A study of nearly Ricci recurrent Trans-Sasakian Manifold
Rana Pratap Singh Yadav

'Department of Mathematics, S.M.M.Town(P.G.) College, Ballia-277001(U.P.), India
Email: rana_2181@rediffmail.com

Abstract

The object of the present paper is to study nearly Ricci-recurrent trans-Sasakain
manifold and its various properties. Finally, we construct a non-trivial example of
nearly Ricci recurrent trans-Sasakain manifold.
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1. Introduction

In 1985, a trans-Sasakain manifold of type («, ) which is of type (0,0), («,0)
and (0,3) known as the cosymplectic, a—Sasakian and f—Kenmotsu manifolds,
respectively, was introduced by Oubina (1985). If in particular case, a = 1,5 = 0
and o = 0, § = 1, the trans-Sasakian manifold becomes a Sasakian manifold and
Kenmotsu manifold respectively. The geometry of trans-Sasakian manifold have
been studied many worker such as Kim et al. (2002), De and Tripathi (2003), De
and De (2012), Deshmukh and Tripathi (2013), Shukla and Jaiswal (2014), Singh
and Yadav (2016), Singh (2018), Chaubey and De (2021), Danish (2018), Pahan
(2020), Yadav, Prasad and Pathak (2025) and many others.

In 1952, Patterson introduced Ricci recurrent manifolds whose Ricci tensor S follows:

(DxS)(Y, Z) = A(X)S(Y, Z), (1.1)

for some 1-form A, where D and S denotes the operator of covariant differentiation
with respect to metric tensor g and Ricci tensor, respectively. Ricci recurrent man-
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ifold was denoted by him as %,,. Ricci recurrent manifold has been developed by
many authors such as Chaki (1956), Prakash (1962), Yamaguchi and Matsumoto
(1968), Roter (1974) and many others.

De, Guha and Kamilya (1995) introduced and studied generalized Ricci recurrent
manifold whose Ricci tensor follows:

(DxS)(Y, Z) = A(X)S(Y, Z) + B(X)g(Y, Z), (1.2)

where A and B are two non-zero 1-forms. Generalized Ricci recurrent manifold
were denoted by them as £%,,. Many investigators investigated generalized Ricci-
recurrent manifold on various aspects.

In 2023, Prasad and Yadav introduced nearly recurrent with two non-zero 1-forms
A and B as follows:

(DyR)(X,Y)Z =[A(U) + BU)|R(X,Y)Z+

(1.3)
BU)[g(Y,Z2)X — g(X, 2)Y].

Such a manifold have been denoted by them as (/' %), . The name nearly recurrent
Riemannian manifold was chosen because if B = 0 in (1.3) then the manifold re-
duces to a recurrent manifold which is very close to recurrent space. This justifies
the name “Nearly recurrent manifold” for the manifold defined by (1.3) and the
use of the symbol (V' R), for it. (N R), have been studied by Prasad and Yadav
(2024) and many other workers.

Currently, in 2024, Yadav and Prasad investigated a super hyper-generalized recur-
rent manifold with four non-zero 1-forms A, B, C and D’ as follows:

(DuR)(X,Y)Z =[A(U) + B(U)|R(X,Y)Z+

(1.4)
C(U)g(Y, Z)X + D'(U)g(X, Z)Y.

Such a manifold have been denoted by them as (S#EX),,.
The beauty of such (S#'EXR), space is that it has the flavor of:

(i) symmetric space for A = B = C' = D' = 0 Kobayashi and Nomizu (1963),
Desai and Amur (1975),

(ii) recurrent space for B = C = D’ = 0 Ruse (1946),
(iii) semi-generalized recurrent space for B = D’ = 0 Prasad (2000) (25),

(iv) generalized recurrent space for B = 0 and D’ is replaced by —C' De and Guha
(1991),
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(v) extended recurrent space for B = 0 Singh and Prasad (2020),

(vi) nearly recurrent space if C' is replaced by B and D’ is replaced by —B Prasad
and Yadav (2023).

