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Kulkarni@80: Differential Geometry

Counting Reciprocal and Low Lying Geodesics on
the Modular Surface

Ara Basmajian
City University of New York

Email: ABasmajian@gc.cuny.edu

Abstract

The modular surface S is the punctured sphere with cone points of orders 2 and 3; equivalently S is the
quotient of the hyperbolic plane by the modular group, PSL(2,Z). A geodesic is said to be reciprocal
if its trajectory starts and ends in the order two cone point while retracing its path (hence the name
reciprocal). With respect to a compact exhaustion {Sm} of S, a geodesic is said to be m-low lying if it
stays in Sm. In this talk, we count the number of reciprocal and low lying geodesics of word length less
than L. This is joint work with Robert Suzzi Valli.

Local Version of Courant’s Nodal Domain Theorem
Sagun Chanillo

Department of Mathematics - Hill Center
Rutgers, The State University Of New Jersey

Email: chanillo@math.rutgers.edu

Abstract

Consider a smooth and compact Riemannian manifold (Mn, g) with no boundary and equipped with
a smooth metric g. The Laplace-Beltrami operator ∆g is an object on M that has been the subject of
much study with early work by H. Weyl and Minakshisundaram-Pleijel. Consider the eigenvalues λk

and associated eigenfunctions uk of ∆g given by

−∆guk = λkuk.

Arrange the eigenvalues with multiplicity in increasing order 0 < λ2⋯ < λk⋯. Courant’s theorem states
that the eigenfunction uk corresponding to the k-th eigenvalue λk has at most k nodal domains. A nodal
domain is a connected component of the set {x ∈ M ∶ uk /= 0}. In this talk we will prove an optimal
local version of Courant’s result. By local version we mean consideration of the connected components
of the set

{x ∈M ∣ uk(x) /= 0} ∩B,

where B is any geodesic ball in the manifold M . This local question is related to the problem of S-T.
Yau on estimating Hn−1(S) where S is the nodal set {x∣uk(x) = 0} and Hn−1(S) the n− 1 dimensional
Hausdorff measure of S. The local question studied in our talk was proposed by C. Fefferman and H.
Donnelly. This is a joint work with A. Logunov, E. Mallinikova and D. Mangoubi.
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Geodesics on the Modular Surface and Continued
Fraction expansions of their endpoints

S.G. Dani
UM-DAE Centre for Excellence in Basic Sciences (CBS)

Vidyanagari Campus of the University of Mumbai
Kalina, Mumbai 400098, India
Email: shrigodani@gmail.com

Abstract

To each (forward) geodesic on the modular surface we associate its ”endpoint”, which is a real number or
infinity, defined upto equivalence under the action of the modular group by fractional transformations.
There is known to be an intricate relationship between the Diophantine properties of the endpoint with
the geometrical/dynamical behaviour of the geodesic. This has in particular been explored in literature
in terms of continued fraction expansions (CFE) of the endpoints, starting with the simple CFE in the
classical work of Artin, followed up by Caroline Series. The theory of CFE itself offers more flexible
options than simple CFE, some of which, like the nearest integer CFE offers some advantages over
simple CFE in certain respects. In this talk I will present some history, some details along the overall
theme, and some loose ends.

Finite Group Actions on 1-Complexes and
Homology
Allan Edmonds

Department of Mathematics,
Indiana Iniversity, Bloomington
Email: edmonds@indiana.edu

Abstract

We explore the extent to which a finite group action on a finite connected 1-complex is determined up
to equivariant homotopy by the induced action on integral homology: How many actions could induce
the same representation on homology? What representations arise? What sorts of conditions on the
homology representation could guarantee a global fixed point?
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Locally Homogeneous Geometric Structures on
Manifolds

William Mark Goldman
Mathematics Department
University of Maryland
Email: wmg@umd.edu

Abstract

In 1936 Ch. Ehresmann initiated the study of locally homogeneous structures on manifolds. When does
a fixed topology admit a consistent system of local coordinates in the geometry of a fixed homogeneous
space? For example, a flat Riemannian metric is a structure modeled on Euclidean space with coordinate
changes in the group of Euclidean isometries. While the topology of the sphere is incompatible with
Euclidean geometry (no medically accurate world atlas exists), the torus admits a rich space of Euclidean
structures. In this talk, I will survey this subject, with particular attention to the contributions of Ravi
Kulkarni.

