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Abstract

This paper is an attempt to present and discuss the scientific context prior to
the outbreak of the Russian Revolution in 1917. Some general aspects of the
scientific milieus of the eighteenth and nineteenth centuries are described, in-
cluding the period of Peter the Great, the foundation of the Academy of
Science, and the influence of great figures of science, both Russian and foreign.
In the eighteenth century, Euler (1707-1783) and Lomonosov (1711-1765) were
chosen as symbolic and representative figures, while in the nineteenth cen-
tury, Lobachevski (1792-1856), Chebyshev (1821-1894), Mendeleev (1834-1907),
and Pavlov (1849-1936) were looked.
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1. Introduction

The Russian revolution in 1917 was one of the most radical turning points in
Russia history. It affected economics, social structure, culture, international rela-
tions, and industrial development, amongst other transformations. The revolu-
tion opened the door for Russia to enter the industrial age and consequently to
achieve modernity (Carr, 1979).

Before 1917, Russia was an agrarian nation, with only very limited industrial
development. However, the pre-1917 scientific base was of fundamental impor-
tance for propelling the country forward and for technological advances, such as
electrification and new urban-industrial regions which appeared almost imme-
diately (Kirchner, 1982). Education also played a major role, with illiteracy being
practically eradicated.

Using the scientific background from the pre-revolutionary period, during the

1920s, the Soviet state changed research organizations into an institute system
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1920s (Graham, 1993). From the revolutionary viewpoint, the term scientif-
ic-research institute (nauchno-issledovatel’skii institute) had another meaning
and structure. Almost all outstanding scientists and engineers were members of,
or had a commitment to, an institute. Another very impressive characteristic of
the history of Russian science, mainly in the nineteenth century, is the role and
the participation of women (Koblitz, 2013). In fact, Russia had the highest con-
tribution of women to scientific activities in the world, looked in terms of doc-

torates in mathematics, physiology, zoology, chemistry, and in many other
fields.

2. Russian Science in the Eighteenth Century

The two major traditions in Russian science in the above period were mathe-
matics and studies of natural resources. Furthermore, these traditions have con-
tinued until the present. In both, but especially in mathematics, foreign re-
searchers dominated, notwithstanding many works written by Russians at the
end of the eighteenth century. The most famous case is Leonhard Euler who
came to St. Petersburg to study mathematics and physics (Oliveira, 2007). He ar-
rived in 1727 as an assistant professor of physiology. Other examples of foreign
academics include Daniel and Nicolaus Bernoulli.

The contributions of Euler and the Bernoulli brothers alone gave St. Peters-
burg prestige and honor in the history of mathematics. They came from Basil.
Euler spent two long periods in St. Petersburg, from 1727 to 1741 and from 1766
until his death in 1783. The majority of his works was written in St. Petersburg.
Euler arrived young in Russia, twenty years old and received his professional
education there. With respect to the Bernoullis, Nicolau’s career was interrupted
by his death with the age of thirty-one. Daniel stayed only seven or eight years in
St. Petersburg, before returning to Basil, but in Russia he started writing his
famous book Hydrodynamics (1738) which contains the Bernoulli principle
(Bernoulli, 1738).

Critics of Russian science in the eighteenth century have argued that these
contributions are much better described as Russian carried out by European
scientists, and some of whom actually returned to their original countries.
Another comment that appears is that the high-level mathematics studies en-
couraged were far from the educational necessities of the country and were at
the very least a distortion of priorities. However, these studies consolidated the
Russian mathematical tradition (Karp & Vogeli, 2010). Even if we look at Euler’s
work, obviously he did not work alone in St. Petersburg, where he created a
school for young people that have continued his work after his death. Some of
his disciples include Stepan Rumovskii and S. K. Kotel'nikov who significantly
help Russia enter the field of contemporary mathematics, where it still has a
leading place.

The second great scientific heritage in the eighteenth century was studies of

natural resources, often obtained through expeditions. The American historian
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of Russian science Alexander Vucinich has found 161 published studies that
came from these expeditions in Russia in the period 1742-1822 (Graham, 1993).
The eminent German naturalist Peter Simon Pallas (1741-1811) became a
member of the St. Petersburg Academy and spent almost his entire adult life in
Russia, from the age of 26 until 69.

Mathematics and natural history in the eighteenth century were the areas
where Russian science acquired its most remarkable position from the viewpoint
of its contribution to European science (James, 2002). In addition, the St. Pe-
tersburg Academy was responsible for the translation of many European scien-
tific works and helped the government solve many technical questions, as well as
contributing to the promotion of scientific education in the country.

Moscow University, founded in 1755, made few contributions to science in
this period despite providing the organizational foundations for the develop-
ment of science in the next century (Brooke, 2006).

Finally, since the beginning of the eighteenth-century Peter the Great had
tried to bring European science and technology to Russia having a remarkable
role to do this regarding the top of the Academy. His critics did not always agree
with his methods, but he always replied saying that his successors would contin-

ue and complete his project.

2.1. Science in the Peter the Great Period

Peter the Great (Figure 1), the ‘Reformer Tsar Reformer,” whom the Russians
generally call Peter I (Pyotr Pervy) was born in Moscow, on June 9, 1672. He
died in St. Petersburg, on February 8, 1725 and is entombed in Cathedral of
Saints Peter and Paul, located in St. Petersburg (Anderson, 1978).

The reign of Peter the Great (1689-1725) has a special importance in Russian
history, mainly due to the introduction of Western European science in the
country. It is possible to argue that many of these reforms were suggested by his
father Alexis. Moreover, Moscow had previously received foreign influences and

culture from other European countries which had left their marks. Nevertheless,

Figure 1. Peter the great (Portrait by P. Delaroche).
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in spite of these previous influences, it is generally accepted that the process of
disseminating European culture in Russia began with Peter the Great.

