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This study deals with the class of locally conformal 𝐶12 −manifolds in 

such a way that the characterization identity for the aforementioned 

class is produced. Furthermore, the first clan of Cartan's structure 

equations is determined when the components of Kirichenko's tensors 

on associated G-structures for locally conformal 𝐶12 −manifolds are 

determined. The second clan of Cartan's structural equations for locally 

conformal 𝐶12 −manifolds was also completed. 
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1. Introduction  

     The classification of almost contact metric (ACR-) manifolds done in 1990 by Chinea and 

Gonzalez [11]. The authors also characterized the class 𝐶12. This class investigated by more than 

one author. For instance, Bouzir et al. [10] studied the class 𝐶12, when the dimension is 3. Abass 

and Al-Zamil [2] discussed the geometry of Weyl tensor on 𝐶12 −manifolds. Moreover, some 

extension of the aforementioned class established. As an example of this extension is the class 

𝐶5⨁𝐶12 that studied by de Candia and Falcitelli [13].  

      On the other hand, Olszak [19] discovered the locally conformal almost (LCA-) cosymplectic 

manifolds in 1989. Later, many authors deal with the class of LCA-cosymplectic manifolds such 

as Massamba and Mavambou [18] and Abood and Al-Hussaini [7, 8]. While, Kirichenko and 

Kharitonova [15] studied the normal class of LCA-cosymplectic manifolds. 

       In 1992, Chinea and Marrero [12], continued with the study of globally and locally conformal 

changes for ACR-structures furnished by some examples. In that way, Kirichenko and Uskorev 

[16] determined the conformal transformation of six Kirichenko's structure tensors. Recently, 

many classes of locally conformal structures instituted. For example, the class of conformal 

Kenmotsu that found and studied by Abdi and Abedi [5] and Abdi [3, 4].  

           The researchers can be obtained new classes of ACR-manifolds and new transformations 

of ACR-structures that created by Abood and Abass [6] and Beldjilali and Akyol [9] respectively. 

Furthermore, the researchers can be observed that in this paper after introduction, the preliminaries 

on ACR-manifolds in section 2. Next, in section 3, the locally conformal 𝐶12 −manifolds 

characterized and in the last section, Cartan's structure equations of locally conformal 

𝐶12 −manifolds determined.   

 

1. Preliminaries 

 

Let 𝑀𝑛 be a smooth 𝑛 −topological manifold and let 𝑋(𝑀) be Lie algebra of smooth vector fields 

over 𝑀𝑛.  

Remark 2.1. [17] The Lie algebra that mentioned above is defined as a real vector space  𝒢 

furnished with a map called the bracket from  𝒢 × 𝒢  to  𝒢, usually denoted by  (𝑋, 𝑌) ⟼ [𝑋, 𝑌], 

that satisfies the following properties for all  𝑋, 𝑌, 𝑍 ∈ 𝒢 :  

(i) Bilinearity: For  𝑎 , 𝑏 ∈ ℝ, 
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[𝑎𝑋 + 𝑏𝑌, 𝑍] = 𝑎[𝑋, 𝑍] + 𝑏[𝑌, 𝑍]; 

[𝑋, 𝑎𝑌 + 𝑏𝑍] = 𝑎[𝑋, 𝑌] + 𝑏[𝑋, 𝑍]. 

(ii) Antisymmetry:  [𝑋, 𝑌] = −[𝑌, 𝑋]. 

(iii) Jacobi identity:  [𝑋, [𝑌, 𝑍]] + [𝑍, [𝑋, 𝑌]] + [𝑌, [𝑍, 𝑋]] = 0. 

Definition 2.1. [1] An ACR- manifold is a Riemannian manifold ( 𝑀2𝑛+1, 𝑔 = ⟨. , . ⟩) with 

structure (𝜂, 𝜉, 𝛷) consist of 1-form 𝜂, a vector field 𝜉 and a tensor field 𝛷 of type (1 ,  1) satisfies 

the following: 

1)    𝜂(𝜉) = 1  ; 

2)  𝛷(𝜉) = 0  ; 

3)  𝜂 ∘ 𝛷 = 0  ;  

4)  𝛷2 = −𝑖𝑑 +  𝜂 ⨂ 𝜉 ;  

5) ⟨𝛷𝛸,  𝛷𝑌⟩ = ⟨𝑋, 𝑌⟩ − 𝜂(𝑋)𝜂(𝑌) ;  ∀ 𝑋,  𝑌 ∈ 𝑋(𝑀).            

 

Notation. The symbol  𝛬(𝑀) is Grassmann algebra and equal to ⊕𝑟=0
∞ 𝛬𝑟(𝑀), where 𝛬𝑟(𝑀) is 

the algebra of differential 𝑟 −forms over  𝑀.   

Theorem 2.1. [17] If 𝑀𝑛 is a smooth 𝑛 −topological manifold then there exists a unique operator 

𝑑 ∶  𝛬(𝑀) ⟶ 𝛬(𝑀) satisfies the following properties:  

1.   𝑑  is linear over ℝ.  

2.  𝑑(𝛬𝑘(𝑀)) ⊂ 𝛬𝑘+1(𝑀). 

3.  𝑑(𝜔1 ∧ 𝜔2) = 𝑑𝜔1 ∧ 𝜔2 + (−1)𝑘 𝜔1 ∧ 𝑑𝜔2 ; where 𝜔1 ∈  𝛬𝑘(𝑀) ;     𝜔2 ∈ 𝛬𝑙(𝑀). 

4.  𝑑2 = 𝑑 ∘ 𝑑 = 0. 

5.  𝑑𝑓(𝑋) = 𝑋(𝑓) ;  ∀ 𝑓 ∈ 𝐶∞(𝑀)   &   ∀ 𝑋 ∈ 𝑋(𝑀). 

 

     Now, the associated G-structure method that mentioned in [14] can be introduced here and it 

summarized as follows: 

Suppose that { 𝜉, 𝑒1 , 𝑒2 , … , 𝑒𝑛 , 𝑒1̂ , 𝑒2̂ , … , 𝑒𝑛̂ } is an orthonormal basis of vector fields over an 

ACR-manifolds ( 𝑀2𝑛+1,  𝜉,  𝜂, 𝛷,  𝑔 ), where 𝑎̂ = 𝑎 + 𝑛  ;   𝑎 = 1, 2, … , 𝑛. So, a new basis 

{ 𝜉,  𝜀1, 𝜀2, …  , 𝜀𝑛 , 𝜀1̂ , 𝜀2̂ , … , 𝜀𝑛̂ } introduced, such that 𝜀𝑎 =
1

√2
(𝑒𝑎 − √−1 𝛷𝑒𝑎) ;  𝜀𝑎̂ =

1

√2
(𝑒𝑎 +

√−1 𝛷𝑒𝑎). Therefore, on associated G-structure the tensors 𝑔 and 𝛷 are written as follow 

respectively [20]: 
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             𝑔 = (
1 0 0
0 0 𝐼𝑛
0 𝐼𝑛 0

)     ;               Φ = (

0 0 0

0 √−1 𝐼𝑛 0

0 0 −√−1 𝐼𝑛

)      , 

 where  𝐼𝑛 is the identity matrix of rank n.  

       On the other side, the six structure tensors on ACR-manifold (𝑀2𝑛+1,  𝜉,  𝜂, 𝛷,  𝑔)  which are 

determined in Abood and Abass [6] as follow: 

    𝐵(𝑋, 𝑌) = −
1

8
{𝛷 ∘ 𝛻𝛷2𝑌(𝛷)(𝛷2𝑋) + 𝛷 ∘ 𝛻𝛷𝑌(𝛷)(𝛷𝑋) + 𝛷2 ∘ 𝛻𝛷𝑌(𝛷)(𝛷2𝑋) 

                  −𝛷2 ∘ 𝛻𝛷2𝑌(𝛷)(𝛷𝑋)}; 

   

    𝐶(𝑋, 𝑌) = −
1

8
{−𝛷 ∘ 𝛻𝛷2𝑌(𝛷)(𝛷2𝑋) + 𝛷 ∘ 𝛻𝛷𝑌(𝛷)(𝛷𝑋) + 𝛷2 ∘ 𝛻𝛷𝑌(𝛷)(𝛷2𝑋) 

                 +𝛷2 ∘ 𝛻𝛷2𝑌(𝛷)(𝛷𝑋)}; 

   𝐷(𝑋) =
1

4
{2𝛷 ∘ 𝛻𝛷2𝑋(𝛷)𝜉 − 2𝛷2 ∘ 𝛻𝛷𝑋(𝛷)𝜉 − 𝛷 ∘ 𝛻𝜉(𝛷)(𝛷2𝑋) + 𝛷2 ∘ 𝛻𝜉(𝛷)(𝛷𝑋)}; 

   𝐸(𝑋) = −
1

2
{𝛷 ∘ 𝛻𝛷2𝑋(𝛷)𝜉 + 𝛷2 ∘ 𝛻𝛷𝑋(𝛷)𝜉}; 

   𝐹(𝑋) =
1

2
{𝛷 ∘ 𝛻𝛷2𝑋(𝛷)𝜉 − 𝛷2 ∘ 𝛻𝛷𝑋(𝛷)𝜉};  

        𝐺 = 𝛷 ∘ 𝛻𝜉(𝛷)𝜉.  

The above tensors have components on associated G-structure given in Kirichenko and 

Dondukova [14] respectively as follow:  

1. 𝐵 = { 𝐵𝑗𝑘
𝑖  } ;   𝐵𝑏̂𝑐

𝑎 = 𝐵       𝑐
𝑎𝑏 = −

√−1

2
𝛷𝑏̂ ,𝑐

𝑎   ;   𝐵𝑏𝑐̂
𝑎̂ = 𝐵𝑎𝑏

     𝑐 =
√−1

2
𝛷𝑏 ,𝑐̂

𝑎̂   ; 

2. 𝐶 = { 𝐶𝑗𝑘
𝑖  }  ;         𝐶𝑏̂𝑐̂

𝑎 = 𝐶𝑎𝑏𝑐 =
√−1

2
 𝛷𝑏̂ ,𝑐̂

𝑎    ;   𝐶𝑏𝑐
𝑎̂ = 𝐶𝑎𝑏𝑐 = −

√−1

2
𝛷𝑏 ,𝑐

𝑎̂   . So,    

   𝐵𝑎𝑏𝑐 = 𝐶𝑎[𝑏𝑐]  ;       𝐵𝑎𝑏𝑐 = 𝐶𝑎[𝑏𝑐]  ; 

3. 𝐷 = { 𝐷𝑗
𝑖  }  ;    𝐷𝑏̂

𝑎 = 𝐵𝑎𝑏 = √−1(𝛷0,𝑏̂
𝑎 −

1

2
 𝛷𝑏̂ ,0

𝑎 )  ;    

                       𝐷𝑏
𝑎̂ = 𝐵𝑎𝑏 = −√−1(𝛷0,𝑏

𝑎̂ −
1

2
 𝛷𝑏 ,0

𝑎̂ )  ; 

4. 𝐸 = { 𝐸𝑗
𝑖 }  ;   𝐸𝑏

𝑎 = 𝐵   𝑏
𝑎 = √−1 𝛷0,𝑏

𝑎   ;   𝐸𝑏̂
𝑎̂ = 𝐵𝑎

   𝑏 = −√−1 𝛷0,𝑏̂
𝑎̂   ; 

5. 𝐹 = { 𝐹𝑗
𝑖 }  ;    𝐹𝑏̂

𝑎 = 𝐹𝑎𝑏 = √−1 𝛷𝑎̂,𝑏̂
0   ;    𝐹𝑏

𝑎̂ = 𝐹𝑎𝑏 = −√−1 𝛷𝑎,𝑏
0   . So,  

      𝐶𝑎𝑏 = 𝐹[𝑎𝑏]  ;        𝐶𝑎𝑏 = 𝐹[𝑎𝑏] ; 

6. 𝐺 = { 𝐺𝑖 }  ;   𝐺𝑎 = 𝐶𝑎 = −√−1 𝛷𝑎̂,0
0   ;    𝐺𝑎 = 𝐶𝑎 = √−1 𝛷𝑎,0

0   . 
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      Suppose that {𝜔0 = 𝜔 ,  𝜔1 ,  … ,  𝜔𝑛, 𝜔1 , … , 𝜔𝑛} is a set of 1 – forms which are dual of the set 

{ 𝜉,  𝜀1, 𝜀2, …  , 𝜀𝑛 , 𝜀1̂ , 𝜀2̂ , … , 𝜀𝑛̂ } respectively. Then next theorem is achieved.  

