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I. Introduction 

Rhotrices and some of their basic properties where first introduce in [1].Rhotrice could be decompose into two  

square matrices ( Couple matrices ) ,( i.e  R =  ⟨𝐴, 𝐶⟩, where A = aij , C = clkof rhotrix R) .If  Q = ⟨𝑈, 𝑉⟩, then 

addition and subtraction is done in the following form :  R  ±  Q = ⟨𝐴 ±  𝑈, 𝐶 ±  𝑉⟩ and multiplication is RQ = 

⟨𝐴𝑈, 𝐶𝑉⟩,the inverse ,transposeand determinant  are respectively  R-1  = 〈𝐴−1, 𝐶−1〉 ,𝑅𝑇= ⟨𝐴𝑇 , 𝐶𝑇⟩and det (R) = 

det (A)det (C )  see ( [2],[3],[4][5] ). 

 

In   next section we defined some new symmetric rhotrices and give some of their properties.This new rhotrices 

are : generalized reflection rhotrix, reflexive rhotrix, anti reflexive rhotrix, counter-identity rhotrix, centro-

symmetric rhotrix and  skew centro-symmetric rhotrix. 
 

II. Structure Rhotrices and Properties 

Definition 1 (Reflection rhotrix ) 

 

A rhotrix𝑅 =  ⟨𝐴, 𝐶⟩is  generalized reflection rhotrix if 𝑅𝑇 = 𝑅 and 𝑅2 = 𝐼 where I is an identity rhotrix and 𝐴 

and 𝐶 are generalize  reflection matrices. 

 

Definition 2 (Reflexive and antireflexiverhotrix ) 

 

A rhotrix𝑅 =  ⟨𝐴, 𝐶⟩ is reflexive if and only if  there exist a reflection rhotrix 𝑄 = ⟨𝐵, 𝐷⟩ such that  𝑅 =  𝑄𝑅𝑄  
and R said to be anti reflexive if  𝑅 =  −𝑄𝑅𝑄. Where 𝐴 and 𝐶 are reflexive matrices. 

For reflexive matrices see [6] ,[7] 

 

Proposition 1 

Let R be a rhotrix, then: 

I. R is reflexive with respect to reflection rhotrix Q if and only if 𝑄𝑅 = 𝑅𝑄. 

II. R is anti reflexive with respect  to reflection rhotrix Q if and only if 𝑄𝑅 =  −𝑅𝑄. 

 

Proof 1 

Suppose R is reflexive with respect to Q, then 

 

I.  R reflexive, implies R = QRQ 

𝑄𝑅 =  ⟨𝐴, 𝐶⟩⟨𝐵, 𝐷⟩ 

𝑄𝑅 = ⟨𝐴𝐵 , 𝐶𝐷⟩ 
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𝑄𝑅 = ⟨𝐵𝐴 , 𝐷𝐶⟩ 
𝑄𝑅 =  ⟨𝐵, 𝐷⟩⟨𝐴 , 𝐶⟩ 

𝑄𝑅 = 𝑅𝑄 

 

The converse , suppose QR=RQ. 

𝑄(𝑄𝑅) = 𝑄𝑅𝑄 

𝑄2𝑅 = 𝑄𝑅𝑄 

𝑅 = 𝑄𝑅𝑄 
 

II. Similar to I. 

 

Definition 2 (Counteridentityrhotrix) 

 

A rhotrix𝐽 =  ⟨𝐽𝑛 , 𝐽𝑛−1⟩is counter-identity rhotrx if all of its entries are zeroes except the horizontal diagonal 

entries which are all ones  and major and minor components of  𝐽  (𝐽𝑛 and 𝐽𝑛−1 ) , are counter identity matrices. 

 

See [8], [9] for details on  counteridentity matrices,  Centrosymmetric  matrices and skew centrosymmetric 

matrices. 

