
The notable configuration of inscribed equiteral
triangles in a triangle

Autor(en): Gómez, Blas Herrera

Objekttyp: Article

Zeitschrift: Elemente der Mathematik

Band (Jahr): 57 (2002)

Persistenter Link: https://doi.org/10.5169/seals-7598

PDF erstellt am: 22.07.2024

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 veröffentlichten Dokumente stehen für nicht-kommerzielle Zwecke in
Lehre und Forschung sowie für die private Nutzung frei zur Verfügung. Einzelne Dateien oder
Ausdrucke aus diesem Angebot können zusammen mit diesen Nutzungsbedingungen und den
korrekten Herkunftsbezeichnungen weitergegeben werden.
Das Veröffentlichen 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 Einverständnisses der Rechteinhaber.

Haftungsausschluss
Alle Angaben erfolgen ohne Gewähr für Vollständigkeit oder Richtigkeit. Es wird keine Haftung
übernommen für Schäden durch die Verwendung von Informationen aus diesem Online-Angebot oder
durch das Fehlen von Informationen. Dies gilt auch für Inhalte Dritter, die über dieses Angebot
zugänglich sind.

Ein Dienst der ETH-Bibliothek
ETH Zürich, Rämistrasse 101, 8092 Zürich, Schweiz, www.library.ethz.ch

http://www.e-periodica.ch

https://doi.org/10.5169/seals-7598


© Birkhauser Verlag, Basel, 2002
Eiern. Math. 57 (2002) 26-31
0013-6018/02/010026-6 $1.50+0.20/0 I Elemente der Mathematik

The notable configuration of inscribed
equilateral triangles in a triangle

Bias Herrera Gomez

Bias Herrera Gomez obtained his Ph.D. in mathematics at the University Autönoma
of Barcelona in 1994. Presently, he is a professor at the University Rovira i Virgili of
Tarragona. His main fields of interest are: the geometry of foliations, the dynamics
of galaxies, classical geometry, and the mechanics of fluids and turbulence.

1 Introduction
Many notable configurations for a given triangle have been described by different
geometers in the past. Among the most famous classic configurations are the Euler and

Simson lines, the Gergonne, Lemoine, Brocard and Nagel concurrences, the Feuerbach,
Brocard, Lemoine, Tuker and Taylor circumferences, etc. More modern configurations
can be found in the Soddy circles [9], the Euler-Gergonne-Soddy triangle [8], the Tor-

ricelli configuration [10], etc. In fact, one can see in [3] four hundred configurations
(triangle centers), in [4] even eight hundred configurations are picked up. Recently, new

configurations continue to appear, for example Morley triangles related to the Feuerbach
circumferences [5], associated rectangular hyperbolas [1], triangle centers associated with
a rhombus [6], Euler lines concurrent on the nine-point circle [7], etc.

Among modern configurations we focus our attention on the Lucas circles. Edouard
Lucas studied the configuration given by three inscribed squares in a triangle with a side

parallel to each one of the sides of the triangle. With them appear three circles. Recently
[2], Yiu and Hatzipolakis have been continuing the study of this configuration and, in

particular, have shown recently that the Lucas circles are tangent to each other.

Bekanntlich gibt es eine Vielzahl bereits unlcrsuchlcr Konfigurationen zu einem
gegebenen ebenen Dreieck. Der Autor des nachfolgenden Beitrags knüpft an eine von
E. Lucas studierte Konfiguration an, die ein Dreieck mit drei einbeschriebenen
Quadraten zum Ausgangspunkt hat und zu den sogenannten Lucas-Kreisen führt. Hier wird
nun ein Dreieck mit drei einbeschriebenen gleichseitigen Dreiecken, von denen jeweils
genau eine Seite zu einer der Seiten des Ausgangsdreiecks parallel ist, untersucht. Bei
dieser Konfiguration zeigt sich unter anderem, dass jeweils vier der insgesamt neun
Eckpunkle der ein beschriebenen Dreiecke auf drei Kreisen liegen, die sich in einem
Punki
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In this paper we take on Lucas' idea and consider not the three inscribed squares, but
the three inscribed equilateral triangles with one side parallel to each one of the sides of
the triangle (see Fig. 1).

