
Available online at http://scik.org

J. Math. Comput. Sci. 11 (2021), No. 5, 6242-6255

https://doi.org/10.28919/jmcs/6253

ISSN: 1927-5307

η-RICCI YAMABE SOLITON ON LP-SASAKIAN MANIFOLDS

G.S. SHIVAPRASANNA1,∗, MD. SAMIUL HAQUE2, SAVITHRI SHASHIDHAR3, G. SOMASHEKHARA4

1Department of Mathematics, Dr. Ambedkar Institute of Technology, Bengaluru-560056, India

2Department of Mathematics, Acharya Institute of Technology, Bengaluru-560107, India.

3Department of Mathematics, R.V. College of Engineering, Bengaluru-560059, India

4Department of Mathematics, M.S. Ramaiah University of Applied Science, Bengaluru-560058, India

Copyright © 2021 the author(s). This is an open access article distributed under the Creative Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract. The objective of the present paper is to carry out η-Ricci Yamabe soliton on LP-Sasakian manifolds

satisfying certain curvature conditions R(ζ ,U1) ·S = 0 and S(ζ ,U1) ·R = 0. The above mentioned team has study

gradient η-Ricci Yamabe soliton and cyclic Ricci tensor on LP-Sasakian manifolds admit with η-Ricci Yamabe

solitons. Further we have study the conditions for the η-Ricci Yamabe solitons to be shrinking, expanding or

steady.
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1. INTRODUCTION

In 1989, K.Matsumato [13] introduced the notion of LP-Sasakian manifold and it has been

studied by U.C.De and et.al.,[7], A.A.Shaikh [16], Y.B.Maralabhaviand et.al., [20].

In 1988, Hamilton [10] initiated the notion of Ricci flow and Yamabe flow concurrently. The

solution to the Ricci flow and Yamabe flow are known as Ricci soliton and Yamabe soliton

respectively. Currently, Güler and Crasmareanu [8] initiated the study of a new geometric flow
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which is a scalar combination of Ricci flow and Yamabe flow under the name Ricci Yamabe

map. This is also known as Ricci Yamabe flow of the type (p,q). The Ricci Yamabe flow is an

evolution for the metrics on the Riemannian or semi-Riemannian manifolds defined by [8]

(1.1)
∂

∂ t
g(t) =−2pRic(t)+qR(t)g(t), g0 = g(0).

A soliton to the Ricci Yamabe flow is known as Ricci Yamabe soliton if it moves only by

one parameter group of diffeomorphism and scaling. In 2020, Shivaprasanna G.S. and et.al.,

studied Ricci-Yamabe solitons on submanifolds[15]. To be precise a Ricci Yamabe soliton on

Riemannian manifold (M,g) is a data (g,V,λ , p,q) satisfying

(1.2) (LV g)(U1,U2)+2pS(U1,U2)+(2λ −qr)g(U1,U2) = 0,

where r, S and LV is the scalar curvature, the Ricci tensor and the Lie-derivative along the

vector field on M respectively and λ is a constant. Moreover the Ricci Yamabe soliton is said

to be expanding, shrinking or steady accordingly as λ is negative, positive or zero respectively.

Equation (1.2) is known as Ricci Yamabe soliton of (p,q)-type, which is a generalisation of

Ricci and Yamabe soliton. The Ricci Yamabe soliton is p-Ricci soliton if q = 0 and q-Yamabe

soliton if p = 0.

An extension of Ricci soliton is the notion of η-Ricci soliton explained by J. T. Cho and

M. Kimura [5],[18] in 2009. The concept of η-Ricci Yamabe soliton of type (p,q) defined by

Mohd. Danish Siddiqi and Mehmet Akif Akyol [14]

(1.3) (LV g)(U1,U2)+2pS(U1,U2)+(2λ −qr)g(U1,U2)+2µη(U1)η(U2) = 0.

The η-Ricci Yamabe soliton of type (p,0) or (1,0)-type are p−η-Ricci soliton or η-Ricci soli-

ton and (0,q) or (0,1)-type are q−η-Yamabe soliton or η-Yamabe soliton for these particular

cases refer [1, 2, 3, 4, 6, 9, 17].

In this paper we study η-Ricci Yamabe soliton in LP-Sasakian manifold.

