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Abstract: The object of the present paper is to study a semisymmetric metric connection on an almost contact
B−metric manifold. We deduce a relation between the Levi–Civita connection and the semisymmetric metric connection
on the considered manifold. We determined the class of the torsion tensor corresponding to the semisymmetric connection.
We study Ricci-like solitons on almost contact B−metric manifolds with the semisymmetric connection. Finally, we give
some examples to considered manifolds with the semisymmetric connection.
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1. Introduction
In this paper we undertake a study of semisymmetric metric connection on an almost contact B−metric
manifold. Firstly, the concept of semisymmetric connection in a Riemannian manifold was introduced by Yano
in [17]. Later, in [14] a semisymmetric metric connection in an almost contact manifold was defined and the
properties of curvature tensors was studied in [11]. Some properties of semisymmetric connections have been
examined on manifolds equipped with special structures [2, 4, 13, 17]. Kenmotsu manifolds with this connection
were investigated in [1, 12]. In [16] the existence of a new connection on a Riemannian manifold is proved. In
particular case, this connection corresponds to a semisymmetric metric connection.

The decomposition of the space of torsion tensors on almost contact B−metric manifolds is studied in
[6]. The class of these manifolds equipped with the semisymmetric connection is described. If the manifold is
Sasaki-like, then we attain some identities and theorems.

The concept of Ricci solitons was firstly described in Riemannian geometry. But, recently, Ricci solitons
and η−Ricci solitons have been studied ([7, 12, 15]). Motivated by the study in [7] we investigate Ricci-like
solitons on almost contact B−metric manifolds endowed with the semisymmetric metric connection.

The organization of the present paper is as follows: In Section 2 we give some necessary facts about Sasaki-
like and almost contact B−metric manifolds. In Section 3 we determine the class of torsion tensor with respect
to the connection and achieve a relation among curvature quantities of the semisymmetric metric connection
and Levi–Civita connection. We prove that Sasaki-like manifold admitting a Ricci-like soliton also admits a
Ricci-like soliton with respect to the considered connection. Finally, we find some geometric characteristics of
examples of 3-dimensional B−metric manifolds equipped with the considered connection.
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2. Almost contact B−metric manifolds
Let M be a (2n + 1)−dimensional C∞−manifold and suppose that there exists in M a vector-valued linear
function φ , a vector field ξ and a 1− form η such that

η(ξ) = 1, φ2x = −x+ η(x)ξ, (2.1)

for any vector field x . Then (M,φ, ξ, η) is called an almost contact manifold.
By virtue of the relation (2.1) , the following relations hold

φξ = 0, η ◦ φ = 0. (2.2)

In addition, if there exists a pseudo-Riemannian metric g of signature (n+ 1, n) satisfying

g(φx, φy) = −g(x, y) + η(x)η(y), (2.3)

then (M,φ, ξ, η, g) is said to be an almost contact B−metric manifold.
By using the contact 1− form η on M , we determine the 2n−dimensional contact distribution H =

Ker η , known as horizontal distribution. The sections of H are called the horizontal vector fields. Throughout
this article we shall use X,Y, Z to denote elements of the smooth horizontal vector fields on M . x, y, z stand
for arbitrary smooth vector fields on M .

The following equations are some consequences of (2.1), (2.2), (2.3)

g(x, φy) = g(φx, y), g(ξ, ξ) = 1, η(∇g
xξ) = 0 (2.4)

where ∇g is the Levi–Civita connection of g . The associated metric g̃ of g is given by

g̃(x, y) = g(x, φy) + η(x)η(y).

A classification of almost contact B−metric manifolds is made in [6] by using the tensor field F of type
(0, 3) determined by

F (x, y, z) = g((∇g
xφ)y, z).

Moreover, F satisfies the following identities:

F (x, y, z) = F (x, z, y) = F (x, φy, φz) + η(y)F (x, ξ, z) + η(z)F (x, y, ξ)
F (x, φy, ξ) = (∇g

xη)y = g(∇g
xξ, y)

(2.5)

See for more details [3, 8, 9].

2.1. Sasaki-like almost contact B−metric manifolds
Sasaki-like almost contact B−metric manifolds are determined by the conditions

F (X,Y, Z) = F (ξ, Y, Z) = F (ξ, ξ, Z) = 0,
F (X,Y, ξ) = −g(X,Y ).

