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ABSTRACT: We introduce the notion of extended generalized ¢-recurrent (LC'S)2s 41

-manifolds and study its various geometric properties with an example. Finally, we

construct an example of 3-dimensional extended generalized ¢ -recurrent (LC'S)2pn+1

-manifold which is neither ¢-recurrent nor generalized ¢-recurrent.

Key Words: Generalized recurrent (LC'S)2y,+1-manifolds, Concircular curva-
ture tensor, Extended generalized ¢-recurrent (LC'S)a,41- manifolds, Generalized
¢ -recurrent (LC'S)a,+1 -manifolds and Concircular curvature tensor .

Contents
1 Introduction 9
2 Preliminaries 10
3 Generalized ¢-recurrent(LC'S)s,+1-manifolds 12
4 Example of generalized ¢-recurrent(LCS)s;,+1-manifolds 16

1. Introduction

In 2003, Shaikh [14] introduced the notion of Lorentzian concircular structure
manifolds (briefly (LCS)2p+1-manifolds) with an example, which generalizes the
notion of LP-Sasakian manifolds introduced by Matsumoto [7]. The notion of local
symmetry of a Riemannian manifold has been weakened by many authors in several
ways to a different extent. As a weaker version of local symmetry, Takahashi[19]
introduced the notion of local ¢-symmetry on a Sasakian manifold. Generalizing
the notion of local ¢-symmetry of Takahashi[19], De et al.[2] introduced the no-
tion of ¢-recurrent Sasakian manifold. Recently De et al. [3] introduced the notion
of ¢-recurrent Kenmotsu manifolds. The locally ¢-symmetric LP-Sasakian mani-
folds is also studied by Shaikh and Baishya[15]. Again locally ¢-symmetric and
locally ¢-recurrent (LC'S)2,41-manifolds are respectively studied in [16] and [17].
The notion of generalized recurrent manifolds has been introduced by Dubey [6]
and studied by De and Guha[4]. Again, the notion of generalized Ricci-recurrent
manifolds has been introduced and studied by De et al. [5].

A Riemannian manifold (M™, g),n > 2, is called generalized recurrent ([4], [6]),
if its curvature tensor R satisfies the condition

VR=A®R+B®G, (1.1)
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where A and B are non vanishing 1-forms defined by A(-) = g(-, p1), B(:) = g(-, p3)
and the tensor G is defined by

G(X,Y)Z =g(Y,2)X — g(X, Z)Y, (1.2)

for all X,Y,Z € x(M);x(M) being the Lie algebra of smooth vector fields on
M and V denotes the operator of covariant differentiation with respect to metric
g. The 1— forms A and B are called the associated 1-forms of the manifold. A
Riemannian manifold (M™,g),n > 2, is called generalized Ricci-recurrent [5] if its
Ricci tensor S of type (0,2) satisfies the condition

VS=A®S+B®g, (1.3)

where A and B are non vanishing 1-forms defined in (1.1).

In 2007, Ozgiir [10] studied generalized recurrent Kenmotsu manifolds. Gen-
eralizing the notion of Ozgiir [10], recently Basari and Murathan [1] introduced
the notion of generalized ¢-recurrent Kenmotsu manifolds. Also, the notion of
generalized ¢-recurrency to Sasakian manifold, Lorentzian a-Sasakian manifolds
and generalized Sasakian space-forms are respectively studied in ([11], [12], [22],
[24], [26]). By extending the notion of generalized ¢-recurrency, Prakasha [13] and
Shaikh and Hui[18] introduced the notion of extended generalized ¢-recurrency
to [-Kenmotsu manifolds and Sasakian manifolds respectively. As a continua-
tion of this here we have introduce the notion of extended generalized ¢-recurrent
(LCS)2p+1-manifolds.

