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ABSTRACTIn this research, the geometrical properties of one of the almost Hermation manifold classes have
been studied. In particular, we study generalized conharmonic curvature tensor ( GC curvature tensor) in
some aspects Hermeation manifold (AH — manifold) in particular Of the Locally Conformal Kahler manifold
W, (LCK- manifold) .The main results of this study are stated below:-

1) Proved that this tensor possesses the classical symmetry properties of the Riemannian curvature .

2) Computing components of generalized conharmonic curvature tensor ( GC curvature tensor) in LCK-
manifold W, .

3) Got some results and establish relationships between the components of the tensor in this manifold.

KEYWORDSGeneralized conharmonic curvature tensor, Locally Conformal Kahler Manifold.

1- Introduction
One of the representative work of differential geometry is an almost Hermititian structure , and conformal
transformations of Riemannien structures are the very significant object of study differential geometry,which is
keeping the property of smooth harmonic function.It is known,that such transformations have tensor in variant
so-called generalized conharmonic curvature tensor. In 1957Y. Ishi[7] has studied conharmonic transformation
which is a conformal transformation.
In 1975 a great change was made on these studies by The Russian researcher Kirichenko found an interesting
method to study the different classes of almost Hermitian manifold , Kirichenko studied the almost Hermitian
manifold by adjoined G-structure space in particular, he defined two tensors which were the structure and virtual
tensors [8]. These tensors helped him to find the structure group of almost Hermitian manifold. In 1993,
Banaru[2] succed in re- classifying the sixteen classes of almost Hermitian manifold by using the structure and
Virtual tensors, which were named Kirichenko's tensors [9].
In 2018 [15]Ali A.Shihab and Dhabia’a M. Ali were studied conharmonic curvature tensor of nearly Kahler
manifold. In 2019 [1]Ali A.Shihab and MaathAbduallah MohammedAbd were studied some Aspects of the
geometry for conharmonic curvature tensor of of Locally Conformal Kahler manifold .In 2019 [14]Ali
A.Shihab and Abdulhadi Ahmed Abd were studied generalized conharmonic curvature tensor of Vaisman —Gray
manifold.
In this paper we have studied the generalized conharmonic curvature tensor of Locally Conformal Kahler
manifold.
2- Preliminaries

let M be smooth manifold of dimension 2n, C*(M) is algebra of smooth function on M; X(M) is the module
of smooth vector fields on manifold of M; g= <., > isRiemanian metrics, V is Riemannian connection of the
metrics g on M;d is the operator of exterior differentiation. In the further all manifold, Tensor field, etc. objects
are assumed smooth a class C*(M). generalized conharmonic curvature tensor was introducerd will be
Reminded G.Gan(1978) [5]. as a tensor of type (4, 0) on n-dimensional Riemannian manifold . An AH -
manifold is called a locally conformal Kahler manifold , if foreach point m € M there exist an open
neighborhood U of this point and there exists f€ C®(M) such that U, is Kahler manifold [6] . We
willdenoted to the locally conformal Kahler manifold by L.C.K.
Definition 1: [6]
An AH- manifold M is called a locally conformal Kahler manifold, if for each point m € M there exists an open
neighborhood U of this point and there existsf € C*(U) such that U ¢is Kahler manifold .
Remark2:
We shall denoted to the locally conformal Kahler manifold by L.c.k-manifold.
Remark 3: [3]
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1)From the Banaru's classification of AH-manifold, the class locally conformal Kahler manifold statistics the
following conditions :
Babc =0 Bab =la Sb]
) C C
2)The value of Riemannian metric is g define bythe form:
1) gab = gab = 0
2) gab = &,
3) gab = &2
The structure equation of L.c.k manifoldprovide by the following theorem.
Theorem 4 : [12]
The collection of the structure equation of L.c.K-manifold in the adjoint G-structure space has the following
forms:
1)dw? = w AwP + BPw A wy,
2) dw, = —w? A wy, + BS,wA wP
3)dwyp = wg‘ AwE + AMWeA wy + {% ocale SS] + % oc.aoc[c 53]}wcAwd
Where {w'} are the components of mixture form , {w;} are the components of Rimannian connection of metric g
and {A29} are system function in the adjoint G-structure space .
Theorem 5: [12]
The component of the Riemannian curvature tensor of L.c.K-manifold in the adjoint G-structure space are
given as the following forms:
1) Rabcd =0
2) Rabed = 0
3) Rabed = ocye 85+ o, o 8
~ 1

