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Liftings from a Para-Sasakian manifold to its tangent bundles

Mohammad Nazrul Islam Khan?

“Department of Computer Engineering, College of Computer, Qassim University, Buraydah 51452, Saudi Arabia

Abstract. The purpose of the present paper is to study the liftings of a quarter symmetric non-metric
connection from a para-Sasakian manifold to its tangent bundles. By liftings, some results of the curvature
tensor, projective curvature tensor, concircular curvature tensor and conformal curvature tensor wrt a
quarter symmetric non-metric connection in a P-Sasakian manifold to its tangent bundles are obtained.

1. Introduction

Differential geometry places a significant emphasis on the theory of linear connections. Semi-symmetric
connections were first discussed by Friedmann and Schouten in 1924 [14] and Hayden defined metric
connections with torsion tensor in 1932 [17]. However, quarter-symmetric linear connections in a differential
manifold were first presented by Golab in [15]. A linear connection is said to be a quarter-symmetric
connection on M if its torsion tensor T is of the form

T(B1,B2) = u(B2)ppr — u(Br)ppz, Vp1,p2 € Io(M), 1)

where u is a 1-form and ¢ is a tensor of type (1, 1). If there is a Riemannian metric g in M such that Vg = 0,
then the connection V is said to be metric; otherwise, it is non-metric. Yano established a relationship
between the Levi-Civita connection and the quarter-symmetric metric connection in [37].

Recently, Maksimovi¢ [30] studied a new quarter-symmetric non-metric connection on a generalized
Riemannian manifold and some basic results are obtained. Moreover, certain properties of curvature tensors
are developed. Mondal and De [28] investigated a P-Sasakian manifold with a quarter-symmetric non-
metric connection. They examined the circular and conformal curvature tensors wrt the quarter-symmetric
non-metric connection on such a manifold. Various types of quarter-symmetric connections (metric and
non-metric) on the different manifolds were investigated by Ali and Nivas [4], Barman and Ghosh [5], De
et. al. [10]), Biswas and De [7], Khan [23], Mishra and Pandey [29], Poyraz and Yolda [31], Sular et. al. [34]
and others.

One of the fundamental goals of differential geometry to explaining how a surface is curved, either
intrinsically or extrinsically. The space of tangent vectors to the curved space is one of the most vital tools
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for analyzing curved space. The employment of mathematical operators in the context of partial differential
equations is the primary method for studying nonlinear equations. Numerous researchers have examined
various connections and geometric structres on the tangent bundle and provided their findings in ([11],
[12], [13], [3], [19] [21], [22], [20], [26], [27], [36]).

Investigating liftings from the P-Sasakian manifold with regard to a quarter-symmetric non-metric
connection to tangent bundles is the goal of the proposed paper. The key conclusions of the paper are
summarized as follows:

e Lifts are established for the para-Sasakian manifold endowed with a quarter-symmetric non-metric
connection VC to the tangent bundle.

It is shown that if the Ricci tensor 5¢ of V¢ on TM, then TM is an 1¢ Einstein manifold wrt V<.

The results of the concircular curvature tensor on the tangent bundle are obtained successfully.

e Some calculations for the projective curvature tensor on the tangent bundle have been done.

A theorem on the conformal curvature tensor on the tangent bundle is proved.

2. Preliminaries

2.1. Para-Sasakian manifold

A differentiable manifold M (dim= #) is said to be an almost paracontact Riemannian structure (¢, &, 1, g)
([1], [16]) where ¢ is a tensor field of type (1,1), £ a vector field , a n 1-form and if it fufills

n& =0, 2)

o = 0, ¢&=0, n(pp)=0, 3)

P*(B1) = P1—nB)E, 4)
g(@p1, PP2) = g(B1,B2) — n(B1N(B2) (5)
91, &) = n(B), (6)
(VamBa = 9(B19), Y1, pa € Ty(M), )

where V is Levi-Civita connection wrt the Riemannian metric g. If g(81, p2) = @(B1, B2), then @ € I3 (M) is
a symmetric.
In addition, the following relations hold in M

