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Geometry of Ricci solitons 

Absos Ali Shaikh  

 Abstract.  In 1904, Henri Poincare proposed the Poincare conjecture, which says that "Every simply connected, closed 3-

manifold is homeomorphic to the 3-sphere." Richard Hamilton [1], developed the idea of Ricci flow in 1982 to refute the renowned 

Poincare conjecture, and Grigori Perelman [2, 3], solved the problem in 2006 by using the concept of Hamilton's Ricci flow. The 

Ricci soliton is a solution to the Ricci flow that is self-similar. It has recently caught the attention of a number of eminent 

mathematicians. In this lecture, we discuss some fundamental findings on Ricci solitons that we have recently established [3, 4].  

 We show that a complete gradient Ricci soliton with non-negative Ricci curvature, a non-constant convex potential, and a 

finite weighted Dirichlet integral fulfilling an integral condition is Ricci flat and also splits a line isometrically. Then, we establish 

that a gradient Ricci soliton with a non-constant concave potential function and bounded Ricci curvature is not shrinking, implying 

that the scalar curvature has at most one critical point. We further show that if a complete conformally flat gradient shrinking Ricci 

soliton exhibits linear volume growth or the scalar curvature is finitely integrable and also the reciprocal of the potential function is 

subharmonic, then the manifold is isometric to the Euclidean sphere. As a result, we show that a 4-dimensional gradient shrinking 

Ricci soliton fulfilling certain criteria is isometric to the 4-dimensional Euclidean sphere S4 or real projective space RP4 or complex 

projective plane CP2. Finally, we derive a criterion for the compactness of the shrinking Ricci soliton with quadratic volume growth. 
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Linear equations and their connection to nonlinear equations of the fourth order 

Alexander Chichurin, Galina Filipuk 

 Abstract. The purpose of our report is to present several new results concerning relations between linear differential 

equations and nonlinear differential equations of the fourth order. We consider linear differential equations of the second, the third 

and the fourth order and nonlinear fourth order differential equations related via the Schwarzian derivative. The method is based on 

the use of the Schwarzian derivative, which is defined as the ratio of two linearly independent solutions of the linear differential 

equations of the second or third and fourth order. As a result we obtain new relations between the solutions of these linear and 

nonlinear equations. To illustrate theorems and our constructive approach we give four examples. The given method may be 

generalized to differential equations of higher orders. 

Topology of flows on Boy's and Girl's surfaces 

Aleksandr Prishlyak 

 Abstract. We describe the topological structures of projective Morse-Smale flows on the Boy's and Girl's surfaces. The 

Boy's and Girl's surfaces are the images of the projective plane when immersed in S3. We prove that these flows can be extended to 

Morse-Smale flows on S3 iff  Morse index on alpha-limit point for any trajectories less then Morse index of its omega limit point. 

The possibility of extension without new fixed points is also investigated.  We construct examples of flows that have a such 

extensions. 
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Eigenvalues of the generalized helicity operator for spin 3/2 particle in presence  

of external magnetic field, the projective operators 

Alina Ivashkevich 

 Abstract. The eigenvalue problem for generalized helicity operator for a spin 3/2 particle in presence of the uniform 

magnetic field is solved. After separating the variables in the basis of cylindrical tetrad, the system of 16 first order differential 

equations is derived. This system is studied with the use of the method of projective operators. In accordance with this method, the 

all 16 variables may be expressed in terms of only 4 different functions, which are constructed in terms of confluent hypergeometric 

functions. Further problem reduces to studying the linear algebraic homogeneous system for 16 algebraic variables. In the end, we 

derive algebraic equations of second and fourth order with respect to eigenvalues of helicity operator.  Solutions of the equation of 

the fourth order are studied numerically.  



Solutions with spherical symmetry of the matrix equation for a massless spin 2 particle,  

eliminating the gauge degrees of freedom 

Alina Ivashkevich, Anton Bury, Andrey Chichurin, Vladimir Balan, Viktor Red’kov 

 Abstract. The matrix equation for a massless spin 2 particle is considered with the use of the tetrad formalism in spherical 

coordinates in Minkowski space. The separation of the variables is done. The problem reduces to 11 differential second order 

equations related to the scalar and symmetric tensor components. The four gauge solutions are found in explicit form. Their structure 

permits us to propose the general substitution for all 11 functions, they are constructed as linear combinations of Bessel functions 

with five different indices. This substitution contains 55 unknown numerical coefficients. With the use of the properties of Bessel 

functions, we reduce the problem to the system of 78 algebraic linear equations for 55 variables. After excluding superfluous 

variables, we reduce the problem to a homogeneous linear system of 51 equations for 51 variables. Solutions of this problem are 

found in explicit form. After eliminating the gauge solutions, we have obtained two solutions, which do not contain gauge 

constituents.  

Recent developments in CR-statistical submanifolds 

Aliya Naaz Siddiqui 

 Abstract. In 1978, A. Bejancu [1] started a study of the geometry of a class of submanifolds situated between the two 

classes, that is, invariant (or holomorphic) and anti-invariant (or totally real) and such submanifolds were named Cauchy-Riemann 

(CR) submanifolds (the branch of Differential Geometry), which has many interactions with other parts of mathematics with 

potential for applications in mathematical physics. The study on CR-submanifolds in Kahler manifolds has long history. Later on, H. 

Furuhata and I. Hasegawa [2] came up with the notion of CR-statistical submanifolds (new objects originating from information 

geometry) in holomorphic statistical manifolds (defined by T. Kurose in 2004). The purpose of this talk is to give a brief introduction 

of CR-statistical submanifolds in different ambient statistical manifolds followed by some earlier and recent important and interesting 

results. 

References 

[1] A. Bejancu, CR-submanifolds of a Kaehler manifold I, Proc. Amer. Math. Soc., 69 (1978), 135-142. 

[2] H. Furuhata and I. Hasegawa, Submanifold Theory in Holomorphic Statistical Manifolds, Ch., Geometry of Cauchy-Riemann Submanifolds, (2016), 179-215. 

[3] H, Furuhata, Hypersurfaces in statistical manifolds, Differ. Geom. Appl., 27 (2009), 420–429. 

[4] M. Milijevic, CR statistical submanifolds, Kyushu J. Math., 73 (2019), 89–101. 

[5] A.N. Siddiqui, F.R. Al-Solamy, M.H. Shahid and I. Mihai, On CR-statistical submanifolds of holomorphic statistical manifolds, Filomat 35:11 (2021), 3571–3584. 