4) Rabed = — o, 83] —5 %a X 83]
6) Rabed = ocp, . 85 — o, 8p) <, 8
7)Rabed = —2 o2 8]
8)Rabed = 2 5 5;)
9)Rabed = ALG —oc® 85 o<, 8,
10)Rabed = A3 —oc® 87 ocp, 88
11) Rabed = —ABS +«!" 87 o, 85
12)Rabed = —A%d +oc® 8¢ o<, 8

Al _ [alc| ¢b] [a ¢b] [h oc]
13)Rabed = —oc' 5, +oc'® 87 o &
14)Rabed = —oc®? 8% 4o 521 o 57
15)Rabed =oc?l® 631 + 2 ocaecl® 5

2
16)Rabed = —oc®l® 87 — 2 ocaecl® 501
2

Definition (4):[10]
A tensor of type (2,0) which is defined as
ri]- = Rl;]k = gklei]'] is called
Theorem 6 :

The component of Ricci tensor of L.c.K-manifold in the adjoint G-structure space are given by the following
forms:

_ a 1 a [
1) rab = ¢ , 8¢, + 5 X € o, 8+ 1y 8

alc

h b
— 83 & 64

2) rab = —2 o [; 8% — A% + o* &) oc 8
3) rab=AP —« 6 oc |, 55 + 2 ol? 57
4) rab = —oc P82 4 ol 57 o 52 — P 5
1
-5« ol® 8
Proof :

By Using the theorem (3) and definition (4) we have:
Dput i =a,j =b we obtain
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rab = Rl;bk
= RS, +RE,: = Réabc + Rcabé

1
h
e, SC] + 7 XK, Sﬁ] + K| ag] — e 831 X Sﬁ]
2) put i =34,j=b we obtain

rab = R¥,
= R, + R§,: = Réabc + Rcabé
= —2 o, 87 — A +ecl® 8] o 5
3)put i =a,j =b we obtain

rab = Rl;Bk
=R + R;bA = Reéabc + Rcab¢
= AD—odl® 8 ocy, 8 o, 8 + 2 exc 85
4d)puti=3a,j=Db we obtam

rab = ngﬁk

= RS = Réabe + Rcabe

abc

+ RS

abe
1
= —ocl€Pl 5314 olle 2 ol 5% 2 el 5] s ol ¢

Definition 7:
A generalized Riemannian Curvature tensor on AH- manifold M is a tensor of type (4.0) which is defined as
following form:

1
(GR(X,Y,Z, W) = T {3 [RX,Y,Z, W) +R(JX,]JY,Z, W)
+R(X,Y,JZ,JW) + R (JX,JY,]JZ,JW)] — R(X, Z,JW,]Y) — R(X,JZ,W,Y) — R(X,W,]Y,]Z)
— R(UX,JW,Y,Z) +R(X,ZJW,Y) + R(X,JZ W,]Y) + R(X,W,Y,]Z) + R(X,JW,]Y,Z)]
where R(X, Y, Z, W)is Riemannian curvature tensor.
(X,Y,Z,W) € Tp (M) and satisfies the following properties :
1) (GRY(X, Y, Z,W) = =(GR)(Y, X, Z, W)
2) GR)(X,Y,Z,W) = —(GR)(X, Y, W, Z)
3) (GR)(X,Y,Z,W) = (GR)(Z,W,X,Y)
4) (GR)(X,Y,Z,W) + (GR)(X,Z,W,Y) + (GR)YX,W,Y,Z) = 0
Consider this equation in the adjoined G-structure space we obtain:
1 - ~ o an - “
(GR) abcd :E{g [Rabcd + Rabed + Rabtd + Rabéd] — Racdb — Racdb — Radb¢ — Radbc
+ Racdb + Racdb + Radb¢ + Radbc}
Theorem8:
The components of the generalized Riemannian curvature tensor of L.c.k-manifold in the adjoint G-structure
space are given at the following forms:
1)(GR)abcd = (GR)abcd = (GR)abcd = (GR)abéd =
(GR)abecd = (GR)abed =0
2) (GR)abed = A3 — ol 8 oy, 85 — = ocf3 5
3) (GR)abcd = - A4 -~ ["‘5 o, 88, —-oc{b 53
Proof:
DFor i=a, j=b,k=c and | = d we obtain

