




















Paul Pierre Lévy

Born: 13 Sept 1886 in Paris, France
Died: 15 Dec 1971 in Paris, France

Paul Léwvy was borm into a family containing several mathematicians. His grandfather was a professor of mathematics while Paul’s father, Lucien
Léwvy, was an exsmniner with the Ecole Polytechnique and wrote papers on geometry. Paol attended the Lycée Saint Lonis in Pans and he achieved
outstanding success winnng prizes not only in mathematics but also in Greek, chemistry and physics. He was placed first for entry to the Ecole
Mormale Bupérienr and second for enwy to the Ecole Polytechnique in the Concours d’entrée for the two nstmtions.

He chose to arend the Ecole Polytechniqne and he while sdll an vndergraduare there published his first paper on semiconvergent seres in 1905,
After graduating in first place, Léwy took a year doing military service before entering the Ecole des Mines in 1907, While he studied at the Ecole
des Mines he also artended covrses arthe Sorbonne given by Darboux and Emile Picard. In addidon he amended lectres arthe Collége de France
by Georges Humbert and Hadamard.

It was Hadamard who was the major infloence in detenmining the topics on which Lévy would undertake research. Finishing his studies at the
Ecole des Mines in 1910 he began research m functdonsl snalysis. His thesis on this topic was exardned by Ermile Picard, Poincaré snd Hadamerd
in 1911 and he received his Doctenr &5 Beiences in 1912,

Léwy became professor Ecole des Mines in Paris in 1913, then professor of analysis at the Ecole Polytechnique in Pars in 1920 where he
remained untl he retired n 1959, Curing World War I Lévy served in the artillery and was mmvolved mn using his mathematical skills in solving
problems conceming defence against attacks from the sir. A young mathematcian B Gateanx was killed near the beginming of the war and
Hadamard asked Léwvy to prepare Gateanx’s work for publication. He did this but he did not stop at writng up Gateanx’s results, rather he took
Garesnx’s ideas snd developed them further publishing the materal after the war had ended in 1919,

As we indicated above Lévy first worked on functional analysis [12]:-

... Gong i the spirir of Volterra Thiz involved exrending the codonluz of functions of @ recd variable ro spaces where the polnts ore
curves, surfaces, sequences or functions.

In 1919 Lévy was asked to give three lectures at the Ecole Polytechnique on (see [9]):-
... motions of codeuduz of probabilitics ond the role of Gouzsion law in the theory of errors.

Taylor wiites in [12]:-
Az ther time there was no methermoziosd theory of probabilizy — ordy ¢ collecrion of small compurationsd problems. Now it iz &
Jully—fledzed brovek of wuthematios using techniques from ol branches of moder snodysis ond modting &z own contribuzion of
idens, problewms, resulrs ond usefil machinery o be opplied elsewhere. If there iz one person who hos influenced the esteblishment
ad growsh of probability theory more thon oy other, thes person maust be Fol Lévy.

Loéwe, in [9], gives a very colourful description of Léwy’s contributions: -
Foad Lévy was o poinder in the probebilistic world, Like the very greot pointing genivses, his podette was bis own ond biz paintings
tronarited forever ouwr vision of reclizy. . Hiz three main, somewhor overlopping, periods were: the limit laws period, the greor
period of additive processes and of matingodes painted in pothaime colowrs, ond the Brownion pethfindsr period.

Mot ondy did Léwy contribute to probability and functonsal analysis but he also worked on partial differental equations and series. In 1926 he

extended Laplace transforms to broader functdon classes. He undertook a large-scale work on generalised differential equations mn fonctonal

derivatives. He alzo stodied geometry.

Hiz main books are Lecors d snalyse fonctionnelle (1922, Codend des probabilirés (1925), Théorie de laddirion des voriabies aléoroines
(1937 -54), and Frocessus stochastigues of mowvernent browndien (1948).

In 1963 Lévy was elected to honorary mermbership of the London Mathematical Society. In the following year he was elected to the Académie des
Briences.

