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ABSTRACT. In the present paper we have investigated that a hyper generalized
weakly symmetric Lorentzian Para-Sasakian manifold is an 7-Einstein manifold and
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1. INTRODUCTION

In 1989, Matsumoto [11] introduced the notion of Lorentzian para-Sasakian mani-
folds. In 1992, Mihai and Rosca ([13]) defined some notions independently. Mat-
sumoto, Mihai and Rosaca [12] gave a five dimensional example of such manifold.

An n-dimensional Riemannian (or semi-Riemannian manifold) is said to be hyper
generalized weakly symmetric [1] if its Riemannian curvature tensor R admits the
relation

(VxR)(Y,U,V, Z)
= AJX)R(Y,U,V, Z)+ B.(Y)R(X,U,V, Z)
+B.(U)R(Y,X,V, Z)+ D.(V)R(YY,U, X, Z)
+D(Z)R(Y,U,V, X)+ a.(X)(gAS)(Y,U,V,Z)
+8:(Y) (g A S)(X, U, V,Z) + B.(U)(g A S)(Y, X, V, Z)
+7:(V) (gAY U, X, Z) + 7.(Z) (9 A S)(Y,U,V, X) (1)

where

(g N S)(Y7 U,‘/,Z) = g(Y, Z)S(U> V) +g(U> V)S(}/v Z)
—9(Y,V)S(U, 2) — g(U,2)S(Y,V) (2)
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and A., B, Dy, au, B« and v, are non-zero 1-forms defined by A.(X) = ¢g(X,0),
B.(X) = g(X. 0), Da(X) = g(X, 7), ae(X) = g(X,6), .(X) = (X, 7) and 7,(X) =
g(X,v). The beauty of such manifold is that it has the flavour of

(i) locally symmetric space [10] (for A, = B, = Dy =, = B = 7. = 0,)

ii) recurrent space [15] (for A, # 0, By = Dy = ot = B = 7. = 0,)

(iii) hyper recurrent space [?] (for Ay # 0, # 0, Bx = Dy = B = 7. =0,)

(iv) pseudo symmetric space [8] (for A, = B, = D, = A # 0 and o, = S =

=0),

(V) semi-pseudo symmetric space [?] (for B, = D, and A, = a, = s« = 7, = 0),

(vi) hyper semi-pseudo symmetric space (for A, = o, = 0, B, = D, # 0 and
Be = Vs # 0),

(vii) hyper pseudo symmetric space (for A, = 2B, = 2D, a, = 20, = 274),

(viii) almost pseudo symmetric space [9] (for A, = B. + Hi,H1 = B, =D, #0
a*:ﬁ*:%k:o),

(ix) almost hyper pseudo symmetric space (for A, = B,+H,,H; = B, = D, #0

s = By + Ha, Hy = B = 7+ # 0) and

(x) weakly symmetric space [14] ( for a = s = 7 = 0).

Recently, the authors ([6]) studied hyper generalized pseudo Q-symmetric space
in the Riemannian manifolds and its various properties.

We represent our paper as follows: Section-2 is concerned with some known
results of Lorentzian para-Sasakian manifold. In section-3 we have investigated that
a hyper generalized weakly symmetric Lorentzian para-Sasakian manifold is an 7-
Einstein manifold and getting some interesting curvature conditions. Finally, we
constructed an example of hyper generalized weakly symmetric Lorentzian Para-
Sasakian manifold.

2. PROPERTIES OF LORENTZIAN PARA-SASAKIAN MANIFOLD

Let M be an n-dimensional differential manifold endowed with a (1,1) tensor field
¢, a vector field &, a 1-form 7, and a Lorentzian metric g of type (0,2) such that
for each point a € M, the tensor g, : T,M x T,M — R is a non-degenerate inner
product of signature (—, +, 4+, ..., +), where T, M denotes the tangent space of M at
a and R is the real number space which satisfies

¢ =I+n®E (3)

n(€) = -1, (4)

9(X, &) = n(X), ()
9(0X,9Y) = g(X,Y) +n(X)n(Y), (6)
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for all vector fields X, Y on M". Then, the structure (¢, &, n, g) is called Lorentzian
almost paracontact structure and the manifold with the structure (¢, &, 7, g) is called

a Lorentzian almost paracontact manifold. In the Lorentzian almost paracontact
manifold M, the following relations hold ( [?], [2], [3], [4], [5] )

