equation by x, y, y',...y"®” an independent variable x and
a solution y can be expressed as the function of parameter t via the finite number of
functions u(t) in quadrature or without quadrature.

Functions are determined as the solutions of series of systems, for each natural number
p there are 2¢? systems

p

du; P we . '

d_tl - Zfijeu]'l']': L..p, where f; € {0,1}.
=1

At the very end of his paper, Petrovi¢ noticed that theorems of similar type concerning
the reduction of algebraic differential equations were proven by Appelrot and Lagutinski. Since
he had no opportunity to see those papers and did not know their claims or proofs, he said that
he could not use or quote them.

We were reading and applying Appelrot’s papers with pleasure. Petrovi¢’s remark on La-
gutinski reminded me of one nice encounter in Paris ten years ago, with French mathematician
of Polish origin, Jean-Marie Strelcin. On that occasion, Professor Strelcin gave me the collected
works of Lagutinski. With great enthusiasm he pointed at the importance of the almost forgotten
brilliant papers of the talented Russian mathematician who died too early. Intrigued by Petro-
vi¢’s remark, I browsed Lagutisnki’s papers and found references which Petrovi¢ was missing:
[Lagl911, App1924].

Finally, let us remind that Petrovi¢ enjoyed a well-deserved international reputation,
which is confirmed by the fact that he had been invited to deliver lectures at the International
Congresses of Mathematicians five times: Rome 1908, Cambridge 1912, Toronto 1924, Bologna
1928 and Zurich 1932. Nowadays, probably no living mathematician was given such honor. It
happened in the early 20% century, but very seldom.
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OUR DAYS

The monograph titled First Integrals with Restrictions
[Petr1999, vol. 2, 159-202] (Integrales premieres a restriciones) from
1929 is very similar by its content to the theory of integrable dynamic
systems, which is the main topic of our Seminar. On pages 162-163
Petrovi¢ mentioned the canonical equations of dynamics (Hamiltonian
systems) and formulated the fundamental Liouville theorem. Petrovi¢’s
integrals with restrictions are very similar to invariant relations that
were, among others, researched by Appelrot, and also by us. Our road
to the theory of integrable systems would have been much easier if we
had read this Petrovi¢’s paper in our young days.

Post festum. Further to my question from the lecture to find out more
about Mika’s older Parisian colleague Mijalko Ciri¢, who is mentioned
at Mathscinet as Charles Hermite’s doctoral student, my colleague, Mi-
lo$ Milovanovi¢, PhD, responded. He kindly provided a link to Radoje
Domanovic’s story He Abolished Mechanics from Stradija dated March
20, 1905:

https://domanovic.wordpress.com/tag/mijalko-ciric/

The story is very interesting for its juicy, sharp and as relevant
as ever Domanovi¢’s language, but also because of its moral that being
a student of a great mathematician and being a “Parisian” in Belgrade
at the beginning of the 20" century did not automatically guarantee a
successful academic career. This does not represent the views of the
author of this article or of the Editorial board on historical persons that
are mentioned in Domanovic’s text and on their creative achievements
and merits.
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GROUP FOR NUMERICAL MATHEMATICS
IN NOVI SAD

Tradition of applied mathematics started
by Mihailo Petrovi¢ Alas

Natasa KREJIC
Department of Mathematics and Informatics,
Faculty of Sciences, Novi Sad

The founding father of mathematics in Serbia, Mihailo Petrovi¢
Alas, devoted a significant portion of his career to applied mathemat-
ics. Mathematical modelling requires a broad spectrum of mathematical
knowledge alongside a broad education, which academician Petrovi¢ had,
and the focus of his work in the applied (or, to put it better, motivated)
mathematical research was on phenomenology, i.e. defining the certain
systems of equations that describe phenomena, regardless of objects or
phenomena that are being modelled. Today, mathematical modelling is a
well-developed and very important branch of mathematics, so this allows
the conclusion that it also belongs to pioneering contributions by Mihailo
Petrovi¢ Alas.

The Group for Numerical Mathematics at the Department of
Mathematics and Informatics of the Faculty of Sciences in Novi Sad gath-
ers mathematicians who deal with numerical mathematics, mathemati-
cal modelling and simulation at the University of Novi Sad. Almost all
researches are the direct mathematical descendants of Mihailo Petrovi¢
Alas. The Group grew into an independent research group out of the
Group for Mathematical Analysis during the 1980s, headed by profes-
sor Dragoslav Herceg. Professor Herceg earned his PhD on numerical




Faculty of Sciences, University of Novi Sad

solving of singularly perturbed differential equations, under the supervision of academician Bo-
goljub Stankovi¢, in cooperation with professor Erich Bohl from the University of Konstanz in
1980. A few years later, Prof. Herceg founded the Group for Numerical Mathematics with nu-
merous students, among whom is the author of this paper.

During the 1980s and 1990s, research was primarily focused on two topics — numerical
solving of differential equations and numerical methods of linear algebra. In both areas, signif-
icant results were achieved and intensive cooperation was established with universities in Ger-
many, Ireland and the USA. In the field of numerical solving of differential equations, research
was dealing with singularly perturbed problems on non-equidistant discretization meshes which
achieve parameter-uniform convergence, spline collocational methods and differential methods.
Later on, the research was expanded to problems of partial differential equations with pertur-
bations and finite element method. In the same period, the research focus in numerical linear
algebra was on relaxation iterative methods for solving systems of linear equations. In this pe-
riod a series of PRIM conferences on applied mathematics was organized (PRIM - Primenjena
matematika (applied mathematics)).

At the beginning of this century, numerical optimization became an important part
of research, in line with the trends in modern mathematics. Research is mainly focused on
the problems of nonlinear optimization, with or without constraints, of continuous type and
of large scale, with a strong emphasis on theoretical results on the convergence of iterative
methods. The achieved results include a contribution to convergence theories of Quasi-New-
ton method, definition and the analysis of new Newton-type methods for solving nonlinear
complementarity problems, as well as new methods for solving singular systems of nonline-
ar equations. Close cooperation was established with a research group headed by professor
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Petrovaradin fortress in Novi Sad

Martinez from Campinas in Brazil and with many Eu-
ropean research groups, which significantly expanded
the spectrum of scientific topics.

At the same time, research in the field of nu-
merical linear algebra, under the leadership of professor
Ljiljana Cvetkovi¢, has been expanded to special class-
es of matrices (diagonally dominant matrices and their
generalizations), which pave the way towards new re-
sults in various other areas of numerical linear algebra.
Those were primarily results on eigenvalue localization
by the Gershgorin-type theorems, which were achieved
in cooperation with professor Richard Varga from Kent
State University (Ohio), and which were later crowned
by the construction of advanced algorithm for draw-
ing a minimal Gershgorin matrix set. In the next few
years, the cooperation was significantly expanded, re-
sulting in joint papers published with colleagues from
universities in Valencia and Saragosa (Spain), Poznan
(Poland), Ioannina (Greece), Rostov (Russia), Beijing
(China) and Kansas (USA). Besides results in local-
ization of eigenvalues of matrix pencils, an efficient
evaluation of norms of matrix inverses were achieved,
which were later used for obtaining first results in the

Monument to Mileva Mari¢ Einstein
(Author: Lazar Lazié, 2018)
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Group photograph of mathematicians from Novi Sad from the 1970s. Second row, the tallest figure: Academician Mirko Stojakovi¢
(1915-1985), one of the leading mathematicians from Novi Sad at the time.

localizations of matrix pseudo-spectrum in various norms. As per numerical methods, the it-
erative methods for solving problems of linear complementarity stood out based on matrix
decomposition, for which convergence areas were improved. In addition, new optimization al-
gorithms for problem of distance to general instability for medium- and large-scale matrices
were developed. Finally, the mentioned results in the field of numerical linear algebra were
efficiently applied in the area of stability of dynamic systems, especially for optimization of
operation of wireless sensor networks, for obtaining robust indicators of ecological stability of
empirical food networks, overcoming the Schmidt paradox in climate modelling, as well as the
analysis of the impact of nanotubes on intercellular communication. Research activities in the
area of numerical methods of linear algebra on an international level resulted in the organiza-
tion of the GAMM 2013 conference in Novi Sad, as well as in a series of the ALA conferences
over the previous twenty years.

Over the last ten or so years, a large number of activities of the Group have been
focused on mathematical modelling and the development of applied mathematics, in line
with contemporary European and global trends. The Department of Mathematics and In-
formatics joined ECMI - European Consortium for Mathematics in Industry in 2003 as an
educational and scientific center. A master’s program in applied mathematics has been es-
tablished with the focus on mathematical modelling and education of young mathematicians
who have additional knowledge in economy and technics, and who are capable of working in
multidisciplinary teams and applying fundamental mathematical knowledge to real problems.
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Group photo of mathematicians. First from the left: Academician Mirko Stojakovi¢.
Second from the right: Academician Puro Kurepa

Significant efforts were made to establish cooperation with non-academic institutions aiming
at applying mathematical knowledge and methods to real problems. These efforts resulted in
raising some new research topics, mainly concerning the application of numerical mathemat-
ics methods in economy, medicine, chemistry, biology, meteorology and technics. A series of
results achieved in the field of numerical optimization is motivated by problems stemming
from algorithmic trading, which is a dominant method for the execution of transactions on
stock exchanges, which is, by its definition, based on a mathematical model and statistical
characteristics of the market.

Contemporary trends in numerical optimization, as well as the importance of modelling
and solving of real problems, stirred up interest in problems of stochastic optimization and in
the mathematical simulations of real systems. Given the fact that in the real systems random
parameters are often present, or values of parameters are known only with some degree of cer-
tainty, the minimization of stochastic functions is of great importance. Basic problem in solving
problems of stochastic optimization is the efficiency of numerical methods, because good ap-
proximation of stochastic objective function requires working with very large samples, which is
very challenging computing-wise, and often inapplicable. By using the apparatus of numerical
optimization and stochastic analysis, a series of results with variable sample sizes is obtained,
which greatly increased the efficiency of a method. At the same time, international cooperation
has been broadened, and scientific cooperation with numerous ECMI research groups in this
field has been established.
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A lecture at the Department for Mathematics, University of Novi Sad

In the Big Data era in which we live today, machine learning and deep neural networks
are very important topics. Both topics are fundamentally mathematical problems and very
often a significant part of the method comes down to the problem of function minimization.
With the explosion of data quantity, a need for distributed optimization appeared. Namely,
the available data is often stored in different geographical locations and its centralization is
not technically feasible, or the data quantity exceeds computer’s capacity or data centralization
is avoided due to data privacy challenges. Besides, concepts of federated and online learning
involve partial data processing at the source, and partial cooperation within a group of agents
in order to get the final result. Therefore the methods of distributed optimization are being
developed, which implies that there is a network of computers that are mutually intercon-
nected by architectures of various types, and each computer in the network has access to a
specific set of data and its local objective function, whereas the objective is the minimization
of aggregate objective function. A reformulation of the standard methods of continuous opti-
mization in distributed environment is a non-trivial challenge; the lack of central node makes
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A chess tournament at the Department of Mathematics, University of Novi Sad

classical methods inapplicable, the mutual communication of each node with all other nodes
is impossible because it is either too expensive or is opposed to various privacy limitations,
and communication within the network, when possible, is expensive, can be slow and inter-
ruption-prone. Therefore, the non-trivial redesigning of classical (efficient) methods of nu-
merical optimization is necessary. Research in this field has been in the focus of the scientific
efforts of the Group for Numerical Optimization over the last few years. Its current activities
encompass several research projects in the field of Big data realized within the H2020 and IPA
programs. Besides, a doctoral program focusing on the mathematical challenges in the field
of Big data is formed, and it is being implemented in cooperation with universities in Milan,
Lisbon and Eindhoven and seven European companies, within the Marie Sklodowska Curie
H2020 program.

Researchers from the Group for Numerical Mathematics are active in the Center of Re-
search Excellence for Mathematical Research of Non-linear Phenomena, headed by academician
Stevan Pilipovi¢ and SKALA center headed by professor Ljiljana Cvetkovic.
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MIHAILO PETROVIC ALAS - SCIENTIFIC LEGACY AND
MODERN ACHIEVEMENTS IN PROBABILITY THEORY

Dora SELESI
University of Novi Sad,
Faculty of Sciences

“Problems, nowadays intractable by the
tools of mathematical analysis, do not
have to stay that way for all eternity; dif-
ficulties, invincible for today’s mathemat-
ics, may become no more than a piece of
cake for tomorrow’s one.”

Mihailo Petrovié, 1914.

The Danube and the Sava - two rivers, two shores where the
prominent Alas grew up and reached adulthood, found his inspiration,
purpose and home. Calm, dignified and humble at their source, they turn
into mighty giants. Their continuous flows carry great riches. Differen-
tial equations and special functions - the two fields that were the main
focus of Mihailo Petrovi¢’s research where he made substantial contribu-
tions. The results, which may seem simple and modest in terms of today’s
evaluation criteria, are continuously evolving and turning into mighty
achievements, embodying a source of great scientific knowledge. Time
flows and carries centuries in its stream, the generations of mathemati-
cians are maturing and working all over the world. The scientific lega-
cy of professor Petrovi¢ remains as relevant today as ever. In this article
I will try to briefly present the current state of the art of mathematical




A photo of the Danube in Zemun, an old picture postcard (source: https://www.kolekcionar.net/articles.php?id=278795)

analysis, with an emphasis on stochastic analysis and some modern scientific achievements re-
sulting from Mihailo Petrovi¢’s papers.

Mihailo Petrovi¢ (1868-1943), a doyen of mathematics in Serbia, took his first steps in
scientific research with his papers elaborating on the theory of ordinary differential equations
and he left a vast amount of papers in this field. Soon he discovered his other field of permanent
interest: the theory of special functions, mainly elliptic functions. He made a significant contri-
bution to the theory of differential equations and their solving via power series, as well as to the
approximation of functions and the qualitative analysis of differential equations. The value of
these works exceeds the time in which they were written; the modelling of physical phenomena
nowadays relies not only on a deterministic approach via ordinary differential equations, but also
on quantifying the uncertain factors by probabilities and incorporating them into the equation as
stochastic (random) processes. Hence, many natural, social, economic and other phenomena can
be appropriately described via stochastic differential equations. One of the most advanced meth-
ods for solving stochastic differential equations is the method of polynomial chaos expansions,
whose essence lies in expressing a stochastic process as a Fourier series via the base of stochastic
orthogonal polynomials (Hermite, Jacobi, Legendre and other polynomials). In this idea one can
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2. ASYMFTOTIC PROPERTIES OF REGULARLY
VARYING FUNCTIONS

The purpose of this section ks to investigate the relations between the
tails and the truncated moments of distributions with regelarly varving
tails. The main result is that if | = F(z) and F{—x) vary regulardy so do
all the truncated moments. This is asserted by theorem 2, which contains
more than what we shall need for the theory of stable distributions, It
could be proved directly, but it may also be considered a corollary to theorem
1 which embodies Karamata's™ striking characterization of regular varistion.
It seems therefore best to give a complete exposition of the theory in par-
ticular since the arguments can now be significantly simplified

We introduce the formal abbreviations

{9.1) Z,(2) = _L'r" Zy)dy, Z3z) -J_-r' Z(y) dy.

* Thiy section is wied only for the (beory of stable distribations, but the ute of ibearem 2
woald simplify many kegiby calculations in the [Meratare.

-spuu:{llu.lﬂm noticed by 5. Porl.

Bl ), Karamali, Sur on made de crolinssee repulifee, Mathomatica (Cluj), wel. 4 {1920)
pp. 38=53, Despiste frequent refcrences (o tkds paper, no mewer exposition scems to exisl.
For recent Fﬂ"tq.lmlldl“:hmlﬂ Taubsrian theorems soe W, Feller, One-aialed
amalopuss of Karamats's repulur sariation, in ie Karamata memorial wolume (1965} of
L’ Enscignement Mathémaiique.

T plthough oew, owr prool of theorem | wses Karamata®s ideas.

William Feller was the first to apply Karamata's theory of regularly varying functions
in probability theory. The image depicts a page from Feller's book.

perceive not only a modern solving technique that originated from the theory of approximations
and special functions, but also the essence of Petrovi¢’s phenomenology in the very setup of the
model. Henri Poincare (1854-1912) claimed that differential equations are inherently involved
in all laws of nature and science. Petrovi¢ adopted this idea and used it to develop his theory that
he termed mathematical phenomenology. A contemporary designation of the same concept is
mathematical modeling. The modeling of stochastic nonlinear dynamical systems is the main fo-
cal point of research related to modern mechanics, astronomy, sociology, biology, economy and
many other fields of science. Problems related to stochastic differential equations that describe
the models of fluid flow, blood flow in the vessels, optimal aircraft design, spreading of epidem-
ics, price changes of financial derivatives, etc., are just some of the most interesting examples of
equations the solving of which occupies today’s mathematicians.

Jovan Karamata (1903-1967), who was Mihailo Petrovié’s student and the creator
of the theory of regularly varying functions and slowly varying functions, was the one who
made the most significant contribution to probability theory. The importance of this class of
functions came to the center of attention in Feller’s book titled An Introduction to Probability
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Theory and its Applications (W. Feller, An Introduction to Probability The-
ory and its Applications I and II, Wiley, New York, 1969 and 1971). The
famous central limit theorem in probability theory states that sums of in-
dependent random variables with finite variances behave as the normal
(Gaussian) distribution in limit process. It is only in the last few years that
random variables with infinite variances were also proven to be realistic
models for various phenomena, e.g. for insurance claims arising from nat-
ural disasters (earthquakes, floods, hurricanes, etc.), for magnitude levels
of ground shaking during earthquakes, for file sizes sent via e-mail, for
the time spent on social networks, etc. The central limit theorem does not
necessarily hold for variables with infinite variances, thus in order to de-
termine the distribution of sums and of maxima/minima of such variables,
the classes of Karamata’s distribution functions with slowly varying tails
must be used. A modern theory covering this topic is the theory of large
deviations and it is being applied in insurance theory, risk management,
information theory, queueing theory, renewal theory, thermodynamics
and statistical mechanics.

One branch of mathematicians in Serbia who deal with probability
theory and stochastic analysis has grown out of Karamatas node in a ge-
nealogical tree of Mihailo Petrovi¢. Karamata’s student Bogoljub Stankovi¢
(1924-2018), followed by his student Stevan Pilipovi¢, has brought the re-
search of functional analysis and generalized functions to Serbia, whereas
the study of generalized stochastic processes has been formed as a special
sub-field of this research. Within Stankovi¢’s Novi Sad school of mathe-
matics at the University of Novi Sad, contributions to probability theory
and generalized stochastic processes were made by Olga Hadzi¢, Stevan
Pilipovi¢, Mila Stojakovi¢, Zagorka Lozanov Crvenkovi¢, Danijela Rajter
Ciri¢ and the author of this article. The other branch of probabilisticians in
Serbia and Petrovic’s successors has grown out of the node of Tadija Pejovi¢
(1892-1982) and his PhD candidate Zoran Ivkovi¢ (1934-2011). The vast
majority of the professors at the Universities in Belgrade and Ni§ who work
in the field of probability theory and statistics are Ivkovi¢s successors:
Jovan Malisi¢ and Svetlana Jankovi¢ from the first generation, then Pavle
Mladenovi¢, Biljana Popovi¢ and Miljana Jovanovi¢ as the second genera-
tion of mathematicians, and many of their PhD candidates and mathemat-
ical descendants of the third and fourth generation: Miroslav Risti¢, Marija
Milosevi¢ as well as many others. A detailed outline of the genealogical tree
can be seen on the Mathematics Genealogy Project portal. Of course, we



must mention the names of those in our school of probability who do not
stem from Petrovi¢, such as Milan Merkle who obtained his PhD degree in
Michigan or Slobodanka Jankovi¢ who, via Stevan Stojanovi¢, stems from
Duro Kurepa (1907-1993), who was of great influence in our region. It
is possible that many names are missing in this retrospective, but, as this
work is rather a personal impression, and not a document which claims to
be precise in all details, the author apologizes to all those whose names are
unjustifiably omitted.

Mihailo Petrovi¢ was a universal creator and thinker, a true pol-
ymath, scientist, mathematician, inventor, philosopher, ichthyologist,
musician, writer, world traveler. Many authors regard him, along with
Norbert Wiener (1894-1964) and Johann von Neumann (1903-1957), as
a forefather of cybernetics and computer science. The far-reaching in-
fluence of his works reaches even today’s most modern fields of science
such as neural networks, artificial intelligence, machine learning, deep
learning, which are all inspired by the cognitive functioning of the hu-
man brain trying to imitate its activity by using mathematical algorithms.
Google’s algorithm for searching and indexing of web pages, the formali-
zation of natural language learning and the creation of a universal trans-
lator are just a few examples of a more or less successful implementation
of these techniques. Integral transformations, function approximations
and power series are the roots of what is today used in signal processing,
digital image processing, with applications in mobile communications,
biomedicine, computerized tomography and many other areas of science,
engineering and economy. An integral part of all these models are nois-
es that occur in transformation channels, errors in instrument readings,
etc., which are quantified as uncertainties i.e. as random processes, and
they introduce probability, statistics and stochastic analysis into the con-
temporary models.

The man who spent his life at the confluence of the Sava and
the Danube was a mathematician who was equally engaged with analy-
sis and algorithms and who understood the intrinsic ties among conti-
nuity, continuum and discrete structures. Regardless whether he was in-
spired by the calm, continuous flows of rivers to embark on the analysis
of differential equations and continuous structures, or the smooth wa-
ter streams to notice direction fields and integral curves within them, or
his favorite leisure activity - fishing — inspired him to adopt a more al-
gorithmic way of thinking, it will forever remain a mystery. The fact is
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that there is a huge body of scientific papers he left behind, in which continuous objects are
approximated by discrete ones (let us remember, for instance, the Riemann integral or the ex-
pansion of a function into a power series, the numerical solving of equations, etc.) and discrete
objects are approximated by continuous (for instance, in analytical number theory). The large
gap between various areas of mathematics needs to be bridged, as much more can be achieved
by accepting the natural unity of mathematics and the unity in its duality. Algebraic topology is
a brilliant example which underlines the needs and benefits of the synthesis of a broader spec-
trum of mathematical disciplines. The explosive development of probability theory in the last
few years and the fact that it permeates all spheres of mathematics might play the role of this
connecting bridge. Probabilistic logic, random graphs and algorithms of random decision trees,
Monte Carlo methods in modeling, distributed optimization, quantum computers are just a few
examples in which probability theory meets classical discrete mathematics or computer science.
On the specific level of stochastic analysis, positive examples that point to a synthesis of various
areas are Markov processes which are connected to semigroup theory, singular stochastic pro-
cesses that are defined via Colombeau’s algebras of generalized functions, regularity structures
that are used for solving stochastic partial differential equations by regularization methods and
quantum field theory methods, and it is exactly these examples that are determining the further
direction for development of modern stochastic analysis as an integral part of the scientific leg-
acy of Mihailo Petrovi¢ Alas.
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Mihailo Petrovi¢'s memory from the Danube (SASA Archive, 14188/12)
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MIHAILO PETROVIC
IN THE MEDIA AND ACHIVES







DIGITIZATION OF THE LEGACY
OF MIHAILO PETROVIC ALAS

Maja NOVAKOVIC
Mathematical Institute of SASA

This paper includes the digital media that have recorded the
life and work of Mihailo Petrovi¢ Alas. Apart from the analysis of in-
dividual records, emphasis is placed on their significance as a whole,
that is, a database that is archived in the digital treasury keeping the
memory of the eminent scientist alive. They are accessed as documents
that have immortalized and made the scientist’s work and information
concerning him more easily accessible. The concept of the digital media
includes the following:

o audio-visual media (cultural-educational programmes, docu-
mentary and feature films);

« newspaper articles (taken from the digital repository of the “Sve-
tozar Markovi¢” University Library and the Mathematical Insti-
tute of SASA);

« the digital legacy of Mihailo Petrovi¢ Alas (created by the Faculty
of Mathematics of the Belgrade University);

o the virtual library of the Faculty of Mathematics of the Belgrade
University.

