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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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1. Introduction:
Let n-dimensional differential manifold (M", g) (n >2), with the structure ;" is a

tensor field of type (1, 1) and FL-Z- is a covariant derivative with respect to Riemannian

curvature tensor. A metric semi-symmetric connection V and Riemannian curvature tensor
. . h . : .
with coefficients l“[,} and {ij} [Yano and Imai (1982)] and if the torsion tensor T' of the

connection ¥ on (M™, g) (n >2) satisfies. Then the manifold is called hyperbolic Tachibana
manifold which satisfies equations (1.1), (1.2) and (1.3), (1.4), (1.5) and (1.6) respectively:

F;

=g (1.1)

Fyj == F;, (Fij = Gjk Fik)1 (1.2)
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' = pA' — pedy’, (1.4)
i _ i i i i
ik ‘L‘k}_pkUj +0iVie — 'V, (1.5)
1 1
Uy =5(Ay — Ap), Vi =5 (A + Ay), (1.6)

Also, A;" 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:

Taking V;; = g; and U;; = F;; in (1.5) [Nevena Pusic (2003)], then we obtain:

(i . o
L' = Lk} — v+ 06 —p'gp. (1.8)

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

Rijkn = Rijkn — GinPij + GikPrj — GjxPri + GnjPri + 0jPrFi + 0ivrFjn

— PPk Fin — pivrFk, (1.9)
Where
Pik = Vibk = DjPi T Peq; t %pspsg,-k- (1.10)

Again, the Ricci tensor and the scalar curvature are given by [Nevena Pusic (2003)]:

Ry = Ry —(n = 2)py; — 9;pm™ — 0j Qi + Prg; — P°PsFyj, (1.12)
R=R-2(n- 1p,™. (1.12)
pj =p"gin; @i =Fup'; p" =9"p;. (1.13)

2. 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
Cijkn = Ryjin — T (Rix gin — Rucgjn + Ringjk — RinGi)
R
+m(gihgjk — 9inGii) (3.1)
The Conformal curvature tensor (rank-4) relating to a metric semi-symmetric connection is
given by:

1 — — — —
Cijkcn = Rijkn — S Rk 9in — Ricgjn * Ringjx — Rindii)



(n 1)(n 2) (glhgjk gjhgki) (3.2)

Theorem 3.1 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:

PrFi = prF (3.3)
Proof. Wed have from (1.9), (1.11) and (1.12) in (3.2), we obtain:
Cijkn = Rijn — GinPij + gikphj — GjkPri t GnjPi t PjPrFi + DibkEin — pjprFin
— pipnFj — [glh( —("-2pr; — GikPm™ — P49k T Pxq; — P°PsFy)
— gin(Ry— (n = 2)Pri — GikPm™ — PiGk + Prqi — P PsFii)
+ Gk (Rin — (M= 2)Pni — GinPm™ — Pidn + Pudi — P°PsFi)
— Jix(Rin — (n = 2)prj — gjnbm™ — 0jqn + Prq; — P PsFr))]

R—2(n—1)py™
+ —(nf’;(,f_pz) (GinGjk — 9jnGir) (3.4)

Again, from (1.13 and (3.4), we get:
Cijkn = Rijkn — = 2)( x9in — Rcgin * Ringjk - RinGri)

+ (n—l)Rﬁ GinGjxk — Gjngui) + % (jprFi — pipiFin)

+ % (@ivrFn — pibrFji) (3.5)
Also, from (3.1) and (3.5), we get:

Cijkn = Cijin "‘% (jprFix — pipkFin) + % (pivrFin — pvipnFix) (3.6)
If we take py F;, = py F;p, then (3.6) reduces to the form:

C_ijkh = Cijkn- (3.7)

Hence completes the proof.

Theorem 3.2 The Conformal curvature tensor (r-4) relating to a metric semi-symmetric
connection in almost hyperbolic Tachibana manifold satisfies Bianchi identity if:

p;Fi + piFij + 0iFji = 0. (3.8)
Proof. We have Interchanging i, j and k in a cyclic order in (3.5), we get:

ging i, y g
- +1 +1
Cijkn = Cijkn*t ZTz(pjphFik — pipeFin) + ZTZ(PiPijh — PiPrFjk), (3.9)
- +1 +1
Gikin = Grint b(pkphls}i — PkbiFjn) + ZTZ(PjPiFkh — PiPrFii) (3.10)

And



n+

- 1 1
Cujn = Cijn + — (OiPnFiy — Di0jFin) + %(pkijih — piPrFy) (3.11)

Adding (3.9), (3.10) and (3.11), we obtain:
~ ~ ~ 1
Cijkn * Grin * Crijn = Cijkn + Grin + Crijp +2 (%) P (D) Fi + piFyj + piFi)- (3.12)

Since, the Conformal curvature tensor (r-4) in a Riemannian manifold satisfies the condition:

Cijkn + Giin + Crijn =0, (3.13)
By using (3.13) in (3.12), we find

- - - 1

Cijkn + Giin + Crijn = 2(%) P 0 Fie + 0iFij + DiFi)- (3.14)

If we take p; Fy + p;Fy; + pi Fj; = 0then from (3.14), we get
Cijkn * Grin + Cigyn = 0. (3.15)
Hence completes the proof.

Theorem 3.3 The Conformal curvature tensor (r-4) relating to a metric semi-symmetric
connection in almost hyperbolic Tachibana manifold satisfies the following properties:

Cijknh == Gikns  Cijkn = — Cijnk-

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

- +1 +1
Gikn = Gixn + (:l:) (ivnFx — pipkFjr) + (:l:) (jpiFin — pjpnFir) (3.16)
Adding (3.5) and (3.16), we obtain

Ciikn * Cien = Cijien * Ciikn- (3.17)

Since the conformal curvature tensor (r-4) in a Riemannian manifold satisfies:
Cijkn + Gign =0, (3.18)
Now using (3.18) and (3.17), we get the result.

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

Cijnk = Cijnit % (jviFin — viprFi) + % (@ivnFx — vivrFin)- (3.19)
Adding (3.5) and (3.19), we have

C_ijkh+ C_ijhk = Cijkn + Cijn- (3.20)
Since the conformal curvature tensor (r-4) in a Riemannian manifold satisfies:

Cijkn + Cijnx =0, (3.21)

Now by using (3.21) and (3.20), we get the result.

Theorem 3.4 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:

Crjiknbi t Ciinj + CijpnPik + Cijir Pr = 0. (3.22)



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 r r r
Dy, Cijkh = am Cijkh - erkh {ml} - Cirkh {m]} - Cijrh {mk} - Cijkr {mh} (323)
And
VmCijkh = amCijkh - erkhrmir - Cirkhrmjr - Cijrhrmkr - Cijkr rth (324)
Subtracting (3.23) from (3.24), we get:

Vi Cijich = D Cijen, = erkh({rrli} — T’ )+ Cirkh({n:j} — Ty)
+ Con{ D =T )+ G ({1} = T (3.25)
Now using (1.8) in (3.25), we find:
Vi Cijen = DmCijin = Cojkn@iFn’ — Pm6: + 0" Gmi) * Cokn@jF” — PinS;" + D" Giyj)
+ CiirnOFn’ — PmSk’ + D" 9mk) + Cijir @nFn” — P + D Gmn)  (3.26)
Again using (1.13) in (3.26), we obtain:
Vi Cijkn = DinCijkn = (Cojinti + Cokn?j + CiyrnPr + Cijkr Pr)Fn” (3.27)

If (3.22) is satisfied, then we find:
Vi Cijkn = D Cijic- (3.28)

Hence we get the result.
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