€ =0, no¢ =0, (7)

9(¢X,Y) = g(X, ¢Y). (8)

A Lorentzian almost paracontact manifold M endowed with the structure (¢, &, 7, g)
is called an Lorentzian para-Sasakian manifold if

(Vx9)Y = g(¢X,¢Y )+ n(Y)d* X, (9)

where V denotes the operator of covariant differentiation with respect to the Lorentzian
metric g. In an LP-Sasakian manifold M with the structure (¢,&,n, g), it is easily
seen that

Vx§=¢X, (10)

(Vxn)Y =g(X,9Y) = (Vyn)X, (11)
S(X,€) = (n — n(X), (12)
R(& X)Y = g(X,Y)§ —n(Y)X, (13)
R(X,Y){=n(Y)X —n(X)Y. (14)

for all vector fields X, Y on M™.

3. HYPER GENERALIZED WEAKLY SYMMETRIC LORENTZIAN PARA-SASAKIAN
MANIFOLD

A Lorentzian para-Sasakian manifold is said to be hyper generalized weakly sym-
metric if it admits the curvature condition

(VxR)(Y,U,V, Z)
= A(X)R(Y,U,V, Z)+ B.(Y)R(X,U,V, Z)
+B.(U)R(Y, X,V, Z)+ D.(V)R(Y,U, X, Z)
+D,(Z)R(Y,U,V, X)+ on(X)(g A S)(Y,U,V, Z)
+8:(Y)(g A SHX, UV, Z) + B.(U) (g A S)Y, X, V., Z)
+7(V) (A S) Y. U, X, Z) +7.(Z) (9 A S)(Y, U, V, X). (15)
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First using (2) in (15) and then contracting with U and V' in (15) we obtain

(VxS)(Y, Z)
= AJX)S(Y,Z) + B.(Y)S(X,Z) + D.(Z2)S(X,Y) + B.(R(X,Y)Z) + D.(R(X, Z)Y)
+a. (X)25(Y, Z) +rg(Y, Z)] + B.(Y)[29(X, Z) + rg(X, Z)] + 7.(Z2)[25(Y, X) + rg(Y, X)]
+0.(LX)g(Y, Z) + B.(X)S(Y, Z) = B.(Y)S(X, Z) = B.(LY)g(Z, X)
+7:(LX)g(Y, Z) + 7. (X)S(Y,

which yields

(Vx9)(Y,€)

= A(X)(n— 1Y)+ B.(Y)(n — )n(X) + D(§)S(X,Y) + B (X)n(Y) — B.(Y)n(X)
+D(X)n(Y) — g(X,Y)D.(§) + ax(X)n(Y)[2(n — 1) + r] + B (Y)n(X)[2(n — 1) + 7]
+7:(E)[25(Y, X) + rg(Y, X)] + B (LX)n(Y) + (n — D)[B(X)n(Y) — B (Y)n(X)]
=B (LY )n(X) + 7 (LX)n(Y) 4+ (n — D)7 (X)n(Y)
=7+ (LEg(X,Y) — 7 (§)S(X,Y) (17)

for Z = ¢. And putting Y = £ in (16) then replacing Z by Y we get

(VxS5)(§Y)
= AX)(n=1n(Y) + B.(§)S(X,Y) + Du(Y)(n — 1)n(X) + B.(X)n(Y) = B.(§)g(X,Y)
+D(X)n(Y) = Du(Y)n(X )+04*( In(Y)[2(n = 1) + 7] + (S (Y, X) + rg(Y, X)]
+%(Y)?7(X)[2(n—1)+7“]+5*(LX)77(Y) (n = DB(X)n(Y) = B.()S(X,Y)
Be(LE)g(X,Y) + 7 (LX)n(Y) + (n — Dy (X)n(Y)
Y+ (LY )n(X) = (n = D)7 (Y)n(X). (18)
Now from (17) and (18) we have
[B+(§) = D (&) + B+(§) =1+ (§)]S(X,Y)
= [Bu(&) 4 Bu(LE) + 17:(§) = 7B+ (§) — Dx(§) — 71+ (LE]g(X,Y)
A0(X) [ (LY) + (n = 2)Bo(Y) + B (Y){(n — 1) + 7}
—B(LY) = (n = 2)Du(Y) = %(Y){(n = 1) + r}]. (19)