V& = ¢p, (8)
Ve, @)(B2) = —g(B1,B2)é — n(B2)p1 + 2n(B1)n(B2)<, )
dn = 0, (10)

then M is said to be a para-Sasakian manifold (P-Sasakian).
Let R and S be the curvature tensor and the Ricci tensor of M.Then we infer ([2], [16], [35])

gR(PB1,B2)B3, &) = nR(PB1,B2)B3) = 9(B1, B3)n(B2) — 9(B2, B3)1(B1), (11)
R, B1)B2 = n(B2)B1 — 9(B1, f)E, (12)
R(B1,B2)é = n(B1)B2 — n(B2)B1, (13)

SB1,€) = —(n—-1nB), (14)
S(@B1, PP2) = S(B1,B2) + (n— Hn(B1)n(B2), (15)

where VB4, B2, B3 € I} (M).
Further, M is said to be 1 Einstein if

S(B1, B2) = ag(Br, B2) + bn(B1)n(B2), Y1, B2 € TH(M) (16)

where a, b(b # 0) are scalar functions, M is called Einstein manifold for b = 0.
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2.2. Lifts of a para-Sasakian manifold on TM .
Suppose TM be the tangent bundle and 1 = ﬁll% be a local vector field on M, then its vertical and
complete lifts in the term of partial differential equations are
; 0
voo_ = 17
p1 P oy (17)
.9 9B .9
¢ = —+ —y/—. 18
A A ox oY Ay (18

Let 0,1, 515, 81", ¢S, Y, VE, VY be the complete and vertical lifts of 1, f1, ¢, V. By mathematical oper-
ators, we infer ([9], [32], [36])

1" (B19) = n°(B1") = n(B1)", 1°(B:°) = n(B1)", (19)

PYX = (pp1)”, 67X = (1), (20)

[B1, B21" = [B:15, 2" 1 = [B1Y, B2C1, [Br, B2]© = [B1€, P25 (21)

V;cﬁzc = (Vp,p2)", Vﬁclcﬁzv = (Vg,p2)". (22)
Employing the complete lift on (2)-(16), we acquire

(€9 = "N =0 19 =1") =1, (23)

(ngC — (pVéV:(PCéV:(PVEC:O
(PCSC - (;[)VEV:(PCéV:(PVéC:O’

19" = 1n"(@p1)" =n“@B1)Y = 1" (@p1)" =0, (24)

(@B = B =n“B1EY =" (B1°)ES, (25)
gUPB) (@B)C) = 9= (B, B") = (B )" (B°)

- 0"BOB5), (26)

goBi5, &) = 0SB, (27)

(Vglcﬂc)ﬁzc = g°B:S, (9B)°). (28)

and
VictS = (9B, (29)
(Vlglcci)c)(ﬁzc) = =915, B2O)EY = g°(B1Y, B2O)EC - S (BO)BY

= VBB + 20 (B ) (B)EY

+ 201 O)N" (B25)EC + 21V (B )N (B2O)ES, (30)

dn© = 0. (31)

In addition,

gE(RE(B1C, BB, £9) NEREB1S, B25)Bs) = 9° (B, BsIn" (B2°)

+ 1

951", B3 (B2°) — g<(B25, BV (B1©)
- g°B.", BN (i) (32)
REES, BB = 18" + 1" (BB
— 9GS, BO)EY - gC(B1Y, BO)ES, (33)
RS, B29)EE = (OB + 1" (B19)B"
— BB + 1" (BO)BC, (34)
SCBS,EY) = —(m-Dn“B:O), (35)

SR, (PB2)°) = SC(BiC, B2°) + (n = D{n“(B:1)n" (B2°)
+ 0 (B (B (36)
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SCBS, ) = agt(BiS, Ba%) + b (B )" (B2°)
+ V(BN (BO),

6730

(37)

where VB, 5, &€ € IUTM), n© € IUTM),RE, g and S stand for the complete lifts of R,g and S,

respectively.