Theorem 2.2. [14] On associated G-structure, the first clan of Cartan’s structure equations for an 

ACR-manifold (𝑀2𝑛+1,  𝜉, 𝜂, 𝛷, 𝑔) are given by 

1)  𝑑𝜔𝑎 = −𝜃𝑏
𝑎 ∧ 𝜔𝑏 + 𝐵      𝑐

𝑎𝑏  𝜔𝑐 ∧ 𝜔𝑏 + 𝐵𝑎𝑏𝑐𝜔𝑏 ∧ 𝜔𝑐 + 𝐵   𝑏
𝑎 𝜔 ∧ 𝜔𝑏 + 𝐵𝑎𝑏𝜔 ∧ 𝜔𝑏  ; 

2)  𝑑𝜔𝑎 = 𝜃𝑎
𝑏 ∧ 𝜔𝑏 + 𝐵𝑎𝑏

     𝑐 𝜔𝑐 ∧ 𝜔𝑏 + 𝐵𝑎𝑏𝑐 𝜔𝑏 ∧ 𝜔𝑐 + 𝐵𝑎
   𝑏𝜔 ∧ 𝜔𝑏 + 𝐵𝑎𝑏 𝜔 ∧ 𝜔𝑏     ;  

3)  𝑑𝜔 = 𝐶𝑏𝑐 𝜔𝑏 ∧ 𝜔𝑐 + 𝐶𝑏𝑐 𝜔𝑏 ∧ 𝜔𝑐 + 𝐶𝑐
𝑏 𝜔𝑐 ∧ 𝜔𝑏 + 𝐶𝑏  𝜔 ∧ 𝜔𝑏 + 𝐶𝑏  𝜔 ∧ 𝜔𝑏 , 

where  𝜃𝑏
𝑎  are components of Riemannian connection  ∇  and  𝐶𝑐

𝑏 = 𝐵    𝑐
𝑏 − 𝐵𝑐

   𝑏.  

       

Definition 2.2. [16] Let (𝑀2𝑛+1,  𝜉, 𝜂, 𝛷, 𝑔) be an ACR-manifold. A conformal change of the 

ACR-structure on 𝑀2𝑛+1 is a change of the form: 

𝛷̃ = 𝛷  ,       𝜉 =  𝑒𝛼 𝜉    ,    𝜂̃ = 𝑒−𝛼 𝜂    ,      𝑔̃ = 𝑒−2𝛼 𝑔 

where  𝛼  is a smooth function on 𝑀. So, (𝛷̃, 𝜉, 𝜂̃, 𝑔̃) is called a locally conformal ACR-structure 

related to ACR-manifold (𝑀2𝑛+1,  𝜉, 𝜂, 𝛷, 𝑔).  

 

2. The locally conformal 𝑪𝟏𝟐 −structures  

      In this section, we discussed the ACR-manifold (𝑀2𝑛+1,  𝜉, 𝜂, 𝛷, 𝑔) that its locally conformal 

ACR-manifold (𝑀2𝑛+1, 𝛷̃, 𝜉, 𝜂̃, 𝑔̃) is of class 𝐶12 .   

Theorem 3.1. If (𝑀2𝑛+1,  𝜉, 𝜂, 𝛷, 𝑔) is a locally conformal 𝐶12 −manifold, then  it  satisfies the 

following identity: 

 ∇𝑋(𝛷)𝑌 = −𝑔(𝑋 , 𝛷𝑌) 𝛼# + 𝑔(𝑋, 𝑌)𝛷(𝛼#) + 𝑑𝛼(𝛷𝑌)𝑋 − 𝑑𝛼(𝑌)𝛷𝑋 

          −𝜂(𝑋){ 𝜂(𝑌) [𝛷(∇𝜉 𝜉) + 𝛷(𝛼#)]  + 𝑔(∇𝜉 𝜉 , 𝛷𝑌)𝜉 +𝑔(𝛼# , 𝛷𝑌)𝜉 } . 

Proof. Suppose that (𝑀2𝑛+1,  𝜉, 𝜂, 𝛷, 𝑔) is a locally conformal 𝐶12 −manifold with Levi– Civita 

connection  ∇. Then (𝑀2𝑛+1, 𝜉, 𝜂̃, 𝛷, 𝑔̃) is a  𝐶12 −manifold with Levi – Civita connection  ∇̃, 

where 

𝜉 = 𝑒𝛼𝜉    ,    𝜂̃ = 𝑒−𝛼𝜂      ,  𝑔̃ = 𝑒−2𝛼𝑔. 

From Chinea and Gonzalez [11], a  𝐶12 −manifold (𝑀2𝑛+1, 𝜉, 𝜂̃, 𝛷, 𝑔̃) satisfies: 

http://creativecommons.org/licenses/by-nc/4.0/


30-3)13Bas J Sci 40(1) (202                                                                         G.Y. Yusuf and M.Y. Abass  

18 
 

                     This article is an open access article distributed under 

the terms and conditions of the Creative Commons Attribution-

NonCommercial 4.0 International (CC BY-NC 4.0 license) 

).nc/4.0/-http://creativecommons.org/licenses/by( 

∇̃𝑋(𝛷)𝑌 = −𝜂̃(𝑋){ 𝜂̃(𝑌) 𝛷(∇̃𝜉̃ 𝜉)  + 𝑔̃(∇̃𝜉̃ 𝜉 , 𝛷𝑌)𝜉 } ;                                  (3.1) 

for all  𝑋 , 𝑌 ∈ 𝑋(𝑀). According to Kirichenko and Uskorev [16], ∇  and  ∇̃  are related by: 

∇̃𝑋(𝛷)𝑌 =  ∇𝑋(𝛷)𝑌 + 𝑔(𝑋 , 𝛷𝑌) 𝛼# − 𝑔(𝑋, 𝑌)𝛷(𝛼#) − 𝑑𝛼(𝛷𝑌)𝑋 

                                +𝑑𝛼(𝑌)𝛷𝑋 ;                                                                                   (3.2) 

for all  𝑋 , 𝑌 ∈ 𝑋(𝑀), where  𝛼# = grad(𝛼). Then the substituting of equation (3.2) in (3.1), 

produce the following: 

∇𝑋(𝛷)𝑌 = −𝑔(𝑋 , 𝛷𝑌) 𝛼# + 𝑔(𝑋, 𝑌)𝛷(𝛼#) + 𝑑𝛼(𝛷𝑌)𝑋 − 𝑑𝛼(𝑌)𝛷𝑋 

                              −𝑒−𝛼𝜂(𝑋){ 𝑒−𝛼𝜂(𝑌)𝛷(∇𝜉̃ 𝜉 − 2𝑑𝛼(𝜉)𝜉 + 𝑔(𝜉 , 𝜉)𝛼#) 

                             + 𝑒−2𝛼𝑔(∇𝜉̃ 𝜉 − 2𝑑𝛼(𝜉)𝜉 + 𝑔(𝜉 , 𝜉)𝛼# , 𝛷𝑌)𝑒𝛼𝜉 } ;  

                             = −𝑔(𝑋 , 𝛷𝑌) 𝛼# + 𝑔(𝑋, 𝑌)𝛷(𝛼#) + 𝑑𝛼(𝛷𝑌)𝑋 − 𝑑𝛼(𝑌)𝛷𝑋  

                             −𝑒−𝛼𝜂(𝑋){ 𝑒−𝛼𝜂(𝑌)[𝛷(∇𝑒𝛼𝜉(𝑒
𝛼𝜉 ) ) + 𝑒2𝛼𝛷(𝛼#)] 

                             +𝑒−𝛼[𝑔(∇𝑒𝛼𝜉(𝑒
𝛼𝜉) , 𝛷𝑌) + 𝑒2𝛼𝑔(𝛼# , 𝛷𝑌)]𝜉 } .     

Noted that  ∇𝑒𝛼𝜉(𝑒
𝛼𝜉) = 𝑒𝛼∇𝜉(𝑒

𝛼𝜉) = 𝑒𝛼{𝑒𝛼∇𝜉𝜉 + 𝜉(𝑒𝛼)𝜉}. Thus,  

 ∇𝑋(𝛷)𝑌 = −𝑔(𝑋 , 𝛷𝑌) 𝛼# + 𝑔(𝑋, 𝑌)𝛷(𝛼#) + 𝑑𝛼(𝛷𝑌)𝑋 − 𝑑𝛼(𝑌)𝛷𝑋 

               −𝑒−𝛼𝜂(𝑋){ 𝑒−𝛼𝜂(𝑌)[𝑒2𝛼𝛷(∇𝜉𝜉) + 𝑒2𝛼𝛷(𝛼#)] 

               +𝑒−𝛼[𝑒2𝛼𝑔(∇𝜉𝜉 , 𝛷𝑌) + 𝑒2𝛼𝑔(𝛼# , 𝛷𝑌)]𝜉 } ;  

               = −𝑔(𝑋 , 𝛷𝑌) 𝛼# + 𝑔(𝑋, 𝑌)𝛷(𝛼#) + 𝑑𝛼(𝛷𝑌)𝑋 − 𝑑𝛼(𝑌)𝛷𝑋 

               −𝜂(𝑋){𝜂(𝑌) [𝛷(∇𝜉 𝜉) + 𝛷(𝛼#)]  + 𝑔(∇𝜉 𝜉 , 𝛷𝑌)𝜉 + 𝑔(𝛼# , 𝛷𝑌)𝜉 }.                     ∎ 

Theorem 3.2. If (𝑀2𝑛+1,  𝜉, 𝜂, 𝛷, 𝑔) is a locally conformal 𝐶12 −manifold, then Kirichenko's 

tensors on  𝑀  are given by: 

(1) 𝐵(𝑋, 𝑌) =
1

2
{ 𝑔(𝛷2𝑌 , 𝑋)𝛷2(𝛼#) − 𝑔(𝛷𝑌 , 𝑋)𝛷(𝛼#) − 𝑑𝛼(𝛷2𝑋)𝛷2𝑌  
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               −𝑑𝛼(𝛷𝑋)𝛷𝑌 } ; 

(2) 𝐶 = 𝐷 = 𝐹 = 0 ;    and  

(3)  𝐸(𝑋) = −𝑑𝛼(𝜉)(𝛷2𝑋) . 

