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Abstract 
 

 
Rhotrices were first defined by Ajibade [1], over the set of real numbers. In 

Tudunkaya and Makanjuola [2], they were also defined over �� (the set of integers 
modulo p), under the same operations defined by Ajibade [1], but addition and 
multiplication were done modulo p. The purpose of this note is to present rhotrices 
defined over the set R of real rhotrices and to explore their properties. The hope is that 
these rhotrices may be useful in the development of Mathematics and its application as 
those defined in Ajibade [1] and Tudunkaya and Makanjuola [2]. 

 

1.0 Introduction 
A rhotrix was defined by Ajibade [1], as the set 

  � = �� �� 	 
� � : �, �, 	, 
, � � ��      (1) 

The entry at the centre of a rhotrix is called heart, which is ‘c’ in the above definition. The addition of two rhotrices A and 

Q=� �� ���� �� � was given by 

  � � � =� �� 	 
� � � � �� � �� � � � � � �� � �   	 � �   
 � �� � � �     (2) 

The additive inverse of A is 
 

−A = −� �� 	 
� � � � ���� � 	 � 
�� �      (3) 

Such that the additive identity is  
 

  0 = � 00 0 00 �        (4) 

with the multiplication of A by Q as 

  � • � =� �� 	 
� � • � �� � �� � � �   !"#$%!"&$  $!   '!"($  )!"*$  �     (5) 

The multiplicative identity of R was given as: 

.+ � � 00 1 00 �        (6) 

Also, if 
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  � • � =� �� 	 
� � • � �� � �� � � � 00 1 00 �, then  

 

  � = �-1 = - 
-$. �� � �	�  
� ,    	 ≠0      (7)  

Another definition that is more general was given by Mohammed [3] as 

R =

/00
1
0023 �4�567�.  89:.   

………  
�<………�=9>

   
�-�>…�4�567�.  8…�=9<�=

   
�?………�=9-

………   �4�567�.  8":.@ �A B�
C00
D
00E

  (8) 

F � �G."-�< ,  HB2J" � 1 and 
G< is the integer value upon division of H by 2,  � 4�="-�<  8 � G<,  K � 4�="-�<  8, L � 4�="-�<  8 � G<. 

The discussions of concepts in this work, will be presented according to Jaisingh [4]. 
1.1 Definition 
 

Let M=

/00
1
0023�    

………  
�<………�=9>

   
�-�>…�N…�=9<�=

   
�?………�=9-

………   �O@ P  �-, �<, … , �= � �
C00
D
00E

   (9) 

then M will be called a rhotrix rhotrix. In other words, M is a rhotrix with 
rhotrices as entries. 
The additive identity is 

  0Q � 30    
………  

0<………0=9>
   

0-0>…0N…0=9<0=

   
0?………0=9-

………   0O@     (10) 

Where each 

                             0A � 30    
………  

0<………0=9>
   

0-0>…0N…0=9<0=

   
0?………0=9-

………   0O@ , R � 1,2,3, … , F � 1, F    (11) 

and hence the additive inverse of 

  ξ � 3�    
………  

�<………�=9>
   

�-�>…�N…�=9<�=

   
�?………�=9-

………   �O@  

will be 
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                                          �ξ � 3��    
……… 

��<………��=9>
   

��-��>…��N…��=9<��=

  
��?………��=9-

………  � �O@    (12) 

1.2 Proposition 
(ξ, +) is a group. 
Proof: The proof follows from equations (2), (11) and (12). 
1.3 Proposition 
(ξ, +, •) is a ring. 
Proof: The proof follows from equations (5) and (7). The multiplicative identity of ξ will be given by 

   +A � 30    
………  

0<………0=9>
   

0-0>…+N…0=9<0=

   
0?………0=9-

………   0O@     (13)  

Where 

   + � 30    
………  

0<………0=9>
   

0-0>…1N…0=9<0=

   
0?………0=9-

………   0O@     (14) 

Now looking at the multiplicative inverse of a rhotrix 

B = 3�    
………  

�<………�=9>
   

�-�>…�N…�=9<�=

   
�?………�=9-

………   �O@ 

which was defined to be 

   U9- � � -%V. 3�    
………  

�<………�=9>
   

�-�>…��N…�=9<�=

   
�?………�=9-

………   �O@    (15) 

such that �N W 0 by Ajibade [1], we can observe a difference in the way the heart is treated. This difference may bring some 
obstacles when dealing with rhotrices under this multiplication method. To take care of these obstacles, the following were 
proposed: 
1.4 Definition 
Let 

B = 3�    
………  

�<………�=9>
   

�-�>…�N…�=9<�=

   
�?………�=9-

………   �O@ , 

Then 
Journal of the Nigerian Association of Mathematical Physics Volume 23 (March, 2013) 41 – 50 