3. Lifts of a quarter-symmetric non-metric connection on TM

Let TM be the tangent bundle of P-Sasakain manifold M of dim n and the mathematical operators V and

V be a Levi-Civita connection and a linear connection on M, respectively such that

VxY = VxY + n(B2)dp1,

where Y1, B, € 3\(M), ¢ € TL(M).
The torsion tensor T wrt connection V is defined as

T(B1,B2) = VxY = Vg, p1 = [Br, 2].
Applying the complete lift on (38) and (39), we infer
VicB2 1 EO)@) " + 0" (B9,
Vi P = Ve e =1k f2°1

vglcﬁ2c
Tc(ﬁlcl ,BZC)

From (40), (42) and (43) are obtained.
TCB.S,B2) = n“(B2)B)” +n" (BN PP
- 1°B)PB)” = 1" (B2O)(Pp1)
and
(Vglcgc)(ﬁzcrﬁfyc) = —n°(B)DY (1S, B5°) — ¥ (BL)DC(Bi S, B5C)
—n°(Bz)DY (1, B2°) — " (B1 )P (B2, Bs°),

Vﬁlc, ﬁzc ey é(TM), which indicates that V€ is a quarter symmetric non-metric connection on TM.

In view of (24) and (43), we infer
(Vgcgc)(ﬁzc/ﬁf) =0,

which indicating that gc is éc—parallel wrt V€ on TM.
From (24), (26), (29), (30) and (40), we conclude the following theorem:

Theorem 3.1. Let TM be the tangent bundle of P-Sasakain manifold M. Then
Victs = 20",
(vﬁclcﬁbc)ﬁzc —g°(B1, B2O)EY — g (Br ", B2°)EC
= 200 + " (291}
+ 3B (B +n“(B1 " (2)EC
+ V(B (B)EY,
VBi©, BoC € TLTM).

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)
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The curvature tensor R of V on M is given as

R(B1, B2)Bs = V5, Vs = Vi, Vs, B3 = Vig, paifs- (46)
Applying the complete lift on (46), we infer

REB1S, 20" = Vi Vi s = Vi Ve B = Vi e o cBs” (47)
From differential equations (28), (40) and (47) we infer

REBIS, p2ON" = RE(BIS, p2O)Ba"

+ DB, BN PP)Y + @V (B, BN (PP2)C
= D(BS, BN PP)Y — @V (B2, BN (p1)C

+ BN (BB + n° BV (B19)BC
+ 0V (B (BB — (BN (B )Y
+ 5B (BB + 1Y (BN (BL)BiC, (48)
where
REB1S, B2)Ba" = Vi Vi cBa® = VE Vi B3 = Vi e o c)paC (49)

is the curvature tensor wrt V€ on TM. Thus, we conclude:
Theorem 3.2. Let TM be the tangent bundle of M with VE. Then the first Bianchi identity of V€ on TM is provided.
From (34) and (48) we deduce
KC(,Blcl ,BZC/ ﬁ3cr uC) = KC(,Blcl ﬁzc/ ‘B3Cr uC) + (I)C(,Blcl ﬁ3c)q)v(ﬁ2cr uC)
+ OB, B)D (B, UC) — DB, )@Y (B, UC)
— DY(B,5, BO)D (B, UC) + nC(Bs)KY (B, o, £C, UO)
+ 1V (BOKBE, S, EC, U6, (50)
where K¢ and K€ are given by
KC(‘B_lC’ ﬁzc/ ﬁ3cr uC) = gC(RC(ﬁlcf ﬁZC)ﬁ3Cr uC)
and ) )
RE(B1S, B2, B35, UC) = go(RE(BS, B2)BsC, UO).
Theorem 3.3. Let YB:, B>, ps, UC € SL(TM). Then
Kc(ﬁlcl ﬁzcr ﬁSC/ UC) + KC(ﬁZC/ ‘Blcl ﬁ?)cr UC) = 0/ (51)

Kc(‘82c, ﬁ1c, uc"B3c)
N°(BsKY (B1S, B2, £C, U°)
Y (BO)KE (1S, B2, &€, U°)
UC(UC)KV(ﬁlcz ,BZC/ écrﬁSC)
1" (U)K (B, B2, £, ), (52)
Kc(ﬁ1cfﬁzcl ﬁ3Cr UC) _ KC(,BSC/ Uclﬁlcrﬁzc)

nS(B1 ) WU (B2", B5°)
n°B:19n" (U)g (B2, B5°)
1" (BN (U (BaC, B5°)
= B (B:)g (B, US)
— 5BV (B:)g (B, U)
= V(B (Bs)g (B, UC).