Proof. Suppose that  (𝑀2𝑛+1,  𝜉, 𝜂, 𝛷, 𝑔) is a locally conformal 𝐶12 −manifold with Kirichenko's 

tensors  𝐵, 𝐶,… , 𝐺, and let (𝑀2𝑛+1, 𝜉, 𝜂̃, 𝛷, 𝑔̃) be its  𝐶12 −manifold with Kirichenko's tensors  

𝐵 ̃, 𝐶 ̃, … , 𝐺 ̃. So, from Kirichenko and Uskorev [16], we have the following identities for all  

𝑋 , 𝑌 ∈ 𝑋(𝑀): 

𝐵 ̃(𝑋, 𝑌) = 𝐵(𝑋, 𝑌) −
1

2
{ 𝑔(𝛷2𝑌, 𝑋)𝛷2(𝛼#) − 𝑔(𝛷𝑌, 𝑋)𝛷(𝛼#) − 𝑑𝛼(𝛷2𝑋)(𝛷2𝑌) 

                    −𝑑𝛼(𝛷𝑋)(𝛷𝑌) } ; 

      𝐶 ̃(𝑋, 𝑌) = 𝐶(𝑋, 𝑌) ;    𝐷̃(𝑋) = 𝑒𝛼𝐷(𝑋) ;    𝐹 ̃(𝑋) = 𝑒𝛼𝐹(𝑋) ; 

         𝐸 ̃(𝑋) = 𝑒𝛼(𝐸(𝑋) + 𝑑𝛼(𝜉)(𝛷2𝑋)) ;   𝐺 ̃ = 𝑒2𝛼(𝐺 − 𝛷2(𝛼#)) . 

On the other hand, from [2] deduced that  𝐵 ̃ = 𝐶 ̃ = 𝐷̃ = 𝐸 ̃ = 𝐹 ̃ = 0. Then the results attain. ∎ 

Corollary 3.1. If (𝑀2𝑛+1,  𝜉, 𝜂, 𝛷, 𝑔) is a locally conformal 𝐶12 −manifold, then Kirichenko's 

tensors on  𝑀  have the following components on associated G-structure: 

(1) 𝐵𝑎𝑏
      𝑐 = 2𝛼[𝑎 𝛿𝑏]

𝑐    ,  𝐵       𝑐
𝑎𝑏 =  2𝛼[𝑎 𝛿𝑐

𝑏]
 ;   

(2)  𝐵𝑎𝑏𝑐 = 𝐵𝑎𝑏 = 𝐶𝑎𝑏 = 0 ;   𝐵𝑎𝑏𝑐 = 𝐵𝑎𝑏 = 𝐶𝑎𝑏 = 0 ;   

(3)  𝐵  𝑏
𝑎 = 𝛼𝑜 𝛿𝑏

𝑎  ,  𝐵𝑎
  𝑏 = 𝛼𝑜 𝛿𝑎

𝑏 , 

where  𝛼𝑖  are the components of  1-form  𝑑𝛼  on associated G-structure with  𝑖 = 0, 𝑎, 𝑎̂. 

Proof. Based on Theorem 3.2, we have the components of tensors 𝐶, 𝐷, 𝐹 on associated G-

structure are equal to zero. So, item (2) of this corollary achieved. Also, from Theorem 3.2; item 

(1), we get:                                        

 𝐵(𝑋, 𝑌) =
1

2
{ 𝑔(𝛷2𝑌 , 𝑋)𝛷2(𝛼#) − 𝑔(𝛷𝑌 , 𝑋)𝛷(𝛼#) − 𝑑𝛼(𝛷2𝑋)𝛷2𝑌  

               −𝑑𝛼(𝛷𝑋)𝛷𝑌 } ; 
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               =
1

2
{ [−𝑔(𝑌 , 𝑋) + 𝜂(𝑋)𝜂(𝑌)][−𝛼# + 𝜂(𝛼#)𝜉] − 𝑔(Φ𝑌 , 𝑋)Φ(𝛼#)  

               −{𝑑𝛼(−𝑋 + 𝜂(𝑋)𝜉)(−𝑌 + 𝜂(𝑌)𝜉) − 𝑑𝛼(Φ𝑋)Φ𝑌} . 

Therefore, the components of  𝐵  on associated G-structure are given by: 

𝐵𝑗𝑘
𝑖 𝑋𝑗𝑌𝑘𝜀𝑖 =

1

2
{ (−𝑔𝑗𝑘 𝑋

𝑗 𝑌𝑘 + 𝜂𝑗  𝜂𝑘  𝑋𝑗  𝑌𝑘)(−𝛼𝑖 + 𝜂𝑙  𝛼
𝑙𝛿0

𝑖)𝜀𝑖 − Ω𝑗𝑘  𝑋𝑗  𝑌𝑘𝛷𝑙
𝑖  𝛼𝑙𝜀𝑖   

                  − (−𝑔𝑙𝑗 𝛼
𝑙 𝑋𝑗 + 𝜂𝑗  𝑋

𝑗  𝑔0𝑙 𝛼
𝑙)(−𝛿𝑘

𝑖  𝑌𝑘𝜀𝑖 + 𝜂𝑘𝑌𝑘  𝛿0
𝑖  𝜀𝑖) 

                  −Ω𝑙𝑗 𝛼
𝑙  𝑋𝑗  𝛷𝑘

𝑖  𝑌𝑘 𝜀𝑖  }, 

where  Ω(𝑋, 𝑌) = 𝑔(𝑋,𝛷𝑌). Then 

𝐵𝑗𝑘
𝑖 =

1

2
{ 𝑔𝑗𝑘 𝛼

𝑖 − 𝑔𝑗𝑘 𝜂𝑙  𝛼
𝑙𝛿0

𝑖 − 𝜂𝑗  𝜂𝑘𝛼
𝑖 + 𝜂𝑗  𝜂𝑘𝜂𝑙  𝛼

𝑙𝛿0
𝑖 − Ω𝑗𝑘𝛷𝑙

𝑖𝛼𝑙 − 𝑔𝑙𝑗𝛿𝑘
𝑖 𝛼𝑙 

               +𝑔𝑙𝑗 𝛼
𝑙  𝜂𝑘 𝛿0

𝑖 + 𝜂𝑗 𝑔0𝑙 𝛼
𝑙𝛿𝑘

𝑖 − 𝜂𝑗  𝑔0𝑙 𝛼
𝑙  𝜂𝑘 𝛿0

𝑖 − Ω𝑙𝑗  𝛼
𝑙 𝛷𝑘

𝑖  }.                       (3.3) 

Now, we put  𝑖 = 𝑎  ;   𝑗 = 𝑏̂  ;   𝑘 = 𝑐  in equation (3.3), we get:              

𝐵       𝑐
𝑎𝑏 =

1

2
{ 𝛿𝑐

𝑏𝛼𝑎 − √−1𝛿𝑐
𝑏√−1 𝛿𝑑

𝑎𝛼𝑑 − 𝛿𝑑
𝑏𝛼𝑑𝛿𝑐

𝑎 + 𝛿𝑑
𝑏𝛼𝑑√−1 ∗ √−1𝛿𝑐

𝑎} = 2𝛼[𝑎𝛿𝑐
𝑏]

 . 

So, 𝐵𝑎𝑏
      𝑐 = 𝐵       𝑐

𝑎𝑏̅̅ ̅̅ ̅̅ = 2𝛼[𝑎𝛿𝑏]
𝑐  . 

Again from Theorem 3.2; item (3), we have  𝐸(𝑋) = −𝑑𝛼(𝜉)(𝛷2𝑋). Then the components of  𝐸  

on associated G-structure are given by: 

                                          𝐸𝑗
𝑖 = −𝛼0 (−𝛿𝑗

𝑖 + 𝜂𝑗  𝜉
𝑖 ).                                                    (3.4) 

If we put  𝑖 = 𝑎  ;   𝑗 = 𝑏  in equation (3.4),  then we get: 

𝐵   𝑏
𝑎 = 𝛼0𝛿𝑏

𝑎    and    𝐵𝑎
  𝑏 = 𝐵   𝑏

𝑎̅̅ ̅̅ ̅ =  𝛼0𝛿𝑎
𝑏. This implies that  

                                 𝐶𝑐
𝑏 = 𝐵    𝑐

𝑏 − 𝐵𝑐
   𝑏 = 𝛼0𝛿𝑐

𝑏 − 𝛼0𝛿𝑐
𝑏 =  0.                                                        ∎ 

Theorem 3.3. The first clan of Cartan's structure equations of locally conformal 𝐶12 − manifold 

on associated G-structure are given by: 
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1) 𝑑𝜔 = 𝐶𝑏𝜔 ∧ 𝜔𝑏 + 𝐶𝑏𝜔 ∧ 𝜔𝑏 ;     

2) 𝑑𝜔𝑎 = −𝜃𝑏
𝑎 ∧ 𝜔𝑏 + 2𝛼[𝑎 𝛿𝑐

𝑏]
 𝜔𝑐 ∧ 𝜔𝑏 + 𝛼𝜊 𝛿𝑏

𝑎 𝜔 ∧ 𝜔𝑏 ; 

3) 𝑑𝜔𝑎̂ = 𝑑𝜔𝑎 = 𝜃𝑎
𝑏 ∧ 𝜔𝑏 + 2𝛼[𝑎𝛿𝑏]

𝑐  𝜔𝑐 ∧ 𝜔𝑏 + 𝛼𝜊 𝛿𝑎
𝑏 𝜔 ∧ 𝜔𝑏 . 

Proof. According to Theorem 2.2 and Corollary 3.1, yield the results.                                         ∎ 

 

4.  Main Theorem 

In this section, we investigate the second clan of Cartan's structure equations of locally conformal 

𝐶12 − manifold. 

