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Abstract 

In this study, by using Fibonacci 𝒬-matrix and Lucas 𝒬′-matrix we define bicomplex Fibonacci 𝒬-matrix and 

bicomplex Lucas 𝒬′-matrix. After that using this matrix representation, we give some identities. 
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Bikompleks Sayılar: Fibonacci ve Fibonacci-Lucas Matrislerine Yönelik 

Yaklaşımına İlave Katkılar 

 
 

Öz 

Bu çalışmada, Fibonacci 𝒬-matrisi ve Lucas 𝒬′-matrisi kullanarak bikompleks Fibonacci 𝒬-matris ve 

bikompleks Lucas 𝒬′-matrisi tanımladık. Daha sonra bu matris sunumunu kullanarak bazı özdeşlikler verdik. 

 

Anahtar kelimeler: Bikompleks sayı, Fibonacci 𝒬-matris, Fibonacci ve Lucas sayılar.  

 
1. Introduction 

 

A bicomplex number is described by 

 

ℬ = 𝑎 + 𝑖𝑏 + 𝑗𝑐 + 𝑖𝑗𝑑 ,  
 

where the imaginary units 𝑖, 𝑗 and 𝑖𝑗 are governed by the rules: 𝑖2 = 𝑗2 = −1, (𝑖𝑗)2 = (𝑗𝑖)2 = +1. For 

two bicomplex numbers ℬ = 𝑎 + 𝑖𝑏 + 𝑗𝑐 + 𝑖𝑗𝑑  and ℬ′ = 𝑎′ + 𝑖𝑏′ + 𝑗𝑐′ + 𝑖𝑗𝑑′, the addition, 

subtraction and multiplication of these numbers are given by 

 

ℬ ∓ ℬ′ = (𝑎 ∓ 𝑎′) + 𝑖(𝑏 ∓ 𝑏′) + 𝑗(𝑐 ∓ 𝑐′) + 𝑖𝑗(𝑑 ∓ 𝑑′) 

 

and 

 

ℬ × ℬ′ = (𝑎 + 𝑖𝑏 + 𝑗𝑐 + 𝑖𝑗𝑑) × (𝑎′ + 𝑖𝑏′ + 𝑗𝑐′ + 𝑖𝑗𝑑′) 

 

              = ( 𝑎𝑎′ − 𝑏𝑏′ − 𝑐𝑐′ + 𝑑𝑑′) + 𝑖(𝑎𝑏′ + 𝑏𝑎′ − 𝑐𝑑′ − 𝑑𝑐′)                                                                  
  

                +𝑗( 𝑎𝑐′ + 𝑐𝑎′ − 𝑏𝑑′ − 𝑑𝑏′) + 𝑖𝑗(𝑎𝑑′ + 𝑑𝑎′ + 𝑐𝑏′ + 𝑏𝑐′), 
 

respectively. The conjugates of the bicomplex number ℬ are denoted by ℬ𝑖 ,  ℬ𝑗  and ℬ𝑖𝑗. In that case, 

there are different conjugations as follows, [1]: 
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The Fibonacci and Lucas sequence are presented for all integers n by the second order 

recurrence relation 𝑓𝑛+2 = 𝑓𝑛+1 + 𝑓𝑛 and initial conditions  𝑓₁ = 𝑓₂ = 1 and  𝑙𝑛+2 = 𝑙𝑛+1 + 𝑙𝑛 but 

initial conditions 𝑙1 = 1,  𝑙2 = 3. Different applications of Fibonacci and Lucas numbers have been in 

almost all fields of science, [2, 11]. 

The Fibonacci 𝒬-matrix and Lucas 𝒬′-matrix are presented as, [12, 15];  
 

𝒬 = [
1 1
1 0

]     and     𝒬′ = [
3 1
1 2

].  

 

The 𝑛𝑡ℎ power of the 𝒬-matrix and 𝒬′-matrix are       

                                                                       

𝒬𝑛 = 𝒬n = [
𝑓𝑛+1 𝑓𝑛
𝑓𝑛 𝑓𝑛−1

]      and    (𝒬′)𝑛 = 𝒬𝑛
′ = [

ℓ𝑛+1 ℓ𝑛

ℓ𝑛 ℓ𝑛−1
].  