2. PRELIMINARIES

An odd-dimensional, differentiable manifold (M) is known as LP-Sasakian manifold [7, 13]

, if it admits a (1,1)-tensor fieldφ , a contravariant vector field ζ , a 1-form η and Lorentzian
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metric g which satisfy

η(ζ ) = −1, g(U1,ζ ) = η(U1), ∇U1ζ = φU1,(2.1)

φ
2U1 = U1 +η(U1)ζ ,(2.2)

g(φU1,φU2) = g(U1,U2)+η(U1)η(U2),(2.3)

(∇U1φ)(U2) = g(U1,U2)ζ +η(U2)U1 +2η(U1)η(U2)ζ ,(2.4)

where ∇ denotes the covariant differentiation with respect to Lorentzian metric g.

In an LP-Sasakian manifold the following relations holds good:

φζ = 0, ηφ = 0, η(φU1) = 0,(2.5)

g(φU1,U2) = g(U1,φU2),(2.6)

Φ(U1,U2) = g(U1,φU2).(2.7)

For all vector fields U1 and U2, the tensor field Φ(U1,U2) is symmetric (0, 2)-tensor field. Since

the 1-form η is closed in an LP-Sasakian manifold, we have [12, 13]

(2.8) (∇U1η)(U2) = Φ(U1,U2), Φ(U1,ζ ) = 0,

for all vector fields U1 and U2. An LP-Sasakian manifold M is known as η-Einstein if its Ricci

tensor S is of the form

(2.9) S(U1,U2) = l1g(U1,U2)+ l2η(U1)η(U2),

where l1 and l2 are functions on M.

Also the following relations hold in an LP-Sasakian manifold

R(U1,U2)U3 = g(U2,U3)U1−g(U1,U3)U2,(2.10)

R(ζ ,U1)U2 = g(U1,U2)ζ −η(U2)U1,(2.11)

S(U1,ζ ) = (n−1)η(U1),(2.12)

S(φU1,φU2) = S(U1,U2)+(n−1)η(U1)η(U2),(2.13)

for any vector field U1,U2 and U3.
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In view of (1.3),(2.1), (2.6) and (2.7), we yield

S(U1,U2) =−
(

1
p

)
g(φU1,U2)−

(
2λ−qr

2p

)
g(U1,U2)(2.14)

−
(

µ

p

)
η(U1)η(U2),(2.15)

QU1 =−
(

1
p

)
φU1−

(
2λ−qr

2p

)
U1−

(
µ

p

)
η(U1)ζ ,(2.16)

S(U1,ζ ) =
(

qr−2λ−2µ

2p

)
η(U1).(2.17)

Collating (2.12) and (2.17), we obtain

(2.18)
qr−2λ

2p
− µ

p
= n−1.

3. GRADIENT η -RICCI YAMABE SOLITON ON LP-SASAKIAN MANIFOLD

Definition 3.1. A Riemannian metric g on M is known as gradient η-Ricci Yamabe soliton if

[11]

(3.1) ∇∇ f +S+λg = 0.

Let M be a LP-Sasakian manifold with g as a gradient η-Ricci Yamabe soliton. Then from

equation (3.1), we have

(3.2) ∇U1D f +QU1 +λU1 = 0,

for any U1 ∈ T M, where D stands for the gradient operator with respect to g. From (3.2) it

follows that

(3.3) R(U1,U2)D f = (∇U2Q)U1− (∇U1Q)U2.

From (2.10), we yield

(3.4) g(R(ζ ,U1)D f ,ζ ) = η(U2)(ζ f )−U1 f .

Using (2.16), we obtain

(∇U1Q)U2 = −
(

1
p

)
[g(U1,U2)ζ +2η(U1)η(U2)ζ +φ∇U1U2]

+

(
q

2p

)
(U1r)−

(
µ

p

)
[(φU1)ζ +η(U2)φU1].(3.5)
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Interchanging U1 and U2, we write

(∇U2Q)U1 = −
(

1
p

)
[g(U1,U2)ζ +2η(U1)η(U2)ζ +φ∇U2U1]

+

(
q

2p

)
(U2r)−

(
µ

p

)
[(φU2)ζ +η(U1)φU2].(3.6)

In view of (3.5) and (3.6), we find that

(∇U2Q)U1− (∇U1Q)U2 =−
(

1
p

)
[φ∇U2U1−φ∇U1U2]+

(
q

2p

)
[(U2r)− (U1r)]