Theorem 4.1. The second clan Cartan's structure equations of locally conformal 𝐶12 − manifold 

on G-structure are given by: 

(1) 𝑑𝐶𝑏 + 𝐶𝑑  𝜃𝑑
𝑏 = 𝐶𝑏𝑑  𝜔𝑑 + 𝐶  𝑑

𝑏  𝜔𝑑 + 𝐶𝑏𝑜𝜔 ; 

(2) 𝑑𝐶𝑏 − 𝐶𝑑  𝜃𝑏
𝑑 = 𝐶𝑏𝑑 𝜔𝑑 + 𝐶𝑏

  𝑑 𝜔𝑑 + 𝐶𝑏𝑜 𝜔 ; 

(3) 𝑑𝜃𝑏
𝑎 = −𝜃𝑏

𝑎 ∧ 𝜃𝑐
𝑏 + 𝐴𝑏𝑐ℎ

𝑎𝑑  𝜃𝑑
𝑐 ∧ 𝜔ℎ + 𝐴𝑏𝑐

𝑎𝑑ℎ  𝜃𝑑
𝑐 ∧ 𝜔ℎ + 𝐴𝑏𝑐𝑑

𝑎  𝜔𝑐 ∧ 𝜔𝑑 

        +𝐴𝑏𝑐
𝑎𝑑  𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑏𝑐0 

𝑎 𝜔𝑐 ∧ 𝜔 + 𝐴𝑏
𝑎𝑐𝑑  𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑏

𝑎𝑐0𝜔𝑐 ∧ 𝜔 ; 

(4) 𝑑𝛼𝑎 = −𝛼𝑐 𝜃𝑐
𝑎 + 𝛼𝑑

𝑎𝑐 𝜃𝑐
𝑑 + 𝛼𝑐

𝑎 𝜔𝑐 + 𝛼𝑎𝑐 𝜔𝑐 + 𝛼𝑎𝑜𝜔  ; 

(5) 𝑑𝛼𝑎 = 𝛼𝑐  𝜃𝑎
𝑐 + 𝛼𝑎𝑐

    𝑑 𝜃𝑑
𝑐 + 𝛼𝑎

  𝑐 𝜔𝑐 + 𝛼𝑎𝑐 𝜔
𝑐 + 𝛼𝑎0 𝜔 ; 

(6) 𝑑𝛼0 = 𝛼0𝑐  𝜔
𝑐 + 𝛼0

𝑐𝜔𝑐 + 𝛼00𝜔,  

 where  𝐶[𝑏𝑑] = 𝐶[𝑏𝑑] = 0  ;   𝐶𝑏
  𝑑 − 𝐶ℎ𝛼ℎ𝛿𝑏

𝑑 + 𝐶𝑏𝛼
𝑑 − 𝐶  𝑏

𝑑 + 𝐶ℎ𝛼ℎ𝛿𝑏
𝑑 − 𝐶𝑑𝛼𝑏 = 0 ; 

 𝐴[𝑏|𝑐|ℎ]
𝑎𝑑 = 0   ;         𝐴[𝑏𝑐𝑑]

𝑎 = 0  ;     −𝐴𝑏𝑐
𝑎𝑑ℎ + 𝛼𝑐

ℎ𝑑𝛿𝑏
𝑎 − 𝛼𝑐

𝑎𝑑  𝛿𝑏
ℎ = 0  ;   

 −𝐴[𝑏𝑐]
𝑎𝑑 −

1

2
𝛼𝑑𝐵𝑏𝑐

  𝑎  + 𝛼[𝑐
𝑑 𝛿𝑏]

𝑎  − 𝛼[𝑐
𝑎 𝛿𝑏]

𝑑 + 𝛼𝑎𝐵𝑏𝑐
  𝑑 − 𝛼ℎ𝛼ℎ𝛿[𝑏

𝑎 𝛿𝑐]
𝑑  = 0 ; 

−𝐴[𝑏𝑐]0 
𝑎 + 𝛼0[𝑐𝛿𝑏]

𝑎  +  𝛼𝜊𝐶[𝑏𝛿𝑐]
𝑎 = 0 ;     −𝐴𝑏

𝑎𝑐𝑑 + 𝛼[𝑑𝑐]𝛿𝑏
𝑎 − 𝛼𝑎[𝑐𝛿𝑏

𝑑]
−

1

2
𝛼𝑎𝐵     𝑏

𝑐𝑑 = 0 ; 

−𝐴𝑏
𝑎𝑐0 − 𝛼𝜊𝛼

𝑐𝛿𝑏
𝑎  − 𝛼𝑐𝑜𝛿𝑏

𝑎 + 𝛼0
𝑐𝛿𝑏

𝑎  − 𝐶𝑐𝛼𝜊𝛿𝑏
𝑎 + 𝛼𝑎𝑜𝛿𝑏

𝑐 + 𝛼𝑎𝛼𝜊𝛿𝑏
𝑐  = 0 ;  

   𝐴𝑎𝑑
[𝑏|𝑐|ℎ]

= 0   ;        𝐴𝑎
[𝑏𝑐𝑑]

= 0  ;       𝐴𝑎𝑑ℎ
𝑏𝑐  − 𝛼𝑎𝑑

    𝑐𝛿ℎ
𝑏 + 𝛼ℎ𝑑

    𝑐𝛿𝑎
𝑏  = 0 ;          
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  𝐴𝑎𝑑
[𝑏𝑐]

 − 𝛼𝑎
  [𝑐

𝛿𝑑
𝑏]

 − 2𝛼𝑎𝛼[𝑐𝛿𝑑
𝑏]

+ 𝛼𝑑
  [𝑐

𝛿𝑎
𝑏]

 − 𝛼ℎ𝛼ℎ𝛿𝑎
[𝑏

𝛿𝑑
𝑐]

+ 𝛼𝑑𝛼[𝑐𝛿𝑎
𝑏]

 = 0 ; 

  𝐴𝑎 
[𝑏𝑐]0 + 𝛼0

[𝑐
𝛿𝑎

𝑏]
 + 𝛼𝜊𝐶

[𝑏𝛿𝑎
𝑐]

= 0 ; 

  𝐴𝑎𝑐𝑑
𝑏  − 𝛼𝑎[𝑐𝛿𝑑]

𝑏  + 𝛼𝑎𝛼[𝑑𝛿𝑐]
𝑏 + 𝛼[𝑑𝑐]𝛿𝑎

𝑏   = 0 ; 

  𝐴𝑎𝑐0
𝑏  + 𝛼𝑎0 𝛿𝑐

𝑏 + 𝛼𝑎 𝛼𝜊𝛿𝑐
𝑏 − 𝛼𝑐0 𝛿𝑎

𝑏 − 𝛼𝑐 𝛼𝜊 𝛿𝑎
𝑏 + 𝛼0𝑐 𝛿𝑎

𝑏 − 𝛼𝜊𝐶𝑐𝛿𝑎
𝑏  = 0 . 

Proof. By acting operator  𝑑  on Theorem 3.3; item 1), we obtain:  

𝑑(𝑑𝜔) = 𝑑2𝜔 = 0 ; 

   So, 𝑑(𝐶𝑏𝜔 ∧ 𝜔𝑏 + 𝐶𝑏𝜔 ∧ 𝜔𝑏) = 0 ; 

 0 = 𝑑𝐶𝑏 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶𝑏 𝑑𝜔 ∧ 𝜔𝑏 − 𝐶𝑏𝜔 ∧ 𝑑𝜔𝑏 + 𝑑𝐶𝑏 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶𝑏 𝑑𝜔 ∧ 𝜔𝑏  

    −𝐶𝑏𝜔 ∧ 𝑑𝜔𝑏 . 

Also, from Theorem 3.3, we get: 

 0 = 𝑑𝐶𝑏 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶𝑏 (𝐶ℎ𝜔 ∧ 𝜔ℎ + 𝐶ℎ𝜔 ∧ 𝜔ℎ) ∧ 𝜔𝑏 + 𝐶𝑏𝜔  ∧ 𝜃𝑐
𝑏 ∧ 𝜔𝑐 

    −𝐶𝑏𝜔  ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 + 𝐶𝑏𝜔  ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐  + 𝑑𝐶𝑏 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶𝑏𝜔 ∧ 𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐  

    +𝐶𝑏 (𝐶ℎ𝜔 ∧ 𝜔ℎ + 𝐶ℎ𝜔 ∧ 𝜔ℎ) ∧ 𝜔𝑏  − 𝐶𝑏𝜔 ∧ 𝜃𝑏
𝑐 ∧ 𝜔𝑐 − 𝐶𝑏𝜔 ∧ 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 ;   

 0 = 𝑑𝐶𝑏 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶[𝑏𝐶ℎ]𝜔 ∧ 𝜔ℎ ∧ 𝜔𝑏 + 𝐶𝑏𝐶
ℎ𝜔 ∧ 𝜔ℎ ∧ 𝜔𝑏 + 𝐶𝑏𝜔  ∧ 𝜃𝑐

𝑏 ∧ 𝜔𝑐 

    −𝐶𝑏𝜔  ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 + 𝐶𝑏𝜔  ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐  + 𝑑𝐶𝑏 ∧ 𝜔 ∧ 𝜔𝑏 – 𝐶𝑏 𝐶
ℎ𝜔 ∧ 𝜔ℎ ∧ 𝜔𝑏 

    +𝐶[𝑏𝐶ℎ]𝜔 ∧ 𝜔ℎ ∧ 𝜔𝑏  − 𝐶𝑏𝜔 ∧ 𝜃𝑏
𝑐 ∧ 𝜔𝑐 − 𝐶𝑏𝜔 ∧ 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 + 𝐶𝑏𝜔 ∧ 𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐 ; 

Since  𝐶[𝑏𝐶ℎ] =
1

2
(𝐶𝑏𝐶ℎ − 𝐶ℎ𝐶𝑏) = 0. So, 𝐶[𝑏𝐶ℎ] = 0, and we have :  

 0 = 𝑑𝐶𝑏 ∧ 𝜔 ∧ 𝜔𝑏 − 𝐶𝑑𝜃𝑏
𝑑 ∧ 𝜔 ∧ 𝜔𝑏 − 𝐶𝑏𝜔  ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 + 𝐶𝑏𝜔  ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐  

    +𝑑𝐶𝑏 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶𝑑  𝜃𝑑
𝑏 ∧ 𝜔 ∧ 𝜔𝑏 − 𝐶𝑏𝜔 ∧ 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 + 𝐶𝑏𝜔 ∧ 𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐 ; 

 0 = (𝑑𝐶𝑏 − 𝐶𝑑𝜃𝑏
𝑑) ∧ 𝜔 ∧ 𝜔𝑏 − 𝐶𝑏𝜔  ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 + 𝐶𝑏𝜔  ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐  

    +(𝑑𝐶𝑏 + 𝐶𝑑  𝜃𝑑
𝑏) ∧ 𝜔 ∧ 𝜔𝑏 − 𝐶𝑏𝜔 ∧ 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 + 𝐶𝑏𝜔 ∧ 𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐 . 

