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Abstract

The object of the present paper is to study weakly concircular
symmetric and weakly concircular Ricci symmetric e-Trans-Sasakian
manifolds and the relationship among the 1-forms A, B and D for locally
symmetry in a weakly synmetric and Ricci synmetry of e-Trans-Sasakian
manifolds. Also the geometric meaning of 1-forms B and D for recurrency.
Geometrical meaning for B and D for Ricci recurrency in a weakly Ricci
symmetric e-Trans-Sasakian manifolds.

1 Introduction

In 2011, Shyamal Kumar'? Hui has
studied the weak concircular Symmetries of
trans-Sasakian manifolds. In 1989 Tamassy

and Binh® have introduced the following
definition:
Definition 1.1 A non flat Riemannian

manifold (M",g) (n>2) is called a weakly

symmetric manifold if its curvature tensor R
of type (0, 4) satisfies the condition'?

VxR)(Y,Z, U, V) =A(X)R(Y,Z,U,V)
+B(Y)(X,Z,U,V)

+H(Z)R(Y,X,U,V)+D(U)R(Y,Z,X,V)
+E(V)R(Y,Z,U,X) (1.1)

for all vector fields X, Y, Z, U, V € x(M"); x(M)
being the Lie algebra of smooth vector fields
of M, where A,B,H,D and E are 1-forms and
V denotes the operator of covariant differen-
tiation with respect to the Riemannian metric
g. The 1-forms are called the associated 1-
forms of the manifold and an n-dimensional
manifold of this kind is denoted by (WS),, . In
1999 De and Bandyopadhyay® studied a and
proved that in such a manifold the associated
1-forms B=H and D=E. hence (1.1) reduces
to the following:
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VxR)(Y,Z,U, V) = A(X)R(Y,Z,U,V)
+B(Y)(X,Z,U,V)
+B(Z)R(Y, X, U,V) +D(U)R(Y,Z, X, V)
+D(V)R(Y, Z U, X) (1.2)

A transformation of an n-dimensional
Riemannian manifold M, which transforms
every geodesic circle of M into a geodesic circle,
is called a concircular transformation®. The
interesting invariant of a concircular transfor-
mation is the concircular curvature tensor C,

which is defined'! by

r
n(n-1)
[9(Z,U)g(Y,V)-g(Y,U)g(Z V)], (1.3

C(Y,Z,U,V)=R(Y,Z,U,V) -

where r is the scalar curvature of the manifold.

In 2009, Shaikh and Hui’-® have
introduced the following definition:

Definition 1.2 A Riemannian manifold
(M", @) (n>2) is called weakly concircular
symmetric manifold if its concircular curvature

tensor C, of type (0, 4) is not identically zero

and satisfies the condition

(VxC)(Y,Z,U,V) = AX)C(Y,Z,U,V) +B(Y)C(X,Z,U,V)
+H@Z)C(Y, X, U,V)+D(U)C(Y,Z X,V)
+E(V)C(Y,Z,U,X) (1.4)

for all vector fields X, Y, Z, U, Ve x(M"),

where A, B, H, D and E are 1- forms an
n-dimensional manifold of this kind is denoted

by (WCS),, . Also it is shown that’, in a the
associated 1-forms B=H and D=E, and hence
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the defining condition (1.4) of a (WCS),

reduces to the following form:

(VxC)(Y,Z,U, V) = AX)C(Y,Z,U,V) +B(Y)C(X,Z,U,V)
+B(2)C(Y, X, U, V) +D(U)C(Y,Z,X,V)

+D(V)C(Y,Z,U,X) (1.5)
where A, B, D are 1-forms.
In 1993, Tamassy and Binha have introduced
the following definition:

Definition 1.3 A Riemannian manifold
(M", g) (n>2) is called weakly Ricci symmetric
manifold if its Ricci tensor S of type (0,2) is
not identically zero and satisfies the condition

(VxS)(Y,Z) = A(X)S(Y, Z)+B(Y)S(X, Z) + D(Z)S(Y, X)

(1.6)
where A, B, and D are three non-zero 1-forms,
called the associated 1-forms of the manifold,
and V denotes the operator of covariant differen-
tiation with respect to the metric tensor g. Such
an n-dimensional manifold is denoted by

(WCS),, -

Let{ej:i=12,...... ,N} bean orthonormal

basis of the tangent space at each point of the
manifold and let

P(Y,V)=iC(Y,ei,ei,V),

(1.7)
i=1
then from (1.3), we get
PYV)=S(Y V)= Tg(Y\V). (19

The tensor P is called the concircular Ricci
symmetric tensor®, which is a symmetric tensor
of type (0, 2).
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In 2005, De and Ghosh have introduced
the following definition:

Definition 1.4 A Riemannian manifold
(M", g) (n>2) is called weakly concircular Ricci
symmetric manifold if its concircular Ricci
tensor P of type (0,2) is not identically zero
and satisfies the condition
(VxP)(Y,2) = A(X)P(Y, )+ B(Y)P(X, 2) + D(Z)P(Y, X),
(1.9)
where A, B and D are three 1-forms.

In'3, A. Bejancu and K. L. Duggal
introduced the notion of e-Sasakian manifolds
with indefinite metric. In 1998, Xu Xufeng and
Chao Xiaoli proved that every e-Sasakian
manifold is a hyper surface of an indefinite
Kaehlerian manifold and established a necessary
and sufficient condition for an odd dimensional
Remannian manifold to be an e-Sasakian
manifolds'®. In®>, U. C. De and Avijit Sarkar
introduced and studied the notion of -
Kenmotsu manifolds with indefinite metric
giving an example.