Setting X = ¢ in (19) we obtain
Yo (LY) + (n = 2)Bo(Y) + B« (Y){(n = 1) + 7} = B« (LY) = (n = 2) D (V) — v« (Y){(n — 1) + r}

= [Bx(8) + Bx(LE) + ryx (&) — 1B+ (&) — D« (§) — v« (LE)
—(n = D{Bx(8) = D«(&) + B« (&) — v« (O }n(Y). (20)
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Using (20) in (19) we obtain

«(&) = Di(§) + B(€) =1 (§)]S(X,Y)

£ (&) 4 Bu(LE) + 17:(&) = 7B8:(§) — Du(§) — 1 (LE)]g(X,Y)

[Bi(€) + Bu(LE) + 174(§) = 7B4(§) = Dx(§) — 1 (LE)

—(n = D{Bx(§) = D«(&) + B+(§) = 7 (&) }Hn(X)n(Y). (21)

This leads to the following;:

(B
[B

_l’_

Theorem 1. A hyper generalized weakly symmetric Lorentzian Para-Sasakian man-
ifold is an n-FEinstein manifold provided By (&) 4 B«(§) # D« (&) + v«(§).

Taking the relations (10), (11) and (12) into account we obtain from the definition
that

(VxS)(Y,€) = (n—1)g(X, ¢Y) — S(Y, ¢ X). (22)
Again, in view of the relation (22) and (17) we get

(n = 1)g(X, ¢Y) = S(Y, 9X)
= AX)(n=Dn(Y) + Bu(Y)(n — D)n(X) + D.(§)S(X,Y) + B.(X)n
(

(Y)
+D(X)n(Y) = g(X,Y)D.(€) + ax(X)n(Y)[2(n — 1) + ] + B (Y)n(X)[2(n — 1) + 7]

(RS, X) +rg(Y, X)] + B (LX)n(Y) +
—Be(LY )1(X) + 7 (LX)n(Y) + (n — 1)y (X)n
—7(LE)g(X,Y) = 1 (§)S(X,Y).

(
(Y)

Next, setting X =Y = £ in (23) and with the help of (4), (12), we have

(
(n = D[A(&) + B« (&) + Du(E)] + [2(n — 1) + r][ax(§) + B2 (§) + (O] = 0. (24)
This leads to the following;:

Theorem 2. In Lorentzian Para-Sasakian manifold with hyper generalized weakly
symmetric curvature condition, the relation (24) hold good.

Corollary 3. In each of pseudo symmetric, semi-pseudo symmetric and recurrent
Lorentzian Para-Sasakian manifold the vector field associate to the 1-form is per-
pendicular to the characeristic vector field &.

In consequence of (4), (5), (7), (12), (13) and (14), the equation (16) turns into

(Vx8)(&, 2)
= A(X)(n - Dn(2) + B«(§)S(X, 2) + D« (2)(n — )n(X) + B«(X)n(2) — B«(§)g9(X, 2)
+D+(X)n(2) = n(X)Dx(2) + ax(X)n(Z2)[2(n — 1) + r] + B+ (§)[25(Z, X) + r9(Z, X))]
v (Z)n(X)[2(n = 1) + r] + B« (LX)N(Z) + (n = 1)n(2)[Bx(X) + v« (X)] — B« (§)S(X, 2)
=B+ (LE)g(X, Z) + v« (LX)n(Z) — v« (LZ)n(X) — (n — 1)7«(Z)n(X) (25)
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forY =¢.

By virtue of (22),the equation (25) turns into

2),
(n=1)g(X;02) = 5(Z,6X)
AL (X)(n = 1)n(Z) + B.(§)S(X, Z) + D.(
+D.(X)n(Z) = n(X)Du(Z) + ax(X)n(Z)[2(n — 1) + 7] + B.(§)[25(Z, X) + rg(Z, X))]
+7(Z2)n(X)2(n = 1) + 7] + BLX)(Z) + (n = D)n(2)[B(X) + 7% (X)] = B(£)S(X, 2)
—B(LEY(X, Z) + 7 (LX)0(Z) = 7= (LZ)n(X) = (n = 1)7.(Z)n(X). (26)