 

Proposition  2 

I. 𝐽2 = 𝐼, 

II. 𝐽𝑇 = 𝑗̂ 
III. 𝐽 is generalised  reflection rhotrix, 

IV. 𝐽−1 = 𝐽 

V. 𝐽𝑛 = {
𝐼,  𝑖𝑓 𝑛 𝑖𝑠 𝑜𝑑𝑑

𝐽,  𝑖𝑓 𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛
 

Proof 2 

I. 𝐽2 = ⟨𝐽𝑛
2 ,     𝐽𝑛−1

2 ⟩ =  ⟨𝐼𝑛 , 𝐼𝑛−1⟩ = 𝐼, 

II. 𝐽𝑇 =  ⟨𝐽𝑛
𝑇 ,    𝐽𝑛−1

𝑇 ⟩ = ⟨𝐽𝑛,𝐽𝑛−1⟩ = 𝐽, 

III.  From i and ii of proposition 2,  

IV. 𝐽−1 = ⟨𝐽𝑛,
−1 𝐽𝑛−1

−1 ⟩ = ⟨𝐽𝑛, 𝐽𝑛−1⟩ =  𝐽 

V. Case 1. If 𝑛 is even, 𝑛 = 2𝑚 where 𝑚 is a natural number. 

 

𝐽2𝑚 = 𝐼𝑚 = 𝐼 

  Case 2, If  𝑛 is odd ,𝑛 = 2𝑚 + 1, 

𝐽2𝑚+1 = 𝐽2𝑚𝐽 = 𝐼𝐽 = 𝐽 
 

Definition 3( Centrosymmetricrhotrix ) 
 

A rhotrix 𝑅 =  ⟨𝐴, 𝐶⟩ is centrosymmetric  if and only if 𝑅 = 𝐽𝑅𝐽 and 𝐴 ,𝐶 are centrosymmetric matrices. 

 

Example 1 

The rhotrix 𝐶 below  is centrosymmetric rhotrix. 

𝐶 = ⟨

𝑎
𝑐  𝑏  𝑑

𝑓  𝑒  ℎ  𝑒  𝑓
𝑑  𝑏  𝑐

𝑎

⟩ =  ⟨[

𝑎   𝑑    𝑓
𝑐   ℎ   𝑐 
𝑓   𝑑  𝑎 

] , [
𝑏 𝑐
𝑐 𝑏

]⟩ 

Proposiotion 3 

A  rhotrix𝑅 is centrosymmetric if and only if 𝑅 is reflexive with respect  𝐽 ( 𝑖. 𝑒 𝐽𝑅 = 𝑅𝐽). 

 

Proof  3 
 

𝑅 = 𝐽𝑅𝐽 

𝐽2𝑅 = 𝐽𝑅𝐽 

𝐽−1𝐽2𝑅 =  𝐽−1𝐽𝑅𝐽 

𝐽𝑅 = 𝑅𝐽 

For the converse: 

𝐽𝑅 = 𝑅𝐽 
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𝐽−1𝐽𝑅 = 𝐽−1𝑅𝐽 

𝑅 = 𝐽𝑅𝐽 

Proposition 4 

 

Let   C be set ofall  centrosymmetricrhotrices ,then for all 𝑅, 𝑄 ∈ C 

 

I. (𝑎𝑅 + 𝑏𝑄) ∈  C, a and 𝑏 are scalars. 

II. 𝑅𝑄 ∈  C, 

III. 𝑅−1  ∈  C, 

IV. 𝑅𝑇  ∈  C, 
V. C  is an abelian group under addition. 

 

 

 Proof 4 

I. 𝑎𝑅 + 𝑏𝑄 = 𝑎𝐽𝑅𝐽 + 𝑏𝐽𝑄𝐽 = 𝐽(𝑎𝑅 + 𝑏𝑄 )𝐽  ∈ C, 

II. 𝑅𝑄 = (𝐽𝑅𝐽)(𝐽𝑄𝐽) = 𝐽𝑅𝑄𝐽  ∈ C, 

III. 𝑅−1 = ( 𝐽𝑅𝐽)−1 =  ⟨𝐽𝑛𝐴−1𝐽𝑛 ,𝐽𝑛−1𝐶−1𝐽𝑛−1⟩ =  𝐽𝑅−1𝐽 ∈ 𝑪, 

IV. similar to III, 

V. 𝑅 + 𝑄 =  𝐽𝑅𝐽 + (𝐽𝑅𝐽) =  𝐽(𝑅 + 𝑄)𝐽 = 𝐽(𝑄 + 𝑅)𝐽 =  𝑄 + 𝑅. 

 

 

Definition 4 (Bisymmetric rhotrix ) 
 

A  rhotrix that  is both symmetric and centrosymmetrix is known as bisymmetric rhotrix. 