Section 2 is devoted to the preliminary
results of e-Trans-Sasakian manifolds that are
needed in the rest of the sections.Recently S.
K. Hui'? studied weak concircular Symmetries
of Trans-Sasakian manifolds. However, in
section 3 of the paper we have obtained all
the 1-forms of a weakly concircular Symmetric
e-Trans-Sasakian manifolds and hence such
a structure exist always. In section 4 we study
weakly concircular Ricci Symmetric e-Trans-
Sasakian manifolds and obtained all the 1-
forms of a weakly concircular Ricci Symmetric
e-Trans-Sasakian manifold and consequently
such a structure is always exist. Also it is
proved that the sum of the associated 1-forms
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of a weakly concircular Ricci Symmetric e-
Trans-Sasakian manifold is non-vanishing
everywhere.

In section 5, the geometrical meaning
of the new 1-forms B and D appeared in the
definition 1.5 is obtained if a weakly concircular
Symmetric e-Trans-Sasakian manifolds is locally
symmetric, relationship among the 1-forms A,
B and D of the definition 1.5 and geometrical
meaning of 1-forms B and D for recurrency
is also obtained. In section 6, the geometrical
meaning of the new 1-forms B and D appeared
in the definition 1.9 is obtained if a weakly
concircular Symmetric e-Trans-Sasakian
manifolds is locally Ricci symmetric, relationship
among the 1-forms A, B and D of the definition
1.9 and geometrical meaning of 1-forms B and
D for recurrency is also obtained. Some of
the corollaries in each theorem are given. In
this section of the paper wherein we have
provided an concrete example for the existence
of weakly Concircular Ricci-symmetric e-
Trans-Sasakian manifolds.

Some of the results of Shamal Kumar
Hui'? shall includes as a special cases of our
results for e=1.

2. Preliminaries :

In this section, we list the basic
definitions and known results of e-Trans-
Sasakian manifolds.

Definition'® 2.1. A (2n+1)-dimensional
differentiable manifold (M, g) is said to be an
e-almost contact metric manifold, if it admits
a (1, 1) tensor field ¢, a structure vector field
€, a 1-form n an indefinite metric g such
that
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0% =—1+n®&n(E) =1, (2.1)
9(8,£) =&, n(X) = g(X, &) (2.2)
g(eX,9Y) =g(X,Y)-en(X)n(Y) (2.3)

for all vector fields X,Y on M, where € is 1 or
-1 according as & is space like or time like and
rank ¢ is 2n.

From the above equations, one can
deduce that

¢ =0,n(¢X) =0

Definition 2.2 An e-almost contact
metric manifold is called an e-Trans-Sasakian
manifold if

(Vx9)Y =o{g(X, Y)&-en(Y)X}
+B{9(9X, Y)E-en(Y)$X}, (2.4)

for any X, Y on M, where V is Live-Civita
connection with respect to g.

We note that if =1, i.e. structure
vector field & is space like, then an e-Trans —
Sasakian manifold is usual trans-Sasakian

manifold®.

ATrans-Sasakian manifold of type (O,
0), (0,B), (o, 0) are the cosympletic, B-
Kenmotsu and o-Sasakian manifolds respectively.
In particular if a=1,=0, and a=0,=1, then
trans-Sasakian manifold reduces to Sasakian
and Kenmotsu manifolds respectively.
For e-Trans —Sasakian manifold, we havel’

(V&) =e{-adX+p(X-n(X)&} (2.5)
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(Vxm)Y =—ag(¢X, Y) +B{g(X, Y)—en(X)n(Y)}
(2.6)
R(X, Y)g = (o —BA){n(Y)X -n(X)Y}
+20B{n(Y)PX —1(X)oY}

+e{(Ya)pX — (Xa)oY + (YB)O2X — (XB)9>Y}
(2.7)

N(R(X,Y)Z) =€ (a? - p*){a(Y, Z2n(X) - 9(X, Zn(Y)}
+2 € apn()9OY, 2) -n(Y)g($X, 2)}
H(XB)9?Y, 2) - (YB)a(#*X, 2)}
H(Xa)g(9Y,Z) - (Ya)g($X, 2)}

(2.8)

S(X,&) ={2n(a:? —p%)— e ER)I(X)

— e (dX)a—e (2n —1)(Xp) (2.9)

R(&, X)E ={a? B2~ (ERH-X +n(X)&}
{20+ € (Ea)HX) (2.10)

S(&,€) = 2n{a’ —p?— e (£p)} (2.1)
20B+€ () =0 (2.12)

where R is the curvature tensor of type (1, 3)
of the manifold and S is Ricci tensor.

3. Weakly Concircular symmetric e-Trans-
Sasakian manifolds:

Definition 3.1 A e-Trans-Sasakian
manifolds (M?™ g) (n>1) is said to be weakly
concircular symmetric if its concircular curvature

tensor C of type (0, 4) satisfies (1.5).

Setting Y=V=g; in (1.5) and taking summation
over i, 1<i<2n+1, we get
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= AX)[S(Z, U) —%g(z, U]+ B(Z)[S(X, U) —%g(x, )

+D(U)[S(X, Z) —%g(X, Z)]+B(R(X,Z2)U)+D(R(X,U)2)

o
n(n-1)

[{B(X)+D(X)}g(Z, U) - B(2)g(X,U) - D(U)g(Z, X)]

(3.1)

Putting X=Z=U=¢ in (3.1) and then using (2.7) and (2.11), we obtain

2n?{20(50) - 2B(EB)— € E(ER)}- e dr(E)

A(6)+B(8)+D(8) =

Hence we can state the following:

Lemma 3.1 In a weakly concircular
symmetric e-Trans-Sasakian manifold (M2",g)
(n>1), the relation (3.2) holds.