(2.6)

The covariant derivative ∇gφ satisfies the equality

(∇g
xφ)y = −g(x, y)ξ − η(y)x+ 2η(x)η(y)ξ = g(φx, φy)ξ + η(y)φ2x. (2.7)
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Hence, the following relations given in [5] hold:

∇g
xξ = −φx, R(x, y)ξ = η(y)x− η(x)y,

∇g
ξX = −φX − [X, ξ], R(ξ, y)ξ = φ2y,

(∇g
xη)y = −g(x, φy), Ric(x, ξ) = 2n,

∇g
ξξ = 0, Ric(ξ, ξ) = 2n,

divξ = 0.

(2.8)

where R and Ric stand for the curvature and the Ricci tensor, respectively.

3. A semisymmetric metric connection on almost contact B−metric manifolds
In this section we deal with a semisymmetric metric connection on an almost contact B−metric manifold. Let
(M,φ, ξ, η, g) be an almost contact B−metric manifold with the Levi–Civita connection ∇g and we define a

semisymmetric connection ∇̃ on M by

∇̃xy = ∇g
xy + g(x, y)ξ − η(y)x. (3.1)

By using above equation the torsion tensor T of M with respect to the connection ∇̃ is given by

T (x, y) = ∇̃xy − ∇̃yx− [x, y] = η(x)y − η(y)x. (3.2)

Further, the semisymmetric connection ∇̃ satisfying the condition

(∇̃xg)(y, z) = 0 (3.3)

for all x, y, z ∈ χ(M) is said to be a semisymmetric metric connection, otherwise it is called a semisymmetric
nonmetric connection.

Now we shall show the existence of the semisymmetric metric connection ∇̃ on an almost contact
B−metric manifold (M,φ, ξ, η, g) .

Theorem 3.1 There exists a unique linear connection ∇̃ satisfying (3.2) and (3.3) on an almost contact
B−metric manifold (M,φ, ξ, η, g) .

Proof Suppose that ∇̃ is a linear connection on M given by

∇̃xy = ∇g
xy +H(x, y), (3.4)

where H denotes a tensor field of type (1, 2) . Now, we shall specify the tensor field H such that ∇̃ satisfies
the conditions (3.2) and (3.3). By the definition of torsion tensor, the equation (3.4) leads to

T (x, y) = H(x, y)−H(y, x) (3.5)

for all x, y ∈ χ(M) . We have

g(T (x, y), z) = g(H(x, y), z)− g(H(y, x), z) (3.6)
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The equation (3.3) leads to

(∇̃xg)(y, z) = 0 = xg(y, z)− g(∇̃xy, z)− g(∇̃xz, y) = g(H(x, y), z) + g(H(x, z), y). (3.7)

Then, we get
g(H(x, y), z) = −g(H(x, z), y). (3.8)

From (3.6) and (3.8), we have

g(T (x, y), z) + g(T (z, x), y) + g(T (z, y), x)
= g(H(x, y), z)− g(H(y, x), z) + g(H(z, x), y)
−g(H(x, z), y) + g(H(z, y), x)− g(H(y, z), x)

= 2g(H(x, y), z).

(3.9)

By using Equations (3.2) and (3.9) we obtain

2g(H(x, y), z) = g(T (x, y), z) + g(T (z, x), y) + g(T (z, y), x)
= g(η(x)y − η(y)x, z) + g(η(z)x− η(x)z, y) + g(η(z)y − η(y)z, x)
= g(η(x)y − η(y)x, z) + 2η(z)g(x, y)− η(x)g(z, y)− η(y)g(z, x)
= g(η(x)y − η(y)x, z) + 2g(z, ξ)g(x, y)− η(x)g(z, y)− η(y)g(z, x)
= 2g(g(x, y)ξ − η(y)x, z)

.

(3.10)

In consequence of (3.10), we get
H(x, y) = g(x, y)ξ − η(y)x. (3.11)

In view of (3.10), we can get Equation (3.1). 2

Let us consider the torsion tensor T of a semisymmetric metric connection ∇̃ on M. Then, the corre-
sponding tensor of type (0, 3) is determined by

T (x, y, z) = g(T (x, y), z) = η(x)g(y, z)− η(y)g(x, z). (3.12)

Especially, we have
T (φx, φy, z) = 0, and T (x, y, ξ) = 0. (3.13)

Proposition 3.2 The torsion tensor T of a semisymmetric metric connection on M belongs to the class T9.

