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Theorema Egregium (1827):
Si superficies curva in quam-
cunque aliam superficiem expli-
catur, mensura curvaturae in sin-
gulis punctis invariata manet.

Dersom en buet flate er utviklet

/:L pa en vilkarlig annen flate, sa vil

Carl Friedrich Gauss krumningen i hvert punkt forbli
(1777-1855) uendret.
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Georg Friedrich Bernhard
Riemann (1826-1866)

Arne B. Sletsjge

Uber die Hypothesen welche
der Geometrie zu Grunde
liegen (1854):

Bekanntlich setzt die Geometrie sowohl den Begriff
des Raumes, als die ersten Grundbegriffe fiir die
Constructionen in Raume als etwas Gegebenes voraus.
Sie giebt von ihnen nur Nominaldefinitionen, wahrend
die wesentlichen Bestimmungen in Form von Axiomen
auftreten. Das Verhéltniss dieser Voraussetzungen bleibt
dabei in Dunkeln; man sieht weder ein, ob und in wie weit
ihre Verbindung nothwendig, noch a priori, ob sie méglich

ist.
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Nash-Kuiper-teoremet. La (M, g) vare en Riemannsk
mangfoldighet av dimensjon m og f : M — R" en kort
C°°-embedding inn i et Euklidsk rom R”, hvor n > m+ 1. Da
finnes for vilkarlig € > 0 en embedding f. : M — R" av type C1,
slik at
(i) f. er en isometri, dvs. for alle par av tangentvektorer
v,w € Ty (M) sa vil

g(v, w) = (dfe(v), dfe(w))
(ii) fc har punktvis avstand til f mindre enn e:

|f(x) — fu(x)| <€, Vxe M.
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C: Plan reguleer kurve, parametrisert ved r : [0,1] — R2.
Kurven gjennomlgpes med hastighet vp(t) = ||v(t)]| = ||[¥'(¢)]].
v(t): En annen hastighetsfunksjon, som oppfyller v(t) > v(t) for
alle t € [0, 1].

Finn ny kurve C’, parametrisert ved ' : [0,1] — R? med
gjennomlgpshastighet v.

Problem: Gjgr dette slik at kravet ||¢'(t) — r(t)|| < € er oppfyllt for
vilkarlig valgt € > 0.
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Illustrasjon av en isometrisk embedding av en flat torus inn i R3.
(Kilde: HEVEA Project/PNAS)
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COMMUNICATIONS O PURE AND APPLIED MATHEMATICS, VoL vi, J7-304. (1953)

The Weyl and Minkowski Problem
Geometry in the Large

fferentia

By LODIS NIRENBERG

Introduction

The problemms of Wey! and Minkowski treated i this paper ars two-clnssical
embedding problems of differential geometry in the large. Surh prablems
sl mdure to questions concerning nanlinear difesential oquations and
those teated hern lead to momlinear equations of elliptic chameter.
secuently, mich of the paper is concerned with questions in. the field of alliptic
diflerential equations.

The st peoblem, which was considersd by H. Weyl [20] in 1916, is the
problem of the realisation by a convex surface in Euclidean 3-space of a diffor-
ential grometric metric of poitive curvature given on the unit ephere. I

other words, ene is given & positive definite guadsatie form defined st overy
peint of the unit sphere—which in loral parsmeters (u, r) takes the form

" = Elw, v) du’ + 2Pim, v} du dr + Glu, o) &,

with d’ invariant under parameter chann and sach that the Gauss curvature
of the form is everywhere posifive. Does there exist n closed convex sirfaos
which may be mapped one-to-one onto the sphere 5o that its first fundamental
form, i terms of parameters on the sphere, i &&°F

The quadratic form defines the Riemssnn metrie of an abetrart Rieman-
winm manifeld bomeomsephic to the sphere, and the problem may be formuluted
s can this manifold be embodded into Euclidean 3-apace?

A proof of the possibility of such an embedding is given bere, under the

that the eoefficienta of the quadratic form di* posess decivatives
up to the fourth order.

Ia addition s solution of the Minkowski problem (formulated in [20],
see also [9] chapter 13) is presented. This problem is the following: Given &
pesitive: function K(%) defined o the unit sphere (here 7 represents the inner
& mormal ts the sphere), does there exist a closed convex surfuce having
K (%) s its Gauss curvature st the point on the surfuce where the inner normal
i ? The fuetion K() is ssmumed to stisfy the condition, which holds for
any regalar chosed conves sirface,

[ KA du = 0,

Ed
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Minkowski-problemet
(1903).

