Mathematical analysis

Analysisis a branch of mathematics that depends upon theepts of
limits and convergence. It studies closely relatgucs such as
continuity, integration, differentiability and trarendentalunctions.
These topics are often studied in the contextafmembers, complex
numbers, and their functions. However, they caao bésdefined and
studied in any space of mathematical objects thaquipped with a
definition of "nearness" (a topologicgpace) or more specifically
"distance" (a metric space). Mathematical analyasits beginnings in
the rigorous formulation of calculus.

History

Greekmathematicians such &sidoxusandArchimedesmade
informal use of the concepts of limits and convamgewhen
they used the method of exhaustion to computertee and
volume of regions and solids.

In India, the 12th century mathematician conceived of
differential calculus, and gave examples of thevaérve and
differential coefficient, along with a statementvdiat is now
known as Rolle's theorem. In the 14th centomgthematical
analysis originated with in South Indiawho
developed the fundamental ideas of the infinitéeesegxpansion
of a function, the power series, the Taylor sees] the
rational approximation of an infinite series. Heveleped the
Taylor series of the trigonometric functions ofesicosine,
tangent and arctangent, and estimated the magroftitie error
terms created by truncating these series. He @&gelaped
infinite continued fractions, term by term integoat the Taylor
series approximations of sine and cosine, and dlaepseries
of the radius, diameter, circumferengez/4 and angl®. His
followers at the Kerala Schotirther expanded his works, upto
the 16th century

Mathematical analysis in Europe began in_the 1&ttiury, with
the possibly independent invention of calculus\ley and
Leibniz. In the 17th and 18th centurjemalysis topics such as




the calculus of variations, ordinary and partiddetential
equations, Fourier analysis and generating funstvoere
developed mostly in applied work. Calculus techegjwere
applied successfully to approximate discrete probkléy
continuous ones.

All through the 18th century the definition of tbencept of
function was a subject of debate among mathemasicia the
19th centuryCauchywas the first to put calculus on a firm
logical foundation by introducing the concept of thauchy
sequence. He also started the formal theory of tmanalysis.

JLiouville, Fourierand others studied partial differential
equations and harmonic analysis.

In the_middleof the century introduced his theory of
integration. The last third of the 19th centsaw the
arithmetization of analysis By/eierstrasswho thought that
geometric reasoning was inherently misleading,iatrdduced
the"epsilon-delta"definition of limit. Then, mathematicians
started worrying that they were assuming the excaef a
continuum of real numbers without proBfedekindthen
constructed the real numbers by Dedekind cuts. Addbat
time, the attempts to refine the theorems of Rigmategration
led to the study of the "size" of the set of didauunties of real
functions.

Also, "monsters" (nowhere continuous functions,tcwous but
nowhere differentiable functions, space-filling wes) began to
be created. In this contexitordandeveloped his theory of
measurgeCantordeveloped what is now called naive set theory,
and proved the Baire category theorem. In the eartir 20
century calculus was formalized using axiomatic set theor
Lebesguesolved the problem of measure, aiithert

introduced Hilbert spaces to solve integral equatid he idea

of normed vector space was in the air, and in §#0%Banach
created functional analysis.



The branch of mathematical analysis
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Bhaskara

Bhaskara (1114-1185), ("Bhaskara the teacher") was an
Indian mathematician-astronomer. He was born near
Bijapur district, Karnataka state, South India in D eshastha
Brahmin family and became head of the astronomical
observatory at Ujjain :

In many ways, Bhaskara represents the peak of
mathematical and astronomical knowledge in the 12th
century. He reached an understanding of calculus,
astronomy, the number systems, and solving equatien
which were not to be achieved anywhere else in theorld
for several centuries or more. His main works weré¢he
(dealing with arithmetic), (Algebra) and Shiromani (written
in 1150) which consists of two parts: (sphere) and
(mathematics of the planets).



(1350-1425) was a prominent mathematician-astronino Kerala,
India. He was the founder of the Kerala School etiMmatics and is
considered the founder of mathematical analysi®&eng taken the
decisive step from the finite procedures of ancreathematics to treat
their limit-passage to infinity, which is the kelho# modern classical
analysis. He is considered as one of the greatatematician-
astronomers of the Middle Ages due to his importamtributions to the
fields of mathematical analysis, infinite seriealcalus, trigonometry,
geometry and algebra.

Unfortunately, most of Madhava's original works @éeen lost in course
of time, as they were written primarily on perislgainaterial. However
his works have been detailed by later scholarb@ierala School,
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Residence England
Nationality English
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Institution University of Cambridge

Alma Mater University of Cambridge
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Notable Prizes Knighthood

Prophetic Unitarianism,
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Known for
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Sir Isaac Newton FRS (4 January 1643 — 31 March 1727) [OS: 25
December 1642 — 20 March 1727] was an English plsgsi
mathematician, astronomer, alchemist, and natinifdgopher who is
generally regarded as one of the greatest sciglaingt mathematicians in
history. Newton wrote thBhilosophiae Naturalis Principia
Mathematicain which he described universal gravitation dmelthree
laws of motion, laying the groundwork for classiocschanics. By
deriving Kepler's laws of planetary motion fromstkystem, he was the
first to show that the motion of objects on Eantld af celestial bodies
are governed by the same set of natural laws. Thging and
deterministic power of his laws was integral to skeeentific revolution
and the advancement of heliocentrism. He also vebesyaut Christian,
studied the Bible daily and wrote more on religiban on natural
science.