This justifies the name “Super hyper-generalized recurrent Riemannian manifold”
for the manifold (1.4) and the use of the symbol (S#ER),, (n > 2) for it.
Recently Prasad and Yadav (2021) introduced and studied nearly Ricci recurrent
manifold whose Ricci tensor S follows:

(DxS)(Y,Z) = [A(X) + B(X)]|S(Y, Z)+ B(X)g(Y, Z), (1.5)

VX,Y € x(M), where A and B are two non-zero 1-forms and p; and py are two
vector fields such that

A(X) = g(p1, X), and B(X) = g(ps, X). (1.6)

Such a manifold denoted by them as 4 {%(%,)}. The name nearly Ricci recurrent
Riemannian manifold was chosen because if B = 0 in (1.5) then the manifold reduces
to a Ricci recurrent manifold which is very close to Ricci recurrent space. This
justifies the name “Nearly Ricci recurrent manifold” for the manifold defined by
(1.5) and the use of the symbol A/ {#(%,,)} for it. The nearly Ricci recurrent
manifold have been studied by Yadav and Prasad ( 2023, 2023).

2. Preliminaries

A (2n+1) dimensional Riemannian manifold (M?" ! g) is said to be an almost con-
tact metric manifold if it admits a tensor ¢ of type (1,1), £ is a contravariant vector
fields of type (0,1) and 1-form 7 is a covariant tensor of the type (1,0) satisfying
Blair (1976, 2002):

0*X =X +n(X)E, n€) =1, ¢¢ =0, n(¢X) =0, (2.1)
9(X, &) =n(X)  g(¢X,0Y) = g(X,Y) = n(X)n(Y), (2.2)
9(X,0Y) + g(¢X,Y) =0. (2.3)

An almost contact metric structure (¢,&,7m,g) on M***1 is called a trans-Sasakain
structure Oubina (1985) if (M x &, J, G) belongs to the new class W, (1980) where
J is the almost complex structure on M x X defined by

1 (x.15) = (ox—rencory).
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for all vector fields X on M?*™! and smooth functions on M x &% and G is the
product metric on M x %. This may be expressed by the condition Blair and
Oubina (1990) :

(Dx¢)(Y) = alg(X,Y)§ —n(Y)X] + Blg(¢X,Y)E —n(Y)pX], (2.4)

for some smooth functions o and 3 on M?"*! and hence we say that the trans-
Sasakain structure is of the type (a, ).
We have, from Blair and Oubina (1990), Prasad and Srivastava (2013) and Singh
(2018)

D€ = —agX + B[X — n(X)¢], 2.5)

(Dxn)(Y) = —ag(eX,Y) + fg(¢X, ¢Y), (2.6)
R(X,Y)§ =(a® = %) [n(Y)X = n(X)Y] + 208[n(Y)oX — n(X)Y]

§ (Ya)oX — (Xa)o¥ + (VB)PX — (XB)&Y. 27)
REX)E = (0> F* — €0(X). (28)

20 4+ Ea =0, (2.9)

S(X,6) = [2n(a® — %) — EBIN(X) — (2n— DXB+ (6X)o,  (210)
S(€.6) = 2n[(a® — %) — €9, (211)

Q€ = [n(0” — %) — €0))E — (20— Vgradf + olgrado),  (212)

where R, S and () are the curvature tensor, £1" and Ricci operator of trans-Sasakian
manifold respectively.

When ¢(grada) = (2n — 1)gradf, then equations (2.10), (2.11) and (2.12) becomes
Prasad and Srivastava (2013) and Singh (2018)

S(X,€) = 2n(a® — B%))n(X), (2.13)

S(€,€) = 2n(a® - §7), (2.14)

Q¢ = 2n(a” — §?))E, (2.15)

S(¢X,¢Y) = S(X,Y) = 2n(a” — B%))n(X)n(Y), (2.16)

VXY € x(M).
After introduction and preliminaries, in section 3 we have examined the character of
1-forms A and B on nearly Ricci recurrent trans-Sasakian manifold. Section 4 deals
nearly Ricci recurrent trans-Sasakian manifold with cyclic Ricci tensor. Finally,
the existence of nearly Ricci recurrent trans-Sasakian manifold is ensured by a non
trivial example.
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3. Nearly Ricci recurrent Trans-Sassakian mani-
fold