 

(2) 

Furthermore, it is clearly expressed as 𝑓𝑛−1𝑓𝑛+1 − 𝑓𝑛
2 = (−1)ⁿ and 

 

𝒬𝑛+1𝒬𝑛 = 𝒬2𝑛+1 = 𝒬n+1𝒬n = 𝒬2n+1 

 

(3) 

In this present paper, by combining bicomplex numbers and Fibonacci, Lucas numbers we 

define bicomplex Fibonacci 𝒬-matrix and bicomplex Lucas 𝒬′-matrix. We define some properties.  

The bicomplex Fibonacci and bicomplex Lucas number are given respectively by 

 

ℬ𝑓n=𝑓𝑛+𝑖𝑓𝑛+1i+𝑗𝑓𝑛+2 +ij𝑓𝑛+3  and  ℬℓn=ℓ𝑛+iℓ𝑛+1+𝑗ℓ𝑛+2+ijℓ𝑛+3, 

 

(4) 

where 𝑓𝑛 and ℓ𝑛 are the 𝑛𝑡ℎ Fibonacci numbers, Lucas numbers and  𝑖2 = 𝑗2 = −1 , (𝑖𝑗)2 = +1. 
If we start from 𝑛 ≥ 0, the bicomplex Fibonacci and bicomplex Lucas number are given as; 

 

ℬ𝑓0 = 𝑖 + 𝑗 + 2𝑖𝑗;  ℬ𝑓1 = 1 + 𝑖 + 2𝑗 + 3𝑖𝑗;  ℬ𝑓2 = 1 + 2𝑖 + 3𝑗 + 5𝑖𝑗 
 

and 

 

ℬℓ0 = 2 + 𝑖 + 3𝑗 + 4𝑖𝑗;   ℬℓ1 = 1 + 3𝑖 + 4𝑗 + 7𝑖𝑗;  ℬℓ2 = 3 + 4𝑖 + 7𝑗 + 11𝑖𝑗. 
 

2. Bicomplex Fibonacci  𝒬-Matrix and Bicomplex Lucas  𝒬′-Matrix 

 

For 𝑛 ≥ 0, the 𝑛𝑡ℎ bicomplex Fibonacci 𝒬𝑛-matrix ℬn and the 𝑛𝑡ℎ bicomplex Lucas 𝒬𝑛
′ -matrix ℬn

′  are 

defined as 

 

ℬn = 𝒬𝑛 + 𝑖𝒬𝑛+1 + 𝑗𝒬𝑛+2 + 𝑖𝑗𝒬𝑛+3  and  ℬn
′ = 𝒬𝑛

′ + 𝑖𝒬𝑛+1
′ + 𝑗𝒬𝑛+2

′ + 𝑖𝑗𝒬𝑛+3
′  , 

 

(5) 

where 𝑖, 𝑗 and 𝑖𝑗 are arbitrary units which satisfy the relations; 𝑖2 = 𝑗2 = −1 , (𝑖𝑗)2 = +1. 
Now we will give some identities on bicomplex Fibonacci 𝒬-matrix.  

 

Identities 1. For 𝑚, 𝑛 ≥ 0, 

 

ℬ𝑛 − 𝑖ℬ𝑛+1 − 𝑗ℬ𝑛+2 + 𝑖𝑗ℬ𝑛+3 = −𝒬𝑛
′ [

7 4
4 3

], 

 

ℬ𝑖 = 𝑎 − 𝑖𝑏 + 𝑗𝑐– 𝑖𝑗𝑑, 
 

ℬ𝑗 = 𝑎 + 𝑖𝑏 − 𝑗𝑐– 𝑖𝑗𝑑, 
 

ℬ𝑖𝑗 = 𝑎 − 𝑖𝑏 − 𝑗𝑐 + 𝑖𝑗𝑑. 
 

