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The early years

Born in Basel, Switzerland in 1707 to Paul Euler ar
Marguerite Brucker.
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Childhood

Soon after Leonhard’s birth, the Euler's moved to tl
nearby town of Riehen, where Leonhard spent mo:
his childhood.
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The Eulers were friends of the Bernoullis and, In
parnCUIar JOhann BernOUIH The e and times of Leenkard Buler — p.



Education

His formal education was in Basel, where he lived
with his maternal grandmother.

« At the age of 13 he matriculated in the Univers
of Basel.
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Education

His formal education was in Basel, where he lived
with his maternal grandmother.

« At the age of 13 he matriculated in the Univers
of Basel.

* In 1723, he received a masters in Philosophy
degree with a thesis that compared the
philosophies of Newton and Descartes. Johan
Bernoulli urged him to become a mathematiciz
rather than a pastor.

* In 1726, he received his doctorate. His thesis
entitledDe Sono.
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The Imperial Academy.

Peter the Great had established the Imperial Russ|
Academy of Sciences.
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The academy provided excellent financial resource
good library, and minimal teaching duties.
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Arrival In St. Petersburg.

Johann Bernoulli’'s two sons, Daniel and Nicolas w

working at the Imperial Academy.

* In 1726, Nicolas died of appendicitis after only

one year there.

 After Nicolas took over his brot
recommended that the post In
vacated by taken over by Leon

« After failing to win a position in

ner’s position, h
ohysiology he

nard Euler.
the Physics

Department at the University of Basel, he

accepted.
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First Russian Period

« Euler spent more than a month traveling to St.
Petersburg. He traveled down the Rhine by bo
crossed the German states by post wagon, the
boat from LUbeck arriving in St Petersburg on :
May 1727.

« He lodged with Daniel Bernoulli, learned
Russian, and adjusted to life in St. Petersburg.

« Unfortunately, the academy’s benefactress,
Catherine |, died the day of Euler’s arrival.

« This led to funding cuts in the Academy. Euler
served as a medical lieutenant in the Russian
Navy from 1727 to 1730.
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People

At the academy, Euler met many of Europe’s most
prominent scientists:

analyst, geometer Jakob Hermann, a relative;

Daniel Bernoulli, with whom Euler was
connected in the field of applied mathematics;

Christian Goldbach, with whom Euler discusse
numerous problems of analysis and the theory
numbers;

F Maier, working in trigonometry;
the astronomer and geographer J-N Delisle.
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Research

In 1730, Euler became a full member of the Acade
(as a Professor of Physics) and was able to resign

Russian navy position.
The core of his research program was established

* number theory;
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Research

In 1730, Euler became a full member of the Acade
(as a Professor of Physics) and was able to resign
Russian navy position.

The core of his research program was established

* number theory;

« mechanics (he published his boslechanica.
* Integral calculus and power series,

- differential equations

« the calculus of variations — he published pape
on the brachistochrone and isoperimetric
problems.
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Research

In 1730, Euler became a full member of the Acade
(as a Professor of Physics) and was able to resign

Russian navy position.
The core of his research program was established

* number theory;

« mechanics (he published his boslechanica.
* Integral calculus and power series,

- differential equations
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 special functions
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Under the tsar Peter |l, the Academy and its meml
fell under increasing political pressure and even
outright hostility.
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Under the tsar Peter |l, the Academy and its meml
fell under increasing political pressure and even
outright hostility.

In 1734, Daniel Bernoulli left and Euler took over h
position as the head of the Mathematics Departme
The same year, Euler married Katherina Gsell, the
daughter of a painter from the St. Petersburg
Gymnasium. Like Euler, she was Swiss. The Eule
bought a house on the banks of the Neva river.
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Under the tsar Peter |l, the Academy and its meml
fell under increasing political pressure and even
outright hostility.

In 1734, Daniel Bernoulli left and Euler took over h
position as the head of the Mathematics Departme
The same year, Euler married Katherina Gsell, the
daughter of a painter from the St. Petersburg
Gymnasium. Like Euler, she was Swiss. The Eule
bought a house on the banks of the Neva river.

In 1738, he wrote a treatise on the properties of fir
that won the Paris Prize.

In 1740, he shared the Paris Prize with Daniel
Bernoulli and Colin Maclaurin for his work on tides
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Calculus

Euler invented the notion of a mathematical functic
and was the first to use the notatip(r).
He discovered the power-series expansion

X
£r __ | |
e’ =14+ x - T
and
o r° x!
arctanx = x | ..
3 5 7

and Euler’'s Formula

'’ = cos ¢ + isin ¢
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Basel Problem
In 1735, he used this to prove

2 1 1
7T_ = 1 4 | R
6 22 32
thus solving a famous open question in number the
His proof:
Start with
i B 512‘3 | 5135
sin(z) =« TR
and divide byz to get
sin(x) . o -



Now, note thatin(z)/x has roots at = n - 7w, where
n IS a nonzero integer. So, write

) (1-2) (142) (- £) ()
T T T 2T 2T
(1N ()
2 472
If we collectz?-terms and equate them, we get
I B 1
2 472 92 6

A hundred years later, this argument could be mad
rigorous. e W ool tene 0 T Bl —




Brachistochrone Problem

This Is the problem of finding the curve with the
property that a ball will roll down it in the shortest

time.