Next, substituting X and Z by & in (3.1) and
then using (2.7) and (2.12) we obtain

2n?{o®-e (B)-p*}-er

(3.2)

From (2.9), we have
(VeS)(E,U) = VS(E, U) - S(V¢E, U) —S(&, V:U)

= V:S(6,U) - S(E, V:U)

= [2n{20(Eat) - 2B(ER)}- € E(ER)IN(V)
—(2n-1) e U(EP)- € (9U)(Ear) .(3.4)

(VeS)(&, U)—wn(U) where (2.9) has been used. In view of (3.3)
en and (3.4) we obtain from (3.2) that
r
= AR+ BEISU. &= 20206 - 20(EB)}- <£(ep) - Ty
D(U) = <
+D(U)[(2n -Dfo® — B2 e (£B)} - e(:(‘nz_);)] (@n-D[a?-p%- < &) - e(: (nz_);)
o< () - - L (UIDE). L
0y | @D-p-cm- O 2
(2n-1(a? -B*)n(U)- < 2n-D(UP)- < @)~ D ()
D@ o ]

(2n-D[a? —p-< (£P)] -

en(n-1)
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2n{2a(c0) — 2B(ep)— e E(ep)}- T

- n

[2nfe? B2 e (B3-S 1(2n -D{u? —pP-e epy- "2
n en(n-1)
[{2n(a® —B?)- € (EP) —j}n(U)— e (2n ~1)(UB)- € (pV)al. (3.5)

Next, setting X=U=¢ in (3.1) and proceeding in a similar manner as above, we get

[2n{2a () - 2B(EBN- < £(eB) - T n(2)
(n=2)r
en(n-1)

B(Z) =
(2n-D[a? —p>-< (EP)] -

(2n-1) e Z(EP)+ € (92)(Ear)

@n-Dla® - @) (1 2

(2n-D(o? -pA)n(2)- (2n-1)(2)-€ 0D~ "D m(2)
B enln-1)

@n-Dla? -p*- @~ 1 P

2n{2a(c0) — 2B(ep)- e E(ep)}- IO

_ n

[2nfe? B2 e (B3-S I(2n {2 —pP- e ep}- A
n en(n-1)
[{2n(a® —B?)- < (£P) —j}na)— e (2n—-1)(ZB)- € ($2)a] (3.6)

for any vector field Z. Hence we can state the following:

Theorem 3.2 In a weakly concircular symmetric e-Trans-Sasakian manifold (M?"*,g)

(n>1), the associated 1-forms D and B are given by (3.5) and (3.6) respectively.
Again setting Z=U=g, in (3.1), we get

(vxsxa,a)—#
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= AX)[S(E,8) —%r] +[B(E) +DEOIIS(X, &) -

+B(R(X,8)8) + D(R(X,8)E) -

—[2n{a? —p%- < (iB)}—%r]A(X)

AB(E) + DS, &) {2

en(n-1)

+[B(X) + D(X)][a®—  (€B) —B° —

Now we have
(VxS)(&,8) = VxS(&,8) - 25(Vx&, &),
which yields by using (2.5) and (2.11) that
(VxS)(&,8) = 2n{2a(Xa) - 2B(XP)- € X(EP)}
+2a[(Xa) —n(X)(Ea) - (2n - 1)($X)p]

+2B[(¢X) o+ (2n —D{XP - (EB)n(X)}]

(3.8)

Inview of (3.5), (3.6) and (3.7), (3.8) yields for
any vector field,

A(X) +B(X) + D(X)
_ 2n[20(Xa) ~ 2B(XB)— € X ()]
[2n(a®~ e (éB)—BZ)—Enr]

. 20[(Xa) ~n(X)(&0) = (2n ~1($X)P]
[2n(a® - (E8) %) -]

2B[(0X)c+ (2n —D{XB - (EBM(X)H - %

[2n(a2—e(§B)—Bz)—%r]

+

S
n(n

nin-1)""
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n-2
en(n-1)

m(X)]

[B(X)+D(X)]

~1)

r+a’-e(Ep)—p2mX)]

er

] (3.7)

202n2a(ca) - 29(eP)- < (P - LX)
[2n(o% - < (EB) %)~ 1]

_[(2n 1) e X(EP)+ € ($X)a]

[n(o”- < EB)-p%) - ]

+

2020{20(2) - 2B(EP)- € P} - =)
[2n(a®- < (&9)-H) - S

[{2n(a® -B?)— < (P) —i}n(x)

—e(2n -1 (XB)- € (¢X)a] (3.10)
This leads to the following:

Theorem 3.3 In a weakly concircular
symmetric e-Trans-Sasakian manifold (M2™,g)
(n>1), the sum of the associated 1-forms is
given by (3.10).

In particular, if ¢(grada)=gradp, then
(£B)=0 and hence the relation(3.10) reduces
to the following form
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A(X) +B(X) +D(X)

S. S. Pujar, et. al.

_ 2n[2a(Xa) ~2B(XB)] | 20f(Xe) —M(X)(Ear) — (2n ~1)(9X)B]

2 2y €fr 2 92, €r
2n(a” —p7) -~ 2n(0” -p%) -~
2B[(6X)ot + (2 - 1)<XB)]—€dr(X)+2[4n (co) - (f)]n(X>—2e(¢X(aa»
+
2 2\ €fr
2n(o” —p )_T
Jana(ea) - 4Gy o
- N [{2n(o? ~B2) - In(X)- e (20 -DXB)- < (§X)o] ;.
2n(oc2—[32)—% en (3.11)

for any vector field X. This leads to the
following:

Corollary 3.4 If a weakly concircular
symmetric e-Trans-Sasakian manifold (M2™,g)
(n>1), satisfies the condition ¢(grado) =gradp,
then the sum of the associated 1-forms is given
by (3.11).

If =0 and a=1, then (3.10) yields
A(X)+B(X)+D(X)=0 for all X and hence we
can state the following:

Corollary 3.5 There is no weakly
concircular symmetric e-Sasakian manifold
(M1 g) (n>1), unless the sum of the 1-forms
is everywhere zero.

Corollary 3.6 If an e-a-Sasakian
manifold is weakly concircular symmetric, then
the sum of the 1-forms i.e., A+B+D is given

by

A(X)+B(X)+D(X)
_ 20](2n -1)(Xa) = n(X)(E)] - 2(¢pX ()
er
2n0c - o

2[4an(§a)—w]n(x)

+

er
2n0L -
n

2[4no(Ea) - %] F2na? - In(x)- < ($X)a]

€r2

) (3.12)

(2ncx

Again, if a=0 and p=1, then (3.10) yields
A(X)+B(X)+D(X)=0 for all X. This leads to
the following:

Corollary 3.6 There is no weakly
concircular symmetric e-Kenmotsu manifold
(M1 g) (n>1), unless the sum of the 1-forms
is everywhere zero.

