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Abstract

The purpose of this article is to study vector products of Fibonacci 3-vectors, Fibonacci 4-vectors and Fibonacci
7-vectors. To achieve this, we first describe the corresponding anti-symmetric matrix for the Fibonacci 3-vector
and reconsider the vector product with the aid of this matrix. We examine certain properties of this vector product.
Furthermore, we define vector products for Fibonacci 4-vectors and Fibonacci 7-vectors. We also give in the
same vein the corresponding anti-symmetric matrix for Fibonacci 7-vector and redefine the vector product by
using this matrix. In the final instance we investigate the Lorentzian inner products, Lorentzian vector products
and Lorentzian triple scalar products for Fibonacci 3-vectors, Fibonacci 4-vectors and Fibonacci 7-vectors.
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1. Introduction

The Fibonacci numbers are popular topics in Linear Algebra and the Fibonacci vectors have become an important subject of
Geometry. In the literature, some identities of Fibonacci 3-vectors are given by Atanassov et. al. [1]. By the n-th Fibonacci
(respectively Lucas) vector of length r, this means that the vector whose components are the n-th through (n+4r— 1)-st
Fibonacci (respectively Lucas) numbers are defined by Salter [2]. For every integer r, n-th Fibonacci r-vector denoted by E,
and can be written as

Fy
Fn+1
- T F;1+2
Fn:[Fn Fn+1 Fn+2 v B Fn+r71]1><r: : ’
F;1+r—2
_FrH—r—l_ rx1

where F,, is n-th Fibonacci number. Also, for arbitrary r, Salter [2] expressed the inner product of any two Fibonacci vectors,
any two Lucas vectors, and any Fibonacci vector and any Lucas vector in terms of the Fibonacci and Lucas numbers. Moreover,
Salter used these formulas to deduce a number of identities involving the Fibonacci and Lucas numbers [2]. Giiven & Nurkan
[3] defined new vectors which are called dual Fibonacci vectors and they gave properties of these dual Fibonacci vectors to use
in the geometry of dual space. Furthermore, a definition of generalized dual Fibonacci vectors, the inner product and cross
product of two generalized dual Fibonacci vectors and the triple scalar product of three generalized dual Fibonacci vectors
given by Yiice & Torunbalct Aydin [4]. Vector products of considering two Fibonacci 3-vectors, two Lucas 3-vectors and one
of each vector by using vector version of the Binet’s formula are investigated by Kaya & Onder [5].

In this paper, firstly the corresponding anti-symmetric matrix for Fibonacci 3-vector is described and the vector product is
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given by using this anti-symmetric matrix. Then, the properties of the vector product is given by using anti-symmetric matrix
are given. Also, vector products for the Fibonacci 4-vectors and the Fibonacci 7-vectors are defined. Similar to Fibonacci
3-vectors, the corresponding anti-symmetric matrix for Fibonacci 7-vector is described and the vector product is re-examined
by using this anti-symmetric matrix. Furthermore, properties of vector product for Fibonacci 7-vectors are given. Moreover,
vector product for Fibonacci 7-vectors by using Binet’s Formula are obtained. Lastly, the Lorentzian inner products, vector
products, and triple scalar products for Fibonacci 3-vectors, Fibonacci 4-vectors, and Fibonacci 7-vectors are investigated.

2. Preliminaries

2.1 Fibonacci Numbers
n-th Fibonacci number F,, is defined for all positive integers by the second order recurrence relation and initial conditions as
follows:

Fn+2 = Fn+l+E17 (1)
o= kh=1, 2

respectively. The Fibonacci sequence is
1,1,2,3,5,8,13,21,34,55,89,144,233,... ,F,,.... 3)
For the Fibonacci sequence, we can give the following identities, ([6]-[10]):

Fo=(—1)"'E,
Foy = F} = Fa,
Fy_1Fpy1 —F?> = (—1)", (Cassini Identity),
FoFo + Fp1 Bt = Fome 1, 4)
FoFnyr = BB = (= 1)"FFy i,
FuFns1 — Faor1Fm = (—l)an,,m
(o" —B")
oa—p
where o0 = HT\[S, B= ]%5 are roots of x> —x — 1 =0, it follows that & + 8 = 1, & — B = /5 and af = —1. Also, « is called
the golden ratio.

F, = , (Binet’s Formula),

Table 1. Fibonacci numbers
0 3 4 5 6 7 8 9 10 11 12 13
F, O 1 1 2 3 5 8 13 21 34 55 89 144 233
0 2 -3 5 -8 13 -21 34 -55 89 -144 233

2.2 Fibonacci Vectors
2.2.1 Fibonacci 3-Vectors
Definition 1. For all integers n, Fibonacci 3-vector is defined by

ﬁn:[Fn Fn+l Fn+2]T;

where F,, is n-th Fibonacci number, [1, 2].

