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1. Introduction

The geometric study of dynamical systems is an
important chapter of contemporary mathematics due to
its applications in Mechanics, Theoretical Physics.

There are also a large number of studies on this
subject, for example, Jun J. and Pathak submitted on
Kenmotsu manifolds [1], and De U. C. and Pathak
obtained on 3-dimensional Kenmotsu manifolds [2].

It is some important work for examples [3-6]. In this
paper we will study Kenmotsu manifolds.

In this paper, we Euler-Lagrange Equations on
Three-Dimensional almost Kenmotsu manifolds. After
Introduction in Section 1, we consider Historical
Background paper basic. Section 2 deals with the study
preliminary. Section 3 is devoted to study
three-dimensional Almost Kenmotsu manifolds.
Section 4 is devoted to study Hamiltonian Mechanics
Systems on Three-Dimensional almost Kenmotsu
manifolds

2. Preliminary

In this in this preliminary chapter, we recall basic
definitions, results and formulas which we shall use in
the subsequent chapters of the paper

Definition (Kenmotsu manifolds) 2.1 [1]

Let M2"*1 phe a (2n+ 1) -dimensional smooth
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differentiable manifold (¢.&n,g) be an almost
contact Riemannian manifold, where @ is a(1-1)
tenser field n is a 1-form and the Riemannian
metric .It well known that
$() =0
n(@(x)) =0andn(§) =1
P*(X) ==X +n(X)¢, ¢* =-1+n® (1)

9gX, &) =nX)
g(x, py) = g(x,y) —n(Cn(y)
rankp =n—1

The fundamental 2- form of an almost contact metric
manifolds is defined by
d(x,y) = g(x,¢y) )
Lemma 2.2
If f,g and k —form be respectively then
fAag=—-gnf
f Agx) = fx)g—gf

N ox! ]. ox
(dX /\dX ) <m) = ﬁdX —ﬁdX

0x) Co(1 ,i=j
. it [N )
(iv) <axi> =8 {0 Y

3. Three-Dimensional
Manifolds

Almost Kenmotsu

Definition 3.1 [4]
Let (M3,¢.5n,g) be a 3-dimensional almost
Kenmotsu manifold. In what follows, we denote

by L=R(,§% h =21 andh=ho¢ , where L
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denotes the Lie differentiation and R is the
Riemannian curvature tensor. From Dileo and Pastore,
we see that both h and h are symmetric operators and
we recall some properties of almost Kenmotsu
manifolds as follows:
hE=1£=0, trh=tr(h)=0
hO = ¢ph =0
VE=h+id—neo¢

Proposition 3.2

Any 3-dimensional almost Kenmotsu manifold is
Kenmotsu if and only if h vanishes.

Definition 3.3 [4]

Let three-dimensional manifold M = f(x,y,z) €
R3,z # 0 ; where (x,y,z) are the standard coordinates
in R3: The vector fields

3
e1 =5, &= 63 =+ ©)

ox

are linearly independent at each point of M: Let g be
the Riemannian metric defined by
gley,e3) = gley,e3) = gley,e;) = 0
glep,er) = g(ez,e;) = g(es,e3) =1
Let n be the 1-form defined by n(2) = g(Z,e3)
forany Z € X(M).
Proposition 3.4
Let ¢ be the (1,1) tensor field defined by
ple)) = —ey¢p(ex) = e, plez) = 0 (4)
Then using the linearity of ¢ and g we have
n(€3)=1; ¢?(2) = -Z +n(2)e3;
9(@Z; W) = g(Z; W) —n(Z)n(W);
for any Z,W € $(M): Thus for e3 =, ($,E1n,8)
defines an almost contact metric structure on M: Now,
by direct computations we obtain
le, ezl = 0; [ez,e3] = —ey, [e1,e3] = —€;
Proposition 3.5
The following expressions are given

tG)=-5 ¢G)= oG)=0
The dual form ¢* of the above J is as follows
¢*(dx) = —dy, ¢*(dy) =dx,¢"(dz) =0
Proposition 3.6
The vector fields

a ] ]

e =50, =g .e=, ()