Proof Consider the vector space of all tensors of type (0, 3) over Tp(M) in the following way:

T = {T (x, y, z) ∈ R | T (x, y, z) = −T (y, x, z), x, y, z ∈ TpM}. (3.14)

By using the operator p1 : T → T by

p1(T )(x, y, z) = −T (φ2x, φ2y, φ2z) = −g(T (φ2x, φ2y), φ2z),

the orthogonal decomposition of T by the image and the kernel of p1 is obtained as follows:

W1 = im(p1) = {T ∈ T | p1(T ) = T} and W⊥
1 = ker(p1) = {T ∈ T | p1(T ) = 0}.
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Since p1(T ) = 0 by (3.13), we have T ∈ ker(p1) = W⊥
1 . Let us define the operator p2 : W⊥

1 → W⊥
1 by

p2(T )(x, y, z) = η(z)T (φ2x, φ2y, ξ) = η(z)g(T (φ2x, φ2y), ξ).

Since the operator has the property p2 ◦ p2 = p2 , the decomposition of W⊥
1 is given by

W2 = im(p2) = {T ∈ W⊥
1 | p2(T ) = T} and W⊥

2 = ker(p2) = {T ∈ W⊥
1 | p2(T ) = 0}.

Again from (3.13) we obtain p2(T ) = 0 , namely, T ∈ ker(p2) = W⊥
2 . Let us define the operator p3 : W⊥

2 → W⊥
2

by
p3(T )(x, y, z) = η(x)T (ξ, φ2y, φ2z) + η(y)T (φ2x, ξ, φ2z).

By making use of (2.3), (3.2) and (3.12), the above equality turns into

p3(T )(x, y, z) = η(x)T (ξ, φ2y, φ2z) + η(y)T (φ2x, ξ, φ2z)
= η(x)g(T (ξ, φ2y), φ2z) + η(y)g(T (φ2x, ξ), φ2z)
= η(x)g(φ2y, φ2z)− η(y)g(φ2x, φ2z)
= −η(x)g(φy, φz) + η(y)g(φx, φz)
= −η(x)(−g(y, z) + η(y)η(z)) + η(y)(−g(x, z) + η(x)η(z))
= η(x)g(y, z)− η(y)g(x, z)
= g(T (x, y), z) = T (x, y, z).

(3.15)

Hence, p3(T ) = T , i.e. T ∈ im(p3) = W3. The operators

L3,0(T )(x, y, z) = η(x)T (ξ, φy, φz)− η(y)T (ξ, φx, φz)
L3,1(T )(x, y, z) = η(x)T (ξ, φ2z, φ2y)− η(y)T (ξ, φ2z, φ2x)

(3.16)

are involutive isometries on W3 . By virtue of (3.12) we obtain L3,0(T ) = −T , that is, T ∈ W−
3 and

L3,1(T ) = T , that is, T ∈ W3,1 where

W−
3 = {T ∈ W3 | L3,0(T ) = −T} and W3,1 = {T ∈ W−

3 | L3,1(T ) = T}.

t(x) = gijT (x, ei, ej) and t∗(x) = gijT (x, ei, φej) are torsion forms of T with respect to the basis {ξ, e1, . . . , e2n} .
By the direct calculation we get t ̸= 0 , t∗ = 0. Therefore, T ∈ W3,1,1 = T9 , where

W3,1,1 = {T ∈ W3,1 | t ̸= 0, t∗ = 0}.

2

Lemma 3.3 The relations between the curvature quantities of the semisymmetric metric connection ∇̃ and
Levi–Civita connection ∇g are given by the following formulas:

1. Curvature transformation:

R̃(x, y)z = R(x, y)z + g(y, z)∇g
xξ − g(x, z)∇g

yξ + [g(∇g
yξ, z) + g(φy, φz)]x

−[g(∇g
xξ, z) + g(φx, φz)]y + g(T (x, y), z)ξ.