Theorem 2. For all integers n, the vector version of the Binet’s formula every Fibonacci 3-vector F, can be defined by

-

1 n—= nz.
Fn:m(aa—ﬁ 5), §)
where d = [1 a az]T and b = [1 B [32} T, [2].
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Let F, and F,, be Fibonacci 3-vectors. Then, Euclidean inner product between these vectors can be defined as follows, [3]:
<ﬁn, Fm> = FFn+ FoptFg1 + Fupo Fno = FyoFon + Famy 3. (6)

In other viewpoint:
(FuF) = 3 Uslnmez — (=1)"Ln ), 2] @

We can also write:
(FusFon) = = FuFu-1 + Fui2Fuss. ®)

Thus, the norm of F,, can be written in the following ways:

|| = VE2+ P, 3 ©

- 1 n

] = /% @stanio - (<1720 2 a0y
or

|5 = vV=FF i+ Faas. (11)

Furthermore, for any Fibonacci 3-vector E,, the following equation can be given:
<ﬁn;ﬁn+1>:_Fn2+Fn+2Fn+4- (12)

Definition 3. Let F,, and F,, be Fibonacci 3-vectors. Then, vector product of these two vectors is defined by

& &3
Fia|, (13)

Fn Aﬁm = Fn+1
Fny1 Py

S

where {€1,€,,é;} are orthonormal basis vectors of R3, [1, 3].

Theorem 4. [3] For all Fibonacci 3-vectors F, and F,,, the vector product of these Fibonacci vectors is

Fy Ny = (=1)"Foom (—&1 — &2+ 3)
= (=1)"Fm[-1 -1 1]". 4
Moreover, the scalar triple product for Fibonacci 3-vectors can be given by the following theorem.
Theorem 5. [3] Let F’n, ﬁm and ﬁk be Fibonacci 3-vectors. The scalar product of these three vectors is zero, i.e.,
(FunFusFi) =o0.
Corollary 6. A parallelepiped can not be constructed by Fibonacci vectors, [3].
Vector Product of Fibonacci 3-Vectors by using Binet’s Formula
Theorem 7. [5] Let @ and b be vectors given in Theorem 2. The vector product of d and bis
anb=(a—pg)[1 1 —1]". (15)
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2.2.2 Fibonacci 4-Vectors
Definition 8. For all integers n, Fibonacci 4-vector is defined by

- T
Fn = [Fn Fn+1 Fn+2 Fn+3} ) (16)
where F,, is n-th Fibonacci number, [2].

Let ﬁn and Fm be Fibonacci 4-vectors. Then, Euclidean inner product between these vectors can be written as follows:

(FusFon) = FiFoomi, 2], (17)
and

(FusFin) = ~FuFu-1 + FuiaFusa. (18)
Furthermore, the norm of 17",,:

|| = VAR, 2 (19)
and

|Bi| = VEsFus— i (20)

Also, for all Fibonacci 4-vectors F},, we can write:
<ﬁn;ﬁn+l>:*Fn2+Fn+42- (21)

2.2.3 Fibonacci 7-Vectors
Definition 9. For all integers n, Fibonacci 7-vector is defined by

=

T
Fo=[F Fu1 Fuo Fus Fua Fus Fael (22)
where F,, is n-th Fibonacci number, [2].

Similar to Fibonacci 3-vectors, there is a vector version of the Binet’s formula for Fibonacci 7-vectors.

Theorem 10. For all integers n, vector version of the Binet’s formula for Fibonacci 7-vector F, is

-

F,= ﬁ (a”a— [3”5) ,

wherei=[1 a o ... & a6]T andb=[1 B B> ... B° B6]T,[2].

Let Fn and 17",,1 be two Fibonacci 7-vectors. In that case, Euclidean inner product between these vectors can be written as
follows:

- 1
<FnaFm> = g (L7Ln+m+6 - (_l)anfn) ) [2] (23)
and
<Fnaﬁm>:*Fnmel‘i’anLéFerT (24)

Also, for all Fibonacci 7-vectors ﬁ,,, the norm of 17",,:

_. 1
’ Fy|| = \/5 (L7L2n+6 - (71)nL0)a [2] =
and
Fn = \/Fn+6E1+7 —F 1By .