Kc(ﬁlcl ﬁZC/ ﬁ3C, uC)

+

+ + + 1l

+ +



M. N. I. Khan / Filomat 37:20 (2023), 6727-6740

6732

Proof. In view of (50), we get (53). Also in view of (34) and (50) we infer (52). Furthermore, in view of (50),

we deduce (53).

Theorem 3.4. Let Y,, 5, p3 € JL(TM). Then
gEREBE, BB, EC) = nS(REBE, B2°)BsC)
= go(RE(B:1C, B2O)BsS, £9),
REBLIORONES = 2RE(BS, 2O)ES,
REES, BB =~ (@), (@B2) NE”
— g7 (@B, (PP2) V)ES
VB1S, BaS, B € TLTM).

(53)
(54)

(55)

Proof. In view of (27), (24) and (47) we deduce (53). Also, in view of (23), (34) and (47) we deduce (54).

Furthermore, in view of (23), (36) and (47) we deduce (55).

In a P-Sasakian manifold M, the Ricci tensor S wrt a quarter symmetric non-metric connection V is

defined as ([33], [8])
S(B1, B2) = Z g(R(ei, p1)B2, €i),
i=1

where {¢;,i = 1,2, ...,n} is an orthonormal frame on M.
Applying the complete lift on the above equation, we infer

n
SBC BaS) = ) ICREES, BiC)BaC, ).
P
The scalar curvature 7 wrt V€ on TM is defined by
n
7 = Z SC(es, e5).
P

where ﬁlc,‘Bzc € ﬁé(TM) and {el.C,i =1,2,...,n}is an orthonormal frame on TM of M.
From (50) we have

SBS ) = ) SRS, OB, ) + gUUPBC, (9B2))
i=1

— DB, B2)g" ((Pei)S, ef) — DV (B1C, B2C)g  ((Pei)©, )
+ 1B (1) + 0" (BB
= 1" B25) + 0" (B O (B2)).

Theorem 3.5. Let V5, . € I5(TM). Then

SIS B2) = SRS, B) + g (B, o) — OB, B2
n{n“(BrOnY B25) + 1V (BN (BN,
o= o
where B = trace(DC).

Proof. Since S€ is defined by
SEBC,B0) = ) 9RO, ),
=1

then apply (26) and (56) we deduce (57). Also in view of 26) and (57) we deduce (58).

conclude:

(56)

(57)
(58)

From (57), we
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Corollary 3.6. The 5 of V€ on TM is symmetric.
By using (34),(26), (24), (35), (36), (57), we have the following equations

SB.S €Y = @-2mn°(:O),
SCUPBNS, (@B2)Y) = S(B:S, Ba°) +2(n = DI (B1 )" (B2°)
+ V(BN (B°)
SU@BDS, (@B2)) = SE(BS, 2°) + g (B, B2°) = PO (B, 2°)
+ (=2 B (B°) + 0V (BN (B°).

Theorem 3.7. If 5S¢ of V€ on TM, then TM is an n Einstein manifold wrt VC.
Proof. Let RE(51<, $2.°)5C = 0 on TM, then we acquire
SERE(B1, B29)B3S, UC) + 5°(Bs, R (1S, p2)UC) = 0.
Setting 83 = 1 = £ in (62), we infer
SERE(ES, B2O)E, UC) + SE(ES, RE(ES, pYYU) = 0.
Making use of (53), (54) and (59) in (63), we deduce
SE(Ba", U) = (1= mlg=(B2", U%) + (B2 (U) + 0V (B (U

Hence the proof of the theorem is completed.