(3.17)

2. Ricci curvature:

R̃ic(x, y) = Ric(x, y) + [div(ξ) + (1− 2n)]g(x, y) + (2n− 1)[η(x)η(y) + g(∇g
xξ, y)]. (3.18)
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3. Scalar curvature:
s̃ = sg + 4ndiv(ξ) + 2n(1− 2n). (3.19)

Proof

1. The curvature tensor R̃ of type (1, 3) is defined by

R̃(x, y)z = ∇̃x∇̃yz − ∇̃y∇̃xz − ∇̃[x,y]z. (3.20)

where x, y, z ∈ χ(M). Using (2.3), (3.1), (3.2), (3.3) in (3.20) we obtain the relation (3.17) by a routine
computation.

2. The Ricci curvature tensor R̃ic with respect to ∇̃ is defined by

R̃ic(x, y) =

2n∑
i=0

εig(R̃(ei, x)y, ei). (3.21)

with regard to the basis {ξ, e1, . . . , e2n} . The divergence of the vector field ξ is given by

divξ =

2n∑
i=0

εig(∇g
eiξ, ei). (3.22)

By making use of (2.3), (3.1), (3.2), (3.3), (3.17) in (3.21) we get (3.18).

3. The scalar curvature tensor s̃ with respect to ∇̃ is defined by

s̃ =

2n∑
i=0

R̃ic(ei, ei).

By the way of the relations (2.3), (3.1), (3.2), (3.3), (3.18), (3.22) it can be easily computed the identity
(3.19).

2

Note that we have the following relations with respect to the basis {ξ, e1, . . . , e2n} for (M,φ, ξ, η, g) as a
consequence of the Lemma (3.3):

(∇̃xη)y = (∇g
xη)y + g(φx, φy) (3.23)

(∇̃xφ)y = (∇g
xφ)y + g(x, φy)ξ + η(y)φx (3.24)

∇̃ξy = ∇g
ξy (3.25)

∇̃xξ = ∇g
xξ + φ2x (3.26)

R̃(x, y)ξ = R(x, y)ξ + η(y)∇g
xξ − η(x)∇g

yξ + η(∇g
yξ)x (3.27)

R̃ic(ξ, ξ) = Ric(ξ, ξ) + div(ξ) + η(∇g
ξξ) (3.28)
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Theorem 3.4 In a Sasaki-like almost contact B−metric manifold with a semisymmetric metric connection we
have the following identities:

1. (∇̃xη)y = g(φx− x, φy)

2. (∇̃xφ)y = g(x+ φx, φy)ξ + η(y)φ(x+ φx)

3. ∇̃xξ = −φx+ φ2x

4. ∇̃ξx = ∇g
ξx = −φx+ [ξ, x]

5. R̃ic(ξ, ξ) = 2n

6. s̃ = s+ 2n(1− 2n)

7. R̃ic(x, y) = Ric(x, y) + (2n− 1)(−g(φx, y) + η(x)η(y)) + (1− 2n)g(x, y)

Proof

1. Using the relations (2.8) and (3.23) it follows that

(∇̃xη)y = (∇g
xη)y + g(φx, φy)

= −g(x, φy) + g(φx, φy)
= g(φx− x, φy)

2. The equations (2.7) and (3.24) imply that

(∇̃xφ)y = (∇g
xφ)y + g(x, φy)ξ + η(y)φx

= g(φx, φy)ξ + η(y)φ2x+ g(x, φy)ξ + η(y)φx
= g(φx+ x, φy)ξ + η(y)φ(φx+ x)

3. It comes directly from Equation (2.8).

4. It can be easily verified by using the identities (2.8) and (3.1).

5. For any Sasaki-like almost contact B−metric manifold we know that div ξ = 0 and (∇g
ξξ) = 0 . Hence,

from (3.28) and (2.8) the given identity is verified.

6. Since div ξ = 0 , Equation (3.19) yields the desired identity.

7. It is obtained by using (3.18) and (2.8).

2

The manifold (M,φ, ξ, η, g) is said to be Einstein-like if its Ricci tensor Ric satisfies the following
condition:

Ric = λg + µg̃ + νη ⊗ η (3.29)

where λ, µ, ν are constants.
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Theorem 3.5 If (M,φ, ξ, η, g) is a Einstein-like Sasaki-like almost contact B−metric manifold, then it is a

Einstein-like almost contact B−metric manifold with respect to the semisymmetric metric connection ∇̃ .