-~

Johann Bernoulli solved it by referring to the
tautochrone problem, solved by Huygens.

Euler found an analytic solution that ultimately led
the Calculus of Variations.
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Graph theory

In 1736, Euler solved the Seven Bridges of
Konigsburg Problem
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This Is generally considered to be the birth of the fi
of Graph Theory and its first theorem. He also
Introduced the notion now known at the Euler
Characteristic.

Euler reduced the problem to a graph

and showed that it Is Impossible to traverse this in

way that includes each edge once because some |
have odd degrees.

The life and times of Leonhard Euler — p. 1



Number theory
Euler defined the totient function
d(n)

the number of positive integers less thaand
relatively prime to it. Then he proved a generalizat
of Fermat’s Little Theorem

a®™ =1 (mod n)

If aIs relatively prime ton.
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Euler's Constant

In studying the divergence of the harmonic series,
Euler showed that

] 1 1 1
lml+—-—4+-4+---4+——1Inn

approached a constant, called the Euler-Maschero
constant.
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Special Functions

In attempting to interpolate the factorial function
Euler defined

['(x) :/ t" e tdt
0

and derived a product-representation

X

| n!n
H) = i e+ D+ et n)
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Troubles

In 1735 when given a deadline to produce the
calculations to some problems, to which other
mathematicians had dragged out endlessly over
months, Euler focused himself and in three days tr
work was done — to the surprise of the Academy.
This work was costly as it provoked a very high fev
which placed him on death’s doorstep. He was nur
back to health but not without having lost the sight
his right eye due to an abscess during his iliness.
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A portrait by Emanuel Hand-
mann

Y
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This portrayal in 1753 suggests problems of the ric
eye.
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The Prussian period

n 1741, the Prussian minister, Count Mardefeld
proposed reviving the old Royal Society founded b
_elbniz, and Frederick Il (“the Great”) invited Euler
to organize the operation.

Plagued by increasing political difficulties in Russie
Euler accepted and moved to Berlin.
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Leibniz hall

Frederick the Great called Euler “my professor” an
frequently corresponded with him from various
battlefields.
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Frederick the Great
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During this period, Euler continued his ties with the
St. Petersburg academy and trained students fron
there. The Academy paid him a pension.
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there. The Academy paid him a pension.
Euler generalized his work on the isoperimetric an

brachistochrone problems into the Calculus of
Variations.
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During this period, Euler continued his ties with the
St. Petersburg academy and trained students fron

there. The Academy paid him a pension.
Euler generalized his work on the isoperimetric an

brachistochrone problems into the Calculus of

Variations.
He published his two most renowned works here:

ntroductio in analysin infinitoruma text on function:
oublished in 1748, and tHastitutiones calculi

differentialis,a calculus text.
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Calculus of Variations

Problem: Find the functiop(x) that minimizes the
definite integral

/ Fz,y(z),y (¢))dz

whereF' Is some function that is given. Euler and
Lagrange showed that such a function must satisfy
Euler-Lagrange equations

d (O0F _8_F_O
dx \ 0y Oy
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Euler-Bernoulli Beam Equation

In 1750, Euler and Bernoulli discovered an equatio
for an elastic beam

0? 0*u
027 (Efa—> -
where:
« u(x) is the deflection of a beam
« I Is the elastic modulus

» | IS the second moment of area
* w(x) is the load on the beam
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L etters to a German Princess

Euler was asked to tutor the Princess of
Anhalt-Dessau, Phillipine von Schwepps —
Frederick’s niece.
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L etters to a German Princess

Euler was asked to tutor the Princess of
Anhalt-Dessau, Phillipine von Schwepps —
Frederick’s niece.

He wrote over 200 letters to her, which were later
compiled into a best-selling volume, titled thetters
of Euler on different Subjects in Natural Philosopht
Addressed to a German Princess.

This work contained Euler’s exposition on various
subjects pertaining to physics and mathematics, a
well as offering valuable insight on Euler’s
personality and religious beliefs.

