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Abstract. Recently the present authors introduced the notion of
generalized quasi-conformal curvature tensor which bridges Con-
formal curvature tensor, Concircular curvature tensor, Projective
curvature tensor and Conharmonic curvature tensor. This paper
attempts to charectrize LP-Sasakian manifolds with w(X,Y)-W =
L{(X NgY)-W} . On the basis of this curvature conditions and
by taking into account, the permutation of different curvature ten-
sors we obtained and tabled the nature of the Ricci tensor for the
respective pseudo symmetry type LP-Sasakian manifolds.
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1 Introduction

Recently, in tune with Yano and Sawaki [19], the first authors [14] have
introduced and studied generalized quasi-conformal curvature tensor W in
the context of N(k,p)-manifold. The components of quasi-conformal like
curvature tensor W in a Riemannian manifold (M?"! g)(n > 1), are given
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by
WX, Y)Z = ;Z;i[(1+2na—b)—{1+2n(a+b)}c C(X,Y)Z
+ [1 b 2na] E(X.Y)Z +2n(b— a)P(X,Y)Z
321(0_ {1 + 2n(a+b)}C(X,Y)Z (1.1)

where scalar triples (a,b,c) are real constants and C, é, E, P stands for
Conformal, Conharmonic, Concircular and Projective curvature tensors re-
spectively for all X, Y & Z € x(M), the set of all vector fields of the manifold
M. The beauty of such curvature tensor lies in the fact that it has the flavour
of Riemann curvature tensor R if the scalar triple (a,b,c) = (0,0,0), Con-
formal curvature tensor C' [21] if (a,b,c) = (=55, —3-— 1), Conharmonic
curvature tensor C' [38] if (a,b,c) = (=3, —5.-7,0), Concircular curvature
tensor £ ([18], p. 84) if (a,b,c) = (0,0, 1), Projective curvature tensor P([18],
p. 84) if (a,b,c) = (—+,0,0) and m-Projective curvature tensor H [13], if

L
(a,b,c) = (=4, —1,0). The equation (1.1) can also be written as
W(X,Y)Z
— R(X,Y)Z +a [S(Y, Z)X — S(X, Z)Y] n b[g(Y, 2)QX — g(X, Z)QY]
cr 1
— — Y, Z)X —g(X,Z2)Y|. 1.2
i (G ratd) [sr: 21X —g(x 23] (12)

R, S, Q & r being Christoffel Riemannian curvature tensor, Ricci tensor,
Ricci operator and scalar curvature respectively.

In 1989 K. Matsumoto [16] introduced the notion of Lorentzian para-
Sasakian (LP-Sasakian for short) manifold. Mihai and Rosca [20] also defined
the same notion independently. This type of manifold is also discussed in ([1],
2]) and the references therein. We refer to Section 2 for precise definitions
of the symbols used.

An LP-Sasakian manifold (M?" !, g),n > 1, is said to be pseudo-symmetry
type according to Deszcz ([29], [32], [12], [11]) respectively Ricci pseudo sym-
metry type ([30], [31], [9]) if

WX, Y)W = L{(XA,Y)-W} (resp. w(X,Y)-W = L{(X AsY)-W}), (L3)

where w and W stand for generalized quasi-conformal curvature tensor
with the associated scalar triples (a,b,¢) and (a, b, c) respectively (two dis-
tinct notions have been used in order to study the nature of 36 pseudo sym-
metric type curvature condition as shown in the table by taking into account
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the permutation and combination of the scalar triples), the dot means that
w(X,Y) acts as a derivation on W, L is a smooth function and the endomor-
phism field X A4 Y is defined by

(X M Y)Z =AY, 2)X — A(X, 2)Y, (1.4)

for all vector fields X, Y, Z on M and it similarly acts as a derivation on 'W.
In particular, manifold satistying the condition R(X,Y)-R = L{(XA,Y)-R}
(obtained from (1.3) by settinga =b=¢=0=a = b = cin (1.3)) is said
to be pseudo symmetric. If L is constant, M is called a pseudo symmetric
manifold of constant type and if particularly L = 0 then M is called a semi-
symmetry type manifold for details (see [4], [5], [8], [17], [27], [39], [26], [40],
[41] and the references therein). Semi-symmetric spaces are a generalization
of locally symmetric spaces (VR = 0), ([6], [28]) while pseudo symmet-
ric spaces are a natural generalization of semi-symmetric spaces. Note that
the Schwarzschild spacetime, the Kottler spacetime, the Reissner-Nordstrom
spacetime, as well as some Friedmann- Lemaitre- Robertson-Walker space-
times are the “oldest” examples of non semi-symmetric pseudo symmetric
warped product manifolds( [33], [35]).

