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ABSTRACT. Definition of (7, % )-pseudosymmetric semi-Riemannian manifold
is given. (7a, % )-pseudosymmetric (N(k), £)-semi-Riemannian manifolds are
classified. Some results for 7;-pseudosymmetric (N (k),£)-semi-Riemannian
manifolds are obtained. (7,7, S*)-pseudosymmetric semi-Riemannian mani-
folds are also defined. (75, T, S¢)-pseudosymmetric (N (k), £)-semi-Riemannian
manifolds are classified. Some results for (R, T, S¢)-pseudosymmetric (N (k), €)-
semi-Riemannian manifolds are obtained. In particular, some results for
(R, Ta, S)-pseudosymmetric (N (k), {)-semi-Riemannian manifolds are also ob-
tained. After that, the definition of (7a, S7; )-pseudosymmetric semi-Riemannian
manifold is given. (7a, S7; )-pseudosymmetric (N (k), £)-semi-Riemannian man-
ifolds are classified. It is proved that a (R, S7;)-pseudosymmetric (N(k),£)-
semi-Riemannian manifold is either Einstein or L = k under an algebraic con-
dition. Some results for (7, S)-pseudosymmetric (N(k), £)-semi-Riemannian
manifolds are also obtained. In last, (7, SE,SZ)—pseudosymmetric semi-Rie-
mannian manifolds are defined and (7, S7;, S*)-pseudosymmetric (N (k), £)-
semi-Riemannian manifolds are classified.

1. INTRODUCTION

Let M be an n-dimensional smooth manifold and X(M) the Lie algebra of vector
fields in M. We assume that X, X1,..., X, Y, Z, U, V,W € X(M). It is well known
that every (1, 1) tensor field A on a differentiable manifold determines a derivation
A- of the tensor algebra on the manifold, commuting with contractions. For exam-
ple, a (1,1) tensor field B(V,U) induces the derivation B(V,U)-, thus given a (0, s)
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tensor field K, we can associate a (0, s + 2) tensor B - K, defined by

(1.1) (B-K)(Xy,..., X, X)Y) = (BX,)Y)-K)(Xy,...,Xs)
= —KBX,Y)X1,...,Xy) =

—K(X1,...,B(X,Y)X,).

Next, for a tensor o of type (0,2), the operators (X A, Y) and Q(o, K)are defined
by
(X Ao Y)Z = o(Y, 2)X — o(X, Z)Y,

1.2) Q. K)(X1,.... X0, X.Y) = (XA, Y)-K)(X1,...,X,)
= —K(X A Y)X1,. ., X)) —
S K(X1, . (X A Y)XS).

Let (M, g) be an n-dimensional semi-Riemannian manifold. Then (M, g) is said
to be

(a) pseudosymmetric [8] if its curvature tensor R satisfies
R-R=L,Qg, R),

where L, is some smooth function on M,
(b) Ricci-generalized pseudosymmetric [5] if it satisfies

R-R=LsQ(S,R),

where Lg is some smooth function on M and S is the the Ricci tensor,
(c) Ricci-pseudosymmetric [4] if on the set U = {x € M : (S —r/n), # 0},

R-S=LQ(yg,S),
where L is some function on Y.

A pseudosymmetric manifold is a generalization of manifold of constant cur-
vature, symmetric manifold (VR =0) and semisymmetric manifold (R- R = 0).
Deszcz et al. [10] proved that hypersurfaces in spaces of constant curvature, with
exactly two distinct principal curvatures at every point, are pseudosymmetric.
Ricci-pseudosymmetric manifold is a generalization of manifold of constant cur-
vature, Einstein manifold, Ricci symmetric manifold (V.S = 0), symmetric mani-
fold, semisymmetric manifold, pseudosymmetric manifold and Ricci-semisymmetric
manifold(R - S = 0). Similar to pseudosymmetry condition, Deszcz and Grycak [6,
7, 9] and Ozgiir [18] also studied Weyl pseudosymmetric manifolds (R - C = LyQ(g,C)).
In 1990, Prvanovié [24] studied the condition

R-T=LQ(S"T), (=0,1,2,...,

where T is some (0,4)-tensor field and L is some smooth function on M. If T = R and
£ =0, this condition becomes the condition for pseudosymmetry and if T = R and £ = 1,
this condition becomes the condition for Ricci-generalized pseudosymmetry.

Apart from the curvature tensor and the Weyl conformal curvature tensor, quasi-
conformal curvature tensor, concircular curavture tensor, conharmonic curvature tensor,
pseudo-projective curvature tensor, projective curvature tensor are important curvature
tensors in the semi-Riemannian point of view. The T -curvature tensor is generalisation of
quasi-conformal curvature tensor, Weyl conformal curvature tensor, conharmonic curva-
ture tensor, concircular curavture tensor, pseudo-projective curvature tensor, projective
curvature tensor, W-curvature tensors (i = 0,...,9) and W) -curvature tensors (j = 0,1).
Therefore it is interesting to study the pseudosymmertic condition of T-curvature tensor
on different stuctures of manifolds. N (k)-contact metric manifold, (¢)-Sasakian manifold,
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Sasakian manifold, Kenmotsu manifold, (¢)-para Sasakian manifold and para Sasakian
manifold are particular cases of (N (k), {)-semi-Riemannian manifolds. Thus it is a motiva-
tion to study the T-curvature tensor on (N (k), £)-semi-Riemannian manifolds. In this pa-
per, we study several derivation conditions on (N (k), §)-semi-Riemannian manifolds. The
paper is organized as follows. In Section 2, we give the definition of 7-curvature tensor.
In Section 3, we give examples and properties of (N(k), £)-semi-Riemannian manifolds.
In Section 4, (7., T)-pseudosymmetric semi-Riemannian manifolds are defined and stud-
ied. Some results for T,-pseudosymmetric (N (k), £)-semi-Riemannian manifolds are given.
In Section 5, (7, %, 5%)-pseudosymmetric semi-Riemannian manifolds are defined and
studied. Some results for (R, T, S*)-pseudosymmetric (N (k), £)-semi-Riemannian mani-
folds are given. In particular, some results for (R, 7., S)-pseudosymmetric (N (k), £)-semi-
Riemannian manifolds are obtained. In Section 6, the definition of (7, S7; )-pseudosymme-
tric semi-Riemannian manifold is given. (7., S7; )-pseudosymmetric (N (k), £)-semi-Riema-
nnian manifolds are classified. It is proved that a (R, St;)-pseudosymmetric (N (k),§)-
semi-Riemannian manifold is either Einstein or L = k under an algebraic condition. Some
results for (7, S)-pseudosymmetric (N (k),§)-semi-Riemannian manifolds are obtained.
In the last section, the definition of (1, S7;, SZ)—pseudosymmetric semi-Riemannian man-
ifold is given. (Ti,S7%,S*)-pseudosymmetric (N (k), £)-semi-Rie-mannian manifolds are
classified.

2. PRELIMINARIES
Definition 2.1. In an n-dimensional semi-Riemannian manifold (M, g), T -curvature ten-
sor [30] is a tensor of type (1,3), which is defined by
(2.1) T(X,)Y)Z = aR(X,Y)Z
+aSY,2) X +a28(X,2)Y +a3S(X,Y)Z
+a19(Y,2)QX +a59(X,Z) QY +as 9(X,Y)QZ
tarr(g(Y,2) X —g(X,2)Y),
where ag, ..., ar are real numbers; and R, S, QQ and r are the curvature tensor, the Ricci
tensor, the Ricci operator and the scalar curvature respectively.
In particular, the 7-curvature tensor is reduced to
(1) the curvature tensor R if
a=1 a=---=a7=0,

(2) the quasi-conformal curvature tensor C, [34] if

1 ao
ag=—ax=a4=—as, az=as=0, a7r=—— - 1+2a1 R

(3) the conformal curvature tensor C [12, p. 90] if

1 1

a0:1,a1:7a2:a4:fa5:7 a3:a6:0,a7:

-2’ (n—1)(n—-2)’
(4) the conharmonic curvature tensor L [13] if
1
CLo:l7 a) = —a2 =a4 = —0a5 = — —, a3:a6:0, a7:O,
n—2

(5) the concircular curvature tensor V ([32], [33, p. 87]) if
1
a():l, a1:a2:a3:a4:a5:a6:07 ar = — —F/——»
n(n —1)

(6) the pseudo-projective curvature tensor P, [23] if

1 ao
a1 =—az, az=as=as=as=0, ar=—— +a1 ),
n\n—1
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(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)
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the projective curvature tensor P [33, p. 84] if
1
a0:17 a1:—a2:—m, a3:a4:a5:a6:a7:0,
the M-projective curvature tensor [21] if
ap =1, a1 =—a *a*—a*—# a3 =as =a7 =0
0=1 a1=—-a=a1=—a5= 2 —1)’ 3 =as =ar =0,
the Wo-curvature tensor [21, Eq. (1.4)] if
1
a=1 a1 =—a5=— a2 =a3 =aq4 =ag =ay =0,

the

the

the

the

the

the

the

the

the

the

the

(n—1)’
We -curvature tensor [21, Eq. (2.1)] if

a=1 a =—as= a2 =a3 =a4 =ag = a7 =0,

1)’
Wi -curvature tensor [21] if

o
= 1)

CLOZL a; = —a2 = a3:a4:a5:a6:a7:0,

WY -curvature tensor [21] if
ap =1, a1:—a2:—ﬁ, as =a4 =as =ag = a7 =0,
W -curvature tensor [20] if
ao =1, a4:—a5=—(ni1), a1 =az2 =a3 =as = a7 =0,
Wis-curvature tensor [21] if

1
ap =1, a2=—a4_—(n71)7 a1 =a3=as=a¢ =ay =0,
Wi-curvature tensor [21] if

1
ao =1, a5:_a6:(n71)7 ar =az =a3z =aqs =ar =0,

Ws-curvature tensor [22] if
1
(n—1)’

We-curvature tensor [22] if

a():l, as = —as = —

a():l, a; = —ag = —

Wr-curvature tensor [22] if

a=1 a1 =—as=— a2 =a3 =as =ag = a7 =0,

1)’
Ws-curvature tensor [22] if

1
(n—1)

Wy -curvature tensor [22] if

ap =1, a1 =—az3=—

a=1, az3=—as=

(n—1)’
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Denoting
T(X,Y,Z,V)=g(T (X,Y)Z,V),

we write the curvature tensor 7 in its (0,4) form as follows.

(2.2) T(X,Y,Z,V) = aR(X,Y,Z,V)
+a1S(Y,2)g(X,V)+a25(X,Z2)g(Y,V)
+a3S(X,Y)g(Z,V)+asS(X,V)g(Y,2)
+asS(Y,V)g(X,Z)+asS(Z,V)g(X,Y)
+arr(g(Y,2)g(X,V)—g(X,2)g(Y,V)).

Notation. We will call T-curvature tensor as 7,-curvature tensor, whenever it is neces-

sary. If ao,...,a7 are replaced by bo,...,br in the definition of 7T -curvature tensor, then
we will call T-curvature tensor as 7p-curvature tensor.

3. (N(k),£)-SEMI-RIEMANNIAN MANIFOLDS

Let (M, g) be an n-dimensional semi-Riemannian manifold [17] equipped with a semi-
Riemannian metric g. If index(g) = 1 then g is a Lorentzian metric and (M, g) a Lorentzian
manifold [1]. If g is positive definite then g is an usual Riemannian metric and (M, g) a
Riemannian manifold.

The k-nullity distribution [28] of (M, g) for a real number k is the distribution
N(k) :p— Ny(k) ={Z € T,M : R(X,Y)Z =k(g(Y,Z2)X — g(X,Z)Y)}.
Let £ be a non-null unit vector field in (M, g) and 7 its associated 1-form. Thus

9(57 f) =g,
where € = 1 or — 1 according as £ is spacelike or timelike, and
(3.1) n(X)=eg(X,8), n@=1

Definition 3.1. An (N (k), £)-semi-Riemannian manifold [31] consists of a semi-Riemannian
manifold (M, g), a k-nullity distribution N (k) on (M, g) and a non-null unit vector field
in (M, g) belonging to N (k).

Now, we intend to give some examples of (N(k), £)-semi-Riemannian manifolds. For
this purpose we collect some definitions from the geometry of almost contact manifolds
and almost paracontact manifolds as follows:

Almost contact manifolds. Let M be a smooth manifold of dimension n = 2m + 1.
Let ¢, € and n be tensor fields of type (1,1), (1,0) and (0, 1), respectively. If ¢, £ and n
satisfy the conditions

(3.2) P’ =-T+n®¢,

(3.3) n() =1,

where I denotes the identity transformation, then M is said to have an almost contact
structure (¢, &, 7). A manifold M alongwith an almost contact structure is called an almost
contact manifold [2]. Let g be a semi-Riemannian metric on M such that

(3.4) g (X, YY) =g (X,Y) —en(X)n(Y),
where € = +1. Then (M, g) is an (g)-almost contact metric manifold [11] equipped with an
(e)-almost contact metric structure (¢,&,1,9,€). In particular, if the metric g is positive

definite, then an (e)-almost contact metric manifold is the usual almost contact metric
manifold [2].

From (3.4), it follows that
(3.5) g(X,9Y) = —g(pX,Y)
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and
(3.6) 9(X,€) = en(X).
From (3.3) and (3.6), we have
3.7) 9(&¢) =e
In an (¢)-almost contact metric manifold, the fundamental 2-form @ is defined by
(3.8) B(X,Y) = g(X, V).

An (e)-almost contact metric manifold with ® = dn is an (g)-contact metric manifold
[27]. For € =1 and g Riemannian, M is the usual contact metric manifold [2]. A contact
metric manifold with £ € N(k), is called a N(k)-contact metric manifold [3].
An (e)-almost contact metric structure (p,&, 7, g,¢€) is called an (g)-Sasakian structure
if
(Vx@)Y = g(X,Y)§ —en(Y) X,
where V is Levi-Civita connection with respect to the metric g. A manifold endowed

with an (g)-Sasakian structure is called an (g)-Sasakian manifold [27]. For e = 1 and g
Riemannian, M is the usual Sasakian manifold [2, 25].

An almost contact metric manifold is a Kenmotsu manifold [15] if

(3.9) (Vxp)Y = g(¢X,Y){ —n (Y) pX.
By (3.9), we have
(3.10) Vxé =X —n(X)E.

Almost paracontact manifolds. Let M be an n-dimensional almost paracontact man-
ifold [26] equipped with an almost paracontact structure (p,&,n), where @, £ and n are
tensor fields of type (1,1), (1,0) and (0, 1), respectively; and satisfy the conditions

(311) SOQZI_TI®€,

(3.12) n(e) = 1.

Let g be a semi-Riemannian metric on M such that

(3.13) 9(pX,0Y) =g (X,Y) —en(X)n(Y),

where ¢ = £1. Then (M, g) is an (¢)-almost paracontact metric manifold equipped with an
(e)-almost paracontact metric structure (¢,&,n,g,€). In particular, if index(g) = 1, then
an (€)-almost paracontact metric manifold is said to be a Lorentzian almost paracontact
manifold. In particular, if the metric g is positive definite, then an (£)-almost paracontact
metric manifold is the usual almost paracontact metric manifold [26].

The equation (3.13) is equivalent to

(3.14) 9(X,9Y) = g(pX,Y)
along with
(3.15) 9(X,§) = en(X).
From (3.12) and (3.15), we have
(3.16) g8 =e
An (g)-almost paracontact metric structure is called an (g)-para-Sasakian structure [29]
if
(3.17) (Vxp)Y = —g(pX, pY)E —en (V) 9°X,

where V is Levi-Civita connection with respect to the metric g. A manifold endowed with
an (g)-para-Sasakian structure is called an (¢)-para-Sasakian manifold [29]. For ¢ = 1 and
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g Riemannian, M is the usual para-Sasakian manifold [26]. For e = —1, g Lorentzian and
& replaced by —&, M becomes a Lorentzian para-Sasakian manifold [16].