But  𝑑𝐶𝑏 − 𝐶𝑑 𝜃𝑏
𝑑 = 𝐶𝑏ℎ

𝑑 𝜃𝑑
ℎ + 𝐶𝑏𝑑 𝜔𝑑 + 𝐶𝑏

  𝑑 𝜔𝑑 + 𝐶𝑏𝑜 𝜔, and  

 𝑑𝐶𝑏 + 𝐶𝑑  𝜃𝑑
𝑏 = 𝐶𝑑

𝑏ℎ𝜃ℎ
𝑑 + 𝐶𝑏𝑑  𝜔𝑑 + 𝐶  𝑑

𝑏  𝜔𝑑 + 𝐶𝑏𝑜𝜔 . So, we have 

 0 = (𝐶𝑏ℎ
𝑑 𝜃𝑑

ℎ + 𝐶𝑏𝑑 𝜔𝑑 + 𝐶𝑏
 𝑑 𝜔𝑑 + 𝐶𝑏𝑜 𝜔) ∧ 𝜔 ∧ 𝜔𝑏 − 𝐶𝑏𝜔  ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 
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    +𝐶𝑏𝜔  ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐  + (𝐶𝑑
𝑏ℎ𝜃ℎ

𝑑 + 𝐶𝑏𝑑 𝜔𝑑 + 𝐶  𝑑
𝑏  𝜔𝑑 + 𝐶𝑏𝑜𝜔) ∧ 𝜔 ∧ 𝜔𝑏 

    −𝐶𝑏𝜔 ∧ 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 + 𝐶𝑏𝜔 ∧ 𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐 ; 

  0 = 𝐶𝑏ℎ
𝑑 𝜃𝑑

ℎ ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶[𝑏𝑑] 𝜔
𝑑 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶𝑏

  𝑑 𝜔𝑑 ∧ 𝜔 ∧ 𝜔𝑏 − 𝐶𝑏𝜔  ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 

     +𝐶𝑏𝜔  ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐  + 𝐶𝑑
𝑏ℎ𝜃ℎ

𝑑 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶[𝑏𝑑] 𝜔𝑑 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶  𝑑
𝑏  𝜔𝑑 ∧ 𝜔 ∧ 𝜔𝑏 

     −𝐶𝑏𝜔 ∧ 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 + 𝐶𝑏𝜔 ∧ 𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐 ; 

 0 = 𝐶𝑏ℎ
𝑑 𝜃𝑑

ℎ ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶[𝑏𝑑] 𝜔
𝑑 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶𝑑

𝑏ℎ𝜃ℎ
𝑑 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐶[𝑏𝑑] 𝜔𝑑 ∧ 𝜔 ∧ 𝜔𝑏 

    +𝐶𝑏
  𝑑 𝜔𝑑 ∧ 𝜔 ∧ 𝜔𝑏 − 𝐶ℎ𝛼ℎ𝛿𝑏

𝑑𝜔𝑑 ∧ 𝜔 ∧ 𝜔𝑐 + 𝐶𝑏𝛼
𝑑𝜔𝑑 ∧ 𝜔 ∧ 𝜔𝑏 − 𝐶  𝑏

𝑑  𝜔𝑑 ∧ 𝜔 ∧ 𝜔𝑏 

    +𝐶ℎ𝛼ℎ𝛿𝑏
𝑑 𝜔𝑑 ∧ 𝜔 ∧ 𝜔𝑏 − 𝐶𝑑𝛼𝑏𝜔𝑑 ∧ 𝜔 ∧ 𝜔𝑏  . 

 Thus, the above implies that: 

𝐶𝑏ℎ
𝑑 = 0,     𝐶𝑑

𝑏ℎ = 0,   𝐶[𝑏𝑑] = 0,     𝐶[𝑏𝑑] = 0 ; 

𝐶𝑏
  𝑑 − 𝐶ℎ𝛼ℎ𝛿𝑏

𝑑 + 𝐶𝑏𝛼
𝑑 − 𝐶   𝑏

𝑑 + 𝐶ℎ𝛼ℎ𝛿𝑏
𝑑 − 𝐶𝑑𝛼𝑏 = 0 . 

Now, from Theorem 3.3; item 2), we get: 

𝑑(𝜔𝑎) = 𝑑2𝜔𝑎 = 0 ; 

 𝑑(−𝜃𝑏
𝑎 ∧ 𝜔𝑏 + 𝛼𝑎𝜔𝑏 ∧ 𝜔𝑏 − 𝛼𝑏𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝜊 𝜔 ∧ 𝜔𝑎) = 0 ; 

 0 = −𝑑𝜃𝑏
𝑎 ∧ 𝜔𝑏 + 𝜃𝑏

𝑎 ∧ 𝑑𝜔𝑏 + 𝑑𝛼𝑎 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎 𝑑𝜔𝑏 ∧ 𝜔𝑏 − 𝛼𝑎𝜔𝑏 ∧ 𝑑𝜔𝑏 

    − 𝑑𝛼𝑏 ∧ 𝜔𝑎 ∧ 𝜔𝑏 − 𝛼𝑏 𝑑𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝑏𝜔𝑎 ∧ 𝑑𝜔𝑏 +    𝑑𝛼𝜊 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼𝜊 𝑑𝜔 ∧ 𝜔𝑎 

    −𝛼𝜊 𝜔 ∧ 𝑑𝜔𝑎 . 

So, according to Theorem 3.3, we get:  

 0 = −𝑑𝜃𝑏
𝑎 ∧ 𝜔𝑏 + 𝜃𝑏

𝑎 ∧ (−𝜃𝑐
𝑏 ∧ 𝜔𝑐 + 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝜊 𝜔 ∧ 𝜔𝑏) 

    + 𝑑𝛼𝑎 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎 (– 𝜃𝑐
𝑏 ∧ 𝜔𝑐 + 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝜊 𝜔 ∧ 𝜔𝑏) ∧ 𝜔𝑏 

    − 𝛼𝑎𝜔𝑏 ∧ (𝜃𝑏
𝑐 ∧ 𝜔𝑐 + 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑐  𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝜊 𝜔 ∧ 𝜔𝑏) −  𝑑𝛼𝑏 ∧ 𝜔𝑎 ∧ 𝜔𝑏 

    − 𝛼𝑏 (– 𝜃𝑐
𝑎 ∧ 𝜔𝑐 + 𝛼𝑎𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑐𝜔𝑎 ∧ 𝜔𝑐 + 𝛼𝜊 𝜔 ∧ 𝜔𝑎) ∧ 𝜔𝑏 + 𝑑𝛼𝜊 ∧ 𝜔 ∧ 𝜔𝑎 

    + 𝛼𝑏𝜔𝑎 ∧ (𝜃𝑏
𝑐 ∧ 𝜔𝑐 + 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑐  𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝜊 𝜔 ∧ 𝜔𝑏) 

    + 𝛼𝜊 (𝐶𝑏𝜔 ∧ 𝜔𝑏 + 𝐶𝑏𝜔 ∧ 𝜔𝑏) ∧ 𝜔𝑎 − 𝛼𝜊 𝜔 ∧ (−𝜃𝑏
𝑎 ∧ 𝜔𝑏 + 𝛼𝑎𝜔𝑏 ∧ 𝜔𝑏  

    − 𝛼𝑏𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝜊 𝜔 ∧ 𝜔𝑎 ) ;  

 0 = −𝑑𝜃𝑏
𝑎 ∧ 𝜔𝑏−𝜃𝑏

𝑎 ∧ 𝜃𝑐
𝑏 ∧ 𝜔𝑐 + 𝜃𝑏

𝑎 ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 − 𝜃𝑏
𝑎 ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 + 𝜃𝑏

𝑎 ∧ 𝛼𝜊 𝜔 ∧ 𝜔𝑏 

    +𝑑𝛼𝑎 ∧ 𝜔𝑏 ∧ 𝜔𝑏−𝛼𝑎𝜃𝑐
𝑏 ∧ 𝜔𝑐 ∧ 𝜔𝑏 + 𝛼𝑎𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 − 𝛼𝑎𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 ∧ 𝜔𝑏 
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    + 𝛼𝑎𝛼𝜊 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑏 − 𝛼𝑎𝜔𝑏 ∧ 𝜃𝑏
𝑐 ∧ 𝜔𝑐 − 𝛼𝑎𝜔𝑏 ∧ 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 + 𝛼𝑎𝜔𝑏 ∧ 𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐 

    −𝛼𝑎𝜔𝑏 ∧ 𝛼𝜊 𝜔 ∧ 𝜔𝑏 −  𝑑𝛼𝑏 ∧ 𝜔𝑎 ∧ 𝜔𝑏+𝛼𝑏𝜃𝑐
𝑎 ∧ 𝜔𝑐 ∧ 𝜔𝑏 − 𝛼𝑏𝛼𝑎𝜔𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 

    +𝛼[𝑏𝛼𝑐]𝜔𝑎 ∧ 𝜔𝑐 ∧ 𝜔𝑏 − 𝛼𝑏𝛼𝜊 𝜔 ∧ 𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝑏𝜔𝑎 ∧ 𝜃𝑏
𝑐 ∧ 𝜔𝑐 + 𝛼𝑏𝜔𝑎 ∧ 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 

    −𝛼𝑏𝜔𝑎 ∧ 𝛼𝑐  𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝑏𝜔𝑎 ∧ 𝛼𝜊 𝜔 ∧ 𝜔𝑏 +    𝑑𝛼𝜊 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼𝜊𝐶𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 

    +𝛼𝜊𝐶
𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎+𝛼𝜊 𝜔 ∧ 𝜃𝑏

𝑎 ∧ 𝜔𝑏 − 𝛼𝜊 𝜔 ∧ 𝛼𝑎𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝜊 𝜔 ∧ 𝛼𝑏𝜔𝑎 ∧ 𝜔𝑏 

    −𝛼𝜊 𝜔 ∧ 𝛼𝜊 𝜔 ∧ 𝜔𝑎 ; 

 0 = −(𝑑𝜃𝑏
𝑎+𝜃𝑐

𝑎 ∧ 𝜃𝑏
𝑐) ∧  𝜔𝑏 + (𝑑𝛼𝑎 + 𝛼𝑐𝜃𝑐

𝑎) ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 

    +2𝛼𝑎𝛼𝑐 𝜔
𝑏 ∧ 𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝑎𝛼𝜊 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑏 − (𝑑𝛼𝑏 + 𝛼𝑐𝜃𝑐

𝑏) ∧ 𝜔𝑎 ∧ 𝜔𝑏 

    −𝛼𝑏𝛼𝜊 𝜔 ∧ 𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝑏𝛼𝑏 𝜔
𝑎 ∧ 𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑏𝛼𝑐 𝜔

𝑎 ∧ 𝜔𝑏 ∧ 𝜔𝑐 

    +𝑑𝛼𝜊 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼𝜊𝐶𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 + 𝛼𝜊𝐶
𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 . 