−
(

µ

p

)
[(φU2)ζ +η(U1)φU2− (φU1)ζ −η(U2)φU1].(3.7)

Substituting U1 = ζ in the above equation, we get

(∇U2Q)ζ − (∇ζ Q)U2 = −
(

1
p

)
[φ∇U2ζ −φ∇ζU2]+

(
q

2p

)
[(U2r)− (ζ r)]

−
(

µ

p

)
[(φU2)ζ −φU2].(3.8)

Taking inner product with ζ , one has

(3.9) g((∇U2Q)ζ − (∇ζ Q)U2,ζ ) = 0,

for any U2 ∈ T M.

By virtue of (3.4) and (3.9), we find that

(3.10) U1 f = η(U1)(ζ f ),

for any U1 ∈ T M. Therefore D f = (ζ f )ζ .

Applying the covariant derivative with respect to U1 and using (3.2) it follows that

(3.11) S(U1,U2) =−(ζ f )g(φU1,U2)−λg(U1,U2)−U1(ζ f )η(U2),

for any U1,U2 ∈ T M.

Theorem 3.1. A gradient η-Ricci Yamabe soliton with potential vector field of gradient type,

V = D f satisfying Lζ f = 0 on a LP-Sasakian manifold is S(U1,U2) = −(ζ f )g(φU1,U2)−

λg(U1,U2)−U1(ζ f )η(U2).
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Corollary 3.1. If (3.2) defines a gradient η-Ricci Yamabe soliton on the LP-Sasakian manifold

with Lζ f = 0, then M has constant scalar curvature and g is an η-Ricci soliton defined for any

killing vector field V , which can be either expanding or shrinking accordingly as ζ is timelike

or spacelike.

In view of (1.3) and (2.12), we get

(3.12) (LV g)(U1,U2) = [−2p(n−1)−2λ +qr]g(U1,U2)−2µη(U1)η(U2) = 0.

Applying the covariant derivative with respect to U3, we have

(3.13) (∇U3LV g)(U1,U2) = q(∇U3r)g(U1,U2)−2µ[(∇U3η)U1η(U2)+(η(U1)∇U3η)U2].

We have from [19]

(LV ∇U1g−∇U1LV g−∇[V,U1]g)(U2,U3)

=−g((LV ∇)(U1,U2),U3)−g((LV ∇)(U1,U3),U2),(3.14)

for any U1,U2,U3 ∈ T M. Since g is parallel with respect to the Levi-Civita connection ∇, then

(3.14) implies

(3.15) (∇U1LV g)(U2,U3) = g((LV ∇)(U1,U2),U3)+g((LV ∇)(U1,U3),U2).

As LV ∇ is a symmetric tensor of type (1,2), i.e, (LV ∇)(U1,U2) = (LV ∇)(U2,U1), then it

follows from (3.15) that

g((LV ∇)(U1,U2),U3) = 1
2 [(∇U1LV g)(U2,U3)+(∇U2LV g)(U1,U3)

+(∇U3LV g)(U1,U2)].(3.16)

Using (3.13) in (3.15), one has

2g((LV ∇)(U1,U2),U3) = q(∇U1r)g(U2,U3)−2µ[g(U1,φU2)η(U3)

+g(U1,φU3)η(U2)]+q(∇U2r)g(U1,U3)

−2µ[g(U2,φU1)η(U3)+g(U2,φU3)η(U1)]

+q(∇U3r)g(U1,U2)−2µ[g(U3,φU1)η(U2)

+g(U3,φU2)η(U1)].(3.17)
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Remove U3 from the above equation we yield

2g((LV ∇)(U1,U2)) = q[(∇U1r)U2 +(∇U2r)U1 +(Dr)g(U1,U2)]

−4µ[g(U1,φU2)ζ +φU1η(U2)+φU2η(U1)],(3.18)

where (U1α) = g(Dα,U1), for D the gradient operator with respect to g. Adopting U2 = ζ in

the foregoing equation and using r = constant (hence, (Dr) = 0 and (ζ r) = 0), we yield

(3.19) (LV ∇)(U1,ζ ) = 0.

Adopting the covariant derivative of (3.19) with respect to U2, we write

(3.20) (∇U2LV ∇)(U1,ζ ) =−(LV ∇)(U1,U2).