This book ended up being more widely read than ¢
of his mathematical works, and was published all
across Europe and in the United States.
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The popularity of the_etterstestifies to Euler’s ability
to communicate scientific matters effectively to a le
audience, a rare ability for a dedicated research
scientist.
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San Soucl

Euler was frequently invited to receptions at
Frederick’'s San Soum Palace |n Potsdam

Here, he met Iumlnarles Ilke VoItalre who generally
regarded him as unsophisticated and socially
awkward.
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Conflicts

Conflicts with Voltaire led to personality conflicts
with Frederick himself who had only respected Eul
from a distance.
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Conflicts

Conflicts with Voltaire led to personality conflicts
with Frederick himself who had only respected Eul
from a distance.

Euler’s sight in his right eye worsened throughout |
stay in Germany, so much so that Frederick referre
him as “Cyclops”.

Euler later suffered a cataract in his good left eye,
rendering him almost totally blind a few weeks afte
Its discovery.

Even so, his condition appeared to have little effec
his productivity, as he compensated for it with his
mental calculation skills and photographic memon
For example, Euler could repeat the Virgil's Aeneic
from beginning to end without hesitation.
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The War of Austrian Succession

This began after Maria Theresa of Austria succeec
ner father Charles VI, Holy Roman Emperor in his
Habsburg dominions in 1740, becoming Queen of
Hungary and Bohemia, Archduchess of Austria, at
Duchess of Parma, Placenza, and Guastalla.

« Salic Law (a very ancient law of succession)
precluded females from inheriting.
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European monarchs claimed they should inhe
In her place. She, in turn had many allies, so tl
fight was on.
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The War of Austrian Succession

This began after Maria Theresa of Austria succeec
ner father Charles VI, Holy Roman Emperor in his
Habsburg dominions in 1740, becoming Queen of
Hungary and Bohemia, Archduchess of Austria, at
Duchess of Parma, Placenza, and Guastalla.

« Salic Law (a very ancient law of succession)
precluded females from inheriting.

» Being distantly related to Charles VI, other
European monarchs claimed they should inhe
In her place. She, in turn had many allies, so tl
fight was on.

» |n 1748, the War of Austrian Succession ende
with nothing really resolved.
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The Seven Years \War

Extending from 1756 to 1763, this was a continuat
(or re-outbreak) of the War of Austrian Succession
and occurred while Euler lived in Berlin.

* It was much larger, involving most of the natior
of Europe. Winston Churchill called it the first
world war.
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(or re-outbreak) of the War of Austrian Succession
and occurred while Euler lived in Berlin.

* It was much larger, involving most of the natior
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« Six years into it, Prussia fared very badly — wi
Russian troops occupying Berlin. Frederick
seriously considered abdicating and committir
suicide.
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The Seven Years \War

Extending from 1756 to 1763, this was a continuat
(or re-outbreak) of the War of Austrian Succession
and occurred while Euler lived in Berlin.

* It was much larger, involving most of the natior
of Europe. Winston Churchill called it the first
world war.

« Six years into it, Prussia fared very badly — wi
Russian troops occupying Berlin. Frederick
seriously considered abdicating and committir
suicide.

» Out of respect for Euler’s service in the Russia
navy, the Russian army compensated him for
damage to his home during the occupation.

The life and times of Leonhard Euler — p. 3



The Brandenburg Miracle

At the lowest point in Frederick II's reign the Tsarits
Elizabeth died, to be succeeded by Peter llI.

Peter Ill was strongly pro-Prussian and ordered the
Russian troops to leave Berlin.
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Second Russian period

With the ascension of Catherine Il (“the Great”) to
throne, conditions for the Imperial Academy greatl
Improved.

In 1766, Euler accepted an invitation to return to th
Academy and spent the rest of his life in Russia.
His reputation in Europe was so great that the King
Poland invited him to spend ten days at his palace
Warsaw while he traveled to St. Petersburg.

A fire in 1771 cost him his home and nearly his life
A few months later, Mr. Euler had a cataract opera
by Baron de Wentzel the famous oculist and this
operation returned his sight to him and to his entire
family’s relief. He neglected to follow doctor’s ordel
and became completely blind a few days later.
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HIs sons, the professor and the lieutenant-colonel
nis colleagues, Krafft and Lexell, acted as his eyes
n 1773, he published hikreatise on the Constructio
and Steering of Shipgleveloping a theory of how to
minimize a ship’s pitching and rolling.

He lost his wife of 40 years the same year.
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In 1783, he died.

While having a cup of tea, he was struck with
apoplexy. His last words were, “I am dying” and he
lapsed into unconsciousness. He died a few hours

later at the age of 76 years, 5 months and 3 days.
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He’s buried In the AIexander Nevsky monastery In
Petersburg.
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At death, he left enough manuscripts to enrich the
Proceedings of the Imperial Academy for 47 years
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Commemorations

250“1
CO AHA POXAEHHA
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The Academy of Sciences continues to this day. Ti
mathematics department he headed is called the
Steklov Institute.
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