Example 3.1. [31] The following are some well known examples of (N (k), £)-semi-Riemannian
manifolds:

(1) An N(k)-contact metric manifold [3] is an (N(k), {)-Riemannian manifold.

(2) A Sasakian manifold [25] is an (N (1), £)-Riemannian manifold.
(3) A Kenmotsu manifold [15] is an (N(—1),£)-Riemannian manifold.
(4) An (e)-Sasakian manifold [27] an (N (g), §)-semi-Riemannian manifold.
(5) A para-Sasakian manifold [26] is an (N(—1),&)-Riemannian manifold.
(6) An (g)-para-Sasakian manifold [29] is an (N (—¢), §)-semi-Riemannian manifold.
In an n-dimensional (N (k),{)-semi-Riemannian manifold (M, g), it is easy to verify
that
(3.18) R(X,Y)§ =ek(n(Y)X —n(X)Y),
(3.20) R(&, X)§ = ek(n(X)€ — X),
(3.21) R(X,Y,Z,§) =ek(n(X)g (Y, 2) —n(Y)g(X, Z)),
(3.22) n(R(X,Y)Z) =k(n(X)g(Y,2) —n(Y)g(X,2)),
(3.23) S(X,€) = h(n — n(X),
(3.24) Q€ = k(n — 1),
(3.26) n(QX) = e9(QX,§) = eS(X, &) = k(n — 1)n(X).

Moreover, define

(3.27) SUX,Y) =9(Q'X,Y) = S(QT'X,Y),
where £ =0,1,2,... and S° = g. Using (3.26) in (3.27), we get
(3.28) SUX,€) = ek’ (n —1)"'n(X).

Now, we give the following Lemma.

Lemma 3.1. [31] Let M be an n-dimensional (N (k), )-semi-Riemannian manifold. Then
(3.29) To(X, YY) = (—ckao +cek(n—1)az —earr)n(X)Y
+ (ekao + ck(n — 1)a1 +earr)n(Y)X
+a3S(X,Y)E+eaan(YV)QX
+easn(X)QY + k(n — 1asg(X, Y)E,

(3.30) T, X)¢ = (—¢ckao + ek(n —1)az —earr)X + cas QX
+ {ekao + ek(n — 1)a1 + ek(n — 1)as
+ ek(n — 1as + ek(n — 1)as + earr}n(X)E,

(3.31) T.&Y)Z = (kao+k(n—1as+arr)g(Y,Z)E
+a1SY,Z2)¢+ek(n— Dasn(Y)Z
+easn(Z)QY +easn(Y)QZ
+ (—ekao + ek(n — 1)az —ear r)n(2)Y,
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(3.32) (T (X,Y)E) = ek(n—1)(a1 + a2 +as+ as)n(X)n(Y)
+a3S(X,Y)+ k(n —1)asg(X,Y),

(3.33) T (X,Y, &, V) = (—ckao +ek(n—1)az —earr)n(X)g(Y,V)
+ (ekao +ek(n — a1 + earr)n(Y)g(X,V)
+eaz S(X,Y)n(V) +easn(Y)S(X,V)
+eas n(X)S(Y, V) + ek(n — 1)as g(X, Y)n(V),

(3.34) T.(X,6)¢ = {—ckao +ek(n—1)az +ek(n —1)as
+ ek(n — 1)as + ek(n — 1)ag —earr}n(X)E
+ (ekao +ek(n — 1)a1 + carr) X + cas QX,

(3.35) S7(X,8) = {ek(n—1)(ao +nai + a2+ as + as + as)
+er(as + (n = Dar)} n(X),

(3.36) S1.(&,8) = ek(n—1)(ao +nai + a2+ as + as + as)
+er(as + (n — 1)ar).

Remark 3.1. The relations (3.18) — (3.36) are true for
(1) a N(k)-contact metric manifold [3] (e = 1),

(2) a Sasakian manifold [25] (k =1, e = 1),

(3) a Kenmotsu manifold [15] (k= —1, e = 1),

(4) an (e)-Sasakian manifold [27] (k = ¢, ek = 1),

(5) a para-Sasakian manifold [26] (k = —1, e = 1), and

(6) an (e)-para-Sasakian manifold [29] (k = —¢, ek = —1).

Even, all the relations and results of this paper will be true for the above six cases.

4. (Ta,Ty)-PSEUDOSYMMETRY

Definition 4.1. A semi-Riemannian manifold (M, g) is said to be (7, % )-pseudosymmetric
if

(41) %'%:LQQ(gvﬁ)a

where L is some smooth function on M. In particular, it is said to be (R, T,)-pseudosymmetric
or, in brief, 7,-pseudosymmetric if

(4.2) R-To=L¢Q(9, )
holds on the set
Ug={zeM :(T.), #0at z},

where Ly is some smooth function on Uy. In particular, if in (4.2), 7, is equal to R, Cx,
C, L, V, Ps, P, M, Wo, W5, Wi, Wi, Wa, Ws, Wa, Ws, We, Wz, Ws, Wo, then it be-
comes pseudosymmetric, quasi-conformal pseudosymmetric, Weyl pseudosymmetric, con-
harmonic pseudosymmetric, concircular pseudosymmetric, pseudo-projective pseudosym-
metric, projective pseudosymmetric, M-pseudosymmetric, Wy-pseudosymmetric, Wg-
pseudosymmetric, Wi-pseudosymmetric, Wy -pseudosymmetric, Wh-pseudosymmetric, Ws-
pseudosymmetric, Wa-pseudosymmetric, Ws-pseudosymmetric, Ws-pseudosymmetric, Wr-
pseudosymmetric, Ws-pseudosymmetric, Wy-pseudosymmetric, respectively.
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Theorem 4.1. Let M be an n-dimensional (Ta, Ty)-pseudosymmetric (N (k), £)-semi- Riemannian
manifold. Then

(4.3)

ebo(kao + ek(n — 1)as + arr)R(U, V, W, X) 4+ €a1boS(X, R(U, V)W)
—2k(n — 1)as(kbo + k(n — 1)bs + brr)n(X)n(U)g(V, W)
—2k(n — 1)asz(—kbo + k(n — 1)bs — brr)n(X)n(V)g(U, W)
+ea1bsS*(X, U) (v W) 4+ ea1bsS* (X, V)g(U, W)
+ea1bsS* (X, V) — as (b + b3)S* (X, V)n(U)n(W)
—as (b1 +b2)S ( ) U)n(V) = as(bz + b3) S* (X, U)n(V)n(W)
—2a6b1 S (V, W)n (X) (U) = 2a6b2S* (U, W)n(X)n (V)
—26by S(U, V(X )n(W) — 2k3(n — V)asbeg(U, V(X )n(W)
—2(k(n — 1)asbr + as(kbo + k(n — 1)bs + b77)) n(X)n(U)S(V, W)
—2 (k(n — 1)asbz + as(—kbo + k(n — 1)bs — bzr)) n(X)n(V)S(U, W)
—2k(n — 1)(asbs + asbe) S(U, V)n(X)n(W)
+e (ba(kao + k(n — 1)as + arr) — a1 (kbo + k(n — 1)bs)) S(X,U)g(V, W)
+e (bs(kao + k(n — 1)as + a7r) — a1(—kbo + k(n — 1)bs)) S(X, V)g(U, W)
+ebs(kao + k(n — 1)(as — a1) + arr)S(X, W)g(U, V)
—e(kbo + k(n — 1)ba)(kao + k(n — 1)as + a7r)g(X,U)g(V, W)
—e(—kbo + k(n — 1)bs)(kao + k(n — 1)as + arr)g(U, W)g(X, V)
—ek(n — 1)bs(kao + k(n — 1)as + a7r)g(X, W)g(U, V)
—k(n—1) ((b2 + b3)(kao + k(n — 1)asa + arr)

(a2 + a1)(—kbo + K(n — 1)(bs + bs) — brr)) g(X, U)n(V)(W)
—k(n—1) ((br + b3)(kao + k(n — 1)asa + arr)

+(az + aa)(kbo + k(n — 1)(ba + be) + brr)) g(
— ((b1 + b3)(—kao + k(n — 1)(a1 + a2) — arr)
+(a1 + as)(kbo + k(n — 1)(bs + bg) + brr)) S(X, V)n(U)n(W)
— ((b2 + b3)(=kao + k(n — 1)(a1 + a2) — arr)
+(a1 + as)(kbo + k(n — 1) (bs 4 bs) + brr)) S(X, U)n(V)n(W)

— ((br + b2)(=kao + k(n — 1)(a1 + a2) — arr)
FE(n = 1)(ba + bs)(a1 + as)) S(X, W)n(U)n(V)
—k(n—1)(k(n —1)(bs + bs)(az + a4)
+(b1 + b2)(kao + k(n — 1)as + arr)) g(X, W)n(U)n(V)
Lg(eboR(U,V,W, X) +ebsS(X,U)g(V,W) + €bs S(X, V)g(U, W)
+ebeS(X,W)g(U, V) — ek(n — 1)bsg(U, V)g(X, W)
e — 1)(ba + bs)g (X, U)n(V)(W)
I — 1)(bs + bs)g(X, V)n(U)(W)
k(1) (b + ba)g (X, Wn()n(V)
+(b2 + b3) S(X, U)n(V)n(W)

+(b1 + b3)S(X, V)n(U)n(W)

+(b1 + b2)S(X U)mw)

—&(—kbo + k(n = 1)bs)g(U, W)g(X, V)
—=(kbo + k(n — 1)b)g(V, W)g(X, 1),

— —

X, V)n(U)n(W)

U
Wn
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Proof. Let M be an n-dimensional (7,, 7)-pseudosymmetric (N (k), §)-semi-Riemannian
manifold. Then

(4.4) T(Z,X) - H(U V)W = LyQ(g, %) (U, V,W; Z, X).
Taking Z = ¢ in (4.4), we get

Ta (& X) - B(U,VIW = LgQ(g, ) (U, V,W; &, X),
which gives

7;( )75—( ) )Wﬁ%(%(va)UE V)W

— (U, T&X)VIW — (U, V)T (&, X)W
= Ly((EAX)BUVIW = T((E A X)U, V)W
To(U, (EAX)VI)W = To(U,V)(E A X)W),
that is,
(4.5) T (&, X)T(U VYW = T(Ta (&, X)U, V)W

)T
= T(U, T (& X)VI)W = T(U, V) Ta(§, X)W
= L¢(B(U,V,W,X)¢ - TH(U,V,W,6)X
—g9(X,U)R(E V)W +en(U)T(X, V)W
—g9(X, V)B(U,OW +en(V)T(U, X)W
—g9(X, W)T(U, V)€ + en(W) T (U, V) X).
(

Taking the inner product of (4.5) with &, we get

(4.6) Ta(&, X, B(U, VIW,€) — To(Ta(, X)U, V, W, €)
= B0, Ta(& XYV, W, ) = To(U, V, Tu(€, X)W, £)
= Ly(eR(U,V, W, X) —en(X)H(U, V, W, )
—9(X,U)B(E, V, W, &) + en(U)T(X, V, W, €)
—9(X,V)H(U,& W, €) +en(V) (U, X, W, §)
—9(X, W)U, V, &, €) +en(W) (U, V, X, £)).

By using (3.29),...,(3.34) in (4.6), we get (4.3). O

Theorem 4.2. Let M be an n-dimensional (Ta, Ty)-pseudosymmetric (N (k), §)-semi-Riemannian
manifold. Then

(4.7) —e{asbo + nasbi + asbs + asbs + asbs + asbs } SQ(V, W)

+ ({(nb1 + bz + b3 4 bs + be + bo) (ekao + €brr)
— ek(n — 1)(2asbs + a2bs + a1bg + a1bs + a1bs
+ a1b1 + a1ba + a2bz + azbs + naszbi + a1bo + azbo)}

— eg(n — Da1brr — enasbrr — ebaasr — ca1bar)S(V, W)

+ {—ek(n —1)(nby + bz + b3 + bs + bs + bo) (arr + kao + k(n — 1)as)
— ek(n — 1)r((n — 1)braz + (n — 1)bras + a2bs + asbs)} g(V, W)

+ (a1 + a2 + 2a3 + a4 + as + 2as) {—kQ(n —1)2(nby + ba + bz + bs + bs + bo)
— k(n —1)*b7r — k(n — 1)bar } n(V)n(W)

= Lg(e(bo+ b5 + b6)S(V,W) + e(bar — k(n — 1)(bo + nbs + bs + bs))g(V, W)
+(b2 + b3)(r — kn(n — 1))n(V)n(W)).
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Theorem 4.3. Let M be an n-dimensional T,-pseudosymmetric (N (k), £)-semi-Riemannian
manifold. Then
(4.8) caokR(U,V, W, X) + ckasS(X, U)g(V, W) + ekasS(X, V)g(U, W)

+ ekasS(X, W)g(U, V) — ek*(n — 1)acg(X, W)g(U,V)

—ek(kao + k(n — 1)as)g(V,W)g(X,U)

—ek(—kao + k(n — 1) a5) (U,W)g(X,V)
—E*(n —1)(az + az)g( ) (V)n(W)
—k*(n — 1) (a1 + as)g(X, V)n(U)n(W)

(X
+ k(az + a3)S(X,U)n(V ) (W) + k(a1 + a3)S(X, V)n(U)n(W)
+ k(a1 + az S( W)n(U)n(V)
= Ly(caoR(U, V,W, X) + easS(X, U)g(V, W) + a5 S(X, V)g(U, W)
+eagS(X, W)g(U,V) — ek(n — 1)asg(U, V)g(X, W)
—k(n —1)(az + a3)g(X, U)n(V)n(W)
—k(n —1)(a1 + a3)g(X, V)n(U)n(W)
—k(n —1)(a1 + a2)g(X, W)n(U)n(V)
)
)S

( )

—k*(n —1)(a1 + az)g )U(U)U( )
)S(X,U)
)

V)
+(az + as)S(X, U)n(V)n(W)
+(a1 + as)S(X, V)n(U)n(W)
+(a1 + az)S(X, Wn(U)n(V)
_6(_ka0 + k(n - 1)&5)9([], W)g(X7 V)
—¢e(kao + k(n — 1)as)g(V, W)g(X, U)).
Remark 4.1. Here two cases arise. First is that when Ly, = 0. In this case, it is Ts-
semisymmetric. We exclude this case, because it is already studied in [31]. And the

second case is that when Ly # 0. In the following Theorem, we consider the result for
Ly #0.

Theorem 4.4. Let M be an n-dimensional T, -pseudosymmetric (N (k), £)-semi-Riemannian
manifold such that ap + as + as # 0.

(1) If ao+ a2+ as+nas+as+as # 0, then either it is Einstein manifold or Ly = k.
(2) Ifao+az+as+nas+tas+as =0, then either it is n-FEinstein manifold or Ly = k.

Proof. Let M be an n-dimensional 7,-pseudosymmetric (N (k), £)-semi-Riemannian man-
ifold. On contracting (4.8), we get

k(e(ao + as + as)S(V,W) + e(asr — k(n — 1)(ao + nas + as + as))g(V, W)
+(az +a5)(r — knln — 1)n(V)n(W)
= Lg(e(ao +as +ae)S(V,W) + e(asr — k(n — 1)(ao + nas + as + as))g(V, W)
+(az + a3)(r — kn(n — 1))n(V)n(W)),
which can be rewritten as
(4.9) (Lg — k)(e(ao + as + ae)S(V, W)
+e(aar — k(n — 1)(ao + nas + as + as))g(V, W)
+(az + az)(r — kn(n = 1))n(V)n(W)).

