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Abstract

By using the properties of Lie-derivative operator, covariant derivative operator and

conformal vector field, we prove that in almost Yamabe solitons with hyperbolic Ken-

motsu structrue, if there exists a smooth function f that leaves the contact 1-form η

invariant, then its potential vector fields are Killing vector fields.

Keywords

Hyperbolic Kenmotsu Manifold, Conformal Vector Field, Almost Yamabe Soliton,

Killing Vector Field

Copyright c© 2022 by author(s) and Hans Publishers Inc.

This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. Úó9Ì�(J

� (Mn, g)´ n��iù6/, PX (M)´M þ1w��þ|�8Ü. XJ�3 V ∈X (M)

Ú��~ê λ, ¦�
1

2
LV g = (λ− r)g,

KMn¡��� Yamabe�áf, d� V ¡� Yamabe�áf�³�þ|, λ¡��áf~ê, LV g

L«Ýþ g ÷³�þ| V ��� Lie�ê, r L« Mn �êþÇ. 3 λ > 0(= 0, < 0)�, K¡

Yamabe�áf´Â (½, *Ü)�.

3ØÓÇ^�e, Yamabe�áf®²�NõÆö2�ïÄ( [1], [2], [3], [4]), AO/, Hsu

3 [5] ¥y²
?¿;� Yamabe �áf�êþÇ�½´~ê.  Yamabe �áf�í2C

Yamabe�áf3©z [6]¥� Barbosa-Ribeiro0�Xe:

½Â 1 � (M, g)´���iù6/, XJ�3M þ��þ| V Ú1w¼ê λ , ¦�

1

2
LV g = (λ− r)g, (1)

K¡ M ���C Yamabe �áf, P� (g, V, λ). w,, � λ �~ê�, C Yamabe �áf=�
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Yamabe�áf. Ó�/, � λ > 0(= 0, < 0)�, (g, V, λ)¡�´Â (½, *Ü)�.

,��¡, Upadhyay Ú Dube [7] JÑ
C�>V(��Vg, Ó��Ù¦Æö?�Úï

Ä. 31972c, Kenmotsu [8] ïÄ
÷v�
AÏ^���>iù6/�©a, ¿òù«6/·

¶� Kenmotsu 6/. Kenmotsu y²
 Kenmotsu 6/ÛÜþ´��«m I Ú��äkòÈ¼

ê f(t) = set � Kähler 6/ M ¤/¤�òÈ I ×f M , s ´�"~ê. 3 [9] ¥, Ghosh ïÄ


Kenmotsu6/¥�C Ricci�áfÚC Yamabe�áf, Äud, �©?ØV Kenmotsu6/þ

C Yamabe�áf�³�þ|�5�, ��e¡Ì�½n.

½n 1 � (M2n+1, g, V, λ)´ (2n+ 1)�äkV Kenmotsu(����C Yamabe�áf,

XJ�31w¼ê f , ¦��>1−/ª ηØC, =LV η = fη, K V ´ Killing�þ|.

�©ëì©z [9]�Ñ
V Kenmotsu6/þ�C Yamabe�áf��'5�. Ù(���

©�n�Ü©. Äk0�
�
'uC Yamabe�áf�ïÄyG¿�Ñ
�©�Ì�½n, Ùg

0�
V Kenmotsu6/�Vg9Ù5�, �©¥½n�y²�O�, ��K�Ñ
�©½n�

y²L§.

2. ý��£9Ún

� M2n+1 ´�� 2n + 1�1w6/, XJ�3�� (1,1).Üþ| φ, ����þ| ζ Ú�

>1−/ª η¦�

φ2 = I + η ⊗ ζ, η(ζ) = −1, (2)

Ù¥ I ´M2n+1 ��mþ�ð�gÓ�, ⊗�LÜþÈ, K¡M2n+1 äkC�>V(�, P�

(φ, ζ, η). d�M2n+1 \þ��C�>V(�Ò¡���C�>V6/, P� (Mn+1, φ, ζ, η).

XJ��C�>V6/M2n+1þ�3�iùÝþ g÷v

g(φX, φY ) = −g(X,Y )− η(X)η(Y ), ∀X,Y ∈X (M),

K¡ M2n+1 ´C�>V�Ýþ6/, (φ, ζ, η, g) ¡�C�>V�Ýþ(�. �?�Úé

∀X,Y ∈X (M)k

(∇Xφ)Y = g(φX, Y )ζ − η(Y )φ(X)

¤á, K¡Ù�V Kenmotsu6/, d�k±e�ª¤á ( [10])

∇Xζ = −X − η(X)ζ, (3)

(∇Xη)Y = g(φX, φY ) = −g(X,Y )− η(X)η(Y ),

R(X,Y )ζ = η(Y )X − η(X)Y,

R(X, ζ)ζ = −X − η(X)ζ, (4)

R(ζ,X)Y = g(X,Y )ζ − η(Y )X,
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S(X, ζ) = 2nη(X), S(ζ, ζ) = −2n, Qζ = 2nζ. (5)

Ù¥ R,S Ú Q©O´M2n+1þ�ÇÜþ, RicciÜþÚ Ricci�f, � S(X,Y ) = g(QX,Y ).

