Comment.Math.Univ.Carolin. 53,3 (2012) 501–507 501

Affine regular icosahedron circumscribed around the affine regular octahedron in GS–quasigroup

V. Volenec, Z. Kolar–Begović, R. Kolar–Šuper

Abstract. The concept of the affine regular icosahedron and affine regular octahedron in a general GS-quasigroup will be introduced in this paper. The theorem of the unique determination of the affine regular icosahedron by means of its four vertices which satisfy certain conditions will be proved. The connection between affine regular icosahedron and affine regular octahedron in a general GS-quasigroup will be researched. The geometrical representation of the introduced concepts and relations between them will be given in the GS-quasigroup C (^1_2 (1 + √ 5)).

Keywords: GS-quasigroup, affine regular icosahedron, affine regular octahedron

Classification: 20N05

1. Introduction

In [1] the concept of GS-quasigroup is defined. A quasigroup (Q, ·) is said to be golden section quasigroup or shortly GS-quasigroup if it satisfies the (mutually equivalent) identities (1) a(ab · c) · c = b, a · (a · bc)c = b (1)^′ and the identity of idempotency (2) aa = a. GS-quasigroups are medial quasigroups, i.e. the identity (3) ab · cd = ac · bd is valid.

As a consequence of the identity of mediality the considered GS-quasigroup (Q, ·) satisfies the identities of elasticity and the left and right distributivity, i.e. we have the identities (4) a · ba = ab · a, (5) a · bc = ab · ac, ab · c = ac · bc. (5)^′

Further, the identities (6) a(ab · b) = b, (b · ba)a = b, (6)^′ (7) a(ab·c) = b·bc, (c·ba)a = cb·b, (7)^′ (8) a(a·bc) = b(b·ac), (cb·a)a = (ca·b)b (8)^′ are also valid in any GS-quasigroup.

Let C be the set of points of the Euclidean plane. For any two different points a, b we define ab = c if the point b divides the pair a, c in the ratio of golden section. In [1] it is proved that (C , ·) is a GS-quasigroup. We shall denote that quasigroup by C (^1_2 (1 + √ 5)) because we have c =^1_2 (1 + √ 5) if a = 0 and b = 1. The figures in this quasigroup C (^1_2 (1 + √ 5)) can be used for illustration of “geometrical” relations in any GS-quasigroup.

From now on let (Q, ·) be any GS-quasigroup. The elements of the set Q are said to be points.

The points a, b, c, d are said to be the vertices of a parallelogram and we write Par(a, b, c, d) if the identity a · b(ca · a) = d holds. In [1] some properties of the quaternary relation Par on the set Q are proved. We shall mention only the two following properties which we shall use afterwards.

Lemma 1.1. If (e, f, g, h) is any cyclic permutation of (a, b, c, d) or of (d, c, b, a), then Par(a, b, c, d) implies Par(e, f, g, h).

Lemma 1.2. From Par(a, b, c, d) and Par(c, d, e, f) follows Par(a, b, f, e).

We shall say that b is the midpoint of the pair of points a, c and write M(a, b, c) if Par(a, b, c, b). In [1] the following statement is proved.

Lemma 1.3. The statement M(a, b, c) holds if and only if c = ba · b.

In [2] the concept of the GS-trapezoid is defined. The points a, b, c, d successively are said to be the vertices of the golden section trapezoid and it is denoted by GST(a, b, c, d) if the identity a · ab = d · dc holds. The following properties of the relation GST are also proved in [2].

Lemma 1.4. The statements GST(a, b, c, d) and GST(a, b, c^′, d^′) imply the statement GST(d, c, c^′, d^′).

Lemma 1.5. Let the statements GST(a, b, c, d) and GST(a^′, b, c, d^′) be valid and let b^′ be a given point. Then there is one and only one point c^′ such that GST(a, b^′, c^′, d) and GST(a^′, b^′, c^′, d^′) are valid.

Lemma 1.6. Any three of the four statements GST(a, b, c, d), GST(a^′, b, c, d^′), GST(a^′, a, e, c) and GST(d^′, d, e, b) imply the remaining statement.

Lemma 1.7. Any two of the three statement GST(a, b, c, d), GST(a, b^′, c^′, d), Par(b, b^′, c^′, c) imply the remaining statement. In [2] it is proved that any two of the five statements (9) GST(a, b, c, d), GST(b, c, d, e), GST(c, d, e, a), GST(d, e, a, b), GST(e, a, b, c) imply the remaining statement.