[6] P.W. Vos, Fundamental equations for statistical submanifolds with applications to the Bartlett correction, Ann. Inst. Stat. Math., 41 (1989), 429–450. 

 

Spin 1 particle in external magnetic field and projective operators 

Anton Bury, Alina Ivashkevich, O. Semenyuk 

 Abstract. In the present paper, the system of equations describing a spin 1 particle is studied in cylindric coordinates with 

the use of tetrad formalism and matrix 10-dimension formalism by Duffin – Kemmer – Petieau. After separating the variables, to 

resolve the system of 10 equations in the variable r , we apply the the method proposed by Fedorov – Gronskiy and based on the use 

of projective operators. In presence of external uniform magnetic field, we construct in explicit form three independent classes of 

wave functions with corresponding energy spectra. Separate the massless field with spin 1 is studied; there are found four linearly 

independent solutions, two of which are gauge ones, and remaining two do not contain gauge degrees of freedom. At this also the 

method by Fedorov – Gronskiy is used.  

 

Helicoidal graphs and cylindrical minimal surfaces in conformally flat 3-spaces 

Armando Corro, Marcelo Souza, Romildo Pina 

 Abstract. In this work, we study minimal surfaces in the Riemannian context. We introduce a class of Riemannian 

manifolds EF, which is a three-dimensional real vector space endowed with cylindrical conformally flat metrics, where the conformal 

factor is of type F=F(x1
2+x2

2), that are solutions of Einstein's Equation. We show that a minimal surface in the euclidean space and in 

EF, for all F, must be part of: or a plane containing the x3-axis; or a plane that is perpendicular to the x3-axis;  or the helicoid along 

the x3-axis. We characterize minimal surfaces which are invariant under helicoidal motion along the x3-axis in EF. We obtain a 

nonlinear second order partial differential equation that characterizes the minimal surfaces which are graphs of a function in EF. We 

obtain a nonlinear second order ordinary differential equation that characterizes the minimal  surfaces which are cylindrical along the 

x3-axis in EF.  Moreover we obtain a local solution of this differential equation which is a two-parameter family of functions λh,K2 

explicitly given by an integral and defined on an open interval. Consequently, we show that the helicoidal motion applied on the 

curve defined from λh,K2 gives a two-parameter family of helicoidal minimal surfaces in EF. We show that given any cylindrical 

surface M, there exists a conformal factor F, such that M is a minimal surface in EF. Finally, as applications, we obtain explicitly a 

two-parameters family of complete minimal surfaces in H2S1, and we obtain, explicitly, a two-parameters family of complete 

minimal surfaces in the warped product space H2fR. 

Multidimensional integrable systems related to Jacobi Structures 

Artur Sergyeyev 

  Short abstract. Motivated by our earlier contact-geometry-based construction [1] for a large new class of nonlinear partial 

differential systems in four independent variables integrable in the sense of soliton theory, in this talk we explore the possibility of 

generalizing this construction by using Jacobi structure(s) instead of contact one.    

References 

[1] A. Sergyeyev, Lett. Math. Phys. 108 (2018), no. 2, 359-376 (arXiv:1401.2122). 



On minimal surfaces of rotation in deformed hyperbolic Kropina space 

Ashok Kumar, Ranadip Gangopadhyay, Hemangi Madhusudan Shah, Bankteshwar Tiwari 

 Abstract. The minimal surfaces in Riemannian geometry, especially minimal surfaces in hyperbolic spaces, has been  an 

active area of research. In particular, for minimal surfaces of H^3 (upper half space with hyperbolic metric), many new and 

interesting results have been obtained in the last few decades. Mori studied complete regular minimal surfaces of rotation in H^3. do 

Carmo classified all complete regular minimal surfaces of rotation in H^3. The investigation of minimal surfaces in Finsler geometry 

is started by Z. Shen, when the notion of mean curvature for immersions in Finsler geometry was introduced. In this talk we consider 

the three dimensional upper half space H^3 equipped with various Kropina metrics obtained by deformation of the hyperbolic metric 

of H^3 through various 1-forms and obtain a partial differential equation that characterizes minimal surfaces immersed in it. We 

prove that such minimal surfaces can only be obtained when the hyperbolic metric is deformed along x^3 direction. Then we classify 

such minimal surfaces and show that flag curvature of these surfaces is always non-positive. We also obtain the geodesics of this 

surface. In particular, it follows that such surfaces neither have forward conjugate points nor they are forward complete. 

Geometrical study of pseudo-slant submanifolds of a Kenmotsu manifold 

Barnali Laha 

 Short abstract. We provide a geometric view on the pseudo-slant submanifolds of a Kenmotsu manifold. After checking 

certain properties of the components of the tensor field acting on this kind of submanifolds, we find out necessary and sufficient 

conditions for them to be parallel. We study, as well, how the components affect the nature of the manifold. The necessary conditions 

for the submanifold to be mixed geodesic and totally geodesic, are given. 

The multivariate normal manifold 

Beatrice-Elena Toader 

 Short abstract. The main objective of this paper is to study the multivariate normal distribution model from a geometrical 

point of view using a Fisher-Riemann structure. The multivariate normal distribution is considered on a differentiable manifold 

endowed with Riemannian geometry specific elements: the Riemannian metric obtained from the Fisher information matrix, the 

affine connections and geodesics. The entropy and the Kullback relative entropy are provided, as well. 

Harmonic p-forms in Finsler geometry 

Behroz Bidabad, Mir Ahmad Mirshafeazadeh, Leila Safakish 

 Short abstract. In this paper, the natural definitions of the horizontal differential, of the divergence (as an adjoint 

operator), and of a p-harmonic form on a Finsler manifold are presented and the Hodge-type theorem is proved for a Finsler 

manifold, in the sense that a horizontal p-form is harmonic if and only if the horizontal Laplacian vanishes. 

Some results on extended weakly symmetric Lorentzian para Kenmotsu manifold 

Bikiran Das 

 Short abstract. In this is article Lorentzian para-Kenmotsu manifolds along with an extended weakly symmetric curvature 

restriction have been studied. We showed that such a manifold is η-Einstein and a space of quasi-constant curvature. Few 

applications of such manifold in general relativity is also studied. 

