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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 C;,. This class investigated by more than
one author. For instance, Bouzir et al. [10] studied the class C;,, when the dimension is 3. Abass
and Al-Zamil [2] discussed the geometry of Weyl tensor on C;, —manifolds. Moreover, some
extension of the aforementioned class established. As an example of this extension is the class
Cs®C;, 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 C;, —manifolds
characterized and in the last section, Cartan's structure equations of locally conformal

C;, —manifolds determined.
1. Preliminaries

Let M™ be a smooth n —topological manifold and let X(M) be Lie algebra of smooth vector fields
over M™.

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 x G to G, usually denoted by (X,Y) — [X,Y],
that satisfies the following properties forall X,Y,Z € G :

() 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]
(if) Antisymmetry: [X,Y] = —[Y, X].
(iii) Jacobi identity: [X,[Y,Z]] + [z, [X, Y]] + [V, [Z X]] = 0.
Definition 2.1. [1] An ACR- manifold is a Riemannian manifold (M?"*1, g =(.,.)) with
structure (n, ¢, @) consist of 1-form n, a vector field ¢ and a tensor field @ of type (1, 1) satisfies

the following:

1) n@=1;
2) ¢()=0;
3) Ned=0;

4) P?=-id+n®¢;
5) (®X, dY) = (X,Y) —n(X)n(Y); VX, Y € X(M).

Notation. The symbol A(M) is Grassmann algebra and equal to @;Z, A,-(M), where A,.(M) is
the algebra of differential » —forms over M.

Theorem 2.1. [17] If M™ is a smooth n —topological manifold then there exists a unique operator
d: A(M) — A(M) satisfies the following properties:

1. d is linear over R.

2. d(A (M) € Ay (M).

3. d(w, Awy) =dw, Aw, + (—D* w; Adw, ; where w; € A,(M);  w, € A;(M).

4, d*=dod=0.

5. df(X)=X(f); VfFeEC®(M) & VX E€EXM).

Now, the associated G-structure method that mentioned in [14] can be introduced here and it
summarized as follows:
Suppose that { &,e; ,e,,...,e,,€7,€5,...,e5 } is an orthonormal basis of vector fields over an

ACR-manifolds (M?"*1, & n,®, g), where d=a+n; a=1,2,..,n. S0, a new basis
{¢ 1,65, .. , 61,671,853, ..., & } introduced, such that e, = \/%(ea —v-1 @ea) ;&g = \/%(ea +

V-1 cDea). Therefore, on associated G-structure the tensors g and @& are written as follow

respectively [20]:
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1 0 0 0 0 0
0 I, O 0 0 —-11I,
where I, is the identity matrix of rank n.
On the other side, the six structure tensors on ACR-manifold (M?"*1, &, n,®, g) which are

determined in Abood and Abass [6] as follow:
B(X,Y) = —%{qb 0 Vp2y (D) (P2X) + @ 0 Vypy (@) (DX) + D? 0 Vg (D) (P2 X)
—P2 0 Vg (@) (@X)};

CXY) = =2 {=@ 0 Vyay () (D2X) + D 0 Vgy () (PX) + D? 0 Vg (@) (92X)
+02 0 Vyoy (@) (0X)};
D(X) = {20 0 Vpy (9)§ — 202 0 Vg (9)§ — @ o Ve (@)(@2X) + D2 o V(0 (@X)};
E(X) = =5 {® o Vyoy (®)E + D2 0 Vyy ()E};
F(X) = 2{® 0 Vpay (9)E — D 0 Vg (0)};
G =P o Ve (D)E.