What is analysed and emphasized is how significant the media
that offer online interactive approach to the material are, and how much
they facilitate the accessibility of information to the researchers.




A frame from the film Professor Kosta
Vuji¢'s Hat, 1971, Vladimir Andri¢

Graduates of Prof. Kosta Vuji¢
from the First Belgrade Gymnasium

The paper represents the continuation of the research whose results on this topic have
been published in the catalogue Mihailo Petrovi¢ Alas: the Founding Father of the Serbian School
of Mathematics, Belgrade, 2018, under the title “Mihailo Petrovi¢ Alas in Audio-visual Media”
The catalogue traces the historical sequence of video media, comprising the following formats:
cultural-educational programmes, documentary and feature films that have recorded and pre-
sented the life and work of Mihailo Petrovi¢. From the short documentary film from 1968, pro-
duced at the occasion of the centenary of Petrovi¢’s birth, entitled Mika Alas, to a number of
scientific-educational programmes, which give a concise and richly-documented account of the
life and work of Mihailo Petrovic.

As for the feature film format, there is a film that presents the famous generation of the
graduates of the First Male Gymnasium from 1878-1885, to which Petrovi¢ belonged, as well. It
is the feature film Professor Kosta Vuji¢’s Hat (Sesir profesora Koste Vuji¢a) from 1971, directed by
Vladimir Andri¢, based on the script by Milovan Vitezovi¢ that was adapted by Bojana Andric.
Though it had been written in the form of a novel, the film was premiered on 24 February 1972,
and since then it has been broadcast six more times, making it the most popular TV drama of
Belgrade Television. The script for the TV drama was subsequently turned into a novel bearing
the same title by Milovan Vitezovi¢ in 1983. The film portrays the times of the generation of the
First Gymnasium’s graduates of the German language teacher Kosta Vuji¢ that would go on to
become prominent members of the Serbian science and culture.!7?

On the occasion of the celebration of the centenary of the First Belgrade Gymnasium
(1939) Mihailo Petrovi¢ wrote the following about his generation:
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Graduates of First Belgrade Gymnasium, June 1885 (SASA Archive, 14197/11-15)

“About the schoolmates, some of which are still alive, we do not think to speak individually.
Fate had given us various roles in life and we went our separate ways after graduation, meeting
up occasionally, getting to know about one another and recalling common old memories. That
generation did not give our land a single statesman, but it provided university professors, writers,
lawyers, diplomats, doctors and journalists. One fact noted in other generations of high-schoolers
became evident in ours, as well: what some of them showed to be capable of as high-schoolers
and what they were to contribute to their area of work after graduating and becoming independ-
ent was not always in direct corellation. Some of us, whom the teachers had given up on, and
even the schoolmates predicted nothing will become of them, went on to become what could not
have been expected: great writers, prominent journalists, etc. Conversely, those with all the high-
est grades did not always turn out to be what they had been expected to become, and they left a

much fainter mark than those that had been little counted upon.’173

In the last scene of the film Professor Kosta Vuji¢s Hat of 1971, the graduates of the First
Belgrade Gymnasium were shown, where it is striking that the inspiration for the scene had been
taken from an archived document, that is, from a photograph from the SASA Archives. Simi-
larity is noticeable in the arrangement of the teacher and students (Mihailo Petrovi¢ is standing
in both cases in the same place at the right-hand side), as well as of the objects laid out before
them. For instance, the configuration of geometrical bodies, the globe and a set of tools from the
chemistry lab, run by a Chemistry teacher, Marko Leko.

The procedure for taking this photograph is reproduced and repeated in two more pho-
tographs in which Petrovi¢ was present. This practice was upheld when anniversaries of the
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Twenty five years from graduation, 8 June 1910 (SASA Archive, 14197/32)

First Belgrade Gymnasium were celebrated. The photograph was reproduced on the occasion of
celebrating the 25" anniversary of their graduation, on 8 June 1910. The same practice, when the
photographs are entered and used as a testimony to a previous meeting, is shown in the photo-
graph on the occasion of the 40" anniversary of their graduation, with the Mathematics teacher,
Sreten Stojakovi¢, and teachers of the pre-military training, on 8 June 1925. The photographs
showing the graduates of the First Belgrade Gymnasium of 1885 is carried over through genera-
tions and reproduced in the same medium, until it was re-visualized, this time in the new medi-
um - the feature film Professor Kosta Vuji¢s Hat, in which it served as a source of inspiration. In
a word, apart from the preservation of the memory of a photograph, we have here an example of
a reinterpretation of its contents in the new medium - film.

Apart from the audio-visual records, another facet of the digital legacy of Mihailo Pet-
rovi¢ is represented by newspaper articles, taken from the digital “Svetozar Markovi¢” University
Library, as well as by an article from the Mathematical Institute of SASA. From those digitized
newspaper articles, which allow for going back to Petrovi¢’s time, we can be informed not only
about the work of Petrovi¢, but also about the events and celebration in which he himself partic-
ipated and gave interviews. The press, including Vreme, Pravda, Politika, Srpski narod, Bodljikavo
prase, wrote about the great scientist and his eclecticism.

As an illustration of Petrovi¢’s eclecticism, a newspaper article was published in Pravda
of 11 January 1939, with the headline “Our best mathematician, Mr Mika Petrovi¢, practices
fishing with as much intensity and passion as mathematics”.
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Forty years of graduation with professor of mathematics Sreten Stojakovi¢ and the professors of pre-military training,
8 June 1925 (SASA Archive, 14188/9)

Certain parts of that interview extracted from the article point out that passion Petrovi¢
had for science and mathematics was no greater than that for fishing and travel. As Petrovi¢
himself asserts with regard to mathematics:

“I am wholly content with the younger generation of our mathematicians, which for me as
a mathematician represents (placing great emphasis on this, because he practised fishing at least
as much as mathematics, and maybe even more, which he is later to discuss) the greatest satisfac-
tion. There are only — Petrovi¢ goes on to say — fourteen doctoral dissertations in mathematics,
defended here or abroad. When we take into account the state of affairs in that respect up until
recent times, as well as the state in other countries, then we can optimistically conclude that this
number is considerably high and commendable. What is especially commendable and interesting
is the fact that there are doctors of mathematical sciences teaching in grammar schools, as well.
Once, every doctor of mathematics entered Belgrade Grand School and University, which was
understandable, as there was only a handful of them. However, they now deal with mathematics
as a science and work systematically and successfully in that field, even though they have no

prospect of promoting the fruit of their research and expertise in the university departments”’174

Then he goes on to speak about fishing:

“I am involved in fishing unusually intensively. I have worked on it more than I did on
mathematics — you may freely write it — and I will finish my working life in that area, and not
in mathematics. Only, let’s make it clear — Petrovi¢ points out further on - I am not engaged in
fishing recreationally, but professionally. One should differentiate between fishing and fishery or,
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as is often termed, fish breeding. The latter term also includes trading activities related to fish as a
product.”> T have dealt with fishing since 1895, that is, for as long as 43 years, I am fishing now,

and I will continue to do so for the rest of my life..”17°

On travel:

“They regularly invite me to participate in those travels — says Mr Petrovi¢ — and I regularly
go. Thus, I was away almost every year, and I am certainly going to go this year. Every one of
those travels was expectedly filled with learning some new things and having interesting experi-
ences. Regarding my first journey, the public was somewhat familiar with what I could bring and
report about from those parts. I have travelled across the North and South Pole, which is for me,
as well as for all the other scientists who took part in it, of enormous interest.

Last summer I also travelled. We came to the eels’ breeding ground not far from the Ber-
muda Islands, and we lingered there for a good while. That journey was exceptionally interesting
and an account of it in book form is soon to be published by Srpska knjiZzevna zadruga (Serbian
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Literary Cooperative). Still, some of those expeditions I had to cancel or delay — recounts Mr Pet-
rovi¢. It makes no sense, however, to expose oneself to dangerous places when it evidently means

putting one’s life at risk. Once, I barely survived on an expedition to Madagascar, while one of

our crew died instantly from a poisonous insect bite and another hardly managed to escape”!””

Even this article would suffice for us to become familiar with the versatility, curiosity
and complexity of Petrovi¢’s character.

There are also other articles describing Petrovi¢ and telling stories about him. Apart
from the interviews, there are newspaper articles that speak about Mihailo Petrovi¢ and his fish
specialties in a humorous way. One of these came out on 5 September 1942 in the magazine
Bodljikavo prase (Porcupine), with a headline “A Tried and True Recipe’, describing Mika’s recipe
for ‘drunken carp’

“The dinner was prepared by our eminent scientist and a famous expert in fish, Mika Alas.
He prepared ‘drunken carp. Somebody asked Ben-Akiba why Alas keeps his secrets so. It’s clear!
Fish dishes are seasoned with wine. Or at least this is how the story goes. In reality, the wine is
drunk by the cook and the fish served to the guests. This is what Mika knows, as well, and that
is the reason why he keeps preparing ‘drunken carp. He locks himself in the kitchen and sips his
wine while the carp sizzles in the oven. At least that is how I, for one, used to do it - he said,
finishing his explanation — which was, naturally, only a joke, since Mika Alas has always been

moderate not only in drinking, but also in eating”!”8

Unlike other documents referring to Petrovi¢, newspaper articles tell us about the scien-
tist in a direct way. Apart from the information on the success, inventions and achievements, it is
often the case that the newspaper articles contain anecdotes related to Petrovi¢, thereby revealing
the humorous side describing the atmosphere and the spirit of the times.

One of the articles describes the tradition of dinners at the rectorate and how they
changed in the post-war period. The question was how the custom of the rector’s or dean’s din-
ner came about. One of the responses came in the form of an anecdote told by the then president
of the Academy of Sciences and a former rector Bogdan Gavrilovi¢. He cited as an example the
foundation of the higher education school Lyceum in Kragujevac in 1838. The story opened
with how the first teachers of the school wanted to celebrate that important moment and the
arrangement involved organizing dinner. Since then, with thousands of students and hundreds
of teachers, much has changed, but that little tradition has remained unchanged.!”’

What is printed in the press and preserved is a speech of the then president of the Acad-
emy of Sciences and the former rector professor Bogdan Gavrilovi¢ and professor Mihailo Petro-
vi¢ Alas, in which we can discern Mika’s satire:

“His voice got lost in the resounding applause. Then the president of the Academy of Scienc-
es rose and began his speech:

‘Fifty years ago to the day I attended a rector’s dinner for the first time and was the youngest
person among the invitees. All the old professors then looked upon the young affectionately, and
sincerely wished us success in science. Now, after all those years, I look upon you in the same
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way, I am glad to see you gathered here regardless of the fact that you come from one faculty, and
with as much hope and love I wish you to surpass us by far and be worthy of your successors...

The University has always been the hub of science, it has educated and then sent abroad the
representatives of knowledge and skills...

“Yes, interrupted Mika Alas, whose satire never spared anyone, ‘T concur - with our renowned
Bogdan. I was also told by the elders that in the vicinity of the Rtanj Mountain there were a lot
of bears and bear cubs. But there were also two villages, and in the villages well-known bear-bait-
ers versed in the trade. The bear-baiters from the whole region collected bear cubs, taught them
various skills and when they grew up and became adult bears, they brought them as well-trained
animals into wild regions to disseminate their expertise. (Roaring laughter) No, I do not intend
to draw any analogy, the old professor added facetiously. T only wanted to express agreement
with my predecessor in speaking and to tell you something about the bear-baiting hub that had
once been there, at the foot of Rtanj... Once the elderly and eminent scientist ended his speech,
the audience broke into a resounding applause that took a long while to quieten down. After that
came the toasts, clinking of glasses, dishes were taken out, and the musical ensemble “Suz” played
incessantly. When people started dispersing at dawn, they did not need a watch to tell the time

because they could see the morning sun. And maybe even this time there were carriages...” 180
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Vreme, 3 July 1937, 10.



Mihailo Petrovi¢ (with a hat) “Suz’, atmosphere in the tavern (SASA Archive, 14197/1I-1)

To testify that there were festivities, music and song and to bring the atmosphere, there
are illustrative pictures adjoining the articles, as well as photographs of the musical ensemble
“Suz”, of which Petrovi¢ was one of the founders.

An article in Pravda of 20 February 1939, reports about the event of marking the 70®
anniversary of the scientist and pedagogue Jelenko Mihailovi¢. A number of prominent scien-
tific and educational staff paid homage to Jelenko Mihailovi¢, the rector of the Higher School of
Pedagogy. Among the attendees were Mihailo Petrovi¢ Alas and his orchestra “Suz” According
to the article: “Professor Petrovi¢ was playing the violin, and Mr Mihailovi¢ beat the tambou-
rine’181 Attendees at the celebration were also entertained by Mr Sini$a Stojkovi¢, a professor of
the Trading Academy, who asked Petrovi¢ about the origins of the orchestra “Suz”. “And profes-
sor Petrovi¢ replied: ‘T am ashamed to say. We founded it in the latter half of our lives. And the

principle is: while the wise were getting one up on each other, the silly lived out their lives...”18

The newspaper articles in which speeches have been recorded and published, those giv-
en by Mihailo Petrovi¢ in this case, are evaluated and viewed as direct testimonies and witnesses
of a certain atmosphere, special occasions and celebrations.

Not only did others write about Petrovi¢ in the newspapers, but Petrovi¢ himself wrote
for the press. One of the illustrations represents an article that he wrote anonymously about the
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Anonym. “Mathematical Institute at the University of Belgrade - the beehive of scientific work’

Politika, 8 May 1938, 9. (Mathematical Institute SASA)
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Mathematical Institute of the Belgrade University, which he called a
beehive of activity, educational and scientific, as well as public, and
had it published in the daily newspaper Politika'®? in 1938.

Apart from the mathematical contributions, he writes and
publishes an article about fishing just as vehemently, this time under
his name. The article was published in 1940 in the paper Beogradske
opstinske novine (Belgrade Municipal Paper), with the headline “Beo-
grad — negdasnji centar velikog ribarstva” (“Belgrade: A Former Cen-
tre of Large-scale Fishing”), in which are listed all the fish species on
the Sava and Danube rivers in the region of Belgrade, accompanied
by the description and features of certain fish species.!84

Eleven days after the death of Mihailo Petrovi¢, an obitu-
ary was published in his memory in the paper Srpski narod (Serbian
People) on 19 June 1943, written by Mladen St. Durici¢, a writer and
Petrovi¢’s friend. The article opens with the following words: “Let
them stop, for a moment, science and literature, and music and soci-
ety to which our great deceased belonged”, and ends with the follow-
ing speech: “That is - Mika Alas! With that name - he neither died,
nor will he die easily, our great deceased. In the name of those small
people, fishermen and boatsmen, in the name of those you loved the
most, oh great Master, I bow to the magnificent memory of you, to
which there is no predecessor, nor will there be a successor for long,
in the whole wide world 18

Such an account of digitized newspapers and other publi-
cations from the repository of the “Svetozar Markovi¢” University
Library and the National Library of Serbia provides its users with
fast searchability and accessibility of the issues of Serbian histori-
cal press and periodicals, where it is possible to collect data about
a given period, historical event or, as in this case, about a certain
person.

With regard to the digital legacy, it is also important to
mention the digital legacy!'8¢ of Mihailo Petrovi¢ Alas, created by
the Faculty of Mathematics in Belgrade. The digital legacy itself
can be treated as a digital database or repository, which gives an
overview of the existing bibliography related to Petrovi¢. It in-
cludes the digitized version of his collected works, manuscripts
and photographs. In the library of the Mathematical Institute of
SASA there are fourteen volumes by Mihailo Petrovi¢ in manu-
script form. Notes from the lectures were taken by a student Bo-
rivoje B. Puji¢ from 1910 to 1914. That manuscript has been dig-
itized and is now available in the digital legacy.




I}igitﬂlni ngdg Mihaila Petrovica Alasa

il S S

Digital Legacy of Mihailo Petrovi¢ Alas

The digital legacy contains not only biography but also materials in various digital
formats about Petrovi’s life and scientific work. The materials from Petrovi¢’s work include
professional and scientific papers, books and photographs from the SASA Archives, SASA
Library, Association “Adligat”, Foundation “Mihailo Petrovi¢ Alas” and the Primary School
“Mihailo Petrovi¢ Alas”

Digital copies of the presented files are placed in the virtual library of the Faculty of
Mathematics of the Belgrade University. Next to each file in the digital legacy there is a link to
its copy in the virtual library. The virtual library owns several digital legacies of more prominent
Serbian mathematicians.!%”

In relation to Petrovi¢ and his work, the virtual library grew into a monumental database.
The bulk of the presented material has been collected thanks to the professor Zarko Mijajlovié,
while a large part of the collected material belongs to the library and archives of the Serbian Acad-
emy of Sciences and Arts.!38 What is incorporated in the digital legacy is a web-presentation of the
catalogue of the exhibition marking the 150" anniversary of the birth of Petrovi¢, under the title:
Mihailo Petrovic¢ Alas: the Founding Father of the Serbian School of Mathematics, showing the sections
underlying the exhibition’s concept and structure. Creation of the website for the web-presentation
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Web-presentation of Mihailo Petrovi¢ Alas — the founder of Serbian school of mathematics catalogue

of the catalogue of the exhibition is authored by “ARhiMe-
dia group” and the Faculty of Electronics in Nis.

Within the digital legacy there is a 3D model of a
bust of Mihailo Petrovi¢, made by the Mathematical Insti-
tute of SASA. The original bust is located in front of the
family house of Petrovi¢ at 22, Kosancicev venac Street, and
is the work of the sculptor Aleksandar Zarin from 1969.
Technology enables us to treasure media that are not in the
print or paper form and to create their digital imprint.

Digital libraries and databases keep and present at
one place electronic archiving of all manuscripts, photo-
graphs and information related to cultural and scientific
legacy and make them more accessible to a wider auditori-
um. Reflections on Petrovi¢ are memorized and continue
to live in different media and thanks to the digitization of
its legacy we have an easily accessible foundation for infor-
mation and further research.

The 3D model of Mihailo Petrovi¢ Alas's bust
Authors of the 3D model: Vanja Kora¢ and
Dragan A¢imovi¢ (Mathematical Institute
SASA, 2018)
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DOCUMENTS ON MIHAILO PETROVIC IN THE ARCHIVES
OF THE MATHEMATICAL INSTITUTE SASA (1946-1954)

Marija SEGAN-RADON]JIC
Mathematical Institute of SASA

Mihailo Petrovi¢ was one of the first advocates of the idea to set up
a specialized institution charged with the task of developing and spreading
mathematical knowledge in the territory of Serbia and South East Europe.
He was, however, aware that due to a lack of financing and expert staff it
was not possible to set up such an institution immediately:

“There is no genuine mathematical institute, precisely because the
Grand School does not have at its disposal the means to maintain such
an Institute and to purchase books and journals necessary for it to be
sustained.” [Petrovié, 1898]

Though the conditions for founding an institution of the sort were
not created until much later, it should be noted that the name “Mathe-
matical Institute” had already been in use at an earlier time. Namely, after
World War I, Petrovi¢ and his colleagues used this term to denote math-
ematical organisations of the Faculty of Philosophy at the University of
Belgrade [Milankovi¢, 2012, 67; Milankovi¢, 1957, 1]. What is more, they
printed forms with the letterhead of the Mathematical Institute, while
Petrovi¢ reported about the work of the Institute in the daily newspaper
Politika, describing it as a “hive of scientific work” [Petrovi¢, 1938, 9].

The first more concrete step towards setting up a separate insti-
tute was made towards mid-1938, immediately after Petrovi¢ was retired.
At that time, his colleagues, as a token of their respect and gratitude,
proposed that the mathematical seminar at the University of Belgrade be




Brankova Street, the odd number side. The building in which the Academy and Mathematical Institute were placed for some time
is on the left, Jeremija Stanojevi¢, 1929-1932 (Belgrade City Museum, Yp_6396)

divided into two independent institutes — Institute for Theoretical Mathematics: Dr Mihailo Pet-
rovi¢ and Institute for Applied Mathematics [Milankovi¢, 1938]. Although the proposal to “set
up the Institute Mihailo Petrovi¢ for Theoretical Mathematics” was adopted [Jovanovi¢é, 1938],
this did not take place because World War II broke out.

Petrovi¢ did not live to see the end of the war and the founding of the Mathematical In-
stitute under the auspices of the Academy in 1946. This institution, however, rested on the foun-
dations laid earlier by Petrovi¢ and his colleagues: the library, continued publication of the journal
Publications and gathering of mathematicians for the purpose of exchanging views and expertise.
In that sense, he is considered to be one of the founders of this institution, as confirmed by a
number of documents in the Archives of the Mathematical Institute SASA (MISASA).

MISASASs archives contain archival materials that have resulted from the work of the
Institute’s members and are in the ownership of the Institute. These materials have not been
taken over by the State Archives and have, in all likelihood, not yet been recognised as cultural
heritage of general interest!8°, The archives contain manuscript, typewritten, photographed and
printed documentary materials spanning a period of one hundred years, from the 1890s until
the 1990s. As they officially do not have the status of archival materials, they have therefore not
been recorded, classified or described yet, there are no strict guidelines for their preservation and
management, and they are kept in the premises of the Mathematical Institute SASA.

The broader scientific community is for a greater part not aware that these archives exist.
A good starting point for gaining insight into their content is a group of documents (statutes,
decisions and reports) published on the official web page of the Mathematical Institute (“Histo-
ry’, n.d.). Here, users can find digital copies of originals which however, except for titles, do not
contain other data that would describe them further, and are therefore not easily navigable or
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visible. In addition to these documents, a part of the archival materials was
published in the publications of the Mathematical Institute [see Vujici¢, 1972;
Cav¢i¢, 1990], and in the journal Pregled NCD (NCD Review) [see Mijajlovi¢,
2014; Pejovi¢, 2015]. Also, the wider public had the chance to see some of
these materials as part of the exhibition “Mihailo Petrovi¢ Alas - The Found-
ing Father of the Serbian School of Mathematics” [SASA Gallery, 2018]. They
are significant as a contribution to studying the history of mathematics and
related disciplines in Serbia and Yugoslavia.