44 

 

 
On the Structure of Rhotrix Rhotrices Tudunkaya and Makanjuola J of NAMP 

Neg(B) =  3�    
………  

�<………�=9>
   

�-�>…��N…�=9<�=

   
�?………�=9-

………   �O@ 

In other words, Neg(B) is the rhotrix got by multiplying the heart of the rhotrix B by a negative sign. 
1.5 Definition 
Let 

C = 3	    
………  

	<………	=9>
   

	-	>…	N…	=9<	=
   

	?………	=9-

………   	O@, 

the rhotrix 

Min(C) = 3�	    
………  

�	<………�	=9>
   

�	-�	>…	N…�	=9<�	=
   

�	?………�	=9-

………   �	O@ 

In other words, Min(C) is the rhotrix got by multiplying the entire entries (except the heart) of a rhotrix C by a negative sign. 
1.6 Lemma 
If X and Y are any two rhotrices of the same size, then 

XY9- � Z�� [ 1��Y �< \RH�X�Y] � 30    
………  

0<………0=9>
   

0-0>…0N…0=9<0=

   
0?………0=9-

………   0O@, 

��Y � W 30    
………  

0<………0=9>
   

0-0>…0N…0=9<0=

   
0?………0=9-

………   0O@. 
Proof: 
Let 

X = 3_    
………  

_<………_=9>
   

_-_>…_N…_=9<_=
   

_?………_=9-

………   _O@ 

And 
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Y = 3  ̀   
………  

`<………`=9>
   

-̀`>…̀N…`=9<`=
   

?̀………`=9-

………   Ò@ 

                  this means 

Y9-=� -aV. 3  ̀   
………  

`<………`=9>
   

-̀`>…� Ǹ…`=9<`=
   

?̀………`=9-

………   Ò@ 

 

= 3� a    aV.
………  

� a .  aV.………� a 5bc  aV.
   

� a 7  aV.� a c  aV.…a V  aV.…� a 5b.  aV.� a 5  aV.

   
� a d  aV.………� a 5b7  aV.

………    � a e  aV.@ 

                   therefore, 

XY9- � 3f  ………  
f<………f=9>

   
f-f>…fN…f=9<f=

   
f?………f=9-

………   fO@  
                   Where 
 f- =  

g7aV 9a7g V aV.  

 f< =  
g.aV 9a.g VaV.  

 f> =   gcaV 9acg V aV.  

 
… 
… 
… 
 f> =  
gVaV aV.  

 
… 
… 
… 
 f=9< =  

g5b.aV 9a5b.g VaV.  
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 f=9- =  

g5b.aV 9a5b.g VaV.  

 
 f=  =  

g5aV 9a5g VaV.  

Now, 

Min(X) = 3�_    
………  

�_<………�_=9>
   

�_-�_>…_N…�_=9<�_=
   

�_?………�_=9-

………   �_O@ 

Z�� [ 1��Y �< \RH�X�Y] � 3h  ………  
h<………h=9>

   
h-h>…hN…h=9<h=

   
h?………h=9-

………   hO@ 

where 
 h- =  

a7g V9g7aV aV.  

 h< =  
a.g V9g.aV aV.  

 h> =  
acg V9gcaV aV.  

 
… 
… 
… 
 hN = - 

aVgV aV.  

 
… 
… 
… h=9- =  

a5b7g V9g5b7aV aV.  

 h=  =  
a5g V9g5aV aV.  

Hence, 

XY9- � Z�� [ 1��Y �< \RH�X�Y] � 30    
………  

0<………0=9>
   

0-0>…0N…0=9<0=

   
0?………0=9-

………   0O@ 

With the above definitions and results, we can now define inverse for a 
rhotrix rhotrix as follows: 
The multiplicative inverse of 
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Γ = 3�    
………  

�<………�=9>
   

�-�>…+N…�=9<�=

   
�?………�=9-

………   �O@ 

Where 

+N = 30    
………  

0<………0=9>
   

0-0>…1N…0=9<0=

   
0?………0=9-

………   0O@ 

will simply be given by 

i9- � 3��    
……… 

��<………��=9>
   

��-��>…+N…��=9<��=

  
��?………��=9-

………  � �O@ 

But generally, if 

j � 3�    
……… 

�<………�=9>
   

�-�>…�N…�=9<�=

  
�?………�=9-

………  �O@  then its inverse will be 

 

j9- � 3k    
……… 

k<………k=9>
   

k-k>…kN…k=9<k=

  
k?………k=9-

………  kO@ 

where 

k- � �Z��� l 1�N< \RH�k-�m 

k< � �Z��� l 1�N< \RH�k<�m 

… 
… 
… kN � �N9- 
… 
… 

k=9- � �Z��� l 1�N< \RH�k=9-�m 
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k= � �Z��� l 1�N< \RH�k=�m 