Although by the calendar in use at the time ofdith he was born on
Christmas Day 1642, the date of 4 January 1648ad because this is
the Gregorian calendar date.

Among other scientific discoveries, Newton realifieat the spectrum of
colours observed when white light passes througtisan is inherent in
the white light and not added by the prism (as R&geon had claimed
in the thirteenth century), and notably argued lighat is composed of
particles. He also developed a law of cooling, dbsw the rate of
cooling of objects when exposed to air. He enuadi#tte principles of
conservation of momentum and angular momentumllizjree studied
the speed of sound in air, and voiced a theori@btigin of stars.
Despite this renown in mainstream science, Newp@mismuch of his



time working on alchemy rather than physics, wgtaonsiderably more
papers on the former than the lafter.

Newton played a major role in the development tdudas, famously
sharing credit with Gottfried Leibniz. He also mamtributions to other
areas of mathematics, for example the generaliseohital theorem. The
mathematician and mathematical physicist Joseplsllagrange (1736—
1813), often said that Newton was the greatestugehat ever existed,
and once added "and the most fortunate, for weatefmu more than
once a system of the world to estahlish

Gottfried Leibniz

Western Philosophers
(Modern Philosophy)

Gottfried iIheIm Leibniz
Name: Gottfried Wilhelm Leibniz
Birth: July 1, 1646 (Leipzig, Germany)

. November 14, 1716 (Hanover,
" Germany)

School/tradition: Rationalism

Death
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Main interests: _
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calculus, monad, theodicy,
optimism
Plato, Aristotle, Ramon Llull,

Influences: Scholastic philosophy, Descartes,
Christiaan Huygens

Many later mathematicians,
Christian Wolff, Immanuel Kant,
Bertrand Russell, Abraham
Robinson

Notable ideas:

Influenced:

Gottfried Wilhelm Leibniz (alsoLeibnitzorvon Leibniz (July 1 (June
21 Old Style) 1646 — November 14, 1716) was a Genoadymath who
wrote mostly in French and Latin.

Educated in law and philosophy, and serving a®fact to two major
German noble houses (one becoming the British rfayaily while he
served it), Leibniz played a major role in the Eagan politics and
diplomacy of his day. He occupies an equally |gigee in both the
history of philosophy and the history of mathemsatide invented
calculus independently of Newton, and his notaisafie one in general
use since. He also invented the binary system dation of virtually all
modern computer architectures. In philosophy, hreast remembered
for optimism, i.e., his conclusion that our univers, in a restricted sense,
the best possible one God could have made. Healawy with René
Descartes and Baruch Spinoza, one of the threé Hrdacentury
rationalists, but his philosophy also both lookekot the Scholastic
tradition and anticipates modern logic and analysis

Leibniz also made major contributions to physicd sethnology, and
anticipated notions that surfaced much later itolgip, medicine,
geology, probability theory, psychology, knowledgeineering, and
information science. He also wrote on politics, |athics, theology,
history, and philology, even occasional verse.ddistributions to this
vast array of subjects are scattered in journadsratens of thousands of
letters and unpublished manuscripts. To date, tisare complete edition
of Leibniz's writings, and a complete account afdéccomplishments is
not yet possible.



Augustin Louis Cauchy

Augustin Louis Cauchy

Augustin Louis Cauchy (August 21, 1789 — May 23, 1857) was a
Frenchmathematician. He started the project of formaand proving
the theorems of calculus in a rigorous manner aaglthwus an early
pioneer of analysis. He also gave several impottadrems in complex
analysis and initiated the study of permutatiorugso A profound
mathematician, Cauchy exercised by his perspicandsigorous
methods a great influence over his contemporandssaccessors. His
writings cover the entire range of mathematics rmathematical physics.



"Poisson" redirects here. For other persons andadgisi bearing this
name.

.|
Siméon Poisson.

Siméon-Denis PoissofJune 21, 1781 — April 25, 1840), wasa
mathematician, geometer and physicist.

In 1798 he entered the Ecole Polytechnique in Rarfirst in his year,
and immediately began to attract the notice optledessors of the
school, who left him free to follow the studieshod predilection. In
1800, less than two years after his entry, he phbtl two memoirs, one
on Etienne Bézout's method of elimination, the odrethe number of
integrals of an equation of finite differences. Tater of these memoirs
was examined by Sylvestre-Francgois Lacroix and é&diMarie
Legendre, who recommended that it should be puddish theRecueil
des savants étrangeran unparalleled honour for a youth of eighteen.
This success at once procured for Poisson an ientrgcientific circles.
Joseph Louis Lagrange, whose lectures on the tlegdunctions he
attended at the Ecole Polytechnique, early recegris talent, and
became his friend; while Pierre-Simon Laplace, hoge footsteps
Poisson followed, regarded him almost as his sbe.rést of his career,
till his death in Sceaux near Paris, was almostentoccupied in the
composition and publication of his many works, andischarging the
duties of the numerous educational offices to wihielwas successively
appointed.



Immediately after finishing his course at the Edetdytechnique he was
appointed repetiteur there, an office which he dhiadharged as an
amateur while still a pupil in the school; for @dbeen the custom of his
comrades often to resort to his room after an uallsdifficult lecture to
hear him repeat and explain it. He was made dgputessor grofesseur
suppléantin 1802, and, in 1806 full professor in successmJean
Baptiste Joseph Fourier, whom Napoleon had se@teooble. In 1808
he became astronomer to the Bureau des Longitaddsiyhen the
Faculté des Sciences was instituted in 1809 heappsinted professor of
rational mechanicgp(ofesseur de mécanique rationgllele further
became member of the Institute in 1812, examin#reamilitary school
(Ecole Militaire) at Saint-Cyr in 1815, leaving examiner at thel&co
Polytechnique in 1816, councillor of the universityl820, and geometer
to the Bureau des Longitudes in succession to Pa@ace in 1827.