Gitt en strengt positivt, reell
funksjon f definert pd kule-
flaten S2, finn en strengt kon-
veks, kompakt flate ¥ C R3
slik at Gauss-krumningen x(x)
. = til & i punktet x er presis
Hermann Minkowski lik f(n(x)), hvor n(x) er

(1864-1909) normalen til X i x.
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Weyl-problemet (1916).
Betrakt kuleflaten S? utstyrt
med en Riemannsk metrikk g
slik at den tilhgrende Gauss-
krumningen er positiv overalt.
Finnes det da en global
isometrisk C?-embedding
‘ X :(52%,g) — (R3 0), hvor o
Hermann Weyl (1885-1955) er standard-metrikken pa R3?
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Precipitation Annual mean
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Ulik stgrrelse pa kroppsdelene reflekterer
tettheten av nerveceller.

(Kilde: Natural History Museum, London)
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" Partielle differensialligninger brukes for 4 beskrive grunnleggende
lover for fenomener innen fysikk, kjemi, biologi og andre
vitenskaper. De er ogsa nyttige i analysen av geometriske objekter,
slik en rekke vellykkede eksempler fra de siste tidrene viser.

John Nash og Louis Nirenberg har spilt en ledende rolle i
utviklingen av denne teorien, gjennom Igsning av fundamentale
problemer og introduksjon av dype ideer. Deres gjennombrudd har
utviklet seg til anvendelige og robuste teknikker, som na er sentrale
redskaper for studiet av ikke-lineare partielle differensialligninger.”

(Kilde: Abelkomiteens begrunnelse)
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Théorie analytique de la chaleur
(1822).

% —aVu=0
Funksjonen u = u(t,x) maler tem-
peraturen i et gitt punkt pd en
bestemt tid og likningen gir den
matematiske modellen for varme-
transport. Likningen uttrykker
matematisk det faktum at i et punkt
hvor temperaturen er lavere enn i om-
Jean-Baptiste Joseph givelsene, sd vil temperaturen stige
Fourier (1768-1830) over tid.
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Bglgelikningen (1746-56).

d%u

272, _
ﬁ—CVU—O

Funksjonen u = u(t,x) beskriver am-
plituden til bglgen, slik den utvikler
seg i tid og rom.

Leonhard Euler (1707-1783)

Arne B. Sletsjge Two beautiful Minds



Elliptisk PDE:
Viu=f
- Ingen tidskoordinat i likningen
- Lgsningene er fullstendig romlige
- Elliptiske likninger modellerer statiske fysiske eller geomtriske
problemer

F.eks. isometriske embeddingsproblemer: La
u= (v (%), 0" (x,y), 0 (x,y))

beskrive en embedding R? — R3, der g = (gj;) er metrikken p& R2
og R3 har standard Euklidsk metrikk. En isometrisk embedding er
gitt av diff.likningssystemet

outout | outout  outout
Ox; Ox;  Ox; Ox;  Ox; Ox; ~ &i

for1 <i,j<2.

Arne B. Sletsjge Two beautiful Minds



Regularity issues are a daily
concern in the study of partial
differential equations, some-
times for the sake of rig-
orous proofs, and sometimes
for the precious qualitative in-
sights that they provide about
the solutions.

It was a breakthrough in the
field when Nash proved, in par-
allel with De Giorgi, the first
Holder estimates for solutions
of linear elliptic equations in
general dimensions without
any regularity assumption on
the coefficients; among other
consequences, this provided
a solution to Hilbert's 19th
problem about the analyticity
of minimizers of analytic
elliptic integral functionals.

(Kilde: Abelkomiteens begrunnelse)
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A few vyears after Nash's
proof, Nirenberg established,
together with Agmon and
Douglis, several innovative
regularity estimates for solu-
tions of linear elliptic equations
with LP data, which extend the

classical ~ Schauder theory
and are extremely useful
in applications where such
integrability conditions on
the data are available. These
works founded the modern
theory of regularity, which
has since grown immensely,
with applications in analysis,
geometry and probability, even
in very rough, non-smooth
situations.

(Kilde: Abelkomiteens begrunnelse)
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18. mai 2015 kl 11:00 Kunnskapsministeren overrekker
Holmboeprisen, Aulaen, Oslo katedralskole

18. mai 2015 kI 17:00 Kransenedlegging ved Abelmonumentet,
Slottsparken, Oslo

19. mai 2015 kl 14:00 Abelprisutdeling i Universitetets Aula,
Universitetets Aula, Oslo

20. mai 2015 kI 10:00 Abelforelesningene 2015, Georg Sverdrups
Hus, Universitetet i Oslo
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Georg Sverdrups hus, Universitetet i Oslo
Kl. 10:00 - 15:00

Forelesningene er dpne, men lunsjen krever pamelding.
Send e-post til abelprisen@dnva.no
Se mer informasjon om forelesningene og Abelprisen
2015 pa www.abelprisen.no
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Introductions by John F. Nash, Jr. and
Louis Nirenberg

K. 1

Tristan Riviere:

kl. 12:00 Exploring the unknown, the work of Louis
Nirenberg on Partial Differential Equations
Science Lecture with Frank Morgan:

Kkl. 14:00

Soap Bubbles and Mathematics
- The Amazing Shapes of Minimal Surfaces
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