Our work is structured as follows. Section 2 is a very brief account of LP-
Sasakian manifolds. LP-Sasakian manifold with W(X,Y")-¢ = 0 is studied in
section 3 and it is found that such a manifold is an n-Einstein space provided
a # 0. In section 4, we paid our special attention to investigate pseudo-
symmetry type LP-Sasakian manifold( i.e., w(X,Y)W = L{(X A, Y)-W}).
On the basis of this condition and by taking into account, the permutation
of different curvature tensors we obtained and tabled the nature of the Ricci
tensor for the respective pseudo-symmetry type LP-Sasakian manifold.

2 LP-Sasakian manifolds

An n-dimensional differentiable manifold M is said to be an LP-Sasakian
manifold ([37], [16])if it admits a (1,1) tensor field ¢, a unit timelike con-
travariant vector field £, a 1-form 7 and a Lorentzian metric g which satisfy

n(€) =-1, g(X,&=nX), ¢X=X+nX)y, (2.1)

9(0X,90Y) = g(X,Y) +n(X)n(Y), V& =¢X, (2.2)

(Vxo)(Y) = g(X,Y)E +n(Y)X + 2n(X)n(Y)S, (2.3)
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where V denotes the operator of covariant differentiation with respect to the
Lorentzian metric g. It can be easily seen that in an LP-Sasakian manifold,
the following relations hold :

=0, n(@X)=0, Rank¢=mn-—1. (2.4)
Again, if we put
QX,Y) = g(X, ¢Y)

for any vector fields X, Y then the tensor field 2(X,Y") is a symmetric (0, 2)
tensor field ([20], [37]). Also, since the vector field 7 is closed in an LP-
Sasakian manifold, we have ([16], [20])

(Vi (Y) =Q(X,Y),  QX,£) =0 (2.5)

for any vector fields X and Y.
Let M be an n-dimensional LP-Sasakian manifold with structure (¢, &, 7, g).
Then the following relations hold ([16], [20], [3]) :

9(R(X,Y)Z,€) = n(R(X,Y)Z) = g(Y, Z)n(X) — g(X, Z)n(Y),  (2.6)
R(§, X)Y = g(X,Y)€ —n(Y)X, (2.7)

R(X,Y)§ = n(Y)X —n(X)Y, (2.8)

S(X,€) = 2nn(X), (2.9)
S(pX,9Y)=S(X,Y)+ 2nn(X)n(Y), (2.10)

for any vector fields X, Y, Z where R is the Riemannian curvature tensor of
the manifold.

Lemma 2.1. Let M*""Y(¢,€,n,9) be an LP-Sasakian manifold. Then for
any vector fields X, Y, Z on M*" L, the following relation holds:

R(X,Y)$Z — $R(X,Y)Z
= 9(Y,Z)pX — g(X, Z)pY + g(X,0Z2)Y — g(Y,0Z)X

+2{g(X.02)n(Y) = g(V.0Z)n(X) |
+2{n(1)6X — n(X)6Y }n(2). (2.11)

Lemma 2.2. Let (M*, g)be an LP-Sasakian manifold. If Q is the Ricci
operator, i.e. , if S(X,Y) = g(QX,Y) for all vector fields X, Y on M?*" ! then

Q¢ = ¢Q. (2.12)
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Let A, B be two symmetric (0, 2)-tensors on M. Their Kulkarni-Nomizu
product A A B is defined on x(M) by:

(AAB)X,Y,Z,U) = AX,U)B(Y,Z)+ A(Y,Z)B(X,U)
—A(X,Z)B(Y,U) — A(Y,U)B(X, Z). (2.13)

In particular, when A = B = g, we have the Kulkarni-Nomizu squared g A g
[15]:

(9N (X, Y, ZW) =2[g(XW)g(Y, Z) — g(X, Z)g(Y,W)]. (2.14)
We notice that
(gNg)(X,Y,ZW) = 2g((X/\gY)(Z),W). (2.15)

This leads to the (0, 4)-tensor G = (g A g); it is defined as follows:

G(X,Y,ZW) = g(XW)g(Y, Z) — g(X, Z)g(Y'W). (2.16)

3 LP-Sasakian manifolds satisfying W (X, Y )-¢=0

Definition 3.1. A (2n + 1)-dimensional (n > 1) LP-Sasakian manifold is
said to be ¢-semi-symmetric if the generalized quasi-conformal curvature ten-
sor obeys the condition W(X,Y) - ¢ = 0 for any vector fields X, Y on the
manifold.