In 1817 he married Nancy de Bardi and with her e [several?]
children. His father, whose early experiences ledtb hate aristocrats,
bred him in the stern creed of the first republicroughout the
Revolution, the Empire and the following restorati®oisson was not
interested in politics, concentrating on Mathensatide was appointed to
the dignity of baron in 1821; but he neither toak the diploma or used
the title. The revolution of July 1830 threaten&d with the loss of all
his honours; but this disgrace to the governmeibaois-Philippe was
adroitly averted by Francois Jean Dominique Aragug, while his
"revocation” was being plotted by the council ohisters, procured him
an invitation to dine at the Palais Royal, wherevas openly and
effusively received by the citizen king, who "rentamed" him. After
this, of course, his degradation was impossibld,smven years later he
was made a peer of France, not for political ressbut as a
representative of French science.

Like many scientists of his time, he was an atheist

As a teacher of mathematics Poisson is said to bees more than
ordinarily successful, as might have been expdcted his early promise
as a repetiteur at the Ecole Polytechnique. Asemsific worker his
activity has rarely if ever been equalled. Notwidingling his many
official duties, he found time to publish more tliaree hundred works,
several of them extensive treatises, and manyewhttnemoirs dealing
with the most abstruse branches of pure, appligtdenaatics,
mathematical physics and rational mechanics.



A list of Poisson's works, drawn up by himselfgigen at the end of
Arago's biography. All that is possible is a bnsfntion of the more
important. It was in the application of mathemataghysical subjects
that his greatest services to science were perthrRerhaps the most
original, and certainly the most permanent in tidiluence, were his
memoirs on the theory of electricity and magnetstmch virtually
created a new branch of mathematical physics.

Next (perhaps in the opinion of some first) in impace stand the
memoirs on celestial mechanics, in which he prdvetself a worthy
successor to P.-S. Laplace. The most importaritesfe are his memoirs
Sur les inégalités séculaires des moyens mouvemesisanetesSur la
variation des constantes arbitraires dans les goastde mécanique
both published in thdournalof the Ecole Polytechnique (1809); Sur la
libration de la lungin Connaiss. des temps821), etc.; and Sur la
mouvement de la terre autour de son centre de gramiMém. d. l'acad.
(1827), etc. In the first of these memoirs Poisdigousses the famous
guestion of the stability of the planetary orbitdich had already been
settled by Lagrange to the first degree of appratiom for the disturbing
forces. Poisson showed that the result could beneed to a second
approximation, and thus made an important advanteel planetary
theory. The memoir is remarkable inasmuch as gedu_agrange, after
an interval of inactivity, to compose in his oldeamne of the greatest of
his memoirs, entitle@ur la théorie des variations des éléments des
planetes, et en particulier des variations des gsaaxes de leurs orbites
So highly did he think of Poisson's memoir thatrreee a copy of it with
his own hand, which was found among his papers hitedeath. Poisson
made important contributions to the theory of atican.

His well-known correction of Laplace's partial éiféntial equation of the
second degree for the potential:

V3¢ = —4np

today named after him the Poisson's equation godkential theory
equation, was first published in the Bulletin desatiété philomatique
(1813). If a function of a given poipt= 0, we get Laplace's equation:

Veé =0

In 1812 Poisson discovered that Laplace's equéaigalid only outside
of a solid. A rigorous proof for masses with vakablensity was first
given by Carl Friedrich Gauss in 1839. Both equetibave their



equivalents in vector algebra. The study of sdatat ¢ from a given
divergencep(X, Y, 2) of its gradient leads to Poisson's equation in 3-
dimensional space:

In 1812 Poisson discovered that Laplace's equéatigalid only outside
of a solid. A rigorous proof for masses with valeatlensity was first
given by Carl Friedrich Gauss in 1839. Both equettibave their
equivalents in vector algebra. The study of sdatat ¢ from a given
divergencep(X, Y, 2) of its gradient leads to Poisson's equation in 3-
dimensional space:

V6 = p(z,y, 2)

For instance Poisson's equation for surface etatfootential’, which
shows its dependence from the density of electdeafgep. in particular
place:
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The distribution of a charge in a fluid is unknoamd we have to use

Poisson-Boltzmann equation:
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which in most cases cannot be solved analyticaltyjust for special
cases. In polar coordinates the Poisson-Boltzmgoaten is:

r2 dr o
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which also cannot be solved analytically. If adielis not a scalar, the
Poisson equation is valid, as can be for exampfedimensional
Minkowski space:

U = plz,y, z,ct) .

If p(X, Y, 2) is a continuous function and if for>co (or if a point 'moves'
to infinity) a functione goes to 0 fast enough, a solution of Poisson's
equation is the Newtonian potential of a funcidx y, 2):



1 /‘p{r,y,zjdr

Par = ~in -

wherer is a distance between the element with the voldvrend point
M.

Integration runs over the whole space. The Poissotégral in solving
the Green's function for the Dirichlet problem loé t_aplace's equation,
if circle is investigated domain:

1 2ar RE _ pz
LEm) A fn R? 4 p* — 2Rpcos(i — x) o(x) dx
where
£ = pcost,
n= psinz.

o(y) is prescribed function on a circular line, whaéfines bounding
conditions of requested functignof Laplace's equation.