 

 

(1) 
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ℬ𝑛 × ℬ𝑛
𝑖𝑗

+ ℬ𝑛−1 × ℬ𝑛−1
𝑖𝑗

= 5𝒬2𝑛 [
2 1
1 1

], 

 

ℬn × ℬm = (1 − 2𝑖)(𝒬𝑚+𝑛+3
′ − 2𝑗𝒬𝑚+𝑛+3), 

 

where ℬ𝑛
𝑖𝑗

 is the conjugation with respect to the imaginary unit  𝑖𝑗.  
 

Proof . We will give the proof of identity ℬ𝑛 − 𝑖ℬ𝑛+1 − 𝑗ℬ𝑛+2 + 𝑖𝑗ℬ𝑛+3 = 3𝒬𝑛
′ [

7 4
4 3

]. Using 

equality (5), we have 

 

= 𝒬𝑛 + 𝑖𝒬𝑛+1 + 𝑗𝒬𝑛+2 + 𝑖𝑗𝒬𝑛+3 − 𝑖(𝒬𝑛+1 + 𝑖𝒬𝑛+2 + 𝑗𝒬𝑛+3 + 𝑖𝑗𝒬𝑛+4 ) 
 

     −𝑗(𝒬𝑛+2 + 𝑖𝒬𝑛+3  + 𝑗𝒬𝑛+4  + 𝑖𝑗𝒬𝑛+5  ) + 𝑖𝑗(𝒬𝑛+3 + 𝑖𝒬𝑛+4  + 𝑗𝒬𝑛+5  + 𝑖𝑗𝒬𝑛+6 ) 

 

= 𝒬𝑛 + 𝒬𝑛+2 + 𝒬𝑛+4 + 𝒬𝑛+6,  
 

from the equality (2) and the identities 𝑓𝑛−1 + 𝑓𝑛+1 = 𝑙𝑛  and  𝑓𝑛+4 + 𝑓𝑛 = 3𝑓𝑛+2  in [3, 5], 

we can write as 

 

= [
𝑓𝑛+1 𝑓𝑛
𝑓𝑛 𝑓𝑛−1

] + [
𝑓𝑛+3 𝑓𝑛+2

𝑓𝑛+2 𝑓𝑛+1
] + [

𝑓𝑛+5 𝑓𝑛+4

𝑓𝑛+4 𝑓𝑛+3
] + [

𝑓𝑛+7 𝑓𝑛+6

𝑓𝑛+6 𝑓𝑛+5
] 

 

= 3 [
𝑙𝑛+4 𝑙𝑛+3

𝑙𝑛+3 𝑙𝑛+2
] 

 

=3[
𝑙𝑛+1 𝑙𝑛
𝑙𝑛 𝑙𝑛−1

] [
𝑙4 𝑙3
𝑙3 𝑙2

], 

 

from the equality (2), we obtain 

 

=3𝒬𝑛
′ 𝒬3

′ = 3𝒬𝑛
′ [

7 4
4 3

]. 

 

 

Now we will prove the identity 

 

ℬ𝑛 × ℬ𝑛
𝑖𝑗

+ ℬ𝑛−1 × ℬ𝑛−1
𝑖𝑗

= 5𝒬2𝑛 [
2 1
1 1

]. 

 

 

By using the equalities (1), (2) and (5), we get  

 

=𝒬𝑛−1
2 + 2𝒬𝑛

2 − 2𝒬𝑛+2
2 − 𝒬𝑛+3

2 , 

 

(6) 

if we rewrite the equality (6) from equality (3), 

 

= 𝒬2𝑛−2 + 2𝒬2𝑛 − 2𝒬2𝑛+4 − 𝒬2𝑛+6 

 

= [
𝑓2𝑛−1 𝑓2𝑛−2

𝑓2𝑛−2 𝑓2𝑛−3
] + 2 [

𝑓2𝑛+1 𝑓2𝑛

𝑓2𝑛 𝑓2𝑛−1
] − 2 [

𝑓2𝑛+5 𝑓2𝑛+4

𝑓2𝑛+4 𝑓2𝑛+3
] − [

𝑓2𝑛+7 𝑓2𝑛+6

𝑓2𝑛+6 𝑓2𝑛+5
]. 