Theorem 3.1. A ¢-semi-symmetric LP-Sasakian manifold M?"* is n-Einstein
provided a # 0.

Proof. Let us consider an LP-Sasakian manifold admitting W(X,Y") - ¢ = 0.
ie. W(X,Y)$Z - ¢W(X,Y)Z = 0. (3.1)
In view of (1.2), we can easily bring out
R(X,Y)$Z — dR(X,Y)Z +a [S(Y, 6Z)X — S(X,062)Y

—S(Y, 2)6X + S(X, 2)8Y | +b|g(V.02)QX — g(X, 62)QY

~9(Y. 2)6QX +9(X, 2)6QY |~ (% +a+t b) 9(v,62)X

—g(X,02)Y — (Y, Z)6X + g(X, Z)gzﬁY} —0. (3.2)
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By virtue of Lemma (2.11) & (2.12), equation (3.2) reduces to
(90, 2)6X = g(X, 2)6Y + g(X,02)Y — g(Y,6Z)X+

2{9(X,62)n(Y) = (¥, 0Z)n(X) } +2{n(¥)6X = n(X)sY |n(2)]
+a [S(Y, 6Z)X — S(X,02)Y — S(Y, Z)$X + S(X, Z)ng]

+5[9(Y.62)QX = g(X,02)QY — g(¥, Z)Q6X + g(X, Z)Q0Y

. (21 +a+b> [Q(Y,¢Z)X—g(X7¢Z)Y—9(Y’Z)¢X

o+ 1
+g(X, Z)ng] —0. (3.3)

Replacing X by ¢X, and then taking inner product with U, equation (3.3)
becomes

900 2)9(X.0) + X0, 2) ~ G DO, Uyl D0
Fn(X)n(Z)g(Y,U) = QY, )X, U) + 20(Y Jn(U)g(X, Z)

+20(X)n(Y )1 Z)n(U) + 20(Y Jn(Z)g(X, U) + 20(X ) (¥ Jn(Z)n(U)
+a|S(V,62)Q(X,U) = S(X, Z)g(Y,U) = 2nn(X)n(2)g (Y, U)

—S(Y, 2)g(X,U) = S(Y, Zyp(X)n(U) + S(6X, Z)Y, U)]

+b[Q Y, 2)S(6X,U) — g(X, Z)S(Y,U) — S(Y,U)n(X)n(Z)
—g(Y, Z)S(X, U) = 2nn(X)n(U)g(Y. Z) + X, Z)S(6Y. V)]

2nc: 1 (21 +a+ b) [Q(Y, Z2)QUX,U) —g(X, 2)g(Y,U)

—n(X)n(Z)g(Y,U) = g(Y, Z)g(X,U) = n(X)n(U)g(Y, Z)
(X, Z2)Q(Y, U)} ~0. (3.4)

Replacing Y and U by £ in (3.4), we obtain

S(X,Z) = —é{l+2nb—2ncj_l <21n+a+b)} 9(X, 2)
—2{1+2n(a+b) - 2;:1 (;n +a+b)} n(X)n(Z),
where a0 : (3.5)

This completes the proof. O
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Remark 3.1. The equation (3.5) is also true for an LP-Sasakian manifold
(M2 g),n > 1 with vanishing generalized quasi-conformal tensor.

4 Pseudo symmetry type LP-Sasakian manifold

Definition 4.1. ([10], [34]) An LP-Sasakian manifold (M*"*', g),n > 1 is
said to be pseudo symmetry type, if the generalized quasi-conformal tensor
w(or W) admits

(W(X,Y)W)(Z,U)V) = L_((X AY)W)(Z, UV (4.1)

WX, YYW(Z, U)WV
— WW(X,Y)Z, U)WV +W(Z,w(X, VU)W +W(Z,U)w(X, YV
+L [W(z, U, V.Y)X4+W(Z,U,V,X)Y + (Y, ZYW(X,U)V
—g(X, ZYW(Y, UV + g(Y, UYW(Z, X)V — g(X,UYW(Z,Y)V
(Y, VYW(Z, U)X — g(X, VYW(Z,U)Y|. (4.2)

where w and W stands for generalized quasi-conformal curvature tensor
with associate scalars (a, b, ¢) and (a, b, c) respectively.