Putting Z = ¢ in (26

Z)(n = )n(X) + B.(X)n(Z) — B.(£)9(X, Z)
) (

and with the help of (10), (11) and (12) we have

0 = —A(X)(n—1)+ (n—1)BON(X) + Du(§)(n — Dn(X) — Bu(X) — B«(§)n(X)
—Di(X) = n(X)Di(§) — ax(X)[2(n = 1) + 7] + Bu(§)n(X)[2(n — 1) + 7]
% (En(X)[2(n — 1) + 7] = B(LX) — (n = D[Be(X) + % (X)] = (n = 1)B.(&)n(X)
—Be(LEN(X) = 12 (LX) = %(LEN(X) — (n — )7 (§)n(X). (27)
Putting X = £ in (26) and using (10), (11) & (12), we have

0 = A =1n(Z) + Bu()(n = 1)n(Z) = Du(Z)(n = 1) + Du(§)0(2) + Di(Z)
[

)
)

+ax(n(2)2(n = 1) + 7]+ B(n(Z)[2(n = 1) + 1] = % (Z)[2(n — 1) + 7]
+5*(L§)77(Z) + (n - 1)77(2)[ﬁ*(§) + ’Y*(g)] - /B*(é)(n - 1) (Z)
=B (LEN(Z) + 1+ (LEN(Z) + 7(LZ) + (n = 1)7:(2). (28)
Now replacing Z by X in the above equation we have
0 = A& —1)n(X) + Bu(&)(n — 1)n(X) = Du(X)(n — 1) + Du(&)n(X) + Du(X)
+ax(n(X)[2(n — 1) + 7] + B (On(X)[2(n — 1) + 7] = 2% (X)[2(n — 1) + 7]
+B:(LEN(X) + (n — Dn(X)[B+(€) + 1<(&)] — B (§) (n — 1)n(X)
—Be(LEN(X) + 7 (LEN(X) + 7 (LX) + (n = 1)y (X). (29)
By virtue of (27), (29) and (24) we get
0 = —A(X)n—1)—B(X) —au(X)[2(n — 1) + 7] — B(LX)
—Di(X)(n = 1) = %(X)[(n = 1) + 7] = (n = D[B(X) + 7(X)]
+1(X)[Bi(€) — B« ()f2(n — 1) + 7} + B(LE)]. (30)
Now, setting X = ¢ in (23) and using (24) we get
0 = =Bu(Y)(n—=1)+ Bu(Y) = Bc(Y)[2(n = 1) + 7] + (n = 1)B(Y) + B(LY)
+0(Y)[Bx(§) = B(){2(n = 1) + 1} + B(LE)]. (31)
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Replacing Y by X in the above equation we get

0 = =BuX)(n—1)+ Bu(X) = Bu(X)[2(n = 1) + 7] + (n = 1)B(X) + B (LX)
+0(X)[Bx(§) = Bx(){2(n — 1) + 7} + B(LE)]. (32)

Substracting (32) from (30) we obtain

0 = (n=D[AX) = Bo(X) + Du(X) + 20.(X) + 27(X)] + 2B.(X)
+r(an(X) = Bu(X) +7(X)] + 26.(LX). (33)

Theorem 4. In Lorentzian para-sasakian manifold with hyper generalized weakly
symmetric curvature condition, the sum of the 1-forms is given by (33).

Corollary 5. In a hyper recurrent Lorentzian Para-Sasakian manifold, the vector
fields associated to the 1-form are of opposite direction.

3.1. Codazzi type of Ricci tensor

In this section we enquire codazzi type of Ricci tensor. We recall that the Ricci
tensor S is codazzi type if

(VxS)Y,Z2)—(VzS)(Y,X)=0. (34)
In view of (16), (34) yields

0 = [Au(X) = Du(X) + 20.(X) + B«(X)]S(Y, Z)
—[A4:(2) = Di(2) + 20.(2) + B(2)]S(Y, X)
Hraw(X) + B (LX) + 27.(LX) — r(X)]g(Y, Z)
—[raw(Z) + Bu(LZ) + 27 (L Z) — r:(2)]S(Y, X)
+B.(R(X,Y)Z) + 2D.(R(X, Z)Y) — B.(R(Z,Y)X) (35)