4. Proposed theorems for the concircular curvature tensor on TM

The concircular curvature tensor of M wrt V is given by [6]

CBLs = Ry — s lo(Ba o) — (61 B)P)

Employing the complete lift on (65), we acquire

COBE RO = RGBS~ o
— 35BS, BB = 9V (1S, BsC)B2C)
By using (48), (58) and (66), we infer
CBC OB = COBS pO)BsC
D°(B1C, BN PB2)” + DV (B, BN (PBa)”
(B2, BN PPr)” — DV (B2, BN (PP

+

+ BN BB + BV (B1)B2" + 1Y (B (BLO)B"
= BN BB + BV (BB + ¥ (BT (B25)BC

2
n(f ) (7B, B)B + 9V (BC, BN €

— GBS, BB = 9V (BiC BO)BSY,

{9585, B3O)B1Y + 97 (B25, BC)pr©

6733

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)

where C*C is the complete lift of the concircular curvature tensor C* wrt a Levi-Civita connection V. If we

consider C*¢ = C*, putting 8, by & in (67), from (23) and (27) we deduce

7531, B5°) = 15BNV (BsC) + 1V (B1In“(B:E).

(68)
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In view of (25), (26) and (68) we infer

(B, 5°) = 0.

(69)

In view of (57), (68) and (70) we conclude the following theorem

Theorem 4.1. If C*€ on TM is invariant under VC, then
SC(B1S, B25) = SE(B1, B25) + (1 = m){n“(B1O)n" (B2°) + 1 (B OV (B25)), (70)

VBi©, B € INTM).

Definition 4.2. The TM is &-concirculary flat wrt VC if

CC(B1, B25)EC = 0 on TM.

Setting 83 = £ in (66) and using (23), (25), (27), (24) and (35) we infer

CCBiC, p)eE =

’,C_ﬁz
* nn—-1)

Hn (B " (B2) + 1" (B1)n" (B25)

= 7B (B = 1" (B (B} (71)
Thus (71) we conclude the following theorem

Theorem 4.3. The TM is E¢-concirculary flat wrt VC iff 1€ = g% — 2n(n — 1).

Definition 4.4. The TM is ¢“- concirculary flat wrt VC if g(C*((0B1)<, (pB2))(PB3)C, (Pua)©) = 0 on TM.

Taking the inner product of (66) with 14, we get

CC(B:, B2, B, us)

where C'¢ € 33(TM) and

Kc(ﬁ1C, ﬁZC/ 53(:/ M4C)
=C
e AT DI
9" (B25, BE)g (B, us©)
9°(B1%, B9 (B2 1)
9" (1, B3)g“ (B2, us©)}, (72)

CC(B1C, BaS, BsC, us€) = gE(C(B1C, B2°)Bs", 1s©).

In view of (72) we infer

C((PB1)", (PB2), (¢B3) , (puua)©)

RE(0B, (052)C, (@B, (1))
_C
o @ 0 (08" (9))

+ 9" (9B, (9B3) )9 (@B1)S, (Pua))
= g5U(PB)", (B3N ((PB2)", (Pus)©)
= 7701, (PB3)) g (HB2)E, (Pua))}, (73)

Making use of (73), ¢~ concirculary flatness implies

RE(0B1)%, (9B2), (@B3)", (dua)°)

=D\ (@B (9Ba) Vg ()" (pua))

+ g7 (B2, (PB3) )7 (PP1), (Pus))
= gYPBV, (PB3))g (PB2)”, (Pua)")
= 9" ((@BV, (PB3) )9 (PP2)", (Pua))}. (74)
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Let {(pe)<,i =1,...,n—1,(¢&)C} be a local orthonormal basis on TM where {e;,i = 1,...,n — 1,&} € M. Setting
B1 = uy = e;, then we infer

[y

n— C n—=1

r

=T ;{gc«cpﬁz)c, (@))9°(pe)", (de) )

+ 9" (9B, (0B3))g ((pen©, (en))
= 7°U¢e), (@B2) ) (9B2) ", (pen) )

RE((¢e)<, (9B2)S, (9B3)S, (¢er) )