On Riemannian Poisson warped product space 

Buddhadev Pal and Pankaj Kumar 

 Short abstract. A formal treatment of the 1-Killing and 2-Killing 1-forms on the Riemannian Poisson manifold, the 

Riemannian Poisson warped product space, are presented. In this way, we obtain Bochner type results on compact Riemannian 

Poisson manifold, compact Riemannian Poisson warped product space for these forms. Finally, we give the characterization of a 2-

Killing 1-form on  2( , , )R g  . 

Variational Calculus with Engineering Applications 

Constantin Udrişte, Ionel Ţevy 

 Short abstract. Book Presentation [Variational Calculus with Engineering Applications 

2023, John Wiley & Sons Ltd, Constantin Udriste and Ionel Tevy]: Extrema of Differentiable Functionals, Variational Principles, 

Optimal Models Based on Energies, Variational Integrators, Miscellaneous Topics, Nonholonomic Constraints, Problems: Free and 

Constrained Extremals, Bibliography, Index. 

Generic submanifolds of almost contact manifolds 

Cornelia Livia Bejan, Cem Sayar 

 Abstract. Ronsse introduced in the notion of generic and skew CR-submanifolds of almost Hermitian manifolds in order to unify and 

generalize the notions of holomorphic, totally real, CR, slant, semi-slant and pseudo-slant submanifolds. Other authors, as Tripathi extended this 
notion to contact geometry, under the name of almost semi-invariant submanifolds. This class includes the one with the same name introduced by 

Bejancu, (and studied also by Tripathi) but without being equal. The class of submanifolds that we introduce and study here in contact geometry, is 

called by us generic submanifolds, in order to avoid the above confusion, and also since it is different from the class studied by Tripathi, because in 
our paper, the Reeb vector field is not necessarily tangent to the submanifold. We obtain necessary and sufficient conditions for the integrability and 

parallelism of some eigen distributions of a canonical structure on generic submanifolds. Some properties of the Reeb vector field to be Killing and its 

curves to be geodesics are investigated. Totally geodesic and mixed geodesic results on generic submanifolds are established. We give necessary and 
sufficient conditions for a generic submanifold to be written locally as a product of the leaves of some eigen distributions. Some examples on both 

generic submanifolds and skew CR-submanifolds of almost contact metric manifolds are constructed. 



Relativistic Quantum Mechanics in Schwartz distribution spaces defined on Minkowski space-time 

David Carfì 

 Short abstract. The intent of the general analysis conducted in this keynote is to start from Laurent Schwartz distribution 

spaces based on the Minkowski space-time, following the spirit itself of distribution Theory, and give precise mathematical meanings 

and rigorous support to many dubious calculus methods of Quantum Mechanics, starting from the renowned Dirac Calculus.  

 Our approach not only provides a rigorous justification for the use of many quantum mathematical tools substantially “as 

they usually show up in the physical practice”, but - by a “correct“ formulation of the calculus methods in terms of contemporary 

mathematics - it helps us to reach a deeper comprehension of the physical structures studied in Quantum Mechanics. 

 In particular, in this direction, we consider a new definition of state spaces for quantum systems. These structures are, often 

erroneously, identified only with separable Hilbert spaces, but, on the contrary, because of the existence of so called “non-

normalizable” states - which reveal fundamental in the development of the quantum mechanics - they should be something different. 

Some physicists call them “physical Hilbert spaces”, without providing a clear mathematical definition.  

 We have already shown in the past that “physical Hilbert spaces” can smoothly be identified with distribution spaces on 

suitable Euclidean spaces, depending from the nature of the quantum system considered. 

 Such distribution spaces should be endowed with some algebraic-topological structures such that continuous operations of 

superposition and the extended Dirac product. 

 In particular, the extended Dirac product allows us to introduce new Scalar products upon some distinguished subspaces of 

distribution space, endowing those subspaces with nonseparable Hilbert structures, which clarify definitely the role of the so-called 

non-normalizable states; for example, the singular Dirac distributions and the celebrated De Broglie waves become elements of those 

new non separable Hilbert spaces and consequently they acquire the status of normalizable states, as it seems completely natural 

because of the physical usual probability interpretation of such states. 

 The new operation of continuous-superposition revealed the right tool which allows us to build - in a mathematically 

rigorous way - the extended Linear Algebra of Maurice Dirac, in distribution spaces, using the Schwartz natural topological-linear 

structures of those spaces. 

 More precisely, we saw that the natural algebraic-topological structure of those spaces allows to define an extension of the 

finite linear combination, when the sets indexing the families of vectors are continuous sets, even in the case in which the systems of 

coefficients show a continuous-infinity of terms different from zero. 

 In particular, we solve the problem of quantizing the relativistic Hamiltonian of a free massive particle  massive particle 

(rest mass different from 0). In distribution state spaces, we find a natural way to define the relativistic Hamiltonian operator and its 

associated Schrödinger equation. We, then, deduce the equivalent continuity equation for the Born probability density and study 

some its different (but equivalent) expressions. We determine the possible probability currents and flux velocity fields associated 

with the particle evolution. 

Compact operators on the Hahn space 

Eberhard Malkowsky 

 Abstract. The Hahn space was originally introduced and studied by Hahn [3] in 1922, in connection with the theory of 

singular integrals, and later generalised by Goes [2]. A survey of recent results on the generalised Hahn space can be found, for 

instance, in [4].  There are a relatively large number of recent research papers on the Hahn space and its generalisation. We study the 

most important recent results in the characterisations of bounded linear and compact operators on the generalised Hahn space in [6]. 

Furthermore, we deal with some applications. Recent related research can be found, for instance, in [5, 1, 7] and in the survey paper 

[4]. Finally, we present a few interesting applications of our results, some of  which can be found in [5] and [7]. The publications [1] 

and [8] contain several more results related to our research, some of  which can be found in [5] and [7].  
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Stuckelberg particle in external magnetic field, wave functions and energy spectra, relativistic and non-relativistic treatments 

Elena Ovsiyuk, Alina Ivashkevich, Artur Safronov 

 Abstract. The Stuckelberg equation for a relativistic particle with two spin states, S=1 and S=0, is studied in the presence 

of external uniform magnetic field, with the use of the cylindrical coordinates. The particle under consideration is described by 11-

component wave function, consisted of scalar, vector, and antisymmetric tensor. On solutions there are diagonalized operators of 

energy, the third projection of the total angular momentum, and the third projection of the linear momentum along the magnetic field 

direction. After separating the variables, we derive the system of 11 differential equations. The solving of this system is based on the 

use of the method of projective operators, within which from the very beginning all 11 components of the complete wave function 

are expressed in terms of only three basic functions. Exact solutions are constructed. Four series of the energy levels are found. In the 

derived system of 11 equations we perform the procedure of the non-relativistic approximation. The non-relativistic 4-component 

wave functions and corresponding spectra are obtained. 
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On the geometry of mutual curvatures and dualistic structures in the tangent bundle 