Corollary 3.7 If a e-B-Kenmotsu
manifold is weakly concircular symmetric, then
the sum of the 1-forms i.e., A+B+D is given

by
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A(X) +B(X) +D(X)

27{2B(XB)+ € (X(EPN} - 2(2n —~DB{(XP) - (EPIN(X)} +
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(3.13)
e dr(X)
n

2n{e (&B)+BZ}+%r

2[{4nB(cp) +&(EP) +

+

T+ @2n -1 e (e

2n{e (&B)+BZ}+Enr

2[2n{ZB(§B)+e§(§B)}+Ed:]@][{ZnB2+e (E9)+ " In(X)+ = (2 -DOXP)]

[2n{e (&B)+BZ}+€nr]Z

4. Weakly Concircular Ricci symmetric
e- Trans-Sasakian manifolds :

Definition 4.1. A e- Trans-Sasakian
manifolds (M?™,g) (n>1), is said to be weakly
concircular Ricci symmetric if its concircular
Ricci tensor P of type (0,2) satisfies (1.9).

In view of (1.8), (1.9) yields

(VxS)(Y,Z)—MgW,ZFAOO[S(Y,Z)—% a(v.2)]

n

+B(Y)[S(Y,Z>—%g(v,2)]

+D(Z)[S(x,v)—ﬁg(x,v)] (@.1)

[2n{2a(Ea) —2B(EP)J— € E(EP) -

D(2) =

Setting X=Y=Z=¢ in (4.1), we get the relation
(3.2) and hence we can state the following:

Theorem 4.1 In a weakly concircular
Ricci symmetric e-Trans-Sasakian manifold
(M?™1 g) (n>1), the relation (3.2) holds.

Next, substituting X and Y by & in (4.1), we
obtain

(VeS)(&2)- di(?n(z) =[A@©)+BEIS(E 2)- in(z)]

+D(2)[S(EE) -1,
Using (3.2) and (3.4) in (4.2), we get

(4.2)

Iy 2)

en

2n[o? - B2— e (£B)] —rne
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[(2n 1) € Z(£B)+ € ($2)(Ear)]
2n[a® -p2-e (&B)]—rne

{2n(a® —p?)-< (&) —é}n(z)— e ($2)o— e (2n —1)(25)]

D) — —
2n[o” - B~ < ()~ =

2n{2a(5a) - 2B(EH)- < (e} - =T

[2n(o® — % e (2P) —rne]2

[{2n(a? —p?)-e (@B)—j}na)—e (2n—1)(ZB)- € ($2)a] (4.3)

forall Z.
Again putting X=Z=¢ in (4.1) and proceeding in a similar manner as above we get

[2n{20(E0) — 2B(EP)}- e a(aﬁ)—d;(f)]n(v)
2n[o? -p2-e (iB)]—rne

B(Y) =

_[(2n-1) € Y(EB)+ € ($Y)(E)]
2n[o? -p?-e (iB)]—rne

{2n(a® —B?)- € (&B) - ern}n(v)— e (9Y)a—e(2n-1)(YP)
2n[o? —B?— e (B)] —rne

+B(E)I ]

edr(g)

n

20{20(Ect) — 2B(EP)- € E(EB)}-
[2n(o® — % e (2P) —rne]2
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[{2n(a® —B?)- < (£P) —é}n(Y)— e (2n-1)(YB)- € (¢Y)a] (4.4)

forall Y.
Again setting Y=Z=¢ in (4.1) and using (2.9) and (2.11), we get

(VxS)(E &)~ d;(x) ~[2n(a?- < (&) -FH) - SAX)

+[B(&) + DE)I{2n (o — B?)- e (£B) —é}n(x)

—e(0X)a—e (2n-1)(XP)]- (4.5)
Using (3.2) and (3.8) in (4.5), we get
A(X) = 2H20(X0) ~ 2BOXB)— € X(EP)}

2n(a2—e(as)—32)—€nr

. 20(Xa) ~n(X)(Ee) - (2n - (GX)p]
2nfo” < () -p7) -

e dr(X)
n

2B[(6X) oL+ (2n —1){XP— (EB)N(X)H -
2n(a2—e(as)—ﬁz)—€nr

+

{2n(a? -p?)-« (&B)—ern}n(x)—e (¢X)o— e (2n—1)(xm]

+AQ : —
2n(a®- < (Ep)-p1)- <"

2n{20(5a) - 2B(EH)- < (e} - =T

[2n(0®~  (£B) - B?) —enr]2

[{2n(a® —B?)- € (£P) —é}n(x)— e (@X)a—e(@n-D(XP)] (4.6)
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for all X. This leads to the following:

Theorem 4.2 In a weakly concircular
Ricci symmetric e-Trans-Sasakian manifold
(M?™1 g) (n>1), the associated 1-forms D, B
and A are given by (4.3), (4.4) and (4.6)
respectively.
Adding (4.3), (4.4) and (4.6) and using (3.2)
we get the relation (3.10) and hence we can
state the following:

Theorem 4.3 In a weakly concircular
Ricci symmetric e-Trans-Sasakian manifold
(M?™1 @) (n>1), the sum of the associated
1-forms is given by (3.10).

Corollary 4.4 If a weakly concircular
Ricci symmetric e-Trans-Sasakian manifold
(M2 g) (n>1), satisfies the condition
d(grado)=gradp, then the sum of the associated
1-forms is given by (3.11).

If =0 and a=1, then (3.10) yields
A(X)+B(X)+D(X)=0 for all X and hence we
can state the following:

Corollary 4.5 There is no weakly
concircular Ricci symmetric e-Sasakian
manifold (M?™1, g) (n>1), unless the sum of
the 1-forms is everywhere zero.