Furthermore, for any Fibonacci 7-vector F,, we can write:

(FuFurt) = =F2+ FuyoFuss. @7)
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2.2.4 Fibonacci r-Vectors
Definition 11. For all integers n, Fibonacci r-vector F, is defined by

= T
Fn:[El Fori Favo oo Foyro Fn+r—1]

where F,, is n-th Fibonacci number, [2].
Also, for every Fibonacci r-vector F,,, recurrence relation is provided i.e.,
Fn+2 :FnJrl + Fy.

Theorem 12. (Vector version of the Binet’s formula) For all integers n, every Fibonacci r-vector F,, can be defined by

ﬁn:ﬁ(anﬁfﬁnz), (28)
wherei=[1 o o ... a2 o' andb=[1 B B> ... B2 B, 12}

For all Fibonacci r-vectors Fn and ﬁm, Euclidean inner product is defined by as follows, [2]:

- = N\T
<Fn7Fm> = (Fn) Fn

r—1

Z Fn+iFm+i
i=0

= FFn +Fn+1Fm+l + . +Fn+r—2Fm+r—2 +E1+r—1Fm+r—l .

Then, for all ﬁn and ﬁm Fibonacci r-vectors, the Euclidean inner product can be written as follows, [2]:

- F.F, 1 if r is even
F,F>: rtn+m+r—1, ) ) ’ 29
< mm { S (LeLysmir—1 — (=1)"Ly—p), if ris odd, 29
where, F, is n-th Fibonacci number and L,, is n-th Lucas number.!
Also, for all Fibonacci r-vectors, the Euclidean inner product can be defined by a taking a new perspective such that:
= =\ | —FFy 1+ FgFpp—1, ifriseven,
(FosFin) = { ~FyFyt + FyirFr,if 7is 0dd. G0

3. Vector Product of Fibonacci 3-Vectors by Using Anti-Symmetric Matrix

Definition 13. Let f‘n be a Fibonacci 3-vector i.e. F,=[F, Fui Fu)'. In this case 3 X 3 anti-symmetric matrix which
corresponds to F,, can be defined as follows:

0 —Fi2 P
Sﬁn =F,=| Fit2 0 —F, . 31
—Ln+1 Fn 0

Theorem 14. For all A, 1 € R and for all Fibonacci 3-vectors Fnand ﬁm, we can write new vector as /'Ll_"n + uf’m. Then, 3 x3
anti-symmetric matrix which corresponds to this vector is AT, + UF,,.

Let compute the vector product of Fibonacci 3-vectors by using anti-symmetric matrix given in eq. (31).
Theorem 15. For all Fibonacci 3-vectors ﬁn and Fm,
FoFy = (=1)"Fpm[-1 -1 1]". (32)

Proof. Let F, and F,, be Fibonacci 3-vectors. Then, let us find the matrix product between the anti-symmetric matrix which
corresponding to the F,, with F;,.

N 0 —n42 Fn+l Fy -1
K. Fy = Fn+2 0 —F, Fm+1 = (_l)anfm -1
—I'nt+1 F, 0 Fm+2 1

IThe Lucas numbers L, are defined for all integers n by using the same Fibonacci recurrence relation as L, = L, + L, but initial conditions L; = 1 and
L, =3, [8]
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From eq. (14) and eq. (32), we can simply obtain the following corollary.

Corollary 16. Let F, and F,, be Fibonacci 3-vectors. The vector product of these two vectors equals the matrix product
between the anti-symmetric matrix which corresponding to the first vector given in eq. (31) with the second Fibonacci 3-vector.
Le.,

Fy Ny = TFyFp. (33)
Example 17. Let F5 and ﬁg be Fibonacci 3-vectors. So we can write these Fibonacci 3-vectors as follows:

F=[Fs F FB'=[58 13 ] |, Bh=[R Fo F1 ] =[34 55 89 ]".

The vector product of the Fibonacci 3-vectors Fs and Fy is
FsnFy=(-1YFso[-1 -1 1] =—F4[-1 -1 1]'=[-3 -3 3]".

On the other hand, we can see that

0 -13 8 34 -3
F5F9 = 13 0 =5 55 = -3
-8 5 0 89 3

Therefore, we get Fs NFo =FsFo.