If w-W = 0 then M is called generalized quasi-conformally semi-symmetric.
A pseudo-symmetric space is said to be proper if it is not semi-symmetric.
For details we refer to ([7], [22]). In the literature, there is also another
notion of pseudo-symmetry.

Definition 4.2. An LP-Sasakian manifold (M, g) is said to be pseudo-symmetry
type in the sense of Chaki [24] if

(V W)Y, Z,U,V)
= 2AX)W(Y, Z,U, V) + AYVYW(X, Z,U, V) + A(Z)W(Y, X, U, V)+
AUYW(Y, Z, X, V) + AV)W(Y, Z,U, X), (4.3)

for all Y, Z, U,V € x(M), where A is a non-zerol-form on (M, g).

Of course, both the definitions of pseudo-symmetry type for a semi- Rie-
mannian manifold are not equivalent. For example, in contact geometry,
every Sasakian space form is pseudo-symmetric in the sense of Belkhelfa,
Deszcz and Verstraelen ([23], Theorem 2.3, Corollary 2.4), but a Sasakian
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manifold cannot be pseudo-symmetric in the sense of Chaki ([25], Theorem
1). We assume the pseudo-symmetry always in the sense of Deszcz, unless
specifically stated otherwise.
Let us consider a (2n+1)-dimensional pseudo-symmetry type LP-Sasakian
manifold. Then from the equation (4.2), we get
9(w(& X)W(Y, 2)U.€) — g(W(w(§, X)Y, Z)U.¢§)
= L[-W(Y, 2,0, X) — (WY, Z2)U)n(X) — g(X, Y )n(W(E, Z)U)
+n(Y)n(W(X, 2)U) — g(X, Z)n(W(Y, )U) 4+ n(Z)n(W(Y, X)U)
+n(U)n(W(Y, 2)X)|. (4.4)
Putting X =Y = ¢; in (4.4) where {ej, ey, €3,...,€2,, €201 = £} is an

orthonormal basis of the tangent space at each point of the manifold M and
taking the summation over ¢, 1 <17 < 2n + 1,we get

2n+1

3 [g(w(g, e YW(e, 2)U, ) = g(W(w(Es e )e;, Z)U,6)

i=1

_g(W(ei7w( ’ei)Z)U7 é) —g(W(ei,Z)w( 7€i>U7 f)

o’ Z[ Wie,, 2,U,e)) = n(Wley, 2)UNn(e,) = gle, e n(W(E 2)U)

e nOWlen 2)0) — gl Z0(Wier E0) + 1ZnOWle, D)
(U)W, Z)e,)]. (4.5)

From the equation (1.2), we can easily bring out the followings

n(W(.U)Z)
_ {n“’ % a+b)—2na—2nb—1] W(Z)n(U)

+{ < +a+b>—2nb—1}g(Z7U)—a5(Z7U)v (4.6)
%if Wle,, Z,U,e;)

(- b+ 2ma)S(Z,0)+ {br - (;n fa+ b) } 9(Z,U)(4.7)
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2n+1

Z n(Wie;, Z)e;)

i=1

_ [—Qn(l —a+2nb) — {ar - 2??1 (% +a+ b) }] n(Z), (4.8)

2n—+1

ZS (e;, 2)U,e;)

- {ar+ anil (21 +a+b)}S(Z,U)—(a+b—1)82(Z,U)

cr?

2n~|—1

(21 +a+b) 9(Z,U) +bS(Qe,, e;)9(Z,U), (4.9)

2n+1

Z n(e,)n(W(Qe,, Z)U)

cr
2n+1

= —2n {I—I—an— (%vLa—i—b)}g(Z,U)—QnaS(Z,U)
n

cr
2n+1

—2n {1+2n(a+b)— (2ln+a+b>] n(Z)n(U), (4.10)

> Slew Zn(W(e, OU)

— [1—|—2n(a+b)—2ncil(2171+a+b>] n(Z)n(U)

cr
2n+1

+{1+2nb— (21n+a+b)}5( JU) +aS*(Z,U).(4.11)