A trans-Sasakian manifold (M?"*! g) is called nearly Ricci recurrent (2021) if its
Ricci tensor S follows (1.5)

(DxS)(Y, Z) = [A(X) + B(X)|S(Y, Z) + B(X)g(Y, 2). (3.1)
In view of equation (3.1), we obtain
[A(X)+B(X)]S(Y, 2)+B(X)g(Y, Z) = XS(Y, Z)—S(DxY, Z)—S(Y,Dx Z). (3.2)
Putting ¢ for Y and Z in (3.2), we get
[A(X) + B(X)]S(&,€) + B(X)g(§, &) = XS(¢,€) — S(Dx¢,§) — 5§ Dx§). (3.3)
In view of (2.3), (2.5), (2.11) and (3.3), we have

2n

14 2n(a? — 2 =£P)

1 2
[1 o Tt 5)] [2(2n — 1)(adX + 56°X)5

+2(ap*X — BoX)al. (3.4)

B(X) = { } X(a? — 8 — €8) — (a? — B° — ) A(X)]

Hence, we have the following:

Theorem 3.1 Let (M*"*1 g) be a nearly Ricci recurrent trans-Sasakian manifold.
Then the 1-forms A and B are related by (3.4), provided 1+ 2n(a® — 3% — £8) # 0.

The Particular cases of Theorem 3.1 as follows
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S.No.Case Manifold Relation between 1-form A, B | Ref.
and C
1. |a#0,8=0 | nearly Riccirecur- | B(X) = —ﬁg—;ilA(X), pro- | Yadav,
rent  a-Sasakian | vided (2na® +1) #0 Prasad
manifold and
Pathak
(2025)
2. |a=1,=0 | nearly Ricci re- | B(X) = —;LA(X), provided | Yadav,
current Sasakian | (2n+1) # 0 Prasad
manifold and
Pathak
(2025)
3. |a=0,8=/f |nearly Ricci re- | B(X) = | Yadav,
current normal —2”[X(f2ﬁ;jg&é’fg§f“(x” + Prasad
a.lmost cosymplec- 2(12f;§()](cj2‘ﬁ§)f())f 1—2n(f2+Ef # and
tic  f—structure Pathak
or f—Kenmotsu (2025)
structure
4. |« = 0,8 = | nearly Ricci recur- | B(X) = 1325 ZZA(X ), provided | Yadav,
constant rent (-Kenmotsu | (1 — 2n3?%) # 0 Prasad
manifold and
Pathak
(2025)
5. |a=0,8=1 |nearly Ricci re- | B(X) = 25:A(X), provided | Yadav,
current Kenmotsu | (2n —1) #0 Prasad
manifold and
Pathak
(2025)
6. |a#0,87#0 ]| Ricci  recurrent | A(X) = % — Yadav,
and B =0 trans-Sasakian 2(2n—1)(a¢X+8¢>X ) 3—2(ag? X —BoX )& Prasad
manifold M—ﬂ?—&?iﬁw and
Pathak

(2025)
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7. | a # 0,8 = 0| Ricci recurrent a- | A(X) = 2nXa2_2§a¢2X>a,a2 # | Yadav,
and B =0 Sasakian manifold | 0 Prasad

and
Pathak
(2025)
8 |a=1,8=0]Ricci recurrent | A(X) = —2¢*X Yadav,
and B =0 Sasakian manifold Prasad

and
Pathak
(2025)
9. |a=0,8=f|Ricci  recurrent | A(X) = | Yadav,
and B=0 normal almost 2”X(f2+§f)_22(2”_1)<f¢2x)f Prasad

cosymplectic provided (ff; i{ £f) #0 ’ and
f—structure  or Pathak
f—Kenmotsu (2025)

structure

10. | @« = 0,8 = | Ricci recurrent - | A(X) = 0, i.e. Ricci symmet- | Yadav,
constant, Kenmotsu mani- | ric Prasad

A # 0 and | fold and
B=0 Pathak
(2025)

We know that the locally a trans-Sasakian manifold of dimension > 5 is either
cosymplectic or a-Sasakian manifold or S-Kenmotsu manifold Marrero (1962).