1.7 Definition 

                            Let ZD=

/00
1
0023�    

………  
�<………�=9>

   
�-�>…0N…�=9<�=

   
�?………�=9-

………   �O@ P  �F n��oF pH� p� �-, �<, … , �= W 0 � �
C00
D
00E

 

1.8 Proposition 
(ξ/ZD, •) is a commutative group. 
Proof: 
The proof follows from equations (5), (13), (15) and Lemma (1.6).  
The left and the right distributivities also hold. That is, if 
ν, ω, ι� ξ 
Then ν (ω + ι) = ν ω + ν ι and (ω + ι)ν = ων + ιν  (16) 
 This can be shown as follows: suppose 

ν = 3t    
……… 

t<………t=9>
   

t-t>…tN…t=9<t=

  
t?………t=9-

………  tO@ 

 

ω = 3u    
……… 

u<………u=9>
   

u-u>…uN…u=9<u=

  
u?………u=9-

………  uO@ 

and 

ι=3v    
……… 

v<………v=9>
   

v-v>…vN…v=9<v=

  
v?………v=9-

………  vO@ 

then 

ν (ω + ι) = 3w    
……… 

w<………w=9>
   

w-w>…wN…w=9<w=

  
w?………w=9-

………  wO@ 

=ν ω + ν ι 
where w- = t- �uN + vN� � tN �u- + v-� �  t- uN + t-vN � tN u- + tNv- 

= t-uN � tN u- �  t-vN  + tNv- w< = t< �uN + vN� � tN �u< + v<� �  t< uN + t<vN � tN u< + tNv< 
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= t<uN � tN u< �  t<vN  + tNv< 
 w> = t> �uN + vN� � tN �u> + v>� �  t> uN + t>vN � tN u> + tNv>  
= t>uN � tN u> �  t>vN  + tNv> 
… 
… 
… wN =  tN uN � tNvN   
 
… 
… 
… w=9- = t=9- �uN + vN� � tN �u=9- + v=9-� �  t=9- uN + t=9-vN � tN u=9- + tNv=9-  
= t=9-uN � tN u=9- �  t=9-vN + tNv=9- w= = t= �uN + vN� � tN �u= + v=� �  t= uN + t=vN � tN u= + tNv=   
= t=uN � tN u= �  t=vN  + tNv= 

Similarly, it can be shown for  (ω + ι)ν = ων + ιν. 
1.9 Definition 
A nonid field is defined in [5] as the set kx with two binary operations (+) and (•) defined on it such that; 

(1) (kx,+) is a commutative group. 
(2) ∃ a ≠ 0, b ≠ 0 � kx∋ ab = 0. 
(3) (kx – ZD, •) is commutative group. 
(4) ∀, b, c � kx, a(b + c) = ab + ac and (b + c)a = ba + ca 

1.10    Definition 
A nonid field is said to be finite if it has finite number of elements. 
ZD here is the set of all zero divisors of kx. 
1.11   Proposition 
(ξ,+, •) is a nonid field. 
Proof: The proof follows from propositions (1.2), (1.8) and the discussion on equation (16) above. 
Moreover, it can be shown that the set ξ of all rhotrix rhotrices forms a vector space over the set R of all rhotrices. The vector 
space ξ is spanned by the following vectors: 

|-=30    
………  

0<………0=9>
   

+-0>…0N…0=9<0=

   
0?………0=9-

………   0O@ 

 

|<=30    
………  

+<………0=9>
   

0-0>…0N…0=9<0=

   
0?………0=9-

………   0O@ 

|>=30    
………  

0<………0=9>
   

0-+>…0N…0=9<0=

   
0?………0=9-

………   0O@ 

 
… 
… 
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|=9<=30    
………  

0<………0=9>
   

0-0>…0N…+=9<0=

   
0?………0=9-

………   0O@ 

 

|=9-=30    
………  

0<………0=9>
   

0-0>…0N…0=9<0=

   
0?………+=9-

………   0O@ 

|==30    
………  

0<………0=9>
   

0-0>…0N…0=9<+=

   
0?………0=9-

………   0O@ 

such that 
                            �-}- +�<}< … + �=9<}=9< + �=9-}=9- + �=}= = 0 
only when     �- = �< � … = �=9< = �=9- = �= = 0 
This means they are linearly independent, hence the set 
                            B = {}-, }<, … + }=9<, }=9-, }= } 
forms a basis for ξ.  
So 
                        ξ  = {�-}- +�<}< … + �=9<}=9< + �=9-}=9- + �=}=  A1V1:  �-, �<, … , �=� R} 
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