Esmaeil Peyghan, Davood Seifipour 

 Short abstract. The purpose of this paper is to find some conditions under which TM equipped with them has a dualistic 

structure. Then we also study on the mutual curvatures of TM and their relations with the mutual curvatures of the base manifold M. 

f-statistical connections and Miao-Tam statistical manifolds 

Esmaeil Peyghan, Leila Nourmohammadifar, Akram Ali 

 Short abstract. We introduce f-statistical connections as a family of statistical connections and study some geometric 

objects associated to these connections such as divergence, curvature and Ricci tensors, Hessian and Laplacian operators. We 

construct examples of f-statistical connections and study the introducing concepts on them. Finally we introduce Miao-Tam statistical 

manifolds and study their properties. 

Tangential real hypersurfaces on Hermite-like manifolds 

Esra Erkan, Mehmet Gulbahar 

 Short abstract. The purpose of this talk is to investigate some main identities and present some examples of non-

degenarete tangential real hypersurfaces of Hermite-like manifolds. With the help of this investigation, we establish the main 

properties of contact-like hypersurfaces namely K-contact-like and cosymplectic-like hypersurfaces. 

Singularities of contact structures and symplectic geometry                                                                                   

 Fabián Antonio Arías Amaya, Mikhail Malakhaltsev                                                                                                     

 Abstract. In the paper [Jakubczyk, B. and Zhitomirskii, M., Local reduction theorems and invariants for singular contact 

structures, Ann. Inst. Fourier, 51, 2001, 1, 237-295], the authors found invariants of singularities of contact structures, in particular 

the canonical orientation on the submanifold of singularities and  the partial connection. We show that these invariants come from the 

geometry of submanifold of the cotangent bundle with canonical symplectic structure which corresponds to the distribution. Also we 

describe these invariants in terms of the corresponding G-structure with singularities. 

Ricci flow-based feature extraction to study Alzheimer’s disease 

Fatemeh Ahmadi, Behroz Bidabad, Mohamad-Ebrahim Shiri, Maral Sedaghat 

 Abstract. Surface-based modeling is an essential tool in brain imaging for analyzing anatomical shape, detecting 

abnormalities in cortical surface folding, and combining or statistically comparing 3D anatomical models between subjects. There are 

many surface analysis methods in computer vision and medical image processing applications, such as image registration, object 

detection, and classification, see for example [1,2]. For surface registration and mapping, conformational and quasi-conformational 

methods are more accurate and efficient [3].  

A conformal structure on a surface is in some senses more flexible than a Riemannian metric but imposes more restrictions on the 

surface morphology than the topological structure. The Ricci flow, as a parametrization method, allows a surface to be mapped 

conformally to a canonical parametric space such as a sphere, Euclidean plane, or hyperbolic plane [4]. More intuitively, the Ricci 

flow method can handle cortical surfaces with complicated topology without singularities. Continuous Ricci flow conformally 

deforms a Riemannian metric on a smooth surface so that Gaussian curvature evolves as a process of heat diffusion. In the discrete 

framework, with the circular packing metric, the Ricci flow can be formulated in a variational framework and solved by Newton's 

method [4]. 

Here, in this study, we compute a planar conformal parameterization using the Euclidean Ricci flow method to calculate a conformal 

correspondence between a boundary surface and a plane. Then, using Shannon entropy [5], we propose a new method to compress 

the signatures obtained from the Ricci flow process. Application to the analysis of the hippocampal region of the cortical surface 

between a group of Alzheimer's disease (AD) patients and a group of cognitively normal subjects demonstrates the effectiveness of 

the proposed method. Alzheimer's disease is a progressive neurological disorder that results in brain shrinkage (atrophy) and cell 

death. The disease is known to target the hippocampus, which is associated with memory [6]. 
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Geometric  and Physical properties of curvature tensors - a review 

Ganesh Prasad Pokhariyal 

 Short abstract. Bernard Riemann was the first to define the curvature tensor. Most of the curvature tensors are defined 

with the help of Riemann curvature tensor, Ricci tensor and metric tensor. It  has been observed that different combinations of Ricci 

tensor and metric tensor in the defined tensors lead to some of the different geometrical and physical properties. 

  



Extended weakly symmetric manifolds 

Haradhan Kundu 

 Short abstract. In this work, we have introduced and studied some basic geometric properties of extended weakly 

symmetric spaces. After classification of this structure we have also established the existence of such a space by presenting a  

non-trivial example. 

Four-dimensional Riemannian manifolds with circulant structures and skew-circulant structures 

Iva Dokuzova 

 Abstract. We consider two classes of 4-dimensional Riemannian manifolds with additional tensor structures of type (1,1). 

The first class includes manifolds with structure whose components form a right circulant matrix, and the second class includes 

manifolds with structure whose components form a right skew-circulant matrix. The metric and the circulant (skew-circulant) 

structure are compatible, and it turns out that the matrix of the metric is also circulant (skew-circulant). The fourth power of the 

additional circulant (skew-circulant) structure is the identity (minus the identity). In both different cases, we equip the manifolds with 

relevant associated metrics, which are necessarily indefinite. Due to the nature of the structures, the manifolds with circulant 

structures are associated with Riemannian product manifolds, and the manifolds with skew-circulant structures are associated with 

Hermitian manifolds. We study the geometrical properties of the considered manifolds. 

Critical metric equation on α-cosymplectic manifold 

Kanak Kanti Baishya, Manoj Ray Bakshi 

 Short abstract. The paper attempts to introduce and study ∗-general critical equation in the frame of α-cosymplectic 

manifold. It is proved that if an α-cosymplectic manifold admits the ∗-general critical equation with a non trivial solution (λ,g), then 

either M²ⁿ⁺¹ is Einstein, or M²ⁿ⁺¹ is locally the product of a Kähler manifold and an unit circle S¹ or interval. Finally, an example of α-

cosymplectic manifold admitting ∗-general critical equation is discussed. 