 

From equality (7), we obtain 

 

= [
𝑙2𝑛 𝑙2𝑛−1

𝑙2𝑛−1 𝑙2𝑛−2
] − [

𝑙2𝑛+3 𝑙2𝑛+2

𝑙2𝑛+2 𝑙2𝑛+1
] − [

𝑙2𝑛+6 𝑙2𝑛+5

𝑙2𝑛+5 𝑙2𝑛+4
] 
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= 5 [
𝑓2𝑛+3 𝑓2𝑛+2

𝑓2𝑛+2 𝑓2𝑛+1
] 

 

= 5 [
𝑓2𝑛+1 𝑓2𝑛

𝑓2𝑛 𝑓2𝑛−1
] [

𝑓3 𝑓2
𝑓2 𝑓1

] 

 

= 5𝒬2𝑛 [
2 1
1 1

]. 

 

Lastly, considering equality (5), we have 

 

ℬn × ℬm = (𝒬𝑛𝒬𝑚 − 𝒬𝑛+1𝒬𝑚+1 − 𝒬𝑛+2𝒬𝑚+2 + 𝒬𝑛+3𝒬𝑚+3) 
 

                   +𝑖(𝒬𝑛𝒬𝑚+1 + 𝒬𝑛+1𝒬𝑚 − 𝒬𝑛+2𝒬𝑚+3 − 𝒬𝑛+3𝒬𝑚+2)     
 

                     +𝑗(𝒬𝑛𝒬𝑚+2 + 𝒬𝑛+2𝒬𝑚 − 𝒬𝑛+1𝒬𝑚+3 − 𝒬𝑛+3𝒬𝑚+1)     
 

                     +𝑖𝑗(𝒬𝑛𝒬𝑚+3 + 𝒬𝑛+3𝒬𝑚 + 𝒬𝑛+2𝒬𝑚+1 + 𝒬𝑛+1𝒬𝑚+2)     
 

                  = 𝒬𝑚+𝑛(𝒬0 − 𝒬2 − 𝒬4 + 𝒬6) + 2𝑖𝒬𝑚+𝑛(𝒬1 − 𝒬5) 
 

                    +2𝑗𝒬𝑚+𝑛(𝒬2 − 𝒬4) + 4𝑖𝑗𝒬𝑚+𝑛𝒬4 

 

                  = 𝒬𝑚+𝑛+3
′ − 2𝑖𝒬𝑚+𝑛+3

′ − 𝑗𝒬𝑚+𝑛+3 − 𝑖𝑗𝒬𝑚+𝑛+3 

 

                  = (1 − 2𝑖)(𝒬𝑚+𝑛+3
′ − 2𝑗𝒬𝑚+𝑛+3). 

 

Identities 2. 

 

ℬ𝑛+1
2 − ℬ𝑛−1

2 = 𝒬2𝑛 [
3 2
2 1

] (−1 + 10𝑖 − 6𝑗 + 4𝑖𝑗), 

 

ℬ𝑛
2 + ℬ𝑛+1

2 = −𝒬2𝑛
′ [

7 4
4 3

] (1 + 10𝑖 − 2𝑗 + 4𝑖𝑗). 

 

Proof . From the equalities (2) and (5),  

ℬ𝑛+1
2  =𝒬2𝑛+2 − 𝒬2𝑛+4 − 𝒬2𝑛+6 + 𝒬2𝑛+8 + 2𝑖(𝒬𝑛+1𝒬𝑛+2 − 𝒬𝑛+3𝒬𝑛+4) 

 

                +2𝑗(𝒬𝑛+1𝒬𝑛+3 − 𝒬𝑛+2𝒬𝑛+4) + 2𝑖𝑗(𝒬𝑛+1𝒬𝑛+4 + 𝒬𝑛+2𝒬𝑛+3), 
 

            = 𝒬2𝑛+2 − 𝒬2𝑛+4 − 𝒬2𝑛+6 + 𝒬2𝑛+8 + 2𝑖(𝒬2𝑛+3 − 𝒬2𝑛+7) 
 

                +2𝑗(𝒬2𝑛+4 − 𝒬2𝑛+6) + 4𝑖𝑗𝒬2𝑛+5, 

 

            =−(𝒬2𝑛+3 + 𝒬2𝑛+7) − 2𝑖𝒬2𝑛+5
′ + 2𝑗(𝒬2𝑛+4 − 𝒬2𝑛+6) + 4𝑖𝑗𝒬2𝑛+5, 

 

            =−𝒬2𝑛+5 + 2𝑖𝒬2𝑛+5
′ − 2𝑗𝒬2𝑛+5 + 4𝑖𝑗𝒬2𝑛+5. 