If o is defined a complex
manifold Mthen ¢** = ¢* o ¢p* = —1

Proof.
P*(er) = ¢(¢(€1)) =¢(—e) = —¢p(er) = —¢
P2(er) = ¢(¢(€2)) =¢(e) = Ple)) = —e;
P?(e3) = p(Pple3)) = p(0) =0

Ascan ¢*%is — 1 (complex) or 0

4. Hamiltonian Mechanics Systems

Here, we present
3-dimensional almost

(M3, $.En,8)

such that w = %(xdx + ydy + zdz) 1-formon

Hamiltonian equations on
Kenmotsu manifold

Let ¢* be an almost product structure defined by
A Liouville form determined by

A= ¢ (w) = ¢* E (Xdx + Ydy + Zdz)] (8)
A= ¢"(w) =3 [X¢"(dx) + Y (dy) + Zgp* (d2)]
A= ¢*(w) =3 [X(=dy) + Y(dx) +2(0)]

A= ¢"(w) =3 [~Xdy + Ydx] 9)
differential of A
1
©=—d\=—d (E [—Xdy + de])

It is known that if ¢ is a closed 2-form on T*M3,
then ¢ is also a Symplectic structure on 7*M3
@ = —dA = dyAdx (10)
Let (M3,¢.&,m,g) 3-dimensional  almost
Kenmotsu manifold form ¢. Suppose that Hamiltonian
vector field Z;; associated to Hamiltonian energy H is
given by

] ] ]
Iy =X +Y5 + 25, (11)
Calculates a value Zy and ¢

0 b 0
() = (AyAdx) (xo-+ Vot 20)
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9 9 d
@(Zy) = dyAdx (X &) + dyAdx (Ya—y) + dyAdx (z &)
a a a a a a
@(Zy) =xg+yo+ytxg+zo s (12)

Then it follows
iz, @ = ¢(Zy) = dH (13)
Otherwise, one may calculate the differential of
Hamiltonian energy as follows:

0H d0H dH
dH_EdX-FEdY'l_EdZ (14)

From (12) and (13) with respect to iz, ¢ = dH, we
find Hamiltonian vector field on 3-dimensional
almost Kenmotsu manifold space be

_9HO 9H O

Iy = 3y 3% 3y 3y (15)

Suppose that the curve
a:l € R >R
be an integral curve of Hamiltonian vector field Zy, i.e.,
Zy(a(®) =6, t € L. (16)
In the local coordinates we have

a® = &),y ), z(1),

ay =22 0 429

dt dx dt dy  dt oz
Now, by means of (13), from (14) and (17), we
deduce the equations so-called Hamiltonian equations

(17)

dx _ dH dy _  0H
dt ~ oy’ dt  ox (18)

In the end, we may say to be mechanical system
(M3,¢.6,m,g) triple on 3-dimensional almost
Kenmotsu manifold.

5. Conclusions

Thus, the equations of Hamiltonian equations (18)
with Three-dimensional almost Kenmotsu manifold. In
classical mechanics, a dynamic movement Hamilton
equations is found. Symplectic manifolds arise
naturally in abstract formulations of classical
mechanics and analytical mechanics as the cotangent
bundles of manifolds.

References

[1] JunJ.B., De U. C. and Pathak G. (2005). “On Kenmotsu
Manifolds.” J. Korean Math. Soc. 42: 435-445.

[2] De U. C. and Pathak G. (2004). “On 3-Dimensional
Kenmotsu Manifolds.” Indian J. Pure App. Math. 35:
159-165.

[3] Kirichenko V. F. (2001). “On the Geometry of Kenmotsu
Manifolds.” Doklady Akademii Nauk 380: 585-587.

[4] Yaning Wang (2016). “A Class of 3-Dimensional Almost
Kenmotsu Manifolds with Harmonic Curvature Tensors.”
Open Math 14: 977-985.

[5] Saltarelli V. (2015). “Three-Dimensional Almost
Kenmotsu  Manifolds  Satisfying Certain  Nullity
Conditions.” Bull. Malays. Math. Sci. Soc. 38: 437-4509.

[6] Sudhakar Kr Chaubey and Sunil Kr Yadav (2018).
“Study of Kenmotsu Manifolds with Semi-Symmetric
Metric Connection.” Universal Journal of Mathematics
and Applications 1 (2): 89-97.