Now

2n+1

D g(w(& e)Wley, 2)U, )

i=1

— [2 c 1 (2%,@ +a+b> — 2nb — 11 {W ei, Z,U, ez)+n(W(ei,Z)U)77(ei)}

¢, 2)U,e) + 2nm(Wie,, Z2)U)n(e,)|
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_ { T (i t+a+ B) — 2nb — 1] Wle,, Z,U,e;) — aS(Wl(e,, Z)U,e,)

2n +1 \2n
cr 1 I _ B
+ [Qn—i—l %—l-a—{—b) —2nb—1—2na} n(W(,U)Z). (4.12)

In view of (4.7) & (4.9), (4.12) becomes

g(W(f,@i)W(6i7Z)U,§)
cr 1
= [ 2n+1(%+a+b>—2nb—1} 1+ 2na —b)
S(Z,

a ar—l—QnCil( +a+b)}}( U)+ala+b—1)S (Z,0)

cr

_ . . )

+{2n+1 <%+a+b) —2n(a+b)—1}n(W(£7U)Z)

—l—[ 2;:_1 (21”—1-(1—1-(7) —2nl_)—1} {br—;bnjrl (21”—1‘@‘”7)}
2 /1

{pl QR 5 (5, o+t oz 1)

Z gW(w(&, e,)e;, 2)U.€)

i=1

= o n{reza-

<21n +a-+ b) } + ar] n(W(,U)2)

+{2 +1< +a+b)—2na—1} e Z)U. E)n(e;)
~bg(W (QGZ,Z)UE

= [271{1—1—2711)—

(i >}+ar+2nb—2na} n(W(E,U)Z)

2

(

2n+1

+2nb [ )} Z,U) + 2nabS(Z,U)

Y
+2nb {1—1—271 (a+b) — ( +a+ b)] Z)n(U). (4.14)
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2n+1

> 9(W(e, w(&, e,)2)U,¢€)

=1

_ C 1 _
_ {1 N (% fa+ b) } gle, ZIn(W(e,, E)U)

{2;: I <21n e b) - na - 1} n(Wie,, e)U)n(Z)

+aS(e;, Z)n(W(e, E)U) — bn(W(e;, Qe;)U)n(Z)

cr

_ {Qn‘H (;n +a+b) —znb—l}mwa 0)2)

+ona {1 +2on(a +b) — 2;: : ( zln ta+ b)] 2(Z2)n(U)

cr
2n+1

+a{1+2nb— (;ﬂ—|—a—|—b>}S(Z,U)+da52(Z,U][4.15)

2n+1

Zg w(&, e)U,¢)

= {1+2nb—

s

e

In view of (4.8), (4.16) reduces to

— (;n +a+ b) } gles, Un(Wie;, 2)€)

Z)¢)
) — 2na — 1} n(W(e;, Z)e,)n(U). (4.16)

( +a+ b) — 2na— 1} n(W(e,, Z)e,)n(U)
n(w
TR

-
Z w(&, e)U,€)

< +a+b) —2nd—1} [2n(1—a—|—2nb)

2ner ( +a+b)}] UYn(2). (4.17)

+qar — 1

- {a
|
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By virtue of (4.13), (4.14), (4.15) & (4.17), we obtain from (4.5) that

cr 1 — _

— +a —2nb—1+ L, (1+2na—
[{2n+1(2n a b) nb—1+ }( + 2na — b)
Cadar e T (L yavs) ! vaa
a-sar o1 \2n a aar
+2na{1—L+2nl_)— & <i l_))}

2n + 1

B cr
—a{1+2nb—2n+1< +a+b)}]

2 1
+[{2n(1—a+2nb)+ar— ner (2—+a+b)}

cr 1
—2na—1+1L
{2n—|—1(2n+a+b) na }
cr 1
-2 —1
+{2n+1<2n+a+b) n(a+0b) }x
2n{—l_)+ T 1+a+b —1—2nl_)+L}—dr
2n+1 \2n

—2n(a+6){1+2n(a+b) 5 011 (21 +a+b)}] (U)n(2)

cr 1 - 2ner 1
+[{2n+1 (2n—|—a—|—b> —2nb—1+L} {br—2n+1 <2n+a+b)}
cr 1
+{2n—|—1 <2n+a+b) —2nb—1}
_ & 1 _ _
{—zn{1—L+2nb— il (—+a—|—b>}—ar—2nb
2n+1 \ 2n

{_a{bucw 2n+21(%+“+b)}
}

_ cr 1
—ombd 1+ 2nb— - ] 7
nb{ +2nb 2n+1(2n+a+b) 9(Z,U)

+a(b—1)S*(Z,U) = 0. (4.18)

Theorem 4.1. Let (M?"™!, g), n > 1 be an LP-Sasakian manifold. Then for
respective pseudo symmetry type conditions, the Ricci tensor of the manifold
M takes the respective forms as follows-



Vol.