Again from [19]

(3.21) (LV R)(U1,U2,ζ ) = 0,

for any U1,U2 ∈ T M. Substituting U2 = ζ in (3.12) which follows that

(3.22) (LV g)(U1,ζ ) = [−2p(n−1)−2λ +qr+2µ]η(U1).

Lie-differentiating the equation (2.1) along V and by virtue of (3.22), we have

(3.23) (LV η)(U1)−g(LV ζ ,U1)− [−2p(n−1)−2λ +qr+2µ]η(U1) = 0.

Assuming U1 = ζ in the above equation, we get

(3.24) η(LV ζ ) = 2p(n−1)+2λ −qr−2µ.

Theorem 3.2. If LP-Sasakian manifold with scalar curvature admits η-Ricci Yamabe soliton

with potential vector field V , then LV ζ is g-orthogonal to ζ provided λ = qr
2 − [p(n−1)−µ].

Corollary 3.2. If LP-Sasakian manifold admits η-Ricci Yamabe soliton with potential vector

field V , LV ζ is g-orthogonal to ζ . Then η-Ricci Yamabe soliton is shrinking if qr
2 > [p(n−1)−

µ], expanding if qr
2 < [p(n−1)−µ] or steady if qr

2 = [p(n−1)−µ].
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If q = 0 then we have λ = µ− p(n−1).

Thus we can state the result as

Corollary 3.3. If LP-Sasakian manifold admits η-Ricci Yamabe soliton with potential vector

field V , LV ζ is g-orthogonal to ζ . then p−η-Ricci soliton is shrinking if µ > p(n−1), expand-

ing if µ < p(n−1) or steady if µ = p(n−1).

If p = 0 then we have λ = qr
2 +µ .

Thus we can state the result as

Corollary 3.4. If LP-Sasakian manifold admits η-Ricci Yamabe soliton with potential vector

field V , LV ζ is g-orthogonal to ζ . then q−η-Yamabe soliton is shrinking if qr
2 +µ > 0, expand-

ing if qr
2 +µ < 0 or steady if µ =−qr

2 .

4. AN η -RICCI YAMABE SOLITON ON LP-SASAKIAN MANIFOLD SATISFYING

R(ζ ,U1) ·S = 0

Let M be a LP-Sasakian manifold satisfies the condition R(ζ ,U1) ·S = 0 and we can write it

as

(4.1) S(R(ζ ,U1)U2,V1)+S(U2,R(ζ ,U1)V1) = 0.

By virtue of (2.17) and (4.1), we write(
qr−2λ −2µ

2p

)
[η(U2)g(U1,V1) +η(V1)g(U1,U2)]− [η(U2)S(U1,V1)

+η(V1)S(U1,U2)] = 0.(4.2)

Assume V1 = ζ in (4.2) to have

(4.3) S(U1,U2) =

(
qr−2λ −2µ

2p

)
g(U1,U2).

In view of (2.15), equation (4.3) implies

(4.4) −
(

1
p

)
g(U1,φU2)+

(
µ

p

)
[g(U1,U2)−η(U1)η(U2)] = 0.

Replace U2 by φU2 and using (2.2), we obtain

(4.5)
(

µ

p

)
g(U1,φU2)−

(
1
p

)
[g(U1,U2)−η(U1)η(U2)] = 0.
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On adding (4.4) and (4.5), one has

(4.6)
(

µ

p
− 1

p

)
[g(U1,φU2)−g(U1,U2)]−

(
µ

p
+

1
p

)
η(U1)η(U2) = 0.

Taking U1 = φU1, we obtain

(4.7)
(

µ

p
− 1

p

)
[g(U1,φU2)+g(U1,U2)+η(U1)η(U2)] = 0,

which implies µ = 1 and from (2.18) λ = qr
2 −np.

Theorem 4.3. Let η-Ricci Yamabe soliton on LP-Sasakian manifold (µ,φ ,ζ ,g) satisfying

R(ζ ,U1) ·S = 0, then µ = 1 and λ = qr
2 −np.

In view of (2.15) and (4.4), we yield

S(U1,U2) =

(
qr−2λ

2p
− µ

p

)
g(U1,U2).

Thus we can state the result as

Theorem 4.4. Let η-Ricci Yamabe soliton on LP-Sasakian manifold (µ,φ ,ζ ,g) satisfying

R(ζ ,U1) ·S = 0, then (M,g) is Einstein manifold.