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

Dondukova [14] respectively as follow:

' V=1 q NES
1 B :{ J'lk}; Bl%lc =BY = _T(pg,c ; Bpe = Bap’ :T(plc)l,é )
' V=1 5 NET
2. C={ jlk}; CgézcabC:qug,é ; CRL = abC:_T(ch)l,c . So,
Babe = calbel Bapbe = Cajpe) s

3. D ={0f}5 Df =B =V=1(0F; =3 9f,)
DazB :—\/—1(@6 _ld)d ) .
b ab 0b — 5 *¥b,o) >
4. E={E'}; Ef =B% =V=10%, ; Ef =B," = V=10 ;
5. F={F'}; Ff=F®%=vV-100;; Ff=Fy =—V-1®3, .So,
C® =Fl s Cop = Flan ;

6. G={G'}; G*=C=—V-1d3,; G,=C,=V-10], .

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 16
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



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

G.Y Yusufand M.Y. Abass Bas ] Sci 40(1) (2023)13-30

Suppose that {w°® = w, 0!, ..., ®", Wy, ..., w,}isaset of 1 —forms which are dual of the set
{& 1,60, .. ,€n, 67,85, ..., & } 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 (M?"+1, &, n,®, g) are given by
1) dw®=-0%Aw?+ B, wAw, +B*®w, Aw, + B%w Ao’ +BPwAw, ;
2) dwg =602 Awp + Byt we AwP + Bgpe w? Aw€ + BPwoAwy + By w Aw?
3) dw = Cpe W’ N+ CP¢ wp Aw,+ CL w* ANwp +Cp w Aw? +C° wAw,,

where 62 are components of Riemannian connection V and C? = B? . — B, ?.

Definition 2.2. [16] Let (M?"*1, &,n,®,g) be an ACR-manifold. A conformal change of the
ACR-structure on M?"*1 is a change of the form:

b=0, {=e%¢ , fi=en , G=elg
where « is a smooth function on M. So, (5, 1, g) is called a locally conformal ACR-structure

related to ACR-manifold (M?2"+1, &,n,®, g).

2. The locally conformal €, —structures

In this section, we discussed the ACR-manifold (M?"*1, &, 1, ®, g) that its locally conformal
ACR-manifold (M?"*1,&,&,7, §) is of class C;, .
Theorem 3.1. If (M?**1, &1, ®, g) is a locally conformal C;, —manifold, then it satisfies the

following identity:
V(@)Y = —g(X,®Y) a” + g(X, V)P (a?) + da(®Y)X — da(Y)DX

—nO{n) [@(Ve &) + P(a®)] + g(Ve &, DY)E +g(a*, dY)E Y.

Proof. Suppose that (M?"*1, & n, ®, g) is a locally conformal C;, —manifold with Levi— Civita
connection V. Then (M?"*1, & 7,®,§) is a C;, —manifold with Levi — Civita connection V,

where

—2a

E=e% |, fil=en , g=e%.

From Chinea and Gonzalez [11], a C;, —manifold (M?"*1,&,7, @, §) satisfies:
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V(@)Y = —fO{7) @(V: €) + g(V: €, 07)E}; (3.1)
forall X,Y € X(M). According to Kirichenko and Uskorev [16], V and V are related by:
Vi(@)Y = Vi (®)Y + g(X, oY) a — g(X, V)P (a®) — da(PV)X
+da(Y)PX ; (3.2)

forall X,Y € X(M), where a = grad(a). Then the substituting of equation (3.2) in (3.1),

produce the following:
V(@)Y = —g(X,®Y) a” + g(X, V)P (a?) + da(®Y)X — da(Y)DX
—e~n(X){ e~ n(N)P(V; § — 2da(§)E + g(8,¢)a”)
+e720g(Ve & —2da(§)E + g(&,8)a” , dY)e*¢ };
=—gX,®oY) a* + gX,V)®(a”) + da(®Y)X — da(Y)PX
—e~ (e n(M)[P(Veag(e®¢) ) + e**@(a™)]
+e %[g(Veag (%) ,0Y) + e2%g(a® , dY)]¢ }.
Noted that V,ag(e%¢) = e*Ve(e*¢) = e*{e*V¢€ + £(e*)E}. Thus,
Vx(@)Y = —g(X,®Y) a* + g(X, V)@ (a*) + da(®Y)X — da (V)X
—e" (X { e (V) [e2 P (V&) + e?%@(a™)]
+e %[e?*g(Vel , dY) + e?%g(a® , dY)]¢ };
=—gX,®Y) a” + gX, V)P (a”) + da(®Y)X — da(YV)DX
—nX){n) [@(Ve &) + @(a®)] + g(Ve &, @Y)E + gla®,dY)E ). n

Theorem 3.2. If (M?™*1, & n,®,g) is a locally conformal C;, —manifold, then Kirichenko's

tensorson M are given by:

(1) B(X,Y) = %{ g(@%Y , X)®?%(a*) — g(@Y , X)P(a) — da(P?X)D%Y
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—da(PX)PY };
2)C=D=F=0; and
() E(X) = —da(§)(P*X).