47

LIV (2016) Deszcz pseudo symmetry type LP-Sasakian manifolds
fg;g?;?: Ezxpression for Ricci tensor
R(X,Y)-R=
L{{X AY)-R} For L #1,
(bya=b=c=0 S = 2ng.
&La=b=c=0)
R(X,)Y)-C =
L{{XAY)-C} For L # 1,
(bya=b=¢c¢=0, S=(L£-1)g+(£—2n—1n®mn.
a=b=—3=&c=1)
R(X,)Y)-C =
L{(XAY)-C} For L # 1,
(bya=b=¢=0, S=(£-1)g+(&£=2n—-1nen.
a=b=-—3=&c=0)
R(X)Y) - E =
L{{(XAY)-E} For L #1,
(bya=b=¢=0, S = 2ng.
a=b=0&c=1)
R(X,Y) - P =
L{{(X AY) - P} For L #1,
(bya=b=¢c=0, S=2ng+(5-2n—-1)nxmn.
a=—5&b=c=0)
R(X,Y)-H=
L{(X AY)-H} For L # 1,
(bya=b=¢c=0, Sz(%) g+{—“?ﬁ?”}n®n.
a=b=—-L+&c=0)
dn
E(X,)Y)-R=
L{(X AY)- R} For L # 1 — 5505,
(bya=b=0,¢c=1, S = 2ng.
&La=b=c=0)
EX,)Y)-C=
L{{(X AY)-C} ForL#l—m,
(bya=0=bc=1 S=(g-1)g+(52n—1nen
a=>b= 2n117c 1)
EX,)Y)-C =
L{(X AY)-C) For L#1 = 55,
(bya=0=bc=1 S=(£-1)g+(L—2n—-1nxmn
a=b=—3=&c=1)
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g:;z;t;éf FEzxpression for Ricci tensor
E(X,Y) E =
L{(X N\Y)- E} For L # 1 — gm0y
(bya=0=0bc=1 S = 2ng.
a=b=0&c=1
E(X,)Y)-P=
(bya=0=0bc=1 S:2ng+(——2n—1)n®n.
a=—5-b=0&c=1)
EX,Y)-H=
L{X AY) - H} For L# 1 — g5y,
bya=0=b,c= — (rtan r=2n(n+1)
a(—yba— —L &’Cc— ) 5 (4”+1>g+{ dn+1 }77@77'
= -4 —
C(X,)Y)-R=
L{{(X AY)-R} {24+Cn—-1L}S={r+2n+2n(2n—1)L}g
(bya=b=—3=,c=0 +(r —2n)n®@n+ 5°
&a=b=c=0)
LO((XZ)Y)C;} (2n — 1)(1+2nL)S = 2nS”
S L +H{IIQ* —2n) = (2n—1)(2n — 1)L} g
(bya=b=— c=0
G b 12”&1’02 )’ +[(2n—1){r—2n2n+1)}L— 2nr] nemn.
2n—1
C(X,)Y)-C= (2n —1)(1+2nL)S
L{XAY)-C} = {2nL(2n — 1) (——1)+ I Q |>~2n}g
(byd:b:—znl_l,E:O, —|—{r+2nL(n—1}{ 2n+1}n®n
a=b=—3=&c=1) —2nS2.
CX,Y) E= {24+ @n—-1)L}S =-5°
b L{([;X/\Y)IE} . +[r+2n+2n(2n —1)L]g
ya=0=-— — , €= r
&a:b:2c=10) +(2n—r){2n(2n+1)—1}77®77,
C(X,Y) P=
L{((XA)Y) P (24 (@n—1)L}S = -
(bya—=b=—1 c=0 +[r+2n+2n(2n —1)L]g
el B R R AT
2n’
O(X, Y) _ {1+(2n— 1)L}(4n—|—1)+2nS
L{X AY) - H) = [(&+7) {1+ (20— 1)L}
(byd:b:—%l_l,é:() +3+ 1||Q||] (14’%)52
a=b=—3, &c=0) +(ﬁ ) {1+ @n-1Lin®ny
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Curvature . o
condition Ezxpression for Ricci tensor
PX,)Y)-R=
L{(X AY)- R} >—1+L)S=(&—-2n+2nL)yg
(bya=—5-,b=0,6=0 + (£ -2n—-1)nen—x5%
&a=b=c=0)
P(X,Y)-C = An’41-4n’L g
A 2n
(by dL_{<Xi\Y)_€}E_O = %r—2n—%+(2n—L)fr}g
a:b——Q;wlfl &é:0> {%r—@n%—lf—ﬂ}}n@n—l—s&.
4n2(L71715
P(X,Y)-C 2"( on +2nL) (£ — 1)