3.1 Properties of Fibonacci 3-Vectors Vector Product by Using Anti-Symmetric Matrix
For all Fibonacci 3-vectors Fy, F,, Fy and Fj, following properties are provided:

L o N\T 12
1. F, (F,,) = ‘ Fll Iz —&—F,f where I3 is a 3 x 3 identity matrix,
2. Fy _'m = _Fmﬁn,
3. F,=—FT

4 FyAFy=F,F,=[0 0 0],
N N\T
5. F,F,=F, (Fm) — ((Fm) Fm) I3, where I3 is a 3 x 3 identity matrix,

6. (IF,,]Fm)T = F,,F, where the notation ”T” represents transpose of matrix,

Lo/ NT T
7. FplFy B =F,Fy (Fm) - ((Fm> Fk) Fy,

T
8. F,F, F,—— <(Fn> Fm> F,,

2
9. F} = —||F,|| F,,

0. (R) B.F = (£) Eafi = (7)) B
11. F,F,, F, = ((F;,)Tﬁk> F— ((F"n)T 7n> Fie = Fy A (}, Aﬁk),
12. (B, 7)) 5. = ((ﬁn)rﬁk) ((ﬁm)’ﬁ,) - ((ﬁ)%,) ((ﬁm)rﬁk> = (FnF) (Bon),

13. Let S be an anti-symmetric matrix which corresponds to Fnﬁm vector. Then, S can be calculated as
follows:

S0 NT L s NT
S=F, (F,,) "y (Fm) —F,F, —F,F,.
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Proof. Proofs can be shown by using anti-symmetric matrix which is given eq. (31). |

By the Corollary 16 and Theorem 7 , we can give the following corollary:

Corollary 18. Let F,, and F,, be Fibonacci 3-vectors. Another way of stating vector product of these Fibonacci 3-vectors is as
follows:

FyAE, =F,F,=(—1)"""F,_, (34)

4. Vector Product for Fibonacci 4-Vectors

Definition 19. Let F,, F,, and Fy be Fibonacci 4-vectors. The vector product of these three vectors is defined by as follows:

é1 &> &3 és
” o o Fy Fn+1 Fn+2 Fn+3
B OFn@l=\p B B Faal 35)

Fr Ferr Feyr Figs
where {€|,é,,¢3,é,} is a orthonormal basis of R*.

Theorem 20. For all Fibonacci 4-vectors Fy,, F,, and F,, the vector product of these three vector is zero. i.e.,

Fy @ Fy®@F =0. (36)
Proof. The proof can be easily seen by using the usual properties of determinant function. |

Corollary 21. For all Fibonacci 4-vectors Fy, F,,, Fy and Fj,

de (Fo FunF ) 0 @

Corollary 22. Let Ey, Ey, Fy and F; be Fibonacci 4-vectors. The triple scalar product of these vectors is zero, i.e.,

<F’n ®F, ®Fk,ﬁ,> —0. (38)

5. Vector Product for Fibonacci 7-Vectors

Definition 23. For all  Fibonacci T-vectors  F, = [, Fir1 Furo Fuys Fupa Fuys Fn+6]T and
Fm =[Fn Fut1 Fui2 Furs Fura  Fuis Fm+6]T, vector product of these two vectors is defined by as follows:

FooFpy + Fov1Fns — FyvaF s + By Fpva — FyysFe + Frp6Fings
FnFm+2 + FnJrZFm - Fn+5Fm+3 + Fn+3Fm+5 - Fn+6Fm+4 + Fn+4Fm+6
. For1En+ FnFin1 — Fyr6Fmt3 + Fui3Fite — FovaFigs + ForsFinga
F, < Fy = FnFm+4 +Fn+4Fm - Fn+2Fm+6 + Fn+6En+2 - Fn+1Fm+5 +Fn+5Fm+l (39)
Foisbn+ FyFnys — Fov1 Fnve + ForoFinel — FaosFinyo + Foio Finys
Fn+6Fm +FnFm+6 - Fn+3Fm+l + Fn+1Fm+3 - Fn+2Fnz+4 +Fn+4Fm+2
FnFm+5 +Fn+5Fm - Fn+4Fm+1 + Fn+1Fm+4 - E1+3En+2 +Fn+2Fm+3

I

Theorem 24. Let F,, and F,, be Fibonacci 7-vectors. Then, vector product of these two vectors is

-

Fy xFp=(—1)"F_y[-1 -1 -2 -3 9 6 —6] . (40)
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5.1 Vector Product of Fibonacci 7-vectors by Using Anti-Symmetric Matrix

Definition 25. For any Fibonacci T-vector F,, there is an anti-symmetric matrix size of T x 1 corresponds to F,. This
anti-symmetric matrix can be given as follows:

0 —Lp42 Fn+1 —I'n+4 Fn+3 Fn+6 —Ip4s
Fuyo 0 —F, —Fus —Fe Bz Fuya
— It E, 0 —L'n+6 Fiys —Fita Foys
Sﬁn = | Fura Fys Fuye 0 b —Fr —Fa| “D
—Fi3 Fue —Fuis Fy 0 Foio —Fan1
—fn+6 —In43 Fn+4 Fn+1 —1I'ny2 0 F,
| Frys  —Fora —Fpz Fuo Fop —F, 0 |

Theorem 26. For every A, 1L € R and for every Fibonacci T-vectors Fy, and Fy, the anti-symmetric matrix of the vector of
AF,+ UF, is equal to ASp + US: .