5. η -RICCI YAMABE SOLITON ON LP-SASAKIAN MANIFOLD SATISFYING S(ζ ,U1) ·

R = 0

Let M be a LP-Sasakian manifold satisfies the condition S(ζ ,U1) ·R = 0 and it follows that

S(U1,R(U2,U3)V1)ζ −S(ζ ,R(U2,U3)V1)U1 +S(U1,U2)R(ζ ,U3)V1

−S(ζ ,U2)R(U1,U3)V1 +S(U1,U3)R(U2,ζ )V1−S(ζ ,U3)R(U2,U1)V1

+S(U1,V1)R(U2,U3)ζ −S(ζ ,V1)R(U2,U3)U1 = 0.(5.1)

Taking inner product with ζ , we write

−S(U1,R(U2,U3)V1)−S(ζ ,R(U2,U3)V1)η(U1)+S(U1,U2)η(R(ζ ,U3)V1)

−S(ζ ,U2)η(R(U1,U3)V1)+S(U1,U3)η(R(U2,ζ )V1)−S(ζ ,U3)η(R(U2,U1)V1)

+S(U1,V1)η(R(U2,U3)ζ )−S(ζ ,V1)η(R(U2,U3)U1) = 0.(5.2)
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Assuming V1 = ζ =U3 in (5.2), which implies

−S(U1,R(U2,ζ )ζ )−S(ζ ,R(U2,ζ )ζ )η(U1)+S(U1,U2)η(R(ζ ,ζ )ζ )

−S(ζ ,U2)η(R(U1,ζ )ζ )+S(U1,ζ )η(R(U2,ζ )ζ )−S(ζ ,ζ )η(R(U2,U1)ζ )

+S(U1,ζ )η(R(U2,ζ )ζ )−S(ζ ,ζ )η(R(U2,ζ )U1) = 0.(5.3)

By virtue of (2.10), (2.15) and (5.3), we find that

(5.4) S(U1,U2) =

(
2λ +2µ−qr

2p

)
[g(U1,U2)+2η(U1)η(U2)].

Thus we can state the result as

Theorem 5.5. If η-Ricci Yamabe soliton on LP-Sasakian manifold (µ,φ ,ζ ,g) satisfying

S(ζ ,U1) ·R = 0, then the manifold is η-Einstein.

Contracting (5.4) with (2.9), we obtain

(5.5) λ = pl1 +
qr
2
−µ.

Thus we can state the result as

Theorem 5.6. If LP-Sasakian manifold (µ,φ ,ζ ,g) satisfying S(ζ ,U1) ·R = 0, then the η-Ricci

Yamabe soliton is shrinking, expanding or steady accordingly as

pl1 +
qr
2 > µ , pl1 +

qr
2 < µ or pl1 +

qr
2 = µ .

If q = 0 then from (5.5), one has

λ = pl1−µ.

Corollary 5.5. If LP-Sasakian manifold (µ,φ ,ζ ,g) satisfying S(ζ ,U1) ·R = 0, then the p−η-

Ricci soliton is shrinking, expanding or steady accordingly as pl1 > µ , pl1 < µ or pl1 = µ .

If p = 0 then from (5.5), we yield

λ =
qr
2
−µ.

Corollary 5.6. If LP-Sasakian manifold (µ,φ ,ζ ,g) satisfying S(ζ ,U1) ·R = 0, then the q−η-

Yamabe soliton is shrinking, expanding or steady accordingly as qr
2 > µ , qr

2 < µ or qr
2 = µ .
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6. η -RICCI YAMABE SOLITONS ON LP-SASAKIAN MANIFOLD WITH CYCLIC RICCI

TENSOR

Definition 6.2. The Ricci tensor S is said to be the cyclic Ricci tensor if M satisfies the following

[1]

(6.1) (∇U1S)(U2,U3)+(∇U2S)(U3,U1)+(∇U3S)(U1,U2) = 0,

for any U1,U2,U3 ∈ T M.

Definition 6.3. The Ricci tensor S is said to be the cyclic η-recurrent Ricci tensor if M satisfies

the following [1]

(∇U1S)(U2,U3)+(∇U2S)(U3,U1)+(∇U3S)(U1,U2)

= η(U1)S(U2,U3)+(η(U2)S(U3,U1)+(η(U3)S(U1,U2),(6.2)

for any U1,U2,U3 ∈ T M.