On the existence of parallel one forms 

Laszlo Kozma, Salah Gomaa Elgendi 

 Abstract. In this work we study, using the Finslerian setting, the parallel one forms (or, equivalently, parallel vector fields) 

on a Riemannian manifold. We show that a parallel one form on a Riemannian manifold M is a holonomy invariant function on TM 

with respect to the geodesic spray. We prove that if the metric freedom of the geodesic spray of (M,F) is 1, then (M,F) does not admit 

a parallel one form. We investigate necessary and suffcient conditions on a Riemannian manifold to admit a parallel one form. As a 

by-product, we characterize the existence of a proper affine Killing vector field by the metric freedom. We establish necessary and 

sufficient conditions for the existence of a parallel one form on a Finsler manifold. Various special cases and examples are studied 

and discussed. 

Co-Kahler Hom-Lie algebras 

Leila NourmohammadiFar, Esmaeil Peyghan 

 Short abstract. We describe the notion of the almost co-Kähler Hom-Lie algebras and prove that they are related to almost 

Kähler Hom Lie algebras. Some properties of the curvature and the Ricci curvature tensors of almost co-Kähler Hom-Lie algebras 

are presented. Moreover, η-Einstein almost co-Kähler Hom-Lie algebras are presented. 

Recent advances in δ-Casorati curvature invariants 

Majid Ali Choudhary 

 Abstract.  In order to examine the relationship between intrinsic and extrinsic invariants, Chen [2] established Chen's 

invariants, sometimes referred to as δ-invariants, by constructing a sharp inequality. Due to this breakthrough, a new area of 

differential geometry was able to flourish, and Chen invariants and Chen-type inequalities for different submanifolds in various 

ambient spaces were studied. The Casorati curvature was used in place of the conventional Gauss curvature in [1], which paved the 

way for the defining the optimum inequalities for submanifolds in various ambient spaces using Casorati curvatures. Decu et al. [3] 

started the research of δ-Casorati curvatures in the sense of δ-invariants. This talk offers a thorough analysis of recent work on δ-

Casorati curvatures over the previous several years.  
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On Ricci-like solitons compatible with almost contact structures and b-metrics 

Mancho Manev 

 Short abstract. Ricci-like solitons with potential Reeb vector field are introduced and studied on almost contact B-metric 

manifolds. The cases of Sasaki-like manifolds and torse-forming potentials have been considered. In these cases, it is proved that the 

manifold admits a Ricci-like soliton if and only if the structure is Einstein-like. Explicit examples of Lie groups as 3- and 5-

dimensional manifolds with the structures studied are provided. 

  



Four classes of Riemann solitons on α-cosymplectic manifolds 

Manoj Roy Bakshi, Kanak Kanti Baishya 

 Short abstract. The paper attempts to study Deszczpseudosymmetric conditions on α-cosymplectic manifold based on the 

study of equivalence of geometric structures (initiated by Shaikh and Kundu in 2013) by considering different conditions into various 

groups or classes. We prove that an α-cosymplectic manifold belonging to the class G₁ and G₂ is Einstein, whereas such a manifold 

belonging to the class G₃ and G₄ is an η-Einstein manifold. Moreover, we determine the Riemann solitons. 

A novel fuzzy dynamic expert system applied in economic with pandemic situations 

Massimiliano Ferrara, Ali Ahmadian, Soheil Salashour 

 Abstract. This study proposes a new fractional dynamic differential-based cobweb model that is built under fuzzy concept 

with pandemic parameter to make it well-adapted with this pandemic situation and make the model more efficiently dynamic in 

practice. The general solution of this new model is obtained using Laplace transform method. Considering the current uncertain 

conditions and the fact that using random, stochastic and other similar parameters are complex and increase the cost of computation 

which is critical in economic models, we employ fuzzy concept to address the uncertainty of parameters appearing in the cobweb 

model. The theoretical foundations of this letter is supported by a toy model in the last part where we exemplify the proficiency of 

the new model in terms of proposed pandemic parameter and investigate the unbalancing between demand and supply which is 

considered in the new model based on the current fact of world economy. Besides, this report analyzes the value of fuzzy equilibrium 

price by changing the values of pandemic parameter under different conditions. This new approach can be easily expanded to other 

economic models and approach to make them suitable, flexible and easily adaptable with similar situation which may be happen in 

near future. 

Solitonic significance of  Riemannian submersions under canonical variation 

Mohammed Danish Siddiqi 

 Abstract. This research paper investigates the attributes of Riemannian submersions under the canonical variation in terms 

of the η-Ricci-Yamabe soliton and gradient η-Ricci-Yamabe soliton with a potential vector field. We determine the various 

conditions for which the target manifold of Riemannian submersion under the canonical variation is a  η-Ricci-Yamabe soliton with a 

Killing vector field and a φ(Ric)-vector field. Moreover, we deduce the generalized  Liouville equation for Riemannian submersion 

under the canonical variation satisfying by a last multiplier of the vertical potential vector field  and show that the base manifold of 

Riemanian submersion under canonical variation is η-Einstein for gradient η-Ricci-Yamabe soliton with a scalar concircular field  on 

base manifold. Finally, we provide illustrative examples of Riemannian submersions between Riemannian manifolds. 

 

Chen’s inequality for warped products slant submanifolds in Locally Golden product space forms 

Mohd Aslam, Sarvesh Kumar Yadav 

 Short abstract. In this communication, we obtain Chen’s inequality for warped product slant submanifolds in locally 

golden product space forms. Further we discuss the equality case of the inequality, and provide an application of the obtained results. 

f  biharmonic and bi-f-harmonic Riemannian submersion 

Mehmet Akif Akoyl, Sarvesh Kumar Yadav, Mohd Hasan Shahid 

  Short abstract. In this paper we study f-biharmonic Riemannian submersion, bi-f-harmonic Riemannian submersion. 

Next, we obtain the condition when the Riemannian submersion on its first factor is f-biharmonic as well as bi-f-harmonic. Finally 

we study f-biharmonic cylinders of a Riemannian submersion. 

Generalizations of real space forms and Einstein manifolds 

Mukut Mani Tripathi 

 Abstract. In this survey talk, I shall talk about different kinds of generalizations of real space forms (including quasi 

constant curvature manifold, generalized quasi constant curvature manifold, mixed generalized quasi constant curvature manifold, 

nearly quasi constant curvature manifold, pseudo quasi constant curvature manifold, pseudo generalized quasi constant curvature 

manifold, super quasi constant curvature manifold, mixed super quasi constant curvature manifold, pseudo quasi constant curvature 

manifold etc.) and of Einstein manifolds (including quasi Einstein manifold, generalized quasi Einstein manifold, mixed generalized 

quasi Einstein manifold, nearly quasi Einstein manifold, pseudo quasi Einstein manifold, pseudo generalized quasi Einstein manifold, 

super quasi Einstein manifold, mixed super quasi Einstein manifold, N(k) quasi Einstein manifold etc.). I shall also propose 

comprehensive generalizations of real space forms and Einstein manifolds. Some basic properties will be presented. 