Corollary 4.6 If an e-o-Sasakian
manifold is weakly concircular Ricci symmetric,
then the sum of the 1-forms i.e., A+B+D is
given by (3.12).

Again, if a=0 and p=1, then (3.10) yields
A(X)+B(X)+D(X)=0 for all X. This leads to
the following:

Corollary 4.6 There is no weakly
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concircular Ricci symmetric e-Kenmotsu
manifold (M?™1, g) (n>1), unless the sum of
the 1-forms is everywhere zero.

Corollary 4.7 If a e-pB-Kenmotsu
manifold is weakly concircular Ricci
symmetric, then the sum of the 1-forms i.e.,
A+B+D is given by (3.13).

Special cases of Weakly Symmetric
Concircular e-Trans-Sasakian manifolds
5. Locally Symmetric and Recurrent spaces:

In this section, we consider the locally
symmetric spaces in the sense of E. Carton.

Definition 5.1 A weakly concircular
e-Trans-Sasakian manifold (M2", g) (n>1),
is said to be Locally symmetric if its concircular

curvaturetensor C , of type (0, 4) is not identically
zero and satisfies the condition

(VxC)(Y,Z, U, V) =0.
Suppose weakly concircular e-Trans-Sasakian
manifold (M2, g) (n>1), is locally symmetric.
Then v = so that from (1.5), we have

0=AX)C(Y,Z U,V)+B(Y)C(X,Z,U,V)
+B(2)C(Y, X, U,V)+D(U)C(Y,Z,X,V)
+D(V)C(Y,Z,U,X) , (5.1)

where XY, Z, U and V are vector fidds on M.
Let {&j:i=12,......... ,2n+1} be the ortho-

normal basis of the tangent space T,M at any
point p of the manifold. Then setting Y=V=¢g;
in (5.1) and taking summation over i, 1<i<2n+1,
we get
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0=A(X)[S(z,U)—%g(z,U)]+B(Z)[S(x,U)—%g(x,U)]

+D(U)[S(X,2) —%g(X, 2)]+ B(R(X, Z)U) + D(R(X, U)Z)

o
n(n-1)

[{B(X)+D(X)}g(Z, U) - B(2)g(X,U) - D(U)g(Z, X)] (5.2)

Putting X=Z=U=¢ in (5.2) and then using (2.7)  then using (2.7) and (2.12) we obtain
and (2.11), we obtain r
A(E)+B(E)+DE)=0  (5.3) 0=[A(E) + B(é)][S(U,é)—;n(U)]

Hence we can state the following: (n-2)r

en(n-1)

+D(U)I(2n -1){o® - B>~ < (Ep)}- ]
Lemma 5.1 In a weakly concircular

symmetric -Trans-Sasakian manifold (M2, g) 2 2 r

(n>1), is locally symmetric the relation (5.3) Ha-<(EB) -~ en(n _1)]n(U)D(§)_

holds. (5.4)

Next, SUbStitUting Xand Z by E_, in (52) and Further using (53) in (54) we get

(2n—1)(o? ~p2)n(U)- e (2n 1) (UP)- (¢U)a—e(:(;f)l)rnw)

D(U)=D(®)[ . ]
(2n—D)[o? —Bz—e@ﬁ)l—e(:(nz_);)

(55)

for any vector field U.
Similarly putting X=U=¢ in (5.2) and proceeding in a similar manner as above, we get

(2n-1)(a? - p?)n(2)- € (2n—1)(ZB)- < (¢Z)a—e(:(;f)l)rn(2>
(n=2)r ] (5.6)
en(n-1)

B(Z2) =B()I

2 2
(2n-Dla” -p*-<(EP)]-
for any vector field Z. Hence we can state the following:

Theorem 5.2 If a weakly concircular symmetric e-Trans-Sasakian manifold (M?*1, g)
(n>1), is locally symmetric, then the associated 1-forms D and B are given by (5.5) and (5.6)
respectively.
Now from (5.5) and (5.6), forming B(X)-D(X), we have
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B(X)— D(x) (&= € (EB) = B)n0){D(E) - BE)}

D2 e (ep) 21 (N=2)r 5.7
@n-Dio”- = (@)~ 12 (5.7)

Nest replacing X by ¢(X) in (5.7), we get (n>1), with B (&) =D (&) is locally symmetric,

B(d(X))—D(¢(X)) =0 then the associated 1-forms B and D are in
Hence we state the same directions.
Theorem 5.3 If a weakly concircular Proof. Follows from (5.7).

symmetric e-Trans-Sasakian manifold (M2™,g)
(n>1), is locally symmetric, then

Boh—Doh=0

Corollary 5.5 If a weakly concircular
symmetric e-Sasakian manifold (M1 g)
(n>1), with B (&) =D (&) is locally symmetric,

) then the associated 1-forms B and D are in
Theorem 5.4 If a weakly concircular  the same directions.

symmetric e-Trans-Sasakian manifold (M*™',g)  Again setting Z=U=¢, in (5.2), we get

n-2

0=AQ)ISE &)~ =11+ [B() + DEISX.&) - meX)]
n en(n-1)
+B(R(X, £)) + D(R(X, £)E) -———[B(X) + D(X)]
n(n-1)

—[2n{a? —p%- < (&B)}—%A(X)

+[B(E) + D(&)][S(x,a)—{%rmz—e (ER) - B> M(X)]

+[B(X) + D(X)][a>— € (£B) —B° —

er ]
D) (5.8)

Adding (5.5), (5.6) taking U=Z=X and then e (£B) %)~ =110 Further (5.9) can be
using in (5.8), after simplification, we get n
written as A+B+D=0. Hence we can state
A(X)+B(X)+D(X)=0 (5.9)
Theorem 5.6 If a weakly concircular
for any vector field X on M and [2n(a®~  symmetric e-Trans-Sasakian manifold (M?™2, g)
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(n>1), is locally symmetric, then the sum of
the associated 1-forms A, B and D is zero
everywhere.