In the same manner we define the Green's funatiothé Dirichlet
problem of the Laplace's equati®A ¢ = 0 in space, if we look to the
investigated domain of a sphere with a radRughis time the Green's
function is:

1 R
G(T:yszifa??:(:j = - - —

roorp’

where

p= M,fgz + P+ (2
Is a distance of a poing,(n, ) from the center of a sphere
r a distance between poinis Y, 2)

(&, m, ©), ryis a distance between the poity, z2) and the pointRE/p,
Rn/p, R{/p), symmetrical to the poinE(n, {)

The Poisson's integral now has a form:
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Poisson's two most important memoirs on the sulajeSur 'attraction
des sphéroide@Connaiss. ft. temps, 1829), a&dr I'attraction d'un
ellipsoide homogen@gMim. ft. l'acad., 1835). In concluding our selent
from his physical memoirs we may mention his mermaithe theory of
waves (Mem. ft. I'acad., 1825).

In pure mathematics, his most important works vieseseries of

memoirs on definite integrals, and his discussibRauirier series, which
paved the way for the classical researches of Batstav Lejeune
Dirichlet and Bernhard Riemann on the same subijeese are to be
found in theJournal of the Ecole Polytechnique from 1813 to 1823, and
in theMemoirs de I'académifer 1823. He also studied Fourier integrals.
In addition we may also mention his essay on theutgs of variations
(Mem. de lI'acad.1833), and his memoirs on the probability of thesam
results of observation€pnnaiss. d. temp4827, &c). The Poisson
distribution in probability theory is named aftemh

In hisTraité de meécaniqu@ vols. 8vo, 1811 arid 1833), which was
written in Laplace and Lagrange style and was Bstandard work he
showed many new grips such as an explicit usagapflsive
coordinates:

oT
Pi = By
at

which has influenced on the work of William Rowaarhkilton and Carl
Gustav Jakob Jacobi.

Besides his many memoirs Poisson published a nuafliezatises, most
of which were intended to form part of a great workmathematical
physics, which he did not live to complete. Amohgde may be
mentioned

Théorie nouvelle de I'action cappillaifdto, 1831);

Théorie mathématique de la chalgdto, 1835);

Supplement to the same (4to, 1837);

Recherches sur la probabilité des jugements enenegti
criminelles et matiere civiléto, 1837), all published at Paris.



In 1815 Poisson carried out integrations along$athhe complex plane.
In 1831 he independently of Claude-Louis Navieisr the Navier-
Stokes equations.

Joseph Liouville

Joseph Liouville (born March 24, 1809, died September 8, 1882)avas
French mathematician.

£

Joseph Liouville

Liouville graduated from the Ecole Polytechniquel827. After some
years as assistant at various institutions he wpasiated as professor at
the Ecole Polytechnique in 1838. He obtained aréhanathematics at
the College de France in 1850 and a chair in meckat the Faculté des
Sciences in 1857.

Besides his academic achievements, he was ventadle
organisatorial matters. Liouville founded thaurnal de Mathématiques
Pures et Appliquéeshich retains its high reputation up to todayorder
to promote other mathematicians' work. He wasitisétb read, and to
recognize the importance of, the unpublished wotkwariste Galois
which appeared in his journal in 1846. Liouvillesagdso involved in
politics for some time, and he became member oCiastituting
Assembly in 1848. However, after the defeat inABeembly elections in
1849, he turned away from politics.

Liouville worked in a number of different fields mathematics,
including number theory, complex analysis, différ@rgeometry and



topology, but also mathematical physics and eveomsmy. He is
remembered particularly for Liouville's theorerm@vadays rather basic
result in complex analysis. In number theory, he e first to prove the
existence of transcendental numbers by a consiruasing continued
fractions (Liouville numbers). In mathematical picgs Liouville made
two fundamental contributions: the Sturm-Liouvilkeory which was
joint work with Charles Francois Sturm is now ansi@rd procedure to
solve certain types of integral equations by dgvelp into
eigenfunctions, and the fact (also known as Lide\altheorem) that time
evolution is measure preserving for a Hamiltonigstem.

Joseph Fourier

Jean Baptiste Joseph Fourie{March 21, 1768 - May 16, 1830) was a
Frenchmathematician and physicist who is best knownrfitiating the
investigation of Fourier series and their applmatio problems of heat
flow. The Fourier transform is also named in hiato

Joseph Fourier

Life

Fourier was born at Auxerre in the Yonne départéragRrance, the son
of a tailor. He was orphaned at age eight. Fouvaes recommended to
the Bishop of Auxerre, and through this introductibe was educated by
the Benedictines of the Convent of St. Mark. Theacossions in the
scientific corps of the army were reserved for éhosgood birth, and
being thus ineligible, he accepted a military leeship on mathematics.
He took a prominent part in his own district in prating the revolution,
and was rewarded by an appointment in 1795 ifctiie Normale
Supérieureand subsequently by a chair at Beole Polytechnique



Fourier went with Napoleon on his Eastern expeditrol1798, and was
made governor of Lower Egypt. Cut off from Frangelte English fleet,
he organized the workshops on which the French &auyto rely for
their munitions of war. He also contributed sevenathematical papers
to the Egyptian Institute which Napoleon founde€airo, with a view
of weakening English influence in the East. Aftez British victories and
the capitulation of the French under General MandlB01, Fourier
returned to France, and was made prefect of la@ckit was while there
that he made his experiments on the propagatitweaif

Fourier moved to Paris in 1816. In 1822 he pubtishis Théorie
analytique de la chaleuin which he bases his reasoning on Newton's
law of cooling, namely, that the flow of heat beénawo adjacent
molecules is proportional to the extremely smdfledence of their
temperatures. In this work he claims that any fomcof a variable,
whether continuous or discontinuous, can be exmhimda series of sines
of multiples of the variable. Though this resulbh& correct, Fourier's
observation that some discontinuous functionstegestim of infinite
series was a breakthrough. The question of det@rgwwhen a function

Is the sum of its Fourier series has been fundaahéntcenturies. Joseph
Louis Lagrange had given particular cases of fhis€) theorem, and had
implied that the method was general, but he haghutued the subject.
Johann Dirichlet was the first to give a satisfactbemonstration of it
with some restrictive conditions.