Nilpotent Lie groups and their moduli spaces of metrics 

Neda Bokan, Srdjan Vukmirovic, Tijana Sukilovic 

 Abstract. The nilpotent Lie groups endowed with a left invariant metric have been intensively studied in the last thirty  years. The 
classification up to isometry  of these metric groups under certain restrictions, is one of the attractive problems, whose solution initiates new areas for 

the research. In this spirit, their moduli spaces of left invariant metrics are shown to be interesting. We obtain all the orbits of moduli space M of the  

left invariant pseudo-Riemannian metrics on the cotangent bundle T*H3 of the Heisenberg  group H3.  To describe all the orbits, we use various 
algebraic and geometrical approaches. Furthermore, we consider the geometry of metrics on M. It is shown that the metrics from M have a very rich 

geometry, different from orbit to orbit. We discuss some of these geometric properties of metrics, e.g., which of them are pseudo-Kähler metrics, pp–

wave metrics, etc. We also describe the geodesically equivalent metrics, and the holonomy groups of all the representative metrics. The classification 
of metrics which are algebraic Ricci solitons, is obtained. We show that for every subalgebra of the Lie algebra of T*H3, there exists a metric 

that makes it totally geodesic.  Some other geometric quantities corresponding to the metrics of M, are considered. 

  



Tzitzeica vector fields 

Nicoleta Bîlă 

 Abstract. In this presentation, the Tzitzeica vector fields are introduced as a specific set of linear vector fields that leave 

invariant both the Tzitzeica surface partial differential equation and the Tzitzeica curve ordinary differential equation. They are 

divergence-free vectors whose flows are Tzitzeica curves and generate Tzitzeica surfaces as well. These vector fields represent a 

subset of the Lie algebra of the symmetry group related to the Tzitzeica surface partial differential equation and of the Lie algebra of 

the extended symmetry group of the Tzitzeica curve ordinary differential equation. A few intriguing examples are considered. 

The Dirac equation for a spin 1/2 particle in the Schwarzschild and Newman-Unti-Tamburino spaces,  

geometrization within Kosambi-Cartan-Chern theory 

Nina Krylova, Elena Ovsiyuk, Viktor Red’kov 

 Short abstract. The Dirac equation for spin ½ particle on the geometrical background of the Schwarzschild and Newman-

Unti-Tamburino spaces is specified. The variables have been separated and the differential equation systems for radial components of 

the wave functions have been found. The study of these systems has been performed with the use of Kosambi-Cartan-Chern theory. 

The behavior of the geodesics bundle has been analyzed based on the radial dependence of the real parts of eigenvalues of the second 

KCC-invariants. The comparison of the results for two  considered geometries has been done. 

Extended curvatures and Lie pseudoalgebras 

Marcela Popescu and Paul Popescu 

 Short abstract. The aim of the talk is to construct a Lie pseudoalgebra on the derived almost Lie module of an almost Lie 

module M. The construction applies when some extended curvatures, considered here, of a connection on M, are vanishing. Some 

non-trivial examples show that the result is non-trivial and also the setting is not resumed to the case when M is a skew-symmetric 

Lie module. 

Cotton tensor on 3-dimensional Kenmotsu manifolds admitting η-Ricci solitons 

Payel Karmakar 

 Abstract. In this paper, we study the Cotton tensor on 3-dimensional Kenmotsu manifolds admitting η-Ricci solitons under 

various conditions. We characterize a 3-dimensional Kenmotsu manifold admitting η-Ricci solitons in the following cases: when the 

submanifold is Cotton flat, when it satisfies the condition Q.C = 0 (where Q is the Ricci operator and C is the Cotton tensor of type 

(1, 2)), when it is concircularly Cotton semi-symmetric, and when it is Cotton pseudo-symmetric. We also classify the nature of the 

soliton metric and deduce the value of the scalar curvature in each case, and provide an overview conclusion. Finally, we provide an 

example of a 3-dimensional Kenmotsu manifold of constant scalar curvature -6, which satisfies all our results. 

Two main standing problems in the Goursat Monster Tower 

Piotr Mormul 

 Abstract. (1) In the year 1997 there were found invariant parameters (real moduli) of Goursat distributions, closing an entire epoch started 

with von Weber's paper of 1898. (Von Weber introduced the class of distributions called nowadays Goursat and claimed that they were locally 
equivalent to Cartan's distributions on the jet spaces Jr(1,1). He was wrong, but he was also a pioneer. In 1978 Kumpera & Ruiz produced a Goursat 

distribution in dimension 5 non-equivalent to the Cartan's on J3(1,1). Moduli found in 1997 showed that the local classification problem for Goursat 

structures is indeed rich in the singularity theory sense. In 2000 Agrachev asked if the Goursat moduli disappear in passing to the nilpotent 
approximation level. Some disparate negative results in this direction exist, but in general the problem is widely open. (2) In the year 2000 it was 

shown that the Goursat structures are locally nilpotentizable, answering a 1998 question of Sussmann. Surprisingly as it was, the Kumpera-Ruiz bases 

turned out to generate nilpotent Lie algebras over the reals. In the same year 2000 there were found Goursat distributions not equivalent to their 
nilpotent approximations. So it appeared possible for a distribution to be locally nilpotentizable and simultaneously not equivalent to its nilpotent 

approximation - a kind of big surprise in the nonholonomic analysis. From there, evolved a general problem of finding all Goursat structures not 

equivalent to their nilpotent approximations. Also in this problem there is a number of disparate partial results plus a plausible general answer. 

Malliavin Calculus of Bismut type for non-Markovian generators: an introduction 

Remi Leandre 

 Short abstract. We do a review about some of our recent works on the Malliavin Calculus of Bismut type for non-

Markovian generators when there is no stochastic process besides the considered semi-group. 