Corollary 5.7 If a weakly concircular
symmetric e-Sasakian manifold (M2 g)
(n>1), is locally symmetric, then the sum of
the associated 1-forms A, B and D is zero
everywhere.

Corollary 5.8 If a weakly concircular
symmetric e-Kenmotsu manifold (M?"*1,g)
(n>1), is locally symmetric, then the sum of
the associated 1-forms A, B and D is zero
everywhere.

Definition 5.10 A weakly concircular
symmetric e-Trans-Sasakian manifold (M?"*,g)
(n>1), is is said to be recurrent if its concircular

curvature tensor ¢, of type (0,4) is not
identically zero and satisfies the condition
(VxC)(Y.Z,U,V) = A(X)C(Y,Z,U,V)(510)
where A is associated 1-formand X, Y, Z, U,
V are any vector field on M.

Suppose M is Recurrent, then from (1.5) and
(5.10), we have

0=B(Y)C(X,Z U,V)+B(Z)C(Y,X,U,V)

+D(U)C(Y, Z, X, V) +D(V)C(Y, Z,U, X)
(5.11)
Setting Y=V=¢; in (5.11), and taking summation
over i, 1<i<2n+1, we get

0=B(2)[S(X, U) —%g(x, )

+D(U)[S(X, 2) —%g(x, 2)]+B(R(X, 2)U)

+D(R(X,U)2)

141

—— L _{B(X)+D(X)}9(z V)
n(n-1)

—B(2)9(X,U)-D(U)9(Z,X)] (5.12)
Putting X=Z=U=§ in (5.12) and then using
(2.7) and (2.11), we obtain
B()+D(&) =0 (5.13)
Now setting X =Z = £ in (5.12) and then using
(2.7) and (2.12) we obtain

o=[B(é)][S(U,é)—jn(U)]

+D(U)I(2n-Do? B~ < (-2

en(n-1)

+Ho?~ e (EB)~p2 - ———In(U)D(®).
en(n-1)

(5.14)

By virtue of (5.13), and solving for D (U), we
get same equation (5.5). Similarly for (5.6) and
(5.7). Thus we obtain the same conclusions
as inthe Theorem 5.3 and 5.4 and the corollary
there under if the ‘Locally symmetric’ is
replaced by ‘Recurrent’ in the statements.

Special cases of Weakly Ricci Symmetric
Concircular e-Trans-Sasakian manifolds
6. Locally Ricci Symmetric and Ricci
Recurrent Spaces :

Definition 6.1 A weakly concircular
e-Trans-Sasakian manifold (M?"*,g) (n>1), is
said to be Locally Ricci symmetric if its
concircular curvature tensor P, of type (0, 2)
is not identically zero and satisfies the condition

(VxP)(Y,2)=0.
Suppose M is locally Ricci symmetric. Then
VP=0. Therefore from (1.9), we have
0=A(X)P(Y,Z)+B(Y)P(X,Z)+ D(Z)P(Y, X)
(6.1)
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where A, B and D are three 1-forms.
In view of (1.8), (1.9) yields

0=A(X)[S(Y,Z)—%9(Y,Z)]

+B(Y)[S(Y,Z)—%g(v,2)]

S. S. Pujar, et. al.

A(€)+B()+D()=0 (6.3)
Next, substituting X and Y by & in (6.2), we
obtain

0=[A(®) + B(é)][S(a,Z)—jn(Z)]

r +D(2)[S(E, ) —rf]. (6.4)
+D(Z)[S(X’Y)_HQ(X’Y)] (6-2)  Using (6.3) in (6.4), we get
Setting X=Y=Z=§ in (6.2), we get
£2n(0? -p?)- e (EB) - In(2)- € ($2Z)a—< (2n~1)(ZP)
D(Z) =D(E)[ - n2 T (6.5)
2n[o® -pP-e (&P - '
for any Z.
Similarly, we have
2n(0? -p?)-e () - In(Y)- € (¢Y)a—e (2n -1)(YB)
B(Y)=B()[ - n2 T ] (6.6)
2n[o® ~B7- e ()] -~ '
and
2n(0? - p?)- e (EB) - In(X)- € (4X)a— e (2n ~1)(XB)
AX)=AE) en ©7)

2n(a2—e(§B)—B2)—€nr

Now taking Y=Z=Xin(6.5) and (6.6) and then
adding (6.5), (6.6) and (6.7) using (6.3) after
simplification, we get

A(X)+B(X)+D(X)=0 (6.8)
for any vector field X on M and

[2n(a2—e(am—32)—%r]¢o. Further

(6.8) can be written as A+B+D=0. Hence we

can state

Theorem 6.2 If a weakly concircular
symmetric e-Trans-Sasakian manifold (M?™1,g)
(n>1), is locally Ricci symmetric, then the sum
of the associated 1-forms A, B and D is zero
everywhere.

Corollary 6.3 If a weakly concircular



On Weak Concircular Symmetries of e-Trans Sasakian manifolds.

symmetric e-Sasakian manifold (M1 g)
(n>1), is locally Ricci symmetric, then the sum
of the associated 1-forms A, B and D is zero
everywhere.

Corollary 6.4 If a weakly concircular
symmetric e-Kenmotsu manifold (M?™,g)
(n>1), is locally Ricci symmetric, then the sum
of the associated 1-forms A, B and D is zero
everywhere.

Definition 6.5 A weakly concircular
symmetric e-Trans-Sasakian manifold (M?™1,g)
(n>1), is is said to be Ricci recurrent if its
concircular curvature tensor P, of type (0, 2)
is not identically zero and satisfies the condition

(VxP)(Y,2) = A(X)P(Y,2).