At the end of the eighteenth-century Russia did not have scientific organiza-
tions, although religious institutions existed in Kiev and Moscow for teaching
languages and religion.

The first prominent Russian scientist was Mikhail Lomonosov (1711-1765),
educated in these institutions. In 1701, Peter the Great created a navigation
school in Moscow and a naval academy in 1715, in St. Petersburg. In addition,
an artillery school, an engineering school, and a medicine school were also
founded during his reign.

Peter thus created a favorable atmosphere for the penetration of European
science and culture in Russia, in contrast with his predecessors (Owen, 1995).
Hence, in his reign a small part of the Russian population, mainly belonging to
the nobility but also including some academics and literati, began to see West
European culture as something desirable.

Despite his poor education, Peter the Great understood that for Russia to be-
come competitive in the context of European politics more had to be done than
just importing specialists and copying the models of other European armies. To
achieve this, he visited science academies in France, England, and Prussia, the
Greenwich observatory, as well as other places in Europe where scientific re-
search was being carried out. He decided that Russia should create this type of

institution.

2.2. The Foundation of the Academy of Science

In contrast with other European countries Russia did not have any universities
at the time of the foundation of the science academy. This increased the prestige
of the academy for a long period. At the end of nineteenth century Russian uni-
versities overtook the Academy of Science, a trend that led to the decline of pres-
tige and research effort in this institution, making it more of an honorific place
(Graham & Dezhine, 2008). This transition was not complete when Russian
Revolution radically changed the political context in 1917. The Soviet govern-
ment adopted a policy of increasing the prestige of academies after 1917, some-
thing which reminds us of the Peter the Great period.

Peter the Great, inspired and advised by Leibniz (1646-1716), founded the
Academy of Science in St. Petersburg by means of the Senate decree of February
8, 1724. Originally called The Saint Petersburg Academy of Science, it changed
name various times during the years. In 1836 it was named the Imperial Saint
Petersburg Academy of Science (Figure 2) which lasted until the end of the em-
pire in 1917.

When Peter decided to create a scientific society, there were several models
from other European academies to choose from, many of which he knew perso-
nally. He maintained fruitful correspondence with Leibniz, founder and presi-

dent of the Berlin Academy. He also exchanged opinions and experiences with
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Figure 2. Original building of the imperial academy of science.

Christian Wolff, professor at Halle University and later in Marburg. He was
helped by Lavrentii Blumentrost (1692-1755), the court physician charged with
designing a final plan for this organization. Blumentrost’s model was approved
by Peter the Great before his death, adopting many details of foreign academies.

One goal of this new orientation was to cultivate native Russian science
(Lieven, 2006). Its structure permitted the presence of foreign academics at the
top, offering the possibility of scientific investigations at the highest level and
providing professors in special scientific fields. The foreign professors would
bring students from other universities to interact with Russian students, while
the university’s students would act as (assistant) professors in a kind of third
level of the Academy, under the condition of teaching at the gymnasium school
and being Russian citizens. In other words, the objective of the development of
Russian science was to gradually increase the Russian elements.

Over time some important elements of the original project were changed. The
Academy became in part a foreign institution and many members were German
speakers. The first Russian member was not elected until twenty years after its
foundation. Only after a century and a half did ethnic Russians win control of
the Academy.

From the administrative viewpoint, the Academy was treated as a branch of
government and naturally submitted to imperial command. The original project
drafted by Blumentrost and approved by Peter allowed for self-government in-
cluding the right to elect their own members and the president. However, this
was obtained late, because the right to elect the president was hidden from the
members. This right was maintained until the provisional government in 1917.

In spite of initial difficulties, the Academy became a competent institution.
Among the foreign members who came to St. Petersburg it is possible to find

famous scientists who helped Russia to become familiar with European science.

2.3. Great Scientists in the Eighteenth Century

Leonhard Euler (1707-1783)
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Leonhard Euler (Dictionary, 2007) is undoubtedly the most important ma-
thematician of the eighteenth century (Figure 3). He was born in the vicinity of
Basil, in northern Switzerland near the French border, on April 15, 1707, the son
of Paul Euler and Margaret Bruchner. After first being taught by his father, Euler
went to university at the age of thirteen, where he demonstrated a rare aptitude
for mathematics. In addition, he studied with Jean Bernoulli and was directly in-
fluenced by Leibniz (1646-1716) and Descartes (1596-1650), mainly in mathemat-
ics and philosophy. He received mechanical theory from Newton (1642-1727).

He adopted and used Leibniz’s mathematical theory for finite and infinitesim-
al quantities, as well as adopting Newton’s concept of force, but diverged with
the latter in relation to the idea of absolute space.

At seventeen he wrote a paper on the ‘Physical demonstration of sound.” This
is Euler’s first noteworthy work and had a significant influence on research into
acoustics.

When Euler was twenty-one he was nominated by Daniel Bernoulli to the St.
Petersburg Academy of Science. In 1733 he succeeded him as mathematician in
that Academy. Here he improved integral calculus, developed the theory of tri-
gonometric and logarithm functions, and worked hard to simplify analytical ex-
pressions in mathematics.

