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onfiction. She was also a political activist and a public advocate of feminism.

n addition, she was a brilliant mathematician who made significant contributions
despite the enormous educational and political obstacles that she had to overcome.
Somehow her many achievements have been forgotten. In those few instances where her
work has not been lost it has been denigrated by such studies as Felix Klein’s history of
nineteenth-century mathematics. Klein dismisses Kovalevsky’s work in the following
manner: “Her works are done in the style of Weierstrass and so one doesn’t know how
much of her own ideas are in thetHe finds something wrong with all her research
and credits her with only one positive accomplishment, drawing Weierstrass out of his
shell through their correspondence. It is time to set this record straight and to let the
facts speak for themselves.

SWa Kovalevsky was a noted writer whose works include both fiction and

Sofya Krukovsky, known affectionately as Sonya, was born in Moscow in 1850. Her
father, a Russian army officer, retired in 1858 and moved the family—Sofya, her older
sister, Anyuta, and her younger brother, Fedya—to Palibino, an estate near the
Lithuanian border.

After settling at Palibino, the household discovered that they had not brought a sufficient
amount of wallpaper with them. Rather than travel a great distance to obtain new
wallpaper, they decided to use old newspapers on the wall. Since only the nursery
required the paper, this was deemed an adequate solution. However, while searching the
attic for newspaper, they discovered paper of a better quality. On it were the lecture
notes from a calculus course taken by General Krukovsky. This is how the nursery walls
came to be covered with the calculus notes that, in her later years, Sofya claimed to have
studied. Sofya often repeated this anecdote and enjoyed reporting how her calculus
teacher exclaimed: “You have understood them as though you knew them in advance.”

Kovalevsky claimed that her interest in mathematics was aroused by her Uncle Peter,
who would discuss numerous abstractions and mathematical concepts with her. When
the family tutor, Joseph Malevich, read of this in Sofya’s autobiographical work,
Memories of Childhoodhe was incensed. He wrote a long essay in a Russian newspaper
explaining why he should receive credit for Kovalevsky’s mathematical development.

In response to this criticism Kovalevsky wrote the following tribute in

“An Autobiographical Sketch”: “It is to Joseph Malevich that | am indebted for my first
systematic study of mathematics. It happened so long ago that | no longer remember his
lessons at all . . . . It was arithmetic that Malevich taught best . . . | have to confess that
arithmetic held little interest for mé.”



Kovalevsky? studied mehemadics against her &ther's wishesWhen she s thiteen,
she smiggled an algbra text into her pom and studied i#When she \as burteen she
taught heself tigonomety in order to stug a ptysics book witten by her neighbor
ProfessorTyrtov—trigonomety was necesswaifor the optics sectiomnd the pung
Sofya taught heself without tutor or tet. By constucting a ¢iord on a cicle, she vas
able to eplain the sine function and todgop the other tgonometic formulas.When
ProfessorTyrtov sav her work, he was stuck by its similaity to the actual mhemaical
development. Calling her a mePascal,Tyrtov pleaded with the Geradrto pemit Sofya
to study mahemdics. After a year of &hortation, Geneal Krukovsky relented and
allowed Sofya to @ to Retesshurg to stug calculus and other subjects.

After completing her studies in 18630fya wanted to contine her edud#&n, but the
Russian uniersity system was dosed to veamen.The onl option for stud/ was to @ to
Switzerland, but Geneal Krukovsky would not allev his daughtesy to g eroad

Sofya’s older sisterAnyuta, felt implisoned &Palibino and sought aay out. She dund
it through the adical politics of the timed his was a peod of political frment in
Russia.The nihilists,feminists,and adicalists vere all actve, and their ideas are
brought to Rlibino by the local piest’s son on hisacaion from sdool in Reteshurg.
While they scandalied the neighborhogthese ideas hadegt influence omnyuta,
who in tun influenced Sofg. Anyuta joined aadical goup tha advocaed higher
educdion for women and prmoted the conge of the“fictitious husbandto endle
women to obtain merfreedomA maried woman did not need heather’s signéure
for a passparand so ai€titious husband wuld endle Anyuta to tavel éroad br her
educdion. Anyuta and her fend Zhannadund a 26-garold university student,
Vladimir Kovalevsky, who agreed to mawy one of them. Urdrtunaely for Anyuta, she
brought Sofy to one of their meetinggladimir became irdtuated with Sofya and
insisted on maying her After several secet meetings and ath intrigue, Geneal
Krukovsky consentedandVladimir and Sofya were maried in S@tember 1868.