Every three dimensional centrosymmetrixrhotrix is bisymmetrixrhotrix. 

 

Definition   5 (skew centrosymmetric rhotrix ) 

 

A rhotrix𝑅 =  ⟨𝐴 , 𝐶⟩ is skew centrosymmetric if and if  𝑅 =  −𝐽𝑅𝐽and 𝐴 , 𝐶  are both skew centrosymmetrix 

matrices. 

 

Example 2 

The rhotrix 𝑆 is skew centrosymmetric rhotrixis : 

 

𝑆 = ⟨

   0
−𝑎   0   𝑎

0 – 𝑏   0   𝑏  0
−𝑎   0   𝑎

     0 

⟩ =  ⟨[
0     𝑎      0

−𝑎     0       𝑎 
   0  − 𝑎      0 

] , [
 0 𝑏

−𝑏 0
]⟩ 

 

Proposition   5 

A rhotrix𝑅 =  ⟨𝐴, 𝐶 ⟩ is skew centro symmetric if and only if 𝐽𝑅 = −𝑅𝐽. 

 

Proof  5 
 

𝐽𝑅 = ⟨𝐽𝑛 , 𝐽𝑛−1⟩⟨𝐴 , 𝐶⟩ =  ⟨𝐽𝑛𝐴 , 𝐽𝑛−1𝐶 ⟩ =  ⟨−𝐴𝐽𝑛 , −𝐶𝐽𝑛−1⟩ =  −𝑅𝐽 
 

Proposition   6 
 

If  𝑅 and 𝑄 are skew centrosymmetrix rhotrix, then 𝑅𝑄 is centrosymmetric rhotrix. 

 

Proof 6 

RQ = (−ĴRĴ)(−ĴQĴ) =  𝐽𝑅𝑄𝐽. 

 

 

Proposition 7 

If 𝑺 a set of   skew centrosymmetric rhotrices, then  or all 𝑅, 𝑄 ∈ 𝑺 

a) 𝑎𝑅 + 𝑏𝑄 ∈ 𝑺 , 𝑎 and 𝑏 are scalers, 

b) 𝑅−1   ∈ 𝑺 , 
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c) 𝑅𝑇   ∈  𝑺, 

d) 𝑺 is an abelian group under addition. 

Proof   7 
 

Similar to proof  4. 

 

Definition  6 ( centrohermitian and skew centrohermitian  ) 

A rhotric 𝑅 =  ⟨𝐴, 𝐶⟩ is centrohermitian if and only if  𝑅 =  𝐽𝑅̅𝐽where  𝑅 is the complex conjugate of 𝑅 and 𝐴, 𝐶 

are centrohermitian matrices. The rhotrix is skew centrohermitian if and only if 𝑅 =  −𝐽𝑅̅𝐽. 

 

Centrohermitianand  skewcentrohermitianrhotrices satisfy the properties of centrosymetrixrhotrices listed above. 

For detail on centrohermitan matrices see [10] . 

 

 

Definition 7 ( Perhermitianrhotrix ) 
A rhotix that is both  hermitian and centrohermitian is perhermitianrhotix.  

 

The rhotrix 𝑃  below is both centrosymmetric and perhermitianrhotrix. 

 

𝑃 = ⟨

   3
−𝑖      5      𝑖

2         4       6        4          2
𝑖       5  − 𝑖

     3     

⟩ =  ⟨[
3            𝑖           2
−𝑖          6      − 𝑖 

   2            𝑖           3 
] , [

 5 4
4 5

]⟩ 
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