In [3] the concept of the affine regular pentagon is defined. The points a, b, c, d, e successively are said to be the vertices of the affine regular pentagon and it is denoted by ARP(a, b, c, d, e) if any two (and then all five) of the five statements (9) are valid (Figure 1).

Figure 1. Affine regular pentagon in C (^1_2 (1 + √ 5))

2. The concept of the affine regular icosahedron and affine regular octahedron in GS-quasigroup In this chapter we are going to introduce the concept of the affine regular icosahedron and affine regular octahedron in a general GS-quasigroup. Definition 1. We shall say that the points a, b, c, d, e, f, a^′, b^′, c^′, d^′, e^′, f^′ are the vertices of an affine regular icosahedron (Figure 2) and we shall write ARI(a, b, c, d, e, f, a^′, b^′, c^′, d^′, e^′, f^′) if the following twelve statements are valid ARP(b, c, f, a^′, e), ARP(c, a, d, b^′, f), ARP(a, b, e, c^′, d), ARP(b^′, c^′, f^′, a, e^′), ARP(c^′, a^′, d^′, b, f^′), ARP(a^′, b^′, e^′, c, d^′), ARP(b, c, e^′, d, f^′), ARP(c, a, f^′, e, d^′), ARP(a, b, d^′, f, e^′), ARP(b^′, c^′, e, d^′, f), ARP(c^′, a^′, f, e^′, d), ARP(a^′, b^′, d, f^′, e). If the statement ARI(a, b, c, d, e, f, a^′, b^′, c^′, d^′, e^′, f^′) is valid then vertices a, a^′;

b, b^′; c, c^′; d, d^′; e, e^′ respectively f, f^′ are called the opposite vertices. For the opposite vertices of the ARI the following statement is valid. Theorem 2.1. If x and x^′, respectively y and y^′ are opposite vertices of the ARI then Par(x, y, x^′, y^′) is valid (Figure 2).

Figure 2. Affine regular icosahedron in C (^1_2 (1 + √ 5))

Proof: It is sufficient to prove that, along with ARI(a, b, c, d, e, f, a^′, b^′, c^′, d^′, e^′, f^′) the statement Par(a, b, a^′, b^′) is valid. However, the statements ARP(a, b, e, c^′, d) and ARP(a^′, b^′, d, f^′, e) imply GST(d, a, b, e) and GST(d, b^′, a^′, e) wherefrom according to Lemma 1.7 the statement Par(a, b^′, a^′, b) follows. □

It is possible to prove that the affine regular icosahedron is uniquely determined by its any four independent vertices, i.e. vertices which are not in the relation Par or GST. For the illustration we shall prove the following theorem.

Theorem 2.2. For any points a, b, c, d the points e, f, a^′, b^′, c^′, d^′, e^′, f^′ are uniquely determined so that ARI(a, b, c, d, e, f, a^′, b^′, c^′, d^′, e^′, f^′) is valid.

Proof: Let e, f be such points that GST(d, a, b, e), GST(d, a, c, f) are valid, and then according to Lemma 1.4 the statement GST(e, b, c, f) is valid too. Let a^′, b^′, c^′ be such points that statements ARP(b, c, f, a^′, e), ARP(c, a, d, b^′, f), ARP(a, b, e, c^′, d) are valid.

Because of that we have the statements GST(b^′, d, a, c) and GST(c^′, d, a, b), and then by Lemma 1.5 there is the point d^′ such that the statements GST(b^′, a^′, d^′, c) and GST(c^′, a^′, d^′, b) are valid. Similarly there is the point e^′ such that the statements GST(c^′, b^′, e^′, a) and GST(a^′, b^′, e^′, c) are valid and the point f^′ such that GST(a^′, c^′, f^′, b) and GST(b^′, c^′, f^′, a) are valid. However, from GST(b^′, c^′, f^′, a) and GST(c^′, b^′, e^′, a) follows ARP(b^′, c^′, f^′, a, e^′), and analogously the statements ARP(c^′, a^′, d^′, b, f^′) and ARP(a^′, b^′, e^′, c, d^′) are valid. Then the statements GST(c^′, d, a, b), GST(b^′, d, a, c) and GST(b^′, c^′, f^′, a) are also valid wherefrom by Lemma 1.6 follows GST(c, b, f^′, d), and similarly the statement GST(b, c, e^′, d) is valid too. From these two statements ARP(b, c, e^′, d, f^′) follows. The remaining statements ARP(c, a, f^′, e, d^′), ARP(a, b, d^′, f, e^′), ARP(b^′, c^′, e, d^′, f), ARP(c^′, a^′, f, e^′, d) and ARP(a^′, b^′, d, f^′, e) can be proved analogously. □