Set  𝑑𝜃𝑏
𝑎 + 𝜃𝑏

𝑎 ∧ 𝜃𝑐
𝑏 = 𝐴𝑏𝑐𝑓

𝑎𝑑ℎ  𝜃𝑑
𝑐 ∧ 𝜃ℎ

𝑓
+ 𝐴𝑏𝑐ℎ

𝑎𝑑  𝜃𝑑
𝑐 ∧ 𝜔ℎ + 𝐴𝑏𝑐

𝑎𝑑ℎ  𝜃𝑑
𝑐 ∧ 𝜔ℎ + 𝐴𝑏𝑐0

𝑎𝑑  𝜃𝑑
𝑐 ∧ 𝜔 

               +𝐴𝑏𝑐𝑑
𝑎  𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑏𝑐

𝑎𝑑  𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑏𝑐0 
𝑎 𝜔𝑐 ∧ 𝜔 + 𝐴𝑏

𝑎𝑐𝑑  𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑏
𝑎𝑐0𝜔𝑐 ∧ 𝜔, and 

𝑑𝛼𝜊 = 𝛼0𝑐
𝑑  𝜃𝑑

𝑐 + 𝛼0𝑐  𝜔
𝑐 + 𝛼0

𝑐𝜔𝑐 + 𝛼00𝜔 . 

  Now , let  𝑑𝛼𝑏 + 𝛼𝑐 𝜃𝑐
𝑏 = 𝛼𝑑

𝑏𝑐 𝜃𝑐
𝑑 + 𝛼𝑐

𝑏 𝜔𝑐 + 𝛼𝑏𝑐 𝜔𝑐 + 𝛼𝑏𝑜𝜔 . 

Notice that all coefficients added above are suitable smooth map. Then   

 0 = −(𝐴𝑏𝑐𝑓
𝑎𝑑ℎ 𝜃𝑑

𝑐 ∧ 𝜃ℎ
𝑓
+ 𝐴𝑏𝑐ℎ

𝑎𝑑  𝜃𝑑
𝑐 ∧ 𝜔ℎ + 𝐴𝑏𝑐

𝑎𝑑ℎ  𝜃𝑑
𝑐 ∧ 𝜔ℎ + 𝐴𝑏𝑐0

𝑎𝑑  𝜃𝑑
𝑐 ∧ 𝜔 + 𝐴𝑏𝑐𝑑

𝑎  𝜔𝑐 ∧ 𝜔𝑑  

    +𝐴𝑏𝑐
𝑎𝑑  𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑏𝑐0 

𝑎 𝜔𝑐 ∧ 𝜔 + 𝐴𝑏
𝑎𝑐𝑑  𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑏

𝑎𝑐0𝜔𝑐 ∧ 𝜔) ∧ 𝜔𝑏 + 𝛼𝑎𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 

    +(𝛼𝑑
𝑎𝑐 𝜃𝑐

𝑑 + 𝛼𝑐
𝑎 𝜔𝑐 + 𝛼𝑎𝑐 𝜔𝑐 + 𝛼𝑎𝑜𝜔) ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 2𝛼𝑎𝛼𝑐 𝜔

𝑏 ∧ 𝜔𝑏 ∧ 𝜔𝑐 

    +𝛼𝑎𝛼𝜊 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑏 − (𝛼𝑑
𝑏𝑐 𝜃𝑐

𝑑 + 𝛼𝑐
𝑏 𝜔𝑐 + 𝛼𝑏𝑐 𝜔𝑐 + 𝛼𝑏𝑜𝜔) ∧ 𝜔𝑎 ∧ 𝜔𝑏 

     −𝛼𝑏𝛼𝜊 𝜔 ∧ 𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝑏𝛼𝑏 𝜔
𝑎 ∧ 𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑏𝛼𝑐 𝜔

𝑎 ∧ 𝜔𝑏 ∧ 𝜔𝑐 

     +(𝛼0𝑐
𝑑  𝜃𝑑

𝑐 + 𝛼0𝑐 𝜔
𝑐 + 𝛼0

𝑐𝜔𝑐 + 𝛼00𝜔) ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼𝜊𝐶𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 + 𝛼𝜊𝐶
𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 ; 

  0 = −𝐴𝑏𝑐𝑓
𝑎𝑑ℎ 𝜃𝑑

𝑐 ∧ 𝜃ℎ
𝑓

∧ 𝜔𝑏 − 𝐴[𝑏|𝑐|ℎ]
𝑎𝑑  𝜃𝑑

𝑐 ∧ 𝜔ℎ ∧ 𝜔𝑏 − 𝐴𝑏𝑐
𝑎𝑑ℎ  𝜃𝑑

𝑐 ∧ 𝜔ℎ ∧ 𝜔𝑏 − 𝐴𝑏𝑐0
𝑎𝑑  𝜃𝑑

𝑐 ∧ 𝜔 ∧ 𝜔𝑏 

     −𝐴[𝑏𝑐𝑑]
𝑎  𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 − 𝐴[𝑏𝑐]

𝑎𝑑  𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 − 𝐴[𝑏𝑐]0 
𝑎 𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏 − 𝐴𝑏

𝑎𝑐𝑑  𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 

     −𝐴𝑏
𝑎𝑐0𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏 + 𝛼𝑑

𝑎𝑐 𝜃𝑐
𝑑 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑐

𝑎 𝜔𝑐 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝑐 𝜔𝑐 ∧ 𝜔𝑏 ∧ 𝜔𝑏 

     +𝛼𝑎𝑜𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 + 2𝛼𝑎𝛼𝑐 𝜔
𝑏 ∧ 𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝑎𝛼𝜊 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑏 

     −𝛼𝑑
𝑏𝑐 𝜃𝑐

𝑑 ∧ 𝜔𝑎 ∧ 𝜔𝑏 − 𝛼𝑐
𝑏 𝜔𝑐 ∧ 𝜔𝑎 ∧ 𝜔𝑏 − 𝛼[𝑏𝑐] 𝜔𝑐 ∧ 𝜔𝑎 ∧ 𝜔𝑏 − 𝛼𝑏𝑜𝜔 ∧ 𝜔𝑎 ∧ 𝜔𝑏 

     −𝛼𝑏𝛼𝜊 𝜔 ∧ 𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝑏𝛼𝑏 𝜔
𝑎 ∧ 𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑏𝛼𝑐 𝜔

𝑎 ∧ 𝜔𝑏 ∧ 𝜔𝑐 + 𝛼0𝑐
𝑑  𝜃𝑑

𝑐 ∧ 𝜔 ∧ 𝜔𝑎 
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     +𝛼0𝑐 𝜔
𝑐 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼0

𝑐 𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼00 𝜔 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼𝜊𝐶𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 

     +𝛼𝜊𝐶
𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 ; 

  0 = −𝐴𝑏𝑐𝑓
𝑎𝑑ℎ 𝜃𝑑

𝑐 ∧ 𝜃ℎ
𝑓

∧ 𝜔𝑏 − 𝐴[𝑏|𝑐|ℎ]
𝑎𝑑  𝜃𝑑

𝑐 ∧ 𝜔ℎ ∧ 𝜔𝑏 − 𝐴[𝑏𝑐𝑑]
𝑎  𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 

     +(−𝐴𝑏𝑐
𝑎𝑑ℎ 𝜃𝑑

𝑐 ∧ 𝜔ℎ ∧ 𝜔𝑏 + 𝛼𝑐
ℎ𝑑𝜃𝑑

𝑐 ∧ 𝛿𝑏
𝑎 𝜔𝑏 ∧ 𝜔ℎ − 𝛼𝑐

𝑎𝑑  𝜃𝑑
𝑐 ∧ 𝛿𝑏

ℎ𝜔𝑏 ∧ 𝜔ℎ) 

     +(−𝐴𝑏𝑐0
𝑎𝑑  𝜃𝑑

𝑐 ∧ 𝜔 ∧ 𝜔𝑏 + 𝛼0𝑐
𝑑  𝜃𝑑

𝑐 ∧ 𝜔 ∧ 𝛿𝑏
𝑎𝜔𝑏) + (−𝐴[𝑏𝑐]

𝑎𝑑  𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 

     +𝛼𝑑𝛼[𝑐𝛿𝑏]
𝑎  𝜔𝑏 ∧ 𝜔𝑑 ∧ 𝜔𝑐 + 𝛼[𝑐

𝑑 𝛿𝑏]
𝑎  𝜔𝑐 ∧ 𝜔𝑏 ∧ 𝜔𝑏 − 𝛼[𝑐

𝑎 𝛿𝑏]
𝑑  𝜔𝑐 ∧ 𝜔𝑏 ∧ 𝜔𝑑 

     −2𝛼𝑎𝛼[𝑐 𝛿𝑏]
𝑑 𝜔𝑏 ∧ 𝜔𝑏 ∧ 𝜔𝑐 − 𝛼ℎ𝛼ℎ𝛿[𝑏

𝑎 𝛿𝑐]
𝑑  𝜔𝑏 ∧ 𝜔𝑑 ∧ 𝜔𝑐 ) + (−𝐴𝑏

𝑎𝑐𝑑 𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 

     +𝛼[𝑑𝑐]𝛿𝑏
𝑎 𝜔𝑐 ∧ 𝜔𝑏 ∧ 𝜔𝑑 − 𝛼𝑎[𝑐𝛿𝑏

𝑑]
 𝜔𝑐 ∧ 𝜔𝑏 ∧ 𝜔𝑑 + 𝛼𝑎𝛼[𝑑𝛿𝑏

𝑐]
𝜔𝑏 ∧ 𝜔𝑐 ∧ 𝜔𝑑 ) 

    +(−𝐴𝑏
𝑎𝑐0𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏 − 𝛼𝜊𝛼

𝑐𝛿𝑏
𝑎 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑐 − 𝛼𝑐𝑜𝛿𝑏

𝑎𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑐  + 𝛼0
𝑐𝛿𝑏

𝑎 𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏 

    −𝐶𝑐𝛼𝜊𝛿𝑏
𝑎𝜔 ∧ 𝜔𝑐 ∧ 𝜔𝑏 + 𝛼𝑎𝑜𝛿𝑏

𝑐𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝑎𝛼𝜊𝛿𝑏
𝑐 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑐 )   

     +(−𝐴[𝑏𝑐]0 
𝑎 𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏 + 𝛼0[𝑐𝛿𝑏]

𝑎  𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏 + 𝛼𝜊𝐶[𝑏𝛿𝑐]
𝑎𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑐) ; 

[
 
 
 
 
 
 
 

𝐴𝑏𝑐𝑓
𝑎𝑑ℎ = 0         ,     𝐴[𝑏|𝑐|ℎ]

𝑎𝑑 = 0   ,        𝐴[𝑏𝑐𝑑]
𝑎 = 0 ;

−𝐴𝑏𝑐
𝑎𝑑ℎ + 𝛼𝑐

ℎ𝑑𝛿𝑏
𝑎 − 𝛼𝑐

𝑎𝑑  𝛿𝑏
ℎ = 0         ,         − 𝐴𝑏𝑐0

𝑎𝑑 + 𝛼0𝑐
𝑑 𝛿𝑏

𝑎  = 0 ;

−𝐴[𝑏𝑐]
𝑎𝑑 −

1

2
𝛼𝑑𝐵𝑏𝑐

  𝑎  + 𝛼[𝑐
𝑑 𝛿𝑏]

𝑎  − 𝛼[𝑐
𝑎 𝛿𝑏]

𝑑 + 𝛼𝑎𝐵𝑏𝑐
  𝑑 − 𝛼ℎ𝛼ℎ𝛿[𝑏

𝑎 𝛿𝑐]
𝑑  = 0 ;

−𝐴[𝑏𝑐]0 
𝑎 + 𝛼0[𝑐𝛿𝑏]

𝑎  +  𝛼𝜊𝐶[𝑏𝛿𝑐]
𝑎 = 0 ;

−𝐴𝑏
𝑎𝑐𝑑 + 𝛼[𝑑𝑐]𝛿𝑏

𝑎 − 𝛼𝑎[𝑐𝛿𝑏
𝑑]

−
1

2
𝛼𝑎𝐵     𝑏

𝑐𝑑 = 0 ;

−𝐴𝑏
𝑎𝑐0 − 𝛼𝜊𝛼

𝑐𝛿𝑏
𝑎  − 𝛼𝑐𝑜𝛿𝑏

𝑎 + 𝛼0
𝑐𝛿𝑏

𝑎  − 𝐶𝑐𝛼𝜊𝛿𝑏
𝑎 + 𝛼𝑎𝑜𝛿𝑏

𝑐 + 𝛼𝑎𝛼𝜊𝛿𝑏
𝑐  = 0 .]