Manuscript notebooks from Mihailo Petrovi¢’s lectures are the most
well-known archive materials relating to Petrovi¢ kept in the archives of the
MISASA. These are fourteen hard cover notebooks, discovered by accident
in 2012 [Mijajlovi¢, 2014, 30]. The notes were compiled by Petrovi¢’s student
Borivoj J. Puji¢ between 1910 and 1914 [Ibid.]. It has been assumed that Pu-
ji¢ personally bequeathed these notebooks to the Mathematical Institute, and
they were recorded in the library catalogue in the 1960s. Today, thanks to
the efforts of Professor Zarko Mijajlovi¢ and his associates, they are available

Mileva Prvanovi¢ and Bogoljub
. ] s o ., Stankovi¢, who translated Petrovié's
to the wider audience as part of the Digital Legacy of Mihailo Petrovi¢ Alas. thesis into the Serbian language,

When it comes to materials that have not been published so far, we were the first scholarship holders

of Mathematical Institute (Personal

should mention a group of documents from the time of establishing of the archive of Professor Zoran Stojakovic)

Mathematical Institute, kept in a file dated 1946. It contains, among other

things, a manuscript draft of the opening address of the then director Anton

Bilimovi¢, drawn up on the eve of the first gathering of Board members on 22 June 1946. This
source shows that Bilimovi¢ saw the Board as the “most senior forum of mathematicians—experts
in this country” and that in doing so he adhered to the principles advocated by Petrovi¢ as the
founder of the Belgrade School of Mathematics:

“After World War I, for more than 20 years, mathematics and its related sciences made a
major progress in the circle of Belgrade mathematicians. War circumstances and the death of Mi-
hailo Petrovi¢ took a heavy toll on the work of the mathematicians of Belgrade. Today we gather
again to continue our work dedicated to mathematics” [MB, p.1, 1946]

Another interesting document from this group are the manuscript minutes from the
sixteenth meeting of the Board held on 3 September 1947. Mentioned here is Bilimovics visit
to the Committee for Scientific Institutions, University and High Schools of the NRS (the body
which, after the war, took over responsibility for high education and science in Serbia) when, in
all likelihood, the suggestion was for the first time made to assign Mihailo Petrovi¢ Alas’ house
at No. 22 Kosanci¢ev Venac Street to the Institute [MB, p. 16, 1947]. As the Institute was then
located in a single office of the Academy House, in the endowment of Sima Igumanov at No.
15 Brankova Street, it was necessary to procure additional premises for work [MC, 14 October
1947]. Despite the efforts of the Institute’s management, which would repeatedly address official
authorities, Petrovi¢’s house was not turned into a museum and a mathematical library with a
reading room [Caveié, 1990, 185]. However, in 1968, on the occasion of celebrating the 100-year
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Petrovi¢'s traveling ticket Paris—Rouen, 1892
(“Adligat” Society)

A New Year's card to Mihailo Petrovi¢ from his sister Mara and
her family, 1918 (Foundation “Mihailo Petrovi¢”)

anniversary of Petrovi¢’s birth, the Institute would be one
of the initiators of the proposal for his house to be de-
clared a cultural monument [Trifunovié, 1968, 400]. On
that occasion, suggestion was also made that the name of
Mihailo Petrovi¢ be included in the name of the Mathe-
matical Institute [Ibid.].

An important testimony on the preservation of
memory of Petrovi¢’s work is to be found in the Book of
Minutes from the meetings of the Council of the Mathe-
matical Institute, which covers 53 meetings of this manag-
ing body held between 1948 and 1954. Here we learn that,
already in November 1949, plans were made to translate
and print the selected works of Mihailo Petrovi¢, as part of
the special editions of the Mathematical Institute [MC, p.
21, 1949]. A Committee comprising Radivoj Kasanin, Ta-
dija Pejovi¢ and Vojislav Avakumovi¢ had the task to make
a selection of Petrovi¢’s works [Ibid.]. Next year, teaching
assistant Bogoljub Stankovi¢ was entrusted with the task of
translating Petrovi¢’s doctoral dissertation [MC, p. 35, 1950]
and he travelled to Zagreb to collect the data necessary for
solving the problems it covered [MC, p. 36, 1950]. In ad-
dition to activities relating to the translation of Petrovics
works, other activities were also organised to commemo-
rate the founding father of the Serbian School of Mathe-
matics. For instance, members of the Institute took part in
organising the commemoration ceremony to mark the ten-
year anniversary of Petrovi¢s death, held in the Main Hall
of the Academy on 8 June 1953 [MC, p. 55, 1953].

It has already been mentioned that the Mathe-
matical Institute continued to publish the journal Publica-

tions, with a slight change in the name and a new numeration. MISASA Archives have preserved
the original copy of the first issue, published in 1947. In the foreword written in the French lan-
guage, readers were informed that the renowned and active associate, retired professor Mihailo
Petrovi¢, was imprisoned during the war as reserve lieutenant colonel, that despite old age he
was taken to a prison camp in Germany and that, after repatriation and a longer illness, he died
in 1943 [Preface, 1947, VII]. Hence, in his honour, a paper of his was printed as the first out of
fifteen papers in this issue [Petrovitch, 1947]. In addition, one of the first issues of the Collection
of Papers of the Mathematical Institute, which, by contrast to Publications, was printed in the
Serbian language, was also dedicated to the memory of Mihailo Petrovi¢. In the foreword to the
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Petrovi¢'s vineyard on Top¢ider hill. On the far right: Mihailo Petrovi¢ with a dog named Beka.
(SASA Archive, 14188/26)

Collection published to mark the ten-year anniversary of Petrovi¢’s death, Bilimovi¢ pointed to
an important task of members of the Mathematical Institute as Petrovi¢’s successors:

“Petrovi¢’s numerous students, who have felt his immense care for the talented mathemati-
cal youth, should take care to shed light from all possible angles on the colossally important role
played by Petrovi¢ in raising the level of mathematical culture in this country.“ [Bilimovi¢ as
quoted in the Memory of Mihailo Petrovié, 1953, XII]

Whereas a number of other documents in the MISASA Archives are also directly or in-
directly related to Petrovi¢, we have focussed here on the documents created in the initial years
of activity of the Mathematical Institute in order to highlight the intention of its founders to
continue Petrovi¢’s mission of developing and spreading mathematical knowledge in the territo-
ry of Serbia and South East Europe. It should also be noted that the cataloguing and digitisation
of these archives is under way, which will, in the future, enable a better insight into their funds
and perhaps encourage some new research. In the meantime, the Mathematical Institute, as one
of the organisers of the 150-year anniversary of birth of Mihailo Petrovi¢, continues the tradition
of commemorating important events from his life and work.
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MATHEMATICAL GENEALOGY
OF MIHAILO PETROVIC ALAS

Bosko JOVANOVIC
University of Belgrade, Faculty of Mathematics

>«

We all came out from Gogol’s “Overcoat”

E. M. Dostoyevsky

Mihailo Petrovi¢ is deservedly considered the founder of the
Belgrade (and Serbian) school of mathematics. Furthermore, the vast
majority of today’s mathematicians in Serbia have been his successors
and followers.

Mihailo Petrovi¢ Alas was born on May 6%, 1868 in Belgrade, as
the first of five children of his father Nikodim, professor at the Faculty of
Theology, and his mother Milica (maiden name Lazarevi¢), the daughter
of the parish priest Novica Lazarevi¢. He completed the First Belgrade
Gymnasium in 1885, and graduated from the Department of Science and
Mathematics of the Faculty of Philosophy at the Belgrade Grand School
in 1889. After graduation, he left for Paris where he earned diplomas in
the area of mathematics (1891) and physics (1893) at the Ecole Normale
Superieure. As the best student in his generation, he attended a reception
given by the President of the Republic of France in 1893 and 1894. He
defended his doctoral thesis titled “About Zeroes and Poles of Integrals of
Algebraic Differential Equations” (Sur les zéros et les infinis des intégrales
des equations différentielles algébriques) at Sorbonne (Université Paris IV
- Sorbonne), on June 21%, 1894, before a committee consisting of Charles




Hermite, Emile Picard and Paul Painleve, and thus he obtained his PhD degree in mathematical
sciences (Docteurés sciences mathématiques) [1]. The ambassador (envoy) of the Kingdom of
Serbia to France, Milutin Gara$anin, also attended the defense of his doctoral thesis. Let us note
that Milutin Gara$anin was very important person in the public and political life of Serbia at the
time: he was Prime Minister, minister of several ministries, envoy to Vienna and Paris, Speaker
of the Parliament, founder and president of the Serbian Progressive Party, academician of the
Serbian Royal Academy (SRA) and the son of Ilija Garasanin [2].
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MIHAILO PETROVIC’S PREDECESSORS

By using the Mathematics Genealogy Project (MGP) database of the North Dakota State
University [3] that contains data about more than 235,000 defended doctoral dissertations in the
field of mathematics, and by following the line doctorand — mentor, it is easy to get the following
genealogy of Mihailo Petrovi¢’s mathematical predecessors:

Mihailo Petrovi¢ (1894) Johann Bernoulli

Charles Hermite Jacob Bernoulli
Eugene-Charles Catalan Nicolas Malebranche
Joseph Liouville Gottfried Wilhelm Leibniz
Simeon Denis Poisson Jakob Thomasius

Joseph Louis Lagrange Friedrich Leibniz (1622)
Leonhard Euler unknown

This “genealogy” spans over 270 years (from Leibniz the elder to M. Petrovi¢) and con-
tains a sequence of notable French, Swiss and German mathematicians.

The situation changes when, instead of one (first) mentor, we include co-mentors and
mentors of several doctorates in the list. Then we get the following:

Mihailo Petrovi¢ (1894)

Charles Hermite, Charles Emile Picard®
Eugene-Charles Catalan

Joseph Liouville

Simeon Denis Poisson®, Louis Jacques Thenard®
Joseph Louis Lagrange, Pierre-Simon Laplace®
Leonhard Euler; Giovanni Battista (Giambattista) Beccaria*
Johann Bernoulli

Jacob Bernoulli, Nikolaus Eglinger®

Nicolas Malebranche; Peter Werenfels®™

Gottfried Wilhelm Leibniz

Jakob Thomasius, Erhard Weigel®; Bartholomdius Leonhard Schwendenddirffer*;
Christiaan Huygens©®

Friedrich Leibniz* (1622)

In this list, the co-mentors are separated by a comma, whereas the mentors of different
dissertations are separated by a semicolon. For instance, G. W. Leibniz had three doctorates: Dr
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Phil. (1666), Dr Jur. (1667) and doctorate published at the Royal Academy of Sciences in Paris
(Académie royale des sciences de Paris) (1676).The mentor of his last doctorate was famous
physicist Christiaan Huygens.

It is interesting to mention that J. L. Lagrange had never officially defended any doctoral
dissertation (there is only a piece of information about B.A. Universita di Torino, 1754). Never-
theless, he had provided some fundamental scientific contributions to mathematics and mechan-
ics. On the recommendation of Euler and d’Alembert, Lagrange succeeded Euler as head of the
Department of Mathematics of the Prussian Academy of Sciences in Berlin, where he stayed for
more than twenty years. Thus, the relation between Euler and Lagrange is tighter in comparison
to many official relations between mentors and doctorands [4].

From each co-mentor in the previous list, next to whose name is a number in round brack-
ets, a new “branch” of predecessors starts. Some branches “flow” back into the main tree or to some
of the previous branches. Appropriate spots are marked with letters in square brackets. Scientists
whose mentor is unknown are marked with a star. As before, the names of co-mentors are itali-
cized, while the name of the originator of each branch is bolded. For some members of the se-
quence (most often the first and the last member in a respective branch) the year in which they ob-
tained their PhD degree is in the brackets. Thus, we got the following sequence with 30 branches:

Charles Emile Picard® (1877) Moritz Valentin Steinmetz

Gaston Darboux Georg Joachim von Leuchen Rheticus,
Michel Chasles Johann Hoffmann*

Simeon Denis Poisson/® (1800) Johannes Volmar, Nicolaus

Copernicus®

Louis Jacques Thenard?® T )
Bonifazius Erasmi* (1509)

Nicolas Louis Vauquelin

Antoine Francois de Fourcroy Pierre-Simon Laplace® (1769)
Jean Baptiste Michel Bucquet (1768) Jean Le Rond d’Alembert* (1735)
Pierre Joseph Macquer Nikolaus Eglinger® (1660)
Gillaume-Francois Rouelle Emmanuel Stupanusl®l, Johann
Johann Gottlob Spitzley Caspar Bauhin®

Nicolas Lemery Petrus Ryff

Christoph Jacob Glaser Felix Plater

Johann Christoph Sturm Guillaume Rondelet

Erhard Weigel®, Johannes de Raey"” Johannes Winter von Andernach!®
Philipp Miiller Rutger Rescius; Jacobus Sylvius
Christoph Meurer (Jacques Dubois)1?
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Girolamo Aleandro (Hieronymus
Aleander) (1499; 1508)

Moses Perez*, Scipione Fortiguerra®V

Peter Werenfels® (1649)

Theodor Zwinger, Jr.

Sebastian Beck

Johann Jacob Grynaeus

Simon Sulzer

Wolfgang Fabricius Capito

Desiderius Erasmus!®

Jan Standonck* (1474; 1490), Alexander
Hegius?

Christiaan Huygens© (1647; 1655)

Frans van Schooten, Jr.; Jan Jansz
Stampioen, Jr.*

Jacobus Golius, Marin Mersenne*

Willebrord Snellius, Thomas Erpenius®®

Ludolph van Ceulen*, Rudolph Snellius
(Snel van Royen)19l (1572)

Johannes de Raey"” (1641)

Henricus Regius (Hendrik de Roy),
Adriaan Heereboord

Otho Heurnius (Otto van Heurne);
Adriaan van den Spieghel1®

Johannes Heurnius, Petrus Molinaeus
(Pierre du Moulin)*

Petrus Ramus (Pierre de La Ramée))'¢l;
Hieronymus Fabricius (Girolamo
Fabrici dAcquapendente)™

Johannes Sturmius (Johann Sturm), Jacques
Toussain!l

Nicolas Clénard (Nicolaes Cleynaerts),
Johannes Winter von Andernach!d

Jacobus Latomus (Jacques Masson),
Jan van Campen (Johannes Campensis)1”

Jan Standonck* (1474; 1490); Unknown

Nicolaus Copernicus® (1499)

Leonhard von Dobschiitz*, Domenico Maria
Novara da Ferrara® (1483)

Johann Caspar Bauhin® (1649)
Emmanuel Stupanus!c/ (1613)

Jacobus Sylvius (Jacques Dubois)? (1530)
Jean Tagault*; Frangois Dubois* (1516)

Scipione Fortiguerra™V (1493)
Angelo Poliziano

Marsilio Ficino, Cristoforo Landino*
Johannes Argyropoulos!!

Basilios Bessarion!®!

Georgios Plethon Gemistos
Demetrios Kydonesl!!, Elissaeus Judaeus*
Nilos Kabasilas

Gregory Palamas

Theodore Metochites

Manuel Bryennios

Gregory Chioniadis (1296)

Shams ad-Din Al-Bukhari

Nasir al-Din al-Tusi

Kamal al Din Ibn Yunus

Sharaf al-Din al-Tusi*

Alexander Hegius'? (1474)

Rudolf Agricola, Thomas von Kempen
a Kempis®

Theodoros Gazes!™!

Vittorino da Feltre™
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Guarino da Verona (1408)
Manuel Chrysoloras

Demetrios Kydones!!

Thomas Erpenius™® (1608)
Joseph Justus Scaliger
Adrien Turnébe

Jacques Toussain!!

Guillaume Budé (1486; 1491)

Georgius Hermonymus*, Janus Lascaris?Vl°!

Rudolph Snellius (Snel van Royen)4!f]
(1572)

Valentine Naibod, Immanuel TremelliusV

Erasmus Reinhold®

Jakob Milich

Desiderius Erasmus!® (1506); Ulrich
Zasius*

Adriaan Heereboord® (1631)

Franck Pieterszoon Burgersdijk

Gilbert Jacchaeus

Duncan Liddel; Jacobus Arminius
(Jacob Harmensz)®

John Craig, Paul Wittich®; Unknown
Theodor Zwinger

Petrus Ramus (Pierre de La Ramée)'®! (1536);

Bassiano Landi®®, Vittore Trincavelli®?®

Adriaan van den Spieghel®® (1603)

Hieronymus Fabricius (Girolamo Fabricid’
Acquapendente)®

Gabriele Falloppio

Antonio Musa Brasavola, Matteo Realdo Co-
lombo (Renaldus Columbus)?9

Niccold Leonicenold
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Ognibene Bonisoli da Lonigo
(Omnibonus Leonicenus); Pelope*,
Pietro Roccabonella®”

Vittorino da Feltre™ (1416)

Jan van Campen (Johannes Campensis)”
(1519)

Johann Reuchlin (Johannes Kapnion)t;
Matthaeus Adrianus*

Johannes Argyropoulos!l! (1444); Jacob ben
Jehiel Loans*

Domenico Maria Novara da Ferrara!®
(1483)

Johannes Miiller Regiomontanus, Luca
Pacioli*

Georg von Peuerbach, Basilios Bessarion!®
Johannes von Gmunden
Heinrich von Langenstein (1363; 1375)

Nicole Oresme*; Unknown

Thomas von Kempen a Kempis”

Geert Gerardus Magnus Groote*,
Florens Florentius Radwyn Radewyns*

Janus Lascaris®0! (1472)

Basilios Bessarion X (1436), Demetrios
Chalcocondyles®®

Immanuel Tremellius@®V (1549; 1561)
Thomas Cranmer* (1515; 1526); Unknown

Jacobus Arminius (Jacob Harmensz)®??
(1582)

Rudolph Snellius (Snel van Royen)(4f]
(1572)

Paul Wittich®® (1566)

Valentin Thau



Johannes Hommel Demetrios Chalcocondyles® (1452)

Erasmus Reinhold®! (1535), Philipp Theodoros Gazesi™ (1433)
(29)
Melanchthon Philipp Melanchthon® (1511; 1514)
Bassiano Landi®®* (1542) Johannes Stoffler* (1476); Johann Reuchlin
Giovanni Battista della Montels), (Johannes Kapnion)t)

Vittore Tri 11i@>
rHore trimcavedt Gemma Frisius®? (1529)

Marco Musuro, Pietro Pomponazzill; . .
P Petrus Curtius (Pieter de Corte)

Niccolo Leoniceno'd

Janus Lascaris®el (1472) Maarten van Dorp (Martinus Dorpius)

Leo Outers* (1485)
Vittore Trincavelli®®

Pietro PomponazziV (1487)
Nicoletto Vernia, Pietro Roccabonella®”
Gaetano da Thiene™

Paolo (Nicoletti) da Venezia*

Matteo Realdo Colombo (Renaldus
Columbus)©@® (1544)

Andreas Vesalius (Andries van Wesel)

Johannes Winter von Andernach!d
(1527; 1532), Gemma Frisius (Jemme

Reinerszoon)®Y, Giovanni Battista
della Montel)

Pietro Roccabonella®”

Gaetano da Thiene!", Sigismondo Polcastro*

These “branches” contain around 200 names and by connecting them we get a complex
graph showing a “genealogical tree” of the mathematical predecessors of Mihailo Petrovi¢. Let us
pay attention to some of them. Among mathematicians we need to mention

Charles Hermite (1822-1901), French mathematician who made a significant contribution to
the numbers theory, square forms, invariant theory, orthogonal polynomials, elliptic functions
and algebra. He proved the transcendence of the number e. Hermite polynomials, Hermite inter-
polation, Hermite normal form, Hermitian matrix, Hermitian function, Hermitian operator, etc.
were named after him. [5].
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Joseph-Louis Lagrange

(1736-1813)

Leonhard Euler
(1707-1783)
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Joseph Liouville (1809-1882), French mathematician; he was dealing with the num-
bers theory, complex analysis, differential geometry, topology, mathematical physics
and astronomy. Sturm-Liouville theory, Liouville’s theorem (in complex analysis), Li-
ouville’s theorem (in theory of Hamiltonian systems), Riemann-Liouville integrals,
Liouville numbers, etc. were named after him. [6].

Simeon Denis Poisson (1781-1840), French mathematician and physicist; he was
dealing with mathematical physics and rational mechanics, especially with Fourier
integrals, calculus of variations, probability theory, problems in the field of electro-
statics and magnetism. Poisson’s equation, Poisson distribution, Poisson quotient, etc.
were named after him. [7].

Joseph Louis Lagrange (1736-1813), Italian-French mathematician and astronomer;
he made a significant contribution in all fields of analysis and numbers theory, as well
as in classical and celestial mechanics. He is regarded as the greatest mathematician
of the 18" century. Lagrange’s mean value theorem, Lagrange’s theorem (in group
theory), Lagrange interpolating polynomial, Lagrangian mechanics (a reformulation
of classical mechanics), etc. were named after him. [4].

Leonhard Euler (1707-1783), Swiss mathematician and physicist; he lived and worked
in Berlin and Sankt Petersburg. He made great discoveries in many fields of mathe-
matics (mathematical analysis,graph theory, etc.). He introduced a number of terms
and representations that are used even today. He also made a significant contribution
in the fields of mechanics, optics and astronomy. Euler is regarded as one of the most
important mathematicians of the 18" century, and one of the greatest mathemati-
cians of all time. Euler’s formula, Euler’s theorem, Euler numbers, Euler diagrams,
Euler integral, Euler polynomials, etc. were named after him.[8].

Johann Bernoulli (1667-1748), Swiss mathematician, the brother of Jakob Bernoulli
and the father of Daniel and Nicolaus II Bernoulli. He is known for his contributions
to the development of mathematical analysis; after Newton’s death, he was the leader
of European mathematicians [9].

Jakob Bernoulli (1655-1705), Swiss mathematician. Made important contributions
to the theory of infinite series, solved some of the basic problems of calculus of
variations and significantly improved probability theory. He gave analytical terms
for several curves (e.g. catenary curve, logarithmic and parabolic spiral). He found
solutions for several differential equations. Bernoulli equation, Bernoulli distribu-
tion, Bernoulli’s formula, Bernoulli polynomials, Bernoulli numbers were named
after him[10].



Gottfried Wilhelm Leibniz (1646-1716), German philosopher, mathematician, in-
ventor, lawyer, historian, diplomat and political advisor. He made important con-
tributions to optics and mechanics. He is regarded as the Western civilization’s last
person possessing encyclopedical knowledge. He introduced infinitesimal calculus
independently from Newton, as well as a binary numeral system. Newton-Leibniz
formula was named after him, as well as several formulas of differential calculus
(about differentiating products of two functions, about differentiating integrals with
variable limits, etc.), and several theorems (about medians, about convergence of al-
ternating series) etc.[11].

. Gottfried Wilhelm Leibniz
Charles Emile Picard (1856-1941), one of the leading French mathematicians of his (1646-1716)

time. He is best known for his two theorems in the area of functions of complex
variables, which were named after him. He contributed significantly to the theory
of differential equations. He was one of the first mathematicians to use the ideas of
algebraic topology [12]. (Branch 1)

Jean Gaston Darboux (1842-1917), French mathematician. He is best known for
his achievements in mathematical analysis (theory of integration, partial differen-
tial equations) and differential geometry. Darboux integral, Darboux sums, Darboux
function, several theorems (in topology, real analysis), Christofel-Darboux identity
(and formula), Darboux’s formula, Euler-Darboux equation, Darboux (or Goursat)
problem, etc. were named after him. [13]. (Branch 1)

Pierre-Simon Laplace
(1749-1827)

Pierre-Simon Laplace (1749-1827), French mathematician and astronomer; he
placed the final stone of mathematical astronomy by summing up and expanding
works of his predecessors in his five-volume work Celestial Mechanics (Mécanique
Céleste). In this masterpiece, instead of geometrical methods of classical mechanic,
Laplace used differential and integral calculus, and thus opened much wider range
of problems. In solving the applied problems he developed methods of mathemat-
ical physics that are widely used even nowadays. His especially important achieve-
ments are related to the potential theory and the theory of special functions. Lap-
lace’s equation, Laplace transform, Laplace operator, etc. were named after him.
[14]. (Branch 3)

Jean Le Rondd’Alembert (1717-1783), French mathematician, physicist and philoso-
pher. Along with Denis Diderot, he is one of the most famous encyclopedists. He is
also known for his mathematical research (differential equations, partial differentia-
tions). A well-known criterion for convergence of series was named after him [15].
(Branch 3)
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Alongside mathematicians, there are many scientists who were dealing with
other disciplines among Mihailo Petrovi¢’s predecessors. Let us mention some of them.