Probably because of his intense intellectual effort, Euler became partially blind
in 1735. In 1741 Frederick the Great invited him to the Berlin Academy. He left
Russia and stayed in Berlin for 25 years. During this period Euler produced a
significant amount of scientific work. In 1748 in “Introductio in analysin infini-
torum,” he developed the concept of function as we now know it. In 1755 he
wrote Differential Calculus (2 Vols.), afterwards writing Integral Calculus (3
Vols.) which was published in St. Petersburg (1768-1770). All these books
guided mathematicians for many years, and it can be said that all eminent ma-
thematicians living towards the end of the eighteen century and at the beginning

of the nineteenth were Euler’s pupils.

Figure 3. Leonhard euler (1707-1783).
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In 1776 he returned to St. Petersburg to the court of Catherine II (1729-1796).
Euler was now practically blind. In spite of this his extraordinary memory
helped him to maintain the same considerable rate of work. He was also aided by
assistants in order to organize his papers and manuscripts. However, this did not
stop his activity, and the number of papers he wrote in this period was greater
than ever. To accomplish this task, Euler gave complete explanations of new
problems to the assistants. With this information, his assistants were able to go
ahead with his new papers, though Euler obviously analyzed the results before
giving final approval. More than 400 papers were produced by him during this
last period (1766-1783). More than forty years after his death the Russian
Academy of Science was still publishing his papers in its annual memoirs.

Euler married Katherine Csell in 1753 and had thirteen children, of whom
only eight survived. One of these, Johann Albrecht (1734-1800), reviewed and
continued his father’s work on rigid bodies. A descendant of Euler, Hans Karl
August von Euler-Chelpin (1873-1964), received the Nobel Prize for Chemistry
in 1929.

Euler’s achievements in mathematics are well known. He studied elementary
geometry, trigonometric functions, discovered the imaginary logarithms of neg-
ative numbers, showed that each complex number has an infinite number of lo-
garithms. He demonstrated the identity e =cos@+i senf, in which when
carrying out € =7 one discovers the relation €” +1=0. As we can see the
most famous numbers appear.

Euler introduced the modern nomenclature we know today to mathematics,
namely the symbols, £ for any summation, ¢ the Neperian logarithm base,
f (x) representing a function of the independent variable x and i to
represent the complex number J=1. He was the first to use the derivative of a
function as a limit of the ratio between two variable quantities.

Euler died on September 18, 1783. He left on his desk some manuscripts and
calculations on the problem of aerostatic balloons. This was his last scientific
concern.

Mikhail Vasilievich Lomonosov (1711-1765)

Lomonosov (Pavlova et al., 1984) was the first eminent Russian scientist who
worked in various fields, such as chemistry, physics, mineralogy, mining, metal-
lurgy and optics (Figure 4). In addition, he was interested in history and dedi-
cated some time to poetry.

Lomonosov was born in a small village of Mishaninskaia, in the extreme north
of European Russia on the White Sea. It seems almost improbable that there
would appear from this remote place a scientific figure capable of developing
leadership in Russia science in relation to the European context.

In 1730, Lomoosov received permission from local authorities to go to Mos-
cow in order to try to enter the Slavic-Greek-Latin Academy, the best Russian
educational institution at that time. It was an Orthodox institution, and had
deep roots in Russian intellectual traditions, both Greek and Catholic, as well the

Latin one that came from Kiev. However, Lomonosov faced a serious problem,
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Figure 4. Mikhail Lomonosov (1711-1765).

peasants could not be admitted to the Academy. He was obliged to deny his ori-
gin and presented himself as the son of a priest.

Fortunately, at that moment in Russia a kind of Westernization occurred and
in 1735 the Academy of Science gained increasing prestige, though the majority
of its members were from abroad. Moreover, it required from monasteries and
ecclesiastic academies university students to study with foreign academicians.
Lomonosov was sent with eleven students to the St. Petersburg Academy where
he began to study mathematics and physics.

Some other events were favorable to Lomonosov’s career. The academy was
organizing expeditions for explorations in Siberia and in the arctic region and
required a chemist with experience in mining for seeking valuable minerals.
With the lack of this type of professional in St. Petersburg, the Academy decided
to technically prepare someone to fulfill this need by sending them to study in
the Universities of Marburg and Freiburg. Lomonosov was thus sent to Western
Europe in 1736 where he stayed for almost five years. He studied in Marburg
with Christian Wolff and in Freiburg with Friedrich Henkel.

After returning to St. Petersburg, Lomonosov became assistant professor in
the Academy of Science in physics and later professor of chemistry. In 1748 he
opened the first chemical laboratory in Russia, similarly equipped to the Euro-
pean labs. Later he also became head of the geography department of the Acad-
emy.

Lomonosov’s scientific activities can be divided in three periods: from 1740 to
1748 when he basically worked on theoretical physics. In this period, he wrote
and taught on matter corpuscular theory, heat theory, and air properties. As re-
sult of these investigations in 1746 he published the first physics’ work in Rus-
sian. However, the majority of his publications were in Latin. From 1748 to
1757, after the construction of his chemistry laboratory, he hardly worked in this
discipline, studying chemical affinity, the production of glass and mosaics, the
freezing of liquids, and the nature of substance mixtures. From 1757 until his
death in 1756, Lomonosov was involved in scientific administration, mining and

metallurgy as well as navigation problems. During all of these periods he con-
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tinued to write poetry and to promote the language and Russian history.

With respect to influences on him, it is worth emphasizing corpuscular matter
theory, in vogue during the seventeenth century and at the beginning of the
eighteenth, influenced by the ideas of Pierre Gassendi, Descartes, and Boyle.
However, also important was the influence of Christian Wolff, his professor in
Marburg. Leibniz’s thought, mainly his theory of knowledge and his Monadolo-
gy, also influenced him.