 
 
 
 
 
 
 

                                   

(3.5)   

Now, from Theorem 3.3; item 3), we obtain:  

𝑑(𝑑𝜔𝑎) = 𝑑2𝜔𝑎 = 0 ; 

     𝑑(𝜃𝑎
𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝜔𝑏 ∧ 𝜔𝑏 − 𝛼𝑏𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝜊 𝜔 ∧ 𝜔𝑎) = 0 ; 

 0 = 𝑑𝜃𝑎
𝑏 ∧ 𝜔𝑏 − 𝜃𝑎

𝑏 ∧  𝑑𝜔𝑏 + 𝑑𝛼𝑎 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝑑𝜔𝑏 ∧ 𝜔𝑏 − 𝛼𝑎𝜔𝑏 ∧ 𝑑𝜔𝑏 

    −𝑑𝛼𝑏 ∧ 𝜔𝑎 ∧ 𝜔𝑏 − 𝛼𝑏𝑑𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝑏𝜔𝑎 ∧   𝑑𝜔𝑏 + 𝑑𝛼𝜊 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼𝜊𝑑𝜔 ∧ 𝜔𝑎 

   −𝛼𝜊 𝜔 ∧ 𝑑𝜔𝑎 . 
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So, again from Theorem 3.3, we have: 

 0 = 𝑑𝜃𝑎
𝑏 ∧ 𝜔𝑏 − 𝜃𝑎

𝑏 ∧ (𝜃𝑏
𝑐 ∧ 𝜔𝑐 + 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝜊 𝜔 ∧ 𝜔𝑏) 

    +𝑑𝛼𝑎 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎(𝜃𝑏
𝑐 ∧ 𝜔𝑐 + 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝜊 𝜔 ∧ 𝜔𝑏) ∧ 𝜔𝑏 

    −𝛼𝑎𝜔𝑏 ∧ (−𝜃𝑐
𝑏 ∧ 𝜔𝑐 + 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝜊 𝜔 ∧ 𝜔𝑏) − 𝑑𝛼𝑏 ∧ 𝜔𝑎 ∧ 𝜔𝑏 

    −𝛼𝑏(𝜃𝑎
𝑐 ∧ 𝜔𝑐 + 𝛼𝑎𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑐𝜔𝑎 ∧ 𝜔𝑐 + 𝛼𝜊 𝜔 ∧ 𝜔𝑎) ∧ 𝜔𝑏 + 𝑑𝛼𝜊 ∧ 𝜔 ∧ 𝜔𝑎 

    +𝛼𝑏𝜔𝑎 ∧ (−𝜃𝑐
𝑏 ∧ 𝜔𝑐 + 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝜊 𝜔 ∧ 𝜔𝑏) + 𝛼𝜊( 𝐶𝑏𝜔 ∧ 𝜔𝑏  

    +𝐶𝑏𝜔 ∧ 𝜔𝑏 ) ∧ 𝜔𝑎 − 𝛼𝜊 𝜔 ∧ (𝜃𝑎
𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝜔𝑏 ∧ 𝜔𝑏 − 𝛼𝑏𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝜊 𝜔 ∧ 𝜔𝑎) ; 

  0 = 𝑑𝜃𝑎
𝑏 ∧ 𝜔𝑏 – 𝜃𝑎

𝑏 ∧ 𝜃𝑏
𝑐 ∧ 𝜔𝑐 − 𝜃𝑎

𝑏 ∧ 𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 + 𝜃𝑎
𝑏 ∧ 𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐 − 𝜃𝑎

𝑏 ∧ 𝛼𝜊 𝜔 ∧ 𝜔𝑏 

    +𝑑𝛼𝑎 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝜃𝑏
𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 + 𝛼𝑎𝛼𝑏  𝜔𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 − 𝛼𝑎𝛼𝑐 𝜔𝑏 ∧ 𝜔𝑐 ∧ 𝜔𝑏 

    +𝛼𝑎 𝛼𝜊 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝜔𝑏 ∧ 𝜃𝑐
𝑏 ∧ 𝜔𝑐 − 𝛼𝑎𝜔𝑏 ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 + 𝛼𝑎𝜔𝑏 ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 

    −𝛼𝑎𝜔𝑏 ∧ 𝛼𝜊 𝜔 ∧ 𝜔𝑏 − 𝑑𝛼𝑏 ∧ 𝜔𝑎 ∧ 𝜔𝑏 − 𝛼𝑏𝜃𝑎
𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 − 𝛼𝑏𝛼𝑎𝜔𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 

    +𝛼[𝑏𝛼𝑐]𝜔𝑎 ∧ 𝜔𝑐 ∧ 𝜔𝑏 − 𝛼𝑏 𝛼𝜊 𝜔 ∧ 𝜔𝑎 ∧ 𝜔𝑏 − 𝛼𝑏𝜔𝑎 ∧ 𝜃𝑐
𝑏 ∧ 𝜔𝑐 + 𝛼𝑏𝜔𝑎 ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 

    −𝛼𝑏𝜔𝑎 ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝑏𝜔𝑎 ∧ 𝛼𝜊 𝜔 ∧ 𝜔𝑏 + 𝑑𝛼𝜊 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼𝜊𝐶𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 

    +𝛼𝜊𝐶
𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 − 𝛼𝜊 𝜔 ∧ 𝜃𝑎

𝑏 ∧ 𝜔𝑏 − 𝛼𝜊 𝜔 ∧ 𝛼𝑎𝜔𝑏 ∧ 𝜔𝑏 

    +𝛼𝜊 𝜔 ∧ 𝛼𝑏𝜔𝑎 ∧ 𝜔𝑏 − 𝛼𝜊 𝜔 ∧ 𝛼𝜊 𝜔 ∧ 𝜔𝑎 ; 

 0 = (𝑑𝜃𝑎
𝑏  − 𝜃𝑎

𝑐 ∧ 𝜃𝑐
𝑏) ∧  𝜔𝑏  + (𝑑𝛼𝑎 − 𝛼𝑐𝜃𝑎

𝑐) ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 

    +𝛼𝑎 𝛼𝜊 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑏 − 2𝛼𝑎𝜔𝑏 ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 − (𝑑𝛼𝑏 − 𝛼𝑐 𝜃𝑏
𝑐) ∧ 𝜔𝑎 ∧ 𝜔𝑏 

    − 𝛼𝑏 𝛼𝜊 𝜔 ∧ 𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝑏𝜔𝑎 ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑏𝜔𝑎 ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 + 𝑑𝛼𝜊 ∧ 𝜔 ∧ 𝜔𝑎 

    +𝛼𝜊𝐶𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 + 𝛼𝜊𝐶
𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 .  

Since    𝑑𝜃𝑎
𝑏  − 𝜃𝑎

𝑐 ∧ 𝜃𝑐
𝑏 = 𝐴𝑎𝑑

𝑏𝑐ℎ 𝜃𝑐
𝑑 ∧ 𝜔ℎ + 𝐴𝑎𝑑ℎ

𝑏𝑐  𝜃𝑐
𝑑 ∧ 𝜔ℎ + 𝐴𝑎𝑑0

𝑏𝑐  𝜃𝑐
𝑑 ∧ 𝜔 + 𝐴𝑎

𝑏𝑐𝑑 𝜔𝑐 ∧ 𝜔𝑑 

                     +𝐴𝑎𝑑
𝑏𝑐  𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑎0 

𝑏𝑐 𝜔𝑐 ∧ 𝜔 + 𝐴𝑎𝑐𝑑
𝑏  𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑎𝑐0

𝑏  𝜔𝑐 ∧ 𝜔 ; 

  𝑑𝛼𝜊 = 𝛼0𝑐
𝑑  𝜃𝑑

𝑐 + 𝛼0𝑐 𝜔
𝑐 + 𝛼0

𝑐𝜔𝑐 + 𝛼00𝜔 ; 

              𝑑𝛼𝑏 − 𝛼𝑐 𝜃𝑏
𝑐 = 𝛼𝑏𝑐

    𝑑 𝜃𝑑
𝑐 + 𝛼𝑏

  𝑐 𝜔𝑐 + 𝛼𝑏𝑐 𝜔
𝑐 + 𝛼𝑏0 𝜔 .  

     Then we get:    

 0 = ( 𝐴𝑎𝑑
𝑏𝑐ℎ 𝜃𝑐

𝑑 ∧ 𝜔ℎ + 𝐴𝑎𝑑ℎ
𝑏𝑐  𝜃𝑐

𝑑 ∧ 𝜔ℎ + 𝐴𝑎𝑑0
𝑏𝑐  𝜃𝑐

𝑑 ∧ 𝜔 + 𝐴𝑎
𝑏𝑐𝑑 𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑎𝑑

𝑏𝑐  𝜔𝑐 ∧ 𝜔𝑑 
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     +𝐴𝑎0 
𝑏𝑐 𝜔𝑐 ∧ 𝜔 + 𝐴𝑎𝑐𝑑

𝑏  𝜔𝑐 ∧ 𝜔𝑑 + 𝐴𝑎𝑐0
𝑏  𝜔𝑐 ∧ 𝜔) ∧  𝜔𝑏 + 𝛼𝑎𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏  

     +(𝛼𝑎𝑐
    𝑑 𝜃𝑑

𝑐 + 𝛼𝑎
  𝑐 𝜔𝑐 + 𝛼𝑎𝑐 𝜔

𝑐 + 𝛼𝑎0 𝜔) ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎 𝛼𝜊 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑏 

     −2𝛼𝑎𝜔𝑏 ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 − (𝛼𝑏𝑐
    𝑑 𝜃𝑑

𝑐 + 𝛼𝑏
  𝑐 𝜔𝑐 + 𝛼𝑏𝑐 𝜔

𝑐 + 𝛼𝑏0𝜔) ∧ 𝜔𝑎 ∧ 𝜔𝑏 

     − 𝛼𝑏 𝛼𝜊 𝜔 ∧ 𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝑏𝜔𝑎 ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑏𝜔𝑎 ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 + 𝛼𝜊𝐶
𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 