The notable configuration which appears is outlined below and will be summarized in

the theorem of the following section.

We will show that the centers of these equilateral triangles are aligned (see Fig. 2). We

will see also that the mid-points of the sides of the equilateral triangles are aligned three

by three (see Fig. 2). We will find that the simple ratios of these mid-points and the

simple ratios of the vertices are equal to the simple ratio of the centers. But the most
remarkable feature will be the appearance of three circumferences which link the vertices
four by four, and these three circles are concurrent in a point (see Figs. 3, 4).

Fig. 1 Construction of the three inscribed equilateral triangles.

2 Configuration
First of all, in order to establish our notations we recall that the "simple ratio" (A, B,C)
of three aligned points is (A, B,C) ±^§ with a positive sign if C is not between A
and B, and a negative sign otherwise.

We recall that in order to construct an inscribed equilateral triangle in AABC with a side

parallel to side AB, we consider the exterior equilateral triangle with side AB, AABC.
Let C3 be the intersection of the line CC with the line AB. The lines through the point
C3 parallel to AC and BC intersect with the lines AC and BC at the points C\ and C
respectively. The triangle AC1C2C3 is the inscribed equilateral triangle (see Fig. 1).

The other two triangles AA1A2A3 and AB1B2B3, with sides parallel to BC and AC
respectively, can be constructed in a similar way.
The description of the configuration can be summarized in the following theorem.
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Fig. 2 The centers Oa, Og, Oq are aligned. The lines AA-t,, BB3, CC3 are concurrent (outward Fermât point
F X13). The mid-points A\2, B13, C13 are aligned; the mid-points A13, B12, C23 are aligned; the

midpoints A23, C12, B23 are aligned. All the simple ratios coincide with the simple ratio (O^, Og, Oc).

Theorem 1 Lef AABC be a triangle. Let AAiA2A3, ABiB2B3, ACiC2C3 fee ffte three

inscribed equilateral triangles with A\A2 parallel to BC, BiB2 parallel to AC, C\C2

parallel to AB and Ai, Bh C3 on the line AB.

Let Oa, Ob, Oc be the respective centers of the three equilateral triangles, and let A;j,
Bip Qj be the respective mid-points of the sides A;Aj, B;Bj, QCj.
Then we have:

1. The center points Oa, Ob, Oc are aligned.

2. The lines AA3, BB3, CCj, are concurrent {in the outward Fermât point).

3. The mid-points Au, B13, C13 are aligned, the mid-points A13, B12, C23 are aligned
and the mid-points A23, Cn, B23 are also aligned.

4. The following simple ratios are equal:

(OA, Ob,Oc) (A2,B3,d) (AhBh C3) (A,,B2, C2)

(An, Bi3, Cn) (An, Bn, C23) (A23, B23, Cn) ¦

5. The points A3, C2, Ai, C3 are concyclic, the points A3, B2, A2, B3 are concyclic
and the points C3, Bi, Q, B3 are ata? concyclic.

6. Tfte aftove circumferences A3C2AiC3, A3B2A2B3, C3BiCiB3 are concurrent in a

point 77.

Proo/ Take a system of Cartesian coordinates in such a way that

A (a,b) with 0<a,b < 1, B (0,0), C (1,0).

A straightforward computation proves the parts 1 and 3 of the theorem (see Fig. 2).

Part 2 of the theorem is well-known. The concurrence of the lines AA^,, BB3, CC3 is
the outward Fermât point F (X13 in [4]).
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Fig. 3 The points A3, C2, Aj and C3 are concyclic, the points A3, B2, A2 and B3 are concyclic and the

points C'i, B\, C\ and B3 are concyclic. Also, the three circumferences are concurrent at the point rj.