1
(GR)abcd = Te {3[ Rabcd — Rabcd — Rabed + Rabced] +

Racdb + Racdb + Radbc + Radbc — Racdb — Racdb — Radbc — Radbc }
(GR)abcd = 0
2)For i=3, j=Db,k = c and1 = d we obtain
1
(GR)abcd = Te {3[ Rabcd + Rabcd — Rabed — Rabed] +
Racdb — Racdb + Radbc — Radbc + Racdb — Racdb + Radbc — Radbc }
(GR)abcd = 0
3)Fori=a, j= b,k = c and1 = d we obtain
- 1 - - - ~
(GRyabed = —— {3[ Rabcd + Rabcd — Rabed — Rabed] —
Racdb + Racdb — Radbc + Radbc + Racdb — Radbc + Radbc }
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(GR)abcd = 0
4)For i=a, j=Db,k=2¢ andl = d we obtain
1
(GR)abtd = 16 {3[ Rabcd — Rab¢d + Rabéd — Rabtd] +
Raédb — Racdb — Radbt¢ + Radbc — Racdb + Racdb + Radb¢ — Radbt }
(GR)abcd = 0
5)For i=a, j=b,k=c and] = d we obtain
" 1 ~ " “ ~
(GRyabed = —— {3[ Rabcd — Rabcd + Rabcd — Rabed] —
Racdb + Racdb + Radbc — Radbc + Racdb — Racdb — Radbc + Radbc }
(GR)abcd = 0
6) Fori=3a, j= b,k = ¢ and 1 = d we obtain
- 1 - - - ~
(GRyabed == {3[ Rabcd — Rabcd — Rabed + Rabed] —
Racdb — Racdb — Radbc — Radbc + Racdb + Racdb + Radbc + Radbce }
(GR)abed = 0
7)For i=3, j=b,k=¢ and1 = d we obtain
1
(GR)abcd = 16 {3[ Rabtd + Rabcd + Rabed + Rabed] +
Racdb + Racdb — Radbt + Radbc + Racdb + Racdb — Radbt — Radbt }
1
(GR)abtd = 16 [12 Rabed + 4 Racdb — 4Radbc]
1
=2 [3 Rabed + Ratdb — Radbc]

1 h h
= Z{3 ac—3 «@ Sd] o, 85y — 2 oG SE]] —A2e -l Sb] o 85}

[
[
1
- Z{3A%Cd — 3« 83] o 85— 2 oc{g Sf)]] — A2 — ol 83] o 8513
1 h
=S (AL — 4 ocl? 8 ocyy 85 — 2 o<l 853
1
h
8)Fori=3a, j=b,k=candl= d we obtain

.1 . . . .
(GRyabed = {3[ Rabcd + Rabced + Rabed + Rabed] —
Racdb — Racdb + Radbc + Radbc — Racdb + Radbc + Radbce }
L1 . . . 1 . . .
(GRyabed = [12Rabcd + 4Radbc — 4Racdb| = 2 [3Rabcd + Radbc — Racdb|
= B3AY =3 8 oy 8 — 2 o) 85 — ARG — o &) oy 55}
1 h d h
= Z{3A%Cd — 3ol 8l ocp, 85 — 2 ocﬁ‘) 8C]] — A28y o g o 85}
1
= Z{3A‘;‘)% — 3« M o, 8 — 2 ocﬁ’; 82]] +A2d 4 o 87 o 85y}