     +(𝛼0𝑐
𝑑  𝜃𝑑

𝑐 + 𝛼0𝑐 𝜔
𝑐 + 𝛼0

𝑐𝜔𝑐 + 𝛼00 𝜔) ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼𝜊𝐶𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 ; 

 

 0 = 𝐴𝑎𝑑
[𝑏|𝑐|ℎ]

 𝜃𝑐
𝑑 ∧ 𝜔ℎ ∧ 𝜔𝑏 + 𝐴𝑎𝑑ℎ

𝑏𝑐  𝜃𝑐
𝑑 ∧ 𝜔ℎ ∧ 𝜔𝑏 + 𝐴𝑎𝑑0

𝑏𝑐  𝜃𝑐
𝑑 ∧ 𝜔 ∧ 𝜔𝑏 + 𝛼𝜊𝐶

𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎  

    +𝐴𝑎
[𝑏𝑐𝑑]

 𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 + 𝐴𝑎𝑑
[𝑏𝑐]

 𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 + 𝐴𝑎0 
[𝑏𝑐]

𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏 + 𝐴𝑎𝑐𝑑
𝑏  𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 

    +𝐴𝑎𝑐0
𝑏  𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏  + 𝛼𝑎𝑐

    𝑑 𝜃𝑑
𝑐 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎

  𝑐 𝜔𝑐 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝑐 𝜔
𝑐 ∧ 𝜔𝑏 ∧ 𝜔𝑏 

    +𝛼𝑎0 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑏 + 𝛼𝑎𝛼𝑏 𝜔𝑐 ∧ 𝜔𝑐 ∧ 𝜔𝑏 + 𝛼𝑎 𝛼𝜊 𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑏 − 2𝛼𝑎𝜔𝑏 ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 

    −𝛼𝑏𝑐
    𝑑 𝜃𝑑

𝑐 ∧ 𝜔𝑎 ∧ 𝜔𝑏 − 𝛼𝑏
  𝑐 𝜔𝑐 ∧ 𝜔𝑎 ∧ 𝜔𝑏 − 𝛼[𝑏𝑐] 𝜔

𝑐 ∧ 𝜔𝑎 ∧ 𝜔𝑏 − 𝛼𝑏0𝜔 ∧ 𝜔𝑎 ∧ 𝜔𝑏 

    − 𝛼𝑏 𝛼𝜊 𝜔 ∧ 𝜔𝑎 ∧ 𝜔𝑏 + 𝛼𝑏𝜔𝑎 ∧ 𝛼𝑏𝜔𝑐 ∧ 𝜔𝑐 − 𝛼𝑏𝜔𝑎 ∧ 𝛼𝑐𝜔𝑏 ∧ 𝜔𝑐 + 𝛼0𝑐
𝑑  𝜃𝑑

𝑐 ∧ 𝜔 ∧ 𝜔𝑎 

    +𝛼0𝑐 𝜔
𝑐 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼0

𝑐 𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼00 𝜔 ∧ 𝜔 ∧ 𝜔𝑎 + 𝛼𝜊𝐶𝑏𝜔 ∧ 𝜔𝑏 ∧ 𝜔𝑎 ; 

 0 = (𝐴𝑎𝑑ℎ
𝑏𝑐  𝜃𝑐

𝑑 ∧ 𝜔ℎ ∧ 𝜔𝑏 − 𝛼𝑎𝑑
    𝑐𝛿ℎ

𝑏 𝜃𝑐
𝑑 ∧ 𝜔ℎ ∧ 𝜔𝑏 + 𝛼ℎ𝑑

    𝑐𝛿𝑎
𝑏 𝜃𝑐

𝑑 ∧ 𝜔ℎ ∧ 𝜔𝑏) 

    +𝐴𝑎𝑑
[𝑏|𝑐|ℎ]

 𝜃𝑐
𝑑 ∧ 𝜔ℎ ∧ 𝜔𝑏 + (𝐴𝑎𝑑0

𝑏𝑐  𝜃𝑐
𝑑 ∧ 𝜔 ∧ 𝜔𝑏 + 𝛼0𝑑

𝑐 𝛿𝑎
𝑏 𝜃𝑐

𝑑 ∧ 𝜔 ∧ 𝜔𝑏) 

    +( 𝐴𝑎𝑑
[𝑏𝑐]

 𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 − 𝛼𝑎
  [𝑐

𝛿𝑑
𝑏]

 𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 − 2𝛼𝑎𝛼[𝑐𝛿𝑑
𝑏]

𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 

    +𝛼𝑑
  [𝑐

𝛿𝑎
𝑏]

 𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 − 𝛼ℎ𝛼ℎ𝛿𝑎
[𝑏

𝛿𝑑
𝑐]
𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 + 𝛼𝑑𝛼[𝑐𝛿𝑎

𝑏]
𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 ) 

    +(𝐴𝑎0 
[𝑏𝑐]

𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏 + 𝛼0
[𝑐
𝛿𝑎

𝑏]
 𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏 + 𝛼𝜊𝐶

[𝑏𝛿𝑎
𝑐]
𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏) 

    +( 𝐴𝑎𝑐𝑑
𝑏  𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 − 𝛼𝑎[𝑐𝛿𝑑]

𝑏  𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 + 𝛼𝑎𝛼[𝑑𝛿𝑐]
𝑏 𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 

    +𝛼[𝑑𝑐]𝛿𝑎
𝑏 𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 ) + ( 𝐴𝑎𝑐0

𝑏  𝜔𝑐 ∧ 𝜔 ∧ 𝜔𝑏 + 𝛼𝑎0 𝛿𝑐
𝑏 𝜔𝑐 ∧  𝜔 ∧ 𝜔𝑏  
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    +𝛼𝑎 𝛼𝜊𝛿𝑐
𝑏 𝜔𝑐 ∧  𝜔 ∧ 𝜔𝑏 − 𝛼𝑐0 𝛿𝑎

𝑏 𝜔𝑐 ∧  𝜔 ∧ 𝜔𝑏 − 𝛼𝑐 𝛼𝜊 𝛿𝑎
𝑏 𝜔𝑐 ∧  𝜔 ∧ 𝜔𝑏 

    +𝛼0𝑐 𝛿𝑎
𝑏 𝜔𝑐 ∧  𝜔 ∧ 𝜔𝑏 − 𝛼𝜊𝐶𝑐𝛿𝑎

𝑏 𝜔𝑐 ∧  𝜔 ∧ 𝜔𝑏 ) + 𝐴𝑎
[𝑏𝑐𝑑]

 𝜔𝑐 ∧ 𝜔𝑑 ∧ 𝜔𝑏 ;  

[
 
 
 
 
 
 
 𝐴𝑎𝑑ℎ

𝑏𝑐𝑓
= 0         ,     𝐴𝑎𝑑

[𝑏|𝑐|ℎ]
= 0   ,        𝐴𝑎

[𝑏𝑐𝑑]
= 0 ;

𝐴𝑎𝑑ℎ
𝑏𝑐  − 𝛼𝑎𝑑

    𝑐𝛿ℎ
𝑏 + 𝛼ℎ𝑑

    𝑐𝛿𝑎
𝑏  = 0         ,        𝐴𝑎𝑑0

𝑏𝑐 + 𝛼0𝑑
𝑐 𝛿𝑎

𝑏    = 0 ;

𝐴𝑎𝑑
[𝑏𝑐]

 − 𝛼𝑎
  [𝑐

𝛿𝑑
𝑏]

 − 2𝛼𝑎𝛼
[𝑐𝛿𝑑

𝑏]
+ 𝛼𝑑

  [𝑐
𝛿𝑎

𝑏]
 − 𝛼ℎ𝛼ℎ𝛿𝑎

[𝑏
𝛿𝑑

𝑐]
+ 𝛼𝑑𝛼[𝑐𝛿𝑎

𝑏]
 = 0 ;         

𝐴𝑎0 
[𝑏𝑐]

+ 𝛼0
[𝑐
𝛿𝑎

𝑏]
 + 𝛼𝜊𝐶

[𝑏𝛿𝑎
𝑐]

= 0 ;  

𝐴𝑎𝑐𝑑
𝑏  − 𝛼𝑎[𝑐𝛿𝑑]

𝑏  + 𝛼𝑎𝛼[𝑑𝛿𝑐]
𝑏 + 𝛼[𝑑𝑐]𝛿𝑎

𝑏   = 0 ;

𝐴𝑎𝑐0
𝑏  + 𝛼𝑎0 𝛿𝑐

𝑏 + 𝛼𝑎 𝛼𝜊𝛿𝑐
𝑏 − 𝛼𝑐0 𝛿𝑎

𝑏 − 𝛼𝑐 𝛼𝜊 𝛿𝑎
𝑏 + 𝛼0𝑐 𝛿𝑎

𝑏 − 𝛼𝜊𝐶𝑐𝛿𝑎
𝑏  = 0  .   ]

 
 
 
 
 
 
 

                       

(3.6)    

From equations (3.5) and (3.6), we get: 

 −𝐴𝑏𝑐0
𝑎𝑑 + 𝛼0𝑐

𝑑 𝛿𝑏
𝑎  = 0  and  𝐴𝑏𝑐0

𝑎𝑑 + 𝛼0𝑐
𝑑 𝛿𝑎

𝑏 = 0. Then  𝐴𝑏𝑐0
𝑎𝑑 = 𝛼0𝑐

𝑑 = 0. So, the results attained. ∎ 

 

5. Conclusion 

This study established that the locally conformal  𝐶12 −manifolds have a characterizing identity 

different from all other identities of the famous classes that discussed up to now. Also, the Cartan's 

structure equations of first and second groups to the locally conformal  𝐶12 −manifolds have 

rigidity that caused most researchers to avoided the study in this class. So, this article simplified 

that problem and we exhort the researchers to investigate these manifolds based on the results in 

this study.  
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 𝑪𝟏𝟐  -هندسة التحويل الكنفورمي المحلي للمنطويات 

 غفران يعقوب يوسف ، محمد يوسف عباس

 قسم الرياضيات / كلية العلوم / جامعة البصرة

 البصرة / العراق 

 

 

   صلخالمست

حيث ان هذه المعالجة انتجت المتطابقة المميزة لهذه الفئة.    𝐶12  -هذا البحث يتعامل مع فئة التحويل الكنفورمي المحلي للمنطويات  

بالإضافة فان المجموعة الأولى من معادلات كارتان التركيبية قد تم تحديدها بعد ان تم تحديد مركبات تناسر كريجنكا على البنية  

–  G    للمنطويات  المصاحبة للتحويل الكنفورمي المحلي-  𝐶12  للتحويل  . اخيراً فان المجموعة الثانية من معادلات كارتان التركيبية

 ايضاً تم استنتاجها.    𝐶12  -الكنفورمي المحلي للمنطويات 

 

 ، التحويل الكنفورمي المحلي للبنية التلامسية التقريبية ، معادلات كارتان التركيبية.  𝐶12  -المنطوي  الكلمات المفتاحية:
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