Hence, in view of S.No.1 and 4, we have the following Theorem:

Theorem 3.2 Let (M?" g) be a nearly Ricci recurrent trans-Sasakian manifold
of dimension > 5 . Then

(i) either M*"*1 4s Ricci recurrent if B =0,

(ii) or B+ 2na*(A+ B) =0,

(iii) or B —2nf*(A+ B) =0, where a and 3 are non-zero constant.

Moreover, putting £ for Z in (3.2) and using (2.2), we get

[AX) + B(X)]S(Y,€) + B(X)n(Y) = DxS(Y,§) = S(DxY,€) = S(Y, Dx¢).
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Using (2.5), (2.13) in (3.5), we have

2n(a® — 5%) {A(X) + B(X)} + B(X)|n(Y) = 4n[ada(X) — Bd(B(X))n(Y)
— BS(X,Y) — 2na(a® — BHg(¢X,Y) +2np(a® — *)g(X,Y) + aS(Y,¢X). (3.6)

Putting € for Y in (3.6) and using (2.1), (2.3) and (2.13), we get
2n(a® — %) {A(X) + B(X)} + B(X) = 4n[ada(X) — Bd(B(X))]. (3.7)
After use of (3.7) in (3.6), we obtain
aS(Y,X) — BS(X,Y) = 2na(a® - %)g(¢X,Y) — 2n8(a” — f%)g(X,Y). (3.8)
Mutually interchange X and Y in (3.8), we get
aS(X,¢Y) — BS(Y, X) = 2na(a® - %)g(¢Y, X) — 2nf(a” — %)g(V, X).  (3.9)
Adding (3.8) and (3.9) and then using (2.3) in the resulting equation, we get
a[S(X, oY) + S(Y,0X)] —28S(X,Y) = —4nB(a® — BHg(Y, X). (3.10)
Replacing Y by ¢Y in (2.16) and using (2.1) and (2.13), we get
S(X,¢Y) + S(¢X,Y) = 0. (3.11)
From (3.10) and (3.11), we have
BIS(X,Y) — 2n(a® — %)g(Y, X)] = 0.
This gives
S(X,Y) = 2n(a? — *)g(Y, X) =0, provided 3 # 0. (3.12)
Hence, we have the following theorem:

Theorem 3.3 An M?*"*'_dimensional nearly Ricci recurrent trans-Sasakian man-
ifold with condition ¢(grada) = (2n — 1)gradf is an Einstein manifold, provided

8 #0.
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4. An nearly Ricci-recurrent trans-Sasakian man-
ifolds with cyclic Ricci tensor

A Riemannian manifold is said to be cyclic Ricci tensor if Prasad and Yadav (2021)
(DxS)(Y,Z) + (DyS)(Z,X) + (DzS)(X,Y) = 0. (4.1)
From (3.1) and (4.1), we get
[AX)+ B(X)|SY,Z2)+ [AY)+ B(Y)]S(Z,X) + [A(Z) + B(Z)]S(X,Y)
+B(X)g(Y,Z)+ B(Y)g(Z,X)+ B(Z)g9(X,Y) =0. (4.2)
Putting ¢ for Z in (4.2) and using (2.10) and (3.4), we get

K Y
AY) +2nY (C) = 2(2n — 1)(adY + BP*Y)S — 2(ad®Y — BoY )
2n [C’( I )

— 5(0)}g(X, Y)+ (2n —1)x

(A(X) +2nX (C) — 2(2n — 1)(apX + B> X) S — 2(ad*X — o X) a> v

7 B

. (A(Y) +2nY(C) — 2(2n — 1)(a¢;+5¢2Y)ﬁ 2(ag?Y — BoY) a> X/}]