Finally, Lomonosov had a particular way of describing nature through figures
and mechanical models, leading to the establishments of fruitful connections

and useful consequences.

3. Russian Science in the Nineteenth Century

During the nineteenth century Russian science developed enormously. All edu-
cation levels were rising, from elementary to the universities, as well as the high-
est level of scientific research. However primary education continued to be a
problem until the following century.

In the nineteenth century Russia had a great number of figures and a certain
level of scientific leadership, even in the international context, including Nikolai
Lobachevski, F. G. W. von Struve, Dimitri Mendeleev, Pafnustii Chebyshev, Illia
Mechnikov and Ivan Pavlov, amongst others.

At the end of the nineteenth century Russia as a nation continued to be in a
backward position from an economic and political perspective (Chakravanti et
al.,, 1987). Looked at from a scientific point of view, however, significant
progress with respect the previous century cannot be denied. In 1900, compared
with Germany, France, and Great Britain, Russia was behind them, but the dis-
tance had been enormously reduced. However, this century involved long pe-
riods of academic reaction and intellectual retrogression as result of political re-
forms implemented by the autocracy, as well as western ideological influences.

At the beginning of the reigns of Alexander I (1801-1825) and Alexander II
(1855-1881), the most innovative periods, great advances were made which were
partially reversed in subsequent periods of reaction. Nevertheless, even in these
periods many advances continued to be made in science and technology educa-
tion.

Alexander I and his staff decided that the first step to definitively solve educa-
tional problems in Russia was the creation of an education ministry. In 1802 this
was created and lasted until the Russian Revolution in 1917, which was charged
with the administration of a very impressive system of schools in four levels:
elementary or parish schools, district schools, provincial schools, and universi-
ties.

The Russian empire had only one city with university, Moscow, when Alex-
ander acceded to the throne, but he added more three universities: in Kazan,
Khar’kov (1804), and St. Petersburg (1819). With the help of the Academy of

Science, the system worked as a lever to move forward the development of
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science and scientific education in Russia. This model, to some extent was in-
spired by the Polish system, but it went beyond this because of its classical edu-
cation elements. Higher education in Poland started in the Middle Ages. In 1364,
was created the first Polish University in Cracow. In 1826, the first technical
university was established in Warsaw. In addition, Poland was the first country
in the world to create a ministry of education.

It is also necessary to emphasize that the public dimension introduced in Rus-
sia was inherited from the French Revolution. In 1792 Condorcet introduced
through the National Convention the commitment that each child should be
giving an opportunity to develop until the limit of their innate potential. At the
beginning of Alexander’s reign, the tsar and his staff adopted this characteristic
of Condorcet’s plan. All educational levels in Russia were thus in principle open
to all social classes, including both sexes. In addition, there are no tuition fees,
while the state also supported the studies of poor people.

Despite the written rules, this system did not work. No woman went to uni-
versity during Alexander’s reign. Social pressure was much stronger than official
rules.

In the second part of Alexander’s reign the cost of the Napoleonic wars be-
came too heavy for his government to support the educational system. At the
same time the tsar became more conservative and mystic. French Revolution
ideas were left aside and nationalist thought became dominant.

Nicolaus I (1825-1855) was a conservative and militarist tsar who imposed his
ideas on Russian intellectual life using strong bureaucratic control. Paradoxical-
ly, in this period there flourished original literature, including writers such as
Pushkin, Lermontov, Gogol, Dostoievskii, Nekrasov and Turguenev. In the
sciences a similar wave of eminent scholars appeared: Lobachevskii in mathe-
matics, Struve in astronomy, von Baer in zoology, Hess in chemistry, Lenz in
physics and many others. Yet in Nicolaus’ reign the reforms of Count S. S. Uva-
rov introduced many changes to the educational Russian system. He promoted a
renaissance in the Academy of Science with the introduction of a new system of
scholarships in universities. In addition, he created a tradition of excellence to
evaluate student performance and strongly supported mathematical studies.

A second great period of reforms in Russian science came with the Crimea
War during the reign of Alexander II (1855-1881). This war highlighted Russian
technological weakness, which had been much behind Western European states
since the Napoleonic period, when Russia demonstrated its power to Europe.
The government concluded that with social and economic system modernization
of Russia was impossible. However, educational reforms had a greater impact on
the scientific system. University admissions increased significantly, but the pri-
vileges of social class implied a decrease in student participation in the applied
sciences. Foreign travel for studying was again permitted, while the education of
women up to the secondary level was stimulated. New rules for universities es-

tablished in 1863 eliminated the majority of restrictions created by rules intro-
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duced in 1835.

Some reformers proposed that women should be admitted into universities,
but this suggestion was not accepted. Instead of this, a few years later special
higher-level courses were created for women, in special faculties separate from
universities. In the 1860s and 1870s a remarkable generation of Russian women
looked for more advanced educations in those courses or in Western Europe.
This encouraged women to receive doctorates in several scientific fields. The
mathematician Sofia Kovalevskaia (1850-1891) became a leader in the field of
partial differential equations. She was the first famous Russian mathematician

and one of the most important since antiquity.

Great Scientists in Nineteenth Century

Nikolai Ivanovich Lobachevsky (1792-1856)

Lobachevsky (Dictionary, 2007) was born in Nizhni Novgorod, now Gorki, on
December 2, 1792 and died in Kazan in February 24, 1856 (Figure 5). His par-
ents were Ivan Maksimovich Lobachevsky and Praskovia Aleksandrovna Loba-
chevskaya. Around 1800, his mother moved with three children to Kazan. In
1807, Lobachevsky entered Kazan University studying with Martin Bastels, a
friend of Gauss, obtaining in 1812 the MSc title in mathematics and physics. In
1824 he became assistant lecturer in mathematical and physical sciences, starting
to teach mathematics and mechanics. The example follows.