Suppose M is locally Ricci symmetric. Then
from (1.9), we have
0=B(Y)P(X,Z)+D(Z)P(Y,X)
where A, B and D are three 1-forms.
In view of (1.8), (1.9) yields

(6.9)

0=B(Y)[S(Y,2) —%g(Y,Z)]

#D()IS(X,Y) =~ 9(X, V)] (6.10)
Setting X=Y=2Z=¢ in (6.10), we get
B(€)+D(8) =0

Next, substituting X and Y by & in (6.10), we
obtain

(6.11)

0=[B()][SE, Z)—jn(zn

+D(Z)[S(a,a)—rf]. (6.12)
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Using (6.11) in (6.12), and solving for D (Z),
we get same equation (6.5). Similarly for (6.6).

Next adding (6.5) and (6.6) taking Y=2=X and
using (6.11) we get

B(X)+D(X)=0.
Hence we state

Theorem 6.6 If a weakly concircular
symmetric e-Trans-Sasakian manifold (M?™1,g)
(n>1), is locally Ricci recurrent, then the
associated 1-forms B and D are in the opposite
directions.

Corollary 6.7 If a weakly concircular
symmetric e-Sasakian manifold(M?"*1,g)
(n>1), is locally Ricci recurrent, then the
associated 1-forms B and D are in the opposite
directions.

Corollary 6.8 If a weakly concircular
symmetric e-Kenmotsu manifold(M?™!,g)
(n>1), is locally Ricci recurrent, then the
associated 1-forms B and D are in the opposite
directions.

Example: Let us consider a 3-dimensional
manifold M={(x, y, z) e : z=0}, where (X, y, z)
are the standard coordinates in R3,

Let &)= ez(i+y3),e2 =ezi,e3 =£,
oX ~ oz oy 0z
which are linearly independent vector fields

at each point of M. define a semi-Riemannian
metric g on M as

g(er,e3) =g(ey,e3) =g(er,e2) =0,9(e1,€1)
=g(ep,e2) =0(e3,€3) =€;

where e==#1.

Let 1 be the 1-form defined by n(Z) = g(Z, e3),
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for any ZeI'(TM) and ¢ be the tensor field of

type (1, 1) defined by ¢e; =e,,de, =—¢€;,

¢e3 = 0. Then by applying linearity of ¢ and

g, we have

n(es) =167Z =-Z+n(Z)e3,9(4Z, ¢V)
=9(Z,U)-en(Zn(V),

for any Z,UeI’(TM). Hence for e3=¢&, (¢,

Vel

€1

1 1
Ve, 1 =c€3,Ve, 8 =€ ye’e, T e”%e3, Ve 0 = See

Now, for es=&, above results satisfy

Vx&=e{-apX+B(X-n(X)5)},

1 1
Ve €9 = h ezzeg,VEZeZ =ceg+eye’e, Ve ey = —ee
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€, M, g, €) defines an - almost contact metric
structure on M.

Let V be the Levi-Civita connection with
respect to g and R be the curvature tensor of
type (1, 3), then we have

[er. €] =€ (ye%e, —e?%eg), ey, 5]
=—ece,|en,e3]=—€ey.

By using Koszul’s formula for the Levi-Civita

connection with respect to g, we obtain

1 1
€3 :—EE]_‘FEEEZZEZ,VeZeS =—€6€y —Eeezzel,ve:ges :O’

Zzel'

2262.

with o = _%922 and p=-1. Consequently M(¢, &, n, 9, €) is a 3-dimensional € -Trans-Sasakian

manifold™°.

Using the above relations, we can easily calculate the non-vanishing components of

the curvature tensor as follows:

R(el’e2)ez = —(1+%e4z + yZeZZ

R(e2.e3)e3 =—€°

)er, R(eg,e5)e; = (1+%e4Z +y“e

2.22
)es

Ze) + (%642 —-1)ey,R(ep,e3)e3 = ezzez + (%842 —-1eq,

R(eq,e3)er = —ezzeg, R(ej,e3)e; = —(1+%e4z)e3,

(e e5)ep =yele + (-7 )es, Ries er)ey = L+ e e

R(e3 e,)e; = —%Zeq + yele,.
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and the components which can be obtained from these by the symmetry properties.
Using the components of the curvature tensor, we can easily calculate the non —vanishing
components of the Ricci tensor S and its covariant derivatives as follows:

3(91’el)=€(—%e4z 267),S(ep,80) =€ (- 2—% 2 _y%e??) S(es,e5) E(— -2)

VEIS(el,eS):(—%e"’Z 2 22)+e(2—§e4Z)V Se.eq) = Ve, S(e5,€2) =0,

Ve,S(e2.€3) =3 (€57 + Y2647,V S(ey,6) = Vi, S(e,€2) =0,

1
Ve,S(e1,63) = % —E(e62 y?e?), Ve, S(e3,€3) = Ve, S(eg,€1) =0,

Ve,S(e2.63) =—(€*” +y’e??), V¢, S(er, 61) = Ve, S(e7,€7) =0,

2
Ve, S(e1,€2) =€, Ve, S(e1,83) = Ve, S(es,3) = 0.
Since {e;,e,,e3} is an orthonormal basis of (M3,g), any vector X and Y can be written as
X= dq€q +as€y +aze3, Y = b]_el + b2€2 + b3€3,

Where aj, b (i =1,2,3) are positive real numbers. Now

S(X,Y) = a1b18(e1, el) + a2b28(62 ) e2) + a3b38(63, 63)
+(a1hy +a,by)S(ey, €;) + (ahz +a3by)S(ey, €3)
+(abg +aghy)S(ey, e3)

=—ea1b1(%e +y%e??)- ea2b2(2+;e +y%e%?)

+e asbg(%e"’z ~2)
from (1.8) we get
P(X,Y) :S(X,Y)—%g(X,Y)

:-ealbl(%e +y2e??)_ca, b2(2+2e 2, y26%7)
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1 r
+e a3b3(5e4z ~2) —g(albl +a,b, +aghg) e=py, say.