Loéve sums up his ardcle [9] in these words -

He was avery modest meon While believing fully in the power of rezionad thoughe. ... whenever [ pass by the Diembourg gerdens, £
still see us there strolling aifting in the sun on o bench; I still hear Riny speaking corefully Ris thougles. I hove frown @ greot mon.

Article by: JJ O Connor and B F Robertzon





















Aleksandr Yakovlevich Khinchin

Born: 19 July 1824 in Kondrovo, Kaluzhskaya guberniya, Russia
Died: 18 Nov 1959 in Moscow, USSR

Aleksandr ¥akovlevich Khinchin 's father was an engineer. Khinchin attended the technical high school in Moscow where he became fascinated by
mathematcs. However mathematics was certainly not his only interest when he was at secondary school for he also had a passionate love of poetry and of the
theatre. He completed his secondary edncation in 1911 and entered the Faculty of Physics and hMathematics of Moscow University in that vear.

Ar undversity in Moscow Khinchin worked with Luzin and others. He was an outstanding student being partcularly interested in the metic theory of functons
and before he gradnated in 1916 he had already written his first paper on a generalisation of the Denjoy integral. This first paper began a series of publications by
Khinchin on propertes of functions which are retained after deleting a set of density zero at a given point. He summarnsed his contribations to this ares with the
paper Recherches sur lo structure des fonctions meqsurables in Fundomonta mozhermonion in 1927,

Afrer gradvating in 1916, Khinchin rerneined ar Moscow University undertaking resesech for his dissertadon which would allow him to become o vniversity
teacher. After a couple of years he began teaching in a nomnber of different colleges both in MMoscow and Ivanowo. The town of Ivanove, east of hoscow, was a
centre for the textile industey and it plays & surprisingly important part in the development of Russian mathematcs with sewveral of the major figures teaching in
the totwn.

Around 1922 Khinchin took up new mathematicsl interests when he began to stody the theory of numbers and probability theory. In the following year he
strengthened results of Hardy and Litdesrood with his introduction of the iterated logarthm published in Meoghemetische Seitechiift. With these ideas he also
strengthened the law of large numbers due to Borel

In 1927 Khinchin was appointed as a professor at Mozcow University and, in the same year, he published Beszie lows of probobelizy theory. Between 1932 and
1934 he laid the foundatons for the theory of stationsry random processes culminating in a major paper in Moghemarizche Annelen in 1934, Khinchin left
Moszcow in 1935 to spend two vears at Saratew University but retorned to Mloscow University in 1937 to continne his role of buidding the school of probahbiity
theory there in parmership with Kolmogorov snd others, inchuding in pardcular their student Gnedenko. From the 19405 his work changed direction again and this
time he became interested in the theory of statistical mechamics. In the last few years of his life his mterests tumed to deweloping Shannon’s ideas on
informaton theory.

We shall look at serme of Khinchin’s major publications and in this way get a feel for the large nomber of fmportant contributons he made in a remarkably large
range of topics. Same of these publications we have already mentioned in the brief description of his career which we gave sbove.

Ehinchin first published the book Consinaed Frootions in 1936 with & second edition being published in 1949 The book consists of three chapters, the first two of
which present the classicel theory of condnued fractons. The third chaprer, the longest and most important, containg an account of Khinchin®s own contibutons
to the topic of the meticel theory of Diophantne spproxdmations. Anether contrbuton by Khinchin to number theory is the short book Three pearl of number
theory which appeared in an English translanon m 1952,

The book Fighs lectwres on megheroziced anedysis by Khinchin ran to seweral edidons. It was first published in 1943 and the eight lectures it contains are:
Condromern; Liwdts; Funcdons; Series; Dedvatdve; Integral; Series expansions of functdons; and Differential equatons. The book was designed to be nsed to
supplement & standard course on the caloulus and gives & careful treatment of seme of the basic notons of mathematical analysis. Ivanov, reviewing the fourth
edition, wrote:—

The presentorion i smooth, elegont ond interesting ond mokes very enjovedle reading ..