At this time, he was appointed an extraordinary lecturer in 1814, becoming a
regular lecturer in 1822, the same year he started an administrative career having
been made responsible for monitoring the construction of many university
buildings.

Due to his fruitful work, in 1837 Lobachevsky was granted a hereditary noble
title. He also married Lady Varvara Alcksivna Moisieva in 1832, but due to fam-
ily problems he retired from university. At this time, he fell ill, suffering from a
degenerative disease that appears to have affected his vision. He became blind in
his final years.

Lobachevsky’s first important work, Geometriya, was written in 1823, though

Figure 5. Nikolai Lobachevsky (1792-1856).
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it was only published in its original form in 1909. These studies led him to his
most important discovery, non-Euclidean geometry, also known as hyperbolic
geometry and explained for the first time in: Exposition succinte des principes
de la geometrie avec une demonstration rigoureuse du théoréme des paralleles.
This paper was presented to the Kazan Department of Physics and Mathematics
in a meeting held on February 23, 1826.

Lobachevsky’s non-Euclidian geometry is a result of two thousand years of
criticism of Elements. Historically, mathematicians had continuously criticized
Euclides’ fifth postulate which stipulated:

If a line segment intersects two straight lines forming two interior angles on
the same side that sum to less than two right angles, then the two lines, if ex-
tended indefinitely, meet on that side on which the angles sum to less than two
right angles (see Figure 6 and Figure 7).

The converse of the parallel theorem is shown in Figure 7 below.

In his classes Lobachevsky tried to prove the fifth Euclidian postulate. His
geometry was then derived from the conclusion that a new kind of geometry was
possible, in which all Euclidian axioms, except the fifth, was still valid, and did
not contain any contradictions. He called this system /maginary geometry, using
an analogy with imaginary numbers. If there are much more general numbers, in
which arithmetic laws of real numbers can be justified, then in his imaginary
geometry, we can also expect that this one would be more general. Consequent-
ly, he rejected the unicity of Euclidean geometry, that it is a particular case of a

more general system. Hence in Lobathevsky’s geometry, for a given straight line

B>
ZA T~

—_—

~
- — X

-

~

Figure 6. If the sum a + fB1is less than 180, the two straight lines, meet on that side.

line 1 line 2
a b
If: a+b=180°
Then: line 1 and line 2 are parallel

Figure 7. The converse parallel theorem.
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a and a point A not belonging to a, it is possible to trace through A more than
one straight coplanar straight line that does not intersect a.

Lobachevsky’s work was not well received by mathematicians during his life-
time. Even in Russia, his contemporary, the mathematician, M. V. Ostrogradsky
from the St. Petersburg Academy of Science, did not understand Lobachevsky’s
achievements and published a report criticizing him: On geometry’s principles.
Only Gauss who received Lobachevsky’s book Geometrical investigations, agree
with his election to the Gottingen Sciences Society.

Pafnuty Lvovich Chebyshev (1821-1894)

Chebyshev (Dictionary, 2007) was born in Okatovo, on May 16, 1821 and died
in St. Petersburg in December 8, 1894 (Figure 8). He was descended from a mi-
nor noble family. His father, Lev Pavlovich Chebyshev, was a retired army offic-
er who had fought in the war against Napoleon. Agrafena Ivanovna Pozniakova,
his mother, had raised nine children; the youngest Vladimir Lvovich became a
famous general and professor in the Artillery Academy of St. Petersburg.

In 1832, Chebyshev’s family moved to Moscow, where he completed his sec-
ondary studies at home. He learned mathematics with P. N. Pogorelski, the au-
thor of many popular elementary mathematics books. The example follows.

In 1837, Chebyshev entered the Department of Physics and Mathematics of
Moscow University. Mathematics was taught by N. D. Brashman and N. E. Zer-
nov. The first had a great influence on Chebyshev’s scientific development. In a
letter addressed to the latter, Chebyshev acknowledges the importance of his
guidance in the classroom as well as many dialogues and profitable discussions.
This letter was read in a session of the Moscow Mathematics Society in Septem-
ber 30, 1865. It also appeared in the first issue of Matematichesky sbornik (Ma-
thematical collection) published by the same society in 1866. Chebyshev was one
of the first members of the society, Professor Brashman was a founder and its
first president.

While still a student, Chebyshev wrote Vychislenie korney uravneny (Calculus
of roots equations) in which he proposed an iterative and original method for

calculating approximately real roots of algebraic equations, y= f (x) =0. The

Figure 8. Pafnuty Chebyshev (1821-184).
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method was based on a series expansion of the inverse function x=F (x) In
terms of the numerical results obtained, comparing the first order approximations, it
is equivalent to the well-known Newton-Raphson method. In addition, his me-
thod also provides for error estimation.

In the spring of 1841, Chebyshev received his degree in mathematics from
Moscow University, but continued his studies under the guidance of Brashman.
He began a MSc program in 1843 and at the same time published a paper on
multiple integrals theory in Journal des Mathématiques Pures et Appliquées,
edited by the famous French mathematician Liouville (1844). Another paper
about the convergence of Taylor series appeared the Journal fiir die reine und
angewandte Mathemati. In 1846 he presented his MSc dissertation: Opyt ele-
mentarnogo analiza teorii veroyatnostey (Essay and analysis of the elementary
theory of probability).