— (2n = 1)(£8)x

(A(X) +2nX(C) —2(2n — 1)(apX + B¢?X) 3 — 2(ap* X — BopX a) (Y
K
AY) +2nY (C) —2(2n — 1)(adY + B¢*Y)S — 2(ad®Y — BoY )«
i K )"
A(X) +2nX(C) —2(2n — 1)(adX + BP*X) S — 2(ad® X — B X )
+( 2
N (A(Y) +2nY (C) —2(2n — 1)(04925;(/ + oY) — 2(ap?Y — oY) a> (6X)a

—2n[n(X)Y(C) + ()X (C)]
+2(2n = 1) [1(X)(@0Y + B6Y)B + n(Y ) (@b X + B X) 3]
+ [n(X)(@gY = 86 )a+n(Y)(ag?X + BoX)al, (4.3)
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where C' = o? — % — £33, K =1+ 2nC'". Hence, we have the following theorem:

Theorem 4.1 In an M?*""'-dimensional nearly Ricci recurrent trans-Sasakian man-
ifold with cyclic Ricci tensor, the Ricci tensor is given by (4.3).

The particular case of Theorem 4.1 can be restated as follows:

S.No.| Case Manifold Nature of % Ref.

1. a#0,5=0 | nearly Ricci recur- | A(£)S(X,Y) = | Yadav,
rent  «a-Sasakian | 2na?A(€)g(X,Y) Prasad
manifold and
Pathak
(2025)

2. a=1,6=0 | nearly Ricci recur- | A(§)S(X,Y) = | Yadav,
rent Sasakian 2nA(€)g(X,Y) Prasad
and

Pathak
(2025)

0,8 = | cosymplectic AS(X,Y)=0 Yadav,
0 and Prasad
and

Pathak
(2025)

Hence, in view of the above, we can state the following:

Theorem 4.2 Let M**! be a nearly Ricci recurrent trans-Sasakian manifold with
cyclic Ricci tensor. If M*"*! is one of Sasakian, a—Sasakian with non-zero A(€)
everywhere, then M?**! is an Einstein manifold.

5. Example
In 2025, Yadav, Prasad and Pathak taking the 3-dimensional manifold M3 =
{(x,y,2) € R® 2 # 0}, where (z,y, 2) are standard coordinate of R? defined as
0 0 0 0
kz kz
_ (9 0 _ ol Y 5.1
a=c (ax+yaz>’ 2= oy’ @~ 5 (5.1)

which is linearly independent at each point of M3, where k is any real number.
Let g be the Riemannian metric denoted by

1, i=j
iy €5 = . . 52
g(ei ;) {0’ - (5.2)
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Let n be the 1-form defined by n(U) = g(U, e3) for any U € x(M). Let ¢ be tensor
field of type (1,1) defined by

per = ez, Qey = —e1, ¢esz=0. (5-3)

nles) =1, ¢*’U=-U+nU)es g(oU,¢W)=g(UW)—nU)n(W), (5.4)

Y U W € x(M). Thus for e3 = &, (¢,£,n,9) defines an almost contact metric
structure on M3.

Let D be the Levi-Civita connection with respect to the Riemannian metric g. Then,
from equation (5.1), we have

[e1, e0] = kye*Zey — e*es, [e1,e3] = —key, [eq, e3] = —kes. (5.5)

In view of (5.2),(5.5) and Koszul’s formula , we get

2kz 62kz
Deleg = —kel + 5 €2, D62€3 = —k€2 — B €1, Degeg = 0,
2kz 2kz

e Kz e

D, ey = — 5 €3, D.,eq = kes + kye™ey, D.,eo = — 5 e1,
2kz 62k:z
kz

D.,e1 = kes, De,e; = —kye™ey + 56 D.,e; = 5e2 (5.6)

From (5.6), it can be easily seen that M?(¢p, &, n, g) satisfies (2.5) for X =
€1, €3, O = —622’%, B = —k and e = £. Hence, the manifold M? is trans-Sasakian
manifold with a = —6252, B =—k.