The paper is organized as follows. Section 2 deals with a brief account of
(LCS)2p4+1-manifolds. In section 3, we study generalized ¢-recurrent (LC'S)2y,41-
manifolds and obtain a necessary and sufficient condition for a manifold to be
a generalized Ricci-recurrent manifold. Also we study extended generalized con-
circularly ¢-recurrent (LCS)a2,+1-manifolds and find the nature of its associated
1-forms. Finally; the last section is responsible for the existence of extended gen-
eralized ¢-recurrent (LC'S)a;,41-manifolds.

2. Preliminaries

An (2n + 1)-dimensional Lorentzian manifold M is smooth connected paracon-
tact Hausdroff manifold with Lorentzian metric g, that is, M admits a smooth
symmetric tensor field ¢ of type (0,2) such that for each point p € M the tensor
gp : TpM x T,M — R is a non degenerate inner product of signature (—, +,...., +),
where T, M denotes the tangent space of M at p and R is the real number space.
A non-zero vector field v € T, M is said to be time like (resp., non-spacelike, null,
and spacelike) if it satisfies g,(v,v) < 0 (resp.,< 0,=,> 0) [9].

Definition 2.1. In a Lorentzian manifold (M, g) a vector field p defined by
9(X, p) = A(X)
for any X € x(M) is said to be a concircular vector field if
(VxA) (V) = a {g(X,Y) +w(X)A(Y) }
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where « is a non-zero scalar and w is a closed 1-form.

Let M be a Lorentzian manifold admitting a unit time like concircular vector field
¢, called the generator of the manifold. Then, we have

9(&¢) = -1, (2.1)

Since, ¢ is the unit concircular vector field, there exists a non-zero 1-form 7 such
that

9(X, &) = n(X), (2.2)
the equation of the following form holds
(Vxn) (V) = a{g(X,Y) +n(X)n(Y) } (o #0) (2.3)

since, £ is a concircular field, therefore
Vx§ = afX +w(X)¢}

where w is a 1-form. Also since ¢ is a unit vector field from (2.1), which implies
9(Vx&,&) =0 and hence, we get from above equation

where n(X) = g(X,§), Now
9(aX,Y) + g(an(X)E,Y) = g(Vx¢,Y),

which implies
alg(z,Y) +n(X)n(Y)] = g(Y, Vx§),
we have (Vxn)Y = Xn(Y) — n(VxY) hence
(Vxn)Y = Xg(Y,&) —g(Vy,$)
since (Vxg)(Y, &) = 0, we have
(Vxn)Y = g(Y,Vx¢
now, we arrive at the result (2.3) for all vector fields X,Y, where V denotes the
operator of covariant differentiation with respect to the Lorentzan metric g and «
is a non-zero scalar function satisfies

Vxa=(Xa)=do(X)=pn(X) (2.4)

p being a certain scalar function given by p = —(£«). If we put

OX = 1Vt (2.5)
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then from (2.3) and (2.5) we have
X =X +n(X)g, (2.6)

from which it follows that ¢ is a symmetric (1, 1)-tensor and called the structure
tensor of the manifold. Thus the Lorentzian manifold M together with the unit
timelike concircular vector field ¢ its associated 1-form 7 and (1,1)-tensor field
¢ is said to be a Lorentzian concircular structure manifold (briefly (LCS)2p41-
manifolds) [4]. Especially, if we take o = 1, then we can obtain the LP-Sasakian
structure of Motsumoto [7].

In a (LCS)2,41-manifolds, the following relations hold [4]:

a) n(€) =—1, b) ¢¢ =0, ¢) $>X = X + n(X)g, (2.7)
d) n(¢X) =0, e) g(¢X,0Y) =g(X,Y) +n(X)n(Y),

N(R(X,Y)Z) = (a® = p) {g(Y, Z)n(X) =g (X, Z)n(Y) }, (2.8)
R(X,Y)E = (= p) {n(Y) X —n(X)Y}, (2.9)
R(&X)Y = (o —p) {g(X,Y)E—n(Y) X }, (2.10)

R(&X)E = (a® —p) {n(X)E+ X}, (2.11)
(Vx¢) (V) = a{g(X,Y)§ + 2n(X)n(Y)§ +n(Y) X}, (2.12)
S(X,¢) = 2n(a® — p)n(X), (2.13)

S(@X,0Y) =S(X,Y) +2n(a® = p)n(X)n(Y), (2.14)
(Xp) = dp(X) = Bn(X). (2.15)

We now state some curvature properties of (LCS)2,41-manifolds which will be
frequently used later on.