Now, setting Z = £ in (35), we obtain

0 = (n—1)[A(X) — Du(X) 4 20(X) + B:(X)|n(Y)
—[A(§) — Di(§) + 20.(§) + B (]S (Y, X)
Hraw(X) + B (LX) + 29(LX) — r7.(X)In(Y)
—[rau (&) + Be(LE) + 274 (LE) — rv.(&)]g(Y, X)
An(Y) B (X) = n(X)B«(Y) + 2n(Y) D+ (X)
—2[rau(§) + Bu(LE) + 274 (LE) — r7:(§)]g(Y, X). (36)
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Next, seting X =&, Y = ¢ and X =Y = ¢ successively in (36), we obtain

By(Y) = Bu(En(Y) (37)
and
(n =1 A(X) = (n = 3)D«(X) + (n = 1)[20.(X) + B.(X)]
70 (X) + Bu(LX) + 2792 (LX) — 17 (X)
= [72B.(§) + (n = 3)D«(§) — (n — D{A(&) + 20 (§) + B-(£)}
—{raw(€) + Bu(LE) + 27 (LE) — r(}Hn(X) (38)
and
B.(§) =0 (39)
respectively.
Using (37), (38) and (39) in (36), we get
[Ax(€) = Da (&) + 20.(8) + B(]S(Y, X)
= [2Ds(§) — {rax(§) + Bu(LE) + 27 (LE) — r7x(§) Hy(Y, X)
+[(n = 3)Du(€) = (n = D{AL(§) — Dx(&) + 20:(8) + B:(§) }
—{ra.(§) + Be(LE) + 274 (LE) — r7:(&) Hn(Y)n(X). (40)

This leads to the following:

Theorem 6. A hyper generalized weakly symmetric Lorentzian Para-Sasakian man-
ifold is an n-Finstein if it admites Codazzi type Ricci tensor provided A.(€)+2cu.(€)+

B(§) # D+ (8)-

3.2. Recurrent Ricci tensor

If we assume that the hyper generalized weakly symmetric Lorentzian Para-Sasakian
manifold admits recurrent Ricci tensor then

(VxS)(Y, 2) = MX)S(Y, Z). (41)

Now with the help of (16), (41) yields

MX)S(Y, Z)
= A(X)S(Y,Z) + B4 (Y)S(X, Z) + Du(Z2)S(X,Y) + B+ (R(X,Y)Z) + D+ (R(X, Z)Y)
+ax (X)[25(Y, Z) + rg(Y, Z2)] + B« (YV)[25(X, Z) + r9(X, Z)] + v (2)[25(Y, X) + rg(Y, X)]
+8x(LX)g(Y, Z) + B« (X)S(Y, Z) — B« (Y)S(X, Z) — B+ (LY)g(Z, X)
+7: (LX) g(Y, Z) + 7+ (X)S(Y, Z) — v+ (LZ)g(Y, X) = 7x(Z2)S(X,Y). (42)
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Letting Z = £ in (42) we get

AX)(n = 1)n(Y)

= A(X)(n = DY) + B.(Y)(n = D)n(X) + D.(S(X,Y) + (Y) = B.(Y)n(X)
+D.(X)n(Y) = g(X,Y)Di(§) + e (X)n(YV)[2(n = 1) + 7] + B.(Y)n(X)[2(n — 1) + 7]
+7:(O[25(Y, X) +T9(Y X+ B(LX)n(Y) + (n = D[B.(X)n(Y) = B (Y)n(X)]
—B(LY)n(X) + 7 (LX)n(Y) + (n = Dy (X)n(Y)
=7 (LEg(X,Y) = 7(§)S(X, Y). (43)

B.(X)n
(

Now considering X =Y =¢ , X =¢ and Y = £ in (43) successively, we have

0 = (n+1)Du(&) +2(n—1)7%(&) +77:(8) + (n = 1) A(&) — (n = DA(E)

+(n = 1)Bi(&) + {r +2(n — 1) Hou (&) + B:(§)} (44)
and
(n=2)Bi(Y) + {r+ (n—1)}B:(Y) — B«(LY)
= [(n =1)Du(&) +2(n — 1)1:(&) + 77:(§) + (n = 1) A(§) — (n — 1)A(§)
+B.(§) + {r +2(n — 1)} (&) + (n — 1)B:() + B« (LEIn(Y) (45)
and