Using (2.15) in (∇U1S)(U2,U3) = ∇U1(S(U2,U3)−S(∇U1U2,U3)−S(U2,∇U1U3), we get

(6.3) (∇U1S)(U2,U3) =−
1
p

g((∇U1φ)U2,U3)−
µ

p
[η(U2)(∇U1η)U3 +η(U3)(∇U1η)U2].

In view of (2.4) and (2.8), (6.3) becomes

(∇U1S)(U2,U3) =−µ

p [η(U2)Φ(U1,U3)+η(U3)Φ(U1,U2)]

− 1
p [η(U2)g(U1,U3)+η(U3)g(U1,U2)]− 2

pη(U1)η(U2)η(U3).(6.4)

Then

(∇U1S)(U2,U3)+(∇U2S)(U3,U1)+(∇U3S)(U1,U2) =

−2[
µ

p
[η(U1)Φ(U2,U3)+η(U2)Φ(U1,U3)+η(U3)Φ(U1,U2)]

+
1
p
[η(U1)g(U2,U3)+η(U2)g(U1,U3)+η(U3)g(U1,U2)]

+
3
p

η(U1)η(U2)η(U3)].(6.5)
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Taking U3 = ζ and in view of (2.1), (2.8) and (6.1), equation (6.5) implies

(6.6)
1
p
[µΦ(U1,U2)+g(φU1,φU2)] = 0.

Use U2 = φU2 in (6.6), one has

(6.7)
1
p
[µg(φU1,φU2)+Φ(U1,U2)] = 0.

On adding (6.6) and (6.7), we obtain(
µ +1

p

)
[g(φU1,φU2)+Φ(U1,U2)] = 0,

for any U1,U2 ∈ T M and follows µ =−1. From the relation (2.18) we have λ = qr
2 +n.

Theorem 6.7. Let (φ ,ζ ,η ,g) be a LP-Sasakian structure on the manifold M admits η-Ricci

Yamabe soliton with cyclic Ricci tensor, then µ =−1 and λ = qr
2 +n.

If q = 0 then we have λ = n.

Thus we can state the result as

Corollary 6.7. If LP-Sasakian manifold admits η-Ricci Yamabe soliton with cyclic Ricci tensor,

then p−η-Ricci soliton is shrinking if n > 0, expanding if n < 0 or steady if n = 0.

By virtue of (2.15), (6.5) and (6.2), we yield

(
1−2µ

p

)
η(U1)Φ(U2,U3)+η(U2)Φ(U1,U3)+η(U3)Φ(U1,U2)]

+

(
2λ −qr−4

2p

)
[η(U1)g(U2,U3)+η(U2)g(U1,U3)+η(U3)g(U1,U2)]

+

(
3µ−6

p

)
η(U1)η(U2)η(U3) = 0.(6.8)

Putting U2 = ζ , U3 = ζ , we obtain

(6.9)
(

2µ−2λ +qr
2p

)
η(U1) = 0,

for any U1 ∈ T M and follows 2µ−2λ +qr = 0. From the relation (2.18) we have λ = qr−p(n−1)
2

and µ =− p(n−1)
2 .
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Theorem 6.8. Let (φ ,ζ ,η ,g) be a LP-Sasakian structure on the manifold M admits η-Ricci

Yamabe soliton with cyclic η-recurrent Ricci tensor, then λ = qr−p(n−1)
2 and µ =− p(n−1)

2 .

If q = 0 then we have λ =− p(n−1)
2 .

Thus we can state the result as

Corollary 6.8. If LP-Sasakian manifold admits η-Ricci Yamabe soliton with cyclic η-recurrent

Ricci tensor, then p−η-Ricci soliton is shrinking if p(n−1)< 0, expanding if p(n−1)> 0 or

steady if p = 0 or n = 1.

If p = 0 then we have λ = qr
2 .

Thus we can state the result as

Corollary 6.9. If LP-Sasakian manifold admits η-Ricci Yamabe soliton with cyclic η-recurrent

Ricci tensor, then q−η-Yamabe soliton is shrinking if qr > 0, expanding if qr < 0 or steady if

q = 0 or r = 0.
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