Lemma 2.2. From [17], Let M?"*Y($,€,m,g) be a Lorentzian concircular structure
manifold. Then for any vector fields X,Y, W the following relation holds:

(Vw R)(X,Y)§ = 2ap = ) {n(Y)n(W)X —n(X)n(W)Y'}
+a(a? — p){g(Y, W)X — g(X, W)Y} — aR(X,Y)W.

3. Generalized ¢-recurrent(LC'S)s,+1-manifolds

Definition 3.1. A Lorentzian concircular structure manifold M?"T(¢,€,m,9),
n > 1, is said to be an extended generalized ¢-recurrent (LC'S)apn41-manifolds if its
curvature tensor R satisfies the condition

#*(VwR)(X,Y)Z) = AW)$*(R(X,Y)Z) + BW)$*(G(X,Y)Z),  (3.1)

for all X, Y, Z, W € x(M), where V denotes the operator of covariant differentia-
tion with respect to the metric g ,i.e. V is the Riemannian connection; A and B
are non-vanishing 1-form such that A(X) = g(X, p;), B(X) = g(X, py) and G is a
tensor of type (1,3) defined in (1.2). The 1-forms A and B are called the associated
1-forms of the manifold.
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We consider a Lorentzian concircular structure manifold M2"*1(¢, &, n, g),n > 1,
which is extended generalized ¢-recurrent. Then from (2.7) and (3.1) yields

(VwR)(X,Y)Z +n (VwR)(X,Y) Z)§{ = A(W) {R(X,Y)Z +n(R(X,Y)Z)¢}
+B (W) {G(X,Y)Z +n(G(X,Y)Z)E}
(3.2)
from which it follows that

((VWR)(X Y)Z,U) +1 ((VWR)(X Y) Z)n(U)
AW ){9( (X, )ZvU) n(R(X,Y)Z))n(U)} (3.3)
B(W) {4 (G(X,Y)Z.U) +n(G(X,Y)Z) ) n(U)}

Let {e; : i = 1,2,3,....,2n + 1} be an orthonormal basis of the tangent space at
any point of the manifold. Replacing X = U = ¢; in (3.3) and taking summation
over i, 1< i<2n+1,and then using (2.10), we have

(VwS)(Y,Z) =g ((VwR) (§,Y) Z,€)
=AW) {SY.2Z) = (a® = p){g(Y. Z) + n(Y)n(Z)}} (3.4)
+BW){ @2n-1)g(Y,Z2)+n(Y)n(2)}.

Also from (2.8), we obtain

g ((VWR)(£ Y)Z,§) =2apn(W) {g(Y.Z) +n(Y)n(Z) } (3.5)
+(® = p) {gW, Z) =n(W)n(Z) } n(Y) '

In view of (3.5), it follows from (3.4) that

(Vi S)(Y, Z) = AW)S(Y, Z)

+{20pm(W) + (2n — 1)B(W) — (o — p)A(W)} g(Y, Z)
+{20pn(W) + B(W) — (o — p)A(W) } n(Y)n(Z)
+(a? = p) {g(W, Z) = (W) n(Z)} n(Y)

From (3.6), it follows that an extended generalized ¢-recurrent (LC'S)zp41,n > 1,
manifolds is a generalized Ricci-recurrent manifold if and only if

(3.6)

{200 7(W)+BOW) ~ (o® ~ p) AW) } n(Y)n(Z) 57
o —p) {9(W.2)—n (W) n(2)} n(¥) =0 |

This leads to the following;:

Theorem 3.2. An extended generalized ¢-recurrent Lorentzian concircular struc-
ture manifold M1 (¢,€,m,9),n > 1, is generalized Ricci-recurrent if and only if
the relation (3.7) holds.