I - — TL+ n - —
LIXAY) p} (Obtain _ o ,; g
bya=—5,b=0,c=0 n<2n_HQ“)
a=b=-"zls &ec=1) +{——2n+1}{——2n+1 +2nL}n®@mn

(L—l)— g
2n
Lp(fg Y>Y E; (& — 2n—|— 20L) (5~ 1)
U N -1Q ) ff
(bya=—5-,b=0,c=0 2n \2n
a=b=0& c=1) —i—{——2n+1}{——(2n+1)+2nL}77®77
PX,)Y)-P=
L{(X ANY)- P} (1—2n+2nL)S =(r —4n* +4n*L) g
(bya:—#,b:O,E:O +L{r—2n2n+1)}n®n— S
a:—%,bzo&c:())
P(X,Y)-H = 4n—(4n+1)LS L g2
LIXAY) - In 4
(bya:{(—;,b):O,}ézo AN = g ”@H2 (3 +n) L g+
o — zjﬁ&c: ) 4L {2n (2n + )—7’}77@7]
H(X,Y) -R=
L{(X AY)-R} L2 4 [} S=(L—n+2nl)yg
W =b =~ e =0 +E - DB -k
&a=b=c=0
HX,Y) C = (4"4“ - an) S =1g
TSI I
bya=b=—,-,¢c=0
a = :_2n171&020> + 42:1 (2";1 +{2n(2n+1)—r}L-‘n®n
HX)Y) - E=
L{{(X AY)-E} (22 +L)S :(4——n+2nL)
bya=b=—1,,c=0 +(i—1){ TGRSR I @n—4S52
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Curvature . o
condition FEzxpression for Ricci tensor
H(X,Y) P = 1208 = (L—n+2nL)g
Ay o +H{-£+2Y (1 - 2L ey
bya=b=—4,c=0, —LS% 2
— 1 — = 4n™
a=—5-,b=c=0)
H(X,Y)-H: (2n+1 . | )
. 8n2
OO g P )
bya=b=—,,c=0 ’(11 2L)( B ) B0
a=b=—2 & c=0)
C(X,)Y)-R= ,
LUXAY)- R} {2-%)+@2n—-1)L}S
(bya=b=—-1 =1 ={2n+2n(2n— 1)L} g ,
-1’ _on — _ —
0=b=c0) +{r—2n—4dn(n—-1)L}n®@n—S-.
CIX,Y)-C = {2n—1—z“—|—2n(2n—1)L}S
L{(_)(/\Y)é} :{(T—%>—2n—(2n—r)L
bpa=b=—gize=1 | 4] QPg+[(r—5)—(2n—1)x
a=b=—55.c=0) {2n(2n + 1) — r} LIn ® n — 2n5>.
C(X,)Y) P= {2-%)+@2n-1)L}S=
L{(XNY)- P} {2n+2n(2n—1) L}g
(bya=b=—5=,c=1 | +(&£—-1-(2n—1)L)x
a= 21n,b—c:) (2n+1—#)n®n—5’2.
C(X,)Y)-E = {2-2%)+(2n—1)L} S =2ng
L{(X\Y)- E} (5: —1) (2n— 577) +
(ya=b=—ztye=1 | T\ (1—n)@n—2)L [71%7
a=b=0,c=1) —52.
L Bnt3) - (r+ &)+ _
LC())((,Y)YH}; n{ (2n—1)@n+ 151 77
(byai(b:/\_)l }c—l + 2n(1_%)+2”+”QH —2(n —1)L}9
-1’ -
a=b=—Lc=0) + %—12—(271—1)[/}(271—#1——)7]@77
—(2+35-)S".

Remark 4.1. For L = 0, the above theorem gives us the nature of the Ricci
tensor of the manifold M for respective semi-symmetry type conditions.
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