Proof. Suppose that (M?"*1, & n,®, g) is a locally conformal C;, —manifold with Kirichenko's
tensors B,C,...,G, and let (M?"*1,£,7,®,§) be its C;, —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) — %{ g(@2%Y, X)®2%(a*) — g(@Y, X)P(a¥) — da(®?X)(P?Y)

—da(®X)(PY) };
CX,Y)=CX,Y); DX)=e*D(X); F(X)=e*F(X);

EX) =e*EX) + da(§)(@2X)); G =e*@

N

G — <152(a#)) .
On the other hand, from [2] deducedthat B = C =D = E = F = 0. Then the results attain. m

Corollary 3.1. If (M?"*1, & n,®,g) is a locally conformal C;, —manifold, then Kirichenko's

tensors on M have the following components on associated G-structure:
(D) B = 2apq 65] ) Babc = 2al® 65] ;

(2) B¢ =B =(C* =0; Bayc=Bap =Cap =0;

) B =a, 6y B’ = a, 85,

where «; are the components of 1-form da on associated G-structure with i = 0, a, a.

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) = %{g(szY ,X)02(a®) — g(@Y , X)P(a¥) — da(P2X)D?Y

—da(PX)PY };
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= [~g . X) + nCONW)][~a* + n(a)E] - g(@Y , X)d(a®)
~{da(=X + n(0O(-Y +n(¥)§) — da(PX) DY}

Therefore, the components of B on associated G-structure are given by:
X YEe = E{ (—gjx XY +njm X Y¥)(—al +m; a'68)e; — Qi X! YED[ ale;
— (=g &' X7 +1; X7 go a*) (=68 Y¥e; + miY* 8f &)
—Qjat X LYk g 3,

where Q(X,Y) = g(X,®Y). Then
i 1 i Igi i 1gi il i1
Bj, = E{gjk a'—gpmady—nimat+njmn ady — Qpdat — g6

+g1j &' N 6 +1; Gor @' Sf — 1 Gor @' My 5 — Qyj at Df L. (3.3)

Now,weput i =a ; j=Db; k= c inequation (3.3), we get:
1
B =5 {80a® —V=160V=18§a® — 6§a’s? + 6§a™V=1 «V~16¢} = 2al*8;".

S0, By © = B* . = 2a14 64 -

Again from Theorem 3.2; item (3), we have E(X) = —da(&¢)(®?X). Then the components of E

on associated G-structure are given by:
Ef = —ao (=6f +1n; &"). (3.4)
Ifweput i =a ; j=b inequation (3.4), then we get:
B% = a,6¢ and B, =B% = a,5L. This implies that
Ct=BP.—B.? = ay6? — ay6 = 0. m

Theorem 3.3. The first clan of Cartan's structure equations of locally conformal C;, — manifold

on associated G-structure are given by:
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1) do=CowAw?+ CPwAwy;
2) dw®=—602A w® +2al% 7 WA wy + @, 6% w AP ;

3) dw? =dws = 0 A wp + 2065 W AP + a5 w A w, .

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

C;, — manifold.