Christiaan Huygens (1629-1695), Dutch mathematician, astronomer and physicist.
Historians of science often speak about Huygens as one of the most versatile scien-
tists. He is relatively under-recognized for his role in the development of integral
and differential calculus. He claimed that light consists of waves (Huygens principle).
He discovered Saturn’s moon Titan, was researching Saturn’s rings, discovered and
described the Orion Nebula, several interstellar nebulas and some binary stars. He
wrote the first book on probability theory. His invention of pendulum clock was the
turning point in timekeeping [16]. (Branch 6)

Willebrord Snellius (Snel van Royen, 1580-1626), Dutch mathematician, physicist
and astronomer. He mathematically formulated the law of light refraction. He set out
to measure the length of meridian arc in order to determine Earth’s circumference.
In this, he used the triangulation method [17]. (Branch 6)

Nicolaus Copernicus (Mikotaj Kopernik, 1473-1543), Polish astronomer, mathema-
tician, lawyer, physician and economist.He formulated a heliocentric model of celes-
tial motion, which was a revolutionary turning point in astronomy, inspiring major
discoveries by Kepler and Newton and changing our understanding of the world[18].
(Branch 8)

Domenico Maria Novara da Ferrara (1454-1504), Italian astronomer, mathemati-
cian, astrologist, teacher and the friend of Nicolaus Copernicus. Professor of astron-
omy at the University of Bologna. Among the astronomers of the 15 century, he was
regarded as a first-class observer. Copernicus used his observations of the Moon for
the refutal of Ptolemy’s model [19]. (Branch 8)

Fra Bartolomeo Luca de Pacioli (1445-1517), Italian mathematician, Franciscan, the
associate of Leonardo da Vinci and one of the founders of modern accounting. He is
often called “father of accounting”, because he was the first to publish detailed descrip-
tion of double-entry bookkeeping system. The most important European algebraist of
the 15% century [20]. (Branch 18)

Nicolas Lémery (1645-1715), French chemist, pharmacist and physician. He was one
of the first to develop the chemical theory of acids and alkalis [21]. (Branch 2)

Desiderius Erasmus (1466-1536), notable Dutch Augustinian theologist, philoso-
pher, philologist and prolific writer. He was a great thinker at the time of the Renais-
sance, and was considered the leader of European humanists. His most famous work
is In Praise of Folly [22]. (Branch 5)



Joseph Justus Scaliger (1540-1609), French humanist, philologist, historian and war-
rior, one of the founders of modern historical chronology, publisher and commenta-
tor of ancient manuscripts [23]. (Branch 13)

Gabriele Falloppio (1523-1562), Italian surgeon, anatomist and botanist. He greatly
contributed to what was known about ear and genitals (cochlea, Fallopian tube) [24].
(Branch 16)

Janus Lascaris (Iavog Adoxapig, 1445-1535), well-known Greek scientist in the Re-
naissance period. Came from a noble family. After the fall of Constantinople, he came
to Italy via Peloponnese and Crete. He was teaching at universities in Italy, mainly
dealing with Greek studies, and was collecting Greek manuscripts. He started work-
ing for France and was its ambassador to Venice for a while. He participated in the
establishment of libraries in Blois and Fontainebleau. One of his students was Dimitrije
Ljubavi¢(1519-1564), Serbian Orthodox priest, humanist, writer and publisher who es-
tablished the first formal contact between the Eastern Orthodox church and Lutherans
in 1559 [25]. (Branch 13)

Basilios Bessarion (Baoilelog Bnooapiwv, 1403-1472), one of the most known
Byzantine humanists in Italy, strongly contributed to the revival of the research
of ancient literature, especially Greek one, in the 15% century’s Western Europe.
He was a strong advocate of the union of the Catholic Church and the Orthodox
churches, he was Metropolitan bishop of Nicaea, cardinal, Latin patriarch of Con-
stantinople, the candidate for Pope on two occasions. He was looking after the
members of the Byzantine imperial family of Palaeologus, participated in negotia-
tions about the marriage of Russian Grand Prince Ivan III Vasilyevich and Sophia
Palaeologus [26]. (Branch 11)

Georgios Plethon Gemistos (Fewpylog ITAROwv Tepuotog, 1355-1452), Byzantine ne-
oplatonic philosopher, professor in Mistras and the advocate of the renewal of Hel-
lenism as a basis for resistance against the Ottoman Empire. He renewed platonic
philosophy and gathered students, thus creating a school of ancient philosophy [27].
(Branch 11)

Demetrios Kydones (Anuntptog Kvdwvng, 1324-1398), Byzantine humanistic writer,
statesman and theologist, who significantly contributed to the beginning of research of
the Greek language, literature and culture within the Italian Renaissance. He translated
the most important works of West European writers into Greek, including the works
of Aurelius Augustinus and Thomas Aquinas. He advocated the union of the Western
and Eastern churches [28]. (Branch 11)




320

Gregory Palamas (Ipnyoplog ITahapdg, 1296-1359), Byzantine theologist, monk at
Athos and Archbishop of Thessaloniki. In Orthodox theology he developed a theory
on hesychasm and Divine uncreated energies. A few years after his death, he was
canonized by the Orthodox Church [29]. (Branch 11)

Shams ad-Din Al-Bukhari, Persian astronomer from the end of the 13t century [30].
(Branch 11)

Nasir al-Din al-Tusi (Uuesldasobsoas, 1201-1274), Persian polymath, architect,
philosopher, physician, scientist and theologist, often regarded as the creator of trig-
onometry as a mathematical discipline. One of the greatest Persian scientists of the
later period [31]. (Branchl11)

Kamal al Din IbnYunus (1156-1241), prominent Persian mathematician and jurist,
head of the well-known observatory in Mosul [32]. (Branch 11)

Sharaf al-Din al-Tusi (Ui —8ldascpbcs ymipradmcabes ) sosst 1135-1213), Persian
mathematician and astronomer, worked during the so-called Islamic Golden Age. He
was born in the town of Tus, after which he was named. He taught ephemerides and
astrology in Aleppo and Mosul [33], (Branch 11). According to the MGP data, Sharaf
al-Din al-Tusi has more than 154,000 successors.

It is from this short overview that one can note that in the mathematical
genealogy of Mihailo Petrovi¢ there are representatives from many countries and na-
tions, who were dealing with various disciplines — there are no state or national bor-
ders, nor borders between various scientific disciplines. Gens una sumus!



STUDENTS AND SUCCESSORS OF MIHAILO PETROVIC

According to MGP data and data from the Faculty of Mathematics of the
University of Belgrade (BU), 11 doctoral dissertations were defended under the men-
torship of Mihailo Petrovi¢, all of them at the University of Belgrade, and there are
903 “successors” of Mihailo Petrovi¢ in total at the moment. We are providing the
list of Mihailo Petrovi¢’s doctorands. Numbers next to their names mark the year in
which the dissertation was defended and the number of successors.

Mladen Beri¢ 1912. Dragoslav Mitrinovi¢ 1933, 121
Sima Markovi¢ 1913. Danilo Mihnjevi¢ 1934.
Tadija Pejovi¢ 1923, 195 Konstantin Orlov 1934, 84
Radivoj Kaganin 1924, 16 Petar Muzen 1937.
Jovan Karamata 1926, 481 Dragoljub Markovi¢ 1938, 1
Milos Radojci¢ 1928.

Let us take a closer look at Mihailo Petrovi¢’s students and successors.

Mladen Beri¢ (1885-1935). Associate professor (“extraordinary professor”) at the
BU in 1919. He was head of the General State Statistics. In 1921 he left the Universi-
ty, and was not dealing with mathematics anymore[34].

Sima Markovi¢ (1888-1939). He graduated and got his PhD degree under Mihailo
Petrovi¢’s mentorship. Professor at the Second Belgrade Gymnasium, Assistant pro-
fessor (“Docent”) at the BU. Secretary of the Communist Party of Yugoslavia (CPY),
a member of parliament and head of the Parliamentary group of CPY, a member of
the Executive Committee of Comintern. He was killed in Stalin’s purges, and was
rehabilitated in 1958[35].

Tadija Pejovi¢ (1892-1982). Full professor (“Ordinary professor”) at the BU, Dean of
the Faculty of Science and Mathematics, the first president of the Society of Mathe-
maticians and Physicists of Serbia, an author of several university textbooks. He was
mainly dealing with the theory of differential equations. He was one of the 1300 Cor-
porals in World War I. When World War II broke out, he was mobilized as a reserve
Lt. Colonel, was captured and remained in captivity for the rest of the war. He was the
president of the Association of 1300 Corporals [36,37]. He mentored 17 doctorands:

Vojin Dajovié 1956, 25 Zagorka Sakl-Snajder 1960, 1
Dobrivoje Mihajlovi¢ 1956. Milorad Bertolino 1961, 3
Rastko Stojanovi¢ 1956, 1 Blazo Okiljevi¢ 1962.
Ernest Stipanic¢ 1957. Nedeljko Parezanovi¢ 1962, 10
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Slavi$a Presic¢ 1963, 94 Rade Dacié 1965.

Zoran Ivkovi¢ 1964, 36 Milica Dajovi¢ 1965.
Milosav Marjanovi¢ 1964, 12 Borivoje Mihajlovi¢ 1965.
Zoran Popstojanovic¢ 1964. Caslav Daja 1967.
Petar Todorovi¢ 1964.

Total number of his successors at this point is 194. Among them are academi-
cians Milosav Marjanovi¢ (SASA), Vojin Dajovi¢ (MASA), Miodrag Mateljevi¢ (SASA),
professors Milorad Bertolino, Nedeljko Parezanovi¢, Slavisa Presi¢, Zoran Ivkovi¢, Sve-
tozar Mili¢, Jovan Malii¢, Zarko Mijajlovi¢, Miroljub Jevti¢, Milutin Obradovi¢, Pavle
Mladenovi¢, Rade Zivaljevi¢, Miodrag Zivkovié¢ and others.

Radivoj Kasanin (1892-1989). Full professor at the BU, SASA academician, rector
of the Great Technical School, one of the founders of the Mathematical Institute of
the SASA and its head. He was dealing with mathematical analysis (function theory,
differential equations), mechanics, astronomy and geo-physics. In World War I, as a
volunteer in the Serbian army, he took part in fights in Dobruja, Bessarabia and on
the Macedonian front [38].

He mentored two doctorands (Tatomir Andeli¢, 1946,14 and Radmilo
Dordevi¢, 1963). The list of his successors includes academician Tatomir Andelié,
professors Dorde Musicki, Marko Leko, Ilija Lukacevi¢, Milan Plavsi¢, etc.

Jovan Karamata (1903-1967). One of the greatest Serbian mathematicians of the 20%
century. Full professor at the BU, a corresponding member of the Serbian Royal Acad-
emy, an academician of the SASA. He was invited to move to the University of Geneva
in 1950, where he stayed till his death. He is the founder of the school of theory of real
functions. He is the author of the theory of regularly varying functions [39,40]. He
mentored 12 doctorands:

Vojislav Avakumovi¢ 1939, 294 Sefkija Raljevi¢ 1955.
Miodrag Tomié 1950. Bogdan Bajsanski 1956, 12
Slobodan Aljanci¢ 1953,32  Milenko Stekovi¢ 1956.
Ranko Bojani¢ 1953,17  Monique Vuilleumier 1965.
Vladeta Vuckovié¢ 1953, 1 H. Baumann 1965.
Bogoljub Stankovi¢ 1954,95  Ronald Coifman 1965, 115

Total number of his successors at this point is 481. Among them are academi-
cians Vojislav Avakumovi¢, Miodrag Tomi¢, Slobodan Aljanci¢, Bogoljub Stankovi¢,
Olga Hadzi¢, Stevan Pilipovi¢ (SASA), Manojlo Maravi¢, Mirjana Vukovi¢ (ASA of



Bosnia and Herzegovina), Endre Pap (ASA of Vojvodina), professors Ronald Coif-
man, Ranko Bojani¢, Bogdan Baj$anski, Dusan Adamovi¢, Dragoslav Herceg, Mila
Mrsevi¢, Arpad Takacsi, Ljiljana Cvetkovi¢, Natasa Kreji¢ and others.

Milo§ Radoj¢i¢ (1903-1975). Full professor at the BU until 1959, after that he
worked at the University of Khartoum (Sudan) and in the National Centre for Sci-
entific Research in Paris. A corresponding member of the SASA. He was one of the
most important Serbian mathematicians and one of the greatest intellectuals of the
first half of the 20% century. He introduced synthetic and descriptive geometry into
university curriculum. He wrote two high-ranking textbooks. In his scientific work,
he was dealing with the theory of complex analytic functions and the theory of rel-
ativity [41].

Dragoslav Mitrinovi¢ (1908-1995). Full professor at the University of Skopje and at
the BU, academician of the Macedonian Academy of Sciences and Arts. In his scien-
tific work, he was dealing with inequalities, functional inequalities, number theory,
special functions, differential equations and complex analysis. He published a huge
number of university textbooks, books and scientific papers (430 bibliographical
units) [42,43]. He mentored 33 doctorands:

Blagoj Popov 1952. Zivko Madevski 1973.
Ivan Bandi¢ 1958. Ivan Lackovi¢ 1975, 2
Lazar Karadzi¢ 1958. Dusan Slavi¢ 1975.
Dragomir Pokovi¢ 1963, 10 Ljubomir Stankovié 1975.
Kovina Milosevi¢-Rakocevié 1963. Budimir Zari¢ 1975.
Danica Per¢inkova 1963. Gradimir Milovanovi¢ 1976, 32
Petar Vasié 1963, 29 Zarko Mitrovié 1976.
Ilija Sapkarev 1964. Ismet Dehiri 1977.
Velimir Penavin 1965. Petar Lazov 1977.
Radosav Dordevic¢ 1966. Lazar Dordevi¢ 1978.
Dragan Dimitrovski 1968. Miomir Stankovi¢ 1979.
Radovan Jani¢ 1968. Nikola Azanjac 1980.
Savo Jovanovic¢ 1968. Igor Milovanovié 1980, 1
Jovan Keckié 1970. Miodrag Petkovi¢ 1980, 3
Drago$ Cvetkovi¢ 1971, 11 Vlajko Koci¢ 1981.
Ionel Stamate 1971. Behdzet Mesihovi¢ 1987.

Zivko Tosi¢ 1971.




Total number of his successors at this point is 121. Among them are academicians
Drago$ Cvetkovi¢, Gradimir Milovanovi¢, Ivan Gutman (SASA), Blagoj Popov (MASA), and
Josip Pecari¢ (CASA), professors Dragomir Dokovi¢, Petar Vasi¢, Dragan Dimitrovski, Jovan
Kecki¢, Slobodan Simi¢, Miodrag Petkovi¢, Dragan Stevanovi¢ and others.

Danilo Mihnjevi¢. There is no much information about Danilo Mihnjevi¢. He moved to Yugo-
slavia (i.e. the Kingdom of Serbs, Croats and Slovenians) as a refugee from Russia after 1917. He
pursued his career as a professor in gymnasiums in Kragujevac and Zrenjanin (until 1953) [44,45].

Konstantin Orlov (1907-1985). Full professor at the BU. A refugee from Russia, just like D.
Mihnjevi¢. After obtaining his PhD degree, he worked for a long time in the Fifth and the
Third Boys Gymnasiums in Belgrade, and in 1947 he was elected a teaching assistant at the
Faculty of Philosophy of the BU. That same year he moved to the newly-founded Faculty of
Science and Mathematics, where he stayed until his retirement, advancing through all the ac-
ademic ranks. He was teaching several courses, mainly in numerical and applied mathematics.
As an UNESCO expert and invited lecturer he visited several foreign universities [46]. He
mentored nine doctorands:

Petar Madi¢ 1965. Bosko Jovanovié¢ 1976, 67
Momc¢ilo Us¢umli¢ 1965. Arif Zoli¢ 1977.
Mihail Arsenovié 1972. Ljubomir Proti¢ 1978, 8
Miroslava Stojanovi¢ 1973. Branko Savi¢ 1978.
Max Wotulo 1973.

Total number of his successors at this point is 84. Among them are EndreSiili, professor
at the University of Oxford, a foreign member of the SASA and a member of the European Acad-
emy of Sciences (EurASc), professor Bosko Jovanovi¢ and others.

Petar Muzen. There is no much information about Petar Muzen. He was an associate of the As-

tronomical Observatory in Belgrade [47].

Dragoljub Markovi¢ (1903-1965). Full professor at the BU. The main field of his scientific work
was algebra, especially problems related to the limits of roots in algebraic equations, calculating
roots, i.e. factorization [48]. He mentored one doctorand (Jovan Petrié, 1960).
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INDIRECT RELATIONS

Puro Kurepa (1907-1993). Full professor at the University of Zagreb (1946-65)
and at the BU (1965-77), corresponding member of the YASA, academician of
the ASA of Bosnia and Herzegovina and of the SASA. He went for specialization
in Paris, Warsaw and Princeton, and spent some time as a guest professor at the
University of Colorado Boulder (the USA). He was the president of the Society of
Mathematicians and Physicists of Croatia, president of the Association of Societies
of Mathematicians and Physicists of Yugoslavia, vice president of the Internation-
al Commission on Mathematical Instruction, president of the Yugoslav National
Committee for Mathematics, president of the Balkan Mathematical Union, presi-
dent of the Commission for Scientific Work of the Association of Mathematicians,
Physicists and Astronomers of Yugoslavia. He was dealing with the set theory, alge-
bra and number theory, general topology, etc. In the set theory, he contributed to
the theory of trees, so terms such as Kurepa tree, Kurepa hypothesis, Kurepa con-
tinuum, etc. are used even today. He introduced the operation of the left factorial
in mathematics [49,50].

Duro Kurepa defended his doctoral dissertation “Ordered and Ramified
Sets” (Ensembles ordonné set ramifiés) in 1935 at Sorbonne. His mentor was René
Maurice Fréchet, and Fréchets mentor was Jacques Salomon Hadamard, while
Hadamard’s (co)-mentors were Charles Emile Picard and Jules Tannery. And since
Charles Emile Picard was the second mentor of Mihailo Petrovié, we can conclude
that Mihailo Petrovi¢ is a “mathematical great-uncle” of Puro Kurepa.

Duro Kurepa mentored 27 doctorands, and total number of his succes-
sors at this point is 162. Among them are academicians Aleksandar Ivi¢, Stevo
Todorcevi¢ (SASA), Vladimir Rakocevi¢ (a corresponding member of SASA), Vese-
lin Peri¢ (ASA of Bosnia and Herzegovina, ASA of the Republic of Srpska, a honor-
ary member of MASA), professors Stevan Stojanovi¢, Ljubomir Ciri¢, Pavle Mili¢i¢,
Branislav Mirkovi¢, Ratko Tosi¢, Ljubisa Koc¢inac, Porde Dugosija, Aleksandar Lip-
kovski, Stojan Radenovi¢, Zoran Kadelburg, Miroslav Pavlovi¢, Milutin Dostanié
and others.
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(http://www.math.rs/files/Markovic_Dragoljub.pdf).

Z. Mijajlovi¢: Duro Kurepa. U: Spomenica 130 godina Matematickog fakulteta, Beograd 2003 (http://
www.math.rs/files/Djuro_Kurepa.pdf).

https://en.wikipedia.org/wiki/Puro_Kurepa
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MATHEMATICAL GENEALOGICAL TREE
OF MIHAILO PETROVIC

Compiled by Zarko MIJAJLOVIC
University of Belgrade, Faculty of Mathematics

This list contains the names of doctors of mathematical sciences,
linked through a supervisorial relationship to Mihailo Petrovi¢. This lin-
eage can be graphically represented as a genealogical tree structure. The
nodes in the tree represent mathematicians, while the links between them
indicate the mentoring relationship between a doctoral candidate and his
or her mentor. The name of a node includes the names of mathemati-
cians, the university and the year of defending their doctorate theses. The
name of other mentor, if existent, is indicated beside the candidate’s name
and marked with a star *. When it comes to some foreign mathematical
successors of Mihailo Petrovi¢, due to their large number, the names of
their successors have not been included in this list. In such cases, next
to a mathematician’s name is indicated the number of his mathematical
successors. Around 450 doctoral disertations of the authors from this list,
including the ones defended before World War II, can be found in the
Virtual Library of the Faculty of Mathematics in Belgrade (VL).

Sources:

internet databases of the Faculty of Mathematics in Belgrade
http://poincare.matf.bg.ac.rs/informacije/dok.htm

VL: http://elibrary.matf.bg.ac.rs

Mathematics Genealogy Project,
https://www.genealogy.math.ndsu.nodak.edu

Software: S. Simi¢, R. Popovi¢




Mihailo Petrovi¢, U. Pariz 1894.

o Mladen Beri¢, U. Belgrade, 1912.
o Sima Markovi¢, U. Belgrade, 1913.
o Tadija Pejovi¢, U. Belgrade, 1923.
» Vojin Dajovi¢, U. Belgrade, 1956.
> Mioljub Niki¢, U. Belgrade, 1972.
o Zarko Pavicevi¢, U. Belgrade, 1983.
> Vladimir Mici¢, U. Belgrade, 1973.
¢ Milutin Obradovi¢, U. Belgrade, 1984.
> Nikola Tuneski, U. Belgrade, 1999.
> Miodrag Perovi¢, U. Belgrade, 1978.
> Dusan Georgijevi¢, U. Belgrade, 1979.
> Miroljub Jefti¢, U. Belgrade, 1979.
+ Jovo Sarovi¢, U. Belgrade, 1988.
¢ Ivan Jovanovi¢, U. Belgrade, 1992.
> Miodrag Mateljevi¢, U. Belgrade, 1979.
¢ Vladimir Markovi¢, U. Belgrade, 1998.
» Alastair Fletcher, U. Warwick, 2006.
> Anestis Fletcher, U. Warwick, 2006.
¢ David Kaljaj, U. Belgrade, 2002.
> Marijan Markovi¢, U. Belgrade, 2013.
> Dordije Vujadinovi¢é, U. Belgrade, 2014.
¢ Vesna Manojlovi¢, U. Belgrade, 2008.
¢ Marijan Markovi¢, U. Belgrade, 2013.
¢ Miljan Knezevi¢, U. Belgrade, 2014.
> Enes Udovici¢, U. Belgrade, 1980.
> Stojan Duborija, U. Belgrade, 1981.
> Miloje Rajovi¢, U. Belgrade, 1985.
> Dobrivoje Mihajlovi¢, U. Belgrade, 1956.
> Rastko Stojanovi¢, U. Belgrade, 1956.
> Dragovan Blagojevi¢, U. Belgrade, 1969.
> Ernest Stipani¢, U. Belgrade, 1957.
» Zagorka Sakl-Snajder, U. Belgrade, 1960.
> Dragoljub Cvetkovi¢, U. Belgrade, 1985.
» Milorad Bertolino, U. Belgrade, 1961.
> Pavle Pejovi¢, U. Belgrade, 1971.
> BozZo Vrdoljak, U. Belgrade, 1975.
> Julka KneZzevi¢-Miljanovi¢, U. Belgrade, 1979.
¢ Jelena Manojlovi¢, U. Belgrade, 2000.
> Blazo Okiljevi¢, U. Belgrade, 1962.
> Nedeljko Parezanovi¢, U. Belgrade, 1962.
> Vojislav Stojkovi¢, U. Belgrade, 1981.
> Ivan Obradovi¢, U. Belgrade, 1991.
> Milan Tuba, U. Belgrade, 1993.
+ Raka Jovanovi¢, U. Belgrade, 2012.

330



¢ Neboj$a Bacanin, U. Belgrade, 2015.