Definition 2. We shall say that the points a, b, c, a^′, b^′, c^′ are the vertices of an affine regular octahedron with the center o if the statements M(a, o, a^′), M(b, o, b^′), M(c, o, c^′) are valid (Figure 3).

Figure 3. Affine regular octahedron in C (^1_2 (1 + √ 5))

3. Affine regular icosahedron circumscribed around the affine-regular octahedron

Now, we will obtain the vertices of an affine regular icosahedron starting from the vertices of an affine regular octahedron in a general GS-quasigroup. So, we have the following statement.

Theorem 3.1. If a, b, c, a^′, b^′, c^′ are the vertices of an affine regular octahedron with the center o then ARI(a_b, a_b′ , a^′_b, a^′_b′ , b_c, b_c′ , b^′_c, b^′_c′ , c_a, c_a′ , c^′_a, c^′_a′ ) is valid, where a_b = o(ab · b), a_b′ = o(ab^′ · b^′), . . . , c^′_a′ = o(c^′a^′ · a^′) (Figure 4).

Proof: It is enough to prove the statements GST(c_a, c^′_a, b_c′ , a^′_b), GST(c^′_a, c_a, b_c, a^′_b), i.e., c_a · c_ac^′_a = a^′_b · a^′_bb_c′ . c_a · c_ac^′_a = o(ca · a) · [o(ca · a) · o(c^′a · a)]^{(5)}= o[(ca · a) · (ca · a)(c^′a · a)] (4) = o[(ca)(ca · a) · a(c^′a · a)]^{(5′)}= o[(c · ca)a · a(c^′a · a)] (6^′ )

= o[c · a(c^′a · a)]^{(8′ )}= o[c · (ac^′ · a)a]^{(4)}= o[c · (aa · c^′)c^′]^{(2)}= o · c(ac^′ · c^′), a^′_b · a^′_bb_c′ = o(a^′b · b) · [o(a^′b · b) · o(bc^′ · c^′)]^{(5)}= o[(a^′b · b) · (a^′b · b)(bc^′ · c^′)] (3) = o[(a^′b)(a^′b · b) · b(bc^′ · c^′)]^{(6)}= o[(a^′b)(a^′b · b) · c^′]

(5^′ )

= o[(a^′ · a^′b)b · c^′]^{(6′ )}= o · a^′c^′.

It remains to prove the equality c(ac^′ · c^′) = a^′c^′. Because of M(a, o, a^′), M(c, o, c^′), by Lemma 1.3, we get c = oc^′ · o, oa · o = a^′.

Figure 4.

According to the previous equalities we obtain

c(ac^′ · c^′) = (oc^′ · o)(ac^′ · c^′)^{(4)}= (oc^′ · ac^′) · oc^{′ (5)′}= (oa · o)c^′ = a^′c^′ which proves the assertion of theorem. □ In this case we shall say that affine regular icosahedron is circumscribed around a given affine regular octahedron (Figure 5).

Figure 5. Affine regular octahedron and icosahedron in C (^1_2 (1 + √ 5))

References

[1] Volenec V., GS-quasigroups, Časopis pěst. mat. 115 (1990), 307–318. [2] Volenec V., Kolar Z., GS-trapezoids in GS-quasigroups, Math. Commun. 7 (2002), 143–158. [3] Volenec V., Kolar-Begović Z., Affine regular pentagons in GS-quasigroups, Quasigroups Related Systems 12 (2004), 103–112.

Department of Mathematics, University of Zagreb, Bijenička c. 30, HR-10 000 Zagreb, Croatia E-mail: volenec@math.hr Department of Mathematics, University of Osijek, Gajev trg 6, HR-31 000 Osijek, Croatia E-mail: zkolar@mathos.hr Faculty of Teacher Education, University of Osijek, Cara Hadrijana bb, HR-31 000 Osijek, Croatia E-mail: rkolar@ufos.hr

(Received October 13, 2011, revised December 7, 2011)