Ehinchin published Mothemaziood Frinciples of Stezisticed Mechandes m 1943, It showed how to make classical statistical mechanics nto a mathematcally
ngorons subject, developing & consistent presentation of the topic. In 1951 he exrended the work of this 1943 book when he published Meozhemozical foundazions
of guomdwmn stozistics. This new publication on the topic appeared in a German translation in 1956 and then in an English translation in 1980, The book was
witten in such & way as to be nseful both to mathermatcians who wanted to become better acquainted with some applications of analysis to physics, and also to
physicists who wanted to understand more about the mathernatcsl foundations for their subject. Topics covered included: local limir theorems for sums of
ientically distabuted random veriables; the foundatons of quantom mechsanics; genersl principles of quantom statstics; the foundations of the statstics of
photons; entopy; and the second law of themmoedynamics. The book has been rated as being equal in quality to von Mewmann s masterpiece Meozhemazionl
Joundozions of guantum mechonics.

Khinchins book Mezxhemazionl Foundorions of Informetion Theory, wanslated into English from the original Russian in 1957, is important. It consists of English
translations of two articles: The endropy concept in proboebiity theory and Ok the bosic theorems of informetion thegry which were both published earlier in
Russian. The second of these ardcles provides a refinement of Shannon’s concepts of the capacity of & noisy channel and the entropy of & source. Khinchin
generalised some of Shannon’s results in this book which was written in an elementary style yet gave a comprehensive account with full details of all the
results.

In [6] Guedenke, who was a student of Khanchan, lists 151 publications by Khinchin on the mathematical theery of probability (the list iz given againn [4]).

Among the many honours which Khinchin received for his work was election to the Soviet Academy of Sciences in 1939 and the award of a State Prize for
scientfic achievements in the following year.

Were—Jones writes [9]:-

Khinchin wos o foscinoting figure .., not leest becouse of Ris early enthusziosms for poetry ond acting ond Ris lnks with such figures of the
revolirion af the poet Moyafovshy and members of the Mozcow Arez Theatre.

Article by: JJ O Coneor and £ F Robertaon















JJUST WHAT IS5 IHDIAW SUMMER AWD DID IHDIAWS EEALLY HAWE
ANYTHING TO DO WITH IT?®...
Eu: Eill Deedler, Weather Historian, WF0 Detroit/Pontiac Mi

An early American writer described Tndian Swmmer well when he
wrote, "The air is perfectly quiescent and all is stillness, as
if Hature, after her exertions during the Summer, were now at
rest." Thisz passage belongs to the writer John Bradbunry and was
written nearly an "eternitp" ago, back in 1317, But this passage
iz as relevant todap as it was wap back then, The temm "Indian
Summer" dates back to the 18%th centuwry in the United states. It
can be defined as "any spell of wamm, quiet, hazp weather that
map ocenr in October or ewen early Howember." Basically, aunbtuomn
iz a transition season as the thunderztooms and sewere weather of
the summer giwve wap to a tamer, calmer weather period before the
turbulence of the winter commences.

The temm "Indian Swmmer" iz generally associated with a period of
considerably sbowve nommal temperatures, accompanied by dop and
hazy conditions wshered in on a south or sowthwesterly breeze.
Several references make note of the fact that a toue Indian
Summer can not occur wntil there has been a killing frostifreeze.
Since frost and freezing temperabtures generally work their wap
sonth through the £all, this would give credence to the
possibility of seweral Indian Summers oconrcing in a £all,
especiallp across the northern areas where frost/freezes nsually
come earlp.

While almost exclusivelp thonght of as an aobtumnal ewent, I was
surprized to read that Indian Summers hawe been giwen credib for
warm spells as lake as December and Janmary (but then, just where
does that leawe the "Jammarm Thaw" phenomenont). Another topic of
debate abont Indian Summer has been "location, locabion".
Evidently, =some writers hawe made reference to it as native only
to Hew England, while others hawe stated it happens owver most of
the United states, even along the Pacific coast. Probably the
most common or accepted wiew on location for an Tndian Summer
wonld be from the wid-Atlantic staktes nocth into Rew England, and
than west across the ohio Wallew, Great Lakes, Midwest and Great
Flains states. In other words, locations that generally have a
winter on the horizon! BFut then, what sbout the king of winkter
weather in the United states, Alaskar Do they hawve an "Indian
Summer", or something similar? Some places in Alaska are lucky to
havwe a "summer", let alone an Indian Summerc! one would certainly
hawe to throw ont the notion of it wswally happending in october
or Howember, when, winter genmerally has alceady taken an
aggressive foothold on much of the ztate. What about other
locations that come to mind, The Rocky wWountain States and parcts
of canada, particularitp in the east and south? Hobe: If anpone
reading thiz has any infomation on Indian Svnmers in those areas
questioned, or just thoughts on Indian Summers in general, leawve
us a noke in onr "guestbook" section.