Use of (5.5) and (5.6), we can easily calculate the curvature tensor as follows:

R(er,e2)er = (K + kye™ +4e") ez, R(er,e2) e = — (K + ™) ey,

3 kerz
R (61, 62) €3 = —§ky€3kze1 -

€4kz k‘(ika
€3, R (627 63) €1 = (ky€3kz - ky 2 ) €1 + 2 €3,

k 3kz 4kz Akz
R(ez,e3)e2 = — 62 e3 + (kQ — 64 ) es, R (e2,e3) €3 = (64 — k2) es,

4kz

4kz

k 2kz
R(ey,e3) ey = yke***e,, R (ey,e3)e3 = (—k‘2 + 64 ) e+ 62 €s. (5.7)
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In view of (5.7), we obtain

5 Le2kz
S(ey,er) = —2k* + Ze4kz’ S(erea) = 62 |
kerz
5(627 62) = - (kQ — T + ky63kz + 64kz) ’
k, 2kz 4kz
S(es,e3) = —k* + 62 + 64 . (5.8)

Since {ey, eg, e3} forms a basis for trans-Sasakian manifold, any vector field X,Y €
X (M) can be written as

X =are; +biex +cies, Y = aser + baes + coes,

where a;, b;, ¢; € RT ( the set of all positive real numbers), i = 1,2, 3.
This implies that
S(X,Y)=1 g¢(X,Y)=m. (5.9)

In view of (5.9), we get
(D, S)(X,Y)=D.,S(X,Y)—S(D.,X,Y) - S(X, DY),
which gives

(Dels>(X7Y) = P1, (Dezs)(X’Y) = p2, and (Dess)(X’Y) = DPs,

where
k
) :k;Q(—Qalbl + a262 — a3b3) + 5(@1[)2 — agbl + a3b3)€2kz+
) 3b
k:yagbge?’kz + kaybye + (Zalbl + asby + %) eth*,

m = ajas + b1b2 + C1Co,

P1 :[kQQ(CleQ — agbl) + k:y(5a1b1 —|— 4@2[)2 + (l3b3> — 2(13()1]62 + (—2a163 + CL3b1)k3]+

1

5[—(12[)3 — (a3b3 + a262 + agbl)k’ + (&3b3 — 2&362 — albg)k‘2]€2kz + a3b3€3kz
1

+ Z[(5albg — a3b3) — (2&3[)3 + 6@3[)1 - agbg)l{? + 12a2b2y2k2]e4k2—

1

1
§a3b2€5kz — g[a2b3 + 4a3b2]66kz>
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1

2
1

4(13[)1 — (Igbg — 2&31)1 — alag)k‘z]e%z + 5[&2[)2 — 21{:a1b2 — 2a2b2 — 2a3b2—|—

P2 :[k3y(—(1,1b2 + 2@263 + agbg)] + [—a1b3k’ + (_anlbl -+ 2ya1b2 -+ 2@1[)3 — CL363+

1
2(11b1 — 2(12b1 — 2a2b3]yk263kz + 1[—46L3b2 + (4@2[)2 - 4ya1b2 — albg — a2b3

9k 1
+ CL3b2 + araz — 4a2b3)k — 4a2b1]{32y2]64kz — Tya2b1€5kz + g[—(llbg + 5a3b1]66kz,
and
1 2 2kz 2 3kz 1
Ps 25[—36L2b1 + a1b2 + agbg)]kﬁ € + 3k a2b2y€ + Z[2Oalbl + 17&2[)2 + a3b3—|—
k 1
(—&1b1 - CL1b2 - agbl — agbg)k’]€4kz + 73/[0,2172 + a2b1]€5kz + §[14a162 + 9a2bl]eﬁkz.

Consequently, the manifold under consideration is neither Ricci symmetric nor Ricci
recurrent. Let us now consider 1-forms A and B non-vanishing

6(1+m) — (p1 + 6 [ 6(1l+m)— (p1 + |
Ae) = =2 D) gy o O elkl—k1{< L q”}—%
2 1 L 2 |

6(1+m) — (pa + 6 [ 6(1+m) — (p2 + ]
Aeg) = M) ) O g gy Sl e
2 1 L 2 |

6(l +m) — (p3 + 6 [ 6(1 +m)— (p3+ ]
Ay = % )k2<p3 qg)’B(e3):1+6k1 e?’kl_kl{ | )kz(p3 qg)}_%

at any point z € M?3. From (3.1), we have
(Dez‘S> <X7 Y) = [A<el) + B(el)]S(Xa Y) + B<€Z)Q(X7 Y)a J= 1,2,3, (510)

where

¢ = 10(age; + 5°¢%¢;) + 2(ad’e; — Boe;)ar, i =1,2,3,
ki = (a® — B> —e38), ko =6m(a®— 5% —e3f) —1,

6 = —k?2, qf)@l = €9, gbeg = —€1, ¢63 =0.