¢ Adis Alihodzi¢, U. Belgrade, 2016.
> Dusko Vitas, U. Belgrade, 1993.

+ Ranka Stankovi¢, U. Belgrade, 2009.

¢ Miljana Mladenovi¢, U. Belgrade, 2017.

¢ Stasa Vujici¢-Stankovié, U. Belgrade, 2017.
> Sanja Petrovi¢, U. Belgrade, 1997.
> Davor Radenovi¢, U. Belgrade, 1998.

> Slavisa Presi¢, U. Belgrade, 1963.

> Koriolan Gilezan, U. Belgrade, 1971.
> Janez USan, U. Belgrade, 1971.
> Svetozar Mili¢, U. Belgrade, 1972.

¢ Zoran Stojakovi¢, U. Belgrade, 1974.

> Dura Paunié, U. Novi Sad, 1986.
O Mirjana Ivanovi¢, U. Novi Sad (1992)

>

> > > > S

A

Borislav Josanov, U. Novi Sad, 2001.
Miha Badjonski, U. Novi Sad, 2004.
Vladimir Kurbalija, U. Novi Sad, 2009.
Milo$ Radovanovié, U. Novi Sad, 2011.

Aleksandra Klasnja-Mili¢evi¢, U. Novi Sad, 2013.

Boban Vesin, U. South-Eastern Norway, 2014.
Zoltan Geler, U. Novi Sad, 2015.

Milo$ Savié, U. Novi Sad, 2015.

Dejan Mitrovi¢, U. Novi Sad, 2015.

Milinko Mandié¢, U. Novi Sad, 2016.

Veljko Aleksi¢, U. Kragujevac, 2017.

0O Zoran Budimac, U. Novi Sad, 1994.

A
A
A
A

Dragan Simi¢, U. Novi Sad, 2005.
Dragoslav Pesovi¢, U. Novi Sad, 2007.
Zoran Putnik, U. Novi Sad, 2014.
Gordana Raki¢, U. Novi Sad, 2015.

¢ Stojan Bogdanovi¢, U. Novi Sad, 1980.
» Veljko Vukovi¢, U. Pristina, 1985.
» Todor Malinovi¢, U. Novi Sad, 1986.
» Petar Proti¢é, U. Novi Sad, 1986.
O Milan Bozinovié, U. Ni§, 1997.
O Nebojsa Stevanovi¢, U. Nis, 2006.
» Miroslav Ciri¢, U. Belgrade, 1991.
O Tatjana Petkovi¢, U. Nis, 1998.
00 Zarko Popovi¢, U. Nis, 2001.
O Jelena Ignjatovi¢, U. Nis, 2007.

A
A
A

Ivana Mici¢, U. Nis, 2014.
Zorana Jancié, U. Nis, 2014.
Ivona Brajovi¢, U. Nig, 2015.

O Aleksandar Stamenkovié, U. Nis, 2010.
O Milan Basi¢, U. Nig, 2011.
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00 Nada Damljanovi¢, U. Ni§, 2012.
O Velimir Ili¢, U. Ni§, 2012.
O Vesna Velickovié, U. Nis, 2012.
O Ivan Stankovié, U. Ni§, 2017.
> Melanija Mitrovi¢, U. Nig, 2000.
» Nela Malinovi¢-Jovanovié, U. Nis§, 2008.
Sini$a Crvenkovi¢, U. Novi Sad, 1981.
» Rozalia Madardsz, U. Novi Sad, 1989.
O Ivica Bo$njak, U. Novi Sad, 2002.
> Igor Dolinka, U. Novi Sad, 2000.
» Milovan Vin¢ié, U. Novi Sad, 2001.
» Ivan Pavkov, U. Novi Sad, 2001 (*Nebojsa Ralevi¢)
Branimir Seelja, U. Novi Sad, 1981.
> Vjekoslav Budimirovi¢, U. Novi Sad, 2001.
> Mirna Udovici¢, U. Novi Sad, 2014.
> Elijah Eghosa Edeghabha, U. Novi Sad, 2017.
> Ana Slivkova, U. Novi Sad, 2018.
Velimir Pavlovi¢, U. Belgrade, 1982.
Dragan Blagojevi¢, U. Belgrade, 1987.
Andreja Tepavcevi¢, U. Novi Sad, 1993.
Vera Lazarevi¢, U. Novi Sad, 2001.
Branka Budimirovi¢, U. Novi Sad, 2011.
Vanja Stepanovi¢, U. Novi Sad, 2012.
Marijana Gorjanac-Ranitovi¢, U. Novi Sad, 2015.

Y ¥ Y Y Y

> Marija Buki¢, U. Novi Sad, 2018.

Branka Alimpi¢, U. Belgrade, 1973.

*

*

Aleksandar Krapez, U. Belgrade, 1980.
> Sava Krsti¢, U. Belgrade, 1986.
Blagoje Stamenkovi¢, U. Belgrade, 1989.

Natasa Bozovi¢, U. Belgrade, 1975.

*

Ranko §c’epan0vic’, U. Belgrade, 1985.

Zarko Mijajlovi¢, U. Belgrade, 1977.

*

Aleksandar Jovanovi¢, U. Belgrade, 1982.
> Aleksandar Perovi¢, U. Belgrade, 2008.
> Sladana Spasi¢, U. Belgrade.
> Zoran Nikoli¢, U. Belgrade.
» Srdan Stamenkovi¢, U. Belgrade.
Slobodan Vujosevi¢, U. Belgrade, 1982.
Miodrag Raskovi¢, U. Belgrade, 1983.
> Radosav Pordevi¢, U. Kragujevac, 1991.
O Nebojsa Ikodinovi¢, U. Kragujevac, 2006.
A Vladimir Risti¢, U. Kragujevac, 2013.

Omalkhear Salem Almabruk Bleblou, U. Novi Sad, 2017.



*

*
*
*

*

*

A Marija Bori¢i¢, U. Belgrade, 2016.
> Zoran Ognjanovi¢, U. Kragujevac, 1999.
Dragan Doder, U. Belgrade, 2011.
Angelina Ili¢ Stepi¢, U. Belgrade, 2012.
Bojan Marinkovi¢, U. Novi Sad, 2014.
Dejan Maslikovi¢, U. Belgrade, 2016.
O Tatjana Stojanovi¢, U. Kragujevac, 2016.

]
]
d
]

Rade Zivaljevi¢, U. Belgrade, 1983. (*Dragoljub Arandelovi¢)

> Zana Kovijani¢, U. Belgrade, 2000.
> Vladimir Gruji¢, U. Belgrade, 2002.
> Dorde Barali¢, U. Belgrade, 2013.
Milan Grulovi¢, U. Belgrade, 1984.
» Milos Kurili¢, U. Novi Sad, 1994.
O Aleksandar Pavlovi¢, U. Novi Sad, 2009.
O Boris Sobot, U. Novi Sad, 2009.
0 Borisa Kuzeljevi¢, U. Novi Sad, 2014.
0 Nenad Moraca, U. Novi Sad, 2018.
Miodrag Zivkovi¢, U. Belgrade, 1990.
> Bojan Vuckovi¢, U. Belgrade, 2018.
Milenko Mosurovi¢, U. Belgrade, 2000.
Predrag Janici¢, U. Belgrade, 2001. (*Alan Richard Bundy)
>  Filip Mari¢, U. Belgrade, 2009.
O Milan Bankovi¢, U. Belgrade, 2016.
O Mirko Stojadinovi¢, U. Belgrade, 2016.
O Danijela Simi¢, U. Belgrade, 2017.
> Mladen Nikoli¢, U. Belgrade, 2013.
> Vesna Marinkovi¢, U. Belgrade, 2015.
> Sana Stojanovi¢ Dordevi¢, U. Belgrade, 2016.
Rados§ Baki¢, U. Belgrade, 2002.
Branko Malesevi¢, U. Belgrade, 2007.
> Ivana Jovovi¢, U. Belgrade, 2013.
> Milica Savatovi¢, U. Belgrade, 2018.
Dragan Stankov, U. Belgrade, 2008. (*Aleksandar Ivi¢)
Dusan Jokanovi¢, U. Podgorica, 2009.
Vesna Vuckovi¢, U. Belgrade, 2010.
Tanja Stojadinovi¢, U. Belgrade, 2014.
Vanja Kora¢, U. Belgrade, 2014.
Stevan Kordi¢, U. Belgrade, 2016. (*Tatjana Davidovic¢)

Gradimir Vojvodi¢, 1979.

*

Jovanka Pantovié, 2000. (*Ratko Tos$i¢)
» Svetlana Jaksi¢, U. Novi Sad, 2016.

Dragi¢ Bankovi¢, 1980.

*

Ljubica Dikovi¢, U. Kragujevac, 2009.
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¢ Silvana Marinkovi¢, U. Kragujevac, 2011.
¢ Verica Milutinovi¢, U. Kragujevac, 2015.
Milo$ Mili¢i¢, 1982.
Milan Bozi¢, 1983.
+ Daniel Romano, 1986.
& Zoran Stokié, 1996.
Branislav Bori¢i¢, 1984.
Mile Tasi¢, 1992.
Miodrag Kapetanovi¢, 1996.
Zoran Dordevié, 1998.
Zoran Ivkovi¢, U. Belgrade, 1964.
> Jovan Malisi¢, U. Belgrade, 1973.
¢ Pavle Mladenovi¢, U. Belgrade, 1985.
> Sini$a Stamatovi¢, U. Belgrade, 1993.
> Bojana Milosevi¢, U. Belgrade, 2016.
> Ivana Ili¢, U. Belgrade, 2013.
¢ Tibor Poganj, U. Belgrade, 1986.
> Josko Dvornik, U. Rijeka, 2006.
> Biserka Dras¢i¢, U. Zagreb, 2009.
> Dragana Jankov, U. Zagreb, 2011.
>
>

vV vV VvV V

Josip Orovi¢, U. Rijeka, 2012.
Miljenko Petrovi¢, U. Rijeka, 2012.
+ Biljana Popovi¢, U. Belgrade, 1990.
> Miroslav Risti¢, U. Ni§, 2002.
O Bozidar Popovi¢, U. Nis, 2011.
O Aleksandar Nasti¢, U. Nis, 2012.
> Vladica Stojanovi¢, U. Pridtina, 2007.
¢ Vesna Jevremovi¢, U. Belgrade, 1991.
¢ Dragan Pori¢, U. Belgrade, 2002.
> Jelena Bulatovi¢, U. Belgrade, 1975.
¢ Ljiljana Petrovi¢, U. Kragujevac, 1988.
» Sladana Dimitrijevi¢, U. Kragujevac, 2013.
> Dragana Valjarevi¢, U. Kragujevac, 2013.
Slobodan Jankovi¢, U. Belgrade, 1979.
Ratomir Pazanin, U. Belgrade, 1980.
Fuat Rizvanoli, U. Belgrade, 1982.
Blagota Luci¢, U. Belgrade, 1985.
Ljiljana Petrusevski, U. Belgrade, 1986.
Svetlana Jankovi¢, U. Belgrade, 1987.
Zoran Glisi¢, U. Belgrade, 1987.
Slobodanka Mitrovi¢, U. Belgrade, 1987.
Drazen Panti¢, U. Belgrade, 1988.

vV VvV VvV VvV vV V V VvV V



>

Viktor Obuljen, U. Belgrade, 1997.

» Milosav Marjanovi¢, U. Belgrade, 1964.

vV V V V V V

>

V V V V V V

Miodrag Misi¢, U. Belgrade, 1971.
Milan Dresevi¢, U. Belgrade, 1973.
Momir Stanojevi¢, U. Belgrade, 1976.
Ante Vucemilovi¢, U. Belgrade, 1979.
Dusan Milovancevi¢, U. Belgrade, 1982.
Rade Zivaljevi(:, U. Belgrade, 1983.

+ Zana Kovijani¢, U. Belgrade, 2000.
¢ Vladimir Gruji¢, U. Belgrade, 2002.
¢ Dorde Barali¢, U. Belgrade, 2013.
Sini$a Vrecica, U. Belgrade, 1984.

+ Dusko Joji¢, U. Belgrade, 2007.
Momcilo Bjelica, U. Belgrade, 1991.

Zoran Popstojanovi¢, 1964.
Petar Todorovi¢, 1964.

Rade Dacié, 1965.

Milica Dajovi¢, 1965.

Borivoje Mihajlovi¢, 1965.
Caslav Daja, U. Belgrade, 1967.

Radivoj Kasanin, U. Belgrade, 1924.
> Tatomir Andeli¢, U. Belgrade, 1946.

vV V vV V VvV V

>

>

DPorde Musicki, U. Belgrade, 1956.
Marko Leko, U. Belgrade, 1963.

Stevo Komljenovi¢, U. Belgrade, 1964.
Lazar Rusov, U. Belgrade, 1964.

Luka Vujosevi¢, U. Belgrade, 1964.
Milan Plavsi¢, U. Belgrade, 1967.

¢ Milan Gligori¢, U. Belgrade, 1973.

¢ Zoran Golubovi¢, U. Belgrade, 1984.

¢ Dragan Milosavljevi¢, U. Belgrade, 1986.

¢ Ivan Sestak, U. Belgrade, 1987.

Ilija Lukacevi¢, U. Belgrade, 1968.

+ Dragi Radojevi¢, U. Belgrade, 1992.
Bozidar Jovanovi¢, U. Belgrade, 1973.
Mirjana Lukacevi¢, U. Belgrade, 1974.

> Radmilo Dordevi¢, U. Belgrade, 1963.
Jovan Karamata, U. Belgrade, 1926.
> Vojislav Avakumovi¢, U. Belgrade, 1939.

>
>

Stanislav Fempl, U. Sarajevo, 1956.
Manojlo Maravi¢, U. Sarajevo, 1956.
¢ Mihailo Gali¢, U. Sarajevo, 1974.
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+ Kalmi A. Finci, U. Sarajevo, 1977.
¢ Semiha Slakovi¢, U. Sarajevo, 1978.
¢ Mirjana Vukovi¢, U. Sarajevo, 1979.
> Olivera Markovi¢, U. East Sarajevo, 2008.
> Emil Ili¢-Georgijevi¢, U. East Sarajevo, 2011.
> Branislav Marti¢, U. Sarajevo, 1961.
> Walter Eberhard, Rhein, Westfilische Techn. Hochsch. Aachen, 1964. (16)
¢ Gerhard Freiling, Philipps U. Marburg, 1975. (12)
> Helmut Neunzert, Rhein, Westfilische Techn. Hochsch. Aachen, 1965. (130)
+ Axel Klar, U. Kaiserslautern, 1994. (56)
> Michael Herty, Techn. U. Darmstadt, 2004. (6)
0 Veronika Schleper, Techn. U. Keiserslautern, 2009 (2)
A Jochen Neusser, U. Stutgart, 2016.
Wolfgang Gromes, Philipps U. Marburg, 1969. (5)
Peter Bautsch, Philipps U. Marburg, 1970.
Jochen Briining, Philipps U. Marburg, 1972. (6)
Rickleff Briibach, Philipps U. Marburg, 1973
Bogoljub Stankovi¢, SASA, 1954 (*]. Karamata)
Vojislav Mari¢, U. Sarajevo
+ Bwee Tjong, U. Kentucky, 1968. (*Wimberly Calvin Royster)
+ Detki Jozef, U. Novi Sad, 1977.
+ Mirko Budincevi¢, U. Novi Sad, 1985.
+ Aleksandar Nikoli¢, U. Novi Sad, 1997.
+ T. A. Ramayan, U. Madras, India
> Miodrag Tomic¢, U. Belgrade, 1950.
» Slobodan Aljanc¢i¢, U. Belgrade, 1953.
> Dusan Adamovi¢, U. Belgrade, 1965.
¢ Jovan Malesevi¢, U. Belgrade, 1975.
¢ Slavko Simi¢, U. Belgrade, 1997.
¢ Milorad Stevanovi¢, U. Belgrade, 1994.
+ Stevo Stevi¢, U. Belgrade, 2001.
» Bratislav Iri¢anin, U. Novi Sad, 2009.
Milivoje Lazi¢, U. Belgrade, 1973.
Dimitrije Hajdukovi¢, U. Belgrade, 1974.
Dragoljub Arandelovi¢, U. Belgrade, 1975.
Ilija Lazarevi¢, U. Belgrade, 1975.
Miodrag Ivovi¢, U. Belgrade, 1976.
Vladimir Savi¢, U. Belgrade, 1978.
¢ Dragan Purci¢, U. Belgrade, 1999.
> Milan Taskovi¢, U. Belgrade, 1978.
¢ Ivan Arandelovi¢, U. Belgrade, 1999.
¢ Sinia Jesi¢, U. Belgrade, 2006.
> Rale Nikoli¢, U. Kragujevac, 2012.

vV VV V V V

vV V.V V V V
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Beri$a Muharem, U. Belgrade, 1979.
Bosiljka Lakovi¢, U. Belgrade, 1980.
Mirko Janc, U. Belgrade, 1981.

Slobodan Miloradovi¢, U. Belgrade, 1982.
Tatjana Ostrogorski, U. Belgrade, 1987.

Vladeta Vuckovi¢, U. Belgrade, 1953.

>

Leon Harkleroad, U. Notre Dame, 1976.

Ranko Bojani¢, U. Belgrade, 1953.

>

vV V.V V V V V V

Ronald DeVore, Ohio State U., 1967.

¢ Yingkang Hu, U. South Carolina, 1989.

¢ George Kyriazis, U. South Carolina, 1992.

+ Florin Saban, U. South Carolina, 1995.

¢ Zesheng Yang, U. South Carolina, 1995.

o  Wei Shao, U. South Carolina, 1996.

¢ Guergana Petrova, U. South Carolina, 1999.
+ Bojan Popov, U. South Carolina, 1999.

> Orhan Mehmetoglu, Texas A&M U., 2012.

Victor Ekong, Ohio State U., 1972.
You-Hwa Lee, Ohio State U., 1972.
John KLippert, Ohio State U., 1973.
Rada Higgins, Ohio State U., 1974.
Radwan Al-Jarrah, Ohio State U., 1980.
Fuhua Cheng, Ohio State U., 1982.
Chin-Chi Shan, Ohio State U., 1982.
Xiaoming Huang, Ohio State U., 1993.

Bogoljub Stankovi¢, SASA, 1954.

>
>

Marija Skendzi¢, U. Novi Sad, 1971.
Olga Hadzi¢, U. Novi Sad, 1972.
+ Mila Stojakovi¢, U. Novi Sad, 1980.

> Biljana Cari¢, U. Novi Sad, 2018.
+ Ljiljana Gaji¢, U. Novi Sad, 1982.
¢ Tatjana Do$enovi¢, U. Novi Sad, 2002.
& Zoran Mitrovi¢, U. Novi Sad, 2002.
Danica Nikoli¢-Despotovi¢, U. Novi Sad, 1972.
Endre Pap, U. Novi Sad, 1975.
¢ Nebojsa Ralevi¢, U, Novi Sad, 1997.

> Goran Bojani¢, U. Novi Sad, 2013.
Vladimir Bojani¢, U. Novi Sad, 2013.
Lidija Comi¢, U. Novi Sad, 2014. (*)
Ljubo Nedovi¢, U. Novi Sad, 2017.

>
>
>
» Lidija Krstanovi¢, U. Novi Sad, 2017.
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*

*

> Dejan Cebi¢, U. Novi Sad, 2018.

> Dejan Mirceti¢, U. Novi Sad, 2018. (*)

Aleksandar Kerenji, U. Novi Sad, 1991.

Ivana Stajner-Papuga, U. Novi Sad, 2001.

> Dragan Joci¢, U. Novi Sad, 2015.

Marta Taka¢, U. Novi Sad, 2004.

> Téthné Laufer Edit, Obuda U. Budapest, 2014.

> Sram Norbert, Obuda U. Budapest, 2017.

Aleksandar Takac¢i, U. Novi Sad, 2006.

» Darko Drakuli¢, U. East Sarajevo, 2016. (*Tatjana Grbi¢)
Tatjana Grbi¢, U. Novi Sad, 2008.

» Slavica Medi¢, U. Novi Sad, 2014.

> Bojan Jovanovi¢, U. Novi Sad, 2018.

Biljana Mihajlovi¢, U. Novi Sad, 2009.

» Vera Miler Jerkovi¢, U. Novi Sad, 2018 (*Branko Malesevi¢)
Branka Jankovié, U. Novi Sad, 2011.

Mirjana Strboja, U. Novi Sad, 2011.

Ibrahim Eid Sharkavi, U. Novi Sad, 1979.
Stevan Pilipovi¢, U. Novi Sad, 1979.

*

*

*

*

Zagorka Lozanov Crvenkovi¢, U. Novi Sad, 1989.

Mirjana Stojanovi¢, U. Novi Sad, 1991.

Dusanka Perisi¢, U. Novi Sad, 1992.

Marko Nedeljkov, U. Novi Sad, 1995.

» Danijela Rajter-Ciri¢, U. Novi Sad, 2002.
O Milo$ Japundzi¢, U. Novi Sad, 2016.

> Nebojsa Dedovi¢, U. Novi Sad, 2014.

» Tanja Kruni¢, U. Novi Sad, 2016.

» Daw Dalal, U. Novi Sad, 2017.

Milorad Mijatovi¢, U. Novi Sad, 1996.

Ratko Kravarusi¢, U. Novi Sad, 1998.

Aneta Buchkovska, U. Novi Sad, 2000.

Nenad Teofanov, U. Novi Sad, 2000.

» Dusan Raki¢, U. Novi Sad, 2010.

>  Filip Tomi¢, U. Novi Sad, 2016.

Mirjana Vidanovi¢, U. Novi Sad, 2003.

Marko Kosti¢, U. Novi Sad, 2004.

» Milica Zigi¢, U. Novi Sad, 2014.

Ljup¢o Nastovski, U. Novi Sad, 2004.

Dora Selesi, U. Novi Sad, 2007.

> Tijana Levajkovi¢, U. Novi Sad, 2012.

Katerina Saneva, U. Novi Sad, 2008.

Jelena Aleksié, U. Novi Sad, 2009.

> Ivana Vojnovi¢, U. Novi Sad, 2017.



*

*

Diana Doli¢anin, U. Novi Sad, 2009.

» Dzenis Puc¢o¢, U. Novi Pazar, 2014.
Vasko Reckovski, U. Novi Sad, 2009.
Branko Sari¢, U. Novi Sad, 2009.
Dusan Zorica, U. Novi Sad, 2009.
Bratislav Iri¢anin, U. Novi Sad, 2009.
Marko Janev, U. Novi Sad, 2011.
Suzana Simié, U. Novi Sad, 2011.
Bojan Prangoski, U. Novi Sad, 2013.
Sanja Kostadinova, U. Novi Sad, 2014.
Daniel Velinov, U. Novi Sad, 2014.
Milica Zigi¢, U. Novi Sad, 2014.

Pavel Dimovski, U. Novi Sad, 2015.
Smiljana Jaksi¢, U. Novi Sad, 2016.
Snjezana Maksimovi¢, U. Novi Pazar, 2016.
Petar Sokolski, U. Novi Pazar, 2016.
Dorde Vuckovié, U. Ghent, 2018.
Snezana Gordi¢, U. Novi Sad, 2018.

Dragoslav Herceg, U. Novi Sad, 1980.

*

*

*

Relja Vulanovi¢, U. Novi Sad, 1986.

Ljiljana Cvetkovi¢, U. Novi Sad, 1987.

» Vladimir Kosti¢, U. Novi Sad, 2010.

> Ksenija Doroslovacki, U. Novi Sad, 2014.
> Maja Nedovi¢, U. Novi Sad, 2016.

Nenad Petrovi¢, U. Novi Sad, 1988.