Theorem 27. For all Fibonacci 7-vectors ﬁ,, and ﬁm, we have
SgFn=(-1"Fw[-1 -1 -2 =3 9 6 —6] . 42)
Form eq. (40) and eq. (42), we can give this corollary:
Corollary 28. Given any Fibonacci 7-vectors F, and F,, the vector product of these two Fibonacci vectors is
Fy x By = Sp. Fo. (43)

Hence, for any two Fibonacci 7-vectors F, and F,,, vector product of these two vectors equals the matrix product between
the anti-symmetric matrix which corresponding to the first vector given in eq. (41) with the second Fibonacci 7-vector.

Example 29. For Fibonacci 7-vectors ﬁl and ﬁ4 , let us find F“l X F“4. With 17”1 = [1 1 2 3 5 8 13]T and F4 =
3 5 8 13 21 34 55"

FixF = (-1)'Fgy[-1 -1 2 -3 9 6 —6]"
- [2 2 -4 -6 18 12 -12]".
Also,
o 2 1 -5 3 13 87137 [ 2]
2 0 -1 -8 -13 3 5 5 -2
-1 1 0 -13 8 -5 3 8 4
SgFa=| 5 8 13 0 -1 -1 =2 13 |=| -6
3 13 -8 1 0 2 -1||21 18
13 3 5 1 -2 0 1 34 12
8§ -5 -3 2 1 -1 0 ][55] | -12]

Hence, we can see ﬁl X ﬁ4 = Sﬁ] F“4.

5.2 Properties of Vector Product for Fibonacci 7-Vectors
For every Fibonacci 7-vectors F,, F,, and Fy, following properties are provided:

1 _'n X (Fm ><I_;:k) ¢<Fnaﬁk>ﬁm7<ﬁn;ﬁm>ﬁks
2 _’n X_‘n:Sﬁn_’n:ﬁa

W
o
X
gm
I
|
5?11

2

A

Fy

()
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6. Since all Fibonacci 7-vectors F,, and ﬁm are linearly independent, it follows that
Fn X Fm # 07

9 <_amaF’n X _’k> = <Fn>_‘k XFm> =0,
10. F, x (ﬁm ><17"k> +Eypy % (ﬁn xﬁk) = <Fm,17"k>17“,,+<ﬁn,ﬁk>ﬁm—2<ﬁn,ﬁn>ﬁk,

Proof. Proofs can be shown by using anti-symmetric matrix which is given eq. (41). |

5.3 Vector Product of Fibonacci 7-Vectors by using Binet’s Formula
Theorem 30. Let G and b be vectors given in Theorem 10. The vector product of d and b is

inb=(a—-p)[1 1 2 3 -9 -6 6. (44)
Proof. Ttis easy to check that by using property that is given by Salter in [2], a1 "2 — a2 " = (—1 )”1+1 (¢—B)Fpy—n,- W

By the Corollary 5.1 and Theorem 30, we easily obtain the following corollary:

Corollary 31. Let F, and F,, be Fibonacci T-vectors. Here is another way of stating vector product of these Fibonacci T-vectors
is

L L o axb
Fn X 'y :SﬂnFm: (—1)m+1Fn7mm. (45)
6. Lorentzian Geometry of Fibonacci Vectors
6.1 Lorentzian Geometry of Fibonacci 3-Vectors
6.1.1 Lorentzian Inner Product for Fibonacci 3-Vectors
Theorem 32. For any Fibonacci 3-vectors F, and F,,, the Lorentzian inner product? of these two vectors is
<ﬁn; ﬁm>L =—-FF, +Fn+1Fm+1 + Fn+2Fm+2 = Fn+2Fm+1 +Fn+1Fm+2'
Proof. Let F;, and Fm be Fibonacci 3-vectors. Then,
< _’n;ﬁm>L = _FnFm +Fn+lF;n+l +Fn+2Fm+2
_FnEn +Fn+1En+1 + (Fn+Fn+1) (Fm+Fm+1)
= —FFn+ BB + Fuf + FuFp +Fn+1Fm + Fy1Fppn
= Fu (Fm+Fm+1) +F;n+1 (Fn +Fn+1)
Fot1Fni2 + For2Fn
|

Also, for any Fibonacci 3-vector E, = [Fn Fo Fn+2] T, the Lorentzian norm of ﬁn is