Theorem 4.1. The second clan Cartan's structure equations of locally conformal C;, — manifold

on G-structure are given by:

(1) dC? + €402 = C" w4y + C% w? + Cw ;

(2) dCp — Cq O = Cpg 0 + C,* wy + Cpo w ;

(3) dOf = —02 N B2 + AP% 05 A wh + AL 05 A wy + ALy 06 A w®
+AY W Awg + A% 0 A + A% w. A wg + AP0 A w;

(4) da® = —af 0% + al 64 + al v + a* w. + a®w ;

(B) dag = a, 65+ a, 05 + af we + age W€+ agy w;

(6) day = g W€ + afw. + agow,

where P4 = (=0 ; C,% — Cra®s? + Cyat — C% + Che 82 — Cla, = 0;
Aflen =0 5 Afpeqy =05 —A3" +alSf —al? 5y =0

—A‘[lfc] - %ade‘Z + a[dCS{,l] - a[ac6ff] + a®B,% — ahahS[‘},(Sf] =0;

—Afyq0 + Qoebh + a4 Cp6G =0; —AF* + aldclsd — a“[C(Sg] - %aaBCdb =0;

—A%C — q a8 — a®8f 4+ alS — Cay,62 + a5 + ata,85 =0;

A[b|C|h] =0

ad  — Y AEbed] =0; AQGn —ad O +anidy =0;
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AL — g 687 —2a,al°6) + a 5] — ata,SL 65 + agal’s) =0;

AP0 4 5P 4 et = 0;
Abca — Ag[cBh) + a8l + @68 = 0;
Ab o+ ago 82 +ag ay8l — agy 8L — a. ay 6L + ap. 82 — a,C.82 = 0.
Proof. By acting operator d on Theorem 3.3; item 1), we obtain:
d(dw) =d?w =0;
S0, d(Chw A w? + CPw A wp) =0;

0=dCo,AwAw?+C,dwAw’—ChwAdw? +dCP Aw Awy, + CP dw A w,
—C’w A dw,, .

Also, from Theorem 3.3, we get:

0=dCo,AwAw?+C, (CLw A"+ C'"w Awp) Aw? + Cow AP A 0°

—Cpw ANadPwCAw,+ Chw ANaw’ Aw, +dCP’ Aw Awy, + CPw A a, wp A 0°
+C? (Chw A"+ C'w Awp) Aw, — CPw AOEA w, — CPw A ay w. A€ ;
0=dC, AwAw?+ CpChw A" Aw? + C,C"w Awp Aw? + Chw ABL A w°
—Cpw ANa’wAw,+ Chw ANa‘w’ Aw, +dCP Aw Awy, -C, C'w A wp A WP
+CPCMw Awp Aw, — CPwABE AN w, — CPw A ay w. A’ + CPw A, wp A€ ;

since CppCry = 3 (CyCr — CrC) = 0. S0, C1CM = 0, and we have :

0=dC,AwAw? —Ci02 Nw A WP — Chw NaPwCAw,+ Chw Aa‘w? Aw,
+dCP AwAw, +CEO2 AW A wp — CPw Ay w, A + CPw A a, wy A€ ;
0=(dC, —CibP) Aw A 0’ — Cow NaPwAw, + Chw Aa‘wl Aw,
+(dCP + CL0) Aw A wp — CPw Ay we A 0 + CPw A a, wy AwE.

But dC, — Cyq 0% = CE,01 + Cpq 0 + C,* wy + Cpp w, and
dc? + €402 = ch02 + €% wy + C8 w® + CP°w . So, we have

0= (CELO+ Chg 0+ C wg + Cpo w) A A 0P — Chw A aPw® A w,
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+Cw ANaw? Aw, + (CE"OF + CP% wy + C% w® + CP°w) Aw A w,

—Clw Aay w, A+ CPw A a, wp Aw;

0=ChoiAwA WP+ Cpg w* ANwA 0P +C2 wghw A WP —Cho ANaPw® Aw,
+Cpw AafwP Aw, +CHMOEAwA wp + CPH wiAw A wp+ Co w Aw A w,
—C’wAa, w, Nw€ +CPwAa, w, A w°;
0=CLOtNwA W+ Cpg 0t Aw A 0P+ CE"OF AW A wp + CPT wy Aw A w,
+C,  wg Aw A WP — Cha8lwag Aw A we + Chawg AwAw? —CL w Aw A w,
+Ch a8 wg A w A wP — Clapwg Aw A w? .