Substituting Z = ¢ in (3.2), we obtain

(Vi R)(X,Y)E = {(a® = p)A(W) + BIW)} (n(Y)X —n(X)Y) (3.8)
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By virtue of Lemma 2.2 and (3.8), we yields

QR(X,Y)W = a(a? — p) {g(¥, W)X — g(X, W)Y }

+Q2ap — B) {n(Y)n (W)X —n(X)n(W)Y'} (3.9)
—{(@®=p)AW)+BW)} (n(Y)X —n(X)Y).

This leads to the following;:

Theorem 3.3. In an extended generalized ¢-recurrent Lorentzian concircular struc-
ture manifold M>*" (¢, €,m,9),n > 1, the curvature tensor is of the form of (3.9).

Also from (3.9), we have

a R (X,Y,W,U) = a(a® - p) {g(Y,W)g(X,U) — g(X,W)g(Y,U) }
+2ap — ) {n(¥ ) (W)g(X,U) — n(X) n(W)g(v,U)}
—{(@2 = p) AW) + BW)} (n(Y)g(X.U) =1 (X)g(Y,U)),

where R (X, Y,W,U) = g(R(X,Y)W,U). Setting X = U = e; in above and taking
summation over i, 1 <7 < 2n+ 1, we yield that

aS(Y, W) =2na (a® = p) g(Y,W) +2n (2ap — B) n(Y) n(W) (3.10)
—2n { (a® — p) AW) + B(W)} n(Y). '

This leads to the following:

Theorem 3.4. In an extended generalized ¢p-recurrent Lorentzian concircular struc-
ture manifold M2 (¢, &, m,9),n > 1, the Ricci tensor is of the form of (3.11).

Again, in view of lemma 2.2, equation (3.2) can be written as

2ap = B){g(X, Z)n(Y)n(W) = g(Y, Z)n(X)n(W)}
(VwR)(X,Y)Z = | +ala® — p){g(X, Z)g(Y. W) — g(Y, Z)g(X, W)} 3
—ag(R(X, Y)W, Z)
+AW){R(X,Y)Z +n(R(X,Y)Z)¢}
+B (W) {G(X,Y)Z +n(G(X,Y)Z)E}
(3.11)
Conversely, applying ¢* on both sides of (3.12), we get the relation (3.1). This
leads to the following:

Theorem 3.5. A Lorentzian concircular structure manifold M?*"*1(¢p, &, n,g),
n > 1, is an extended generalized ¢ -recurrent if and only if the relation (3.12)

holds.

Definition 3.6. A Lorentzian concircular structure manifold M?"T(¢,€,m,9),
n > 1, is said to be an extended generalized concircularly ¢-recurrent (LC'S)ap41-
manifolds if its concircular curvature tensor C satisfies the condition

#*(VwO)(X,Y)Z) = AW)¢*(C(X,Y)Z) + BIW)$*(G(X,Y)Z),  (3.12)
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for all X,Y,Z,W € x(M), where ¥V denotes the operator of covariant differentia-
tion with respect to the metric g, i.e. V is the Riemannian connection; A and B
are non-vanishing 1-forms defined in (1.1) and G is a tensor of type (1,3) defined

n (1.2).
The concircular curvature tensor C' of type (1,3) is given by [20]

r

C(X,Y)Z =R(X,Y)Z — T D)

G(X,Y)Z, (3.13)
where 7 is the scalar curvature of the manifold.
Let us consider an extended generalized concircularly ¢-recurrent Lorentzian con-
circular structure manifold M?"*1(¢,&,n,g),n > 1. Then from (2.7) and (3.13)
yields
(VwCO) X, Y)Z +n (VwC)(X,Y) Z) €
=AW) {C(X,Y)Z+n(C(X,Y)Z)¢} (3.14)
+B (W) {G(X,Y)Z +n(G(X,Y)Z)¢},

from which it follows that

g(Vw )X, Y)Z,U) +1 (VwC)(X,Y) Z)n(U)
= AW) {g(C(X,Y)Z,U) +(C(X,Y)2))n(U)} (3.15)
BW) {g(G(X,Y)Z,U) +n(G(X,Y)Z))n(U)} .