It can be easily seen that the manifold with 1-forms satisfy the relation (5.10).
Hence, the manifold under consideration is a nearly Ricci recurrent trans-Sasakian
manifold (M3, g), which is neither Ricci recurrent nor Ricci symmetric. Thus, we
have the following theorem:

Theorem 5.1 There exist a nearly Ricci recurrent trans-Sasakian manifold (M3, g),
which is neither Ricci recurrent nor Ricci symmetric.



A study of nearly Ricci recurrent Trans-Sasakian Manifold 31

References

1]
2]

[12]

[13]

[14]

Blair, D.E. (1976). Lecture Notes in Mathematics, 509, Springer-verleg, Berlin.

Blair, D. E. and Oubina, J.A. (1990). Conformal and related changes of metric
on the product of two almost contact metric manifold, publications mathema-
tiques, 34: 199-2007.

Blair, D. E. (2002). Riemannian geometry of contact and cosymplectic mani-
folds, Birkhauser.

Chaki, M.C. (1956). Some theorems on recurrent and Ricci recurrent spaces,
Rendicoti Seminario Math. Della universita Di Padova, 26: 168-176.

Chaubey, S. K. and De, U. C. (2022). Three-dimensional trans-Sasakian man-
ifolds and solitons, Arab Journal of Mathematical Sciences, 28(1): 112-125.
https://dot.org/10.1108/ ATMS-12-2020-0127

Desai, P. and Amur, K. (1975). On symmetric spaces, Tensor N.S., 29: 119-124.

De, U. C. and Guha, N. (1991). On generalized recurrent manifolds, National
Academy of Math. India, 9: 85-92.

De, U. C., Guha, N. and Kamilya, D. (1995). On generalized Ricci recurrent
manifolds, Tensor (N.S.), 6: 312-317.

De, U. C. and Tripathi, M. M. (2003). Ricci tensor in 3-dimensional trans-
Sasakian manifolds, Kyungpook Math.J., 43: 247-255.

De, U. C. and De, K. ( 2012). On a class of three-dimensional trans-Sasakian
manifolds, Commun. Korean Math. Soc., 27(4): 795-808.

Deshmukh, S. and Tripathi, M.M. (2013). A note on trans-Sasakain manifolds,
Mathematica Slovaca, 63(6): 1361-1370.

Danish, Siddigi M. (2018). Generalized Ricci Solitons on trans-Sasakian mani-
folds, Khyayam J. Math., 4(2): 178-186.

Gray, A. and Hervella, L. M. (1980). The sixteen classes of almost Hermitian
manifold and their linear invariants, Ann, Mat. Pure Appl., 123(4): 35-58.

Janssens, D. and Vanchecke. L. (1981). Almost contact structures and curvature
tensors, Kodai Math. J., 4(1): 1-27.



32

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

Journal of Progressive Science

Kobayashi, S. and Nomizu, K. (1963). Foundation of Differential Geometry,
Interscience Publishers, New York, 1.

Kim, Jeong-Sik, Prasad, R. and Tripathi, M. M. (2002). On generalized Ricci
recurrent trans-Sasakain manifolds, J. Korean Math. Soc., 39(6): 553-561.

Motsumoto, K., Mihai, I. and Rosca, R. (1992). A certain locally Conformal
almost cosymplectic manifold and its submanifolds, Tensor (N.S.), 51(1): 91-
102.

Marrero, J. C. (1992). The local structure of trans-Sasakian manifolds, Ann.
Mat. Pure Appl., 162(4): 77-86.