Fourier died in Paris in 1830.




Georg Friedrich Bernhard Riemann (September 17, 1826 - July 20,
1866) (pronounceBEE mahror in IPA: ['riiman]) was a German
mathematician who made important contributionsnalysis and
differential geometry, some of them paving the fathe later
development of general relativity.

Biography
Early life

Riemann was born in Breselenz on September 17 B3ZdbBage near
Dannenberg in the Kingdom of Hanover in what isasgpGermany. His
fatherFriedrich Bernhard Riemanwas a poor Lutheran pastor in
Breselenz. Friedrich Riemann fought in the Napaledvars. Georg's
mother also died before her children were grownnBard was the
second of six children. He was a shy boy and sedfétom numerous
nervous breakdowns. From a very young age, Rieraahibited his
exceptional skills, such as fantastic calculatibititees, but suffered from
timidity and had a fear of speaking in public.

Middle life

In high school, Riemann studied the Bible intenlgivBut his mind often
drifted back to mathematics and he even tried e@gomathematically
the correctness of the book of Genesis. His teachere amazed by his
genius and by his ability to solve extremely comgied mathematical
operations. He often outstripped his instructangvdedge. In 1840
Bernhard went to Hanover to live with his grandneotand visit the
Lyceum. After the death of his grandmother in 1842vent to the
Johanneum in LUneburg. In 1846, at the age of d$tdrted studying
philology and theology, in order to become a praest help with his
family's finances.

In 1847 his father, after scraping together enaughey to send
Riemann to university, allowed him to stop studyihgology and start
studying mathematics. He was sent to the renowmadelsity of
Gottingen, where he first met Carl Friedrich Gaassl attended his
lectures on the method of least squares.

In 1847 he moved to Berlin, where Jacobi, Diriclaletl Steiner were
teaching. He stayed in Berlin for two years andmetd to Goéttingen in
1849.



Later life

Riemann held his first lectures in 1854, which ooty founded the field
of Riemannian geometry but set the stage for Emmistgeneral relativity.
He was promoted to an extraordinary professoreathihiversity of
Gottingen in 1857 and became an ordinary profassb859 following
Dirichlet's death. He was also the first to propibsetheory of higher
dimensions, which highly simpified the laws of pitgs In 1862 he
married Elise Koch. He died of tuberculosis onthied journey to Italy
in Selasca (how a hamlet of Ghiffa on Lake Maggiore

Richard Dedekind

Richard Dedekind

Julius Wilhelm Richard Dedekind (October 6, 1831 — February 12,
1916) was a German mathematician who did impowtenk in abstract
algebra, algebraic number theory and the foundsidrthe real numbers.

Life

Dedekind was the youngest of four children of Julis Levin Ulrich
Dedekind. As an adult, he never employed the namdslius Wilhelm.
He was born, lived most of his life, and died in Brunschweig (often
called "Brunswick" in English). His life appears to have been
uneventful, consisting of little more than his matlematical teaching
and research.

In 1848, he entered the Collegium Carolinum in Branschweig,
where his father was an administrator, obtaining asolid grounding in



mathematics. In 1850, he entered the University @6ttingen.
Dedekind studied number theory under Moritz Stern.Gauss was still
teaching, although mostly at an elementary level,ral Dedekind
became his last student. Dedekind received his docate in 1852, for
a thesis titledUber die Theorie der Eulerschen IntegralgOn the
Theory of Eulerian integrals"). This thesis did notreveal the talent
evident on almost every page Dedekind later wrote.

At that time, the University of Berlin, not Géttingen, was the leading
center for mathematical research in Germany. Thus Bdekind went
to Berlin for two years of study, where he and Riemnn were
contemporaries; they were both awarded the habilithon in 1854.
Dedekind returned to Gottingen to teach as ®rivatdozent giving
courses on probability and geometry. He studied foa while with
Dirichlet, and they became close friends. Becausélmgering
weaknesses in his mathematical knowledge, he studielliptic and
abelian functions. Yet he was also the first at Gtihgen to lecture on
Galois theory. Around this time, he became one ohe first to
understand the fundamental importance of the notiorof group for
algebra and arithmetic.

In 1858, he began teaching at the Polytechnic in Zigh. When the
Collegium Carolinum was upgraded to arechnische Hochschule
(Institute of Technology) in 1862, Dedekind returnd to his native
Braunschweig, where he spent the rest of his lifegaching at the
Institute. He retired in 1894, but did occasional @aching and
continued to publish. He never married, instead liing with his
unmarried sister Julia.

Dedekind was elected to the Academies of Berlin (88) and Rome,
and to the Paris Académie des Sciences (1900). eeived honorary
doctorates from the universities of Oslo, Zurich, ad Braunschweig.