Following their mariage, the Kovalevskys left for Peteshurg to stug, and to seah for
a husbanddr Anyuta.With little effort Sofya had won the feedom to pwsue her
educdion, the freedom and ingeendence thigAnyuta had beernidghting so had for.
Sofya’s feelings of guilt Bout this can be seen in her lestéewAnyuta,who was still
confined 4 Palibino. She wote: “At times a stange anguish comesver me and Idel
ashamed thaeverything is coming to me so easiind without ap struggle.”®

In Petesshurg, Sofya receved pemission fom the instuctors to dtend dasses
unoficially. She wote to her sistef:. . . Lectues bgin tomorow and so m real life
begins & 9 a.m. . . . [Vladimir] and fends will solemn} escot me ky way of the
badstairs so thathere is hope of hiding &m the adminisation and fom cuious
staes’ 6 It was a Petesshurg tha Sofya decided to conceiate on m#hemdics. In a
letter toAnyuta she saidl have become carnnced tha one cannot leareverything
and one li¢ is baely suficient to accomplish et | can in ny chosen ield.”’



The Kovalevskys andAnyuta,who was still unmanied kut chagpemoned ly the young
couple left for Euope in 1869. Sofy intended to stydmathemdics; andviadimir,
geolagy. Anyuta planned to psue herevolutionary actvities. Sofya andviadimir
settled in Heidelbegy but Sofya was not panitted to mériculate & the unversity. She
appealed to both thex€ulty and the administion. A special committee as brmed
and it was decided thaad individual piofessor could ltoose viaether to panit Sofya
Kovalevsky to dtend his lecturs undficially.

Kovalevsky was nav able to dtend lectues,and her outstanding rtieemaical ability
became the talk of HeidellieAs a ifrm belieser in eduction for women,she used her
reputdion to assist other Russiaromen in their dbrts to atend the uniersity. One of
these vamen vas her firendYulya Lemontos, who later became therkt female bemist
in Russia. Br mary yeas Bunsen had desibed Sofya as @dangerous woman®
becauseaccoding to him,Sofya had ticked him into pemitting Yulya to use the
previously all-male tiemisty labs. In 1874Karl Weielstrass as&d Sofya for
confirmation of the stoy becauséhe [Bunsen] wites iction even if he doesn’

puldish it.”?

Sofya, Vladimir, andYulya lived and studied gether in Heidelbey until the all of
1869.WhenAnyuta arived for a visit,she vas quite suyprised to ind Sofya still living
with her“fictitious husbandand poceeded towact Vladimir from the patment.

A shot time laer, Vladimir left Heidelbeg to stug at Jena.

As her méhemdics piogressegdKovalevsky felt the need to stydwith Karl Weielstrass,
the most noted nthemadician of the timeat the Unversity of Betin. She teveled to
Berlin for the starof the fll semester of 187@nly to find the unversity dosed to
women. Sofg wiote: “T he caital of Pussia poved to be baavard. Despite all g
pleadings and &brts | had no success in obtaining rpésion to &end the Uniersity
of Bedin.”10

Detemined to stug mahemadics, Kovalevsky personally presented heelf to

Weierstrass as an aspig student. On the basis @dcommend@ons from

Koenigsbeager & Heidelbeg, Weierstrass vas willing to see heHe assigned her a set of
problems on lypetelliptic functions thahe had justigen to his tass.Weierstrass vas

so impessed with thehality she demonsgted in her solutions thde pesonaly
requested the wersity to allav her to &end his tasses undicially. However, the
university was intansigent in its decision.

Not wanting to vaste this miiemaical talent,Weiestrass offered to tutor Kvalevsky
privately. The lessonshegun in the &ll of 1870,lasted br four yeass. The working
relationship lasted a ldtime WhenWeierstrass made his fdr, he had no idea tha
Kovalevsky would become thelasest of his disciples andmain so until her déa



The lessons lgan with twice-veekly meetingsSundgs & Weieistrasss home and
weekdys & Kovalevsky’s. The mahemadics lessons arpatially documented in a ses
of forty-one lettes fromWeierstrass to Kvalevsky, spanning the pexd of March 1871
to August 1874They shav tha the emphasis &as onWelierstrasss favorite topic:
Abelian functions. Kvalevsky’s responses arunaailable, becausé\Veierstrass had
burned them on herng of her deth. Hovever, some idea of the imptance of this
comrespondence todCalevsky can be dund in her witings: “T hese studies had the
degest possile influence on m entire caeer in m#éhemdics. They detemined fnally
and irevocably the diection | was to bllow in my later scientiic work: all my work has
been done @rcisey in the spiit of Weierstrass: 11

