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ON N(k)-PARA CONTACT 3-MANIFOLDS
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ABSTRACT. The present paper contains the study of N (k)-para contact

3-manifolds with Ricci solitons. It is established that such solitons

are steady. In addition, if a soliton is gradient Ricci soliton, then

the manifold is flat. An example is provided to support the obtained

results.

1. INTRODUCTION
It is well known that the Poincare Conjecture, posed by Henry Poincare

in 1904, was a long standing unsolved problem of geometry and topology.
The century long problem was solved by G. Perelman in 2002[13]. In order
to solve the problem Perelman used the techniques of Ricci flow developed
by R. S. Hamilton [8]. Around the same time Friedan [5] introduced the
theory of Ricci flow in physics with a different motivation. In geometric
topology Hamilton’s Ricci flow is a heat type parabolic partial differential
equation of the following form:
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A Ricci soliton is a constant solution of the Ricci flow equation upto dif-

feomorphism and scaling. On a Riemannian manifold M with metric g, a
Ricci soliton is expressed by

(Lyg)(X,Y) +25(X,Y) +2)\g(X,Y) = 0. (1.2)
Here Ly denotes the Lie derivative operator along a complete vector field V'
which is known as a potential vector field. It is assumed that V is complete.
Here ) is a constant, known as soliton constant and S is the Ricci curvature
of the manifold M. X,Y are arbitrary vector fields of M. The Ricci soliton
is said to be shrinking, steady or expanding according as A is negative, zero

2010 Mathematics Subject Classification: 53C15, 53D25.
Key words and phrases: N(k)-para contact metric manifolds, Ricci soliton, gradient

Ricci soliton.

© Indian Mathematical Society, 2019.
137

Member's copy -
not for circulation


madhumita physic
Highlight

madhumita physic
Highlight


[4]

14]
[15]
[16]
17]
18]

[19]

ON N(k)-PARA CONTACT 3-MANIFOLDS WITH RICCI SOLITONS 145

De, U. C., Deshmukh, S. and Mandal K., On three dimesional N(k)-para contact
metric manifolds and Ricci solitons, Bull. Iran. Math. Soc., 43 (2017), 1571-1583.
Friedan, D., Non linear models in 2+ €-dimensions, Ann. Phys., 163 (1985), 318—
419.

Ghosh, A., Kenmotsu 3 metric as a Ricci solitons, Chaos Solitons and fractals, 44
(2011), 647-650.

Hamilton, R. S., The Ricci flow on surfaces - Mathematics and general relativity,
Contemp. Math., 71, American Math. Soc., 1988.

,  Three-manifolds with positive Ricci curvature, J. Diff. Geom., 17
(1982),255-306.

Ivey, T., Ricci solitons on compact three-manifolds, Diff. Geom. Appl., 3 (1993),
301-307.

, New examples of Ricci solitons, Proc. Amer. Math. Soc., 172 (1994), 241—
245.

, On solitons for the Ricci flow, Ph.D. Thesis, Duke Univ. 1992.
Kaneyuki, S. and Williams, F. L., Almost para contact and para hodge structure on

manifolds, Nagoya Math. J., 99 (1985), 173-187.

Perelman , G., The entropy formola for the Ricci flow and its geometric applications,
arxiv math D.G.; 1021111599.

Sharma R., Certain results on K-contact and (&, )-contact amnifolds, J. Geom.,
89 (2008), 138-247.

Sarkar, A., Sil, A. and Paul A., Some characterization of n-Ricci solitons and Kagan
Sub Projective space, to appear in Eukranian Math. J., (2018).

, On three-dimensional quasi-Sasakian Ricci solitons, to appear in Proc. Nat.
Aced. Sci., (2018).

Sarkar, A., Paul A. and Mondal R., On a-para Kenmotsu 3-manifolds with Ricci
solitons, to appear in Balkan J. Geom. Appl.

Yano, K., Integral formulas in Riemannian Geometry, Marcel Dekkar, New York,
1970.

Zamkovoy, S., Canonical connections on para contact manifolds, Ann. Glob. Anal.
Geom., 36 (2009), 37-60.

Avijit Sarkar

Department of Mathematics, University of Kalyani,
Kalyani, Pin-741 235, Nadia, West Bengal, India.
E-mail: avjaj@yahoo.co.in

and

Rajesh Mondal

Department of Mathematics, University of Kalyani,
Kalyani, Pin-741 235, Nadia, West Bengal, India.
E-mail: rajeshmail.das@gmail.com

Member's copy -
not for circulation


mailto://avjaj@yahoo.co.in
mailto://rajeshmail.das@gmail.com
madhumita physic
Highlight