=), = v

Furthermore, we have <F,,, F,,+1> = n+22 + Fui1Foya.
L

F,

2(Ratcliffe, 2006) Let x and y be vectors in R”. The Lorentzian inner product of x and y is defined to be the real number,

(X, y) = —x1y1 +x2y2 +x3y3 + ...+ X0
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6.1.2 Lorentzian Vector Product for Fibonacci 3-Vectors
Definition 33. Let ﬁ,, = [Fn Fit Fn+2] r and F;n = [Fm Futi Fm+2] T be Fibonacci 3-vectors and let

-1 0 0
Js3=1 0 1 0 (46)
0 0 1
The Lorentzian vector product of F,, and F,, is defined by,
Fu N F = Ts. (Fy A o) (47)

where, A is the Euclidean vector product which is given in eq. (34).
Theorem 34. The Lorentzian vector product of F, and E,, can be calculated with following determinant:
—é1 & é3
FoALEy = F, Forr Fuiz
Fy En+l Fm+2
= (Fn+2Fm+1 - F;1+1Fm+27Fn+2Fm - FnFm+27FnFm+1 - Fn+1Fm)7
1 i=j,
0 i#J,

where 6ij = { é = (6,'1,6,'2,5,’3) S R3,z] Néy =&3,6r Né3 = —€1,83 \é| = &,.

Theorem 35. For any Fibonacci 3-vectors E, = [Fn Foi F,,H] T and ﬁm = [Fm Fut1 Fm+2] T, the Lorentzian vector
product of Fy and Fy, is

FoALEy=(=1)"Fm[ 1 -1 1] (48)

Proof. Let ﬁn = [F,, Fo Fn+2]T and ﬁm = [Fm Fui1 Fm+2]T be Fibonacci 3-vectors. Then, the Lorentzian vector
product of Fn and ﬁm is

—& é é3

Fn Fn+1 Fn+2

Fm Fm+1 Fm+2

( n+2Fm+1 Fn+1Fm+2aFn+2Fm_FnF;n+27FnFm+l _Fn+1En)a
= ( ( )m+1F;17m7_(_1)an*mv(_l)anﬂn)
(=

Fn/\LFm

= (-1)"Fn[1 -1 1]
|
Observe that,
(FuForufn) = (B daFynF)) = (FuFunFy) =0 49)
(FosFu AL Fn) = (FsBa-(Fa A Fn)) = (B Fu A ) =0, (50)

where, (,) is Euclidean inner product which is given in eq, (6) and A is the Euclidean vector product which is given in eq. (34).
Therefore F,, A F, is Lorentzian orthogonal to both F, and Fy.

Theorem 36. Let ﬁn = [Fn Fo1 Fn+2}T and ﬁm = [Fm Fui1 Fm+2]T be Fibonacci 3-vectors. Then, the Euclidean
vector product of Fibonacci 3-vectors can be written

ﬁn/\Lﬁ,,,ZJ3.(ﬁm) /\J3.(ﬁn), (@28
where, A is the Euclidean vector product which is given in eq. (34).

Theorem 37. If F, = [Fn Foo Fn+2]T, E, = [Fm Fo1 Fm+2]T, F = [Fk Fiiq Fk+2]T and

F = [F, F F,+2] " Fibonacci 3-vectors, in this case following properties are provided:
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. L F, F1 By
2 (FynuFusFi) =| Fu Fuet Fuiz | =0,
Fe Fgq1 Fgo

3 Fn/\L(ﬁm/\LFk:<ﬁn,ﬁm>LFk_<Fkaﬁn>Lﬁma
R (R
4 ((FoncB), (BoncR))y = ) (0 ) AL
<FmaE>L < ms k>L

Moreover,  for all Fibonacci 3-vectors F, = [Fi Fuei F,,H]T, Ey = [Fn Fus FmH]T and
F’k = [Fk Fiiq Fk+2} T, the Lorentzian triple scalar product of these vectors is zero i.e.

<ﬁ,, AL ﬁm,ﬁk>L —0.