A typical weather map that reflects Indian Summer weather
inwolwes a large acea of high pressure along or just off the
East Coast. Occasionally, it will be thizs same high pressure that
produced the frostffreeze conditions only a few nights before, as
it mowed ont of Canada across the Plains, Midwest and Great Lakes
and then finallp, to the Bast Coast. Much wammer temperatores,
from the deep south and Southwest, are then pulled north on
sontherly breczes cesulting from the clockwise rotabion of wind
around the high pressure. It is characteristic for these
conditions to last for ak least a few daps to well ower a week
and there map be sewveral cases before winkter sets in. Such a mild
spell iz uwsnally broken when a shtrong low pressure spstem and
abttending cold front poushes across the region. This dramatic
change results from a sharp shift in the wpper winds or "jet
stream" from the south or southwest to nocthwest or north. of
conrse, there can be some modifications to the abowe weather map
scenario, but for simplicity and common occurrence sake, this is
the general weather map.

How we come to the origin of the temm itself, "Indian Summec" .
ower the pears, there has been a considerable amount of interest
giwven to thisz topic in literature. Probably one of the most
intensiwve studies occurred way back acownd the toon of the
century. A paper by Albert Matthews, written in 1902, made

an exhanstive study of the historical wsage of the bexm.
Ewvidently, the credit for the first unsage of the tem was
mistakenly giwven ko a man by the name of Major Ebenezer Dennm,
who used it in his "Jowonal", dated dctober 13th, 17394, The
jonrnal was kept at a town called Le Boeunf, which was near the
preszent dap cityp of Erie, Pennsplwania. Mabthews howewer,
vncowered an earlier wsage of the bemm in 177% by a frenchman
called 5t. John de Crewecoenr. It appeared in a letber Crewvecoenr
wrote dated "Gemman-flats, 17 Janwier, 1772." The following is a
translation of a portion of the letter:

"sometimes the rain is followed by an interval of calm and
wamth which iz called the Indian Summer; its characteristics
are & trangquil atmosphere and general smokiness. Up to this
epoch the approaches of winter are doubtfnl; it arriwves about
the middle of Rowvember, although snows and brief freezes often
occur long before that date.”
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Kiyosi Ito

Born: 7 Sept 1915 in Hokusei-cho, Mie Prefecture, Japan

Kiyosi Ito studied mathematcs in the Faculty of Science of the Imperial University of Tokyo. It was during his stdent yesrs that he became atracted to probability theory. In [3] he
explains how this came abour:-

Ever since T was o studens, [ hove been axtracted to the fuct they stezistical lows reside in ingly rondom p Alrhough I Fnew thez probebilizy theory wes o
means of describing such phenomena, I was not savisfied with contemporary papers or works on probabilizy e.‘heory, since they didwot clearly define the random variable,
the bosic element of probebilizy theory. At thet time, fow ¢ ions regorded probability theory os n cahentic mozhemenical field, in the some strict sense the
th,ey regom‘ed Fifferenticd ond integral colonine. With cleor definition of read rumbers formulored oz the end of thel9th cerauy, differenziod ond integred calonlus Rad

i ino oo oauthentic w icod systers. When [ wes o studens, there were few reseqrchers in probebilizy; among the few were Kolmogorov of Russie, and

Panl Leﬂ aof Fronce.

