
Zeitschrift: L'Enseignement Mathématique

Herausgeber: Commission Internationale de l'Enseignement Mathématique

Band: 47 (2001)

Heft: 3-4: L'ENSEIGNEMENT MATHÉMATIQUE

Artikel: GROUPS ACTING ON THE CIRCLE

Autor: GHYS, Étienne

Kapitel: 3.2 Piecewise linear groups

DOI: https://doi.org/10.5169/seals-65441

Nutzungsbedingungen
Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich für deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veröffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanälen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation
L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En règle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
qu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use
The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 28.11.2025

ETH-Bibliothek Zürich, E-Periodica, https://www.e-periodica.ch

https://doi.org/10.5169/seals-65441
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en


E. GHYS

fuchsian groups which are by definition the discrete subgroups of PSL(2,R).
These groups come from many parts of mathematics, in particular from number
theory. For instance, the modular group PSL(2, Z) is fundamental in the study
of quadratic forms in two variables over the integers and its action on RP1
or on 7~i is one of the main tools to understand it. Gauss began, its analysis
m his famous Disquisitiones and the modular group might be the first non-
commutative group to have been been studied in the history of mathematics.
As another example, consider a quadratic form in three variables with integral
coefficients and signature (+, +, —) ; the group of its isometries with integer
coefficients is of course a fuchsian group. This was another motivation for
Poincaré when he studied these groups [60]. We also want to emphasize that
not only the discrete groups of PSL(2, R) might be interesting, even from
the number theoretical point of view. Examples can be given by taking a
number field k embedded in R and looking at the ring of integers Ö in this
field (for instance Z[v/2] in Q(\/2)). The group PSL(2, O) of elements of
PSL(2, R) with entries in Ö is a very important one (even though it is dense
in PSL(2, R) if k is not the field of rational numbers).

3.2 PlECEWISE LINEAR GROUPS

Our second example is a much bigger group : the group of piecewise linear
homeomorphisms of the circle S*, considered here as R/Z. A homeomorphism
/ of the real line R is called piecewise linear if there is an increasing sequence
of real numbers xt parametrized by i e Z such that lim±00x; d=oo and
such that the restriction off to each interval [xhxi+i] coincides with an affine
map. If such a homeomorphism satisfies f(x + 1) f(x) + 1 for all x, then it
induces a homeomorphism of the circle S1 - R/Z. Such a homeomorphism of
S1 is called a piecewise linear homeomorphism of the circle. Note that, by our
definition, we are only considering orientation preserving homeomorphisms of
the circle. The collection of these homeomorphisms is a group denoted by
PL+(S1).

Again, this group is acting transitively on the circle so there is not much
to say about its orbits... However PL+(S!) contains some very interesting
subgroups which will provide good examples of some dynamical phenomena
on the circle. We shall mention only one of them.

The Thompson group, denoted by G, is a countable subgroup of PL+(S1)
which has been studied quite a lot recently and deserves more attention. Some
of its properties will be mentioned in these notes, in particular as a source
of (counter)-examples. To define it, we consider first the group G consisting
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of piecewise linear homeomorphisms / of R which have the following four

properties.

• The sequence jq can be chosen in such a way that and f(xi) consist

of dyadic rational numbers (i.e. of the form p2q, p,q G Z).

• The set of dyadic rational numbers is preserved by /.
• The derivatives of the restrictions of / to ]x;,xî+i[ are powers of 2 (i.e.

of the form 2q, q G Z).

• One has f(x + 1) =f(x) + 1 for all x.

The elements of G induce homeomorphisms of the circle S1 ~ R/Z.
The collection of these homeomorphisms is the Thompson group G. Figure
4 shows the graphs of two typical elements of G.

Among the nice properties of G, we mention first the fact that G is
an infinite finitely presented simple group. This was the main motivation for
Thompson: indeed G was the first example of such a group (recall that a

group is called simple if it contains no proper normal subgroup).
We also mention a connection with the modular group PSL(2, Z) acting on

RP1. Consider the group of homeomorphisms of RP1 which are piecewise-
PSL(2, Z), i.e. for which one can partition RP1 as a finite union of intervals
with rational endpoints in such a way that on each of these intervals, the
homeomorphism coincides with an element of PSL(2, Z). It turns out that
there is a homeomorphism h from R/Z to RP1 mapping the dyadic points
in R/Z to the rational points of QP1 and conjugating the Thompson group
G with this group of piecewise-PSL(2, Z)

Somehow, we could say that G sits inside PL+CS1) like a fuchsian group
sits inside PSL(2, R). For more information concerning this group, see [13, 28].
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