Let F;, and F,, be Fibonacci 3-vectors. Then, we can rewrite the Lorentzian vector product between F,, and F,, by using
anti-symmetric matrix which is given in eq. (31) and matrix J3 which is given in eq. (46).
Theorem 38. Let d@ and b be vectors given in Theorem 2, the Lorentzian vector product of these vectors is

irnh=(a—p)[-1 1 —1]". (52)

Corollary 39. (Lorentzian Vector Product by Using Anti-Symmetric Matrix) For all Fibonacci 3-vectors F, and F,, the
Lorentzian vector product of F,, and F, is can be defined by

Fy N By = Ta. (FuFin ). (53)
Corollary 40. (Lorentzian Vector Product by Using Binet’s Formula)

» Considering eq. (15), the Lorentzian vector product of the two Fibonacci 3-vectors can be written as:

. N +1 Jg,.(t_i/\i;)
FyALFy = (—1)" anmw-

e Considering eq. (52), the Lorentzian vector product of the two Fibonacci 3-vectors also can be written as:

L " anLb
EyALEy=(—1) “Fn_mafﬁ.
Example 41. Let F5 and ﬁg be Fibonacci 3-vectors. Then, let us find 17“5 AL 17“9.
—é1 é &3 3
FsANpFg=| F;5 F, F |=| -3
K Fo Fi 3
Also,
[ —1 0 0] [0 —-13 8 34
Js. (]F,,Fm) - o 10 13 0 —5/|]55
| 0 0 1 | | -8 5 0 89
[ —1 0 0] [ —3 3
= 0 1 0 3 =1 -3
| 0 0 1 | | -3 3

So, we obtain Fs N\ Fo = J5. (Fsﬁg).

Note that, similar to Euclidean vector product properties of Fibonacci 3-vectors, Lorentzian vector product properties of
Fibonacci 3-vectors can be simply examined.
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6.2 Lorentzian Geometry of Fibonacci 4-Vectors
6.2.1 Lorentzian Inner Product for Fibonacci 4-Vectors

Theorem 42. For any Fibonacci 4-vectors F, and E,,, the Lorentzian inner product of these two vectors is
<ﬁna ﬁm>L = _FnEn+2 +Fn+4Fm+3~
Proof. Let 17“,, and 17",,1 be Fibonacci 4-vectors. Then,

<Fnaﬁm>L = _FnFm +Fn+1Fm+1 +(Fn+Fn+l) (Fm+Fn1+1)+ (Fn+4_F;1+2)Fm+3

= Fu1 (Fn+Fng1) + Ft (Fo+ Fog1) + FagaFnys — o Fpgs
= Foro(Fns1 — Fut3) + Fos1 Fns2 + FrpaFugs

= —FypoFn2 + Fup 1 Fpgo + FopaFnygs

= Fn2(For1 — Foyo) + FopaFuys

= _FnFm+2 + Fn+4Fm+3~
|
Also, the Lorentzian norm of ﬁ,, is
‘ﬁn L: ‘<Fnaﬁn>L‘:\/|_E1Fn+2+Fn+4Fn+3|~
Furthermore, we have <f7,,, 17",,+1 >L =—-FF3 —|—F,,+42.
6.2.2 Lorentzian Vector Product for Fibonacci 4-Vectors
Definition 43. For any Fibonacci 4-vectors E,= [F,, For1 Fugo F,,+3]T, ﬁm = [Fm Fut1 Fngo Fm+3]T and ﬁk =
[Fk Fi1 Fo Fk+3} T, the Lorentzian vector product of F“n, Fm and Fk is defined by,
—é & é3 é4
“ " > Fn Fn+1 Fn+2 Fn+3
F,orFa L, =
e ELTk Fu  Fuii Fuyz Fupa
Fo Fy1 P2 Fos
1=, T
where §j = § o it G= (6i1,012,03,04) ER*, & @& @1 &3 = &4,
)R 3R 84 = €1,63 R 4R €] = &, €4 R €1 R €y = —€3.
Theorem 44. For all Fibonacci 4-vectors I_*“;, = [Fn Fi1 Fio Fn+3]T, ﬁm = [Fm Fnt1 Fng2 Fm+3]T and ﬁk =
[Fe F1 Fiyr  Fios) " the Lorentzian vector product of these vectors is zero vector i.e.
ﬁn ®Lﬁm XL ﬁk = 6
Proof. Proof of above theorem is elementary. Using usual determinant function properties, it’s clear to see that. |
Corollary 45. For all Fibonacci 4-vectors F, = [Fi Fayt Fuo Fuys) T E, = [Fn Fus1 Fnyz Fuys) r

F, = [Fe Fiq1 Fio Fk+3]T and F, = [, Fy1 Fgo Ft+3]T, the Lorentzian triple scalar product of F,, F,, F;
and F} is zero i.e.

<Fn &L I_::m ®Lﬁk,ﬁ}>L =0.
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6.3 Lorentzian Geometry of Fibonacci 7-Vectors
6.3.1 Lorentzian Inner Product for Fibonacci 7-Vectors
Theorem 46. For any Fibonacci 7-vectors F, and F,,, the Lorentzian inner product of these two vectors is

<ﬁn;F;n>L = m+2Fn +Fn+6Fm+7-

Proof. Let ﬁ,, and 1:";,1 be Fibonacci 7-vectors. Then,

(7

1!