In 1938 Ito graduated from the University of Tokyo and in the following year he was appointed to the Cabinet Btadstcs Burean. He worked there vntl 1943 and it was during this
petiod that he made his most outstanding contributions: -

Drring those five yeors I had much free time, thonks to the special considerarion given me by the then Director Koweshima .. Accordingly, ] was able 1o continue
srudying probability theory, by reading Kolmogorov's Sasic Concept ofP}’obczbz}zzy T?e,eory e Levy s Theory of&un of!ndepem‘echmdom Vericbles. At thez time, i
was commonly believed thet Levy s works were extremely difficult, since Levy, o pioneer in the new 1 field, exploined pr iiry theory bosed o hiz
Inuition. J ertempred to describe Levy 's ideas, using precise logic ther Kolmogorov might use. Introducing the concept of reguicrisezion, developed by Doob of the
Lnited Srezes, I fincdly devised stochastic differensicl equotions, after peinstaling solitery endecvours. My first poper was thus developed, todoy, i iz conumon practice
Jor mezhemezicions to use my method to describe Levy's theory.

In 1940 he published Ok the probabilizy distribazion on g compact group on which he collaborared with Yukiyosi Kawada. The background to Ito’s famons 1942 paper O stochastic
proceszes (Infinitely divisible lows of probability ) which he published in the Jopanese Jowmnal of Mothemaics is given in [2]:-

Brown, o botendst, discovered the motion of pollen parvicles in wozer. At the beginning of the twenticth contury, Brownien motion was studied by Einstein, Pervin ond
other physicists. fn 1923, agamst thiz scz,enzz_,fz,c background, Wiener defined probability meosures in porh speces, and used the concept of Lebesgue integrals 1o loy the

gl foundations of : iz, fn 1942, Dr. Ito begem to reconstruet from sorateh the concept of stochastic integrads, omd i3 ausocioted theory of
aradyzis. He crected the theory of : d&fferemz.cd quotions, which describe motion due to random events.

Although today we see this paper as a fundamental one, it was not seen as such by mathematicians at the time it was published. Ito, who still did not have & doctorate at this time,
wrould have to wait several vears before the importance of his ideas would be fully appreciated and mathematicians would begin to contrabure to developing the theory. In 1943 [to was
appointed as Assistant Professor in the Faculty of Science of Nagoya Imperial University. This was a period of high activity for Ito, and when one considers that this occurred during
the years of extrerne difficulty in Japan cansed by World War II, one has to find this all the more remarkable. Volume 20 of the Froceedings of the Tmperied Academy of Tofye contains
six papers by Ito: (1) On the ergodicity of o certadn stotionary process; (2) A kinemazic theory of turbulence; (3) On the nowmal stogionory process with no hysteresis; (4) A sorew line in
Hilbert spece ond iz applicezion to the probability theory; (5) Srochastic fnzegred; and (8) On Studenz s test.

In 1945 Ito was awarded his doctorate. He continued to develop his ideas on stochastic snalysis with many mportant papers on the topic. Among them were On & stochastic integral
cquazion (1948), On the stochastic inzegred (1948), Stochastic differentiol cquerions in ¢ differentioble menifold (1950), Brownicn motions in @ Lie group (1950), and O stochastic
differentiol equezions (1951).

In 1952 Ito was appointed to a Professorship at Kyoto University. In the following year he published his famons text Probabilizy theory. In this book, Ito develops the theory on a
probability space using terms and tools from measure theory. The years 1954-56 Ito spent at the Instimute for Adwanced Smdy at Princeton University. An important publicaton by Ito
in 1957 weas Stochastic processes. This book contained five chapters, the first providing an introduction, then the remaining ones smdying pr with independent increment
stationary processes, harkov processes, and the theory of diffusion processes. In 1960 Ito visited the Tata Institute in Bombay, India, where he gave a series of lectures surveying his
own work and thar of other on Markov processes, Levy processes, Brownian moton and linear diffusion.

Although Ito remained ag a professor at Kyoto University untl he retired in 1979, he also held positons as professor at Asrhns University from 1966 to 1969 and professor at Comell
University from 1969 to 1975, During his last three years at Kyoto before he retdred, Ito was Director of the Research Institte for Mathematical Sciences there. Afrer retiving from
Kyoro University in 1979 he did not retre from mathematics but continmed to write research papers. He was also appointed at Professor at Gakushoin University.