Adzi¢ Nevena, U. Novi Sad, 1990.

Natasa Kreji¢, U. Novi Sad, 1994.

> Sanja Rapaji¢, U. Novi Sad, 2005.

» Miles Kumaresan, U. Novi Sad, 2010.

» Sandra Buhmiler, U. Novi Sad, 2013.

» Natasa Krklec Jerinki¢, U. Novi Sad, 2015.
» Snezana Dordevi¢, U. Novi Sad, 2015.

» Zoran Ov¢in, U. Novi Sad, 2016.
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REMARKS

For more detail about Mihailo Petrovic’s early life, see: Jbybomup Ilporuh, JKusoii, geno u nayunu pag Muxauna
Ieinposuha Anaca, 36opuuk Cprcku maremarndapu, CAHY, Beorpap, 2015.

The “Adligat” Book Museum in Belgrade contains around thirty letters from this correspondence.

This Petrovi¢’s term paper was described and commented on by Mirko Stojakovi¢ and Dragan Trifunovi¢ in their
article ITemnposuhesa mogupurxayuja Ipeeose meitioge 3a pewiasarve aniebapckux jegHauuna, MareMaTHdIKm
BecHIUK 5(20), 1968, 439-446, http://elibrary.matf.bg.ac.rs.

Sur les zéros et les infinis des intégrales des équations différentielles algébriques (On Zeros and Infinities of the In-
tegral of Algebraic Differential Equations), http://alas.matf.bg.ac.rs/~websites/digitalnilegatmpalas. The Serbian
translation of the thesis is contained in the book Jugpepenyujanue jegnauune I, k. 1 Cabpanux gena Muxauna
ITemnposuha. An appendix - the phototype edition of Petrovi¢’s dissertation was printed in The Collected Works.
https://www.genealogy.math.ndsu.nodak.edu, service of North Dakota State University, supported by the Ameri-
can Mathematical Society (AMS).

J. D. Kecki¢, Serbian doctors of mathematics in the 19" century, Pub. Inst. Math. N. s. tome 38 (52), 1985, pp. 3-6,
http://elib.mi.sanu.ac.rs. In this interesting article, the author presents all doctoral dissertations of Serbian mathe-
maticians in the 19" century and their short biographies.

Basic, but precise information about the membership of Kleri¢, Nesi¢, Gavrilovi¢ and Zivkovi¢ in the Academy, the
dates of their births and deaths, are contained, for instance, in Toguwrwax CAHY 3a 2012, CXIX, Bbeorpan 2013,
https://www.sanu.ac.rs/Novosti/2013Godisnjak.pdf. The well-known Academy’s edition JKusom u geno cpiickux
nayunuxa (Lives and Works of Serbian Scientists) contains detailed biographical information about these mathemati-
cians and scientists. This Academy’s edition was digitised and can be accessed at: https://www.sanu.ac.rs.

Digital copies of Boskovi¢’s translation of three Zinger’s book on astronomy, geodesy and mathematical cartogra-
phy can be found in the virtual library http://elibrary.matf.bg.ac.rs. This library also contains the mentioned works
of Kosta Stojanovi¢ and Milan Andonovi¢. A brief overview of these works was published in Early astronomical
heritage in Virtual library of Faculty of mathematics in Belgrade, N. Pejovi¢, Z. Mijajlovi¢, NCD Review, 19 (2011),
11-25, http://elib.mi.sanu.ac.rs.

Editors Eleanor Robson and Jacqueline Stedall, Oxford University Press, 2009, 918 p.

At the end of the 19" century several Serbian mathematicians studied for doctorates at western universities: Dimi-
trije Dani¢ in Jena (1885), Bogdan Gavrilovi¢ in Budapest (1887), Porde Petkovi¢ in Vienna (1893), Petar Vukicevi¢
in Berlin (1894), and finally, the most famous Serbian mathematician, Mihailo Petrovi¢, who completed his thesis
in Paris in 1894. It is not known why Petrovi¢ chose Paris when all his contemporaries studied in Germany or
Austria, but he established important links with the French government during his studies and maintained them
later. Thus, although most educational influences in the middle of the century were Austro-Hungarian or German,
the most prominent of Serbian mathematicians, who set the future direction of the national mathematical school,
introduced French mathematics and French mathematicians to his country. Also see Mathematics Education in the
Balkan Societies Up To the WWI, Teaching Innovations, 2014, Volume 27, Issue 3, pp. 46-57.

CKA Toz. 36 (1928) 53.
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Source: BMC, http://digital.bms.rs/ebiblioteka/publications/view/3835.

Source: Faculty of Mathematics in Belgrade, http://poincare.matf.bg.ac.rs/informacije/dipmat.htm#1874-1914. In
the 1990s, these data were collected by Jelena Milogradov, an astronomy professor at the Faculty of Mathematics.
Two articles deal with this collection of manuscripts: 1. Z. Mijajlovi¢, N. Pejovi¢, Twenty four manuscripts in the
Virtual library of the Faculty of Mathematics in Belgrade, IIpernes, HIIJI 25 (2014), 29-35, 2. N. Pejovi¢, S. Nink-
ovié, A manuscript on astronomy and geodesy of an unknown author, Ilpernen HIIJ 26 (2015), 27-36. The former
article contains a general overview of the collection and the latter concerns the interesting destiny of a manuscript,
also from this collection, originating from the mid-19 century. The digital version of the journal IIpeineg HI]/]
can be accessed at: http://elib.mi.sanu.ac.rs.

The function theory is the old name for the functions of a complex variable.

Tadija Pejovi¢, Konstantin Orlov.

Vojin Dajovi¢, Mihailo Arsenovi¢, Milorad Bertolino, Milosav Marjanovi¢, Nedeljko Parezanovi¢, Slavisa Presi¢,
Ljubomir Proti¢, Gradimir Milovanovi¢ and others.

See the Digital Legacy of Bogdan Gavrilovi¢, http://poincare.matf.bg.ac.rs/~ncd/Bogdan_Gavrilovic_VirtBibl.

He was a Serbian representative at the International Mathematical Union (ICMI); see the Portrait gallery on the
ICMI website: http://www.icmihistory.unito.it. In the early 20™ century, he was also a member of mixed Romani-
an-Austro-Hungarian-Serbian commissions for fishing on the Danube.

Although there are opposite examples, reputable gentlemen could not resist either the charm of “fishery balls”
that were often organised by Petrovi¢. Jelenko Mihailovi¢ noted an interesting anecdote from 1903 about well-
known finance minister Lazar Pa¢u and Mika’s catch of a beluga, weighing “200 kilos”. Although the minister
received ten kilograms of “ajvar” (caviar) from the catch, he did not find it sufficient, and in the evening of the
same day he brought the entire government, together with the president, to the “Jasenica” tavern, for a dinner
prepared by Mika Alas.

In the introductory article in the catalogue of the exhibition of the Archive of Serbia Belgrade Mathematical School
of 16 May 1968, Bozidar Mani¢ wrote that Petrovi¢ “did not accept the position of the rector”

According to professor Tadija Pejovi¢, the Mathematical Club was founded in 1930. It particularly stepped up
its activity in 1932 with the launch of the first Serbian specialised mathematical journal Publications de I'lnstitut
Mathématique Université de Belgrade.

It is interesting that several renowned professors of the Great School were not included in the election, such as, for
instance, mechanics professors Mijalko Ciri¢ and Kosta Stojanovié.

In different places and according to different authors, the number of Petrovi¢’s doctoral students varied from ten
to 15. For instance, the webpage Mathematical Geneaology Project does not contain the name of Petar Muzen. The
exact number is most probably 11, as enumerated here based on data from the archives of the Faculty of Mathe-
matics. Vojislav Avakumovi¢ is often considered Petrovi¢’s twelfth doctoral student, although Avakumovic’s tutor
was Karamata, while Petrovi¢ was only a member of the defence committee.

According to data from the Mathematical Geneaology Project and the archives of the Faculty of Mathematics until
2017.

Publications: http://elib.mi.sanu.ac.rs.

Enemenitiu maittiemaiiuyxe tﬁeHomeHonoiuje, beorpag, 1911, 774 p.; Mécanismes communs aux phénoménes dispa-
rates, TTapus, 1921, 279 p.; Qenomenonowiko ipecnuxasarve, beorpan, 1933, 236 p. Also see the article in French:
Le noyau danalogie, Revue de Mois, No. 119, 1919, 475-486.

Pagosu Muxauna Ileitiposuha y Anie6pu, JK. Mujajnosuh, book 4, Aniebpa, 262-273, Cabpana nema Muxana
ITerposuha, 1998, 3aBox 3a yubeHnKe I HACT. CPeACTBa, beorpan, http://elibrary.matf.bg.ac.rs.

Mainly fishery.

The book Benuko tiytiosare, Muxauno ITeiniposuh Anac edited by Dragan Trifunovi¢ (published by Vuk Karadzi¢,
Belgrade 1982) contains a nice selection of Petrovi¢’s memories and traveloques.

Muxa Anac - Beneuike o0 sugoitly senuxoi mattiematiunapa Muxauna Ieitiposuha, npupenno Brago Munuhesuh,
3VM Geo Ltd. ®onup gp Mumhesnh, Kanrapu u Yapysxeme Munytun Munankosuh, beorpag, 1912.
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Hereinafter: The Collected Works.

It is noteworthy that Pupin was one of the first members-founders of the American Mathematical Society in 1889
(source: A Semicentennial History of the American Mathematical Society, 1888-1938, R.C. Archibald, AMS, New
York, 1938).

Mihailo Petrovi¢ was born in 1868 in Belgrade and died in 1943 in Belgrade. This year, 2018, is dedicated to the
anniversary of 150 years from the birth of Mihailo Petrovi¢.

zbMATH, https://zbmath.org/.

Mathematical Reviews, https://mathscinet.ams.org/mathscinet/.

Milica’s mother Marija came from the reputable Nesi¢ family. Her brother, Sima Nesi¢, who studied at the Trade
Academy in Vienna, was intelligent and educated (he spoke German, French, Turkish, Greek, Jewish, Aromanian
and Albanian languages), and he worked in the police service. At the time of the conflict near the Cukur Fountain
in 1862 due to the wounding of a Serbian boy, he lost his life during the intervention and he was the first victim of
this event. The street below the building of the Faculty of Mathematics in Belgrade bears his name - Simina Street.
Jules Henri Poincaré, 1854-1912, taught at the Sorbonne. His fields of work included topology, elliptic functions,
differential equations, power series, thermodynamics and mechanics. He was member of the Paris Academy
of Sciences and a number of other academies. Henri Poincaré was not only one of the most talented mathe-
maticians of all times, but he also had an exceptional gift for writing. He is said to have been unsurpassed in
the beauty of writing about mathematics. He had a particular capacity to simply present mathematics to others
[Albijani¢, 171]. There were also other great professors: Emile Picard (1856-1941), Paul Painlevé (1863-1933),
Dénes Kénig (1884-1944), Charles Hermite (1822-1901), Paul Emile Appell (1855-1930), Edouard Jean-Baptiste
Goursat (1858-1936), Jean-Gaston Darboux (1842-1917), Jacques Salomon Hadamard (1865-1963), Paul Tan-
nery (1843-1904).

The original title of Mihailo Petrovi¢’s doctoral dissertation: Sur les zéros et les infinis des intégrales des équations
différentielles algébriques. With this examination, Petrovi¢ obtained the title of: Docteur és sciences mathematiques.
Addition: on 3 March, full professors were appointed: to the Faculty of Philosophy - Sava Uro$evi¢ (mineralogy),
Bogdan Popovi¢ (general history of literature); to the Technical Faculty - Nikola Stamenkovi¢ (hydraulic engi-
neering), Vladimir Todorovi¢ (mechanics), Bogdan Gavrilovi¢ (mathematics); to the Faculty of Law - Slobodan
Jovanovi¢ (State and International Public Law), Zivojin M. Peri¢ (Civil Law). Already on 11 March, heads of de-
partments were appointed.

It is interesting to note that Milo§ Radoji¢i¢ studied geometric function theory and had no disciples, but this area
of study would be revived in Belgrade somewhere during the 1980s.

He was one of the 1300 corporals in World War 1. He was conscripted as reserve lieutenant colonel at the start of
World War II, was imprisoned and remained in imprisonment during the war until the end of 1945.

He wrote a book My Memories and Events 1892-1945 in two volumes.

See papers starting from 1962, “Journal article, sur une équation fonctionnelle cyclique dordre supérieur” Drago-
slav S. Mitrinovi¢, Slavi$a B. Presi¢, Publikacije Elektrotehnickog fakulteta. Serija Matematika i fizika, No. 70/76
(1962), pp. 1-2.

Karamata’s proof found its place in renowned monographs by K. Knopp, Theorie und Anwendung der unendlichen
Reihen, 1931; G. Doetsch, Theorie und Anwendung der Laplace Transformation, 1937; D. V. Widder, The Laplace
Transformation, 1946; G. H. Hardy, Divergent Series, 1949; J. Favard, Course dAnalyse. Compléments et Exercices
dAnalysis, 1962-1963. It is interesting that, on the occasion of its 60-year anniversary of publication, the editorial
board of the journal Mathematische Zeitschrift, included this paper by Karamata in its selection of 50 most signif-
icant papers, having chosen among several thousand papers published. (“We shall give an extremely elegant proof
which has recently been obtained by Karamata.” (E. C. Titchmarsh, The Theory of Functions, 1939, 5.226.))
Thereby Karamata’s theory grew into a huge mathematical building whose significance is still rising and to which,
among other things, three famous world mathematical monographs have been dedicated.

Details on published books, monographs and scientific papers of Gradimir Milovanovi¢ are available at: http://
www.mi.sanu.ac.rs/~gvm/
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Shanghai Ranking’s Global Ranking of Academic Subjects 2018 — Mathematics, http://www.shanghairanking.com/
Shanghairanking-Subject-Rankings/mathematics.html.

Iparan Tpudyunosuh, /Teimoiuc xusoitia u paga Muxauna Ileitiposuha, Cpricka akajjemuja Hayka, beorpap, 1969,
p- 128, 129, 131, 222, 132.

Bojun Jajosuh, ,IIpearosop®, y: Muxanno Ilerposuh, Ynanyu, Jpymrso matemarndapa u ¢pusndapa Haponne
penry6nuke Cp6uje, Hayuna kmura, Beorpan 1949, p. IV.

Iparan Tpudynosuh, op. cit., p. 131.

Muxauno Ilerposuh, Enuniitiuuke dynxyuje (npyro usname), Hayuna xmura, beorpag, 1969a, p. VII and [Jparan
Tpudynosuh, op. cit., p. 208.

Iparan Tpudynosuh, ,ITorosop®, y: Muxawino Ilerposuh, Mniiepsanna matiiemaitiuka - gudepeHyujantu
aniopuitiam, [Cabpana nena — kmwura 8], 3aBox 3a yiibennke, beorpag, 1997a, p. 410.

3opan Kagenbypr, ,,Ilorosop®, y: Muxanno Ilerposuh, Enuiiitivuxke pynxuyuje — unitieipayuja iomohy pegosa,
[Cabpana pena — kmwura 9], 3aBop 3a ynbennke beorpap, 19976, and Muxanno ITerposuh (1997a), op. cit., p. 319.
This information should be taken with reserve as the databases used (https://genealogy.math.ndsu.nodak.edu,
http://poincare.matf.bg.ac.rs/informacije/dok.htm) are supplemented with new data and names almost every day.
Iparan Tpudynosuh, op. cit., pp. 241, 291-292.

Ibid., p. 286.

Muxauno Ilerposuh (1969a), op. cit., p. VL

See: https://sr.wikipedia.org/sr-el/Publications_de_1%27Institut_Math%C3%A9matique.

Muxauno Ilerposuh (1969a), op. cit., p. VL

Iparan Tpudynosuh, op. cit., pp. 285, 498-499, 280, 360-361.

Muxauno Ilerposuh (1997a), op. cit., pp. 414-415, 418.

Muxauno Ilerposuh (19976), op. cit., p. 316. and [Iparan Tpudynosuh, op. cit., p. 515.

Muxauno Iletposuh (19976), op. cit., p. 317. and [Tparan Tpudynosuh, op. cit., p. 517.

Muxauno Ilerposuh, Pauynare ca 6pojrum pasmayuma (apyro uspame), Visgasauko npenysehe ,Hayuna kiura'
Beorpap, 19696, p. V.

Muxauno Ilerposuh (19976), op. cit., pp. 404-431 and Muxauno Ilerposuh (1997a), op. cit., pp. 316-323.
Muxanno Ilerposuh (1969a), op. cit., p. VL

Iparan Tpudynosuh, op. cit., p. 215.

Muxauno Ilerposuh, Ynanyu, ciityguje : ioiynapHu ciiucu u apumerena maiiemainiuka, [CabpaHa fena — Kbura
10], 3aBop 3a yubennke beorpan, 1999, pp. 84, 84-92, 85.

Ibid., pp. 90, 90-91.

Iparan Tpudynosuh, op. cit., p. 252 (16) and p. 476 (139, 181).

After World War II, the ICMI continued with its prolific activity. For more information see: [Iparan Tpudynosuh,
op. cit., p. 287, https://scindeks-clanci.ceon.rs/data/pdf/1452-9343/2014/1452-93431408167M.pdf and https://
www.mathunion.org/icmi.

Brnagumup Muhwuh, 3opan Kagenbypr, Bojucnas Auppuh u npyru, Cegamgeceiti ioguna Jlpywiiiéa maitiemaiviuua-
pa Cpbuje, JpyurrBo matremarundapa Cpbuje, beorpaz, 2018, p. 3.

Iparan Tpudynosuh, op. cit., pp. 172, 177-179, 182-183.

Muxauno Ilerposuh (1999), op. cit., pp. 9-12, 18-22, 23-26, 27-31.

Muxauno Ilerposuh (1969a), op. cit., pp. 111, V, 12-15, 23-26, 20-24, 16-19.

The author of this article presented his paper at the 14th Serbian Mathematical Congress held in Kragujevac in
May 2018, elaborating on such highly interesting geometric and non-geometric examples of dependencies in mag-
nitudes in tasks.

Muxauno Ilerposuh (1999), op. cit., pp. 112-120.

Ibid., the paper enumerates only some of Petrovi¢’s articles.
http://www.novosti.rs/vesti/naslovna/reportaze/aktuelno.293.html:485728-Uzicki-profesor-sestarom-i-lenjirom.

I paran Tpudynosuh, op. cit., pp. 129, 175 and 214, 248-249, 141 and 156, 170, 203, 179, 217, 181, 140, 157, 172, 221.
Ibid., pp. 216 and 222, 223, 225, 239 and 244, 321, 325, 275, 342-343, 330-331.
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Ibid., pp. 330-331.

Muxanno Ilerposuh (1999), op. cit., pp. 65-69.

Iparan Tpudynosuh, op. cit., pp. 431-584.

Ibid., pp. 568-584.

Ibid., pp. 325, 276, 321, 268 and 430, 381.

In 1935, Milutin Milankovi¢ wrote a humorous poem “From All Our Scientists”, devoted to Mihailo Petrovi¢.
See: https://vidovdan.org/istorija/to-su-bili-ljudi-za-ponosrodoljubi-milutin-milankovic-je-posvetio-pesmu-mi-
ki-alasu-1935-g/?script=lat.

Cabpana gena Muxauna Iletuposuha (Collected Works of Mihailo Petrovié), 3aBop 3a yibeHuKe ¥ HacTaBHA
cpenctBa y Beorpany, beorpan, 1998. His Collected Works provide a classification of Petrovi¢’s bibliography by
subject, specifying a total of twenty papers in the area of mathematical phenomenology.

All quotes in this study are from Collected Works.

Here Petrovic is referring to the viewpoint of John Stuart Mill that there is a minimal set of assumptions from
which it is possible to derive all laws of nature.

In late 19% century, physicians Ludwig Boltzmann, Gustav Kirchhoff and Heinrich Hertz used the term mathe-
matical phenomenology to denote representation of phenomena by mathematical means. We have no confirma-
tion whether and to what extent Petrovi¢ relied on their views. For more detail on this, see Nikola Petrovi¢’s blog
Mathematical Phenomenology between Myth and Reality, available at http://nikolamorena.blogspot.com/2012/10/
matematicka-fenomenologija-izmeu-mita-ihtml.

This conceptual apparatus is translatable to the mathematical one, but is nowhere close to it in precision. Pet-
rovi¢ belonged to a strong French school of mathematics, but at a time when it accepted with some reservation
Cantor’s ideas in the theory of sets which gave to the mathematical language the precision to which we are ac-
customed today. The manner in which Petrovi¢ introduces his phenomenological concepts is much closer to the
physics of his time.

The already referred to, very substantial blog by Nikola Petrovi¢, discusses in detail the position of mathematical
phenomenology among sciences that are close to it and in philosophy.

In the wording of the second assumption, we speak of a minimum set and not the minimum number of these
assumptions, as stands in Petrovi¢’s formulation.

Torkel Frantzen, Godel’s Theorem: An Incomplete Guide to its Use and Abuse, Wellesley, Massachusetts, 2005.
Roger Penrose, Godel, the Mind, and the Laws of Physics, u Horizon of Truth, Kurt Godel and the Foundation of
Mathematics, Ed. M. Baaz, C. H. Papadimitriou, H. W. Putnam, D. S. Scott, C. L. Harper, Cambridge University
Press, 2011.

Kneale, William and Martha, The development of logic, Oxford University Press, 1962.

Since the relationship of contemporary and Aristotelian logic resembles that of chemistry and alchemy, it is
deemed that contemporary logic is unjustifiably termed logic and that it would have been more appropriate if
Leibniz’s term for the science of the language of science had been accepted: characteristica universalis.

It is often alleged that Petrovi¢ made one of the first computers, which is true. It was an analogue computer, in
which one physical process was simulated by another, which is consistent with the spirit of mathematical phe-
nomenology, but this was not a computer in the modern sense of the word.

On various meanings of the word I4gos see more in: Cnabana Puctuh Toprues, /loioc u 6ecmpinitocis, Llentap 3a
1pkBeHe cryauje, 2007. (Sladana Risti¢ Gorgiev, Logos and Immortality).

Before Kant, a similar view had been advocated by Plato (ideas as pure mental forms that are inborn in the
human mind), and after Kant - by C. G. Jung (personal and collective archetypes as patterns shaping the expe-
rience).

On the contemporary version of that opinion, the thesis of non-overlapping magisteria, see more in Dejan Niko-
li¢s paper published in the first issue of the magazine Odgovor (The Answer).

A similar attitude towards metaphysics is adopted in analytical philosophy, one of the dominant trends in con-
temporary philosophy.

A renowned philosopher of science Karl Popper has shown that it is a very hard thing to do [Poper 2002: 79-80].
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Historians cannot establish with certainty which parts of the Pythagorean legacy are to be ascribed to Pythagoras
himself and which to his disciples.

There are two alternative Serbian translations of the Latin term Philosophice Naturalis, which relates to the area of
philosophy from which natural sciences are derived: “the philosophy of nature” and “natural philosophy”. I prefer
the first equivalent for the following two reasons: because it clearly implies that it concerns an area of philosophy
and not a philosophical trend and because the other variant implies that there also exists “unnatural philosophy”.
See more about it in the research of Nikola Petrovi¢ entitled Univerzalni stvaraoci u modernoj Srbiji (Universal
Creators in Modern Serbia).

This essay is published in Serbia in the book of collected essays of B. Hamvas under the title Estetika (Esthetics).
The publisher is Draslar partner.

