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Abstract

Negi, et. al. (2019) has established
an analytic HP-transformation in almost
Kaehlerian spaces. Also, study on
Projective recurrent and Symmetric tensor
in Almost Kaehlerian Spaces. After that,
Negi and Preeti Chauhan (2021), have
accomplished Kaehlerian Manifolds with
H-Projective and Bochner Recurrent
Curvature Tensor of first order. In this
chapter, we have calculated Conformal
curvature tensor compiled with a metric
semi-symmetric connection of Almost
Hyperbolic Tachibana Manifolds and some
theorems established.
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I. INTRODUCTION

Let n-dimensional differential manifold (M™, g) (n >2), with the structure F;" is a
tensor field of type (1, 1) and Fi’fj- is a covariant derivative with respect to Riemannian

curvature tensor. A metric semi-symmetric connection V and Riemannian curvature tensor
with coefficients F’l{j and {lh]} [Yano and Imai (1982)] and if the torsion tensor I" of the
connection ¥ on (M™, g) (n >2) satisfies. Then the manifold is called hyperbolic Tachibana
manifold which satisfies equations (1), (2) and (3), (4), (5) and (6) respectively:

FiF) = 6/’, (1)
Fij=—Fj, (F;j = gijik)1 2
Fi,jh =0, (3)
Ti' = pjAk’ — iy’ (4)
Tj' = {Ilk} — peU;t + Vi — PV, )
Uij = %(Aij — Ajp), Vi = % (Aij + A1), (6)

Also, Aji denotes the components of the tensor of the type (1, 1) as well as Vg =0 and p; are
the components of a 1- form. Then equation (1.6) written as:
Aij:Uij+Vij' (7)

Taking V;; = g;; and U;; = F;; in (5) [Nevena Pusic (2003)], then we obtain:

. i . . i
L' = {[k} — pF' + ik’ — ' gk (8)

The relation between Riemannian curvature tensor (r-4) relating to a metric semi-symmetric
connection is given by [Nevena Pusic (2003)]:

Rijkn = Rijkn — GinPrj t GixPnj — 9jkPni + GnjPri T PiPaFir + PiDiFjn

— pjPiFin — DibrFjk, 9)
Where
1
Pjk = ViPk = DjPr * Prj * 5PsP° G jik- (10)
Again, the Ricci tensor and the scalar curvature are given by [Nevena Pusic (2003)]:
Rjk = Rje = (n = 2)pk; — 9jpm™ — Pk + Prgj — P°PsFi;, (11)
R=R-2(n- p,™. (12)
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p; =p"9pm; qi=Fup"; p" = 9"p;. (13)

II. CONFORMAL CURVATURE TENSOR COMPILED WITH A METRIC SEMI-
SYMMETRIC CONNECTION OF ALMOST HYPERBOLIC TACHIBANA
MANIFOLDS

We have Conformal curvature tensor (rank-4) in a Riemannian manifolds is defined
as following:

1
Cijn = Rijin — E(Rjkgih — Rixgjn + Ringjx — RinGri)
R
* oo s Windjk = 9jnki) (14)

The Conformal curvature tensor (rank-4) relating to a metric semi-symmetric connection is
given by:

Cijkn = Rijin — ( ikGin — Lkg]h + Rungjx — Ringri)

m(gmgjk = 9jnIri) (15)
Theorem 1: The Conformal curvature tensor (r-4) relating to a metric semi-symmetric
connection will be equal to the Conformal curvature tensor (r-4) with respect to a Riemannian

curvature tensor (r-4) in almost hyperbolic Tachibana manifold, if the following conditions
satisfies:

PiFik = PiFi (16)

Proof. Wed have from (9), (11) and (12) in (15), we obtain:
Cijkn = Rijin — Gunbrj + glkph] GjkPhi Y GnjPri * PiPrFik + DiPrFjn — 0jPkFin
= PiPnFik = — [9in(Rjx = (0-2)prj — GjxPm™ = Pjdi + Prdj — P°PsFi;)
— gjn(Rie- (n 2)pkl JikPm™ — Piqx + Prqi — P°DsFii)
+ 9kj(Rin — (M — 2)ppi — Ginbm"™ — Pidn + Prdi — P°PsFri)
= JikRin — (= 2)ppj — gjnPm™ — 0jdn + Prq; — °PsFnj)]

R=2(n=1)pm™

T hm-2)

Ginjk — 9jnIix) (17)
Again, from (13) and (17), we get:

= 1

Cijkn = Rijkn — Py (Rikgin — Rikgjn + Rihgjk - Ringri)

R

t ooz Windjk = Gjngii) + (P;PhFlk PPk Fin)
+1

+ == (piPiFjn — DipnFi)

(18)
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Also, from (14) and (18), we get:
Cijkn = Cijkn + (p]phFlk p;jprFin) + (plpk — piPrFjr) (19)

If we take ppFiy = piFip then (19) reduces to the form:
Cijkn = Cijkn- (20)

Hence completes the proof.