He moved to St. Petersburg University as an assistant professor. In September,
1847, Chebyshev began to teach advanced algebra and number theory. Later, he
taught other disciplines including integral calculus, elliptic functions, and finite
difference calculus. At this time in St. Petersburg, Chebyshev began to work with
Bunyakovski on a new edition of Euler’s works about number theory. This was
demanded by the Russian Academy of Science. It was published as: L. Euleri
Commentationes arithmeticae collectae, 2v. (St. Petersburg, 1849). This project
encompassed not only Euler’s articles on number theory, but many archives and
manuscripts provided by Academy.

Number theory drew the attention of Chebyshev. He entered deeply into it
and developed congruence theory (7Teoria stravneny) which was chosen and
presented as his PhD thesis in mathematics at St. Petersburg University, May 27,
1849. He won a prize from the Science Academy for this work. In addition, his
findings were extensively used and many books propagated his ideas for a long
time in Russian universities.

In 1850, Chebyshev was elected extraordinary professor in mathematics at St.
Petersburg University. In 1860, he became full professor. It is important to em-
phasize that during this decade he wrote his famous studies on mechanisms
which implied important improvements in the theory and a better approxima-
tion of functions.

These developments in mechanisms led him to Moscow University, where he
increased his interest in technological problems, especially mechanical engi-
neering. Between 1849-1851 he taught courses on applied mechanics in the De-
partment of Practical Knowledge, a kind of engineering department in St. Pe-
tersburg University. Among his many technological concerns, Chebyshev stu-
died the steam engine and propeller mechanisms using articulated levers. As a
consequence, he began to develop a general theory of mechanisms, arriving at
some analytical problems, not previously known or even studied by his contem-
porary mathematicians. These problems led him to new achievements related to

find a better approximation of functions.
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Chebyshev is important in the history of science not only because of his ma-
thematical findings, but also due to the foundation of a great school of mathe-
matics. This school is sometimes known as the Chebyshev School but is more
frequently called the St. Petersburg School, because the majority of its represent-
atives belonged to the St. Petersburg Academy of Science. Some of Chebyshev’s
older contemporaries, such as Bunyakovski and Ostrogradski, also taught in the
mathematical school attached to the Academy. However, Chebyshev founded
this school, guided it, and inspired and influenced for a long time the trends of
mathematics in St. Petersburg University

For more than 50 years the professors in the school were Chebyshev’s dis-
ciples. Moreover, in addition to achieving a high academic level, the school also
disseminated Chebyshev’s ideas to the other Russian Universities. During this
period the St. Petersburg school of mathematics became one of the most impor-
tant around the world and obviously the best in Russia. The following mathema-
ticians belonged to that school: A. N. Korkin, Y. V. Sohotski, E. I. Olotavo, A. A.
Markov, A. M. Lyapunov, K. A. Posse, D. A. Grave, G. E. Voroni, A. V. Vasiliev,
V. A. Stelkov, and A. N. Krylov.

Dmitry Ivanovich Mendeleev (1834-1907)

Mendeleev (Dictionary, 2007) was born in Tobolski, now Tyumen Oblast, a
Siberian town, on February 8, 1834 and died in St Petersburg in February 2, 1907
(Figure 9). He was the 14th and youngest child of Ivan Pavlovich Mendeleev,
lecturer in Russian literature and Maria Dmitrievna Kornileva, descendant of an
ancient family of merchants and owner of a glass factory near Tobolski. At seven
he entered Tobolsky Gymnasium, where he graduated in 1849. For several years
he lived close to the glass factory, where industrial problems drew his attention.

In 1850, Mendeleev entered the St. Petersburg Faculty of Physics and Mathe-
matics, attached to the Principal Pedagogic Institute. He had the following teach-
ers: A. A. Voskresensky who taught chemistry and encouraged him to perform

chemical experiments; the geologist and mineralogist Kutorga who introduced him

Figure 9. Dmitry Ivanovich Mendeleev (1834-1907).
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to methods of research. Mendeleev graduated from the Institute in 1855 with
brilliant results. He wrote the text: Jzomorfizm v svyai s drugimi orno sheniami
formy k sostavu (Isomorphism with association with other forms related to
composition), published in Gorny Zhurnal (Mining review) in 1856. This work
led him to undertake a comparative study of the chemical properties of sub-
stances.

His MSc thesis was entitled Udelnye obemy (Specific volumes) as a natural
consequence of previous articles in which he investigated the relationships be-
tween chemical and crystallographic properties of substances and their specific
volumes. At this time, he began to incorporate many industrial concerns in his
research, in which economic problems were also considered.

Mendeleev also agreed with Gerhardt’s ideas which refuted Arrhenius’ elec-
trolytic theory, rejecting the concept of an ion as an electrically charged molecu-
lar fragment and not recognizing the existence of the electron.

He was, thus, completely opposed to the idea that chemical bonds were related
to electricity, though he agreed with the proximity of chemistry and physics as a
kind of mass science. This vision was theoretically supported by the correlation
of chemical properties and weights of atomic elements. From the methodological
point of view he was not a chemical mechanist. He saw chemistry as an inde-
pendent science, a physical science.

In 1856, after presented a new thesis he was promoted to the position of pri-
vatdozent at the university, a position for which he had to present a dissertation.
Its subject was silicon composites. At the beginning of 1857, he began to teach
chemistry to help researchers in the university’s laboratories. In 1859-1860 he
worked at Heidelberg University, where he came into contact with Bunsen. In
1860, he discovered the phenomenon of critical temperature—the temperature
that gas or steam can become liquid only by increasing pressure, which he called
absolute ebullition temperature. These studies then led him to consider once
again the relationships of chemical properties and physical particles to their
masses. In addition, he was convinced that chemical affinity forces were identic-
al to cohesion forces; as a consequence, his research field can be considered as
chemico-physics, a field where chemistry, physics and mathematics meet.