A(X)(n = 1) = AMX)(n = 1) + Bu(X) + Du(X) + o (X){2(n — 1) + 7}
+ﬁ*(LX) (n - 1)6*(){) + 7*(LX) + (n - 1)7*(X)
= [(n=2)Du(&) + (n = 1)72(§) + r7:(§) = 1(LE) + (n — 1) A« ()
+(n = 2)B.(&) +{r + 2(n — 1)}5.(§) — B(LEIn(X) (46)
respectively.
Using (44), (45) and (46) in (43) we obtain
(D (&) + 7+ (OIS(X,Y) + [(n — 4) D« (&) + (n — 1)Bx () — v« (LE) + (1 — 1)7x (&) + mv« ()n(X)n(Y)
= [D«(&) — 7= () + 7= (LE]g(X,Y). (47)

This leads to the following:

Theorem 7. If the Ricci tensor of a hyper generalized weakly symmetric LP-
Sasakian manifold is recurrent then the manifold is an n-Einstein provided D, (§) #

—7«(£)-
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4. EXAMPLE OF HYPER GENERALIZED WEAKLY SYMMETRIC LORENTZIAN
PARA-SASAKIAN MANIFOLD

Example 1. (see [7], p-60) Let M3(¢,&,n,g) be an LP-Sasakian manifold (M3, g)
with a ¢-basis

0 oy O 0 .
e=¢e"—, pe =" — £ =— where a is non-zero constant.
Ox Oz Oz

Using Koszul’s formula for Lorentzian metric g, we can calculate the Levi-Civita
connection as follows

Vef = ¢€7 Vegée = 07 vee = _57
V¢>ef = 6 V¢>e¢€ = ae’e, V¢ee = ae®pe,
Vgﬁ = 0, V£¢€ = 0, Vge = 0.

In view of the above relations, one can easily find out the non-vanishing components
of the curvature temsor R, Ricci tensor S, scalar curvature r and generalized quasi-
conformal curvature tensor W as follows

R(¢e, £)¢= —de, R(e, )¢ = —e, R(e,¢e)ge = (1 —a’e™)e,
R(¢e, &)pe= —¢, R(e,f)e=—¢,  Rle, ¢e)e = —(1 — a’e®)ge,
S(e,e)= —a’e*, S(pe, pe) = —ae®,  S(€,6) = =2, r = 2(1 — o),
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and the components which can be obtained from these by the symmetry properties.
Since {e, pe, £} is a basis, any vector field X, Y, U, V € x(M) can be written as

X = ae+aspe+azl, Y =bie+ bage + b3€,
U = cie+cage+cz3€, V =die+ doge + ds€,
RX,Y,U V) = (aibs —asbi)(cida — cadi)(1 — a®€®*) + (arbs — asby)(c1ds
—c3dy) + (agbs — asba)(cads — cada)
— H, (suy)

R(e,Y,U,V) = by (cxdy — cady)(1 — a?e®) + bs(crds — csdy) =Ty (say),
R(¢e,Y,U,V) = bs(cads —cady) — by (crdy — cady)(1 — a?e?) =Ty (say),
R(E,Y,U V) = —bi(cidz —c3di_) — by (cad3 — c3da) =T’z (say),
R(X,e,U V) = —ay (cidy — cady)(1 — a?e¥) — as(crds — esdy) =Ty (say),
R(X,¢e,U, V) = ay (c1dy — cady)(1 — 0e®*) — as(cads — c3dy) =T5 (say),
R(X,&,U, V) = ai(cids —c3dy )+ as (02d3 —cadg) =T (say),
R(X,Y,e,V) = dy (a1by — azby )(1 — a’e? )+ ds(arbs — asby) =T'7 (say),
R(X,Y,¢e,V) = ds(asbs — asbs) —dy (arbs — agby)(1 — a’e? ) =Tg (say),
R(X,Y,£,V) = —di(a1bs — azby) — da (azbs — agbs) =Ty (say),
R(X,Y,Uje) = —c3(atbs —asby) — ca (a1by — aghy )(1 — o®e?*) =T'1g (say),
R(X,Y,U,¢e) = —cs(agbs —agby )+ c1 (arby — azby)(1 — o’e**) =Ty (say),
R(X,Y,U,&) = ci(a1bs — agby) + c2 (azbs — azby ) = I'12 Qo (say)
Also
g(X,U) = (a1c1 + agca —ases), g(X, V) = (a1dy + agsds — asds),
g(Y,U) = (bicy + baca—bscs), g(Y, V) = (bidy + bada—bsds),
S(X,U) = 2azcz—a’e*(ajc; + ascs)
S(X,V) = 2azdz—a’e®*(ard; + asds)
S(Y,U) = 2bzez—a’e 2Z(b101 + bacy)
S(Y,V) = 2bsds—ae® (bidy + bads),
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and