More details on B. Petronijevi¢’s metaphysics are to be found in the book Branislav Petronijevi¢ - univerzalni
stvaralac (Branislav Petronijevi¢ — a Universal Creator) by Vojislav Gledi¢, published by Admiral Books.

For more details, see: K. G. Jung, Arhetipovi i kolektivno nesvesno, Atos, 2001. (C. G. Jung, Archetypes and the
Collective Unconscious).

See more in: Mark Bjukenen, Neksus - drustvene mreZe i teorija malog sveta (Mark Buchanan, Nexus: Small
Worlds and the Groundbreaking Theory of Networks).

Ipenpar Bypuunh, ,,JInanoct Muxanna Ilerposuha Anmaca y ycmomenaMa u aHergotama’, Jleienge beoipagckoi
yHueep3uitieiiia, beorpay;: YHuBepsurtercka 6ubmorexa ,,Cserosap Mapkosuh®, 2005.

Muxauno Ilerposuh Anac, Cabpana gena I-XV, (yp.) Oparan Tpudynosuh, beorpan: 3aBox 3a yipbennke n
HacTaBHa CpeficTBa, 1998. (Mihailo Petrovi¢ Alas, Collected Works, Volumes I-XV, (ed.) Dragan Trifunovi¢).
See text on the back cover, in: Mujajnosuh, JKapko (yp.), Muxauno Ileiniposuh Anac: pogoHauenHux cpiicke
Mmaitiemattiuuke wikone, beorpan: Cpricka akaieMuja Hayka 1 yMmeTHocTH, 2018. (For an English edition, see: Mi-
jajlovi¢, Zarko (ed.), Mihailo Petrovi¢ Alas: The Founding Father of the Serbian School of Mathematics, Belgrade:
Serbian Academy of Sciences and Arts, 2018).

Muxajno Iantuh, Yuitiate soge - cpiicke fipuue o pubonosy (anronoruja), beorpan: Crybosu kynrype, 1998.
(Mihajlo Panti¢, Reading Water: Serbian Stories about Fishing (an anthology)).

Jlaza K. Jlasapesuh, Llenoxyiina gena (cBecka 1; mpupemnu Bragan Heguh m Bpanumup JKusojunosuh),
Beorpan: Cpricka akagemmnja Hayka u ymetHocty, 1986. (Laza. K. Lazarevi¢, Complete Works, Vol. 1, (eds.)
Vladan Nedi¢ and Branimir Zivojinovi¢).

Muxanno Ilerposuh Anac, ITymwouucu - gpyiu geo (Cabpana gena xm. XII), Beorpap: 3aBox 3a yibeHnke un
HacTaBHa CpefcTBa, 1998. (Mihailo Petrovi¢ Alas, Travelogues — Part Two (Collected works, Volume XII)).

Ajzak Volton, Savrseni ribolovac (ili kako da se zabavi covek sklon razmisljanju), translated from English by Rad-
mila B. Sevi¢, Novi Sad: Mediterran publishing, 2015. (Citations taken from: Izaak Walton and Charles Cotton,
The Compleat Angler, London and New York: John Lane: The Bodley Head, 1897).

Muxawo ITerposuh Anac, Meiiagope u aneiopuje (Cabpana gena xu. XIII), Beorpan: 3aBox 3a yiOeHuxe u
HacTaBHA CpefcTBa, 1998. (Mihailo Petrovi¢ Alas, Metaphors and Allegories (Collected Works, Volume XIII).
Dragan Trifunovi¢ (1930-2009) is the most famous historian of Serbian mathematics. His baptism name was
Miodrag, but the hypocorism “Dragan” was so widespread that he used it to sign all written and printed texts
after he defended his doctoral dissertation. He published numerous books and papers on Serbian mathema-
ticians, mostly about Mihailo Petrovi¢ Alas. He came from a family of distinguished intellectuals. His brother
Lazar was the director of the National Museum and one of the most important art theoreticians, and his other
brother Porde was a world-renowned philologist. All three Trifunovi¢ brothers were “historians in their souls”
and most their papers were of historiographic nature. Trifunovi¢ obtained the majority of biographical data on
Petrovi¢ that we have today. He was known for his radical attitudes - for instance, he claimed Milutin Milan-
kovi¢ was a German agent, which caused vehement reactions. In retrospect, his radicalism, or at least it seems
so to the author of this paper, dynamised the provincial, listless atmosphere of the intellectual life of Serbian
mathematicians.
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Mihailo Petrovi¢ left an enormous number of photographs, some of which we are still discovering. In all of them,
he looks serious, without smiling. Professor Zarko Mijajlovi¢, who initiated the current project of exhibitions
and monographs about Mihailo Petrovi¢, says the only photo where Petrovi¢ smiles was taken in a tavern. This
humorous remark should be complemented with another thought — unfortunately, none of Petrovi¢’s photos is
of the quality we are used to today and they were taken “as if for a purpose” We have used the quotation marks
because it seems to us he was fond of self-promotion. His numerous activities, which he pursued in parallel
with mathematics, were a sort of an alternative life. He certainly was not as gifted as Einstein or Tesla, who were
probably the champions of self-promotion, but, still, this observation has left a strong impression on me.
“Immovable® living species, such as conifers from the northwestern forests of North America are even 6000 years
old given that in favourable weather conditions they have a half-year vegetation period and reach the height of
300 metres.

According to the estimates of the now already exact biology, Jonathan is 178 years old and is in good health, al-
though his senses are deteriorating and needs assistance while eating. He was brought from the Seychelle islands
in 1882, in an already mature age of 50. As other giant tortoises, he belongs to the Testudinidae family, suborder
Cryptodira. The oldest tortoise, as it has been confirmed, died aged 189 in Calcutta.

The “lady” - the quotation marks are not used by chance - was called Frederica and died around ten years ago.
During a veterinary intervention, around thirty years ago, it was determined that Frederica was in fact a male,
which is why it is no wonder that she and Jonathan had no offspring.

The Madagascar tectonic plate split from Pangea — a supercontinent that incorporated almost all the landmasses
on earth - several hundred million years ago, which is very early in term of geology, and the life and evolution
had “sufficient time” to develop species not existing elsewhere. They were sufficiently separated by seas so that
the majority could not reach other new continents.

At least the majority of biographical sources claim so — the main being, of course, Dragutin Trifunovi¢.

Pavle Popovi¢ (1868-1939) was a Serbian philologist, professor at Belgrade University, rector (1924-1928),
founder of a number of Serbian literary gazettes and president of Srpska knjizevna zadruga. Speaking in pres-
ent-day jargon, he was a sort of Dobrica Cosi¢ of the time.

Kpos iionapny obnacini, Cpricka KivKeBHa 3ajpyra, Komo 35, Beorpap, 1932, p. 248.

Y yapcitisy iycapa, CpIcka KiIJDKeBHa 3a/jpyTa, [loyunnk, k. 7, Beorpan, 1933, p. 269.

Ca oxeanckum pubapuma, CpIicka Kib¥>KeBHa 3afipyra, CaBpemennk, Komo 5, kib. 19, p. 245.

ITo 3a6auenum octipsuma, CpIicKa KibJDKeBHa 3a/ipyra, IToy4Huk K. 9, Beorpay 1936, p. 294.

Poman jetyme, Cpricka Kib¥oKeBHa 3afipyTa, Iloyunuk xm. 11, beorpaz 1940, p. 187.

A considerable part of the Eel Novel is a sort of a travelogue.
http://alas.matf.bg.ac.rs/~websites/digitalnilegatmpalas/. The Virtual Library, also called “Digital Legacy”, con-
tains the works of many other Serbian mathematicians as well. Professor Zarko Mijajlovi¢ created the concept
and has worked the most on this all-encompassing project. We owe a debt of gratitude to Mijajlovi¢ who invested
enormous effort in the current project of marking the 150" anniversary of the birth of Mihailo Petrovi¢, and
most importantly in the Virtual Library - his life work, whereby he enabled each researcher and interested visitor
to easily access online our almost entire mathematical legacy.

Belle Epoque (French), “the beautiful epoch”, name of the period between the end of Franco-Prussian war in
1871 and the beginning of the World War I in 1914.

E Verhulst, Henri Poincaré, Impatient Genius, Springer, 2012. The author of this paper does not know the reason
of Poincarés absence from Defense committee for Petrovi¢’s doctoral dissertation.

Due to illness, Poincaré did not come to Zurich, and his lecture was read by professor Franel. The other plenary
lecturers were A. Hurwitz, G. Peano and F. Klein.

D.J. Albers, G. L. Alexanderson, C. Reid, International mathematical congresses: an illustrated history, 1893-1986,
Springer, 1987.
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At the lecture, Hilbert stated ten problems, whereas printed versions that were published in several journals in-
cluded 23 problems. At the moment of writing this article, 20 problems have been either fully or partially solved.
Alongside the Congress of Mathematicians, Mihailo Petrovi¢ participated at the World Exhibition in Paris,
where he received a bronze medal for his hydrointegrator. See: Muxauno Ilemtiposuh Anac: pogonauennux cpiicke
mattiematmiuuxe wikone, CAHY, beorpan, 2018.

The solution of the Poincaré Conjecture was published by Russian mathematician Grigori Perelman on the in-
ternet in 2003. See: M. lecen, Caspuiena citipoiocii, CHy)K6eHI/I I7TacHMK, beorpan, 2017.

“Phenomenology - science on phenomena, description and analysis of phenomena within a certain scientific
area considering their development and mutual relation” (V1. Knaju, M. Illunka, Benuxu peunux cilipanux peuu
u uspasa, Hosu Cap, 2006.)

M. IlerpoBuh, Maitiemaitiuuka peromenonoiuja, Cabpana nema 6, 3aBoj 3a yiOeHMKe 1 HACTaBHA CPELCTBA,
Beorpap, 1998.

J. N. Shive, R. L. Weber, Similarities in physics, Adam Hilger Ltd, Bristol 1982.

M. Ilerposuh, Maitiemattiuuka peromenonoiuja, Cabpana genma 6, 3aBof 3a ylOeHMKe 1 HACTaBHA CPENCTBA,
beorpap, 1998.

B. Greene, The Hidden Reality: Parallel Universes and the Deep Laws of the Cosmos, Vintage, 2011.

Green wrote that the superstring theory narrowed the gap between the Theory on General Relativity and quan-
tum mechanics and gave hope that gravity could also be put under the umbrella of unified quantum mechanics.
M. Ilerposuh, Pubapcitiso, Cabpana fena 14, 3aBop 3a yiibeHnKe 1 HacTaBHa CpeicTBa, beorpan, 1998.

Vito Volterra was one of the four plenary lecturers at the congress in Rome in 1900.

M. TTauTtuh, y: Muxauno Ieitiposuh Anac: pogonauentux cpiicke matiiemaitiuuxe wikone, CAHY, Beorpaz, 2018.
II. Tpudynosuh, Bapg cpiicke maitiemaimiuke Muxauno Ilemiposuh Anac, 3aBop 3a yibeHNKe M HacTaBHa
cpencTsa, beorpan, 1991.

M. Muwunaukosuh, J. Muxaunosuh, Muxa Anac, 6eneuike o HUBOULY eenuxoi maivdemaimiuvapa Muxauna
Iletmposuha, Poup np Mumhesnh, Yapyskeme M. Munankosuh, Beorpan, Kanrapn, 2012.

M. Mwunankosuh, J. Muxannosuh, nas. geno.

Stevan Sremac passed away in 1906.

'h. Kapabophesuh, Mcimuna o mome sxusoiiiy, ViBarnka Mapkosuh-Conruh, Beorpaz, 1988.

'B. Kapahophesuh, Has. geno.

'B. Kapahophesuh, Has. geno.

That same year, 1985, Zivojin Pavlovi¢ published his novel Wall of death for which he received the NIN prize.
Kapn I'ycras Jyur, Aion, Miba Books, 2018.

V. Mili¢evi¢ wrote about this in the introduction of the book by M. Milankovi¢ and J. Mihailovi¢.

M. Muwunaukosuh, J. Muxaunosuh, Muxa Anac, 6eneuike o HuUBoUy eenuxoi maivdemaimiuvapa Muxauna
Ilemposuha, Poup np Mumhesnh, Yapyskee M. Munankosuh, Beorpan, Kanrapn, 2012.

J. Chevalier, A. Gheerbrant, Rjecnik simbola, Matica Hrvatska, Zagreb, 1983.

XK. Mujajnosuh y: Muxauno Heitiposuh Anac: pogonauennux cpiicke matiemaiiuuxe wixone, CAHY, Beorpaxn,
2018.

B. Jankosuh, Muitiosu u neienge, Jlaryna, beorpap, 2017., Busietu u Marej, 4: 18-22.

T. Tlejosuh, Moje yctiomene u goxcusmaju 1919-1945.

Iarpujapx Ilasne, Yosex iipeg nuvuem boxujum, CeeTuropa, lletume, 2015.

M. Herposuh, Ynanyu - Ciryguje, Cabpana nena 10, 3aBoy 3a yiibeHuKe 1 HaCTaBHa CpefcTBa, beorpax, 1998.
In English Antikythera mechanis.

Jacopo Francesco Riccati (1676-1754), a mathematician and jurist from Venice.

T. Pejovi¢ made a mistake here. Jovan Karamata was Vojislav Avakumovi¢’s supervisor.

Maja Hosakosuh, ,,Muxauno Ilerposuh Anac y ayamo-BusyenHum mepujuma’, y: Muxauno Ileiniposuh Anac,
pogonauentux cpiicke maiiemaimiuuxe wikone, XK. Mujajmosuh (yp.), Beorpay: Cprcka akagemmja Hayka u
ymerHocty, 2018, 119-124.

1. Tpudynosuh, Muxauno Ileiniposuh Anac - #usoii u geno, ledje HoBuHe, Topwu MuraHoBaw, 1982, 33.
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Muno Bacosuh, ,,Haur Haj6osy marematnyap . Muxa Ilerposuh 6aBu ce pu60moBoM MCTO TaKO MHTEH3MBHO
M CTPAcHO Kao u MaTeMatukoM, IIpasga, 11. janyap 1939, 32. (University library “Svetozar Markovi¢”).

It is often noted that Mihailo Petrovi¢ was engaged in professional fishing (ribarstvo), and not in the recreational
one (ribolov). Even the published volume of his collected works is entitled Ribarstvo.

Muno Bacosuh, ,,Haur Haj6osy marematnyap . Muxa ITerposuh 6aBu ce pu60moBoM MCTO TAKO MHTEH3MBHO
U CTPAcCHO Kao u MaTeMatukoM, ITpasga, 11. janyap 1939, 32. (University library “Svetozar Markovi¢”).

Ibid.

Anon., ,,Onpob6an peuent, bogmuxaso pace, 41, 5. centrembap 1942, 4. (University library “Svetozar Mark-
ovic”)

M. Muxannosuh, ,,JJexanckn heamunhu y Boranuukoj 6amn, Bpeme, 3. jyn 1937, 10. (University library “Sve-
tozar Markovi¢”)

Ibid.

Anon., ,Beuepa y yacT HayyHMKa 1 Iefarora I. Jenenka Muxawinosuha®, IIpasga, 20. debpyap 1939, 7. (Univer-
sity library “Svetozar Markovi¢”)

Ibid.

Anon., ,MareMaTH4KM MHCTUTYT Ha BeorpajickoM YHUBEP3UTETY — KOIIHMIIA HaydHOT paja’, ITonuitiuka, 8. Maj
1938, 9. (Mathematical Institute of SASA)

Muxajno Ilerposuh, ,beorpan — Hermaumy HeHTap Bemukora pubapcrsa’, beoipagcke oliuiniuncke HoBUHE, 3.
janyap 1940, 188-196. (University library “Svetozar Markovi¢”)

Mpnapen Cr. Bypuunh, ,,V cnomen Muxe Anaca®, Cpiicku Hapog, 19. jyr 1943, 12. (University library “Svetozar
Markovi¢”)

The digital legacy of Mihailo Petrovi¢ Alas: http://alas.matf.bg.ac.rs/~websites/digitalnilegatmpalas/

Apart from Petrovics legacy, there are legacies of other mathematicians: Milutin Milankovi¢, Bogdan Gavrilovi¢,
Anton Bilimovi¢, Slavisa Presi¢. More details on the digital legacies of the Faculty of Mathematics of Belgrade
University can be found at: http://legati.matf.bg.ac.rs/

On implementation and architecture of a digital legacy, see more in: Mirjana Maljkovi¢, Biljana Stojanovi¢,
Zarko Mijajlovi¢, “Digital legacy of Mihailo Petrovi¢ Alas”, IIpeineg HLJJI, 31 (2017), 10-17.

In a conversation with Professor Zoran Markovi¢, director of the Mathematical Institute in the period from 1985
until 2014, the author was informed that the representatives of the Archives of Serbia took over a part of the
materials, while leaving the rest to the Mathematical Institute. According to Markovi¢, a part of the materials,
including, for instance, the minutes from the meetings of the Institute’s managing bodies, were planned to be
thrown away, and were only preserved thanks to an intervention of the then management of the Institute. Hence
the assumption that the above materials are currently not perceived as cultural heritage.

All internet sources from the reference list were accessed on October 23, 2018.
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MIHAILO PETROVIC:
SELECTED BIBLIOGRAPHY







APPENDICES TO BIBLIOGRAPHY
AND SOURCES OF DATA

Prepared by Zarko MIJAJLOVIC and Stevan PILIPOVIC

Mihailo Petrovi¢ left behind more than three hundred science
works in the field of mathematics and about one hundred works in
other areas. He also published around twenty university textbooks and
monographies. Petrovi¢ has very large opus in numerous fields, from
mathematics and its applications to travelogue novels and fishing. He
was publishing his works in the most famous world’s magazines, books
for the leading publishers, but also in domestic publications, and even
in local magazines and newspapers. Some of his works were re-printed,
while others were collected into thematic wholes and re-published that
way. Manuscript Stereometric inequalities was printed in Collection of
works of SAS XXXV only in 1953, ten years after Petrovi¢’s death. After
the World War II, summarized compilations of Petrovi¢’s travelogues
were published as separate editions and under different title. Regardless
of editors’ efforts in preparation of such editions, those books have to
be credited to Mihailo Petrovi¢. Having all this in mind, it is very com-
plicated to gather the complete and accurate bibliography of Mihailo
Petrovi¢. Fortunately, this important and hard work was done very well
and very thoroughly by Dragan Trifunovi¢, definitely the best expert
when it comes to professor Petrovi¢s career. Trifunovi¢’s compilation
of Petrovic¢’s bibliography can be found in several places, but the most
complete version, together with numerous comments, registers, indi-
ces and other auxiliary texts is in the 15" book of Collected Works of
Mihailo Petrovi¢. In the same book there is a big list of sources and




contributions of other authors on Mihailo Petrovié. This book, thanks to Institute for Text-
book Publishing in Belgrade and engagement of academician Gradimir Milovanovi¢, is pub-
licly available via internet (see paragraph electronic sources in this appendix) in Digital legacy
and Virtual library of Faculty of Mathematics in Belgrade. Let us also mention that almost
entire Petrovi¢’s legacy is available there in digital form, as well as numerous authors” works
on Petrovi¢. The works which have been digitalized and uploaded into Virtual library or Pet-
rovi¢s digital legacy are market in this bibliography with VB. Considering the easy availability
of the material, before all of the mentioned Trifunovi¢’s compilation, we will mention here
only excerpts from Petrovi¢’s bibliography and authors’ contributions about him which are
relatively new. Actually, the main goal of this selection is to point to versatility and broadness
of Petrovi¢’s work. At the end, with the same goal, we are giving two interesting appendices on
Petrovi¢’s membership in learned societies and his participation in work of various committees
and boards.

Petrovi¢ published his scientific works and articles in 30 first-class foreign science
magazines, and in the same number of domestic ones. The following list is brief excerption
(according to Trifunovi¢) from that list, together with number of published works in those
magazines:

Inac Cpiicke kpamescke axagemuje (60),

Toguwwax Cpiicke akagemuje Hayka u ymemninocimu (20),
Rad Jugoslavenske akademije znanosti i umjetnosti (12),
Bulletin de I'Académie royale de Serbie (16),

Publications mathématiques de I'Université de Belgrade (14),
Comptes rendus (30),

Bulletin de la Société mathématique de France (14),

Acta Mathematica (1),

Mathematische Annalen (3),

American Journal of Mathematics (3),

LIntermédiaire des mathématiciens (9),

Véstnik Krdl. eske spolecnosti nauk (6),

LEnseignement mathematique (8),

Rendiconti del Cicolo Matematico di Palermo (4),
Cpilicku krwusxcesHu inacHux (13),

Inacnux Jyiocnosernckol tipogpecopckoi gpyuiitiea (6),
Texcax (6),

Jlosay, (6),

Honuiniuxa (27).

V V V V V V V V V V V V V V V VYV V V
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10.

11.

12.

13.

14.

15.

16.
17.

18.

Selected scientific works of Mhailo Petrovi¢ by 1900

O jeghoj mogugpuxauuju Ipepeosol meitioga 3a peuiasare suwiux 6pojuux jegauuna, first
scientific paper, unpublished, 1886.

Intégration graphique de certains types déquations differentielles du premier ordre, Bulletin de
la Sci. Math. de France, 27, 200-2005, 1890.

Sur les integrales uniformes des équations du premier ordre et du genre zéro, Comptes rendus,
Paris, t. CXVIII, 22, 1190-1193, 1894.

Sur les zéros et les infinis des intégrales des équations différentielles algébriques, Théses pré-
sertées a la Faculté des Sciemces de Paris, N° 823, Gauthier-Villars, Paris, p. 109, 1894. (Doc-
toral thesis)

Sommation des séries a laide des intégrales définies, Compt. rendus, Paris, CXX, 15, 819-821,
1895.

Sur I’ équation différentielle binome du premier ordre, Compt. rendus, Paris, CXXI, 19, 632-635,
1895.

Sur I’ équation différentielle de Riccati et applications chimiques. Vestnik kralovske, Sitzungs-
berichte der K6nig — B6hmischen Gesellschaft der Wissenschaften, Praha, 39, 1-25, 1896.
O diferencijalnim jednacinama prvog reda koje se mogu graficki integraliti pomocu g. Klerice-
vog Sestara, Glas LI, 18, 313-316, 1896.

Sur les fonctions symetriques et periodiques des diverses determinations dune fonction alge-
brique, Bulletin des Sciences mathematiques, Paris, 2e serie, XX, 108-114, 1896.

Remarques sur les équations de dynamique et sur le mouvement tautochrone, American Jour-
nal of Mathematics, Baltimore, XVIII, 2, 135-144, 1896.

Sur les résidus des fonctions définies par les équations differentielles, Mathematische Annalen,
Leipzig, t. 48, 75-80, 1896.

Contribution a la theorie des solutions singulieres des équations différentielles du premier ordre,
Mathematische Annalen, Leipzig, 50, 1-3, 103-112, 1896.

Sur un procede d’integration graphique des equations difterentielles, Comptes rendus, Paris,
1897, CXXIV, 20, 1081-1084, presented in French Academy of Sciences by professeur P. Ap-
pell, 17. 5. 1897, reprinted in Journal de Physique, Paris, 476-479, 1897.

Sur lequation differentielle lineare du second ordre, Bulletin de la Societe mathematique de
France, Paris, XXV, 8-9, 221-235, 1897.

Quelques formules generales relatives au calcul des integrales definies, Rendiconti del Circolo
Matematico di Palermo, Palermo, XI, 6, 247-259, 1897.

Xugpaynuuna uninieipayuja, Texanaku nuct, beorpaz, 1898.

Sur I’ integration hydraulique des équation différentielle, American Journal Math, Baltimore,
20, 4, 293-300, 1898.