Curvature properties of Morris-Thorne wormhole metric 

Sabina Eyasmin 

 Abstract. The Morris-Thorne wormhole is a spherically symmetric solution of Einstein field equations with cosmological 

constant. The present article aims to investigate the geometric properties in terms of curvatures admitted by this spacetime. It is found 

that such a spacetime fulfills several kinds of symmetries, such as Ricci generalized pseudosymmetry, pseudosymmetry due to Weyl 

conformal curvature, semisymmetry due to conharmonic curvature etc. Also, it is an Einstein manifold of level 2 as well as special 

quasi-Einstein manifold. The Ricci tensor is Weyl compatible and Riemann compatible as well. Finally, this spacetime is compared 

with the Goedel spacetime with respect to their admitting geometric structures. 

Ricci solitons on Golden Riemannian manifolds 

Savita Rani, Ram Shankar Gupta 

  Short abstract. We study Ricci solitons on Golden Riemannian manifolds with constant sectional curvatures. We define 

Golden Ricci soliton on Golden Riemannian manifolds admitting potential vector fields as: concurrent, Killing, conformal Killing, 

and homothetic. 



Eigenvalues of (p,q)-Laplace systems along certain flows 

Shyamal Kumar Hui 

 Short abstract. We discuss the evolution formula for the first non-zero eigenvalue of the (p,q)-Laplace system along 

certain geometric flows. 

Gradient Shouten solitons and some applications 

Sinem Güler 

 Abstract. In this study, we focus on the problem about the existence of gradient Shouten solitons endowed with the doubly 

warped product metric. We seek the answer to this question when the potential function of the soliton is defined in different 

components of the doubly waped product manifold. Then we give some applications for gradient Shouten solitons, by using 

generalized Robertson-Walker (GRW) metric and Walker metric respectively. For instance, we prove that the potential function of a 

gradient Shouten soliton with GRW-spacetime metric depends only on the base manifold and the fiber manifold is an Einstein.  

Moreover, with the help of important classification results about Walker manifolds in the literature, we prove that there exists no 3-

dimensional esentially conformally symmetric gradient Shouten soliton. 
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Pointwise 1-type Gauss map of developable Smarandache ruled  surfaces in Euclidean 3-space 

Stuti Tamta, Ram Shankar Gupta 

 Short abstract. In this paper, we study pointwise 1-type  Gauss map of developable TN-Smarandache  ruled surface, TB-

Smarandache ruled surface, and NB-Smarandache ruled surface.  We characterize such type of surfaces to  be minimal and to have a 

harmonic Gauss map using the Laplace-Beltrami operator of  the position vector and Gauss map.   

Geometric and PDE models for moving object detection and tracking 

Tudor Barbu 

 Abstract. Our research describes several variational and PDE-based solutions for moving object detection and tracking. 

Some of these techniques use Geometric Active Contour models. Other methods are based on the optical flow estimated using PDE-

based models. Object detection and tracking solutions obtained from PDE-based edge and contour detection are also discussed. 

Histogram-based partial differential equations for object tracking are then described. Our own contributions in this computer vision 

field are briefly described here, too. 

On conformal Ricci solitons 

Tamalika Dutta 

 Short abstract. In this paper prove the existence of conformal Ricci solitons. We study conformal Ricci solitons on almost 

paracontact η-Einstein manifolds. We have shown that in a conformal Ricci soliton on the almost paracontact metric η-Einstein 

manifold, ξ becomes a geodesic vector field. We have also studied torse forming vector field. We prove that if a Riemannian 

manifold admits conformal Ricci soliton and if the vector field ξ is torse-forming, then the manifold is nearly quasi-Einstein 

manifold. 

Pseudosymmetric Spacetimes 

Uday Chand De 

 Abstract. The goal of the present talk is to obtain the condition under which a pseudosymmetric spacetime to be a perfect 

fluid spacetime. It is proven that a pseudosymmetric generalized Robertson-Walker spacetime is a perfect fluid spacetime. Moreover, 

we establish that a conformally flat pseudosymmetric spacetime is a generalized Robertson-Walker spacetime. Next, it is shown that 

a pseudosymmetric dust fluid with constant scalar curvature satisfying Einstein's field equations without cosmological constant is 

vacuum. Finally, we construct some non-trivial examples of pseudosymmetric spacetimes. In the last part of the talk, some 

investigations on four-dimensional pseudo-symmetric spacetimes admitting F(R)-gravity are made. 

Para-Sasakian admitting Ricci-Yamabe solitons with quarter symmetric metric connection 

Vandana Chandel, Aliya Naaz Sididqui 

 Short abstract. In 2019, Guler and Crasmareanu [1] presented the investigation of another geometric flow under the name 

Ricci-Yamabe map. This map is nothing but a scalar combination of Ricci and Yamabe flow [2]. The main purpose of the present 

communication is to characterize Ricci-Yamabe solitons on para-Sasakian manifold [3]. Firstly, we prove that para-Sasakian 

manifolds are nearly quasi-Einstein manifolds admitting Ricci-Yamabe solitons; we also discuss that such manifolds are shrinking, 

expanding or steady. Next, we extend the results to Ricci Yamabe solitons on para-Sasakian with a quarter symmetric metric 

connection. Finally, we give an example of 3-dimensional para-Sasakian manifold admitting Ricci-Yamabe solitons which satisfy 

our results. 
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Lie symmetries of the nonlinear Fokker-Planck equation based on some weighted  entropies 

Vasile Preda, Gabriel Teodor Pripoae, Cristina Liliana Pripoae, Iulia Elena Hirica 

 Abstract. The nonlinear Fokker-Planck equation (NFPE) is an important parabolic partial differential equation (PDE), perhaps better 

known through some of its particular cases: the heat equation and the nonlinear diffusion equation. Its roots and main applications are in Statistical 

Mechanics, but many other domains benefit of its versatility to model various phenomena, where a probability density function (PDF) of the velocity 
of a particle evolves in time, under the action of both deterministic and random fields of force.  

 The paper studies the Lie symmetries of the nonlinear Fokker-Planck equation in one dimension, associated to the certain  weighted 

entropies  (Sharma-Taneja-Mittal entropy,  Tsallis  entropy,  Kaniadakis entropy).  
 In some particular important cases, we found some sub-algebras, identifying their isomorphism classes in the Bianchi classification. We 

prove the associated Lyapunov function is non-negative and the Bregman divergence may be interpreted as a distance function, in terms of 

differences between values of the Lyapunov function. We find the solution for the maximum entropy problem associated to the weighted  entropies 

and a weighted generalization for some thermodynamic relations.  