Proof Since (M,φ, ξ, η, g) is a Einstein-like, its Ricci tensor satisfies (3.29). Hence, there exist the constants
(λ, µ, ν) such that

Ric(x, y) = λg(x, y) + µg̃(x, y) + νη(x)η(y). (3.30)

Using the Theorem (3.4)(7) and (3.30) we derive that

R̃ic(x, y) = Ric(x, y) + (2n− 1)(−g(φx, y) + η(x)η(y)) + (1− 2n)g(x, y)
= λg(x, y) + µg̃(x, y) + νη(x)η(y) + (2n− 1)(−g(φx, y) + η(x)η(y)) + (1− 2n)g(x, y)
= (λ+ 1− 2n)g(x, y) + (µ− 2n+ 1)g̃(x, y) + (ν + 4n− 2)η(x)η(y).

Therefore, M is a Einstein-like with respect to ∇̃ with the constants (λ+ 1− 2n, µ− 2n+ 1, ν + 4n− 2) . 2

The manifold M is said to be an almost contact B−metric manifold with a torse-forming Reeb vector
field ξ provided that ∇g

xξ = fx + α(x)ξ , where f is a smooth function and α is a one-form on M . If ξ is a
torse-forming vector field on M , then the 1− from α must be −fη because of η(∇g

xξ) = 0 . Hence, we derive
the following equivalent identities:

∇g
xξ = −fφ2x and (∇g

x)y = −fg(φx, φy). (3.31)

Taking into account the relations (3.31) we state the following:

Proposition 3.6 If the Reeb vector field ξ of (M,φ, ξ, η, g) is a torse-forming with respect to the Levi–Civita

connection ∇g , then it is a torse-forming with respect to the semisymmetric connection ∇̃ .

(M,φ, ξ, η, g) is a Ricci-like soliton if its Ricci tensor Ric satisfies the following condition with the
constants (λ, µ, ν) :

1

2
Lξg +Ric+ λg + µg̃ + νη ⊗ η = 0, (3.32)

where Lξg is a Lie derivative defined by

(Lξg)(x, y) = g(∇g
xξ, y) + g(x,∇g

yξ).

A generalization of the Ricci soliton and the η−Ricci soliton was introduced in [7].

Theorem 3.7 If a Sasaki-like almost contact B−metric manifold M admits a Ricci-like soliton with constants
(λ, µ, ν) , then M admits a Ricci-like soliton with the constants (λ+ 2n, µ+ 2n− 1, ν − 4n+ 1) with respect to

the semisymmetric connection ∇̃ .

Proof The manifold M satisfies Equation (3.32). Taking into account Theorem (3.4) and the equalities of

∇g
xξ and ∇̃xξ by (2.8), (3.26) the main assertion

1

2
L̃ξg + R̃ic+ (λ+ 2n)g + (µ+ 2n− 1)g̃ + (ν − 4n+ 1)η ⊗ η = 0 (3.33)

is valid. 2
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4. Examples
4.1. Example

Let us consider a 3−dimensional manifold M = {(x, y, z) ∈ R3|z ̸= 0} where (x, y, z) are standard coordinates
in R3. A linearly independent global frame field on M is {ξ = e0, e1, e2} defined by

e0 =
∂

∂z
, e1 = ez

∂

∂y
, e2 = ez(

∂

∂y
− ∂

∂x
). (4.1)

Let g be a semi-Riemannian metric defined by g(e0, e0) = g(e1, e1) = −g(e2, e2) = 1. Define the 1− form η

by η(x) = g(x, e0) for any vector field x ∈ χ(M). Let φ be the (1, 1)−tensor field defined by φ(e0) = 0,

φ(e1) = e2 , φ(e2) = −e1. The linearity property of φ and g yields

η(e0) = 1,
φ2x = −x+ η(x)e0,
g(φx, φy) = −g(x, y) + η(x)η(y),

(4.2)

for any vector fields x, y. Hence, (φ, ξ, η, g) is an almost contact B−metric structure on M . But, the considered
manifold is not Sasaki-like.

Now we have
[e1, e2] = 0, [e0, e1] = e1, [e0, e2] = e2. (4.3)

By using Koszul’s formula we obtain the following nonzero components of the Levi–Civita connection ∇g .