~ 1
(GR)abed = - (2438 -2 ol 8 ocyy 88 — 2 oclp 8]
1 1 b 1 d
Definition 9: [15]
A tensor of type (2,0) which is defined as r(GR);; = (GR)}}k is called a generalized Ricci tensor .
Theorem 10:
The components of the generalized Ricci tensor of L.c.k-manifold in the adjoint G-structure space are given as
the following forms:
1) r(GR)ab=0
2) r(GR)ab = 0
3) r(GR)ab = A2f — ol 801 o<, 85+ ol 6
Proof
By Using theorem (8) we and definition (9) we can get the components of generalized Ricci tensor as follows:
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Dput i =a,j =b we obtain
r(GR)ab = (GR)X,,
= (GR)gpe + (GR)Spe
= (GR)Cabc + (GR)cabt
r(GR)ab=0+0=0
2) put i =3,j=b we obtain
r(GR)ab = R,

= R¢abc + Rcab
r(GR)ab=04+0=0
3)put i=3,j =b we obtain
r(GR)ab = R¥,
- RAbc + Rabc
= R¢abc + Rcabc
1
h
= A% —od? 81 oy 85 oy 8 — 5 oy 8

Definition11: [1]

Let (M,],g) is a AH- manifold . The conharmonic curvature of the L.C.K-manifold M of type (4.0) which is
defined as following form:

Cijkl = Rijkl — ( ! D [rilgjk — rjkgil — rikgjl]

Where r,R and g are respectively Ricci tensor, Riemannian curvature tensor and Riemannian metric .
Theorem 12: [1]

The components of the conharmonic tensor of the L.c.k-manifold is given by the following forms:

1) Cabcd = Rabcd

2) Cabcd = Rabced

3) Cabcd = Rabed

4) Cabtd = Rabtd

5) Cabcd = Rabed

6) Cabéd = Rabtd

7) Cabed = Rabed

8) Cabcd = {:85]]
sl
[dszi]
And the other are conjugate of them .
Definition 13:

Let (M, ], g) is a AH- manifold . The generalized conharmonic curvature of the L.C.K-manifold M of type (4.0)
which is defined as following form:
(GO)ijkl = (GR)ijkl

“Im-D ! D [r(GR)ilgjk — r(GR)jlgik + r(GR)jkgil — r(GR)ikgjl]
Where (GR)is the generalized Riemannian curvature tensor,r(GR) is the generalized Ricci tensor and g is
Riemannian metric .
Proposition 14:
The generalized conharmoniccurvature of the L.C.K-manifold satisfies all the properties the algebraic :
1) (GO(X,Y,Z,W) = —(GO)(Y,X,Z, W)
2) (GOXY,Z,W) = -(GOX, Y, W,Z)
3) (GO Y, Z,W) = (GC)(Z,W,X,Y)
4) (GO, Y, Z,W) + (GOX,Z,W,Y) + (GOYX,W,Y,Z) =0

X, Y,Z,W € X(M)

Proof We shall prove just (1)
(GO)(X,Y,Z,W) = (GR)(X,Y,Z, W)

1
+r(GR)(Y Z)g(X,W) — r(GR)(X, Z)g(Y,W)]
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=—-(GOXY,ZW) + 2(n1— ) [r(GR)(X, W)g(Y,Z) — r(GR)(Y,W)g(X, Z) + r(GR)(Y, Z)g(X, W)

—r(GR)(X, Z)g(Y,W)]
= —(GO)(Y,X,Z, W)
The fallowing properties are similarity proved.
Theorem 15: [1]
The components of the generalized conharmonic curvature tensor of the L.c.k-manifold in the adjoint G-
structure are given as the following form:
1)(GC)abed = (GC)abed = (GC)abed = (GC)abed = (GC)abed = 0

AR -1 b b
2)(GC)abed = —[r(GR) 1350 +r(GR)  [83)]

ALAT alag 1L [a ¢c]
3)(GC)abed = (GC)abed oD [r(GR) d’db]
4)(GC)abed =

[
acd
5
Proof: By the theorem (8) and definition (13)we can get components of generalized conharmonic curvature
tensor as follows:

Dput i=a, j=b ,k=candl = dwe obtain

(GC)abcd = (GC)abcd — ﬁ [r(GC)adgbc — r(GC)bdgac + r(GC)bcgad — r(GC)acgbd]
1

=0- 20-1) [(0)(0) — (0)(0) + (0)(0) — (0)(0)]