(gNS)(X,Y,U, V)
= g(X,V)S(Y,U) +g(Y,U)S(X,V) = g(X,U)S(Y,V) — g(Y,V)S(X,U)
= (a1dy + asds — azds){2bzcz—a2e®* (bicy + baca)}

+(bicy + baca—bzes3){2a3dz—ae®* (ardy + aods) }

—(aje1 + ages — ases){2bsds—a?e?® (bydy + bady)}

—(bidy + bada—bsdz){2azc3—a’e?* (arc1 + ages)}
= Hj (say),
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(gNnS)(e, YU, V)
= g(e,V)S(Y,U) +g(Y,U)S(e, V) — g(e, U)S(Y, V) — g(Y,V)S(e, U)
= 202€**(crda—cady ) ba—(2 + a2€??) (c1ds—csdy )bs = Q4 (say),
(g A\ S)(¢e,Y,U. V)
— g(6e,V)S(Y,U) + g(Y,U)S(ge, V) — g(6e, U)S(Y, V) — g(V,V)S(6e,U)
= —2&262Z(61d2—62d1)b1—(2 + a2€2z)(62d3—03d2)b3 = Qy(say),
(gAS)E Y, U V)
= g(&V)S(YV,U) +g(Y,U)S(& V) —g(&U)S(Y, V) —g(Y,V)S(, U)
= —a®e**[ds(bier + baca)+(bidy + bada)es] — 2[e1 (bada—bsds)—dy (baca—bses)] = Q3(say),
(gNS)(X,e, U V)
= g(X,V)S(e,U)+g(e,U)S(X,V)—g(X,U)S(e, V) —g(e, V)S(X,U)
= (24 a?e?*)(crdz—c3dy)az—202€** (crda—cody )ay = Qy(say),
(g N S) (X, pe, U, V)
= g(X,V)S(¢e,U) + g(¢e,U)S(X, V) — g(X,U)S(¢e, V) — g(¢e, V)S(X,U)
= (2 + a%e*)(cads—c3dy)as + 2a%e* (c1dy—cody)ay = Qs5(say),
(9 AS)X, & U, V)
= g(X,V)S(EU) +9(§U)S(X, V) —g(X,U)S(, V) — g(&, V)S(X,U)
= a?e¥[d3(arc1 + agca)+(ardy + azds)es] + 2[ei(azda—azds) —dy (azca—azes)] = Qg (say),
(gNS)(X,Y,e, V)
= (X, V)S(Y, e) + g(Y, e)S(X, V) — g(X,e)S(V, V) — g(¥, V)S(X, ¢)
= 2a%e*(a1by—agby)da—(2 + a*e**)(a1bz—asb1 )dz = Q7 (say),
(9 A S)X,Y, ge, V)
= (X, V)S(Y, de) + g(Y, 6e)S(X, V) — g(X, 6e)S(Y, V) — g(¥, V)S(X, e)
= —20%e**(arby—asby)d1—(2 + a2€??)(agbs—asbs)ds = Qg(say),
(9 AS)(X,Y,EV)
= (X, VIS(Y,6) + g(V,)S(X, V) — g(X,E)S(Y,V) — g(V,V)S(X,€)
= —a?e®*[d3(bray + baag)+(bidy + bado)as] — 2[ay (bada—bzds)—d (baas—bzas)] = Qg (say),
(gNS)(X,Y,U,e)
= (X, )S(V,U) + (V. U)S(X, €) — g(X, U)S(Y, €) — g(¥, e)S(X,U)
= (24 a®e**)(c1b3—c3by)az—2a2e* (c1by—caby ag = Qo (say),
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(9N S)(X,Y,U, ¢e)
g(Xa ¢€)S(K U) + g(Y7 U)S(Xa ¢€) - g(X¢ U)S(Y¢ ¢€) - g(}/a ¢€>S(X7 U)
(2+ a262z)(62b3—03b2)a3 + QaQegz(clbg—Cle)al = Q41 (say),