On contracting above equation, we get

(Lg — k)(ao + a2 + a3 + nasa + as + ag)(r — kn(n — 1)).
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Case 1. If ap + a2 + as + nas + as + ag # 0, then either Ly, = k or r = kn(n — 1). If
r = kn(n — 1), then from (4.9), we get

S =k(n—1)g.
Case 2. If ap + a2 + as + nas + as + as = 0, then by (4.9), we get either Ly = k or
—e(ag + as + ag)S(V,W) = e(asr — k(n — 1)(ao + nas + as + ag))g(V, W)
+(az + a3)(r — kn(n — 1))n(V)n(W)).
This proves the result. O

Corollary 4.1. An n-dimensional T,-pseudosymmetric (N (k), §)-semi-Riemannian man-
ifold is of the form R - To = kQ(g,Ta).

In view of Theorem 4.4, we have the following

Corollary 4.2. Let M be an n-dimensional T, -pseudosymmetric (N (k), §)-semi- Riemannian
manifold such that

T. € {R7V7,P7M7W01W57W17WT7W31 s 7W8}
Then we have the following table:

M I,=|58=

N (k)-contact metric | k k(n—1)g
Sasakian 1 (n—1)g
Kenmotsu -1 —(n—1)g
(€)-Sasakian € e(n—1)g
para-Sasakian -1 —(n—1)g
(€)-para-Sasakian —c —e(n—1)g

Corollary 4.3. [19] Let M be an n-dimensional, n > 3, Kenmotsu manifold. If M
is pseudosymmetric then either it is locally isometric to the hyperbolic space H"(—1) or
Ly = —1 holds on M.

Corollary 4.4. [19] Every Kenmotsu manifold M, n > 3, is a pseudosymmetric manifold
of the form R- R = —Q(g, R).

Corollary 4.5. Let M be an n-dimensional quasi-conformal pseudosymmetric (N (k),§)-
semi-Riemannian manifold such that ao — a1 # 0 and ao + (n — 2)ar # 0. Then we have
the following table:

M I,=]S=

N (k)-contact metric | k k(n—1)g
Sasakian 1 (n—1)g
Kenmotsu -1 —(n—1)g
(e)-Sasakian € e(n—1)g
para-Sasakian -1 —(n—1)g
(€)-para-Sasakian —c —e(n—1)g

Corollary 4.6. Let M be an n-dimensional pseudo-projective pseudosymmetric (N (k),&)-
semi-Riemannian manifold such that ap # 0 and ag — a1 # 0. Then we have the following
table:

M Lg = S =

N (k)-contact metric | k k(n—1)g
Sasakian 1 (n—1)g
Kenmotsu -1 —(n—1)g
(e)-Sasakian € e(n—1)g
para-Sasakian -1 —(n—1)g
(€)-para-Sasakian —e —e(n—1)g
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Corollary 4.7. Let M be an n-dimensional Weyl pseudosymmetric (N (k), £)-semi-Riemannian
manifold. Then we have the following table:

M L, =
k

N (k)-contact metric

—
wn
I

Sasakian

(

()
Kenmotsu [19] -1 | S5= ( "+ 1) g—

(755 -7)

(55+)

n—1 "
(e)-Sasakian € S = nil_g g—&-s(n&—il nen
para-Sasakian [18] -1 S = - i 1 +1)g— (n+ po— nen
(e)-para-Sasakian —c S = (n i 1 + E> g—¢ (ns + ﬁ) nen

Corollary 4.8. Let M be an n-dimensional conharmonic pseudosymmetric (N (k),§)-
semi- Riemannian manifold. Then we have the following table:

M Ly,=]S=
N (k)-contact metric | k S:( r —k)g+(nk— )n@n
n—1 n—1
Sasakian 1 S:( r _1)9"'(”_7)77@7]
n—1 -1
r
Kenmotsu -1 S_(n_1+1)g_(n+n 1)77®,7
(e)-Sasakian € S:( r _5>9+5<n5—7>n®7l
n—1 n—1
para-Sasakian -1 S:( r +1)g—( L)W‘XW
n—1 -1
(e)-para-Sasakian —€ S:( T1+E>g_5(ng+ﬁ>n®n

Corollary 4.9. Let M be an n-dimensional Wa-pseudosymmetric (N (k), )-semi-Riemannian
manifold. Then we have the following table:

M L,=[S5=
N (k)-contact metric | k ﬁg
n
Sasakian 1 T g
B
Kenmotsu -1 —g
n
(e)-Sasakian € zg
n
para-Sasakian -1 T g
n
(€)-para-Sasakian —€ ig
n
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Corollary 4.10. Let M be an n-dimensional Wy-pseudosymmetric (N (k), £)-semi- Riemannian
manifold. Then we have the following table:

M L,=1S=

N (k)-contact metric | k S:( r —k)g+(nk— )77®7]
n—1 n—1

Sasakian 1 S:( r 71>g+<n7 )77®,7
n—1 n—1

Kenmotsu -1 S:( r +1)g—(n+ )77®77
n—1 n—1

(€)-Sasakian € S:( r _g)g+5(n5_7>n®n
n—1 —1

. r

para-Sasakian -1 S_<n_1+1>g—<n+n_1)77®17

(¢)-para-Sasakian —c S:( r +5>g_5(n5+L>TI®7}
n—1 n—1

5. (Tay T, S*)-PSEUDOSYMMETRY

Definition 5.1. A semi-Riemannian manifold is said to be (7, 7, SZ)—pseudosymmetric
if it satisfies

(5.1) To- T = LseQ(S",T),

where Lg: is some smooth function on M. In particular, it is said to be (R, T, S*)-
pseudosymmetric if

(5.2) R-T = LgeQ(S*, T5)

holds on the set Uge = {x € M : Q(S*,Ta) # 0}, where Lg: is some smooth function on
Usz .

For £ =1, we can give the following definition.

Definition 5.2. A semi-Riemannian manifold is called (7, T, S)-pseudosymmetric if it
satisfies

(5.3) Ta T = LsQ(S,h),

where Lg is some smooth function on M. In particular, it is said to be (R, T, S)-
pseudosymmetric if

(5.4) R-To=LsQ(S,Ta)
holds on the set Us = {z € M : Q(S,T,) # 0}, where Lg is some smooth function on Us.

Remark 5.1. A semi-Riemannian manifold is said to be (R, R, S)-pseudosymmetric or in
short, Ricci-generalized pseudosymmetric if

R-R=LsQ(S,R)

holds on the set Us = {z € M : Q(S, R) # 0}, where Lg is some smooth function on Us.
It is known [5] that every 3-dimensional semi-Riemannian manifold is Ricci-generalized
pseudosymmetric along with Lg = 1, that is, R- R = Q(S, R).
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Theorem 5.1. Let M be an n-dimensional (T, Ty, S°)-pseudosymmetric (N (k), £)-semi-
Riemannian manifold. Then

(5.5)

8()0(]{?(10 + sk(n — 1)&4 =+ a77“)R(U, V,W, X) + 8(11()0[:7()(7 Pg(U7 V)W)
—2k(n — 1)az(kbo + k(n — 1)ba + byr)n(X)n(U)g(V, W)

—2k(n — 1)as(—kbo + k(n — 1)bs — brr)n(X)n(V)g(U, W)
+ea1bsS* (X, U)g(V, W) + ea1bsS* (X, V) g(U, W)

+earbsS* (X, W)g(U, V) — as(b1 + b3)S* (X, V)n(U)n(W)

—as (b1 + b2)S* (X, W)n(U)n(V) — as(bz + b3)S* (X, U)n(V)n(W)
—2a6b1 S (V, W)n(X)n(U) — 2aba S (U, W)n(X)n (V)
—2agbs S* (U, V)n(X)n(W) — 2k*(n — 1)asbeg (U, V)n(X )n(W)
—2(k(n — Dagb1 + ac(kbo + k(n — 1)bs + brr)) n(X)n(U)S(V, W)

)

—2(k(n — Dasbz + ag(—kbo + k(n — 1)bs — brr)) n(X)n(V)S(U, W)
—2k(n — 1)(asbs + asbs) S(U, V)n(X)n(W)
+e (ba(kao + k(n — 1)asa + arr) — a1(kbo + k(n — 1)bs)) S(X,U)g(V, W)
+e (bs(kao + k(n — 1)asa + arr) — a1(—kbo + k(n — 1)bs)) S(X, V)g(U, W)
+ebs(kao + k(n — 1)(as — a1) + a7r)S(X, W)g(U, V)
—e(kbo + k(n — 1)bs)(kao + k(n — 1)as + a7r)g(X,U)g(V, W)
—e(—kbo + k(n — 1)bs)(kao + k(n — 1)as + arr)g(U, W)g(X, V)
—ek(n — 1)bg(kao + k(n — 1)as + arr)g(X, W)g(U,V)
—k(n —1) ((b2 + b3)(kao + k(n — 1)asa + arr)

+(az + aa)(=kbo + k(n — 1)(bs + bs) — b7r)) g(X, U)n(V)n(W)
—k(n —1) ((b1 + b3)(kao + k(n — 1)asa + arr)
(a2 + ax)(kbo + K(n — 1)(ba + be) + brr)) (X, VIn(U)n(W)
—((b1 + b3)(—kao + k(n — 1)(a1 + a2) — arr)
+(a1 + as)(kbo + k(n — 1)(ba + bs) + brr)) S(X, V)n(U)n(W)
— ((b2 + b3)(—kao + k(n — 1)(a1 + a2) — arr)
+(a1 + as)(kbo + k(n — 1)(bs + bs) + brr)) S(X, U)n(V)n(W)
—((b1 + b2)(—kao + k(n — 1)(a1 + a2) — arr)
(= 1) (b1 + bs) (a1 + as)) SCX, Wn(U (V)
—k(n — 1) (k(n — 1)(ba + bs)(az + a4)
(b + ba)(hao + k(n — D)as + arr) (X, W)n(U)n(V)
Lge(eboS“(R(U, V)W, X) + ebs S (X, U) (V,W) +ebsS“TH(X, V)g(U, W)
+ebsSTHX, W) g(U, V) — ek(n — 1)bs S (X, W)g(U, V)
+k (n — 1)*(—kbo + k(n — 1)(bs + bs) — b77") (X, U)n(V)n(w)
+k (n = 1) (kbo + k(n — 1) (ba + bo) + brr)g(X, V)n(U)n(W)

—(—kbo + k(n — 1)(ba + bs + bs + bg) — bﬂn)sf()g U)n(V)n(W)
—(kbo + k(n — 1)(by + bs + ba + be) + brr)S“(X, V)n(U)n(W)
—k(n — 1)(b1 + b2 + ba + b5)S(X, W)n(U)n(V)
+E (0= 1) (ba + bs)g (X, W)n(U)n(V)
—e(—kbo + k(n — 1)bs)S“(X, V)g(U, W)
—e(kbo + k(n — 1)bs)S* (X, U)g(V, W)
+ (1 = 1) (b1 + b3) S(X, V)n(U)n(W)
+E (0 = 1) (b1 + b2) S (X, W)n(U)n(V)
+k (n = 1)" (b2 + b3) S (X, U)n(V)n(W)).
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Proof. Let M be an n-dimensional (7, 7, S*)-pseudosymmetric (N (k), £)-semi-Riemannian
manifold. Then

(5.6) T(Z,X) - T(U, V)W:LSEQ(SZ,%,’)(U,V,W;Z,X).
Taking Z = ¢ in (5.6), we get

Tl X) - B(U, V)W = LseQ(S*, T) (U, V, W3 €, X),
which gives

Ta (& X)B(U, VIW = (T (& X)U, V)W
= (U, Ta(& X)VI)W = B (U, V) Ta (&, X)W
= Lg((ENge X)B(U, VYW — T ((€ Age X)U, V)W
=T(U, (€ Ase X)V)W = T(U, V) (§ Ase X)W),

that is,

(5.7) Ta (&, X)T(U,VIW — B(Ta (€, X)U, V)W
— B(U, T (&, X)V)W = T(U,V)Ta (€, X)W
= Lge(S"(X, BU,VI)W)E - & T(U, V)W) X
=S (X, U)H(&VIW + 86 U)R(X, V)W
—SYX VYR(U, W + S (6, V)R (U, X)W
—SYUX, W) KU, V)E+ S“(E, W) R(U,V)X).

Taking the inner product of (5.7) with &, we get

(5.8) Ta(&, X, BUVIW, &) = To(Ta (& X)U, V, W, §)
= T(U, Ta(& X)V, W, &) = (U, V, Ta(§, X)W, §)

= Lg(eSYX, B(U, V)W) —en(X)S (&, T(U, V)W)

—SY (X, U)T(&, V, W, €) + S (&, U)B(X, V, W, &)

—SUX, VYR(U, &, W, €) + S (&, V)B(U, X, W, €)

)+ S°(E )

—SY (X, W) (U, V,€,€) + S“(6, W)K(U, V, X, €)).

By using (3.29),...,(3.34) in (5.8), we get (5.5). O
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Corollary 5.1. Let M be an n-dimensional (Ta, T, S)-pseudosymmetric (N (k),£)-semi-
Riemannian manifold. Then

(5.9)

ebo(kao + ek(n — 1)aa + a7r)R(U, V,W, X) + €a1b0S(X, R(U, V)W)
—2k(n — 1)as(kbo + k(n — 1)bs + brr)n(X)n(U)g(V, W)
—2k(n — 1)as(—kbo + k(n — 1)bs — brr)n(X)n(V)g(U, W)
+earbaS* (X, U)g(V, W) + earbsS*(X, V)g(U, W)
+earbsS* (X, W)g(U, V) — as(by +b3)52(X Vn(U)n(W)
—as (b1 +b2)S* (X, W)n(U)n(V) — as (b2 + b3)S* (X, U)n(V)n(W)
—2a6b1 S (V, W)n(X)n(U) — 2aebe S (U, W)n(X)n(V)
—2abs S2(U, V)n(X)n(W) — 20 (n — L)asbeg(U, V)(X)n(W)
—2(k(n — 1)asbr + ag(kbo + k(n — 1)bs + brr)) n(X)n(U)S(V, W)
—2(k(n — 1)asbz + ag(—kbo + k(n — 1)bs — brr)) n(X)n(V)S(U, W)
—2k(n — 1)(asbs + asbs) S (U, V)n(X)n(W)
+e (ba(kao + k(n — 1)aa + azr) — a1(kbo + k(n — 1)ba)) S(X,U)g(V, W)
+e (bs(kao + k(n — 1)aa + arr) — a1 (—kbo + k(n — 1)bs)) S(X, V)g(U, W)
+ebs(kao + k(n — 1)(as — a1) + a7r)S(X, W)g(U, V)
—e(kbo + k(n — 1)ba)(kao + k(n — 1)as + a7r)g(X,U)g(V, W)
—e(—kbo + k(n — 1)bs)(kao + k(n — 1)as + a7r)g(U, W)g(X, V)
—ek(n — 1)bs(kao + k(n — 1)as + arr)g(X, W)g(U, V)
—k(n —1) ((b2 + b3)(kao + k(n — 1)as + arr)
+(az + a4)(—kbo + k(n — 1)(bs + bs) — b77)) g(X, U)n(V)n(W)

(

)

~— —

(=
—k(n —1) ((b1 + b3)(kao + k(n — 1)as + arr)
+(az + as)(kbo + k(n — 1)(bs + bs) + b7r)) g(X, V)n(U)n(W)

— ((b1 + b3)(=kao + k(n — 1)(a1 + a2) — arr)
+(a1 + as)(kbo + k(n — 1)(ba + bs) + brr)) S(X, V)n(U)n(W)
— ((b2 + b3)(=kao + k(n — 1)(a1 + a2) — arr)
(a1 + as) (kbo + k(n — 1)(bs + b) + byr)) S(X, U)n(V (W)
— ((b1 + b2)(=kao + k(n — 1)(a1 + a2) — arr)
(= 1) (b1 + bs) (a1 + a5)) SCE Wn(U (V)
—k(n —1) (k(n — 1)(ba + bs)(az + a4)

+(b1 + b2)(kao + k(n — 1)as + azr)) g(X, W)n(U)n(V)

Ls(eboS(R(U, V)W, X) 4+ ebsS* (X, U)g(V, W) + b5 S* (X, V)g(U, W)
+ebeS* (X, W)g(U, V) — ek(n — 1)bgS(X, W)g(U, V)

+k(n — 1)(=kbo + k(n — 1)(bs + be) — brr)g(X, U)n(V)n(W)

+k(n —1)(kbo + k(n — 1)(ba + be)brr) g (X, V)n(U)n(W)

k2 (n = 1)(ba + bs)g(X, W)n(U)n(V)

—(—=kbo + k(n — 1)(bs + bs) — brr)S(X, U)n(V)n(W)

—(kbo + k(n — 1)(ba + bs) + brr)S(X, V)n(U)n(W)

—k(n —1)(ba + bs)S(X, W)n(U)n(V) — e(—kbo + k(n — 1)bs)S(X, V) g(U, W)
—e(kbo + k(n — 1)ba)S(X,U)g(V,W)).