(GC)abcd =0

2)puti=3a, j=b ,k=candl = d we obtain

(GC)abcd = (GC)abcd — ﬁ [r(GC)adgbc — r(GC)bdgac + r(GC)bcgad — r(GC)acgbd]
“2m-D ! D [r(GC)ad(0) — (0)82 + (0)83 — r(GC)ac(0)]
(GO)abcd =0

3)puti=a, j=b ,k=candl = dwe obtain

(GC)abced = (GC)abed — ( ! ) ———[r(GC)adgbc — r(GC)bdgac + r(GC)bcgad — r(GC)acgbd]
1 -

=0- IO [(0)82 — (0)82 + r(GC)bc(0) — (0)85]

(GC)abed = 0

4)put i=a, j=b ,k==Candl = d we obtain

(GC)abtd = (GC)abed — ( ! ) [r(GC)adgbt — r(GC)bdgat + r(GC)btgad — r(GC)acgbd]
=0- 20-1) ! - [(0)8 — (0)65 + r(GC)be(0) — r(GC)at(0)]
(GC)abtd =0

5)puti=a, j=b ,k=candl = dwe obtain

1 ~ - ~ -
(GC)abced = (GC)abed — r(GC)adgbc — r(GC)bdgac + r(GC)bcgad — r(GC)acgbd
2(n-1)

1
=0-> D [r(GC)ad(0) — r(GC)bd(0) + (0)8¢ — (0)87]
(GC)abed = 0
6)put i=4, j=b ,k=candl = dwe obtain

~ 1 - - - -

(GC)abcd = (GC)abed m [r(GC)adgbc — r(GC)bdgac + r(GC)bcgad — r(GC)acgbd]

1
— [a ¢b] [bga] [b ca] [a gb]
=0-50-p [rGR) [380 - r(GR) [56% +r(GR) 1283 —r(GR) [285]]

-1
=G5 0CR 150 +1(GR)  [783)

7)puti=3a, j=b ,k==¢and] = dwe obtain

1
(GO)abed = (GC)abed — 5 [(GC)adght — r(GC)bdgat + r(GC)begad — r(GC)acgbd]
= (GOyabed — 5 [r(GR) 60 — (0)(0) +r(GR) [o83 — (0)(0)]
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= (GC)abed — ﬁ [r(GR) [38) +r(GR) [63)]
= (GO)abed — =5 [r(GR) Boe]
8)puti=a, j=b ,k=candl = dwe obtain
(GC)abced ==(GC)ﬁbca——Ezﬁirij[r(GC)ﬁagbc-—r(GC)bagﬁcﬁ—r(GC)bcgﬁa-—r(GC)ﬁcgba]
= (GO)abed — 5 [(0)(0) —r(GR) [382 + (0)(0) — r(GR) {gsg}]
= (GO)abed + 5 [r(GR) 82l +r(GR) {gsgﬂ
= (GC)abcd + (ni 5 [F(GR) [8y1]

Definition 16: [8]

The set of tensor of type (r,1), linear or an linear in its argument and the sum of the components in the tensor T

is called the spectrum of the tensor T, and the tensors themselves are culled elements of the spectrum.

Properties 17:

By definition of a spectrum tensor

(GOX YVZ = (GO (X, VZ + (GC); (X, Y)Z + (GC),(X,VZ + (GC)3(X,V)Z + (GC),(X, Y)Z + (GC)s(X, Y)Z
+ (GO)e(X, Y)Z + (GC), (X, Y)Z

Tensor (GC),(X, Y)Z as non-Zero the components can have only components of the form

{(GQopeq » (GQogea} = {(GOfea » (GOiea}
Tensor (GC), (X, Y)Z components of the form
{(GO)1pg, (GO)1peq} = (GO} g (GCgeq)
Tensor (GC),(X,Y)Z components of the form

{(GQzpaq » (GO 255} = {(GO)ea » (GOE g}
Tensor (GC)3(X,Y)Z components of the form