Ito gives a wonderful descrption mathematical beauty in [3] which he then relates to the way in which he and other mathematicians have developed his fundamental ideas: -
In precizsely budlt mozhermoniond structures, mezhemericions find the some sort of beeuy others find in enchaning picces of music, or in mognificent archirecture, There

is, however, one grea difference between the beauty of mathematicol structures ond that of grees art. Music by Mozar, for instonse, impresses greatly even those who
do not know musical theory, the cothedral in Cologne overwhelms spectorors even if they fnow nothing ebout Christionity. The beauty in mathemationd sxmcm’es

Rowever, connot be appreciored withous understonding ofczg?’oup of natmericed formadne thex express lows of logic. Ordy w iowes con read musical scores”
cortaining monry narmericad formaloe, and ploy ther “rmausic” in their heorts, Accordingly, [ once belisved thor wizhour mumericed forradae, T could never comvmasndcoze the
sweet melody ploved inmy hear. Stochostic differentiol equeions, called "Tto Formads,” ore cwrrently in wide use for describing p aof random fluctuszions over

rimme. When I first sex forgh stochestic differenicd equezions, however, my poper did not axtract cafention. Jt Wos over fer Yeors after my poper thet other
mozhemaicions begon reading wmy “wusicel scores” ond ploying wy Tmusic” with their “instruments.” By developing my “oviginel rmusicsd scores” into move eloborate
“mzic, " these resecrchers have contributed greatly to developing “Ito Formaula,”

Ito received many honours for his outstanding mathernatcal contibutions. He was awarded the Asahi Prize in 1978, and in the same year he received the Imperial Prze snd also the
Japan Academny Prize. In 1985 he received the Fujiwara Prize and in 1998 the Kyoto Prize in Bagic Sciences from the Inamord Foundation. These prizes were all from Japan, and a
furthier Japanese honovr was his election to the Japan Academy. However, he also received many honours from other countries. He was elected to the Mational Academy of Science of
the United States and to the Académie des Sciences of France. He received the Wolf Prize from Israel and honorary doctorates from the universides of Warwick, England and ETH,
Zurich, Switzerland.

In [2] this tribute is paid to Ito:-

Nowadeys, Dr. to's theory iz used in verious fields, in addizion to i, for cruad Fu due to random everts. Coleulozion using the "Ito calouluz” iz
coRRon ROT only to Scientists in physics, populction genetics, stockastic control theory, ond oe.‘h,er netured selences, bur also to mozhernoticed finonce in economics. fn
Ser, experes in finaneiol affeirs refer to Jto celouluz as "Tro's formade ™ Dr. Ito iz the foxher of the modern stochastic enalysis thet hos been systemezically developing
during the twentieth century. This ceaseless development hos been lod by meny, including Dr. Fro, whoze work in this regord is remarkable for iz mothermaziood depeh
G stvong Intercetion with o wids renge of ereas. His work deserves special mention o3 involving one of the bosic theories provwdnent in mezhemeriool sciences during
this centuy.

Arecent monograph enttled fro 'z Stockastic Celondus and Frobebility Theory (1996), dedicared to Ito on the occasion of his eightieth birthday, contains papers which deal with recent
developrents of Ito’s ideas:—

Frofessor Kiyosi fro is well .'bwwn s the creator of the modem theory of stockastic eralysis. Although Ito first proposed his theory, row Anown oz Ito's stochastic

fyziz or fro's Fuaistic ool , ebout fifty years ago, its value in both pure and opplied mathematics is becoming grecter ond greater. For almost oll modern theories
a2 the forefront of probability and ree‘,ca‘edfz,e-ids Tto 'z anadysis i indispensable a3 on essentiol instrument, ond & will remain so in the future. For exgmple, o bagic
Sormade, colled the Tro formade, iz well Frown and widely used in fields op diverse gz physics ond economics.

Article by: 77 O Clonnor and E F Roberzson
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