(g N S)IX,Y,U,¢)

9(X, S, U) +g(Y,U)S(X,§) — g(X,U)S(Y,§) — g(Y,§)S(X,U)
a?e**[bs(arcy + agca)+(arby + azby)cs)

+2[c1 (agby—aszbs)—bi (agca—ascs)]

Qa(say),

and the components which can be obtained from these by the symmetry prop-
erties. The covariant derivatives of the curvature tensor are as follows

(Ve, R)(X,Y,U,V) a1l's —azla + b1 — b31'5

+c1l'g — e3l's +dilM2 —dsl'ny
Hj (say),
—ae® (a1l + asl'y) — agly — ae®(b1T5 + bol'y) — b3y
—ae®(c1l'g + eol'7) — esl'r — ae®(di'1 + dol'1) — dsT'io
Hy (say),
(VeR)(X,Y,U,V) = 0.

For the following choice of the 1-forms

(V¢BR) (X’ Y, U, V) =

H
Aile) = Hil
A (e) . i [ e3Q7 + dsQo B a3 + b3y
2 © Hy |\ 3Qs + d3Q1 as€lo + b3 s ’
1 [[ c3l'g +d3l'yq asly + b35 \ ]
A = — o TSIl )y [ et T PSR
1(¢€) H1 _<03F7 + d3I‘10 ) <a3F1 + b3F4 >_ ’
H
As(ge) = Fj
AE) = 1 [ eslg+dsTi2 \ [ asls + b3l \ |
L H; i csT'7 + dsT'yg asl’'1 + b3l ] ’
As(e) = 1 (e +d3Qi2)  (a3fd3 + b3
2 Hy [\ 398 + d3)11 asQ +b3Qs5 ) |’
1 1
B = ——7F—, B =
1(8) (asI'y + b3l'y) 2(¢) (a32 + b32s)
1 1
D = - , D =,
1(6) (e3T'7 4+ dsT'o) 2(6) (308 + d3Q11)
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one can easily verify the relations

(VeR)(X,Y,U, V) = Aj(e)R(X,Y,U,V)
+B1(X)R(e,Y,U, V) + B1(Y)R(X,e, U, V)
+D1(U)R(X,Y,e, V) + D1 (V)R(X,Y,U,e)
+ Az(e) (g AS)(X,Y,U, V)
+B2(X)(g A S)(e, Y, U, V) + B2(Y)(g A S)(X,e,U, V)
+D2(U)(g A S)X,Y, e, V) + D2(V)(g ASHX,Y,U,e)
(Ve R)(X,Y,U, V) = Ai1(¢e)R(X,Y,U,V) + B1(X)R(¢e,Y,U, V) + B1(Y)R(X, ¢e, U, V)
+D1(U)R(X,Y, ¢e, V) + D1 (V)R(X,Y,U, pe) + Ax(¢e) (g9 A S)(X,Y,U,V)
+B2(X)(g A S)(¢e,Y,U, V) + B2(Y)(g A S)(X, ¢e, U, V)
+D2(U)(g A S)(X,Y, ¢e, V) + Da(V)(g A S)(X, Y, U, ¢e)
A1(&)R(X,Y,U, V) + B1(X)R(¢,Y,U, V)
+B1(Y)R(X,€,U, V) 4+ D1 (U)R(X,Y, £, V)
+D1(V)R(X,Y,U, &) + A2(8) (9 A S)(X,Y,U, V)
+B2(X)(g A S)(&Y,U, V) + B2(Y)(g A S)X,E U, V)
+D2(U)(g A S)(X,Y,&, V) + D2(V)(g AS)HX,Y, U, §)

(VeR)(X,Y,U, V)

From the above, we can state that the manifold (M 3 g) under consideration is a
hyper generalized weakly symmetric Lorentzian Para-Sasakian manifold.

Theorem 8. There exists a hyper generalized weakly symmetric Lorentzian Para-
Sasakian manifold (Mg,g) .
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