Theorem 5.2. Let M be an n-dimensional (T, T, S°)-pseudosymmetric (N (k), €)-semi-
Riemannian manifold. Then
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2

(a1bs — asbr — asb3)S* (X, V)n(W)
+(a1bs — asby — asbs)S? ( ,W)n(V)
—2a6b1 S (V, W)n(X)
+(bs(kao + k(n — 1)(asa — a1) + arr)
—(b1 + b3)(—kao + k(n — 1)(a1 + a2) — arr)
—(a1 + as)(kbo + k(n — 1)(bs + bs) + b7r))S(X, V)n(W)
+(bs(kao + k(n — 1)(as — a1) + arr)
—(b1 + b2)(—kao + k(n — 1)(a1 + a2) — arr)
—k(n —1)(a1 + as)(ba + b5))S(X, W)n(V)
—2(k(n — 1)asb1 + ae(kbo + k(n — 1)bs + b77))S(V, W)n(X)
—k(n —1)((b1 + b3 + bs)(kao + k(n — 1)asa + arr)
+ (a2 + aa)(kbo + k(n — 1)(bs + be) + b71))g(X, V)n(W)
—k(n —1)((b1 4+ b2 + bs)(kao + k(n — 1)asa + arr)
+k(n —1)(az + as)(bs + bs))g(X, W)n(V)
—2k(n — 1)as(kbo + k(n — 1)bs + byr)g(V, W)n(X)
—ek(n —1)((kbo + b7r)(a1 + a2 + as + as)
+k(n —1)(ba + b3 + bs + bs) X
(a1 + a2 + 2a3 + as + as + 2a¢))n(X)n(V)n(W)
= Lge(—(kbo + k(n — 1) (b1 + bs + ba + bs + bs) + brr)S“ (X, V)n(W)
+k (n — 1) (kbo + k(n — 1)(ba + be) + brr)g(X, V)n(W)
R (= 1) (ba + bs) g (X, W)n(V)
—k(n — 1) (b1 + bz + ba + bs + bg) S“ (X, W)n(V)
+bs ST, V)n(W) + beS™H (X, W)n(V))
+k (= 1)“(b1 + b3)S(X, V(W)
+k (0 — 1)" (b1 + b2) S(X, W)n(V)).

~

N —

Corollary 5.2. Let M be an n-dimensional (Ta, T, S)-pseudosymmetric (N (k),§)-semi-

Riemannian manifold. Then

(5.10)

(a1bs — asby — azb3)S*(X, V)n(W)

+(a1bg — asby — ashy)S*(X, W)n(V) — 2agb1 S*(V, W)n(X)
+(bs(kao + k(n — 1)(ag — a1) + arr)

(b1 + b3)(—kao + k(n — 1)(a1 + CLQ) — a7r)

—(a1 + as)(kbo + k(n — 1)(bsa + be) + b7r))S(X, V)n(W)
+(bg(kao + k(n — 1)(aq — a1) + azr)

—(b1 4+ b2)(—kao + k(n — 1)(a1 + a2) — arr)

—k(n —1)(a1 + a5)(bs + b5))S(X, W)n(V)
—2(k(n — 1)agby + ag(kby + k(n — 1)bgy + byr))S(V, W)n(X)
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—k(n — 1)((b1 + b3 + b5)(ka0 + k(n — 1)a4 -+ a7r)
+(az + as)(kbo + k(n — 1)(bs + bg) + brr)) g (X, V)n(W)
—k(n — 1)((b1 + by + b@)(k‘ao + k(n — 1)a4 + a77’)

+k(n —1)(a2 + aa)(ba + b5))g (X, W)n(V)

—2k(n — 1)ag(kby + k(n — 1)bg + brr)g(V, W)n(X)
—ek(n — 1)((kbg + byr)(a1 + a2 + a4 + as)

+k(n —1)(ba + b3 + bs + bg) X

(a1 4 a2 + 2a3 + a4 + a5 + 2a6) )n(X)n(V)n(W)

Lg(—(kﬁbg + k‘(n — 1)(1)4 + b5 + b@) + b7T)S(X, V)??(W)
+k(n — 1)(kby + k(n — 1)(bg + bg) + brr)g(X, V)n(W)
+k*(n — 1)*(bs + bs)g(X, W)n(V')

—k(n —1)(bg + bs + bg)S(X, W)n(V)

+b55%(X, V)n(W) + beS*(X, W)n(V)).

Theorem 5.3. Let M be an n-dimensional (R, Tz, S%)-pseudosymmetric (N (k), £)-semi-
Riemannian manifold. Then

(5.11)

k(a1 + a3z +as) (S(X,V) — k(n — 1)g(X, V) n(W)
k(a1 + a2 + ag) (S(X, W) — k(n — 1)g(X, W)) n(V)
Lge(—(kao 4+ k(n — 1)(a1 + a3 + a4 + as + ag) + a7zr)S* (X, V)n(W)
+k (n — 1) (kao + k(n — 1)(as + as) + a7r)g(X, V)n(W)
+E T (0 = 1) (a4 + a5)g(X, W)n(V)
—k(n —1)(a1 + a2 + as + as + ag) S (X, W)n(V)

+as ST X, V)W) 4 asSTH (X, W)n(V)
+k (n — 1) (a1 + a3)S(X, V)n(W)
+k (n = 1)" (a1 + a2) S(X, W)n(V)).

Corollary 5.3. Let M be an n-dimensional (R, 7T, S)-pseudosymmetric (N(k),£)-semi-
Riemannian manifold. Then

(5.12)

k(a1 +as + as) (S(X, V) = k(n —1)g(X,V))n(W)

k(ar + a2 + ag) (S(X, W) — k(n — 1)g(X, W)) n(V)
Ls(—(kao + k(n — 1)(as + as + a¢) + a7r)S(X, V)n(W)
+k(n — 1)(kao + k(n — 1)(as + ag) + arr)g(X, V)n(W)
+k*(n — 1)%(as + as)g(X, W)n(V)

—k(n —1)(as + as + ag)S(X, W)n(V)

+a5S% (X, VIn(W) + acS* (X, W)n(V)).

+

Corollary 5.4. Let M be an n-dimensional (R, R, S*)-pseudosymmetric (N (k), €)-semi-
Riemannian manifold. If M is not semisymmetric, then

St =k'(n-1)'yg
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and Lge = m Consequently, we have the following:
M Lge = Sf=
N (k)-contact metric m k(n—1)
Sasakian ﬁ (n—1)g
Kenmotsu R (=1)(n — 1)y

O 1)
1

1

1

() (n—1)g
(=D(n—1)’g

(—e)f(n—1)’g

(e)-Sasakian

para-Sasakian

(€)-para-Sasakian

Proof. Let M be an n-dimensional (R, R, S*)-pseudosymmetric (N (k), £)-semi-Riemannian
manifold, that is

(5.13) R-R=LgQ(S* R)

holds on M. By putting the value for R in (5.11), we get

(5.14) —kLge (SZ(X, V) — k' (n — 1)'g(X, V)) n(W) = 0.

Putting W = £ in (5.14), we get

(5.15) kL (s‘(x, V) — k' (n — 1)'g(X, V)) —0.

Since M is not semisymmetric Lg¢ 7# 0. Therefore from (5.15), we have
SYX, V) =k (n—1)'g(X, V).

So putting S* = kf(n — 1)%g in (5.13), we get
R-R=1k(@n-1)LsQg,R),

which is the condition of pseudosymmetric manifold. By comparison with the result of

pseudosymmetric manifold (Corollary 4.2), we get Lgr = This proves the

kt=1(n — 1)t
result. O

Corollary 5.5. Let M be an n-dimensional Ricci-generalized pseudosymmetric (N (k),§)-
semi- Riemannian manifold. If M is not semisymmetric, then M is an Einstein manifold

with scalar curvature kn(n — 1) and Lg = 1 Consequently, we have the following:
n—

M Is= | S=
N (k)-contact metric I T k(n—1)g
n—
I
Sasaki -1
asakian - Il (n—1)g
K tsu [19 —(n—-1
enmotsu [19] n 7 (n—1)g
(e)-Sasakian n T e(n—1)g
para-Sasakian —(n—1)g
(e)-para-Sasakian 1| e(n—1)g
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Corollary 5.6. Let M be an n-dimensional (R, Cx, S%)-pseudosymmetric (N (k), €)-semi-
Riemannian manifold. If M is not quasi-conformal semisymmetric, then

= (o) (5 )) v

+k*(n —1)°S.

Consequently, we have the following:

M ST =

N(k)-contact metric ((ﬁ - k) 21 + (2% —k(n — 1))) (S* — k*(n—1)*g)
+kf(n —1)'S

Sasakian <<n — 5 - 1> ot (2% —1(n— 1))) (5°— (n— 1))
+(n—1)%s

Kenmotsu ((n(nr_ T 1> af + (3 + (- 1))> (8* = (=D(n - 1))
+(-1)(n —1)*S

(€)-Sasakian ((m - ) Pl i 1))) (8~ () (n = 1)'9)
+(e)'(n—1)'S

para-Sasakian (<n(nr_ ) + 1) ;T + (X4 (n- 1))> (' = (=) (n — 1)*g)
+(=1)¥(n —1)*S

(€)-para-Sasakian ( n(nr_ ot s) Z—‘l) + (X +e(n— 1))) (S = (=) (n—1)’g)
+

Corollary 5.7. Let M be an n-dimensional (R,Cs,S)-pseudosymmetric (N (k),§)-semi-
Riemannian manifold. If M is not quasi-conformal-semisymmetric, then
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Consequently, we have the following:

7 L. w7
i
w1
_(n_3((ﬂ—;2?£+(i’“—< 1))
o (((<)<>((>) : (),
(¢)-Sasakian ((:@11)1()(“(31::3 S ¢ (2 -0-1))s

. r a
(€)-para-Sasakian ( nn=1) + 5) — + F) S

(g )3 (5 o0

Corollary 5.8. Let M be an n-dimensional (R,C, S*)-pseudosymmetric (N (k), €)-semi-
Riemannian manifold. If M is not Weyl-semisymmetric, then

0+1 ro 0 gl L L 4\E
S = (n_l k)(S K(n=1)g) + K (n—1)'s.
Consequently, we have the following:
M SZ+1 —
. r
N(k)-contact metric (n — = k) (SZ —kf(n — l)zg)
+Ek(n —1)S
) r
Sasakian (n — = 1) (8= (n—1)g)
+(n—1)'S
Kenmotsu i 1 + 1) (55 — (=1)*(n - 1)59)

(¢)-Sasakian - i . s) (S = (e)'(n —1)*g)
+(&)¥(n —1)*S
para-Sasakian ni 1 + 1) (SZ —(-1)n - 1)59)

)
(€)-para-Sasakian (% + s) (SZ —(—=&)¥(n — l)ég)
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Corollary 5.9. Let M be an n-dimensional (R,C,S)-pseudosymmetric (N(k),&)-semi-
Riemannian manifold. If M is not Weyl-semisymmetric, then

S? = (k(n—2)+ﬁ)s+k(n—l) (ka)g.

n—1

Consequently, we have the following:

M S7=
N (k)-contact metric (k(n -2)+ nil) S
th(n=1) (k= 27) 9
Sasakian ((n -2)+ nil) S
+(n-1) (1-75) g
Kenmotsu (--2+:5)s
tn—1) (1 + nil) g
(e)-Sasakian (E(n -2)+ nil) S
+e(n—1) 67m)g
para-Sasakian (—(n —-2)+ nil) S
+n-1) (1+:5) g
(€)-para-Sasakian (fs(n -2)+ nzl) S
+e(n—1) (c+:55) 9

Corollary 5.10. Let M be an n-dimensional (R, £, S¢)-pseudosymmetric (N (k), €)-semi-
Riemannian manifold. If M is not conharmonic semisymmetric, then

ST = kS 4 Kk (n—1)'S+ kT (n — 1)y

Consequently, we have the following:

i ST —

N (k)-contact metric | —kS* + k' (n — 1)'S + "1 (n — 1)%g
Sasakian ST+ (n—1)'S+(n—-1)y

Kenmotsu ST+ (=) (n—1) S+ (-1)(n -1y
(¢)-Sasakian —eST+ (@) (n—1)'S+ (&) (n—1)
para-Sasakian ST+ (1) n -1 S+ (-1)(n -1
(e)-para-Sasakian ST+ (=)' (n—1)'S+ (=) (n - 1)y

Corollary 5.11. Let M be an n-dimensional (R, L, S)-pseudosymmetric (N (k),§)-semi-
Riemannian manifold. If M is not conharmonic semisymmetric, then

5% = k(n —2)S 4+ k*(n —1)g.