Mendeleev participated in the I International Chemical Congress, held in 1860
in Karlsruhe. Conceived by the famous chemist Kekulé, its main objective was to
standardize the basic chemical concepts, such as atomic and molecular weights
because the use of a variety of atomic weights by chemists created many difficul-
ties for the development of chemistry. During the Congress, Mendeleev met
many important chemists, such as Dumas, Wurtz, Zinin, and Canizzaro. The
latter also agreed with Gerhardt’s ideas as Mendeleev also did.

In 1865, he presented his PhD thesis: O soedinenii spirta s vodoyu (On the
composites of alcohol and water) and for the first time he developed the idea
that solutions are chemical composites so that the dilution of one substance in

another would be consider as identical to other forms of chemical combination.
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In this thesis he also accepted the principles of chemical atomism.

The origins of Mendeleev’s classification of chemical elements are attributed
to 1867, the year that he became chair of chemistry at St. Petersburg University
(see Figure 10). He concluded that there was no acceptable text-book for stu-
dents to follow in class. He then, began to write his own text-book in which the
elements were organized in groups according to their valences with respect to
hydrogen. The typical elements were Hydrogen (1), oxygen (2), nitrogen (3) and
carbon (4). The book was entitled: Osnovy khimii (Chemical principles). The
first part, which ended with halogens, was completed at the end of 1868. In Jan-
uary and February 1869, he wrote the first two chapters of the second part—on
alkaline metals and specific heat. He organized the halogens and alkaline metals
so that contrary chemical relationships were emphasized, although both pre-
sented the same valence. What was missing was organizing them according to
another quantitative variable: atomic weight. The example follows.

It is easy to realize that his initial work—studies of the chemical properties of
substances, specific weights and their relations with atomic and molecular
weights, studies of atomic weights and their correlations with elements—had
prepared him to the most important work of his life: the great synthesis of peri-
odic law.

On May 1, 1869, Mendeleev obtained the response about which group of

OIIbITb CHCTEMBbI 3JIEMEHTOBD,

OCHOBAHHOH HA HXb ATOMHOMB BbCb H XHMHUECKOMb CXOJICTBD.

Ti=50 Zr=90 ?=180.
V=51 Nb=94 Ta=182.
Cr=52 Mo=96 W=186.
Mn=55 Rh=104.1 Pt=197.1.
Fe=56 Ru=104.1+ Ir=198.
Ni=Co=59 Pd=1066 Os=199.
H=1 Cu=63.1 Ag=108 Hg=200.
Be=9.14 Mg=24 Zn=652 Cd=112
B=11 Al=273 ?=68 Ur=116 Au=197?
C=12 Si=28 ?=70 Sn=118
=14 P=31 As=75 Sb=122 Bi=210?
0=16 S=32 Se=79.4 Te=128?
F=19 Cl=35.5 Br=80 1=127
Li=7 Na=23 K=39 Rb=85.4 Cs=133 TI1=204.
Ca=40 Sr=876 Ba=137 Pb=207.
?7=45 Ce=92
?Er=56 La=94
?2Yt=60 Di=95
?In=75.6 Th=118?

. MernexbeBs

Figure 10. Mendeleev’s original version of the periodic table.
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elements would be put into his table after the alkaline metals. The principle of
atomicity led him to conclude that Cu and Ag must be treated as a transition
group because they came from substances like CuCl and AgCl, respectively, and
thus it seemed logical to put them near alkaline metals due to their similitude in
terms of chemical properties. Mendeleev was searching for a quantitative basis to
justify this transition, when he had the idea of arranging the various groups of
elements by order of atomic weight in a sequence that gave him an arrangement
in the form of a table.

Mendeleev’s work Osnovy Khimii led him to periodic law, formulated in
March 1869. According to him “ When arranged according to the value of atomic
weights, the elements present a clear periodicity of properties.” The first written
report presenting his new discovery was read to the Russian Society of Chemi-
stry in March 1869 by N. A. Menshutkin, as Mendeleev himself was absent.

Periodic law depended on a quantitative relationship between atomic weight,
as an independent variable, and physical and chemical properties. In 1870, he
studied the problem of how to develop a complete Natural system of elements.
He applied deductions in order to achieve some important logic consequences,
so that by checking these consequences he could confirm the law. The subse-
quent discovering of three elements predicted by Mendeleev was crucial to the
acceptance of periodic law.

Ivan Petrovich Paviov(1849-1936)

Pavlov (Dictionary, 2007) was born in Ryazan, on September 27, 1849 and
died in Leningrad, today St. Petersburg, on February 27, 1936 (Figure 11). He
was the son of a priest, Pyotr Dmitrievich Pavlov, and his mother was Varvara
Ivanova. At eleven years of age he was sent to a religious school in Ryazan. After
the conclusion of this course he went to the city seminary where began to study
natural sciences. At this time, he discovered Refleksy golovnogo mozga (Brain
reflexes) written by I. M. Sechenov and the popular works of D. I. Pisarev. He

did not conclude his studies in the seminary. The example follows.

Figure 11. Ivan Petrovich Pavlov (1849-1936).
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In 1870 Pavlov entered the Department of Natural Sciences of the Physics and
Mathematics Faculty in St. Petersburg. This course encouraged him to study
physiology. At this time, he was awarded a gold medal due to his academic work
written with M. 1. Afanasiev (1875).