 

Similarly, we can compute 

 

ℬ𝑛
2=−𝒬2𝑛+3 + 2𝑖𝒬2𝑛+3

′ − 2𝑗𝒬2𝑛+3 + 4𝑖𝑗𝒬2𝑛+3 

 

 

and 

 

ℬ𝑛−1
2 =−𝒬2𝑛+1 + 2𝑖𝒬2𝑛+1

′ − 2𝑗𝒬2𝑛+1 + 4𝑖𝑗𝒬2𝑛+1.  
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Now, we have 

 

ℬ𝑛+1
2 − ℬ𝑛−1

2 = (−𝒬2𝑛+5 + 2𝑖𝒬2𝑛+5
′ − 2𝑗𝒬2𝑛+5 + 4𝑖𝑗𝒬2𝑛+5) 

 

 

                                  −(−𝒬2𝑛+1 + 2𝑖𝒬2𝑛+1
′ − 2𝑗𝒬2𝑛+1 + 4𝑖𝑗𝒬2𝑛+1)                   

 

 

                          = 𝒬2𝑛 [
3 2
2 1

] (−1 + 10𝑖 − 6𝑗 + 4𝑖𝑗) 

 

 

and 

 

ℬ𝑛
2 + ℬ𝑛+1

2 = −𝒬2𝑛+3
′ (1 + 10𝑖 − 2𝑗 + 4𝑖𝑗) 

 

 

                      = −𝒬2𝑛
′ [

7 4
4 3

] (1 + 10𝑖 − 2𝑗 + 4𝑖𝑗). 

 

 

Identity 3. For 𝑛 ≥ 0, The 𝑛𝑡ℎ negabicomplex Fibonacci 𝒬𝑛-matrix is 

 

ℬ−n =
1

(−1)𝑛
[
𝑓𝑛−1ℬ𝑓1−𝑓𝑛ℬ𝑓0 𝑓𝑛−1ℬ𝑓0−𝑓𝑛ℬ𝑓−1

𝑓𝑛−1ℬ𝑓0−𝑓𝑛ℬ𝑓−1 𝑓𝑛+1ℬ𝑓−1−𝑓𝑛ℬ𝑓0
] 

 

 

Proof . Now, we will give proof of identity ℬ−n. We have 

 

ℬ−n = 𝒬−𝑛 + 𝑖𝒬−𝑛+1 + 𝑗𝒬−𝑛+2 + 𝑖𝑗𝒬−𝑛+3 

 

ℬ−n = 𝒬−𝑛(𝒬0 + 𝑖𝒬1 + 𝑗𝒬2 + 𝑖𝑗𝒬3) 
 

           = (𝒬𝑛)−1(𝒬0 + 𝑖𝒬1 + 𝑗𝒬2 + 𝑖𝑗𝒬3) 
 

           = ( [
𝑓𝑛+1 𝑓𝑛
𝑓𝑛 𝑓𝑛−1

] )
−1

[
1 + 𝑖 + 2𝑗 + 3𝑖𝑗 𝑖 + 𝑗 + 2𝑖𝑗

𝑖 + 𝑗 + 2𝑖𝑗 1 + 𝑗 + 𝑖𝑗
] 

 

           =
1

(−1)𝑛
[
𝑓𝑛−1 −𝑓𝑛
−𝑓𝑛 𝑓𝑛+1

] [
ℬ𝑓1 ℬ𝑓0
ℬ𝑓0 ℬ𝑓−1

] 

 

            =
1

(−1)𝑛
[
𝑓𝑛−1ℬ𝑓1−𝑓𝑛ℬ𝑓0 𝑓𝑛−1ℬ𝑓0−𝑓𝑛ℬ𝑓−1

𝑓𝑛−1ℬ𝑓0−𝑓𝑛ℬ𝑓−1 𝑓𝑛+1ℬ𝑓−1−𝑓𝑛ℬ𝑓0
], 

 

where ℬ𝑓1, ℬ𝑓0 and ℬ𝑓−1 are bicomplex Fibonacci numbers. 