∇g
e1e1 = e0, ∇g

e1e0 = −e1, ∇g
e2e2 = −e0, ∇g

e2e0 = −e2. (4.4)

The nonzero components of the semisymmetric connection ∇̃ are calculated by

∇̃e1e1 = 2e0, ∇̃e1e0 = −2e1, ∇̃e2e2 = −2e0, ∇̃e2e0 = −2e2. (4.5)

With the help of above results the nonzero components of curvature tensors R and R̃ can be easily obtained
by

R(e1, e2)e1 = e2, R(e2, e0)e2 = −e3, R(e1, e0)e1 = e0,
R(e1, e2)e2 = e1, R(e2, e0)e0 = −e2, R(e1, e0)e0 = −e1,

(4.6)

R̃(e1, e2)e1 = 4e2, R̃(e2, e0)e2 = −2e3, R̃(e1, e0)e1 = 2e0,

R̃(e1, e2)e2 = 4e1, R̃(e2, e0)e0 = −2e2, R̃(e1, e0)e0 = −2e1.
(4.7)

All components of Ricci curvatures Ric and R̃ic with respect to ∇ and ∇̃ , respectively are zero. Therefore,
the scalar curvatures Scal and S̃cal are zero.

4.2. Example

Let us consider the real connected 3−dimensional Lie group L with a global basis {ξ = e0, e1, e2} of the left
invariant vector fields on L such that the commutators of its associated Lie algebra are defined as follows:

[ξ, e1] = e2, [ξ, e2] = −e1. (4.8)
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Hence, L is endowed with an almost contact B−metric structure by

g(e0, e0) = g(e1, e1) = −g(e2, e2) = 1, g(ei, ej) = 0 for i ̸= j,
φ(e1) = e2, φ(e2) = −e1.

(4.9)

This example is given in [10]. The nonzero components of the Levi–Civita connection ∇ and the semisymmetric

connection ∇̃ are respectively calculated by

∇e1e0 = −e2, ∇e2e0 = e1, ∇e1e2 = ∇e2e1 = −e0, (4.10)

∇̃e1e0 = −e1 − e2, ∇̃e2e0 = e1 − e2, ∇̃e1e2 = ∇̃e2e1 = −e0,

∇̃e1e1 = e0, ∇̃e2e2 = −e0.
(4.11)

It can be easily proved that the constructed manifold L is a Sasaki-like. Taking into account (4.8), (4.9), (4.10)

and (4.11), we compute the nonzero components of curvature tensors R and R̃ with regard to ∇ and ∇̃ as
follows:

R010 = −e1, R020 = −e2, R011 = e0, R121 = e2,
R022 = −e0, R122 = e1,

(4.12)

R̃010 = −e1 + e2, R̃020 = −e1 − e2, R̃011 = e0, R̃121 = 2e2,

R̃021 = e0, R̃012 = e0, R̃022 = −e0, R̃122 = 2e1.
(4.13)

The nonzero components of Ricci tensors Ric and R̃ic are determined by the following equalities:

Ric00 = 2,

R̃ic00 = 2, R̃ic11 = −1, R̃ic22 = 1,

R̃ic12 = 1 = R̃ic21

(4.14)

Scalar curvatures Scal and S̃cal are given by Scal = 2 and S̃cal = 0. Since we have the condition Ric = 2η⊗η ,
L is Einstein-like with constants (0, 0, 2) . The Ricci tensor R̃ic corresponding to the semisymmetric metric

connection ∇̃ satisfies the relation
R̃ic = −g − g̃ + 4η ⊗ η.

Hence, L is an Einstein-like with regard to the semisymmetric metric connection ∇̃ with constants (−1,−1, 4) .
Moreover, L is a Ricci-like soliton with potential vector field ξ since Ric has the following relation

1

2
(Lξg)(x, y) +Ric(x, y) + g̃ − 3η(x)η(y) = 0,

where Lξg is the Lie derivative of g along ξ. It can be easily proved that ξ is not a torse-forming vector field.

Let us consider the Lie derivative of g along ξ corresponding to the connection ∇̃ defined by

L̃ξg(x, y) = g(∇̃xξ, y) + g(x, ∇̃yξ).

The following equality is valid:
1

2
L̃ξg + R̃ic+ 2g + 2g̃ − 6η ⊗ η = 0.

Therefore, L admits a Ricci-like soliton with the potential ξ with respect to the connection ∇̃ by constants
(2, 2,−6) . It can be easily checked that Theorem (3.7) is confirmed.
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