Theorem 2: The Conformal curvature tensor (r-4) relating to a metric semi-symmetric
connection in almost hyperbolic Tachibana manifold satisfies Bianchi identity if:

pjFix + piFxj + piFji = 0.

(21)
Proof. We have Interchanglng i,jand kina cycllc order in (3.5), we get:
Cijkn = Cukh+ (p]phFlk — pjpKFin) + (plpk — PiPrFiK), (22)
C_'jkih = Cjklh+ (Pkph — ppiFjn) + (P]Pszh PjPnFri) (23)
And
C_kijh Crijn + (PLPthj PiP;Fin) + (pkp] in — PkPrFij) (24)

Adding (3.9), (3.10) and (3.11), we obtain:
= = - +1
Cijkn + Cikin + Ckijn = Cijkn + Cixin + Crijn + 2 (%) Pn(PjFik + 0iFkj + piFji).  (25)

Since, the Conformal curvature tensor (r-4) in a Riemannian manifold satisfies the
condition:
Cijkn + Cikin + Crijn =0, (26)

By using (3.13) in (3.12), we find
n+1

Cijkn + Cixin + Crijn = 2(_) prn jFik + 0iFxj + DiFji)- (27)

If we take p;Fy + p;iFy; + piFji = 0 then from (3.14), we get
Cl]kh +C jkin T Ckl]h = 0. (28)

Hence completes the proof.

Theorem 3: The Conformal curvature tensor (r-4) relating to a metric semi-symmetric
connection in almost hyperbolic Tachibana manifold satisfies the following properties:

Cijkn = = Giikn»  Cijen = — Cijnk-

Proof. We have Interchanging i and j in (3.5), we get:
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= n+1 n+1

Ciikn = Cjikn + (== ) @iPnFjx — PibkFjn) + (=) @jPiFin — PjprFi)- (29)
Adding (5) and (16), we obtain
Eijkh + C_'jikh = Cijkn + Cjikn- (30)

Since the conformal curvature tensor (r-4) in a Riemannian manifold satisfies:

Cijkn + Cjikn =0, (31)
Now using (18) and (17), we get the result.

Again, interchanging k and h in (3.5), we have

= +1 +1

Cijne = Cijnrt % (vjprFin — pjpnFi) + % (PiPrFjx — PiPKFjn)- (33)

Adding (3.5) and (3.19), we have
Cijknt Cijnk = Cijkn + Cijn- (34)

Since the conformal curvature tensor (r-4) in a Riemannian manifold satisfies:
Cijkn + Cijnie =0, (35)
Now by using (21) and (20), we get the result.

Theorem 4: The Conformal curvature tensor (r-4) relating to a metric semi-symmetric
connection relating to Riemannian recurrent curvature tensor (r-4) in almost hyperbolic
Tachibana manifold, if following condition satisfies:

CrjknPi + Cirknpj + Cijrnbr + CijirPn = 0. (36)

Proof. We have by taking covariant differentiation of the Conformal curvature tensor (r-
4) relating to the Riemannian manifolds and metric semi-symmetric connection

respectively, we get:
r

DimCijkn = OmCijkn — Crjkn {mi} — Cirkn {7:1]} = Cijrn {rr:k} = Cijir {rr:h} (37)

And

T T T T
ViCijkn = OmCijkn — Crjknlmi — CirknImj — Cijrnlmk — CijirImn

(38)

Subtracting (3.23) from (3.24), we get:
r r
VinCijkn — DinCijin = erkh({mi} — T )+ Cirkh({mj} — T'mj')

r r
+ Cijrh({mk}_ I‘mkr) + Cijkr({mh} - I‘mhr) (39)

Now using (1.8) in (3.25), we find:

VinCijkn = DmCijkn = Crjkn(®@iFm’ — Pm6i" + 0" 9mi) + Corkn(®@jFn” — Pm6;" + D" Gm;)
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+ Cijrh(kamr - pmgkr + prgmk) + Cijkr(pthr - pm6hr + prgmh) (40)

Again using (1.13) in (3.26), we obtain:
VinCijkn = DmCijkn = (CrjenPi + CirknPj + CijrnPr + CijkrDn)Fn’ (41)

If (3.22) is satisfied, then we find:
VinCijkn = DmCijkn- (42)

Hence we get the result.
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