Thus, the above implies that:
cd =0, Ccth=0, Cpy=0 CclU=0;
Cp,* — Cras + Chat — €% + Cap 6 — C%ap = 0.
Now, from Theorem 3.3; item 2), we get:
d(w?) = d?w®* =0;
d(—0f A 0P + a%w? Awp — aPw* Awy + @y, w Aw*) =0;

0=—dof Aw? + 0 ANdw? + da® A w? Awy + a® dw? A w, — a®w? Adw,
—da’ Aw* Aw, — a? dw® Awp + aPw* Adw, + da, Aw Aw® + a, do A w®
—a, w ANdw?®.

So, according to Theorem 3.3, we get:

0=—dOf Aw? +O0F A (=02 A 0 + aPw’ Aw, — aw? Aw, + a, w A w?)
+da®*AwP? Awy + a® (02 A of + aPw’ Aw, — atw? Aw, + a, w A wP) A w,
—a®w? AN O N we + ap w Ao —a, wp A€+ a, w Awy) — dal Aw® Aw,
—al (02 N W+ a*wE Aw, — aCwP Aw, + ay w Aw*) Awy +da, Aw A w®
+alw@ A (O N w. + ap w. A — a, wp A+ @, A wy)

+ a, (Cow Aw? + CPw Awp) ANw® —a, w A (—0F A 0P + a®w? Aw),
—aPw*Awy, + a, w Aw?);

0=—dOf ANw?—02 NOP A W+ 0 AaPwC Aw, — OF Aaw? Aw. + OF A a, w A wP

+da® A w? A w,—a®82 A 0 A wy, + a®alw A w, A wp — ataw? Aw A w),
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+ ala, w Aw? Awy — atw? AN w. — aw? Aay w. Ao + ato? Aa, o, A o
—a®wP Na, w Awp — daP A w® Awy+al82 A w¢ Aw, — ala®wt A w, A w,
+alalo® Aw, Aw, — ala, w A w® Awp + aPw® AOE A w, + aPw® A, w, A ©°
—abwi Aa, wy Ao + aPw*Aa, w Awp + dag Ao Aw*+ a,Cow A wP A w®
+a,CPw A wp A wta, w AOEAN wP —a, w A a®w? Awy, + a, w AaPw® A w,
—a, WA\ a, w A w®

0=—(dOf4+0F NOS) A wP + (da® + a8%) A w? A wy, + a®a’w’ A w, A wy,

+2a%a, w? A wp A0 + ala, w A w? Aw, — (da? + a6) A w® A w,,

b b

—aba, w A w* Awp + alay, 0* A w, A 0 — ala, wt A wp A w
+days Aw Aw® + a,Cow Aw? Aw® + a,CPw A wy, A w?

Set dOg + 0% A6 = AR 05 A 6] + AZY, 65 A wh + AL 05 A wy + ASY 65 A w
+A%.q 0 AN + A W Awg + Ao 0 A w + A% W, A wy + A%Cw,. A w, and
da, = al. 05 + ap. w° + a§w, + agow .
Now, let da? + a€ 62 = a%° 64 + a? w® + a’ w, + a°w.
Notice that all coefficients added above are suitable smooth map. Then

= —(AZR 95 A O] + AL, 05 A " + AL 05 A wpy + ASS 05 A w + ALy ¢ A w?

+A%% W Awg + Ao wEAw + A% w. Awg + A%Cw, A w) A wP + a%aPwC A w, A w,
+(ad 64 + al w° + a% w, + a®’w) A w? A wy, + 2%, WP A wp A w°

+aa, w A w? Awy — (a5 62 + al w + a’ w, + a’w) A w A w,
—ala, w A w* Aw, + alay, 0 A w Ao —ala, wt A w, A 0°

+(af 65 + ape 0 + a§w, + agew) Aw Aw* + a,Chw A WP Aw® + a,CPw A wy A 0®
0=—ALROEAG] A WP — AL S AW A WP — AL S A wy A WP — AK B Aw A WP

acd
— Ab

—Afyeq) @€ A w? A w? A[bc] W Awg A wP — Afpo 0 Aw A w? w. ANwy A 0P

—A%C0. Aw A WP + % 08 A wP Awy + al ¢ Aw? Awp + a® o, AwP Ao,
+a®w Aw? Awp + atalw’ Aw, Awy + 2a%a, 0 A wp A + ala, o Aw? A w,
—ab 08 A w® A wy — al W€ A w® Aw, — al? w, A 0w Aw, — aw A w® A w,