1l
—_

i

= 9"((¢e)S, (PB3) )9 ((PB2)°, (¢pei) ). (75)
The equation (75) becomes
S0, 0a)) = T (95, 02 76)

From (23), (25), (27), (24), (58) and (61) we obtain
SCBS,BC) = —g%(BaS, BsC) + PO (B2, B5C)
(n =2 B2n" (B5) + 0" (B2 I (Bs°))

CR(n=2
r-f (”) 5 (@82, (082)0). 77)

nn-—1

Then contracting the equation (77) over f8; and 3 and from (23), (25), (27), (24) we get
1C=p*—n(n-1). (78)

Then we conclude the following theorem:

Theorem 4.5. If TM is ¢ -concirculary flat wrt VC, then r© = B2 — n(n — 1).

5. Some calculations for the projective curvature tensor on TM

Let TM be the tangent bundle of M. Projective curvature tensor P € I33(M) wrt V is given as [6]

P(B1,B2)B3 = R(B1, f2)p3 — ﬁ{s(ﬁz, B3)B1 = S(B1, B3)Ba)- (79)
Employing the complete lift on (79), we acquire

PEBiC, BO)BE = RE(BIS, B°)BsC
- LS OB - B O, 50
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In view of (48) and (57), using (80) we get

PCBiS BB =
+
+
+
+
where
PEBS, B2C)BsC =

Definition 5.1. The TM is said to be E¢-projectively flat wrt VC if PC(8,<, ,)EC = 0 on TM.

PE(B1C, B2N)Bs¢

- 1 1 {9°(B, BB + 9" (BoS, Ba)B €
g°(B1, B3O)B2Y — 97 (B1, B3 )"

trace(@)D(B2C, B3°)B1Y + trace(@)DY (8., B3°)p1C
tmce(CD)CDC(ﬁlC, ﬁ3c)ﬁzv - trace((ID)CDV(ﬁlC, ﬁg,c)ﬂzc
nn (B BB — nn“(B2)n" (BB €

nn (B2 (B3)Br< + nn“(B1)n“(B)B2"

S (B19)n" (B39)B2C + 11" (B1)n° (B:)B2C}
DE(BC, BN @B1)Y + DV(B2C, B3 ) (Dpa)©

D1, B5)(D@B2)Y — DY (B1C, ) (DPB)C

nn (B (BB — nn“(B2)n" (B:)p1 €

nnY (B2 (BN + nn (B (Bs)B2”

nnC (B (BB + nn¥ (BN (Bs)B2,

RE(B1S, B25)Bs°C
nlj{sc(ﬁzcrﬁf)&v + 8V (.5, B°)BiC
SE(B:S, Bs)B2” = SV (B:C, Bs“)B2C)-

In view of (54), (59) and (80) we have

PC(B:.C, B5)EC = 0.

Thus we conclude the following theorem:

Theorem 5.2. The TM is E¢-projectively flat wrt VC.

6736

(81)

(82)

(83)

Definition 5.3. Let TM be the tangent bundle of a P-Sasakian manifold M with a quarter symmetric non-metric
connection VC. Then TM is said to be ¢©- projectively flat wrt a quarter symmetric non-metric connection V© if

G (PE((B1)C, (0B2))(PB3)C, (Ppua)©) = 0 on TM.

From (80)

PE((pB1)C, (9B2) ) (PPa)C

RE((B1)S, (0B2) ) (Ba)"
- nlj{éc(@ﬁz)c,(¢ﬁ3)c)<q>ﬁ1)v

+ SY((@B2), (9B3)O)Pp1)°
— 5C(B)S, (@B3) ) DB
= S((¢P1), (PB3) )P )

(84)
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In view of (61) and (84), ¢ -projectively flat, then we infer

RE((pB1), (9B2)S, (B3, (pua)")

5B )

g°(B25, B5©) — BDC(B2°, B5°)

(n = 2B (B3)1g" (9P, (L) )
SY(B25, B5°) + 97 (825, B5°)

BDY(B2S, B5C) + (n = 2)n (B29)n" (B5)

