1.1 Intersecting line segments and Menger
curvature

Objekttyp:  Chapter

Zeitschrift:  L'Enseignement Mathématique

Band (Jahr): 48 (2002)

Heft 1-2: L'ENSEIGNEMENT MATHEMATIQUE

PDF erstellt am: 14.09.2024

Nutzungsbedingungen

Die ETH-Bibliothek ist Anbieterin der digitalisierten Zeitschriften. Sie besitzt keine Urheberrechte an
den Inhalten der Zeitschriften. Die Rechte liegen in der Regel bei den Herausgebern.

Die auf der Plattform e-periodica vero6ffentlichten Dokumente stehen fir nicht-kommerzielle Zwecke in
Lehre und Forschung sowie fiir die private Nutzung frei zur Verfiigung. Einzelne Dateien oder
Ausdrucke aus diesem Angebot kbnnen zusammen mit diesen Nutzungsbedingungen und den
korrekten Herkunftsbezeichnungen weitergegeben werden.

Das Veroffentlichen von Bildern in Print- und Online-Publikationen ist nur mit vorheriger Genehmigung
der Rechteinhaber erlaubt. Die systematische Speicherung von Teilen des elektronischen Angebots
auf anderen Servern bedarf ebenfalls des schriftlichen Einverstandnisses der Rechteinhaber.

Haftungsausschluss

Alle Angaben erfolgen ohne Gewabhr fir Vollstandigkeit oder Richtigkeit. Es wird keine Haftung
Ubernommen fiir Schaden durch die Verwendung von Informationen aus diesem Online-Angebot oder
durch das Fehlen von Informationen. Dies gilt auch fur Inhalte Dritter, die tUber dieses Angebot
zuganglich sind.

Ein Dienst der ETH-Bibliothek
ETH Zirich, Ramistrasse 101, 8092 Zirich, Schweiz, www.library.ethz.ch

http://www.e-periodica.ch



76 _ ~ A. KARLSSON AND G.A. NOSKOV

We say that a domain satisfies the intersecting chords property (ICP) if
(1.1) holds for any two intersecting chords c¢; and c,. It is easy to see that
ICP may fail for a general strictly convex domain (at a curvature zero point
or a ‘corner’).

We show in this section that ICP holds for domains that satisfy a
certain (non-differentiable) curvature condition. Domains with C? boundary
of nonvanishing curvature are proved to satisfy this condition in Section 3.

1.1 INTERSECTING LINE SEGMENTS AND MENGER CURVATURE

This subsection clarifies the relation between the curvature of any triple of
endpoints and the ratio considered above that two intersecting line segments
define.

Three distinct points A, B and C in the plane, not all on a line, lie on a
unique circle. Recall that the radius of this circle is

(1.2) RA,B,C) = —

2sin-y’
where c 1s the length of a side of the triangle ABC and -~y is the opposite
angle. The reciprocal of R is called the (Menger) curvature of these three
points and is denoted by K(A, B, C).

Now consider two intersecting line segments as in Fig. 2.

Aq B
a bl
b2 an
B, A,
FIGURE\ 2

Intersecting line segments

PROPOSITION 1.1. In the above notation, the following equality holds : |

a1ay K(A1,B1,B2)K(A, By, By)
ble K(B17A17A2)K(BZ7A17A2)

Proof. Let «; be the angle between the line segments A;B; and B1B;,
and let [3; be the angle between B;A; and A;A,, for {i,j} = {1,2}. By the
sine law we have




THE HILBERT METRIC AND GROMOV HYPERBOLICITY 77

aja; _ sinaisinag  2sinoy |A2B,| 2sinay |A1Bi]
bib, sinBxsinf;  |A1Bi| 2sin By |A2B,| 2sin B
_ K(Ay,B1,B2)K(Az, By, By) =
K(Bi,A1,A2)K(B;,A1,A>)

COROLLARY 1.2. Let D be a bounded convex domain in R". Assume that
there is a constant C > 0 such that

Kxy.2 _ -

K(x',y'2') —
for any two triples of distinct points in D all lying in the same 2-dimensional
plane. Then D satisfies the intersecting chords property.

Proof. Any two intersecting chords define a plane and by Proposition 1.1

we have KoK
aray _ Balllo2 < Cz. B
blbz KﬁlKlgz

REMARK 1.3. In view of this subsection it is clear that ICP implies
restrictions on the curvature of the boundary, e.g. there cannot be any points
of zero curvature. We were however not able to establish the converse of
Corollary 1.2.

1.2 CHORDS LARGER THAN §

The following proposition provides a different approach to the result in
[Be97] mentioned above.

PROPOSITION 1.4. Let D be a bounded convex domain in R". Let § be
such that the length of any line segment contained in OD is bounded from
above by some §' < 6. Then there is a constant C = C(D, ) > 0 such that

(1.3) C(D,0) < K(x,y,2) <

S| N

whenever x,y,z € 0D and xy > 6.

Proof. The angle «a(x,y,v) := Z,(xy,v) is continuous in x,y € R" and
v € UT,(OD), the unit tangent cone at y. The tangent cone at a boundary
point y is the union of all hyperplanes containing y but which are disjoint
from D. If [x,y] does not lie in dD, then 0 < a(x,y,v) < 7. The set

S = {(x,y,v) € 0D x 0D x UT,(OD) : xy > 6}
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