These lettes also she the deelopment of alose pesonal elaionship betveen
Kovalevsky andWeierstrass.They give a glimpse of thergwing afection tha
Weierstrass é€lt for his pupil.Weierstrass vas unavare of Kovalevsky’s mariage
arangement and did not undgandViadimir's gppeaances. It \&s not until tvo yearis
later (October 1872) th&\Veierstrass leaned the tuth. The seles of lettes & this time
indicate thd the topic of aelaionship betveen Kovalevsky andWeierstrass vas aised
and the tth éout her matal staus was made knen. Both were upset aaithe scenge
andWeielstrass made seral atempts to eassug his pupil thahe would theeafter ony
discuss sciencdor a shar peiiod the corespondenceemained stctly mahemaical,
but it did not sty tha way. Weierstrass vas not ale to mask his concerand affection
for Kovalevsky.

In October of 1872\Neierstrass had suggsted seeral possilte topics br Kovalevsky's
dissetation. By 1874 she had completed & orginal works, ary one of wich
Weielstrass élt would be acgetable. Now he needed tarfd a unversity tha would
award Kovalevsky a dgree In July 1874,the Unversity of Géttingen avarded Sofa
Kovalevsky a Ph.D, in absentiasumma cum laudevithout either oals or deénse
Needless to sathis was an ungrcedentedwent.

The thee paers pesenteddr the dgree were:
1.“On theTheow of Partial Differential Equéions”

2.“On the Reduction of a Cein Class oAbelian Intgrals of theThird Rank to
Elliptic Integrals”

3. “Supplementay Remaks and Obsemrtions on Lalaces Reseah on the Brm of
Sdum’s Rings.

The frst of the ppers, on patial differential equéions,was pulished in Celle’s
journal in 1875.This was considexd a gea honor especial for a nwice
mathemdician, since Celle’s joumnal was considexd the most serus mahemdical
pulication in Gemary.



In the rst paer, Kovalevsky had gnealized a poblem tha had been posed/b
Caudwy. Cauty had &amined anastence theam for patial differential equéons,
and Kovalevsky genearlized Cauby’s results to systems of @err containing time
deiivatives of oderr. The mahemadician H. Pincaré said tha'K ovalevsky
significantly simplified the poof and gve the thecem its dehitive form” 12 Today, this
theoem on the xistence and uniqueness of solutions otiphdifferential equéions is
often, but not aWays, known as the Cauwy-Kovalevsky Theoem.While stud/ing the
pattial differential equéion problem, Kovalevsky examined the hdaequdion. Some of
her esults vere helpful toWeierstrass and he wite: “So you seedear Sowa, tha your
obsevation (which seemed so simple toy) on the distinctie propety of patial
differential equéions . . . vas br me the staing point or intelesting and ery
elucidding reseagches’ 13

Shotly after Sofy receved her dgree fom Gottingen, her fiendYulya was avarded a
degree in tiemisty from Gottingen.VIadimir had eceved his dgree in paleontolgy
two years ealier.

Although she had eaed her Ph.Dand had wtten a highy acdaimed paer, Sofya
Kovalevsky was unéale to get a job Even the diorts of her mentgMeierstrass,were
fruitless. Soin 1875,together withVladimir, Anyuta,andAnyuta’s husbandSofya
retumed to thedmily home in Russidleierstrass encowaged her to elax & home and
“enjoy the pleaswes of big city lie. | know you won't give up your scientifc work.” 14
However, Kovalevsky did not actrely pursue her wrk tha winter. She €lt guilty and
wrote:“l worked far less ealousy than | had done in Gerary and indeed the
situaion was far less popitious br sdolaly work . . . The ony thing tha still gave me
sdholally suppot was the rchang of lettes and ideas with ynbeloved teaber
Weierstrass.1® As impotant as thisxchang ma have beenthe corespondence with
Weierstrass stopped in 1875. ltas esumeddr a shortime in 1878 bt did not become
regular until 1880Weierstrass vas \ery hutt by this nglect. Havever, it must be
adknowledged tha Kovalevsky was neer a gpod corespondenteven while in Gemary,
so tha it is not suprising to ind this Igse in witing after her etum to Russia.