Taking contraction of (3.16) over X and U, we get

(VwS)(Y. 2) ~ Gigta (Y. 2) +9 (VwC)(£,Y)Z.€)
= AW) {S(Y,2) - 5579(¥. 2) + 0 (C(&,Y)2) } (3.16)

+BW) {(2n - 1)g(Y, Z2) —=n(Y)n(2) }

In view of (3.5) and (3.14), we have
9(VwC)(EY)Z,6) = {200(W) + 5y Ho(V. 2) +n(V (D)} (g1
+(a? = p)n(Y){g(Z W) +n(Z)n(W)} .

Also from (2.10) and (3.14), we get

r

W2 = { Gt ~ @ = LD +u 02} B18)

By virtue of (3) and (3.18), equation (3.17) reduces to
(VwS)(Y, 2) = AW)S(Y, Z) + (2n — 1)B(W) — 5257 A(W)
+A(W) (ﬁ (@2 =) + S8 — 2a(Wa) — 50005 9(v. 2)

+[AW) (s — (02 = ) — (2a(Wa)) — 5525 | (Y ) (2)
—(a® = p)n(Y) (9(Z, W) +n(Z)n(W))

In view of (3.19), we can state the following:

(3.19)
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Theorem 3.7. An extended generalized concircularly ¢-recurrent Lorentzian con-
circular structure manifold M*" (¢, &,n,9),n > 1, is generalized Ricci-recurrent
if and only if the following relation holds.

AW { sy = (02 = )} = (2a(Wa) = 52085 — BOV)| n(¥)n(2)
—(a? = pIn(Y) {9(Z, W) +n(Z)n(W)} = 0.

Setting Y = Z = ¢ in (3.19) and using (2.13), we get
(2=l 2(n - 1)(0 — )] A(W) — 2(n — 1)B(W)

= dr(W) {%} — da (Wa).

(3.20)

This leads to the following:

Theorem 3.8. In an extended generalized concircularly ¢-recurrent Lorentzian
concircular structures manifold M*"F1(¢,€,n,9),n > 1, the 1-forms A and B are
related by the relation (3.20).

Corollary 3.9. In an extended generalized concircularly ¢-recurrent LP-Sasakian
manifold M>*"t1(p,&,m,9),n > 1, with constant scalar curvature, the associated
1-forms A and B are related by A = ¢B, where ¢ is a nonzero constant.

Finally, in view of Lemma 2.2 and (3.20), (3.13), can be reduces to
(VwC)(X,Y)Z = { 325080 — (2ap = Byn(W) } (9(Y, Z)n(X)§ - g(X, Z)n(Y )8)
FA(W) {C(X,Y)Z +5(C(X, V) Z)} + B (W) {G(X,Y)Z + n(G(X, V) Z)e}
(3.21)
Conversely, applying ¢ on both sides of (3.21), we get the relation (3.17). This
leads to the following:

Theorem 3.10. A Lorentzian concircular structure manifold M*"(¢,&,n, g),n >

1, is an extended generalized concircularly ¢ -recurrent if and only if the relation
(3.21)) holds.

4. Example of generalized ¢-recurrent(LC'S)s,11-manifolds

We consider a 3-dimensional manifold M = {(z,y,z) € R*: 2 # 0} , where (z,y, 2)
are the standard coordinates in R%. Let{ £, F2, E3} be linearly independent global
frame on M given by

0 0 0 0
FE, = e* — N Eo = —. FEa = 2z_-
1= ($8z+y8y)’ 279y P a2
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Let g be the Lorentzian metric defined by
9(Ev, E3) = g(E2, E3) = g(E1, E2) =0,
g(Er, Er) = g(Es, E2) =1, g(Es, E3) = —1.