To improve his knowledge of physiology, he commenced a three-year course
in the Academy of Military Medicine after graduating from the university
(1875). This new course was concerned with theoretical medicine. In the Physi-
ology laboratory in the Academy, Pavlov performed research on the physiology
of blood circulation which put him in contact with S. P. Botkin. Later he orga-
nized and ran the Physiology Laboratories in Botkin’s clinic (1879-1890), which
gave to him the opportunity to investigate digestion as well as the physiology of
blood circulation. On December 19, 1879, he received the degree of PhD in
medicine. In 1881, he married Serafina Vasilievna Karchevskaya.

In 1883, Pavlov became Privatdozent in physiology in the Academy of Mili-
tary Medicine and in 1890 was nominated professor of the Pharmacology De-
partment. At the same time, he became director of physiology in the Experi-
mental Medicine Institute and thus carried out interesting research on the phy-
siology of digestion, publishing a paper in 1897.

In 1895, after the retirement of I. R. Tarkhanov, Pavlov moved to the physiol-
ogy department, of which he was head until 1925. He concentrated his academic
career for the rest of his life in three institutions: the Institute of Physiology of
the Soviet Academy of Science, now the Institute of Experimental Medicine, and
the biological station in Koltushy, today Pavlovo, near Leningrad, today St. Pe-
tersburg, and obviously the physiology department cited above.

Pavlov’s scientific work was recognized internationally. In 1904 he received
the Nobel Prize in physiology and medicine due to his research into digestion. In
1907, he was elected to Russian Academy of Science. In August 1935 he was in-
vited to be the president of the XV International Congress of Physiology, held in
Leningrad and Moscow.

Pavlov’s contribution to physiology and natural sciences was of fundamental
importance. He introduced a new methodology in physiology science. To him
the living organism was a complex system whose functioning it was necessary to
understand properly, using both analytical and synthetic methods in scientific
research. However, the main problem in experimental research was to study re-
ciprocal environmental influences on the organism.

Pavlov’s investigations can be classified into three main areas: physiology of
blood circulation (1874-1888), physiology of digestion (1879-1897), and brain
physiology and superior nerve activity (1902-1936). His first researches on the
physiology of circulation were concentrated on the mechanisms that regulate
blood pressure. In his PhD thesis, he showed that heart function is regulated by
four nerves, which respectively inhibit, accelerate, weaken, and intensify. Pav-
lov’s research in this last area resulted in a publication in 1888.

Elsewhere Pavlov’s research on the physiology of digestion (1897-1906, 1911)
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led him to prepare new techniques that changed his usual methods of work.

After his work on the physiology of digestion, Pavlov turned his attention to
behavioral physiology. At the beginning of the twentieth century many physiol-
ogists, zoologists, and psychologists performed experiments to study brain func-
tion, but the information was neither sufficient nor complete. Pavlov then drew
on Darwin’s theory of evolution, which emphasized psychological and physi-
ologic continuity, and Sahenov’s reflexology to create his own behavioral theory.
He described as follows the genesis of his behaviorism: Our time is adequate to
perform an experimental analysis of the being, from an objective and external
point of view, as happens in other natural sciences. This transition allows for the
new comparative physiology that arisen under the influence of evolutionary
theory.

Pavlov had publicly communicated his theory of conditioned reflexes in 1903,
at the XIV International Medicine Congress, held in Madrid. He found in condi-
tioned reflexes a mechanism of individual adaptation which existed in the ani-
mal world. According to him: A nervous temporary connection is a universal
physiological phenomenon in the animal world and it really exists in ourselves.
He identified in brain hemispheres the locus of these activities which produces
the conditioned reflexes, by also proved that the center of this activity would be
found in the cortex.

Finally, Pavlov created a great school based on research, which at certain pe-
riods employed around 300 physiologists and medical doctors. In addition, he
organized several research centers, including the Department of Physiology at
the Institute of Experimental Medicine, the Physiological Institute of the Soviet
Academy of Science, as well as the biological station in Koltushy. With Pavlov’s
help the Russian Physiological Society, now the I. P. Pavlov Physiological Socie-
ty, was set up in 1917.

4. Final Remarks and Conclusion

Before the 1917 Revolution, Russian science, as a whole, lagged behind the lead-
ing countries of the West, but was in a process of development. However, in
some areas and in some aspects, this process was accelerated or even at the same
level as the more developed countries. We can underline areas such as mathe-
matics, physiology, astronomy, and some branches of physics, biology and che-
mistry where remarkable Russian scientists had demonstrated their international
capacity. Names are Mendeleev, Lobachevski, Chebyshev, Kovalevskii, Pavlov,
and many others progressively occupied places of prestige in the history of
sciences.

Scientific societies such as the Russian Physical-Chemical Society (1869) are
comparable with similar societies from outside Russia. At the time of the Rus-
sian Empire, there existed ten universities in the country. The oldest was Mos-
cow University, founded in 1755. On the other hand, the Imperial Academy of

Science produced high level research throughout the nineteenth century and
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during the early years of the twentieth. This context and these institutions gave
the Russian Revolution the necessary support for further developments in
science and technology.

In the first phase of Russian Revolution, in February 1917, under the provi-
sional government, when liberals and democratic socialists were in power, many
reforms were implemented and had a positive influence on the future of Soviet
science (Montefiore, 2005). Universities and professional societies affirmed their
independence in related state control. In the second phase in late 1917, groups of
intellectuals and specialists expressed their disagreement with the new regime,
declaring strikes, promoting informal boycotts, and frequently ignoring Soviet
orders. But this initiated another chapter of the Russian Revolution outside the

scope of this paper.
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