Work

While teaching calculus for the first time at the Blytechnic,
Dedekind came up with the notion now called a Dedakd cut (in
German: Schnitt), now a standard definition of the real numbers.
The idea behind a cut is that an irrational numberdivides the
rational numbers into two classes (sets), with athe members of one
class (upper) being strictly greater than all the rembers of the other
(lower) class. For example, the square root of 2 psiall the negative
numbers and the numbers whose squares are less tharnto the
lower class, and the positive numbers whose squarase greater than



2 into the upper class. Every location on the numlvdine continuum
contains either a rational or an irrational number. Thus there are no
empty locations, gaps, or discontinuities. Dedekindublished his
thought on irrational numbers and Dedekind cuts inhis paper
Stetigkeit und irrationale Zahler("Continuity and irrational
numbers." Ewald 1996: 766).

In 1874, while on holiday in Interlaken, Dedekind net Cantor. Thus
began an enduring mutual respect, and Dedekind beo@ one of the
very first mathematicians to admire Cantor's work o infinite sets,
proving a valued ally in Cantor's battles with Kronecker, who was
philosophically opposed to Cantor's transfinite nuniers.

If there existed a one-to-one correspondence betwesvo sets,
Dedekind said that the two sets were "similar." Hanvoked similarity
to give the first precise definition of an infiniteset: a set is infinite
when it is "similar to a proper part of itself," in modern terminology,
IS equinumerous to one of its proper subsets. Thuke set N of
natural numbers can be shown to be similar to theubset of N whose
members are the squares of every member o NN — N?):

N 1 2 3 4 5 6 7 8 910 ...

!
NN 1 4 9 16 25 36 49 64 81 100 ...

Dedekind edited the collected works of Dirichlet, @uss, and
Riemann. Dedekind's study of Dirichlet's work was vat led him to
his later study of algebraic number fields and idels. In 1863, he
published Dirichlet's lectures on number theory as/orlesungen tber
Zahlentheorie("Lectures on Number Theory") about which it has
been written that:

"Although the book is assuredly based on Dirichles lectures, and
although Dedekind himself referred to the book thraughout his life as
Dirichlet's, the book itself was entirely written by Dedekind, for the
most part after Dirichlet's death." (Edwards 1983)

The 1879 and 1894 editions of théorlesungenincluded supplements
introducing the notion of an ideal, fundamental toring theory. (The
word "Ring", introduced later by Hilbert, does not appear in
Dedekind's work.) Dedekind defined an ideal as a $iset of a set of
numbers, composed of algebraic integers that satispolynomial
equations with integer coefficients. The concept werwent further
development in the hands of Hilbert and, especiallyof Emmy



Noether. Ideals generalize Ernst Eduard Kummers idal numbers,
devised as part of Kummer's 1843 attempt to prove érmat's last
theorem. (Thus Dedekind can be said to have been Kumer's most
iImportant disciple.) In an 1882 article, Dedekind ad Heinrich
Martin Weber applied ideals to Riemann surfaces, ging an
algebraic proof of the Riemann-Roch theorem.

Dedekind made other contributions to algebra. Fornstance, around
1900, he wrote the first papers on modular lattices

In 1888, he published a short monograph titledas sind und was
sollen die Zahlen{"What are numbers and what should they be?"
Ewald 1996: 790), which included his definition o&n infinite set. He
also proposed an axiomatic foundation for the natual numbers,
whose primitive notions were one and the successinction. The
following year, Peano, citing Dedekind, formulatecan equivalent but
simpler set of axioms, now the standard ones.

Marie Ennemond Camille Jordan (January 5, 1838 — January 22, 1922)
was a mathematician, known both for his foundational kvior

group theory and for his influenti@lours d'analyseHe was born in

Lyon and educated at the Ecole polytechnique. Heameengineer by
profession; later in life he taught at the Ecoly/fmzhnique and the
Collége de France; where he had a reputation fmerggc choices of
notation.



He is remembered now by name in a number of foumnktresults:

the Jordan curve theorem, a topological resultiredun complex
analysis;

the Jordan normal form and the Jordan matrix iedimalgebra;

in mathematical analysis, Jordan measurdd@odan contentis an
area measure that predates measure theory;

in group theory the Jordan-Holder theorem on comiposseries is
a basic result.

Jordan's work did much to bring Galois theory ithi® mainstream. He
also investigated the Mathieu groups, the firshgxas of sporadic
groups. HisTraité des substitution®n permutation groups, was
published in 1870.

The asteroid 25593 Camillejordan and Institute am@le Jordan are
named in his honour.

Camille Jordan is not to be confused with the gsmsti&Vilhelm Jordan
(Gauss-Jordan elimination) or the physicist Pasgoian (Jordan
algebras).

Georg Cantor

Georg Cantor



Georg Ferdinand Ludwig Philipp Cantor (March 3, 1845, St.
Petersburg — January 6, 1918, Halle) was a Gernaginematician who is
best known as the creator of set theory. Cantabgshed the importance
of one-to-one correspondence between sets, dafifiade and well-
ordered sets, and proved that the real numbersreme numerous" than
the natural numbers. In fact, Cantor's theoremiasfhe existence of an
"Infinity of infinities." He defined the cardinaha ordinal numbers, and
their arithmetic. Cantor's work is of great philpbacal interest, a fact of
which he was well aware.

Cantor's work encountered resistance from matheatatbntemporaries
such as Leopold Kronecker and Henri Poincaré, ated from Hermann
Weyl and L.E.J. Brouwer. Ludwig Wittgenstein raiggdlosophical
objections. His recurring bouts of depression fad884 to the end of his
life were once blamed on the hostile attitude ohynaf his
contemporaries, but these bouts can now be sgamlaagble
manifestations of a bipolar disorder.