In RussiaKovalevsky again tied to ind a job The ony position in méhemdics
available to a voman vas teahing arthmetic in the laver gades of a igls’ school,

and since Sofy admitted thiashe vas“unfortunaely weak in the mltiplication table”16
she could not sayusly consider sut a positionTherefore, Kovalevsky tumed to other
intellectual pusuits. She wate fiction, theder reviews, and populaiscience ports for
a nevspaer She vas instumental in the @anizdion of the BestuzheSdool for
Women,but because of et were considezd her adical viavs she vas not panitted
to tead thee.

During this peiod in RussiaGeneal Krukovsky died and left Sofg a small inhetance
Vladimir invested this monein business enterises tha eventually went bankuapt.

By 1878,Sofya had become bed with her actities and vanted to etum to
mahemdics. She wote toWeierstrass br adrice. Weierstrass vas ecited by this letter
the irst he hadeceved from his pupil in thee yeass. Hovever, Kovalevsky’s retum to
mahemadics was delged ly the bith of a daughteiSofya Vladimirovna,in October of
1878.



On their etum to Russia the #valevskys has assumed theligfations of a eal

marriage. This was done pdlly as an olgation to Sofya’s paents and pally because of
their nev politics. It was their éeling to endyling relationships of all kindsand so the
marriage was fnally consummeed

Kovalevsky’'s retum to mahemadics was encowaged by a scientiic conference held in
Petesshurg in 1880.The Russian nthemdician Chéysher invited Kovalevsky to
present a paer d this conérence She bund her unpuished dissdgetion onAbelian
Integrals, translded it from Geman to Russian in one niglatnd pesented it to the
conference Although it had lain untouted Dr six yeas, it was well receved by the
mahemadicians.

Following her pesenttion, the Swedish méhemadician Gosta Mittg-Leffler, who had
met Kovalevsky ealier while she vas a student in Gerary, offered to fnd her a
position in his counyt. Kovalevsky was \ery apprecidive of this ofer and wote, in
1881,to Mittag-Leffler: “[If | can tead1] | may in this way open the unersities to
women,which have hitheto only been openyospecial &vor, a favor which can be
denied &ary moment.l’

Kovalevsky’'s desie for a position vas spured not ony by her minism lut also ly her
need to do maemdics. She wishethat the same timdo be dle to live for my work,
surounded k those wo ae occupied with the same questioHs.

While waiting for word from Sweden,Kovalevsky looked in Belin for reseach work.
While Vladimir was on a bsiness ip, Sofya secetly visitedWeierstrass.When she
decided thashe would retum to Betin to puisue eseach, Vladimir was quite angy
with the decision and their nreage endedFor the ne&t two years, Kovalevsky lived a
students life in Betin, and the car of her daughter as shagd ly Sofya’s friendYulya
and her botherin-law Alexander

While Sofya Kovalevsky was lusy conducting hereseath on the efraction of light in
crystals,Vladimir Kovalevsky again manged to gt himself into inancial dificulties.
There was a stok scandalandVladimir, faced with win, committed suicide in the
spling of 1883. Sofg took solace in her feemadics and hoped tarfd a bady needed
job in Sto&holm.

Mittag-Leffler had ecenty been ppointed the head of the themadics dgatment &
the nevly founded Untersity of Sto&holm and vas dle to ofer Sofya a position thex
However, the job had conditions. In der to pove her competen¢c&ovalevsky was to
tead for a pobaionaly year with no pa and no dicial university afiliation.
Kovalevsky agreed to this because she had no other options.

In the fall of 1883,Sofya Kovalevsky arived in Stokholm to become a lecter & the
University of Sto&holm. Her ecegtion was mixed Although hailed lg mary, others
agreed withA. Strindbeg, who wrote in the local paer, “A female pofessor is a
pemicious and unpleasant phenomenowergone might sg a monstosity.”1°



In the sping of 1884 Kovalevsky lectured in Geman on paral differential equéons.
These lectwes were well receved and Mittag-Leffler was dle to obtain the fundsof
her gpointment as a Bfessor of HigheAnalysis in dily 1884.Word of the
appointment vas sent to Sofyin Moscav, where she vas spending the summer with
her daughtertHowever, Sofya did not bing her daughter to Stklholm in the &ll
because sheas still unsue of her position. Sheas pulticly criticized for her dild-
care arangements bt chose to ignag this. She didn’bring her daughter to Sxden
until 1885,when the bild was eight gars old