3. Some Applications On Bicomplex Fibonacci 𝑸–Matrix 

 

Let ℬ𝑛 be the 𝑛𝑡ℎ bicomplex Fibonacci 𝒬𝑛 -matrix, for n ≥ 0, these number is 2𝑡ℎ linear recurrence 

sequence. Then, we suppose the sets of ℂ2 and ℂ2
′  are 

 

ℂ2 = {ℬ𝑛 ∣ ℬ𝑛 = 𝒬𝑛 + 𝑖𝒬𝑛+1 + 𝑗𝒬𝑛+2 + 𝑖𝑗𝒬𝑛+3, 𝒬𝑛 is 𝑛𝑡ℎ  𝒬-matrix }, 
 

and 

 

ℂ2
′ = {ℬ𝑛 ∣∣

∣ ℬ𝑛 = [
𝛼𝑛 𝛽𝑛

𝛽𝑛 𝛼𝑛
] ; 𝛼𝑛, 𝛽𝑛𝜖ℂ }. 

 

Then, there is an isomorphism between ℂ2 and ℂ2
′  , in that case, we can write 
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ℬn = (𝒬𝑛, 𝒬𝑛+1, 𝒬𝑛+2, 𝒬𝑛+3) → ℬ𝑛 = [
𝒬𝑛 + 𝑖𝒬𝑛+1 𝒬𝑛+2 + 𝑖𝒬𝑛+3

𝒬𝑛+2 + 𝑖𝒬𝑛+3 𝒬𝑛 + 𝑖𝒬𝑛+1
] 

 

Thus, we can write  

 

ℂ2
′ = {ℬn ∣ ℬn = 𝛼n [

1 0
0 1

] + 𝛽n [
0 1
1 0

] ; 𝛼𝑛, 𝛽n is 𝑛
𝑡ℎ complex Fibonacci 𝒬-matrix} 

 

and 

 

ℬn = 𝒬𝑛U₁ + 𝒬𝑛+1U₂ + 𝒬𝑛+2U₃ + 𝒬𝑛+3U₄,  
 

where 

 

ℬ𝑛 = 𝒬𝑛 [
1 0
0 1

] + 𝒬𝑛+1 [
𝑖 0
0 𝑖

] + 𝒬𝑛+2 [
0 𝑗
𝑗 0

] + 𝒬𝑛+3 [
0 𝑖𝑗
𝑖𝑗 0

]. 

 

Since detℬn ≠ 0, there is the inverse of matrix ℬn and it is in ℂ2
′ . Now, let’s define the 𝑛𝑡ℎ bicomplex 

Fibonacci 𝒬-vector ℬ⃗⃗ n and the 𝑛𝑡ℎ bicomplex Lucas 𝒬′-vector ℬ⃗⃗ n
′  as  

 

ℬ⃗⃗ n = 𝑖𝒬𝑛+1 + 𝑗𝒬𝑛+2 + 𝑖𝑗𝒬𝑛+3 and ℬ⃗⃗ n
′ = 𝑖𝒬𝑛+1

′ + 𝑗𝒬𝑛+2
′ + 𝑖𝑗𝒬𝑛+3

′ , respectively.  

 

Theorem 1. Let ℬ⃗⃗ n and ℬ⃗⃗ n+1 be bicomplex Fibonacci 𝒬-vectors. The dot and cross product of these 

vectors are defined by 

 

< ℬ⃗⃗ n,ℬ⃗⃗ n+1 >= 𝒬𝑛+1𝒬𝑛+2 + 𝒬𝑛+2𝒬𝑛+3+𝒬𝑛+3𝒬𝑛+4 

 

and 

 

ℬ⃗⃗ n × ℬ⃗⃗ n+1 = 𝑑𝑒𝑡 [

−𝑖 𝑗 𝑖𝑗
𝒬𝑛+1 𝒬𝑛+2 𝒬𝑛+3

𝒬𝑛+2 𝒬𝑛+3 𝒬𝑛+4

] 

 

where in the permanent of ℬ⃗⃗ n  × ℬ⃗⃗ n+1, the signatures of the permutations are not taken into account, 

[16]. 