(n = 2)n" (B2 (Bs)g“(PP1) , (P1a))
[SC(B1S, B5S) + (B, B5°)

BDOC(B1S, B3°)

(n =21 B (B)g" (9B2)°, (PU)O)
SY (B, B5°) + 97 (B, B55)

- PPV (B1C, B5°) + (n = 21 (B )" (BsE)

+ (1= 21" (B (BN (PB2)C, (Pua) )}

I+ + 1+ + o+

+ o+

(85)

Setting f1 = u4 = ¢; and summing up wrti =1,2, ..., n — 1 we deduce

[y

n—

RE((¢ei)<, (@B2), (0P3)", (pen)) SC(B2", B5°)

Il
—_

g°(B25, B5°) = PP (B2, B5°)
(n = 2)n° (B2 (B:°)]
(n = 2)n°(B2°)n" (B5%)
(n = 20" (B ()]
n—1
(Y 1SS 809" (9B, (o))
i=1

n—14

+ 57, B3 (9P) ), (e )]
+ go((PB2)", (HPB3)) — BOC(B2C, B3E)). (86)

+ + + o+

+

Since
n-1
{Z[Sc(ef,ﬁac)gv((¢ﬁz)c), (@e)) +  SV(es, Bs)g (PP ), (en) )]
i=1

=SSP, (PB))- (87)

On applying (57), (61), (87) in (86), then (86) becomes
n-1 n—2
n—1

RE((¢en©, (e, (pei), (ei)) S, (9Ba) ). (88)

i=1

and

=
[y

RE((ei)S, (Pei)©, (e, (ei) ) SCU(PB2)S, (9B3)°)

Il
—_

— gEREES, (@B )N PPa)S, ). (89)
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In view of (32) and (89) we infer

,_.

n—

SC((9B2)C, (PB3) )
7°((0B2)C, (9B3)°). (90)

Furthermore, in view of (60), (88) and (90) we infer

S, B5C) = (= DB, B5C) — 3n°(B2)n" (B5C)
- 30BN (B:)} 1)

RE((¢en©, (e, (e, (dei))

I\
—_

Hence

Theorem 5.4. If TM is ¢ -projectively flat wrt VC, then TM is an n°-Einstein manifold wrt VC.

6. Proposed theorem for conformal curvature tensor on TM

Let TM be the tangent bundle of a P-Sasakian manifold M with a quarter symmetric non-metric con-
nection VE. The conformal curvature tensor of M wrt a quarter symmetric non-metric connection V is
given

ClB B o) = KB oo, 1) = —9(B2, B)S(B1, ) = 6, )5 62, U)
+ g(ﬁzlﬁi)g(ﬁll u) — S(B1, B3)g(B2, U)}
+ m{g(ﬁz, B3)9(B1, L) — 9(B1, Ba)g (B, LD)- 92)

Employing the complete lift on (92), we infer

CEB, %, BsS, UC) = RE(BiC, BoS, oS, UC) - ﬁ{gc(ﬁzcrﬁac)gv(ﬁlcl uc)
+ gV (25, B3O)SC(B S, UC) — 9o (B, B59)SV (25, UO)
— 9V (B S (BS, UC) + 5C(BaC, B5)gY (B, UO)
+ §Y(Ba%, B9 (B, UC)
— 5581, B5)g" (B2, UC) = SV (51, B35)g (B2, UC)}
=C
+ m{gc(ﬁzc,ﬁf)gv(ﬁf, uc)
+ 9" (25, B3O (B, UC) — g (B, BsO)g” (B2, UC)
= 9V, Bs)g (B, UO)). (93)
Assume that C(8;5, 25, 35, UC) = 0. Putting B, = 3 = & in (93) and using (54), (58) and (59) we obtain
_p2
SCB.C,Uc) = n ﬁ +6—2n)g°(B:<, U°)
2
+ {i = O W) + 1 GO WO, o)

Hence we concludethe following theorem:

Theorem 6.1. If TM is ¢C-conformally flat with VC, then TM is Einstein manifold wrt VC.
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