In addition to joining the Stdkholm faculty in 1884 Kovalevsky became an editoof
Acta Mahemdica and pulished her ifst pger on cystals. In 1885she eceved a
second ppointment to the Chair of Mlanics. She also plished a second par on
the popagation of light in ciystals lut was embaassed \wenVoltera found a seous
error in her vork. She had used autti-valued function as if it ere a single-alued one
Since this eseath was perbrmed after a tlee-year hiaus in her ménemadical caeer,
Kovalevsky felt tha her teaber, Weierstrass,should hae caught the eor prior to
pubication. Weierstrass,quite distaught,blamed illness andverwork. (It might be
added thaWeierstrass vas 70 yas old 4 the time)

While in Sto&holm, Sofya lived for a time in Mittg-Leffler's homewhere she met and
developed a fiendship with his sisteAnna Lefler. Anna Lefler, a well-known

advocae of womens rights and a wter, encouaged Sofy’s literary leanings. In 1887
they collaborated on a plg entitledThe Stuggle for Happiness It was based on an idea
tha had occured to Sofy while she shat the bedside of heryihg sister

After Anyuta died in thedll of 1887,Sofya felt lonely and despondenthe sistes had
been tose and Sofw felt the loss degdy. However, at this time two events occued tha
helped to assge her gief. Both the announcement of asneompetition ér the Pix
Bordin and the aival in Sto&holm of a Russian Vayer named Maxim Kvalevsky
were to hae profound efects on the lg of Sofya Kovalevsky.

Ealy in 1888 the Fench Acadeny of Science announced ameompetition br the Pix
Bordin. Papers on the thegrof the otation of a solid bog would be consided for the
prize competition athe end of the summegosta Mittg-Leffler encouaged Sofya to
work on a paer for the competition.

While Sofya was engged in her eseath on the pper, Maxim Kovalevsky arived to
give a sees of lectues & Stokholm Unwersity. He had been dismisseaifn Moscav
University for ciiticizing Russian constitutionalwa Aside from politics,Sofya and
Maxim had map interests in commorgnd their #raction esulted in a scandalous
affair. Eventualy Maxim proposed matrage, on the condition thaSofya gve up her
reseach. Even if she had wished tawg up her méhemdics, Sofya was too &r into her
work for the pize competition to stop. In der to fee Sofy to do her wrk, Mittag-
Leffler invited Maxim to his summer home in Uppsdlais was a wise mee, for, as
Sofya staed “If burly Maxim had stged longer, | do not knev how | should hae gt
on with my work.”?0



With Maxim gong Sofya was dle to finish her vork and the pper was submitted on
time. Of the ffteen paers, which were submitted angimousl, one was considexd so
outstanding thiathe avard was inceased fom 3,000 fancs to 5,000 &ncs.The Pix
Bordin was avarded to Sofa Kovalevsky in December of 1888. Sadydtended the
awards ceemory with Maxim. Special@canition was gven to her wrk. In his
congatulatory speeb, the Pesident of thécadeny of Sciences saidOur co-membes
have found tha her work beas witness not oglto profound and byad knevledge, but
to a mind of gea inventivenes$?!

Prior to Sofya Kovalevsky’s work the ony solutions to the motion of @gid body about
a fixed point had been deloped or the two cases Were the bogt is symmetic. In the
first casedeveloped ly Euler, there ae no etemal forces,and the center of mass is
fixed within the boygl This is the case thaescibes the motion of the dar In the
second caselerived by Lagrange, the ixed point and the center ofagity both lie on
the axis of symmeyrof the bog. This case desitres the motion of the top. Safy
Kovalevsky developed theifst of the solable special case®f an unsymmeical top.

In this case the center of mass is no &ngn an axis in the bgdShe soled the
problem by constucting coodinaes plicitly as ulta-elliptic functions of time
Kovalevsky contirued this verk in two moie paels on a igid body motion. These both
receved avards from the SwedishAcadeny of Sciences in 1889. Hertéa works on the
subject hae been lost.

Kovalevsky’s piofessoship in Sveden vas due togire in 1889. Desous of etuming
to her néive county, she inquied dout a position in Russia. Hezquest \as fatly
denied Russian mhemdicians were indignant athis slight of Kovalevsky and decided
to honor herlt was sugested thaan honoary membeship in the RussiaAcadeny of
Sciences wuld piovide thd recaynition. Havever, in order to do thg the dater had to
be amended to allofor female membehip. In Noeember 1889Chebyshey sent the
following telegram to Kovalevsky: “Our Acadeny of Sciences has just weelected pu
a coresponding membghaving just pemitted this inn@ation for which thee has been
no precedent until n. | am \ery happy to see this fuliment of one of ng most
impassioned and jusitid desies’ 22

Kovalevsky sought positions tbughout Euope lut was @ain unsuccessful. She
therefore had to acqe the enaval of the pofessoship in Stokholm.