Consequently, we have the following:

M 57 =

N (k)-contact metric | k(n —2)S + k*(n — 1)g
Sasakian (n—2)S+(n—1)g
Kenmotsu —(n—2)S+(n—1)g
(€)-Sasakian e(n—2)S+(n—1)g
para-Sasakian —(n—2)S+(n—1)g
(€)-para-Sasakian —e(n—2)S+ (n—1)g
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Corollary 5.12. Let M be an n-dimensional (R, V, S*)-pseudosymmetric (N (k), €)-semi-
Riemannian manifold. If M is not concircular semisymmetric, then M either satisfies

St =k (n—1)'g

or scalar curvature is kn(n — 1) and Lge = m Consequently, we have the
following:
M Lgr = Result
N (k)-contact k:f—l(?i 1) St =kf(n—1)fgorr =kn(n—1)
Sasakian (nll)f St=(n—1fgorr=n(n—1)
Kenmotsu (_1)611(71 — 1y St = (=1)(n—1fgorr=—n(n—1)
1

(e)-Sasakian St = (e)(n—1)gorr=cen(n—1)

para-Sasakian

St = (-1)f(n—1Dfgorr=—n(n—1)

(¢)-para-Sasakian St = (—e)f(n—1)fgorr=—en(n—1)

Corollary 5.13. Let M be an n-dimensional (R,V, S)-pseudosymmetric (N (k), £)-semi-
Riemannian manifold. If M is not concircularly semisymmetric, then M is either an

FEinstein manifold or scalar curvature is kn(n — 1) and Ls = 1 Consequently, we
n —

have the following:

M Ls=]S5=

N (k)-contact metric " i T S=k(n—1)g or r=kn(n—1)
Sasakian - i T S=(Mmn—-1)g or r=n(n—-1)
Kenmotsu [19] - i 1 S=—(n—-1)g or r=-nn-1)
(e)-Sasakian - i 7 S=e(n—1)g or r=en(n—1)
para-Sasakian - i T S=—-(n—-1)g or r=-n(n-1)
(e)-para-Sasakian - i 1 S=—-em—1)g or r=—en(n-—1)

Corollary 5.14. Let M be an n-dimensional (R, P.,S%)-pseudosymmetric (N(k),&)-
semi- Riemannian manifold such that ao + (n — 1)ar # 0. If M is not pseudo-projective

semisymmetric, then
Y T ¢
((k n(n_1)>ao+(k‘(n 1) n)al)S

= k-1t ((k— m) a0 — (%) al) 9

+k (n —1)%a:1 8.
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Consequently, we have the following:

119

M St =
, E'(n—1)"a
N (k)-contact metric <<k - m) . (k(n T %) a1> S
H-f k_m)ao_(;)al)g
(=g enn-5)n)
. n—1)"a1
(= P R DO
((1 n(nr_ o+ ((n=1)- %) al)
Kenmotsu (( . (—1>)f(n—g)"a1 3 )
“1- s Jaot (-1 - D
e (3 ) ()
(Csgp)e Coor-2n)
€)' (n—-1
B | B I
+( yin—1)f ((E_ n(nrf 1)) 0 (%) ‘“)g
(< - n(nel)ﬁjﬁ (> — %)al)
) -1)"(n—-1
para-Sasakian ((_1 - n(nr_ 1)) - (_(n T %) al) S
(g e
( - n(n(r 1))4? ao +)Z(—(n 1) - %) al)
) —£)' (n—1)"a1
(¢)-para-Sasakian ((_8 - 1)> - (_dn o %) a1> S
. (=) (n —1)f ((_E - n(nr— 1)) (%) ‘“) ,
(Gl Comi=i)n)

Corollary 5.15. Let M be an n-dimensional (R, Px, S)-pseudosymmetric (N (k),£)-se

mi-

Riemannian manifold such that ao+(n—1)ar # 0. If M is not pseudo-projective semisym-

metric, then either M is an Einstein manifold or r =

kn(n — 1)ao
ao + (n —1)as

1

and Lg = ——

n—1"



120 MUKUT MANI TRIPATHI AND PUNAM GUPTA

Consequently, we have the following:

M Ls= | S=

N (k)-contact metric - i 1 S=k(n—1)g or r= %
Sasakian - i 115= (n—1)g or r= %
Kenmotsu nil S=—(n-1)g or T:_%
(e)-Sasakian - i 1 S=e(n—-1)g or r= %
para-Sasakian ni 1 S=-(n-1)g or r= 7%
(¢)-para-Sasakian - i 1 S=—en-1)g or r= _%

Corollary 5.16. Let M be an n-dimensional (R, P, S*)-pseudosymmetric (N (k), €)-semi-
Riemannian manifold. If M is not projective semisymmetric, then M is an FEinstein
manifold with scalar curvature kn(n — 1). Consequently, we have the following:

M S =

N (k)-contact metric | k(n — 1)g
Sasakian (n—1)g
Kenmotsu —(n—1)g
(e)-Sasakian e(n—1)g
para-Sasakian —(n—1)g
(€)-para-Sasakian —e(n—1)g

Corollary 5.17. Let M be an n-dimensional (R, P, S)-pseudosymmetric (N (k),§)-semi-
Riemannian manifold. If M is not projective semisymmetric, then M is an Finstein

1
manifold with scalar curvature kn(n — 1) and Ls = 1 Consequently, we have the
n—

following:
M Ls=1|85=
N(k)-contact metric | 2 | k(n—1)g
Sasakian L [ (n—1)yg
Kenmotsu [19] L [ —(n—1)g
(e)-Sasakian L le(n—1)g
para-Sasakian nil —(n—1)g
(e)-para-Sasakian L [ —e(n—1)g

Corollary 5.18. Let M be an n-dimensional (R, M, S%)-pseudosymmetric (N(k),§)-

semi- Riemannian manifold. If M is not M-semisymmetric, then

Sé+1 —

Consequently, we have the following:

k(n—1)S" +k‘(n—1)'S — k" (n— 1) g

M ST =

N (k)-contact metric

k(n —1)S"+ kf(n — 1)'S — k" 1(n — 1)1y

Sasakian

(n—1S"+ (n—

I)ZS —(n— 1)e+1g

Kenmotsu

—(n—1)8"+ (1) (n—

)

(€)-Sasakian

e(n—1DST+ (&) (n—1)'S — (&) (n —

1)y

para-Sasakian

—(n =15+ (=) (n —1)°S — (=1)"(n

S—(=D"(n-1)"yg
S

(€)-para-Sasakian

—e(n—1)S* + (—e)¥(n — 1)'S —

- 1)y
() (n—1

)Z+1
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Corollary 5.19. Let M be an n-dimensional (R, M, S)-pseudosymmetric (N (k), £)-semi-
Riemannian manifold. If M is not M-semisymmetric, then

5% =2(n—1)kS — kK*(n—1)%g.

Consequently, we have the following:

M 5*=

N (k)-contact metric | 2(n — 1)kS — k*(n — 1)%g

Sasakian 2(n —1)S — (n — 1)7%g

Kenmotsu —2(n—1)S—(n—1)%g

(€)-Sasakian 2(n — 1)eS — (n — 1)%g

para-Sasakian —2(n—1)S— (n—1)%g

(e)-para-Sasakian —2(n —1)eS — (n —1)%g

Corollary 5.20. Let M be an n-dimensional (R, Wy, S¢)-pseudosymmetric (N (k),€)-
semi-Riemannian manifold. If M is not Wy-semisymmetric, then

S = k(n

DS + K (n

_ 1)[5 _ ke+1(n _ l)ZJrl

g.
Consequently, we have the following:
M ST =
N (k)-contact metric | k(n — 1)S* + kf(n — 1)*S — k" 1(n — 1)1y
Sasakian (n—1)S"+ (n—1)’S — (n 1)1y
Kenmotsu —(n—=1)ST+ (-1 (n -1 — (- )Hl(n — 1)y
(g)-Sasakian en—DST+ (&) (n—1)'S — (&) (n— 1)1y
para-Sasakian —(n—1)S"+ () (n—1)'S — (-1)(n—1)"g
(€)-para-Sasakian —e(n—1)S* + (=) (n — 1)'S — (o)™ (n 1)“‘1
Corollary 5.21. Let M be an n-dimensional (R, Wy, S)-pseudosymmetric (N (k), £)-semi-

Riemannian manifold. If M is not Wy-semisymmetric, then

5% =2(n — 1)kS — k*(n

Consequently, we have the following:

- 1)%.

M 5%=

N (k)-contact metric | 2(n — 1)kS — k*(n — 1)%g
Sasakian 2(n —1)S — (n— 1)%g
Kenmotsu —2(n—1)S — (n—1)%g
(€)-Sasakian 2(n —1)eS — (n— 1)%g
para-Sasakian —2(n—1)S— (n—1)%g
(€)-para-Sasakian —2(n —1)eS — (n — 1)%g

Corollary 5.22. Let M be an n-dimensional (R, W{,S*%)-pseudosymmetric (N(k),&)-
semi-Riemannian manifold. If M is not W( -semisymmetric, then

41
Sttt =

—k(n—1)S" + K (n

—1)'S+ kT (n

o 1)44—1

g.
Consequently, we have the following:
M ST =
N (k)-contact metric | —k(n — 1)S" + k*(n — 1)’'S + k" 1(n — 1) g
Sasakian —n—=DS*+(n-1)S+n-1)y
Kenmotsu (n—1)S"+ (- (n— 1S+ (1) (n—-1)T1g
(e)-Sasakian —e(n—1)S% + (e)%(n — ) S+ () (n-1)" Ty
para-Sasakian (n—1)S"+ (- (n - 1S+ (1) (n—-1)T1g
(e)-para-Sasakian en—1DST+ (=) (n— 1)'S + (=) (n - 1)y
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Corollary 5.23. Let M be an n-dimensional (R, W¢,S)-pseudosymmetric (N(k),&)-
semi-Riemannian manifold. If M is not Wg -semisymmetric, then

5% = k*(n —1)%g.

Consequently, we have the following:

M 57=

N (k)-contact metric | k*(n — 1)%g
Sasakian (n—1)%g
Kenmotsu (n—1)%g
(e)-Sasakian (n—1)%g
para-Sasakian (n—1)%g
(€)-para-Sasakian (n—1)%g

Corollary 5.24. Let M be an n-dimensional (R, W, S*)-pseudosymmetric (N(k),&)-
semi-Riemannian manifold. If M is not Wi-semisymmetric, then

28 =k "' (n—1)"'S + K (n— 1)'g

Consequently, we have the following:

M 258% =

N (k)-contact metric | k" T(n — )" 1S + kf(n — 1)%g

Sasakian (n— )Z IS+ (n—-1)fy

Kenmotsu (— 1) Tn—1)" 1S+ (-1)"(n — 1)’g

(€)-Sasakian (&) (n )é IS+ (e)(n—1)'

para-Sasakian (=) (n - 1) 15+ (=) (n - 1)

(€)-para-Sasakian (=) T n— 1) 1S + (—e)f(n — 1)y

Corollary 5.25. Let M be an n-dimensional (R, Wh, S)-pseudosymmetric (N (k), §)-semi-
Riemannian manifold. If M is not Wi-semisymmetric, then M is an FEinstein manifold

with scalar curvature kn(n — 1) and Lg = T Consequently, we have the following:

M Ls=|S=

N (k)-contact metric - i 7 k(n—1)g
Sasakian " ; 7 (n—1)g
Kenmotsu n T~ (n—1)g
(e)-Sasakian ] e(n—1)g
para-Sasakian " i 7|~ (n—1)g
(€)-para-Sasakian - i 7|~ e(n—1)g

Corollary 5.26. Let M be an n-dimensional (R, Wi, S%)-pseudosymmetric (N(k),&)-
semi-Riemannian manifold. If M is not Wy -semisymmetric, then M is an Einstein man-
ifold with scalar curvature kn(n — 1). Consequently, we have the following:

M S =

N (k)-contact metric | k(n —1)g
Sasakian (n—1)g
Kenmotsu —(n—1)g
(e)-Sasakian e(n—1)g
para-Sasakian —(n—1)g
(e)-para-Sasakian —e(n—1)g
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Corollary 5.27. Let M be an n-dimensional (R, WY, S)-pseudosymmetric (N (k),&)-
semi-Riemannian manifold. If M is not Wy -semisymmetric, then M is an Finstein

Consequently, we have the

1
manifold with scalar curvature kn(n — 1) and Ls = ——.
n—

following :

M Ls= | S=
1
N (k)-contact metric ] k(n—1)g
I
ki -1
Sasakian n 7 (n—1)g
K t —(n—-1
enmotsu o ] (n—1)g
-Sasaki -1
(€)-Sasakian - Il e(n—1)g
para-Sasakian —(n—1)g
(e)-para-Sasakian 7|~ e(n—1)g
n—

Corollary 5.28. Let M be an n-dimensional (R, W2, S%)-pseudosymmetric (N (k),€)-

semi-Riemannian manifold. If M is not Wa-semisymmetric, then

LgeS™ = k(n —1)LgeS" + kS — k*(n — 1)g.

Consequently, we have the following:

M LgeS™T =

N (k)-contact metric | k(n — 1)Lge ST + kS — k*(n — 1)g
Sasakian (n—1)LgeS™+ S —(n—1)g
Kenmotsu —(n—1)LgST—S—(n—1)g

(e)-Sasakian

e(n —1)LgeS"+eS—(n—1)g

para-Sasakian

—(n—1)LgS*T—S—(n—1)g

(e)-para-Sasakian

—e(n—1)LgeST—eS—(n—1)g

Corollary 5.29. Let M be an n-dimensional (R, Wa, S)-pseudosymmetric (N (k), §)-semi-

Riemannian manifold. If M is not Wa-semisymmetric, then

LsS?>=k((n—1)Ls +1)S — k*(n — 1)g.

Consequently, we have the following:

M LsS* =

N(k)-contact metric | k((n—1)Ls +1)S — k*(n — 1)g
Sasakian (n—=1)Ls+1)S—(n—1)g
Kenmotsu —(n—1)Ls+1)S—(n—1)g

(e)-Sasakian

e((n—1)Ls+1)S—(n—1)g

para-Sasakian

—((n=1)Ls+1)S—(n—1)g

(e)-para-Sasakian

—e((n—=1)Ls+1)S—(n—1)g

Corollary 5.30. Let M be an n-dimensional (R, Ws, S*%)-pseudosymmetric (N(k),&)-

semi-Riemannian manifold. If M is not Ws-semisymmetric, then

St =k'(n—-1)'yg
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and Lge = m Consequently, we have the following:
n—
M Lot = Sf=
1
N B . - £ -1 4
(k)-contact metric (1) k'(n—1)g
Sasakian ﬁ (n—1)%
1
K e | (=1)*(n—1)"
enmotsu ) (n—1)¢ (=1)"(n—1)"g
. - £ 1\
(€)-Sasakian O n 1) (e)(n—1)g
. 1 ¢ ¢
para-Sasakian O 1) (=1)"(n—1)"g
} I ¢ ¢
- - = | (=) (n-=1)
(e)-para-Sasakian Caf 1) (—e)(n—1)g

Corollary 5.31. Let M be an n-dimensional (R, Ws, S)-pseudosymmetric (N (k), §)-semi-
Riemannian manifold. If M is not Ws-semisymmetric, then M is an Einstein manifold

with scalar curvature kn(n — 1) and Lg = 1 Consequently, we have the following:
T —

M Ls= [S=
1
N (k)-contact metric o k(n—1)g
I
ki -1
Sasakian n 7 (n—1)g
K t —(n—-1
enmotsu n T (n—1)g
-Sasaki -1
(e)-Sasakian - Il e(n—1)g
para-Sasakian —(n—1)g
n I 1
(€)-para-Sasakian 1|~ e(n—1)g
n—

Corollary 5.32. Let M be an n-dimensional (R, Wi, S%)-pseudosymmetric (N(k),&)-
semi- Riemannian manifold. If M is not Wa-semisymmetric, then

LeeS™ =k(n—1)LgS* + kS — k*(n — 1)g.