Part 4 can be found with a straightforward computation. The value of the simple ratio
obtaining in every case is the same expression:

(OA,OB,Oc) -=V3

1 (3a - V3b) (3«2 - 6« + 3b2 + 2^/3b + 3

2b 3«2 - 3«

Part 5 (see Figs. 3, 4) can be found with a long computation and we have that the points
A3, C2, Ai, C3 belong to the circumference of center Oac given by

1

Oacx
2

3a3 + 3Vïa2b + 3ab2 + 3a2 + 2Vïab 5b2

^3fl2 + 3b2 + 2V3b) [2b + V3)

3«3 - 5V3a2b + 3ab2 - 3a2 + 2sf3ab - 5V3&3 - 9b2

and radius tac '¦

(3«2+3fc2+2V3fc)2(2fc+V3)2

Analogously, the points A3, B2, A2, B3 belong to the circumference of center Oab given
by:

'3a2 -6a + 3b2 + 2^3b + 3J [2b + a/3

3« + 5\/3a b + 3«o — 6« — 8a/3«o + 3« + 5a/3o + 6o

3«2 - 6« + 3fr2 - + 3 [2b + V3
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B°

Fig. 4 Concurrence of the three circumferences.

and radius tab '¦

B2 A3 C2 "C

(«2-2«+fc2+l)(3«4+4V3«3fc+10«2fc2+4V3«fc3-6«3-4V3«2fc-6«fc2+3«2+7fc4+4V5fc3+3fc2)

(3«2-6«+3fc2+2V5fc+3)2(2fc+V3)2

Analogously the points B\, C3, B3, Ci belong to the circumference of center Obc given
by:

3 3«4+4V3«3fc+6«2fc2+4V3«fc3-6«3-2V3«2fc-2«fc2+3«2+2v^«fc+3fc4+2V3fc3+5fc2

9

Obcv= -~-

(3«2+2 v^fc+3fc2) (3«2-6«

3a2 - 3« + 3fe2

2 (3«2 + 3b2 3«2 - 6«

a

and radius

Finally, part 6 corresponds to the above circumferences

A3B2A2B3, C3B1C1B3

are concurrent in a point r\ (see Figs. 3, 4). To prove this statement let r\ be the image
of point A3 under the axial symmetry with respect to the line OabOac- We obtain

2t 6 ç)
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with

ç 3«6 + sVïcfb + 9a4b2 + uVïa^b3 + 9a2b4 + sVïab5 - 3a5

- 6a3fr2 - uVïcfb3 - 3ab4 - 3a4 - 2Vïa3b

+ 3«3 + 5Vïa2b + 3ab2 + 3b6 - 3V3b5 - 5b4

T 3a6 + 9a4b2 + 9a2b4 + 9V3a4b - 9a5 - lScfb2 + 10V3a2b3

- 9ab4 + 12a4 - wVïcfb + \U2b2 - 10V3atf - 9«3 + 9V3a2b

+ 3a2 - 9ab2 + 3b6 + V3b5 - 2b4 + V3~tf + 3b2

v (3a2 -3a + 3b2 - V3b) (3a4 - 2a2b2 - 6«3 + 2ab2 + 3a2 - 5b4 + 3b2)

<t> 3«6 + 9a4b2 + 9a2b4 - 9a5 + 9^3a4b - ltàb2 + 10V3a2tf - 9ab4

+ 12a4 - lSV^a^b + \U2b2 - XO^ßatf - 9«3 - 9ab2 + 9V3a2b + 3«2

+ 3b6 + V3b5 - 2b4 + V3b3 + 3b2.

This point rj, by construction, belongs to the two circumferences A3C2A1C3,
It only remains to prove that 77 belongs to the circumference C3B1C1B3. But when we

compute the distance between 77 and Obc we obtain exactly the same expression obtained
above for tbc-
This completes the proof. D
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