Let 1 be the 1-form defined by n(V) = ¢(V, E3) for any V € x(M).
Let ¢ be the (1, 1)-tensor field defined by ¢ Ey = E1, ¢ Ea = Es, ¢ E3 =0. Then
using the linearity of ¢ and g we have

n(Es)=-1, ¢V =V+4+nV)E; g(oV,oW)=g(V.W)+n(V)n(W),

for any V,W € x(M).
Let V be the Levi-Civita connection with respect to the Lorentzian metric g and
R be the curvature tensor of g. Then we have

[E1, Eo) = —€*Fsy, [E1, E3] = —e**Ex, [Es, B3] = —e**Es.

Taking F3 = ¢ and using Koszula formula for the Lorentzian metric g, we can
easily calculate

1
Ve, B3 =—-F, Vg, By = —**E3, Vg, By =0,
z

Vi, B3 = —**Ey, Vi, By =0, Vi, By = —¢* By,
Ve, B3 =0, Vg,FBy = —e**E3 — ¢*Fy, Vi, By = 0.
From the above it can be easily seen that Es = ¢ is a unit timelike concircular vector
field and hence (¢, £, 1, g) is a (LCS)s-structure on M. Consequently M3(¢4,€,1,9)
is a (LCS)3-manifolds with a = —e?* # 0 such that (Xa) = pn(X) where p = 2¢**
Using the above relations, we can easily calculate the non-vanishing components
of the curvature tensor R as follows:

R(Ey, E3)E3 = €**Ey, R(E1, E3)Es = ¢ E1, R(Ey, FEy)Ey = {** — ¥} Fy,
[R(Es, B3)Ey = e**E3, R(E1, E3)E, = e E3, R(Fy,Fy)Ey = {—e** — ¢**} Es.

and the components which can be obtained from these by the symmetric properties.
Since {E1, Es, Es} forms a basic of the 3-dimensional (LC'S)-manifolds, any vector
field X,Y, Z € x(M) can be written as

X =aFE1 +biEy+ a1 E3, Y =ak) +boFs + cob3, Z = azEy + b3Es + c3E3,
where a;, b;, c; € RT (the set of all positive real numbers) ,7 = 1,2, 3. Then

R(X,Y)Z = 6_4;{((5253{)0203)‘11 + biba(cs — az)} + €3*{(2c3 — c2)b1by } E\
19203
4 [ 642{(a3 + b3)blbg + (5163 — agbl)ag + bl(a263 — ascCo E
+b2(0263 — alag)} + 632(a1b2b3) 2
N [ e**{(c3 — az)biby — a1 (azcs — azca) — (asbibz)} + €3 (bz — az)biby } 5
*622(1)1[)2&3) 3
(4.1)
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G(X, Y)Z = (agag + bobz — CQC3)(G1E1 + b1 Ey + 01E3)

4.2
—(aras + b1bs — c1c3) (a2 E1 + baEy + c2E3) (4.2)
By virtue of (4.1) we have the following
o 4662{(1711)3 — 0103>a2 + ble(CQ — 0,3)}
(VE1R)(Xa Y)Z - +365Z{(203 _ Cg)blbg} _ eBz(blebg) El
I 4662{(5a3 + bg)blbg + 3(b3C3 — agbl)ag E (4 3)
+b2(a203 — agcg) + bg(CgCl — alag)} + 3€5z(a2b1b3) 2 ’
+ 4€5%{(c3 — ag)bsby — ay(azcs — azca) — (azbibs)} P>
+4€5Z (bg - ag)ble 3