Olszak, Z. (1989). Locally Conformal almost cosymplectic manifolds, Colloq.
Math., 57(1): 73-87.

Oubina, A. (1985). New class of almost contact metric structures, Publ. Math.
Debrecen, 32: 21-38.

Pahan, S. (2020). n-Ricci Soliton 3-dimensional trans-Sasakian manifolds, Cubo
a Mathematical Journal, 22(01): 22-37.

Prakash, N. (1962). A note on Ricci recurrent and recurrent spaces, Bull.
Cal.Math. Soc., 54: 1-7.

Patterson, E. M. (1952). Some theorem on Ricci-recurrent space, J. London.
Math. Soc., 27: 287-295.

Prasad, R. and Srivastava, V. (2013) Some results on trans-Sasakian manifolds,
Math. Vesnik, 65: 346-352.

Prasad B. (2000) On semi-generalized recurrent manifold, Mathematica Balkan-
ica new series, 14: 1-4.

Prasad, B. and Yadav, R. P. S. (2021). On Nearly Ricci recurrent Riemannian
manifolds, Malaya J. Mat., 09(02): 55-63.DOI: 10.26637/mjm0902/007

Prasad, B. and Yadav, R. P. S. (2023). On extended Ricci recurrent Riemannian
manifolds, Bull. Cal. Math. Soc., 115(1): 61-74.

Prasad, B. and Yadav, R. P. S. (2023). On Nearly recurrent manifolds, Malaya
J. Mat., 11(02): 200-209.DOI: 10.26637/mjm1102/008



A study of nearly Ricci recurrent Trans-Sasakian Manifold 33

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Prasad, B. and Yadav, R. P. S. (2024). A study on nearly recurrent generalized
(k, n)-space forms, Filomat, 38(06): 2035-2043. DOI: 10.2298 /F1L.2406035P

Roter, W. (1974). On Conformally symmetric Ricci recurrent spaces, Collo-
quium Mathematicum., 31:, 87-96.

Ruse, H. S. (1946). On simply harmonic space, J. London Math. Soc., 2(1):
243-247.

Shukla, N. V. C. and Jaiswal, Jyoti (2014). A study of some curvature ten-
sor on trans-Sasakain manifold admitting the quarter- symmetric non-metric
connection, IJSR, 3(12): 2639-2644.

Singh, R. K. and Prasad, B. (2020). On an extended recurrent Riemannian
manifold, Ganita, 70(2): 227-237.

Singh, J. P. and Yadav, A. S. (2016). On generalized M —projective ¢p—recurrent
trans-Saskain manifold, Facta Uni. Ser. Math. Inform., 31(5):, 1051-1060.

Singh, A. (2018). on {—Conformally flat-trans-Sasakain manifolds admitting
semi-symmetric non-metric connection, Turkish J. of computer and Mathemat-
ics education, 9(01): 191-197.

Yadav, R. P. S. and Prasad, B. ( 2023). On nearly pseudo-Wg-recurrent and
Ricci recurrent generalized Sasakian space forms, Journal of Progressive Sci-
ence, 13(1&2): 28-37 .

Yadav, R. P. S. and Prasad, B. ( 2023). Quarter symmetric non-metric con-
nection on a (k,pu)-contact metric manifold, South East Asian J. of Math-
ematics and Mathematical Sciences, 19(2):, 359-378. DOI: 10.56827/SEA-
JMMS.2023.1902.27

Yadav, R. P. S. and Prasad, B. ( 2024). On super hyper-generalized recurrent
manifolds, Jnanabha, 54(02): 177-185. DOI: 10.58250/jnanabha.2024.54217

Yadav, R. P. S., Prasad, B. and Pathak, V. N. ( 2025). On an extended Ricci
recurrent trans-Sasakian manifold, Bull. of Cal. Math. Soc., 117(5): 547-559.

Yamaguchi, S. and Matsumoto, M. (1968). On Ricci recurrent spaces, Tensor,
N.S., 19:64-68.

Received: 30.09.2025, Revised: 06.05.2026, Accepted: 28.06.2026