{(GO) 35y » (GQ)3peg} = {(GOy (GO g)
Tensor (GC),(X,Y)Z components of the form

{(GQapeq» (GOapey} = {(GOg, (GO o}
Tensor (GC)s (X, Y)Zcomponents of the form

{(GOspeg » (GOsmeq} = {(GOLeg » (GOea}
Tensor (GC)¢(X, Y)Zcomponents of the form

{(GQ6feq » (GOspeg} = (GO, (GO 5}
Tensor (GC), (X, Y)Zcomponents of the form

{(GC)7%ea ’ (GC)72Cd} = {(GC)%ea ’ (Gc)la:ucd}
Tensor (GC), = (GC)o (X, Y)Z, (GC); = (GC);(X,Y)Z ... ... (GC), = (GC), (X, Y)Z
we shall name the basic invariants Con harmonic
L.c.k-manifold.
Definition18:
L.c.k-manifold for which (GC); = 0 is calld
L.c.k-manifold of class (GC)i,vi=0,1,..,7
Theorem 19:
1)L.c.k-manifold of class (GC), characterized by identity
GOXK YVZ - (GOXINIZ - (GOJX, V]Z — (GOUXIZ — J(GO)X, Y)JZ — J(GCY(X, Y)Z
- J(GOJX,VIZ+ J(GOJX,JY)Z =0
i XY, Z € X(M)
2) L.c.k-manifold of class (GC), characterized by identity
(GOXKYVZ+ (GOXINIZ — (GOJX, V)JZ + (GO)(JX,JV)Z + J(GO(X, Y)JZ — J(GO) (X, JY)Z
— J(GOUXNZ - J(GOJX,IVIZ =0; XY, Z € X(M)
3) L.c.k-manifold of class (GC), characterized by identity
(GOXKYVZ - (GOXINIZ + (GOJX, VJZ + (GO(JXIVZ — J(GOX, V)JZ — J(GO)(X,JY)Z
+ J(GOUX, V)Z — J(GOJX,IVZ =0; X,Y,Z € X(M)
4) L.c.k-manifold of class (GC)5 characterized by identity
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GOEXYZ+ (GOXINIZ+ (GOUX,NIZ — (GOJXIZ — J(GOX V)Z + J(GO(X,JY)Z
+ J(GOJXVZ + J(GOUXINIZ=0
; X,Y,Z € X(M)
5) L.c.k-manifold of class (GC), characterized by identity
GO YZ+ (GOXINIZ+ (GOUX,NIZ — (GOYJX IVZ+ J(GOX V)Z - J(GO(X,JY)Z
= JGOJX,VZ - J(GOJXIVJZ=0; XY, Z € X(M)
6) L.c.k-manifold of class (GC)s characterized by identity
(GOEXYZ - (GO INIZ + (GOJX, NIZ + (GOY(X,JVZ + J(GOX, Y)IZ + J(GO(X,JY)Z
— J(GOUX,YV)Z + J(GOUXINJZ=0; X, Y,Z € X(M)
7) L.c.k-manifold of class (GC)¢ characterized by identity
GOXVNZ+ (GOXK INIZ — (GOUXNIZ + (GOUX,JVZ + J(GO)(X, Y)JZ — J(GO (X, JY)Z
+ J(GOJX,VZ+ J(GOJX,INJZ=0; X,Y,Z € X(M)
8) L.c.k-manifold of class (GC), characterized by identity
GOEXY)Z - (GOX INIZ = (GOUXIZ — (GOUXIVZ + J(GO)X VIZ + J(GO(X,JY)Z
+ J(GOJX, V)Z — J(GO(UX,JV)JZ=0; X,Y,Z € X(M)
Proof :
The manifold of class (GC), is characterized by a condition
(GC)gabced = 0 or(GC)abced = 0,
i.e [(GC)(ec,ed)eb] aca=0
As o -aprojector on D}/‘_l that
a®{(GC)(HR)(0X,0Y)o Z} = 0 ,i.e(id — V=1)){(GO)(X — V=1JX, Y = V=1JY)(Z - V-1)Z)} = 0
Removing the torackets we shall receive
(GOX YVZ - (GOXINIZ — (GOJX, Y)]Z — (GO(JX,JVZ - J(GOX, V)IZ — J(GOX,JY)Z —
J(GOY(JX,NZ + J(GO (X, INIZ = V-1{(GO KX VZ + (GO)(X,INZ + (GO(X,VZ — (GO(X,JV)]Z} -
{J(GOX VZ - J(GO)X,IVIZ — J(GOJX, VIZ = J(GOY(JX,JY)Z} =0 ,ie
DGOX NZ - (GO INIZ — (GOJX VIZ — (GOJX IVZ - J(GO X, V)Z - J(GOX,JVZ —
J(GOJX, VZ + J(GO(JX,IN]Z =0
Thus, L.c.k-manifold of class (GC), are characterized by identity
2)(GOX,VJZ + (GO, JVZ + (GOUX, YZ — (GOUXINIZ + J(GO(X, Y)Z - J(GO)(X, JV)]Z —
J(GOYJX, V)JZ - J(GO(JX,JY)Z =0 ,X,Y,Z € X(M)
These equality are equivalent, the second equality
turns out from the first replacement Z on JZ
GOEXYZ - (GOXINIZ = (GOUX,NIZ — (GOY(JX,JYZ - J(GO(X, V)JZ — J(GOY (X, ]Y)Z
— J(GO)JX, Y)Z + J(GO) (X, JNJZ = 0 ,X, Y, Z € X(M)
Similarly, considering L.c.k-manifold of class
(GO)y, ... ... (GC),
Theorem20:
The following inclusion relation have been found:
1)(GC)o = (GC)5
2)(GC); = (GO),
3)(GC)4 = (GC),
4)(GC)s = (GC)
proof
we shall prove (1)
(GO = (GO Y)Z - (GOX INIZ — (GOUX, VIZ — (GOUXJY)Z — J(GC)(X, V]Z — J(GC)(X, JY)Z
— J(GOJX,VNZ + J(GO X, IVIZ .. v evv e (1)
(GO = (GOX YV)Z — (GO)(X, —V-1]Y)(—V-1)]Z — (GCO)(—V-1JX,Y)(—V-1)]Z
— (GO)(—V-1JX, —V-1JY)Z — (—V-DJ(GO) (X, V) (—V-1)]Z
— (—V=DJGO)(X, —V-1JY)Z — (—V-1) J(GCO)(—V-1JX,Y)Z
+ (—V=DJGO) (—V-1JX, —V-1JY) (—V-1)]Z
(GO)p = (GO, YV)Z + (GO(X,INJZ + (GOY(JX, Y)JZ — (GC)(JX,JY)Z — J(GOY(X, Y)]JZ + JGC(GC)(X, IY)Z

