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town of Erlangen, where her father, Max Noether, was a professor of
athematics. At that time it was very unusual for a woman to seek a university
education. In fact, a leading historian of the day wrote that talk of “surrendering our
universities to the invasion of women . . . is a shameful display of moral weakness.”
At the University of Erlangen, the Academic Senate in 1898 declared that the admission
of women students would “overthrow all academic order.”

Emy Noether was born over one hundred years ago in the German university

In spite of all this, Emmy Noether was able to attend lectures at Erlangen in 1900 and to
matriculate there officially in 1904. On 13 December 1907 she received her Ph.D. under
the direction of Paul Gordan.

Transition: From Gordan to Hilbert

Gordan, near retirement at that time, was known as the “king of invariant theory,” a title
he had earned because of his truly phenomenal ability to carry out symbolic calculations
in his head. But Gordan had his limitations. As Max Noether put it, “Gordan was never
able to do justice to the development of fundamental concepts; even in his lectures he
completely avoided all basic definitions of conceptual nature, even that of thellimit.”

Thus it was essential to Emmy Noether’s development as a mathematician that Gordan’s
successor, Ernst Fischer, influenced her away from Gordan’s type of research and
toward the methods of David Hilbert, who is now widely regarded as the greatest
mathematician since Gauss (see, for example, Reid 1970).



Noethers knavledge of invarant theoy appeaed useful to Hilberin his work on
Albert Einsteins theoy of reldivity, and she acqgaed an imitation to move to the
University of Gottingen. In 1918 she psented her peer, Habilitationssarift, on
differential invanants,including a theoem nav known as Noethes theoem.When
Einstein ead Noethes work, he wiote to Hilbet, “Y esteday | receved fom Miss
Noether a g1y interesting paer on ivarant forms . . . she c&inly knows what she is
doing”4

Noethers Theorem

Emmy Noether is@&mous or her work in two fields: physics and miaemdics, or moe
specifcally, Noethers theoem in plysics,and the thegr of ideals in algbra. Mary
algebraists who knav about Noethean rings hae nerer head of Noethers theoem,
and most wo hare head of it would be suprised to knav how important it is.

It would be impactical to stee the theam hee. However, its impotance is sugested
by physicist Reter G Belgmann:“Noethers Theoem, so-called forms one of the coer
stones of wrk in geneal relaivity as well as in cetain aspects of elemenyapatticles
physics.The idea ispriefly, that to every invariance or symmeyrpropety of the lavs of
naure (or of a poposed thegy) there coresponds a consetion law. . . 7°

In Tavel (1971) the intersted eader will fnd a tansldion of the 1918 pulxation in
which Emny Noether irst pioved Noethes theoem.The tiansldion is intoduced g
an outline of a widea#iety of goplicaions. Noethes 1918 pulication has also been
translded in its entiety into Russian. Its imptance is futher maniésted iy the length
of treament of Noethes theoem in theGrea Swiet Engydopedia.

There is no &solute yardstidk for measung the elaive impotance of scienti€ works.
However, one can glean &m Science Cithon Inde< a“first goproximation,” in some
cases. It is céainly of interest tha for the years 1965 to 1979 (BAgust),the Index
(which covers virtually all major méhemdical and plysical jounals) lists 160 citi@ons,
by vanous authos, of Noethers 1918 pulcation. For the samegass, the Index lists
only 69 citaions of all the est of Noethes pubications.

Noetheran Rings

From 1920 to 192@)\oether opened up wefrontiers in algebra by her studies of ideals
and ly her efectveness as a telaer of a‘somewvha noisy and stany” group of highy
talented gadude students knen as“the Noether bgs”

The theoy of ideals had been imiduced a gneegtion ealier by Richard Dedekind or
the pupose of drmulating the fundamental theem of aithmetic (tha every positve
integer is a unique @duct of pimes) br other mmbes than just the ingers. The
genius of Dedekind ideals is sugested iy an example:Let (2) denote the set ofen
integers and (6) the set of all irger multiples of 6.Then the &ct tha 6 is dvisible by 2
is equvalent to the containment (&) (2). More geneally, nis divisible by mif and
only if (m) C (n). It follows thd everything eout diisibility can be érmulated in tems
of set containmeniThe setsrf) are exkamples of ideals in theng of integers.



The theoy of ideals had been deloped considebly before 1920. But manproofs,
sud as thaof Lasler’s theoem (nameddr Emamel Lasler, algebraist and wrld chess
champion) could beeplaced ly much simpler poofs ony after Noether shwed the
importance of a pdicular condition ér rings. It is called th@scending lsain condition
(ACC).To defne theACC, we first defne a set of ideall, I,, 15, .. .in aing R to be
an ascendingr@ain ifl, C 1, C 1; C .... Now, if every ascending feain in R comes to
an end (meaning théhee is some&k sudh tha |, = I,., = I, , = ...),then R has the
ACC. In 1921 Noether pubshed a pper shaving the n&uralness and usefulness of the
ACC,and it is lagely as a esult of th&a pgoer thad rings saisfying theACC ae called
Noetheran rings. The intgers, with the odinaly + and- , for example are a
Noetheran 1ing.