On symmetry reduction of the (1+3)-dimensional Inhomogeneous Monge-Ampère equation to algebraic equations 

Vasyl Fedorchuk, Volodymyr Fedorchuk 

 Abstract. It is known that solution of many problems of the geometry, theoretical physics, optimal transportation, 

meteorology and oceanography has reduced to the investi-gation of the Monge-Ampère equations in the spaces of different 

dimensions and different types. By now, we have studied the relationship between structural properties of the three-dimensional 

nonconjugate subalgebras of the same rank of the Lie algebra of the Poincaré group P(1,4) and the properties of reduced equations 

for the (1+3)-dimensional Inhomogeneous Monge-Ampère equation. Some classes of invariant solutions have been constructed. The 

present report presents some of the results obtained concerning symmetry reduction of the equation under investigation to algebraic 

equation.  
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Visualization and Modeling Spheres in Some Paranormed Sequence Space 

Vesna Veličković 

 Abstract. We introduce the generalized Hahn space hd(p) and its generalization, a new sequence space hA(p), where p is a 

sequence of positive real numbers, d is an increasing unbounded sequence of positive reals, and A is an upper triangle matrix of reals.  

We develop the parametric representations of parts of spheres in three-dimensional space endowed with the relative paranorms of 

hd(p) and hA(p) and solve the visibility and contour problems for these spheres. Also we apply our own software in line graphics to 

visualize the shapes of parts of these spheres. Finally we demonstrate the effects of the change of all parameters on the shape of the 

spheres. 

A statistical and topological data analysis of 2D and 3D scenes extracted from electronic images 

 Vic Patrangenaru , Aaid Algahtani, Robert L. Paige 

 Abstract. We consider a statistical and topological data analysis of 2D and 3D image data. With recent advances in 

technology, digital imaging data has grown in breadth and accuracy. Such data is analyzed here via shape analysis in a nonparametric 

way.  One develops nonparametric procedures for comparing two extrinsic means or antimeans on the oriented projective shape 

space of k-ads in general position on a real projective space. Applications to bioshape analysis for 2D or 3D data extracted from 

digital camera images are also given, using Efron's nonparametric bootstrap. 

https://doi.org/10.4236/am.2020.1111080


On generation and detection of gravitational waves in laboratory 

Vladimir Gladyshev, V. Kauts, I. Fomin 

 Abstract. In this report, we consider the different approaches to the generation and detection of the gravitational waves in 

laboratory. We discuss the methods for generating gravitational waves by perturbations of medium by electromagnetic field and 

consider electromagnetic field itself as the source of the gravitational waves. The characteristics of gravitational waves induced by 

the different methods are compared. The possibility of the direct detection of the artificial gravitational waves by existing and 

promising detectors is considered as well. 

Invariant foliations in models of gene networks functioning 

Vladimir Golubyatnikov  

Abstract. We consider the following 4D dynamical system as a gene network model: 

                                   dx1/dt=L1(x4) – k1x1;     dxj/dt=Γj(xj-1) – kjxj;    j=2,3,4,                                                                                        (1) 

where the positive coefficients k1, kj are constant, and the step functions L1, Γj are defined by 

     L1(w) = k1a1  for 0 ≤ w < 1;   L1(w) = 0  for 1 ≤ w;   a1 > 1, 

     Γj (w) = 0 for 0 ≤ w < 1;   Γj (w) = kjaj   for 1 ≤ w;    aj > 1, 

where the decreasing function L1 describes the negative feedback, and the increasing functions Γj correspond to the positive 

feedbacks. All the variables are non-negative; they denote concentrations of components of the gene network (see [1] for 

interpretations of similar systems); it is assumed here that k1 = kj =1. The domain Q4=[0,a1]×[0,a2]×[0,a3]×[0,a4] is positively 

invariant with respect to the shifts along trajectories of (1). The planes xm =1 decompose Q4 into 16 blocks, m = 1, 2, 3, 4. The given 

Boolean indices εm satisfy {ε1ε2ε3ε4} ⊂ Q4, and are defined by the inequalities 0< xm <1 for εm = 0, and by am ≥ xm ≥1 for εm = 1. We 

denote by W the union of 8 such blocks {0000}∪{1000}∪{1100}∪{1110}∪{1111}∪{0111}∪{0011}∪{0001}. This union is a 

positively invariant domain of the system (1), as well. Using the constructions of [2], it was shown in [3] that if am > 1 for all m, then 

W contains a cycle C of this system, and this cycle is unique and stable. Now, following the proof of the Grobman-Hartman theorem 

(see [4]), we show that W is foliated into (non-smooth) surfaces which are invariant with respect to the shifts along trajectories of the 

system (1). Each of these invariant surfaces contains the cycle C. One of them contains the point E = (1, 1, 1, 1); this is the 

discontinuity point of the functions L1, Γj, it is the common vertex of all blocks {ε1ε2ε3ε4} of the decomposition of Q4. So, the cycle C 

is the singularity set of this foliation. Similar foliations with singularities do exist for some other gene networks models of 

dimensions 3, 5, and 6. 
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Metric structures that admit totally geodesic foliations 

Vladimir Rovenski 

 Abstract. An f-structure, introduced by K.Yano in 1963 and subsequently studied by a number of geometers, is a higher 

dimensional analog of almost complex and almost contact structures, defined by a (1,1)-tensor field f on a (2n+p)-dimensional 

manifold, which satisfies f3+f=0 and has constant rank 2n. In this case, the tangent bundle TM splits into two complementary 

subbundles: a 2n-dimensional f(TM) and a p-dimensional ker f; moreover, the restriction of f to f(TM) determines a complex 

structure. 

 The talk is devoted to the weakened f-structure (i.e., the complex structure on f(TM) is replaced by a nonsingular skew-

symmetric tensor) and its subclasses of weak K-, S-, and C- structures on Riemannian manifolds with totally geodesic foliations, (see 

[1,2]) which allow us to take a fresh look at the classical theory. We demonstrate this by generalizing several known results on 

globally framed f-manifolds. First, we express the covariant derivative of f using a new tensor on a weak metric f-structure, then we 

prove that on a weak K-manifold the characteristic vector fields are Killing and ker f defines a totally geodesic foliation, an S-

structure is rigid, i.e., our weak S-structure is an S-structure, and a weak f-structure with parallel tensor f reduces to a weak C-

structure [4]. For p=1 we obtain the corresponding corollaries for weak almost contact, weak cosymplectic, and weak Sasakian 

structures, see [3]. 
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