Consequently, we have the following:

M LgeS™ T =

N (k)-contact metric | k(n — 1)Lge ST + kS — k*(n — 1)g
Sasakian (n—1)LgeS™+ S —(n—1)g
Kenmotsu —(n—1)LgS*T—S—(n—1)g
(e)-Sasakian e(n —1)LgeS"+eS— (n—1)g
para-Sasakian —(n—1)LgS*—S—(n—1)g
(e)-para-Sasakian —e(n—1)LgeS*—eS—(n—1)g

Corollary 5.33. Let M be an n-dimensional (R, Wa, S)-pseudosymmetric (N (k), £)-semi-
Riemannian manifold. If M is not Ws-semisymmetric, then

LsS® =k((n—1)Ls+1)S —k*(n—1)g.
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Consequently, we have the following:

M LsS” =

N (k)-contact metric | k((n —1)Ls +1)S — k*(n — 1)g
Sasakian (n—=1)Ls+1)S—(n—1)g
Kenmotsu —((n—=1)Ls+1)S—(n—1)g

(e)-Sasakian

e((n—=1)Ls+1)S—(n—1)g

para-Sasakian

—((n=1)Ls+1)S—(n—1)g

(e)-para-Sasakian

—e((n—1)Ls+1)S—(n—1)g

Corollary 5.34. Let M be an n-dimensional (R, Ws, S¢)-pseudosymmetric (N (k),€)-
semi-Riemannian manifold. If M is not Ws-semisymmetric, then either

S=k(n-1)g

or Lge = m. Consequently, we have the following:
M Lo = 5=
N(k)-contact metric m k(n — 1)g
Sasakian ﬁ (n—1)g
Kenmotsu m —(n—1)g
(¢)-Sasakian m c(n—1)g
para-Sasakian m —(n—1)g
(e)-para-Sasakian m —e(n—1)g

Corollary 5.35. Let M be an n-dimensional (R, Ws, S)-pseudosymmetric (N (k), £)-semi-
Riemannian manifold. If M is not Ws-semisymmetric, then M is an Einstein manifold

with scalar curvature kn(n — 1) and Ls = 1 Consequently, we have the following:
M Ls—=]5=
N (k)-contact metric | — | k(n—1)g
Sasakian L [ (n—1)yg
Kenmotsu L [ —(n—-1)g
(e)-Sasakian L [e(n—1)g
para-Sasakian L [ —(n—-1)g
(e)-para-Sasakian L [ —e(n—1)g

Corollary 5.36. Let M be an n-dimensional (R, Ws,S®)-pseudosymmetric (N(k),€)-
semi-Riemannian manifold. If M is not We-semisymmetric, then

(n—1)LgeS =1 -k (n—1)"Lge)S+ 2k (n — 1) Lge — k(n —1))g.

Consequently, we have the following:

M (n—1)LgeSt =

N (k)-contact metric | (1 — k" (n — 1)"Lge)S + (2k*(n — 1) Lge —k(n —1))g
Sasakian 1=k —1)"Lg)S + 2kf(n — 1) Lge —k(n—1))g
Kenmotsu A —k"Tn—1)"Lge)S + 2k (n — 1) Lge — k(n—1))g
(¢)-Sasakian 1=k Tn—1)"Lg)S + 2kf(n — 1) Lge —k(n—1))g
para-Sasakian A=k —1)"Lg)S + 2k (n — 1) Lge — k(n—1))g
(€)-para-Sasakian 1=k —1)"Lg)S + 2kf(n — 1) Lge —k(n—1))g
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Corollary 5.37. Let M be an n-dimensional (R, Ws, S)-pseudosymmetric (N (k), €)-semi-
Riemannian manifold. If M is not We-semisymmetric, then M is an FEinstein manifold

with scalar curvature kn(n—1) and Ls =

Consequently, we have the following:

2(n—1)"
M Is= |S=
N (k)-contact metric ﬁ k(n—1)g
Sasakian ﬁ (n—1)g
Kenmotsu ﬁ —(n—1)g
(e)-Sasakian ﬁ e(n—1)g
para-Sasakian ﬁ —(n—1)g
(e)-para-Sasakian ﬁ —e(n—1)g

Corollary 5.38. Let M be an n-dimensional (R, Wz, S%)-pseudosymmetric (N(k),&)-
semi- Riemannian manifold. If M is not Wr-semisymmetric, then

(n—1)LgeS" = (1

— K (n = 1) Lg)S 4+ (2K (n — 1) Lge — k(n —1))g.

Consequently, we have the following:

M

N (k)-contact metric

D) Lg)S + (2kf(n — 1) Lge —k(n —1))g

Sasakian

1— (n—1)° Lsz)S+( (n—1) +1Lsz —(n—1))g

Kenmotsu

1) T(n - 1) Lg)S+ (-1 n—1)TLg +(n—1))yg

(e)-Sasakian

(
) I(n—1)° LSe)S—|— (2(e)¥(n — )ZHL e —e(n—1))g

para-Sasakian

(e)-para-Sasakian

(=
)

1)" 1(n— D'Lge)S + (2(=1)"(n = )™ Lge + (n— 1))g
(=

- (=

—(
1-(= (

— (=) n =) Lee)S + (2(=e) (n =) 'Lge +e(n— 1))g

Corollary 5.39. Let M be an n-dimensional (R, Wr, S)-pseudosymmetric (N (k), §)-semi-
Riemannian manifold. If M is not Wr-semisymmetric, then M is an Finstein manifold

with scalar curvature kn(n —

1) and Ls = # Consequently, we have the following:
2(n—1)

M Ls= | S=

N (k)-contact metric ﬁ k(n—1)g

Sasakian 2(71_1) (n—1)g

Kenmotsu ﬁ —(n—1)g

€)-Sasakian —— |e(n—1)g

2(n—1)

para-Sasakian ﬁ —(n—1)g

(e)-para-Sasakian ﬁ —e(n—1)g

Corollary 5.40. Let M be an n-dimensional (R, Ws, S¢)-pseudosymmetric (N (k),€)-
semi-Riemannian manifold. If M is not Ws-semisymmetric, then

St =k'(n—-1)'yg
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and Lge = m Consequently, we have the following:
M Lot = St =
N (k)-contact metric m E(n—1)%g
Sasakian ﬁ (n—1)%
Kenmotsu m (=1)%(n —1)g
(€)-Sasakian m (e)(n —1)'g
para-Sasakian m (=1)%(n —1)g
(€)-para-Sasakian m (—e)f(n—1)'g

Corollary 5.41. Let M be an n-dimensional (R, Ws, S)-pseudosymmetric (N (k), §)-semi-
Riemannian manifold. If M is not Ws-semisymmetric, then M is an Einstein manifold

with scalar curvature kn(n — 1) and Lg = 1 Consequently, we have the following:
n—

M Is= | S=
N (k)-contact metric ! 7 k(n—1)g
T —
1
ki -1
Sasakian = ] (n—1)g
K 12 —(n—-1
enmotsu - - 1 (n—1)g
- ; 1
(e)-Sasakian n 7 e(n—1)g
para-Sasakian —(n—1)g
(e)-para-Sasakian |~ e(n—1)g

Corollary 5.42. Let M be an n-dimensional (R, Ws,S®)-pseudosymmetric (N (k),§)-
semi- Riemannian manifold. If M is not Wy-semisymmetric, then

St =k'(n—-1)'g

and Lge = m. Consequently, we have the following:
M Lge = St=
. T Lo 1\
N (k)-contact metric i 1) k"(n—1)¢g
Sasakian ﬁ (n—1)%g
L T
Kenmotsu CO 1) (=1)(n—1)"g
. T
(e)-Sasakian O =1y (e)(n —1)%g
A T e 1y
para-Sasakian O i (n— 1) (=1)(n—1)¢g
) T N 1)
(e)-para-Sasakian Co i 1) (=e)'(n—1)g

Corollary 5.43. Let M be an n-dimensional (R, Wy, S)-pseudosymmetric (N (k), )-semi-
Riemannian manifold. If M is not Wy-semisymmetric, then M is an Finstein manifold
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with scalar curvature kn(n — 1) and Lg = % Consequently, we have the following:
M Ls= | 5=
N (k)-contact metric ! T k(n—1)g
n—
1
Sasaki -1
asakian - Il (n—1)g
K 12 —(n—-1
enmotsu - - 7 (n—1)g
(e)-Sasakian n T e(n—1)g
para-Sasakian —(n—-1)g
(€)-para-Sasakian 1| e(n—1)g

6. (T, ST, )-PSEUDOSYMMETRY

In this section, we determine the results for an n-dimensional (N (k), £)-semi-Riemannian
manifold satisfy 7, - S, = LQ(g, S7)-

Definition 6.1. A semi-Riemannian manifold is said to be (7, ST, )-pseudosymmetric if
(6.1) Ta - ST, = LQ(9, S7,),

where L is some smooth function defined on M. In particular, it is said to be (R - ST,)-
pseudosymmetric if it satisfies

(6.2) R-S7, = LQ(9,57.),

holds on the set U = {1‘ e M: <STa — @g) # O}, where L is some function de-
fined on U. :

Remark 6.1. If in (6.2), ST, is replaced by S then it is said to be Ricci-pseudosymmetric.

Theorem 6.1. Let M be an n-dimensional (Tz, ST, )-pseudosymmetric (N(k),&)-semi-
Riemannian manifold. Then

eas(bo + nby + bz + bs + bs + b6)S* (Y, U)
+ {e(bo + nby 4 bz + bz + bs + bs) x
(—kao + k(n — 1)a1 + k(n — 1)az — arr)
+ e(ar + as)(bar + (n — 1)brr)} S(Y, U)
+ {ek(n —1)(az + a4)(bar + (n — 1)b7r)
+ ek(n — 1)(bo + nb1 + bz + bz + bs + bg) X
(kao + k(n — 1)as + arr)} g(Y,U)
+ k(n —1)(a1 + a2 + 2a3 + a4 + as + 2as) %
{bar + (n — 1)brr
+ k(n — 1)(bo + nb1 + bz + bz + bs + be) } n(Y)n(U)
= L(bo + nby + bz + bz + bs + bs) (ek(n — 1)g(Y,U) —eS(Y,U)).
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In particular, if M is an n-dimensional (To, ST, )-pseudosymmetric (N (k), £)-semi-Riemannian
manifold, then
eas(ao + nai + a2 + as + as + ag)S*(Y, U)
+ {e(ao +nar + a2 + az + as + as) x
(—kao + k(n — 1)ar + k(n — 1)az — arr)
+ (a1 + as)(aar + (n — 1)a7r)} S(Y,U)
+ {ek(n —1)(az + a4)(aar + (n — 1)arr)
+ ek(n — 1)(ao + na1 + a2 + a3 + as + as) X
(kao + k(n — 1)as +arr)} g(Y,U)
+ k(n —1)(a1 + a2 + 2a3 + a4 + a5 + 2as)
{aar + (n — D)arr
+ ek(n —1)(ao +na1 + az +az +as + as) } n(Y)n(U)
= L(ao 4+ nai + a2 + as + as + ag)(ek(n — 1)g(Y,U) — eS(Y,U)).
Proof. Let M be an n-dimensional (7, S7; )-pseudosymmetric (N (k), £)-semi-Riemannian
manifold. Then
(6.3) T.(X,Y) -Sg(U,V)=LQ(g,5%)(U,V; X,Y).
Taking X =& =V in (6.3), we have

7;(57}/) . 575 (Uv 5) = LQ(g,S%)((L £v§7y)7

which gives

(6.4) S7(Ta(&,Y)U, &) + 57 (U, Ta (€, Y)E)
= LS7(EAYVIUE) + S5 (U, (EAY)E)).
Using (3.1), (3.23), (3.30), (3.31), (3.35) and (3.36) in (6.4), we get the result. O

Theorem 6.2. Let M be an n-dimensional (Ta, S)-pseudosymmetric (N (k), §)-semi-Riemannian
manifold. Then

eas S*(Y,U) — ES(Y,U) — Fg(Y,U) — Gn(Y)n (U)
= L(ek(n — 1)g(Y,U) — eS(Y,U)),

where
E =¢(kao + arr — k(n — 1)a1 — k(n — 1)asz),

F =—¢k(n—1)(kao + k(n — 1)as + arr),
G =—k’(n—1)%(a1 + a2 + 2a3 + a4 + as + 2as).
In view of Theorem 6.2, we have the following

Corollary 6.1. Let M be an n-dimensional Ricci-pseudosymmetric (N (k), §)-semi-Riemannian
manifold. Then we have the following table:

M L=|8=

N (k)-contact metric | k k(n—1)g
Sasakian 1 (n—1)g
Kenmotsu -1 | —-(n-1)g
(e)-Sasakian € e(n—1)g
para-Sasakian -1 | —(n—1)g
(e)-para-Sasakian —e | —e(n—1)g
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Corollary 6.2. Let M be an n-dimensional (C,S)-pseudosymmetric (N (k),§)-semi-
Riemannian manifold. Then we have the following table:

M S? =
N (k)-contact metric | — (k - r ) G 2r £) S
n(n—1)) a1 nooa
r ao 2r L
k(n—1 k— L akn-—1)-2 - =
Hh(n—1) ( n(n—l)) a1Jr ( ) n al)g
Sasakian — ((1_ r ) @_21_£ S
nn—1))a n
r ao 2r L
+(n—1) ((17 n(n—l)) a—lJr(nfl)f;fa—l)g
Kenmotsu ((1 + r o 2r 4 L S
nn—1)/) a n ay
r ao 2r L
+(n71)<<1+n(n_1) a—1+(n71)+;+a>g
. er ao 2er el
- _ 1— 20 e
(e)-Sasakian € <( = 1)) o - - ) S
r ao 2r L
1 a0 I . L
+e(n )((s 1) 1+€(n ) -~ a1>g
para-Sasakian ((1 + #> 0 + 2r + £) S
n(n—1)) a n ai
r ao 2r L
+(n*1)<(1+7n(n_1))a+( 71)+;+afl)g
(e)-para-Sasakian € ((1 4+ )% Zer  eL S
nn—1))a  n
T 2r L
-1 _— -1 =
+e(n )<(6+n(n—1) = te(n )+ + 1>g

Corollary 6.3. Let M be an n-dimensional (C, S)-pseudosymmetmc (N

manifold. Then we have the following table:

(k), £)-semi- Riemannian

M S7 =

N(k)-contact metric (n U -+ (k= L) (n— 2)) S—k(r—(L(n—2)+k)(n—1))g
Sasakian (n )(n72)) S—(r—(Ln—2)+1)(n—1))g
Kenmotsu (n_ (14+1L) (n—2)) S+(r—(Ln-2)—1)(n—-1))g
(¢)-Sasakian (ni )(n—2)> S—e(r—(L(n—2)+¢)(n—1))g
para-Sasakian ( L _(1+L)(n- 2)) S+1(r—(L(n—2)—1) (n—1))g
(¢)-para-Sasakian (n e+ L)(n- )> S+e(r—(Ln—2)—e)(n—1))g

Corollary 6.4. Let M be an n-dimensional (L, S)-pseudosymmetric (N (k), €)-semi- Riemannian

manifold. Then we have the following table:

M 5% =

N(k)-contact metric | (n —2)(k—L)S+k(n—1)(k+ (n —2)L)g
Sasakian nm-=2)(1-L)S+(n—-1) 1+ (n—2)L)g
Kenmotsu —(n—-2)14+L)S—(n—1)(-14+(n—2)L)g
(€)-Sasakian n—2)(e—L)S+e(n—1)(e+ (n—2)L)g
para-Sasakian —n—=-2)Q1+L)S—(n—1)(-14(n—2)L)g
(€)-para-Sasakian —(n—=2)(e+L)S—e(n—1)(—e+ (n—2)L)g
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Corollary 6.5. Let M be an n-dimensional (V, S)-pseudosymmetric (N (k), £)-semi- Riemannian
manifold. Then we have the following table:

M L= S =

N (k)-contact metric | k — m k(n—1)g
Sasakian 1- ﬁ (n—1)g
Kenmotsu —1- m —(n—1)g
(¢)-Sasakian (nr_ ) e(n—1)g
para-Sasakian -1- n(%—l) —(n—=1)g
(&)-para-Sasakian —e— m —e(n—1)g

Corollary 6.6. Let M be an n-dimensional (P, S)-pseudosymmetric (N(k),&)-semi-
Riemannian manifold. Then we have the following table:

M L= S =
r r
N(k)- ' - _r 1
(k)-contact metric (lc = 1)> a0 — —a1 k(n—1)g

) T r
Sasakian (1 — il = 1)) ag — Eal (n—1)g
Kenmotsu (71 — n(nr— ] ao a1 | —(n—1)g
(g)-Sasaki e— —— - L e(n—1)

asakian wln = 1) a0 — a1 n g
. T r

para-Sasakian (—1 — m) ap — Eal —(n—1)g
(e)-para-Sasakian (75 - ﬁ) ao — %al —e(n—1)g