+ J(GOJX,VZ + J(GO X, IVIZ e v v e e (2)
From(1) and (2) we get
(GC)o = (GOXYVZ - (GOJXINZ = J(GOXVIZ +J(GOJXIVZ .. v v e e .. (3)
(GO); = (GOX,Y)Z + (GOHR)(X,IVIZ + (GOJX, VJZ — (GO (X, VZ - J(GO (X, )JZ + J(GO) (X, ]Y)Z
+ J(GOJX,VNZ+ J(GOJXIVIZ e v e v e (4)
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(GO)3 = (GOX,VNZ + (GO (X, —V-1]Y)(—V-1)]Z + (GO)(—V-1JX,Y)(—V-1))Z
— (GO)(—V-1JX, —V-1JY)Z - (—V=-1)J(GO) (X, V) (—V-1))Z
+ (—V=1)J(GO) (X, —V=1]Y)Z + (—V-1) J(GO)(—V—-1]X,Y)Z
+ (—V=DJGO) (—V-1JX, —V=1JY)(—V-1))Z

(GO); = (GOX,YVZ - (GOX,JN]JZ — (GO (X, V]Z — (GOYJX,JVNZ - J(GO (X, V)]Z - J(GO(X,]Y)Z

— JGOJX,VZ + (GO X, TIZ v vev eve ere e (5)

from (4) and (5) we get.

(GC); = (GO)(X,Y)Z — (GO)UX,TNZ — J(GOK IZ + J(GC)TX, JY)IZ v vve e eve eve eve ave enen. (6)

From (3) and (6) we get (GC), = (GC)4
In the same way we brave:

(GC)1 = (Gc)z

(GC)4 = (GC)7

(GC)5 = (GC)G
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