While working in Sto&holm, Kovalevsky regulaly comnuted to FFance where she
visited Maxim & his villa. Duing these visits Maxim enccaged her liteary interests.
She wote Memoies of Childhoodn Russian. It s tanslded into Svedish and
pubished in 1889. In ater not to shdc Swedish society with its psonal eveldions,

it was eleased as a wel entitledThe Ragsky Sistes. The orginal was pulished in
Russian in 1890. &valevsky’s novel A Nihilist Girl was witten in Swedish in 1890.

A Russian ersion had been st&d but Sofya’s sudlen deth left it uninished Maxim
edited the tw versions and \&s esponsike for the posthumous pligation of the neel.
This book vas highy praised ly critics in Russia and Scandiia.



It was Kovalevsky’s frequent tips to Fance to visit Maxim thiaeventually caused her
dedh. On etuming to Sto&holm from a visit,eaty in 1891,she &ll ill. The illness vas
misdiaggnosedand ly the time it vas fnally found to be pneumonia itas out of
control. On February 10,1891,Sofya Kovalevsky died Although thee was widespead
mouming and eulgies were gven aound the wrld, the Russian Minister of the
Interior, I. N. Dumovo, was conceated thatoo much atention was being paid to

“a woman wio was,in the last angisis,a Nihilist.’23

The mahemadical world was moe genepus in its paise Mittag-Leffler gave the oficial
eulagy for the Unversity of Sto&holm. Speaking of her as a tbac he said‘We knav
with what inspiing zeal she eplained [her] ideas . . . andwavillingly she gve the
riches of her kneledge.”2% In his eul@y, Kroneder, of the Unversity of Betin, spole
of Kovalevsky as“one of the arest irvestigators:’2® Karl Weierstrass,who felt her loss
most deply, having burned all of her lettes; said” ‘People dieideas endw’: it would
be enoughdr the eminentifure of Sofya to pass into posigr on the lone vitue of her
mahemadical and liteary work.”26

In her shorlifetime Sofya Kovalevsky left a notéle collection of politicalliterary, and
mathemadical works. Her conibutions,completed in spite of mgrobstages, cettainly
warrant her a place in our intellectual andtheamadical histoy.

During her méhemdical caeer Sofy Kovalevsky pulished ten ppers in mahemadics
and mahemadical physics.Three of these geers 2728 2%were witten duing her student
days undeMeierstrass (1870-1874T.he aticles on the efraction of lighg®3132were
written yeass later in Befin (1881-1883) after heetum to her méhemdical reseaches.
The iemaining eseach on igid body motion and Bunss Theoen?3-36was completed
during her temre & the Unversity of Sto&holm (1883-1891)The ony complete
collection of Kovalevsky’s works is pultished in Russiaf’ Portions of her work in
pattial differential equtions and igid body motion gpear in Englishand since these
are Kovalevsky’s most impaiant works they will be discussed in some detail.

The poof of the irst generl existence the@m in patial differential equons was
presented Y Caudy in 1842,in his pubications on intgrating differential equdons
with initial conditions. Hez he shwved the gistence of angtic solutions ér ordinary
differential equéions and ceain linear patal differential equéons.

The Cauby problem for the odinaly differential equéon du/dt = f(t, u), with the
initial conditionsu = u, andt = t, staes:

If f(t, u) is an analtic function in a neighborhood of the poilitu) there eists a unique
solution ofdu/dt = f(t, u) with the gven initial conditions.

For systems ofifst-order patial differential equéons of the érm

ou ou
L =F(t, %X, ... ,X Uy .., U —2, ..., —0
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with initial conditions vihent = 0, tha is,
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the Cauby problem is to fnd a solutionu(x, t) tha sdisfies the initial conditiong®



To solwe this poblem Cauby assumed tha; andw, were anaytic. He obtained a
locally corvergent paver seres solution i using his‘method of majoants’ The
original functionF is replaced ly a simple anatic function whose pwer seres
expansion codicients ae nonngative and geaer than or equal to thédsolute alue of
the coresponding coétients br F;. The deived system is therxplicitly integrated to
give a solution Wich is the majaant for the solution to the @inal witht = 0.