—ala, w Aw* Awy + alay, 0 A w, Ao —a
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+age 0 AWA W+ al w, Aw A w®* + aggw Aw Aw* + a,Cho A w? A w®
+a,CPw A wp A 0

0=—ALP 0SNG A WP — A L S A R A WP — A 0 A A WP

+(—A%9" 95 A wp A WP + a0 A SE WP A wp, — ad% 85 A S wb A wy,)

+(—AR 05 A w A WP + ald 05 A w A SFwP) + (—Afss 0 Awg A P
+alap b 0P A wg Aw + aflo 0 Aw? Awy, — al.d5 0 Aw’ Awg
—Zaaa[cc?g]wa wp N —a ah6 6 WP A wg A w€) + (A% w, A wg A WP

+al?15¢ w. A w? A wy —a“[CS w. NP Awg + a ad6 WP ANw, ANwg)

+(—AF%w. Aw A WP — a,aSE w A wP Aw, —a®Sfw Aw? Aw, +a§SE w. Aw Aw

—CCaySfw A we Aw? + a%®8fw A w? Aw, + a%ay,6f w A w? Aw,)
+(—Afygo @ AW A WP + aope b wE Aw AW + aoCpbio A w? Awt);

[ Agg}l =0 , A[blclh] 0, (bea) = 0;
—A4dh 4 ghdsa _ gad sh —¢o | — A% +ad 8t =0;
— Al — %ade‘j + af.6) — af8p + a®Byt — aap 63,65 =0;
_A([lbc]o + aO[CSf,‘] + aOC[bSCa] =0;
_Agcd + a[dc]6l()1 _ aa[c5£i] _ %achdb =0;
[ —A%C — q a8 — a8f + aldf — Cay,62 + a%°S8f + aa,6f =0 .

(3.5)

Now, from Theorem 3.3; item 3), we obtain:
d(dwy) = d*w, =0;
dO2 A wy + agwp A w? —apws Aw? + a, w Awy) =0;

0=dO2 A wp,—62 A dwy +dag Aw, A w? + agdw, A w? — azw, Adw®
—day Awy A w? — apdwg A w? + ayw, A do? +da, Ao Aw, + a,do A w,
—a, w ANdw, .
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So, again from Theorem 3.3, we have:

0=dO2 A wp,—62 A (BEN w, + ap we Aw€ —a, w, Ao + a, w A wp)

+da, Awp Aw? + ag (05 A w, + ap we Aw€ — a, wp A0+ a, wAwy) A wP
—agwp A(—=02 A 0+ aPwAw, —atw? Aw, + a, w A wP) —day A wg A wP
—a,(BEN w, + agw. A 0 — a,wg A€ + @, w Awg) Aw? +da, Aw A w,
+apwg A (=02 A 0 + aPw Aw, — aCwP Ao, + a, 0 A w?) + a,(Cow A w?
+CPw AWy ANwg —a, w A (B2 A w, + agwp A w? —apw, Aw? +a, w Awy) ;
0=dO’ A wp-02 N0 N w.— 02 Ny w. AN + 82 N, wp A€ — 02 A a, w A wy,
tdag Awy Aw? + agf A we Aw? + aga, w. A w€ AwP — aga. wp Aw€ A wb
tag a, wAwp Aw? + agw, AL A 0 — agw, AaPw Aw, + agw, A aw? A w,
—agwp A ayg w Aw? —day Awg Aw? —ap8E N w, Aw? — apa w, A w A w?
+appagwe AwE Aw? —ap ay 0 Awg Aw? — apw, ABE A 0 + apwg A aPwl A w,
—apwg AN awP? Aw, + apw, A ap w AwP +da, Aw Awg + a,Cow A w? Aw,
+a,CPw Awp Awg —ap 0 ANOE A wy, — ay, w A agwp, A w
+a, w Aaywa Aw? —a, w A a, wAwg;