We choose aj, bj(i=1,2,3) in such way that P(X, Y) =p; # 0. The covariant derivatives of
the Ricci tensor S(X, Y) are given by

Ve, S(X,Y) =a1b; Ve S(ey,€1) +a5b, Ve, S(ez,€2) +aghgVe S(ez, e3)
+H(@ghy +aby) Ve S(eg, e2) + (213 +azby) Ve, S(ey, 3)
+H@aphz +aghy)Ve S(ez,€3)
~ (arbs +aga)e (27~ (e 4 y2e?)}

+%(a2b3 +agh)(e%” +y%e™?)

Ve, PX. Y) = Ve, S(X,Y) =V, [20(X.Y)]
 (agbs +aga)e (27~ (e 4 y2e?)}

V. (r
2e47) —%(%bl +ayby +aghs) €

+%(a2b3 agh,) (€% +y2e

= P2, Say.
Ve, P(X,Y) = —(a1by +a5b1)(2ye?) + (arhs +aghy)[e% — = (e8% + y2e??
e, P(X,Y) =—(ajhy +azhy)(2ye”) + (ajh3 +agby )[e 2(e +y“e™)]

[Ve, (1]
3

[Ve, (0]
3

—(ahs +agh,) (e +y2e??) -

(a0 +azb; +a3bg) €= pg, say.

VESP(X, Y) = (a1b2 + azbl)(ezz) - (albl + azbz + a3b3) €=y, say.

Using (1.9), we get
VelP(X, Y) =A(e1)P(X,Y)+B(X)P(e1,Y)+D(Y)P(X,e) (6.13)
Ve, P(X,Y) =A(er)P(X,Y) +B(X)P(es,Y)+D(Y)P(X,e5) (6.14)
Ve3P(X, Y)=A(e3)P(X,Y)+B(X)P(e3, Y)+D(Y)P(X,e3) (6.15)
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Setting,

Aler) =22 A(ep) =22, Ae3) =24
P1 P1 P1
(6.16)
from (6.13),(6.14) and (6.15) it is easy to see
that,

B(X)P(e1, Y) +D(Y)P(X,e,) =0 (6.17)
B(X)P(e,, Y) +D(Y)P(X,e,) =0 (6.18)
B(X)P(e3,Y)+D(Y)P(X,e3) =0 (6.19)

From these homogeneous equations in B and
C, one obtains non trivial solutions

B(e1) =-D(e1)
Hence we can take arbitrarily as,
47
B(ey) =(azbz —asghy)e™", D(ey)
_ 47
= (a3b2 —a2b3)e (6.20)
Also from (6.17),(6.18) and (6.19), we find

B(ez) = 0, D(ez) = 0, B(e3) = 0, D(93) = 0,
(6.21)

The 1-form given by (6.16),(6.20) and

(6.21), the manifold under consideration is a
weakly Concircular Ricci symmetric e- Trans-
Sasakian manifold. This leads to the following:

Theorem 6.8: There exists a e- Trans-
Sasakian manifold which is weakly concircular
Ricci symmetric but neither Ricci symmetric
nor Ricci-recurrent.

References

1. Blair, D. E., Contact manifolds in

Riemannian geometry, Lecture Notes in
Math. 509, Springer- Verlag, (1976).

. Blair, D. E., and Oubina, J. A., Conformal

and related changes of metric on the product
of two almost contact metric manifolds,
Publ. Math. Debrecen, 34, 199-207
(1990).

. De, U. C. and Bandyopadhyay, S., On

weakly Symmetric Riemannian spaces,
Publ. Math. Debrecen, 54/3-4, 377-381
(1999).

. De, U.C. and Ghosh, G. C., On weakly

concircular Ricci symmetric manifolds,
South East Asian J. Math. And Math.
Sci., 3(2), 9-15 (2005).

. Oubina, J. A., New class of almost contact

metric manifolds, Publ. Math. Debrecen,
32, 187-193 (1985).

. Ozgur, C., Onweakly symmetric Kenmotsu

manifolds, Diff. Geom.-Dynamical Systems,
8, 204-209 (2006).

. Shaikh, A. A. and Hui, S. K., On weakly

concircular symmetric manifolds, ANN.
Sti. Ale Univ., “Al. . CUZA”, Din lasi,
LV, f.1, 169-186 (2009).

. Shaikh, A. A. and Hui, S. K., On weak

symmetries of trans-Sasakian manifolds,
Proc. Estonian Acad. Sci., 58(4), 213-223
(2009).

. Tamassy, L. and Binh, T. Q., On weakly

symmetric and weakly projective symmetric
Riemannian manifolds, Coll. Math. Soc.,
J. Bolyai, 56, 663-670 (1989).



148

10. Tamassy, L. and Binh, T. Q., On weak
symmetries of Einstein and Sasakian
manifolds, Tensor N. S., 53, 140-148
(1993).

11. Yano, K., concircular geometry I, concircular
transformations, Proc. Imp. Acad. Tokyo,
16, 195-200 (1940).

12. Shyamal Kumar Hui, On weak concircular
Symmetries of Trans-Sasakian manifolds,
CUBO A Mathematical Journal Vol. 13
No. 03, October 2011 (141-152).

13. Bejancu, A. and Duggal, K. L., Real
hypersurfaces of indefinite Kaehler
manifolds, Int. J. Math. Sci., 16 no. 3,
545-556 (1993).

14.

15.

16.

17.

Ultra Scientist Vol.24(1)A, (2012).

Xufeng, X. and Xiaoli, C., Two theorems
on e-Sasakian manifolds, Int. J. Math.
And Math. Sci., Vol.21 No.2, 249-254
(1998).

De, U.C. and Avijit Sarkar, On e-Kenmotsu
manifolds, Hadronic Journal, 32, 231-242
(2009).

Duggal, K. L. Spacetime manifold and
contact structures, Int. J. Math. And
Math. Sci., 16, No. 3, 545-553 (1990).
Shukla, S.S. and Singh, D.D. On e-Trans-
Sasakian manifolds, Int. Journal of Math.
Analysis, Vol. 4, no. 49, 2401-2414 (2010).