5“111

>L = _FnFm+Fn+1Fm+l +(Fn+Fn+l)(Fm+En+l)

+(Foura — Fov2) Fon3 + ForaFga + FopsFuys + FoyeFuge
= Fur1(Buyt +En) + Foyt (Foy1 +Fo) — Fo2 By s + Fpa(Fon3 + Fpa) + FoysFuys + FueFnge
= FprFn2+Fo (Bt — Fnis) + Fove(Fons + Fuye)
= Fo1Fnv2 — FuroFig2 + FyreFngr
= —Fuoby+ Fuyebnsr

Also, the Lorentzian norm of ﬁ,, is

Furthermore, we have <F},, 17",,+1> = —Fy3F, +FupeFuqs.
L

F,

L: ‘<ﬁnaﬁn>L‘:\/|_Fn+2Fn+Fn+6Fn+7|~

6.3.2 Lorentzian Vector Product by Using Anti-Symmetric Matrix
Definition 47. Let F;, and ﬁm be Fibonacci T-vectors and let

0 00 0 0O

[y

J; = (54)

coocococol
cocoococo~—
cooco~o
coo~oco
co—~ococo
o~ ocococo
—ococooo

The Lorentzian vector product of F, and F,, is defined by as follows:
Fu <1 Fu=1Tr. (S5, Fn) (55)
where S 7, is anti-symmetric matrix which given eq. (41).
Theorem 48. For all Fibonacci T-vectors F, and E,, the Lorentzian vector product of F, and F,, is
By xpFy =T (sFﬁ) =(=1)"Fym[1 =1 =2 =3 9 6 —6]". (56)
Similar to eq. (49) and eq. (50), for Fibonacci 7-vectors F, and F,, , we can also observed that
<ﬁn7ﬁn XLﬁm>L = <ﬁn7J7-(ﬁn X ﬁm)>L = <ﬁn7ﬁn X ﬁm> =0, (57)
<F;n71?n XLﬁm>L = <ﬁma«H7v(ﬁn X ﬁm)>L = <ﬁn7ﬁn X ﬁm> =0. (58)
Hence, F,, AL F"m is Lorentzian orthogonal to both 13” and ﬁm.
Theorem 49. Let F,, F,, and Fy be Fibonacci T-vectors. Then, following properties are provided:
1. ﬁn/\Lﬁn = _ﬁm/\Lﬁza

2. FyALFyw # J7.(F) ANJ7.(F),
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3. <ﬁn AL ﬁn’ﬁk>L =0.

Corollary 50. (Lorentzian Vector Product by Using Binet’s Formula) Eq. (44) is taken into account, the Lorentzian vector
product of two Fibonacci T-vectors can be considered as follows:

. . . J7 (Zi/\B)
Fy A B = (_1>m+ F"""W.

Note that, similar to the the Euclidean vector product properties for Fibonacci 7-vectors, Lorentzian vector product properties
can be easily examined.

Example 51. For Fibonacci 7-vectors ﬁl and F4 , let us find F, 1 X Lﬁ4 .

0 2 1 -5 3 13 -8 3 2
2 0 -1 -8 -13 3 5 5 )
1 1 0 -13 8 -5 3 8 —4
Fix By = J7.(SFIF*4) — I 5 8 13 0 -1 -1 -2 B3 l=]| -6
3 13 -8 1 0 2 —1]]|2 18
13 -3 5 1 -2 0 1 34 12

§ -5 -3 2 1 -1 0 ||55] 12 |

7. Conclusions

In this study, the corresponding anti-symmetric matrix for Fibonacci 3-vectors were described and the vector product by using
this matrix was reconsidered. After that, the properties of vector product by using anti-symmetric matrix were given. Also,
vector product for Fibonacci 3-vectors by using Binet’s Formula was given. Furthermore, the vector product for Fibonacci
4-vectors was defined. The vector product for Fibonacci 7-vectors was defined and similar to Fibonacci 3-vectors, the vector
product was rewritten using by the anti-symmetric matrix. Moreover, properties of vector product by using anti-symmetric
matrix for Fibonacci 7-vectors were given. In addition to these vector product for Fibonacci 7-vectors by using Binet’s Formula
were given. Finally, Lorentzian inner product, Lorentzian vector product and Lorentzian triple scalar product for Fibonacci
3-vectors, Fibonacci 4-vectors and Fibonacci 7-vectors were given.
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