Sur une propriété des équations différentielles intégrables a laide des fonctions méromorphes
doublement périodiques, Acta mathematica, Stockholm, 1898, t. 22, pp. 379-386.
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19. O enexitipuuHum ocyunauujama upu ucipaxreasary kongensaimopa, Imac CKA, LVI, 27-111,
1898.

20. Appareil d liquid pour lintégrration graphique de certains types déquations différentielles,
American Journal of Mathematics, Baltimore, Vol. XXII, No. 1, 1-12, 1899.

21. Ilpunosu xemuckoj kuneimiuyu, Imac CKA, LVII, 207-277, 1899.

Selected scientific works of Mihailo Petrovi¢ after 1900

1. O mattiemaimiuukoj Wieopuju akiueHoCHU y3poka, (IPUCTYIIHA aKa/jeMcKa becelia, CaoIIIITeHO
1. merrem6pa 1899), CKA, Imac, k. LIX, IIpBu paspen, k. 22, Beorpap, 1900, ctp. 183-247.

2. Jedno pitanje iz teorije funkcija sa dvjema nezavisno promjenljivim kolicinama, JAZU, Rad,
knj. 143, Razred matematicko-prirodoslovni, knj. 29, Zagreb, 1900, str. 96-106.

3. Sur une classe déquations differentielles du premier ordre, Vestnik Kral, ¢eské spole¢nosti
nduk, Praha, 1901, Trida math. prirodovedecka, t. XXXI, pp. 1-20.

4. Remarque sur les zeros des series de Taylor, Bull. Soc. math de France, Paris, 1901, t. XXIX,
pp- 303-312.

5. Generalisation de certaines formules de Stieltjes, Rendiconti Circ. Mat. Palermo, 1903, t. XVII,
327-334.

6. Sur une classe de séries entiéres, Comptes rendus, Paris, 1906, t, CXLIIL, 4, pp. 208-210.

7. JegHa cumemtipuuna pyHKyuja kopera u rere ocobune, CKA, Imac, k. LXXV, IIpBu pasper,
k. 30. beorpap, 1908, cTp. 75-100.

8. Procédé étémentaire d’ application des intégrales définies réelles aux equations algébriques et
transcendantes, Nouvelles annales des mathématiques, Paris, 1908, 4¢ série, t. VIIL, pp. 1-15.

9. Expressions diverses des fonctions associées, Bulletin de la Societe des Sciences de Bucar-
est-Roumanie, 1908, t. XVII, 1-2, pp. 11-19.

10. Télemétre a sextant, Brevet d'invention, Paris, 1910, Coll. XII (Instruments de précision, élec-
tricité), N° 413730 (avec M. Terzitch).

11. Allure d’une transcendente entiére, Comptes rendus, Paris, 1912, t. CLIV, 8, pp. 499-501.

12. Principe de minimum dans les phénoméns éléctrodynamiques et élélectromagnétiques, Joumal
de Physique théorique et appliquée, Paris, 1912, 5e serie, t. II.

13. Une transcendente entiére et son role délément de comparaision, Annales scientifiques de
I'Ecole normale supérieure, Paris, 1914, 3¢ serie, vol. XXXI, octobre 1914, pp. 441-454.

14. Sur quelques fonctions des cotes et des angles dun triangle, LEnseignement mathématique,
Geneve, 1916, t. XVIII, 3-4, pp. 153-163.

15. Remarques sur l'intégrales [ uv dx, UEnseignement mathematique, Geneve, 1919, t. XX, 4, pp.
268-270.

16. Problémes arithmétiques sur les équations différentielles, Bulletin Soc. mathematique de
France, Paris, 1924, t. LII, pp. 514-519.

17. Correspondance entre la fonction et la fraction décimale, Proceedings of the V International
Congress of Mathematicians, Toronto (Canada), 1924, pp. 449-455.
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18.

19.
20.

21.

Gk WD =

Problémes d’intégration qualitative en astronomie, Annuaire pour l'an 1930, Publications de
I'Observatorie astronomique de I'Universite de Belgrade, 1929, t. II, pp. 121-124.

Une application de la résultante de deux fonctions, Mathematica, Cluj, 1930, t. IV, p. 33-37.
A propos dune récente application de I’ astronomie a la climatologie, Memoires, Publications
de I'Observatoire astronomique de I'Universite de Belgrade, Belgrade, 1932, t. I, pp. 7-12.
Theoreme sur les integrales curvilignes, Publications mathemat. de I'Univers. de Belgrade,
1933, t. II, 45-59.

Philosophy works

Enemenitiu matiemaitiuuxe geromeronoiuje, CKA, beorpap, ctp. 788, 1911. VB
Meéchanismes communs aux Phénomeénes disparates, Nouvelle Collection scientifique, Direc-
teur Emile Borel, Librairie Félix Alcan, Paris, p- 279, 1921. VB

Qenomenonouixo tpecnukasarve, CKA, beorpap, ctp. 33. 1933. VB

Meiniagpope u aneiopuje, CK3, 1967, ctp. 196.

Appendices: a. complete bibliography of Mihailo Perovi¢ and works of other authors which
were a reaction to Petrovi¢’s mathematical phenomenology; b. Mihailo Petrovi¢ (biography).
Both appendices were put together by D. Trifunovi¢. VB

Scientific monographies and university textbooks:

Les spectres numeriques, Gauthier-Villars, Paris, 98, 1919. VB

Legons sur les spectres matheatiques, Paris 1928. VB

Integrales premieres a restrictions, Gauthier-Villars, Paris, 58, 1929. VB

Kpunitioipaguja, beorpan, 1928.

Pauynawe ca 6pojuum pasmayuma, TpefaBama Ha DeorpajickoM YHUBEpP3UTETY, U3Jarbe
3agyxo6una Jlyke Renosuha-Tpebumua, beorpap, ctp. 193, 1932. VB

Enuniitivuke @yHkyuje, mpefaBama Ha beorpajickoM yHUBEpP3UTeTy, U3flame 3afy>KOumHa
Jlyke Renosnha-Tpebumiia, beorpap, ctp. 236, 1937. VB

Wntaeipayuja gugpepenyujaniux jeguauuna iomohy pegosa, beorpan, 1938; npyro uspgame
Yuusepsurer y beorpany, cTp. 196, 1969. VB

Jegan gugpeperyujantu aniopuitiam u weioge tpumere, CKA, beorpan 1936.

University lectures

In the library of Mathematical Institute of the SASA there are 14 scripts by Mihailo Petro-

vi¢, all of them manuscripts. Notes from the lectures were written by student Borivoje J. Puji¢, in
the period from 1910-1914. Titles of the scripts: Teopuja aniebapckux jegnauuna, Teopuja useoga

ca

upumenama, Jupepenyujantiu pauyn, leomeilipujcke uUpumeHe gugepeHyuujantoi pauywa,

Unmeipannu pauyn, lTeomemipujcke tpumene uniieipannoi pauyna, Obuune gudeperyujante
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jegnauune, Ilapyujanne gudepenyujanue jegnauuwe, /Iuneapre gudepenuujante jegHauuHe,
Teomettipujcke Upumere gudepeHUUjanHux jegHauuna, AHanuiliuuxa ieomedipuja y pasHu,
Ananuiiuuka ieomeitipuja y ipociiiopy, OcHosu iieopuje getiiepmunanaitia, Teopuja pynxuuja. VB

Travelogues and novels

Kpos wonapuy obnacim, CK3, beorpan, ctp. 248, 1932. VB

Y yapcinusy iycapa, CK3, beorpag, ctp. 270, 1933. VB

C oxeancxkum pubapuma, CK3, beorpap, ctp. 254, 1935. VB

ITo 3abauenum ociipsuma, CK3, beorpap, ctp. 296, 1936. VB

Poman jetymwe, CK3, ctp. 270, beorpay 1940. VB

Janexa xotina u mopa, KOMIIAaNMja MPETXOAHO 00jaB/beHNX PYKOINCa, pupenno Isumo
Taprarpa, [Ipocsera, cTp. 267, beorpap, 1948. VB

7. Benuko uyiosarwe, n3bop n3 IlerpoBuheBux myrtommca u cehamwa, mpupenmo paran
Tpudynosuh, crp. 165, ,,Byk Kapaynh®, Beorpan, 1982. VB

A

Works on fishing

Ila nu pu6e ciiasajy, Jlosan, beorpan, 1897, t. 11, 9, cTp. 61.

La péche en Serbie, Exposition Internationale de Turin, beorpap, 13, 1911. VB

Pubonosu y mumoukoj kpajunu, ,Mmnaga Cpbuja“, beorpap, ctp. 15, 1933. VB

Beoipag, Helgawirou yeHimap éenuxoi pubapciisa, WiaHIV ORLITAMIIaHN Y TUCTY ,beorpaacke
OIIITVHCKEe HOBUHE", CTP. 94, beorpan, 1940. VB

5. Bepgaiicku pubonosu y upownociiu u y cagamrociiu, CKA, beorpan, ctp. 132, 1941. VB

Ll o e

Literary and historical works

1. Jegua eninecka krouia y Hauioj Upe6ogHoj KrouiesHOCHIU ipouiiol 6exd, TOBOLOM TOAUIIbIIIE
Huxone Yymmha, 1934.

2. JegHna Hegospuiena unu usiybmena tpuioseitika Citiesana Cpemya, beorpap, 1938.

3. Jegan eenuxu mycnumarcku iycap, k. XLIII, 3agy>x6. Hukone Yynuha, beorpan, 80-127,
1941.

Sources and authors’ contributions on Mihailo Petrovié¢

SASA Archives, Libraries: SASA, Mathematical Institute of SASA, MF (Faculty of
Mathematics in Belgrade), University Library “Svetozar Markovi¢”, Belgrade City Museum,
Funds and collections of Archives of Serbia: Ministry of Education, Belgrade University, Fac-
ulty of Philosophy, Ministry of People’s Economy, Personal Fund of Zivojin Peri¢, Collection
Varia, Cpiicke Hosute.
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10.

11.

12.

13.

14.

Books and catalogues

M. boxuh, IIpeineg ucitiopuje u ¢punosoguje maiiemaitiuke, 3aBof, 3a ylIOeHMKe, 2. U3ambe,
beorpag, ctp. 305, 2010.

I. Maneruh, Kaiiapke beoipaga, Jlaryna, beorpan, ctp. 200, 2017.

Munytun Mwumankosuh, Jeneako Muxaunosuh, Muxa Anac — Benewike o susoity, Kocmoc,
Beorpan, 1946; II uspawe /Iuunocii Muxauna Ilewposuha, npupenuo B. Mumnhesnh,
beorpap — Kamrapu, ctp. 124, 2012. VB

Muxauno Ileimposuh, wosex, punozod, maitiemaitiuuap, 360pHIK panosa, y pegakuuju JI. C.
Murpunosuh, Maremarndka 6ubmmoreka 38, beorpazn, ctp. 196, 1968. VB

M. Ilerposuh, Notice sur les travaux scientifiques de M. Michel Petrovitch (1894-1921), Gauthier-
-Villars, Paris, 1922. VB

Tapuja Ilejosuh, Moje yciiomene u goxcuemwaju 1892-1945, Tlopogmua IlejoBuh, Beorpap,
1992. VB

E. Robson and J. Stedall, The Oxford handbook of the history of mathematics, Oxford Univer-
sity Press, 2009.

[. Tpudynosuh, Jleiwmoiuc musoitia u paga Muxauna Ilemposuha, CAHY beorpap 1969,
crp. VIII+631. VB

[. Tpudynosuh, Muxauno Ilemwposuh Anac - xmueoii u geno, [ledje HOBuHe, [opmu
Mmwunanosair, 1982. VB

1. Tpudynosuh, bapg cpiicke maitiemaitiuke - Muxauno Ileitiposuh Anac, 3aBop 3a yii6eHuke
U HacTaBHA CpefCcTBa, beorpap.

Cabpana gena Muxauna Ileiiposuha, 15 TomoBa, 1. ypenuuk J. Tpuynosuh, 3asop 3a
yli0eHrKe U HacTaBHA CpencTBa, beorpap 1998; Ipupenunu: b. Crankosuh, [I. Agamosuh
(1. Jugpepenyujanne jegnauune 1), B. Mapuh, Jb. ITpotuh (2. Jugepenyujante jegnauune 2),
[I. Apaubenosuh (3. Ananusa), K. Mujajnosuh (4. Aniebpa), . Azamosuh, [I, Tpudpynosuh
(5. Mamemaimuuxu cieximpu), [I. Tpudynosuh (6. Mamemaimiuuka peromeronoiuja, 8.
Uninepsanna mamemamiuka, Judpepenyujannu aniopuitimu, 14. Pubapciieo, 15. Muxauno
Ietmposuh — tiucma, 6ubnuoipaguja u newwoniuc), B. Byjuuanh (7. Enemeniiiu mattiemaitiuuxe
peromenonoiuje), 3. Kagenbypr (9. Enuiitivuxe gynkyuje, Mnineipayuja iomohy pegosa),
M. Mapjanosuh, [I. Tpudynosuh (10. Ynanyu - Ciayguje), C. Ilekosuh (11, Iyimonucu 1,
12. Iymonucu 11, 13. Memagope u aneiopuje). VB

Cpiicku maitiemaimiuuapu, 300pHUK mpefaBama, 1. ypeguuk [I. Kojumh, CAHY 2015,
Beorpap, 173 ctp.; Authors’ contributions on Mihailo Petrovi¢: /b. ITpotuh, K. Xenpux, A.
Hukomnh, B. Munnhesnh. VB

Wsnomba - beoipagcka matfieMailiuuka wikond, KaTauorl, yBOGHM TeKCT b. Mauuh, Apxus
Cpb6uje, Beorpap, 1968. VB

Wsnomoba - Jleienge Beoipagckoi ynueepsuitieinia, Muxauno Ileitiposuh Anac, M. Bpauuh-
Urwauesuh, [I. Becapa, [I. Tpudynosuh, VYumsepsmrercka O6ubmmoreka ,CBeTo3ap
Mapxkosuh®, beorpap, 67 ctp. 2003.
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15. Msnomba - Muxauno Ileiwiposuh Anac, pogonauenHux cpiicke mailieMaifiuuke WKOe,
karasor, ypeguuk JK. Mujajnosuh, CAHY, 166 ctp. Beorpan 2018. Authors' annexes: JK.
Mujajnosuh, C. ITwmmmosuh, C. Byjomesuh, M. ITantuh, [I. Byunh, V. JKusamesuh, M.
boxmuh, P. Crankosuh, K. P. (CreBanosuh) Xempux, M. Muxamesnh, M. Jymunh, M.
Hosakosuh, M. Illeran-Pagomuh VB

Articles

1. M. Bepronuno, Haw gyi Muxauny Ileiniposuhy, Iujanextuka, 1-2, rox. XV, Beorpaz, 1980,
87-92.

2. J. Kecki¢, Serbian doctors of mathematics in the 19" century, Publications de I'Institut Mathe-
matique, N.S. t. 38 (52), 1985, 3-6.

3. J. Keuxuh, Muxauno Ileitiposuh, JKuot u neno Cprckux Hay4Huka, ki. 2, CAHY, Beorpap,
1997.

4. S. Lawrence, Mathematics Education in the Balkan Societies Up To the WWI, Teaching Inno-
vations, 2014, Volume 27, Issue 3, pp. 46-57.

5. M. Maljkovi¢, B. Stojanovi¢, Z. Mijajlovi¢, Digital legacy of Mihailo Petrovi¢ Alas, NCD Re-
view, 31, 2017, 10-17.

6. Z. Mijajlovi¢, N. Pejovi¢, Twenty Four Manuscripts in the Virtual Library of the Faculty of
Mathematics in Belgrade, NCD Review, 25, 2014, 29-35.

7. Z. Mijajlovi¢, Z. Ognjanovi¢, A. Pejovi¢, Digitization of Mathematical Editions in Serbia,
Mathematics in Computer Science 3(3): 251-263, 2010.

8. A. Nikoli¢, The beginnings of mathematical institutions in Serbia, Publ. Inst. Math. 102 (116),
1-16, 2017.

9. T. Pejovi¢, Michel Petrovitch (1869-1943), Publications de I'Institut Mathematique, N.S. 8
(22), 1-4, 1968.

10. A. Petrovi¢, Development of the first hydraulic analog computer, Archives internationals d’his-
toire des sciences, Vol. 54, No. 153, Brepols Publishers, Belgium, 1-14, 2004.

11. N. Pejovi¢, Digitization of mathematical textbooks used in Serbia in the past, NCD Review, 12,
2008, 55-64.

12. S. Pilipovi¢, Nas profesor Mihailo Petrovic, Planeta, 2013.
http://www.planeta.rs/56/08 Tema4.htm

13. M. Sipos, The fascinating and forgotten world of hydraulic computing, June 22, 2016.
https://www.are.na/block/823545,

14. Muoppar Tommh, Maremarnuke Hayke, CpIicKa akajieMuja HayKa M YMETHOCTM U Pa3Boj
Hayke 1 ymerHoctu y Cp6a, Bon. 1, CAHY Beorpap, 1989.

15. II. Tpudynosuh, (1989), Maitiemaimiuuku uxciwpymenitiu /bybomupa Knepuha, Vicropujckn
CIVICK MaTeMaTMKe U MexaHuke, Marematuaku nHctutyt CAHY, Victopuja MaTeMaTM4KuX
U MEXaHUYKUX HAyKa, Kib. 2, 65-84.
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16. Cuexana Ilap6ox, Ilarentn - Hamunap, Hatipasa 3a wiugposarve u eeduitiu KaneHgap,
ITnanera, 1. 2. 2018.

17. Ip Muxauno Ilemmiposuh 1868-1943,Y donposuma u séupkama Apxusa Cpbuje, [Tpupenna:
Cnasuna ConomyH, Apxus Cpb6uje, beorpag 2018.

Electronic sources — Internet links:

Digital legacies, Faculty of Mathematics in Belgrade:
http://alas.matf.bg.ac.rs/~websites/digitalnilegatmpalas

Virtual library of Faculty of Mathematics in Belgrade:
http://elibrary.matf.bg.ac.rs

Rade Daci¢: Eight Serbian Mathematicians,
http://www.rastko.rs/istorija/delo/10296#_Toc197175291

Link to text on Mihailo Petrovi¢’s patents from magazine Planeta (Planet):
http://www.planeta.org.rs/56/05_Temal.htm# Wpal]JKjwaUl

Wikipedia, tags Mihailo Petrovi¢ (English.), Muxawuno ITerposuh Anac.

History of ICMI (International Commission on Mathematical Instruction),
http://www.icmihistory.unito.it/portrait/petrovic.php

Famous Scientiests,
https://www.famousscientists.org/mihailo-petrovic-alas

Special Issue of International Journal Non-Linear Mechanics, Vol. 73, July 2015, Dedicated to
Petrovic’s theory: Elements of mathematical phenomenology and Phenomenological Mappings.
Editors: K. R. (Stevanovic) Hedrih, I. Kosenko, P. Krasilnikov, P. D. Spanos
https://www.sciencedirect.com/journal/international-journal-of-nonlinear-mechanics/vol/73

Consulate General of the Republic of Serbia - New York, Serbian scientists:
http://www.serbiaconsulatenyc.com/en/greatscientists.html

Video recording Mihailo Petrovi¢ Alass Hydro Integrator (7.21 min)
http://alas.mi.sanu.ac.rs/video/hidrointegrator.mp4

Video recording on Mihailo Petrovi¢ Alas’s fishing activities (10.12 min)
http://alas.mi.sanu.ac.rs/video/ribarstvo.mp4

Appendices

Member of academies, foreign and international societies: RSA (Royal Serbian Acad-
emy, corresponding member from 1897, full member from 1900), YASA (Yugoslav Academy of
Sciences and Arts, corresponding member from 1897), member of Czech Academy of Sciences
in Prague, Academy of Sciences in Warsaw from 1929, Academy of Sciences in Bucharest from
1929, corresponding member of Polish Academy of Sciences and Arts in Krakow from 1937, So-
ciété mathématique de France, Circolo matematico di Palermo, Société Francaise de Physique,
Societatea de sciinte din Bucuresci, Deutshe Mathematiker — Vereinigung — Leipzig, Association

367



des docteurs des Sciences - Paris, Association francaise pour l'avancement des sciences (hon-
orary president from 1928), international Committee for Unification of Terminology of Math-
ematical Physics — Berlin, ICMI (International Commission on Mathematical Instruction, since
its founding in 1915), Shevchenko Scientific Society — Lviv, Rotary club, professeur agregé at
universities in Paris and Brussels.

Member of committees, boards, associations and societies: Committee for preparation
of project of the laws of the Royal Serbian Academy, Committee for reviewing of the Academy’s
bills, representative of the Royal Serbian Academy in International Council of Scientific Unions;
Association of university professors, Main Educational Council, Permanent Professorial Exam-
ining Committee, representative of Ministry of Education at maturity exams in gymnasiums in
Belgrade, Kragujevac, Ni§, Jagodina; part-time supervisor of secondary schools; Board for Lit-
erature in Nikola Cupi¢ Foundation (elected to the vacant position upon death of writer Milan
Raki¢ in 1938); Advisory Board of Ministry of People’s Economy, Committee for passing of the
first Law on freshwater fishing on lakes and rivers of Serbia in 1898, Committee for negotiations
about signing Convention on fishing with Romania, as well as in negotiations about protection
of fishing on Sava, Danube and Drina with Austria-Hungary; Board of Oceanographic Insti-
tute in Split, Committee for artificial fishponds of the Ministry of People’s Economy, Belgrade
Fishing Association (founder), Managing Board of the First Serbian Royal Preferential Shipping
Company, Managing board of Association of Hunting Societies of Serbia; part-time inspector of
Ministry of Agriculture and Waters.
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Mihailo Petrovi¢ as a high school graduate of
the First Belgrade Gymnasium, 1885 (SASA
Archive, 14188/14)
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Certificate of the maturity exam, 1885 (Archive I.
of Serbia, MPS, F25, p207/894) e — e .
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SASA Archive, 14197/11-22-3

SASA Archive, 14197/11-7
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An invitation to Mihailo Petrovi¢ to visit Stojan Novakovi¢,
the Prime Minister, 22 March 1909 (“Adligat” Society)

SASA Archive
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SASA Archive, 14188/27
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Mihailo Petrovi¢ in the presidency of the First Congress of Mathematicians from Slavic Countries, Warsaw, 23-27 September 1929
(SASA Archive, 1419717)
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Mihailo Petrovi¢ as the president of the exam board, 1928
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Personal belongings of Mihailo Petrovi¢ in the hall of the elementary school in Belgrade that was named after him

Telemeter from 1910 -
Mihailo Petrovi¢' patent which he constructed with general Milorad Terzi¢



CIP - Karanorusaruja y my6nukaryju —

HapopHa 6ubmnorexa Cpbuje, Beorpag

51:929 Ilerposuh M.(082)

MIHAILO Petrovi¢ Alas : life, work, times : on the occasion of
the 150 anniversary of his birth / [Editors Stevan Pilipovi¢,
Gradimir V. Milovanovi¢, Zarko Mijajlovi¢ ; english translation
Tatjana Cosovi¢ ... [et al.]]. - Belgrade : SASA, 2019 (Belgrade :
Planeta print). - 374 str. : ilustr. ; 24 cm

Tiraz 500. — Editor's foreword: str. 7. - Napomene i bibliografske
reference uz radove. - Bibliografija uz ve¢inu radova.

ISBN 978-86-7025-818-1

a) Ilerposuh, Muxanno (1868-1943) - 360puuun
COBISS.SR-ID 276911884
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