Nowadays, the vast majority of mathematicians wieongither
constructivists nor finitists accept Cantor's worktransfinite sets and
arithmetic, recognizing it as a major paradigmtsitif the words of
David Hilbert: "No one shall expel us from the Rhsa that Cantor has
created."

Life

The ancestry of Cantor's father, Georg Woldemard@ais not entirely
clear. He was born between 1809 and 1814 in Copgemh®enmark,
and brought up in a Lutheran German mission ifP8tersburg. Georg
Cantor's father was a Danish man of Lutheran @igt His mother,
Maria Anna Bohm, was born in St. Petersburg andeclom an Austrian
Roman Catholic family. She had converted to Pratéstm upon
marriage. Georg Cantor was the eldest of six admdiThe father was
very devout and instructed all his children thotalygn religious affairs.
Throughout the rest of his life Georg Cantor heldthie Christian
(Lutheran) faith.

The father was a broker on the St Petersburg $&ckange. Cantor, an
outstanding violinist, inherited his parents' cdesable musical and
artistic talents.



When Cantor's father became ill, the family move&ermany in 1856,
first to Wiesbaden then to Frankfurt, seeking wisitailder than those of
St. Petersburg. In 1860, Cantor graduated withndison from the
Realschule in Darmstadt; his exceptional skillsisthematics,
trigonometry in particular, were noted. In 1864|daing his father's
wishes, Cantor entered the Federal Polytechnidutesin Zurich, today
the ETH Zurich and began studying mathematics.

After his father's death in 1863, Cantor shiftesidtudies to the
University of Berlin, attending lectures by Weieasts, Kummer, and
Kronecker, and befriending his fellow student Henm&chwarz. He
spent a summer at the University of Goéttingen, @eah later a very
important center for mathematical research. In 18&rlin granted him
the Ph.D. for a thesis on number thedg, aequationibus secundi gradus
indeterminatis After teaching one year in a Berlin girls' schd@ntor

took up a position at the University of Halle, whdre spent his entire
career. He was awarded the requisite habilitatornis thesis on number
theory.

In 1874, Cantor married Vally Guttmann. They hadctiildren, the last
born in 1886. Cantor was able to support a fanglgpike modest
academic pay, thanks to an inheritance from higefatDuring his
honeymoon in Switzerland, Cantor spent much timaathematical
discussions with Richard Dedekind, whom he befrsehiivo years
earlier while on another Swiss holiday.

Cantor was promoted to Extraordinary ProfessoBir2]l and made full
Professor in 1879. To attain the latter rank atattpe of 34 was a notable
accomplishment, but Cantor very much desired a eta more
prestigious university, in particular at Berlineththe leading German
university. However, Kronecker, who headed mathasatt Berlin until
his death in 1891, and his colleague Hermann Schware not
agreeable to having Cantor as a colleague. Wots&g@necker, who
was peerless among German mathematicians whileabalve,
fundamentally disagreed with the thrust of Cantadsk. Kronecker,
now seen as one of the founders of the construciaxepoint in
mathematics, disliked much of Cantor's set theegahse it asserted the
existence of sets satisfying certain propertiefhout giving specific
examples of sets whose members did indeed satis§gtproperties.
Cantor came to believe that Kronecker's stancedvmalke it impossible
for Cantor to ever leave Halle.



In 1881, Cantor's Halle colleague Eduard Heine,dieghting a vacant
chair. Halle accepted Cantor's suggestion that dffered to Dedekind,
Heinrich Weber, and Franz Mertens, in that ordet dach declined the
chair after being offered it. This episode is réwgpof Halle's lack of
standing among German mathematics departments. &arvgas
eventually appointed, but he was never close tddCan

In 1884, Cantor suffered his first known bout opassion. This
emotional crisis led him to apply to lecture onlpsophy rather than on
mathematics. Every one of the 52 letters Cantotemim Mittag-Leffler
that year attacked Kronecker. Cantor soon recoyéngdca passage from
one of these letters is revealing of the damadpmstself-confidence:

"... I don't know when | shall return to the coni@ion of my scientific

work. At the moment | can do absolutely nothinghwit and limit myself
to the most necessary duty of my lectures; how niagpier | would be
to be scientifically active, if only | had the nesary mental freshness."

Although he performed some valuable work after 18@&4never attained
again the high level of his remarkable papers G#184. He eventually
sought a reconciliation with Kronecker, which Kroker graciously
accepted. Nevertheless, the philosophical disaggetnand difficulties
dividing them persisted. It was once thought thamtGr's recurring bouts
of depression were triggered by the oppositionwdsk met at the hands
of Kronecker. While Cantor's mathematical worriad &is difficulties
dealing with certain people were greatly magnifigchis depression, it is
doubtful whether they were its cause, which wa®alody bipolar
disorder.

In 1888, he published his correspondence with séypéilosophers on
the philosophical implications of his set theorgnttind Husserl was his
Halle colleague and friend from 1886 to 1901. WHilgsserl later made
his reputation in philosophy, his doctorate wamathematics and
supervised by Weierstrass' student Leo Konigsbe@eiCantor,
Husserl, and Frege, see Hill and Rosado Haddod0j2Cantor also
wrote on the theological implications of his matlaical work; for
instance, he identified the Absolute Infinite witiod.

Cantor believed that Francis Bacon wrote the pldr#outed to
Shakespeare. During his 1884 illness, he begantanse study of
Elizabethan literature in an attempt to prove hasd@h authorship thesis.
He eventually published two pamphlets, in 1896 B8@l7, setting out his
thinking about Bacon and Shakespeare.