Corollary 6.7. Let M be an n-dimensional (P, S)-pseudosymmetric (N (k), £)-semi- Riemannian
manifold. Then we have the following table:

M L=|S=

N (k)-contact metric | k k(n—1)g
Sasakian 1 (n—1)g
Kenmotsu -1 | —(n-1)g
(e)-Sasakian € e(n—1)g
para-Sasakian -1 | —=(n—-1)g
(e)-para-Sasakian —e | —e(n—1)g

Corollary 6.8. Let M be an n-dimensional (M, S)-pseudosymmetric (N(k),§)-semi-
Riemannian manifold. Then we have the following table:

M 5% =

N (k)-contact metric | 2(n — 1) (k— L) S — k(n — 1)* (k—2L) g
Sasakian 2n—1)(1-L)S—(n—1)?(1—-2L)g
Kenmotsu —2(n—1)(1+L)S—(n— 1)2 (1+2L)g
(g)-Sasakian 2n—1)(e—L)S —e(n—1)* (e —2L)g
para-Sasakian —2n—-1)(1+L)S—(n—1)*(1+2L)g
(€)-para-Sasakian —2(n—1)(e+L)S—e(n—1)*(c+2L)g
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Corollary 6.9. Let M be an n-dimensional (W, S)-pseudosymmetric (N (k),§)-semi-
Riemannian manifold. Then we have the following table:

M 5% =

N (k)-contact metric | (n — 1)(2k — L)S + k(n — 1)>(L — k) g
Sasakian m—1)2-L)S+n-1*(L-1)g
Kenmotsu —m-1DR+L)S-—n-1)*L+1g
(g)-Sasakian mn—1)2e—-L)S+e(n—1)* (L —e)g
para-Sasakian —n-1)2+L)S-n-1*(L+1)g
(e)-para-Sasakian —(n—-1)2e+L)S—e(n—1)*(L+e)g

Corollary 6.10. Let M be an n-dimensional (W, S)-pseudosymmetric (N (k),§)-semi-
Riemannian manifold. Then we have the following table:

M 5% =

N (k)-contact metric | L(n — 1)S + k(n — 1)?(k — L)g
Sasakian Lin—1)S+(n—1)*(1—L)g
Kenmotsu Lin—1)S+(n—-1)*(1+L)g
(g)-Sasakian Lin—1)S+e(n—1)*(e— L)g
para-Sasakian Lin—1)S+(n—1)*(1+L)g
(e)-para-Sasakian Lin—1)S+e(n—1)%(s+L)g

Corollary 6.11. Let M be an n-dimensional (Wi, S)-pseudosymmetric (N(k),£)-semi-
Riemannian manifold. Then we have the following table:

M L=|S5=

N (k)-contact metric | k k(n—1)g
Sasakian 1 (n—1)g
Kenmotsu -1 | —(n-1)g
(e)-Sasakian € e(n—1)g
para-Sasakian -1 | —=(n—1)g
(e)-para-Sasakian —e | —e(n—1)g

Corollary 6.12. Let M be an n-dimensional (WY, S)-pseudosymmetric (N (k),§)-semi-
Riemannian manifold. Then we have the following table:

M L=|S=

N (k)-contact metric | k k(n—1)g
Sasakian 1 (n—1)g
Kenmotsu -1 | —=(n—1)g
(g)-Sasakian € e(n—1)g
para-Sasakian -1 | —-(n-1)g
(e)-para-Sasakian —e | —e(n—1)g

Corollary 6.13. Let M be an n-dimensional (Ws, S)-pseudosymmetric (N (k),§)-semi-
Riemannian manifold. Then we have the following table:

M 5% =

N (k)-contact metric | (n — 1) (k— L) S + k(n — 1)*Lg
Sasakian (mn—1)(1—-L)S+ (n—1)°Lg
Kenmotsu —(n—-1)(0+L)S—(n—1)7Lg
(€)-Sasakian (n—1)(e—L)S+e(n—1)°Lg
para-Sasakian —(n—1)A+L)S—(n—1)7Lg
(€)-para-Sasakian —(n—-1)(e+L)S—e(n—1)°Lg
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Corollary 6.14. Let M be an n-dimensional (Ws, S)-pseudosymmetric (N (k),§)-semi-
Then we have the following table:

M L=|S=

N (k)-contact metric | 2k k(n—1)g
Sasakian 2 (n—1)g
Kenmotsu -2 | —(n—1)g
(€)-Sasakian 2e e(n—1)g
para-Sasakian -2 | —(n—1)g
(€)-para-Sasakian —2 | —e(n—1)g

Corollary 6.15. Let M be an n-dimensional (Wi, S)-pseudosymmetric (N (k),§)-semi-
Riemannian manifold. Then we have the following table:

M S? =

N (k)-contact metric | (n — 1) (k—L)S +k(n — 1)*(L —k)g+ek’(n — 1)"n®@n
Sasakian m-—1D)A-L)S+n—-1D*(L-Dg+en—1)nen
Kenmotsu —n-1)A+L)S—n-1*L+Dg+en—1)°nen
(€)-Sasakian m—1D(E—-L)S+en—1D*(L—-¢)g+eln—1)°nen
para-Sasakian —(n-1)A+L)S—n—-1)*(L+Dgt+en—1)°nen
(e)-para-Sasakian —n—1)(+L)S—emn -1 (L+e)g+e(n—1n®n

Corollary 6.16. Let M be an n-dimensional (Ws, S)-pseudosymmetric (N(k),£)-semi-

Riemannian manifold. Then we have the following table:

M 57 =

N (k)-contact metric | (n — 1) (2k — L) S + k(n — 1)? ( k)g
Sasakian m—-1)2-L)S+n-1)7(L )g
Kenmotsu —(n—1)2+L)S—(n—1) (L+1)
(e)-Sasakian m—1)2e—L)S+en—-1)*(L —-e)g
para-Sasakian —n-1)2+L)S—-n-1)°(L+1)g
(e)-para-Sasakian —(m—1)2e+L)S+k(n—17(L+e)g

Corollary 6.17. Let M be an n-dimensional (Ws, S)-pseudosymmetric (N (k),§)-semi-
Riemannian manifold. Then we have the following table:

M

Result

N (k)-contact metric

Qk—L)S+kn—1)(L-k)g+En-1nen=0

Sasakian

2-L)S+(n—-1)(L-1Dg+(n—-1)n®n=0

Kenmotsu

- 24+4L)S—-(n—-1)(L+1)g+(n—1)nen=0

(e)-Sasakian

(2e —L)S+e(n—1)(L—¢e)g+en—1)n@n=0

para-Sasakian

—Q2+L)S-n-1)L+1)g+n-1)n®n=0

(€)-para-Sasakian

—(2e4+L)S—en—=1)(L+e)g+en—1)nen=0

Corollary 6.18. Let M be

Riemannian manifold. Then we have the following table:

an n-dimensional (Wr, S)-pseudosymmetric (N (k),&)-semi-

M L= |S8=

N (k)-contact metric | 2k k(n—1)g
Sasakian 2 (n—1)g
Kenmotsu -2 | —(n—1)g
(€)-Sasakian 2e e(n—1)g
para-Sasakian -2 | —(n—1)g
(€)-para-Sasakian —2 | —e(n—1)g
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Corollary 6.19. Let M be an n-dimensional (Ws, S)-pseudosymmetric (N (k),£)-semi-
Riemannian manifold. Then we have the following table:

M Result

N(k)-contact metric | Rk —L)YS+k(n—1)(L—k)g—k*(n—1)n®@n=0
Sasakian 2-L)S+(n—-1)(L-1)g—(n—1)n®n=0
Kenmotsu, -2+L)S-(n—-1)L+1)g—(n—1)n®@n=20
(e)-Sasakian (2e —L)S+e(n—1)(L—¢)g—e(n—1)n®n=0
para-Sasakian —2+L)S—-(n=-1)L+1)g—(n—1)n®@n=0
(e)-para-Sasakian —(2e4+L)S—en—=1)(L+e)g—en—1nen=0

Corollary 6.20. Let M be an n-dimensional (Ws, S)-pseudosymmetric (N(k),§)-semi-
Riemannian manifold. Then we have the following table:

M Result

N(k)-contact metric | (L —k)S —k(n — 1)Lg+ k*(n— 1)n®n =0
Sasakian (L-1)S—(n—1)Lg+(n—1)n®@n=20
Kenmotsu L+1)S+(n—1)Lg+(n—1)n®@n=0
(e)-Sasakian (L—e)S—e(n—1)Lg+e(n—1)n®@n=0
para-Sasakian (L+1)S+(n—1)Lg+(n—1)n®n=0
(€)-para-Sasakian (L+¢e)S+e(n—1)Lg+e(n—1)n@n=20

Theorem 6.3. Let M be an n-dimensional (R, ST,)-pseudosymmetric (N(k),&)-semi-
Riemannian manifold such that

ao +nay + a2 + as + as + as # 0.
Then M is either Einstein manifold, that is,

S=k(n—1)g
or L =k holds on M. Consequently, we have the following table:
Manifold Condition S = L=
N(k)-contact metric | R-S1, = LQ(g,S7,) | k(n —1)g k
Sasakian R-S7, =LQ(g,5T.) | (n—1)g 1
Kenmotsu R-S7, =LQ(g,51,) | —(n—1)g | —1
(€)-Sasakian R-St, =LQ(g,S1,) | e(n—1)g €
para-Sasakian R-S7, =LQ(g,51,) | —(n—1)9g | —1
(e)-para-Sasakian R-St, =LQ(9,57.,) | —e(n—1)g | —¢

Remark 6.2. The conclusions of Theorem 6.3 remain true if S7, is replaced by S.

Corollary 6.21. ([19], [14]) If an n-dimensional Kenmotsu manifold M is Ricci-pseudosymmetric
then either M is an Einstein manifold with the scalar curvature r = n(l —n) or L = —1
holds on M.

7. (Ta, S, S*)-PSEUDOSYMMETRY

In this section, we determine the result for an n-dimensional (N (k), £)-semi-Riemannian
manifold satisfy T - S1, = LQ(S*, S%)-

Definition 7.1. A semi-Riemannian manifold M is called (7, S, Se)—pseudosymmetric
if

To - S7, = LQ(S", 5%,),
where L is some smooth function defined on M. In particular, M is said to be (R, Sz, S*)-
pseudosymmetric if

R- 87, = LQ(S", S7.)-
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Theorem 7.1. Let M be an n-dimensional (Ta, Sz, S*)-pseudosymmetric (N (k), £)-semi-
Riemannian manifold. Then
gas(bo + nby + bz + bs + bs + bg) S* (Y, U)
+ {e(bo + nb1 + ba + bz + bs + bg) x
(—kao + k(n — 1)a1 + k(n — 1)az — arr)
+ (a1 + as)(bar + (n — 1)b7rr)} S(Y, U)
+ {ek(n —1)(az2 + aa)(bar + (n — 1)brr)
+ ek(n — 1)(bo + nb1 + b2 + bz + bs + bg) X
(kao + k(n — 1)as + arr)} g(Y, U)
+ k(n —1)(a1 + a2 + 2a3 + a4 + as + 2a¢) X
{bar + (n — 1)brr
+ k(n — 1)(bo + nby + bz + b3 + bs + be) } n(Y)n(U)
= Le((bo + nby + ba + b3 + bs + bg) X
(k(n —1)S“(Y,U) — k" (n — 1)*S(Y, U))
+ (ba + (n — Dbr)r(k"(n — 1) g(Y,U) — S“(Y,U))).
In particular, if M be an n-dimensional (T, ST,,S%)-pseudosymmetric (N (k),€)-semi-
Riemannian manifold. Then
gas(ao + nay + az + as + as + ag) S (Y, U)
+ {e(ao +na1 +az + a3 + as + ap) ¥
(=kao + k(n — 1)a1 + k(n — 1)az — arr)
+ e(a1 + as)(aar + (n — D)arr)} S(Y,U)
+ {ek(n —1)(az + as)(asr + (n — 1)arr)
+ ek(n — 1)(ao + na1 + as + asz + as + ag) X
(kao + k(n — 1)as + arr)} g(Y,U)
+ k(n —1)(a1 + a2 + 2a3 + a4 + as + 2as)
{asr + (n — Darr
+ ek(n —1)(ao +na1 + a2 + a3 + as +as) } n(Y)n(U)
= Le((ao +nar + az + a3 + as + ag) X
(k(n —1)SY(Y,U) — k(n — 1)°S(Y,U))
+ (aa 4 (n — Daz)r(k'(n — 1)'g(Y,U) — S“(Y,U))).
Proof. Let M be an n-dimensional (7, S7;, 5*)-pseudosymmetric (N (k), £)-semi-Riemannian
manifold. Then
(7.1) T(X,Y) - S5 (U, V) = LQ(S", S5)(U,V; X,Y).
Taking X =& =V in (7.1), we have

To(6,Y) - S5 (U,€) = LQ(S, S5)(U, &€,Y),

which gives

(7.2) S57(Ta (€, Y)U, &) + 57, (U, Ta (8, Y)E)
= LS5 ((€ Ase Y)U, &) + S5 (U, (§ Ase Y)E)) -
Using (3.1), (3.28), (3.30), (3.31), (3.35) and (3.36) in (7.2), we get the result. O

For ¢ = 1, we have the following result.
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Corollary 7.1. Let M be an n-dimensional (Ta, S7;, S)-pseudosymmetric (N (k), £)-semi-
Riemannian manifold. Then

eas(bo + nby + bz + bs + bs + b6) S* (Y, U)
+ {e(bo + nb1 + ba + bz + bs + bg) x
(—kao + k(n — 1)a1 + k(n — 1)az — arr)
+ (a1 + as)(bar + (n — 1)brr)} S(Y, U)
+ {ek(n —1)(az2 + a4)(bar + (n — 1)brr)
+ ek(n — 1)(bo + nb1 + b2 + bz + bs + bg) X
(kao + k(n — 1)as + a7r)} g(Y,U)
+ k(n —1)(a1 + a2 + 2a3 + a4 + a5 + 2a¢) X
{bar + (n — 1)brr
+ k(n — 1)(bo + nby + bz + b3 + bs + be) } n(Y)n(U)
= Le(bs + (n— 1)by)r(k(n — 1)g(Y,U) — S(Y,U)).

In particular, if M be an n-dimensional (Ta, S7;, S)-pseudosymmetric (N (k), §)-semi- Riemannian
manifold. Then

gas(ao + nay + az + as + as + ag) S (Y, U)
+ {e(ao +na1 + a2 + a3 + as + ag) x
(=kao + k(n — 1)a1 + k(n — 1)az — arr)
+ e(a1 + as)(aar + (n — Darr)} S(Y,U)
+ {ek(n —1)(az + as)(asr + (n — 1)arr)
+ ek(n — 1)(ao +na1 + az + az + as + ap) ¥
(kao + k(n — 1)as +arr)} g(Y,U)
+ k(n —1)(a1 + a2 + 2a3 + as + as + 2a¢)
{aar 4+ (n — D)arr
+ ek(n —1)(ao + na1 + a2 + az + as + as) } n(Y)n(U)
= Le(as + (n — Dar)r(k(n —1)g(Y,U) — S(Y,U)).

Theorem 7.2. Let M be an n-dimensional ('7;7 S, S’Z)-pseudosymmetm‘c (N(k),&)-semi-
Riemannian manifold. Then

eas S*(Y,U) — ES(Y,U) = Fg(Y,U) = Gn(Y)n (U)
= eL(k(n—1)S*(Y,U) — k*(n —1)*S(Y,U)),

where

E =¢(kao + arr — k(n — 1)a1 — k(n — 1)asz),
F = —¢ck(n —1)(kao + k(n — 1)as + arr),

G = —k2(n — 1)2(a1 + a2 + 2a3 + a4 + as + 2as).