In her thesis Kvalevsky genealized Cauby’s results to systems of andarr
containing time devatives,o"u,/dt", of orderr. It is this gnealization tha is knavn as
the Cauby-Kovalevsky Theoem.

Kovalevsky used majaants of the drm

M
1-[t,+ 4+ +t)/p)’
where p and M ae constants.

For the higher ader system

aniui =F(t . . . akUj

ot i\t X U Uy U atkoax, ke ... ax fo

withi,j = 1,2, ..., mky, + k; + ... + k, = k < n;, k; < n;, and initial \alues gven a
some point = t, for theu, and their irstn; — 1 derivatives with espect to t,
Kovalevsky proved the bllowing.

If all the functionsF; are anaytic in a neighborhood of the point

(t, Xqy eee s Xy oo Wi ko,kl,...kn)

and all the functions; ¥ are anaytic in a neighborhood of the poif, ..., X,),
then Cauhy’s poblem has an anglic solution in a ceain neighborhood of the
point (t, X, X,, .. , X,), and it is the unique solution in thiass of anaftic functions.
(Note tha

ij, ko,kl, kn = 8k7k0Uj/8Xlk1 8Xnk")39
The simplestdrm of this theoem stées tha ary equdion of the brm
au/at = f(t, u, x, du/9x),

where f is anaytic in its aguments ér values neaft,, X,, Uy, dUq/9X;),
possesses one and ywoine solutioru(t, x) which is anaytic near(t,, X,).

The Cauby-Kovalevsky Theoem has signi€ant limitetions. It is esticted to anajtic
functions,and conergence ma fail in a region of inteest.Also the computi#on of the
coeficients of the sées ma be too tedious to be qctical. Havever, it is important in
that it shavs tha within a dass of anaftic solutions of angtic equaions the mmber of
arbitrary functions neededf a geneal solution is the same as theler of the equt#on
and these arbiry functions ivolve one less ingendent anable than the amber
occuring in the equion.



The work for which Kovalevsky was best knwn in her time vas her eseach on the
motion of a igid body about a ixed point.The equtions of motion of aigid body
moving aout a ixed point vere derved ty Euler in 1750They are as bllows:

d Ad
@A ST (C - B = Mooy~ z)

dy’ Bd
3{ =py’'—ry d_tq + (A = C)rp = Mg(zyy — %ov"),

dy” Cdr
=Py S+ (B Apg = Mglgy' — Yov).

Here A, B, C are the pmcipal aves of the ellipsoid of the bgdeldive to the ixed
point; M is the massg is the acceletion due to gavity. v, y’, y” are the diection
cosines of the angleshich the thee aes mak & eath moment; their dection is the
same as theofce of the igid body; p, g, r are the components of the angulatocity
along the pncipal axes;x,, Yo, Z, are the coadinaes of the center ofrgvity of the bod
consideed in a system of codinaes of which the oigin is the fxed point and Wwose
direction coincides with thaf the pmcipal aes of the ellipsoid of inég.

The poblem to be solgd was the intgration of this system of eqtians so thathe
position of the maing bod/ a ary time could be obtainedefore 1888 the

integration had been completedrfonly two casesThe frst was Dr the condition

Xo = Yo = Z, = 0. This casestudied ly Euler and Bisson,is the one \were the center
of gravity of the mwing bod/ coincides with theixed point.This is the motion of a
force-free symmetc body. There ae no etemal forces acting on the bgdand the
motion is &dout a ixed point within the bog the center of mass. If thexéd point is the
center of gavity, then gavity does not inuence the motioriThe axs of ptation ae
thus fxed in the bogd An example of this dérce-free motion is the &e otaion of the
eath. In the case of the éhis free otation, the axis of otaion does not coincide with
the axis of symmeyr It is very slightly tilted, although it passes thmgh the center of
mass of the e#dr. Wha then hapens is thiathe instantaneous axisguesses shdy
about the axis of symmstr

In the second casstudied ly Lagrange, A = B, X, = Y, = 0. Here the ixed point
and the center ofrgvity lie on the same axi8Vhen this axis is the axis of symmgetr
the motion is thiaof the spinning tog'A top is deined to be a ntarial body which is
symmetical ébout an axis and terinaes in a shar point . . . aone of the a@s?*0
This top spins laout a ixed point thais not the center ofrgvity, but the center of
gravity and the iked point both lie on the axis of symmetf the top.The weight of
the top gves Ise to a moment obfce as it spinskaout the ixed point on the plane