In 1890, Cantor was instrumental in founding Ereutsche
Mathematiker-Vereinigunghaired its first meeting in Halle in 1891, and
was elected its first president. This is stronglerce that Kronecker's
attitude had not been fatal to his reputation.isgtiside the animosity he
felt towards Kronecker, Cantor invited him to addréhe meeting;
Kronecker was unable to do so because his spousdya at the time.

After the 1899 death of his youngest son, Cantfiesed from chronic
depression for the rest of his life, for which haswexcused from teaching
on several occasions and repeatedly confined iouwssanatoria. He did
not abandon mathematics completely, lecturing erptiradoxes of set
theory (eponymously attributed to Burali-Forti, Rek, and Cantor
himself) to a meeting of theeutsche Mathematiker-Vereiniguing

1903, and attending the International Congress ath®maticians at
Heidelberg in 1904.

In 1911, Cantor was one of the distinguished foreigholars invited to
attend the 500th anniversary of the founding ofullneversity of St.
Andrews in Scotland. Cantor attended, hoping totrBeetrand Russell,
whose newly publisheBrincipia Mathematicaepeatedly cited Cantor's
work, but this did not come about. The followingyeSt. Andrews
awarded Cantor an honorary doctorate, but illnesslpded his receiving
the degree in person.

Cantor retired in 1913, and suffered from povestyen hunger, during
WWI. The public celebration of his 70th birthdayss@ancelled because
of the war. He died in the sanatorium where hedpaht the final year of
his life.

René-Louis Baire

René-Louis Baire(born January 21, 1874, died July 5, 1932) was a
Frenchmathematician. He was born in Paris, France aedl idi
Chambéry, France.

Dogged by ill health, and spending time alternabegveen low level
teaching in lycées and work in universities, he waay able to make
contributions to mathematics in limited spells. &l research interests
in continuity and irrational numbers



Henri Léon Lebesguelaki: led lo'beg] (June 28, 1875, Beauvais — July
26, 1941, Paris) was a French mathematician, raosbds for his theory
of integration. Lebesgue's integration theory wagimally published in
his dissertationintégrale, longueur, air€"Integral, length, area"), at the
University of Nancy in 1902.

Lebesgue's father was a typesetter, who died eftulbosis when his son
was still very young, and Lebesgue himself suffdrech poor health
throughout his life. After the death of his fathieis mother worked
tirelessly to support him. He was a brilliant stadie primary school, and
he later studied at the Ecole Normale Supérieure.

Lebesgue married the sister of one of his fellavdsnts, and he and his
wife had two children, Suzanne and Jacques. Heedook his
dissertation while teaching in Nancy at a prepayaschool.



David Hilbert

Born

Died

Residence
Nationality
Field

Institution

Alma Mater
Doctoral Advisor

David Hilbert

David Hilbert (1912)

January 23, 1862
Wehlau, East Prussia

February 14, 1943
Gottingen, Germany
||

EEGerman
Mathematician

University of Konigsberg
Gottingen University
University of Konigsberg
Ferdinand von Lindemann
Otto Blumenthal

Richard Courant

Max Dehn

Erich Hecke

Hellmuth Kneser

Doctoral Students Robert Konig

Known for

Erhard Schmidt
Hugo Steinhaus
Emanuel Lasker
Hermann Weyl
Ernst Zermelo

Hilbert's basis theorem
Hilbert's axioms



Hilbert's problems
Hilbert's program
Einstein-Hilbert action
Hilbert space

David Hilbert (January 23, 1862, Wehlau, East Prussia — Febfi4ary943,
Gottingen, Germany) was a German mathematiciangrezed as one of the
most influential and universal mathematicians ef189th and early 20th
centuries. He invented or developed a broad rahfijendamental ideas, in
invariant theory, the axiomization of geometry, avith the notion of Hilbert
space, one of the foundations of functional analysi

He adopted and warmly defended Cantor's set ttaadytransfinite numbers. A
famous example of his leadership in mathematibssi4 900 presentation of a
collection of problems that set the course for moicthe mathematical research
of the 20th century.

Hilbert and his students supplied significant pors of the mathematical
infrastructure required for quantum mechanics astegal relativity. He is also
known as one of the founders of proof theory, mattecal logic and the
distinction between mathematics and metamathematics

MECHAMIKA




Stefan Banach (March 30, 1892 in Krakéw, Austriaagary now
Poland— August 31, 1945 in Lviv, Soviet Union nokrélne), was an
eminent Polish mathematician, one of the movingtspf the Lwow
School of Mathematics in pre-war Poland. He wagdyrself-taught in
mathematics; his genius was accidentally discovbyeguliusz Mien and
later Hugo Steinhaus.

When World War 1l began, Banach was President@fRblish
Mathematical Society and a full professor of Unsigrof Lwow. Being

a corresponding member of Academy of Scienceseotttrainian SSR,
and otherwise on good terms with Soviet mathenzats;ihe was allowed
to keep his chair, from 1939, of the city. Banagtvized the subsequent
brutal German occupation from July 1941 up to Fatyrd944, earning a
living by feeding lice with his blood in the Typh&esearch Institute of
Prof. Rudolf Weigl. His health declined during thecupation, and he
developed lung cancer. After the war Lwow was ipooated into the
Soviet Union, and Banach died there before he coeldepatriated to
Krakéw, Poland. He is buried at the Lyczakowski @tary.

.|
Stefan Banach's Grave