In view of Theorem 7.2, we have the following
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Corollary 7.2. Let M be an n-dimensional (R, S, S*)-pseudosymmetric (N (k), £)-semi-

Riemannian manifold. Then we have the following table:

M LS'=

N (k)-contact metric (Lk:é_l(n 1)t - i) S+ kg
Sasakian (L(n — 1)t - j) S+g
Kenmotsu <L(71)£71(n 1)t %) S—yg
(e)-Sasakian (L(s)e_l(n — 1)t - j) S+eg
para-Sasakian (L( 1) (n— 1) i 1> S—g
(€)-para-Sasakian <L(—5)Z71(n -1t - %) S —eg

Corollary 7.3. Let M be an n-dimensional (C*, S, Sé)-pseudosymmetric (N(k),&)-semi-

Riemannian manifold. Then we have the following table:

M L(n— 1)5(—( ) )
N(k)-contact metric | — L L= TZL a0 — —ay — k" Y(n—1)L) S
(ot Yo (00 ) a)s
Sasakian L ( 1- ) a0 —Tay—(n— 1)%) s
+(n—1) <(1 - n((nr 11))) ao + ((n —y-= a1> g
Kenmotsu a15% — ((1 + e A + Q—Jal — (=) (n— 1)%) S

(e)-Sasakian —earS? — (1 - ) o Q;Tal (&) (n— 1)ZL> s
+(n—1) <é5 - o (T_ 1)1>) ao + (5(71 —1)- 2nl> al) g
para-Sasakian 152 — ((1 + n(n’; )) a0+ —ay — (=1)" " (n — 1)%) S

(e)-para-Sasakian

Corollary 7.4. Let M be an n-dimensional (C, S, S*)-pseudosymmetric (N (k), £)-semi-

Riemannian manifold. Then we have the following table:
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M LS" =
; r 1 -1 -1
N (k)-contact metric | — R = 1)1(n —) + -k (n—-1) 1 L) S
T nfl ) k(n—1)(n 2)52
Sasakian - E(n — 11 g” ) - L) S
! n—2 (n—1) n72> (n—1)( 2)52
Kenmotsu “morm oy + - _1 (D" (n—1) L) S
N d )g - ! s?
n—2 (nfl)l(n72) (n—1)(n —2)
. Er -1 -1
(€)-Sasakian AN ) to—g - )" (n-1) L) S
(o= 1 n 7 ) g+ € g2
n—2 (n—-1)mn-2) (n—1)(n—2)
; I r (1) — 1)
para-Sasakian CESVE ) + — (D) ( 1) L) S
L (oo 1 L r ) g 1 g2
n—2 (n—-1)mn-2) (n—1)(n —2)
} er -1 -1
(€)-para-Sasakian "o 1)2571 ) + — (—e)*(n—1) L) S
n— r € 2
e (n71)(n72)>9_ (n—1)n—2)

Corollary 7.5. Let M be an n-dimensional (E, S, SZ) -pseudosymmetric (N (k),£)-semi-

Riemannian manifold. Then we have the following table:

M LS" =
. 1 2 -1 -1 1 k
N (k)-contact metric WS + (KT (n—-1)"L— 1 S — 9
A 1 ) IV 1
Sasakian D=2 S+ ((n—1)""L p— S —59
1 1 1
Kenmotsu - mSQ + ((—1)Z_1(n — 1)8_1[4 — 1) 9
) € _ _ 1 €
(e)-Sasakian mSQ + ((E)Z Ym—1)1L - p— 1) S — 1
1 1 1
pa?"a—Sasak‘ian — mSQ =+ <(71)271(n — 1)Z71L — m) S —+ n_ 2g
B _ ; R~ o1y qyee1p L €
(g)-para-Sasakian e 2)5 + (( e '(n—1)""'L p— 1) S+ 1

Corollary 7.6. Let M be an n-dimensional (V, S, SZ)-pseudosymmetric (N(k), &)-semi-

Riemannian manifold. Then we have the following table:

M

N (k)-contact metric
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M LSt =

Sasakian - (nil ;”( 2 (n — 1)“1) S

Kenmotsu : <(1 _1n(z ’ - (1) (n 1)“1> S

n—1 nm_12

- (1 +

(e)-Sasakian - (ni 1( n:l_ i~ @7 1)“) s
+ (a - - n’;

para-Sasakian - (ni 1(+ n; 1y (-1 (n 1)“) S
- (1 +

(e)-para-Sasakian | — (ni 1(+ n;_ 5i - (-9 =) s
B (E + n(nrf 0

Corollary 7.7. Let M be an n-dimensional (73*, S, Se)-pseudosymmetric (N(k),&)-semi-
Riemannian manifold. Then we have the following table:

M LST=

N(k)-contact metric | — ((ni = kn(nr_ o7 ) 0 kn(;_ o - K (n — 1)“) S
+<((<k1n(nr1) ao—%m g )

Sasakian - (= n(n’; g n(nr_ o - (n—1)"")s
+((1 ‘1n<nr— ”2 w-go) i

Kenmotsu - ((n — + =12 ) 0 + e (-1 (n - 1)4—1) S
(- mg) o g

(e)-Sasakian - ((ni -~ n(n‘f 1)2) ao — n(ng’; o=@ - 1)4—1) s
+((- ‘1n<nr 1>)T o= o) i

para-Sasakian - ((n — + nin—1)2) 0 + R — (1) Y(n - 1)4—1) S
(G “

(¢)-para-Sasakian | — ((ni - n(n” 1)2) a+ T e - (=) (n — 1)‘~’—1> S
i {datre) K
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Corollary 7.8. Let M be an n-dimensional (P, S, S*)-pseudosymmetric (N (k), £)-semi-
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Riemannian manifold. Then we have the following table:

M LS
N (k)-contact metric (ke ! i~ ni 1) S+ kg
Sasakian < YL — > S+g
Kenmotsu ( )e L — i 1> S—g
(e)-Sasakian ( Vel — L) S+eg
n—1
para-Sasakian < ) R 1 S—yg
(e)-para-Sasakian ( )" (n—-1)""'L - ni 1) S —eg

Corollary 7.9. Let M be an n-dimensional (./\/l, S, SZ)—pseudosymmetm‘c (N(k),&)-semi-

Riemannian manifold. Then we have the following table:

M LS" =

N (k)-contact metric Zm ! 75 (ka -1yt - L 1) S+59
Sasakian =1 1 2+ (L(n — 1)t - ﬁ) S+ %g
Kenmotsu B n—l 52+ <L ) (-1t — ni1>57%g
(¢)-Sasakian 50— 1 5+ (L(e (n—1)1 - - 1> S+ %g
para-Sasakian (n E 57+ <L( D -1t — ﬁ) S — %g
(€)-para-Sasakian - msz < (=) tn—1)"t - - i 1) S — gg

Corollary 7.10. Let M

be an m-dimensional (WO,S, Se)-pseudosymmetm’c (N(k),€)-

semi- Riemannian manifold. Then we have the following table:

M LS'=

N (k)-contact metric ﬁsz + (kl_l(n 1)L — %) S+ kg
Sasakian ﬁéﬁ + ((n — 1)L — i 1) S+g

Kenmotsu - ﬁSQ + ((_1)571(11 — 1)L - %1) S—g
(¢)-Sasakian (n—%)?SZ + ((5)2_1(71 — 1)L - f> S +eg
para-Sasakian - ﬁbﬁ + ((—1)5*1(71 -1 — m) S—g
(¢)-para-Sasakian - ﬁsﬁ + ((—5)671(n 1)L - %) S —eg
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Corollary 7.11. Let M be an n-dimensional (WS,S, SZ)—pseudosymmetriC (N(k),€&)-
semi-Riemannian manifold. Then we have the following table:

M LS'=

j o I 2 4 610 _ 1y6—1
N (k)-contact metric M= 1) S*+Ek" (n—1)"""LS+kg
Sasakian - ﬁSQ +(n—=1)'LS+g
Kenmotsu ﬁ&a (-1t m—1)*""1LS—yg
(5)—Sasakian — WSQ ( )17 1(TL — 1)£_1LS + &g

; _ 2y =1 V=17 q _

para-Sasakian CESIE S+ (-D)""(n—-1)"LS—g
(¢)-para-Sasakian ﬁSQ (=) '(n—1)""'LS — &g

Corollary 7.12. Let M be an n-dimensional (Wl,S, SZ)-pseudosymmetm’c (N(k),€)-
semi- Riemannian manifold. Then we have the following table:

M LS
N (k)-contact metric <l<:Z o YL — %) S+ kg
n—

Sasakian ( V1L — — 1) S+g

Kenmotsu ( )e L — ! ) S—g
n—1

(€)-Sasakian < YL — 1) S+eg

para-Sasakian ( — 1)L — i 1> S—g

(e)-para-Sasakian ( ) Yn—1)*1L - p— 1) S —eg

Corollary 7.13. Let M be an n-dimensional (Wf,S, SZ)—pseudosymmetm'c (N(k),€)-
semi- Riemannian manifold. Then we have the following table:

5=
=17 1\e—11 _ 1
Eo =1L - —— ) S+ kg

M

N (k)-contact metric

Sasakian (n—1)'L - ﬁ) S+g

(_1)271(771 _ l)éflL _
(&) Ln— 1)L~ ﬁ) S+eg

(~D) = 1)L -

Kenmotsu

(€)-Sasakian

para-Sasakian

(€)-para-Sasakian (_g)éfl(n _ 1)271L _

I~~~
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Corollary 7.14. Let M be an n-dimensional (W, S, S®)-pseudosymmetric (N(k),&)-

semi-Riemannian manifold. Then we have the following table:

M LS'=
N (k)-contact metric ﬁbﬁ + (Y (=1L — ﬁ S
; R Coyeery 1

Sasakian e 1)25 + <(n 1)L p— 1) S
Kenmotsu — ﬁsﬂ + ((_1)4—1(71 — 1)L — ﬁ S
(¢)-Sasakian ﬁs? + <(5)H(n 1)L - - i 1) S
para-Sasakian — ﬁSQ + ((71)5*1(71 —1) L — - i 1) S

- - 1 _ ; 2 _ )41 _1\—-17 _ 1
(e)-para-Sasakian n= 1)25 + (( e Mn—1)"'L — S

Corollary 7.15. Let M be an n-

dimensional (Wg,S, SZ)—pseudosymmetric (N(k),€)-

semi- Riemannian manifold. Then we have the following table:

(e)-para-Sasakian

M LS'=

N (k)-contact metric (k@-l(n _ ) %) S + 2kg

Sasakian <(n — 1)L - — 1) S+2g

Kenmotsu ((71)4—1(n ) — %) S —2g

(€)-Sasakian <(€)[_1(n —-1)“'L - %) S+ 2eg

para-Sasakian <(—1)e71(n — 1)L - —7 S —2g
(

(7€)Z—l(n _ 1)4—1L _

>5725g

n—1

Corollary 7.16. Let M be an n-

dimensional (W4,S, Se)-pseudosymmetm’c (N(k),€)-

semi- Riemannian manifold. Then we have the following table:

M LS'=

N (k)-contact metric WSQ + (kz_l(n — 1)L - ﬁ) S+kg—ckn®n
Sasakian ﬁs%r <(n—1)e*1L—m) S+g—n®n
Kenmotsu S (00— L) s
s | o (@ 0 L) st eg e
para-Sasakian — ﬁSQ + ((—1)2’1(71 - 1)L — — 1) S—g+n®n
(€)-para-Sasakian - (717671)252 + ((—e)éfl(n — 1)L — ~ i 1) S—eg+n®mn




ON (N (k), §)-SEMI-RIEMANNIAN MANIFOLDS: PSEUDOSYMMETRIES

143

Corollary 7.17. Let M be an n-dimensional (Ws, S, S*)-pseudosymmetric (N(k),&)-

semi-Riemannian manifold. Then

we have the following table:

M LS'=

N (k)-contact metric e i 0 S? + (klil( )L — - S+ kg
Sasakian c _1 e S + <(n 1)L j) S+yg
Kenmotsu —@;%?52+((1V1W 1) 'L nil S—g
(€)-Sasakian ﬁ&e ((E)'Z Yn—1)1L p— 1) S+eg
para-Sasakian - ﬁSQ + ((71)271(n — 1)L - 3 1) S—g
(e)-para-Sasakian — WSQ ((—e)z_l(n — 1)L — p— 1) S —eg

Corollary 7.18. Let M be an m-dimensional (WG,S, SZ)—pseudosymmetric (N(k),€)-
semi- Riemannian manifold. Then we have the following table:

M

N (k)-contact metric

£— 1

1)L — 2 )S—i—k‘g—i—kn@n
n—1

Sasakian

2
DL - Et—)5+g+n®n

Kenmotsu

2

-1
DT Lo

>S g—nen

(e)-Sasakian

2
R 7)54—69-{-677@77
n—1

para-Sasakian

2

-1
—)7T L

)S g—nen

(e)-para-Sasakian

GT
(i~
(o
(1
(o
(=

-1
—)T L

)stg7677®77

Corollary 7.19. Let M be an n-dimensional (W7,S, Se)-pseudosymmetm’c (N(k),€)-
semi- Riemannian manifold. Then we have the following table:

M

St=

N (k)-contact metric

MthJydL—g%T>S+2@

Sasakian (n—1)*'L - E 1) S+2g

Kenmotsu (1) t(n—-1)"'L — p— 1) S —2g

(e)-Sasakian (&) *(n—1)1L - %) S+ 2eg
" —

para-Sasakian

(~D)" o - 1)L -

2
)
1)S g

(e)-para-Sasakian

(—8)271(1’1 _ l)éflL _

n—1

I~~~ >

2 >S—25g
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Corollary 7.20. Let M be an n-dimensional (Ws, S, S*)-pseudosymmetric (N (k),&)-
semi-Riemannian manifold. Then we have the following table:

M LS" =
N (k)-contact metric (Lkéil(n — 1)t - %) S+kg+kn®n
Sasakian L(n—1)"" - %) S+kg+nxn

" —

2
Kenmotsu L(-1)*t(n -1t = m) S+kg—n®n

(€)-Sasakian L) (n—1)"" — n%) S+kg+n®n

1
_ _ 2
L(-1)"(n—1)* 17m>8+kg777®?7

para-Sasakian

L~ N N N

(€)-para-Sasakian (L(—s)e_l(n — 1)t - ) S+kg—nm®en

n—1

Corollary 7.21. Let M be an n-dimensional (Wg,S, SZ)—pseudosymmetric (N(k),€)-
semi- Riemannian manifold. Then we have the following table:

M LSt =

1
N(k)-contact metric (klil(n - 1)L - ﬁ) S+kn®n

Sasakian

1
(n71)€*1L7m>S+n®n

Kenmotsu

_ _ 1
(=)L (n —1)* 1L_m>5—n®n

(e)-Sasakian (&) *(n—-1)1L - ﬁ) S+n®n

()0 - )= L) s-nan

1
L
n—1

para-Sasakian

(¢)-para-Sasakian ()Y (n— 1)L —

L N N N N N

Remark 7.1. If in the Theorem 7.2, we take M be an n-dimensional (7,, S, S)-pseudosymmetric
(N (k), &)-semi-Riemannian manifold. Then the result is same as given in [31, Theorem
7.6).

Corollary 7.22. Let M be an n-dimensional (R, St,,S5°)-pseudosymmetric (N(k),&)-
semi- Riemannian manifold. Then

(a0 +na1 + a2 +az + as + as) X
(Lk(n —1)S* — Lk*(n — 1)’S + kS — k*(n — 1)g)
= Lr(aa+ (n — a7) (8" — k' (n — 1)"g).
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