In both of these cases thgid body was symmetcal. Sofya Kovalevsky developed the
first of the solule special case®f the heay or unsymmetcal top. In this casehe
center of mass no loeglies on the axis of the bpdnsteadit is in the equtorial plane
(the plane pgrendicular to the axis) and passestigh the iiked point. In adition, two
of the pmcipal moments of inéia ale equal and doud the thid. The center of ity
is in the plane of the equal moments of fi@er
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Euler's equéions containing six unkmen functions has theoflowing first integrals:
Ap? + BeP + Cr? — 2Mg(Xoy + Yoy’ + 207) = Cy
Apy + Bgy’ + Cry” = C,
Y+ y2+y?=C=1

It is suficient to ind one moe integral to obtain a complete solution in quatdres.
This occus because the timeanable gppeas onl in the brm dt and can be elimiriad
leaving only five equéons.

Kovalevsky deiived the burth integral for the casé = B = 2C, z, = 0, and shwved
tha the ony conditions necessafor a gven seies to be a solution to Eulersystem
are thd the constants, B, C, x, y, z saisfy one of bur conditions:

(1) A=B=C,

2) X% =Y=2%=0 (Euler’s case),

(3) A=B,% =Y,=0 (Lagrange’s case),
(4) A=B=2C,z,=0 (Kovalessky’s case}?

Kovalevsky obtained a solutiorof her case yorotaing the coodinae axes in thexy
plane and lsoosing a unit of length so thg, = 0 andC = 1. With ¢, = Mgx, the Euler
equdions become:

%— d_y_ ’ ”
d ) dy’ p

= PGy =Py Ty
dr , dvy” ,
2a=coy J{=qv—pv-

The thee algbraic intggrals ae:
2(p? + ?) + r2 = 2cx + 6l
2py +qy) + 1y’ =2
2yt y2=1
where| andl, are constants of ingeation. Kovalevsky then deived a burth integral:
[(p + qi)* + coly + iv)(p — ai)* + coly — yD] = K

12



wherek is an arbitary constant. Defing x, = p + qi, X, = p — qi, she made seral
transbrmations of the anables.After some algbraic manipulions she obtained the
equdions:

__ U ds
VRi(s)  VR(s,)

g = Sds S0
VRi(s)  VRy(s)’
where R, (9 is a ffth-degree poynomial whose eros ae unique and, ands, are

polynomials inx, andx,. This systemesults in gperelliptic integrals which
Kovalevsky solved by using theta functions.

0

For this highy praised eseath Kovalevsky was avarded the Badin Piize in 1888 and a
prize from the SwvedishAcadeny in 1889. Histolans,however, have found this verk

“not of suficient inteest br the theoy of a top to ihd a place he’*3 Today the \alue
of her work is seen not in theesults or the aginality of the method Wt in the inteest it
stimulated in the poblem of the otation of a igid body. Several reseathers hare
contirued the wark of finding nev cases of special solutionghis indudes Chalygin’s
development of the inggal for a symmeical top tuning a&out a ixed point,with
moments of indra A = B = 4C and the Hesse-8if equdions of motion or a top.
There is also a bodof work by othes, for ekample Bobylev, Steklos, Goryadhev, and

V. Kovalevsky.

The emaining vorks by Sofya Kovalevsky are of lesser impdance and will be ogl
briefly reviewed

In the pger onAbelian inteyrals, Kovalevsky shaved hav a cetain type ofAbelian
integral could be epressed as an elliptic irgeal.

The pager on Staurn’s rings is concered with the staility of motion of liquid ing-
shged bodies. Lglace bund the 6rm of the ing to be a séwed coss-section of an
ellipse Kovalevsky, using a saes epansionproved tha the ings were egg-shaed
ovals symmeic about a single axis. Heever, the subsequent pof tha Saurm’s rings
consist of dis@te paticles and not a contirous liquid made this avk inapplicable.

In the aticles on the efraction of light in cystals,Kovalevsky applied a method
developed ly Weierstrass to diferentide Lameés patial differential equdons. Havever,
Volterra discoered a basic eor in her vork. She had (as Lamépetted a nulti-valued
function as though it @re single-alued and the solution could not beglied to the
equdions in her 6rm. However, the paer did demons#te the peviously unpulblished
theor of Weierstrass.

Kovalevsky's last aticle deived a simpler mof of Bruns's Theoem based on a
propety of the potential function of a horgeneous bogl
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