 

Proof : From the equality (2 ), we obtain, 

 

< ℬ⃗⃗ n, ℬ⃗⃗ n+1 >= 𝒬𝑛+1𝒬𝑛+2 + 𝒬𝑛+2𝒬𝑛+3+𝒬𝑛+3𝒬𝑛+4 

 

                        = 𝒬2𝑛+3 + 𝒬2𝑛+5 + 𝒬2𝑛+7 

 

                        = 𝒬2𝑛 ( 𝒬3 + 𝒬5 + 𝒬7 ) 

 

                        = [
𝑓2𝑛+1 𝑓2𝑛

𝑓2𝑛 𝑓2𝑛−1
] [

𝑓4 + 𝑓6 + 𝑓8 𝑓3 + 𝑓5 + 𝑓7
𝑓3 + 𝑓5 + 𝑓7 𝑓2 + 𝑓4 + 𝑓6

] 

 

                        = 4 𝒬2n [
8 5
5 3

]. 

 

Now, we will calculate ℬ⃗⃗ 𝑛 × ℬ⃗⃗ 𝑛+1, 

 

=−𝑖(𝒬𝑛+2𝒬𝑛+4 + 𝒬𝑛+3𝒬𝑛+3) − 𝑗(𝒬𝑛+1𝒬𝑛+4 + 𝒬𝑛+2𝒬𝑛+3) + 𝑖𝑗(𝒬𝑛+1𝒬𝑛+3 + 𝒬𝑛+2𝒬𝑛+2) 
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=2(−𝑖𝒬2𝑛+6 − 𝑗𝒬2𝑛+5 + 𝑖𝑗𝒬2𝑛+4) 
 

=2(𝑖𝒬2𝑛+2 + 𝑗𝒬2𝑛+3 + 𝑖𝑗𝒬2𝑛+4) − 2𝑖(𝒬2𝑛+6 + 𝒬2𝑛+2) − 2𝑗(𝒬2𝑛+5 + 𝒬2𝑛+3), 
 

finally, we have  

 

= 2(ℬ⃗⃗ 2𝑛+1 − 3𝑖𝒬2𝑛+4 − 𝑗𝒬2𝑛+4
′  ) 

 

where  ℬ⃗⃗ 2n+1 is bicomplex Fibonacci vector , 𝒬2𝑛+4 and  𝒬2𝑛+4 
′  are Fibonacci 𝒬-matrix and Lucas 

𝒬′-matrix, respectively. 

 

Example 1. Let ℬ⃗⃗ 1 and ℬ⃗⃗ 2 be bicomplex Fibonacci 𝒬-vectors such that ℬ⃗⃗ 1 = 𝑖𝒬2 + 𝑗𝒬3 + 𝑖𝑗𝒬4 and 

ℬ⃗⃗ 2 = 𝑖𝒬3 + 𝑗𝒬4 + 𝑖𝑗𝒬5. The dot product of these vectors are 

 

< ℬ⃗⃗ 1, ℬ⃗⃗ 2 >= 𝒬2𝒬3 + 𝒬3𝒬4 + 𝒬4𝒬5 = 𝒬5 + 𝒬7 + 𝒬9 

 

from the equality (2) and the equalities of Fibonacci numbers in [3, 5], we obtain 

 

= 3𝒬7 + 𝒬7 = 4𝒬7 

 

= 4 [
21 13
13 8

]. 
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5. Conclusion 

In this present work we have given, firstly we described the bicomplex numbers with coefficients from 

the Fibonacci 𝒬-matrix and Lucas 𝒬′-matrix sequences. We have given many equations that hold an 

important place in the literature on these numbers. For further studies, we plan to describe some 

additional identities and properties for these new numbers. 
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