—e5*{ byba(cs + az) + (bics — biba)as
Ve,R)(X,Y)Z = ; E
(V. B)( ) [ +ba(cacz — aras) + braz(cs — c2)} — e**(arbabs L
—e5%{(c3 — as)biba + (babs — cacs)ar } joN

+ 76_5Z(b1b203) + €3Z(b1b2b3)
" —e%%{(ag + b3)b1ba + (c3 — az)bras
+bQ(0203 — a1a3) + a3b1(03 — 02)} — €5Z(a1bgbg) 3
(4.4)
_ 46642{(1)21)3 — c203)a1 + b1b2(03 — 0,3)}
(VE:}R)(X’ Y)Z - +3€5Z{(203 _ C2>b1b2} _ egz(b1b2b3> El
4e%*{(as + bs)bibs + (b1cs — azbi)as
E 4.5
* +b1(azcs — asez) + ba(cacs — araz)} + 3e°* (a1babs) 2 (4.5)
+ 4€6Z{(Cg — ag)b1b2 — al(a203 - agcg) B
7(a3b1b3>} + 3€5Z(b3 - a3>b1b2 - 264Z(b1b2a3) 3
In view of (4.1) and (4.2), we get
*(R(X,Y)Z) =1FEy +m By, ¢*(G(X,Y)Z)=nE) +pPEs, (4.6)

where [ = 642{(b253 — CQC3)G1 + ble(C3 - ag)} + 632{(203 — Cg)blbg} — €Z(blbgbg),

m = €4Z{(a3 + bg)blbg + (b103 — agbl)ag + bl(a203 — a302)
+b2(0203 — 0,1(13)} + egz(albgbg),

n = (a1b2 — agby)bs — (CHCQ - a301)C3,
P = (0,2()1 — albg)ag — (b102 — bQCl)Cg.

Thus from (4.3)-(4.5), we have following
*(Ve,R) (X,Y)Z)=q;E1+ri By, Yi=1,2,3 (4.7)
where

q1 = 4662{(1)1[73 — 0103>a2 + ble(CQ — (13)} + 3652{(203 - Cg)blbg} - 632(b1b2b3>,
q2 = —€5Z{ b1b2(03 + a3) + (5103 — blbg)ag + 52(0203 — alag) + b1a3(03 — 02)}
7642(0,1[72()3),

q3 = 4662{(1)2[73 — 0203)(11 + b1b2(03 — (13)} + 3652{(203 - Cg)blbg} - egz(blebg),
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T = 4€6Z{(5a3 + bg)ble + 3(b303 — a2b1)a3 + bQ((lQCg — 0,302) + bg(CQCl — alag)}
+3e5%(agb1b3),

ro = —€6Z{(Cg — ag)b1b2 + (bgbg — CQC3)G1} — e 02 (b1b203) + €3Z(b1bgbg),

r3 = 4€6Z{(a3 + bg)blbg + (b103 — agbl)ag + bl ((J,QCg — a302) + bQ(CQCg — 0,1(13)}
+3€5Z(a1b2b3).

Now we consider the 1—form as follows

i — N lri —mg;
A(Ey) =L gy = LT M

= 4.
Ilp—mn (4.8)

Ilp—mn
for i = 1,2,3 such that Ip — mn # 0,pq; — nr; # 0 and Ir; — mq; # 0,71 =1,2,3.
From (3.1), we have

?* (Ve R)(X,Y)Z) = A(E:) *(R(X,Y)Z) + B(E;) ¢°(G(X,Y)Z),i = 1,2,3.
(4.9)
From (4.6)-(4.8), it can be easily shown that the manifold satisfies the relation (4.9).
Hence the manifold under consideration is an extended generalized ¢-recurrent
(LCS)2p4+1-manifolds, which is neither ¢-recurrent nor generalized ¢-recurrent.
Therefore we have the following:

Theorem 4.1. There exists an extended generalized ¢-recurrent (LC'S)apn41- man-
ifolds M3(p,&,m, g), which is neither ¢-recurrent nor generalized ¢-recurrent.
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