½Â 2 �iù6/ (Mn, g)þ��þ| V XJ÷v

LV g = 2ρg,

K¡ V ´���/�þ|, Ù¥ ρ´M þ�1w¼ê, ¡� V ��/Ïf. XJ ρ = 0, K V ´

Killing�þ|. w,3��C Yamabe�áf¥, V ´± ρ = (r − λ)��/Ïf��/�þ|.

,	�
y²�©�(Ø, ·�I�e¡�Ún(� [11]).

Ún 1 é3 2n+ 1�iù6/M þ����/�þ| V , ke�úª¤á

(LVR)(X,Y )Z =g(∇XDρ,Z)Y − g(∇YDρ,Z)X

+ g(X,Z)∇YDρ− g(Y,Z)∇XDρ,
(6)

(LV S)(X,Y ) = (1− 2n)g(∇XDρ, Y ) + (∆ρ)g(X,Y ), (7)

LV r = −2rρ+ 4n∆ρ,

Ù¥ X, Y , Z ´M þ�?¿�þ|, � ∆ = −divD´'uÝþ g� Laplacian�f, div´ÑÝ�

f, D´FÝ�f.

3. Ì�½n�y²

½n 1 �y² �â�§ (1) Ú½Â 1 �±`³�þ| V ´�/�, Ïd ρ = (λ − r). é
η(ζ) = g(ζ, ζ) = −1¦÷ V ��� Lie�ê, ^�§ (1)Ú (2)��

(LV η)ζ = −η(LV ζ) = −ρ.

d�b�³�þ| V ¦��>/ ηØC, =LV η = fη, f ∈ C∞(M), Kk (fη)ζ = −ρ, �� f = ρ.

u´

LV η = ρη, LV ζ = −ρζ. (8)

é (5)ª¥�1�ª¦÷ V ��� Lie�ê, ¿|^Ù5�k

LV S(X, ζ) =(LV S)(X, ζ) + S(LVX, ζ) + S(X,LV ζ)

= (LV S)(X, ζ) + g(LVX,Qζ) + S(X,LV ζ)

= (LV S)(X, ζ) + 2ng(LVX, ζ) + S(X,LV ζ)

= 2n(LV η)X + 2nη(LVX),
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l��

(LV S)(X, ζ) + S(X,LV ζ) = 2n(LV η)X.

|^ (8)ª�±��

(LV S)(X, ζ) = 4nρη(X).

Ó�- Y = ζ �\ (7)ª¥, k

g(∇XDρ, ζ) = ση(X), (9)

Ù¥ σ = 4nρ−∆ρ
1−2n

. ,��¡3 (6)ª¥- Y = Z = ζ ��

(LVR)(X, ζ)ζ =g(∇XDρ, ζ)ζ − g(∇ζDρ, ζ)X

+ η(X)∇ζDρ+∇XDρ.
(10)

� (4)ª¦÷ V ��� Lie�ê¿ò (8)ª�\�

(LVR)(X, ζ)ζ = 2ρ(−X − η(X)ζ). (11)

Ïdò (9)ªÚ (11)ª�\ (10)ª¥k

∇XDρ = 2ρ(−X − η(X)ζ)− σX. (12)

3 (12)ª¥, - X = ei, ¿é i¦Úk∆ρ = 4nρ, l σ = 0. Ïdk

∇XDρ = 2ρ(−X − η(X)ζ). (13)

,	éLV η = ρηü>¦	�© d ( d´	�©�f), 5¿ dÚLV ���^S, u´k

LV dη = dρ ∧ η.

Ï� dη3M ¥´�"�, ¤±k

dρ = (ζρ)η.

�þª?1	�©, Ï� d2 = 0, ¤±é ∀X ∈X (M)�±��

X(ζρ) = −ζ(ζρ)η(X).

d�, |^ (3)ª�� ∇ζζ = 0, �3 (13)ª¥- X = ζ �±�Ñ ∇ζDρ = 0, �é ζρ = g(ζ,Dρ)

¦÷ ζ ����C�êk ζ(ζρ) = 0, =�� ζρ´��~ê. u´- Dρ = Kζ (Ù¥ K = ζρ ), é

Ù¦÷ X ����C�ê, �â (3)ªk

∇XDρ = K(−X − η(X)ζ).

òþª� (13)ª�'��±wÑ K = 2ρ = constant, � ρ = constant, ?�Ú�� ρ = 0, Ïd V
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