Modeme Algebra

B. L. van delWaeden came to Gottirem in 1924 aftenfishing the uniersity couse
in his naive Holland He eadily grasped Noethes’'theores angdmore than ayone else
enhanced them with hisvn discaveries and pomulgated her vork.

In 1930,van detWaeden pultished his &mous bookModeme Algebra, based on the
lectures of Noether and EnmAirtin. Mary mahemaicians hae wiitten éout the
significance of this book;dr example Garett Birkhoff wrote tha “van denWaeden
made'modem algebra’ suddenly seem cenél in mahemaics:’®

“It is not too much to sg§,” contirued Bikhoff, “that the freshness and enthusiasm of his
exposition elecified the méhemdical world—especiay mahemaicians under 30 li&
myself” Translded into English andeprinted many times,the book has lmught the
influence of Noether into themerican dassoom.

The concptual axioméc style of mahemaical thinking for which Noether is so
often emembegd led Camwll V. Nevsom to wite, regarding moden algebra, in his
introduction to thefwenty-thid NCTM Yearbook (1957):. . . major cedit for its
development should pbably be gven to the gea woman méemdician, Emmy
Noether The work, Modeme Algebra, by . . . B L. van detWaeden,provides the
classical account of moderlgebra as Emm Noether conceed it”

Mecca of Mahemdics

While Noether was in Gottingn,the Mahemaische Institut thee became knen
informally as theé‘Mecca of Mahemadics” Perhgs thee has neer been a nthemadics
depatment composed of a medistinguisheddculty, attracting sub a steam of
visiting sdolars from aound the wrld as the one in Gottiregy duing the yeass 1923 to
1933.Within this settingby the ealy thirties, the circle of algebraists aound Noether
had @gined ecaynition as the most agt pat of the InstitutWhat a loss it vas in 1933,
with the taleover by the Nazi pay underAdolf Hitler, that the excellence aGaottingen
was sudenly scdtered into the dur winds.

With the help of the Rd@feller Founddion, Noether vas dle to find refuge in
America. She taughttd&ryn Mawr College duing the academicear 1933-34 and
lectured weekly at the Institute ér Advanced Stug in nearly Princeton. It is a little-
known fact tha she vas a member of thremerican Mahemdical Society



In suppot of Noethers contirued suppdrfrom the Rokefeller Foundaion, Norbet
Wiener so often emembeed tody as the'father of ¢ybemetics; wrote in 1935:Miss
Noether is a gea personality; the gedest woman méhemdician who has eer lived;
and the gedaest woman scientist of gnsott now living, and a sholar d least on the
plane of Madame Cig.”’ Noethers staure as the geaest woman méhemdician is also
indicaed in witings by HemannWeyl andAlbert Einstein.

The Hamhurg Untergrund

| have talked with mag who knev Emmny Noether pesonall. There ae two things thg
were all quik to mention. One is th&oethers students seemedaalys to be lfocked
around her“following her as if dllowing the Pied Pipérand the other is thahe ery
seldom wote or said aything thda was not mthemadical. The ldter is anusingly
illustrated ly a shot trip on the Hambrg Untergrundin 1934.

During tha summerNoether hadetumed to Gemary and vas visiting theArtins

in Hamhurg. It was EmilArtin whose lectugs,along with Noethes, had seved as a
basis br van detWaedens Modeme Algebra. In 1980,it was ny pleasue to inteview
Mrs.Artin, now NatastaArtin Brunswvick, and | askd wha she emembeed @out the
visit. Here is wha she said:

“Now the one thing lemember most vidly is the tip on the Hambrg
Untergrund, which is the subay in Hamhurg. We pidked up Emmg a the
Institute and she andrtin immedidely stated talking méhemdics. At that
time it was Idealtheoe, and thg stated talking &doutldeal, Fuhrer, and
Gruppe andUntergruppe and thewhole carsuddenly stated picking up
their eas. [Eat of the Geman nouns has both themadical and political
meanings.And | was fightened to dah—I thought,my goodnessnext
thing’s going to hgpen,somdody’s going to arest us. Of cowg tha was in
'34, and all. But Emm wascompletey oblivious,and she takd \ery loud
and \ery excited and gt louder and loudeand all the time théFuhrer”
came outand the'ldeal” She vasvery full of lif e, and she constagttalked
very fast and ery loud”

“Warm Like a Loaf of Bead”

There ae maty aspects of Noetherlife and verk tha can ony be sugested hes:

her studentanary of whom became leading rtiemadicians; her manner of telaiag—
wha she laked as a lecter was moe than equalledybher uoyant spiit and genepus
shaing of paverful oiniginal insights; hereseach; the inadequacof recaynition and
remuneition duiing her lifetime because sheag a voman; herdmily; and her
remakable pesonality—she ws“wam like a loaf of bead’” wrote HemannWeyl,

“.. . thee iradiged from her a bwad comérting, vital warmth?8

To lean more aout the geaest woman méhemadician, the inteested eader will
certainly want to talke a look atwo of the books listed in the bibgraphy, Brewer and
Smith (1962) and Dic(1981).
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