0=(d2 —05NOP) A wp + (dag — a.05) A wy A WP + agay, w, A wE A wP
ta, a, wAwp Aw? = 2a,0, A aPw Aw, — (day, — a. 05) A wy A P
—ap Ay wAwg Aw? + apw, A aPw Aw, — apw, AatwP Aw, +da, Aw Aw,
+a,Cow A w? Awg + a,CPw A wy A w, .
Since d@f — 05 AOY = A2 02 A wy, + ARG, B2 A ™ + ARG, 08 A w + ABY w. A wy
+A2¢ w. A w4+ APS wo Aw + ARy wé A wt + ARy wE AW ;
da, = al. 05 + ay. 0 + aw, + agow ;
da, —a. 0f = a, 2 05 + a,f we + ape ©° + ap .
Then we get:

0= (A2 02 A wy, + AG), 02 A wh + APS0 08 A w + ABS? e A wy + ARG we A @
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+APS w. Aw + AD Ly w€ A w4+ ALy wC Aw) A wp, + agay, w, A o A wP
+(agld 05 + af we + age W€ + gy W) Awy Aw? + ag a, w A wp A wP
—2a,0p AaPwC A w, — (apt 05 + @, we + ape 0 + apew) A wg A w?
—ap ay W Awg Aw? + apw, A aPwé Aw, — apwg AaCw? Aw, + a,CPw A wy A w,

+(a(‘)‘c 05 + age w€ + afw. + ay a)) AwAwg+ a,Cow Aw? Awg ;

0 =A£lbdlclh] 0 ANwp A wp + AL, 0E A" A wy + A2, 08 Aw A wp + @y CPw A wp A wg
+AP A wy A w, +A£lbdc] we Aw? A wp + ALV N w A wy + ALy 0 A0 A ),
+Ab o wE AW A wp + gl 05 A wp AP + af we Awp AP + age 0 Awp AP
+ago w Awp Aw? + aga, w. Ao Aw? +ag a, wAw, Aw? = 2a,0, Aa’w A w,
—ap 05 A wg AP — a)f we A wg A wP — apye 0 Awg A wP — apow A w, A w?

—ap Ay WA wg AP + apw, AaPwC A w, — apwg Aafw? Aw + al. 05N 0 A w,
+ooe AW A WG + a5 W AW AWy + gy W AW AWg + ayChw A wP Awg;

0= (455, 02 A" A wp — agf8F 0 A" A wp + ap 8L 02 A " A w))
+Ab|c|h 03 Nwp A wp + (A5 0 Aw A wp + a§qS2 03 A w A wy)
+(Albe od Vo, A wd A a)b—aa[C(?g] a)c/\a)d/\a)b—Zaaa[c(Sg]wc/\wd/\wb
+ad[c62] we AN wt A wy, — ahahSC[le?a)c Awt Awy + agal©sPw, Aw Aw))
+(A£boc]wc/\w/\ wb+a 52 e Aw A wp + a,C1PSE a)c/\a)/\a)b)
+(Abeg @ AW A @) — tgbg) 0 AW A wp, + A 8Jw° At A w,

+a[4c68 0 AW Awp )+ (Ao WEAD A @y + Ay 82 WA w A wy
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ta, ay8L WA wAwy — g 8L WEA wAwy — a, a, 52 wEA wAwp,

[bed]

o 62 WA W Awp — ayCeBl WA wAwp ) + A we Awg A wy;

AZflj;l =0 ’ A%dh] 0, A[led] —0;
Aadh — QudOp +anda =0, AGp +agesi =0;
Agde] - aa 6(1 - 26¥a06[c52] + ad[c&l;] - ahahSC[lb(S;] + ada[cé'g] =0;
AElbOC] + a([chg] +a,Cb5) =
Abeq — aa[c5§] + aaa[d6£] + a6l =0;
| AL o + ago 02 + ag ap8P — o 82 — a, a, 8L + ape 62 — a,C.82 =0 .

(3.6)

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

—A% + qd.6% =0 and A%, + ad.82 = 0. Then A%, = af, = 0. So, the results attained. m

5. Conclusion

This study established that the locally conformal C;, —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 C;, —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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