A Function Model for the Teichmüller Space of a
Closed Hyperbolic Riemann Surface

Yunping Jiang
Queens College and Graduate Center
The City University of New York
Email: yunping.jiang@qc.cuny.edu

Abstract

I will introduce a function model for the Teichmüller space of a closed hyperbolic Riemann surface. We
have a new metric from the maximum norm on the function space in this model. The identity map on
the Teichmüller space from the Teichmüller metric to this new metric is uniformly continuous and from
this new metric to the Teichmüller metric is only continuous. Therefore, both metrics induce the same
topology. I will show that by using this model, one can calculate the pressure metric, the Weil-Petersson
metric, the topological entropy, and the Kolmogorov-Sinai entropy (metric entropy).
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Spectral Invariants of Cyclic Coverings of a Graph
Alexander Mednykh

Sobolev Institute of Mathematics,
Novosibirsk State University

Email: smedn@mail.ru

Abstract

The purpose of this survey lecture is to study basic invariants of n-fold cyclic coverings of a graph. In
this case, the covered graph is assumed to be fixed, and the cyclic group of the covering has an arbitrarily
large order. Circulant graphs are a classic example of such coverings. They cover a one-vertex graph
with a given number of loops. More complex representatives of the family of cyclic coverings are I-, Y -,
H-graphs, generalized Petersen graphs, sandwich graphs, discrete tori, and many others. In this review,
we present analytical formulas that allow one to calculate the number of marked spanning forests and
trees in cyclic coverings, find their asymptotics, and study the arithmetic properties of these numbers.
In addition, for circulant graphs, exact formulas for calculating the Kirchhoff index will be indicated and
it will be established that, up to an exponentially small remainder term, they are given by polynomials
of the third degree. All of these invariants are spectral invariants — their values are determined by the
spectrum of the Laplace operator.

Riemannian Geometry of the Solar Atmosphere
Ulrich Pinkall

Department of Mathematics
TU, Berlin, 10623 Berlin, Germany

Email: upinkall@gmail.com

Abstract

Stars like our sun are surrounded by an atmosphere consisting of plasma, an ionized and electrically
conducting gas that interacts with a variable magnetic field through the magnetohydrodynamic (MHD)
equations. Due to the large time scales involved, the relevant equation is in fact the magnetohydrostatic
(MHS) equation. Visually, the prominent feature of the solar atmosphere is a fibration by curves that
follow magnetic field lines. We show that in a certain limit these fibers can be described as geodesics
of a certain Riemannian metric in the solar atmosphere given by

d̃s = ( r

r⊙
)
−23

ds.

Here r denotes distance from the center of the sun, r⊙ is the radius of the sun and ds is the Euclidean
metric. A refined version of this model can be used to faithfully reconstruct the visual appearance of
the solar atmosphere from the measured magnetic flux Φ (a 2-form on the sun’s surface). In the context
of Computer Graphics, the same algorithm can be used for rendering a stellar atmosphere based on a
procedurally generated Φ.
In order to connect Magnetohydrostatics to the Riemannian Geometry of a conformally changed Eu-
clidean metric, we reformulate MHS in terms of variational principles.
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Curvature, Torsion and Quadrilateral Gaps
Nitin Nitsure

Tata Institute of Fundamental Research, Mumbai, India
Email: nitsure@gmail.com

Abstract

Gaussian curvature, and its higher dimensional avatar the Riemann curvature tensor, appear in many
guises in geometry. In this talk I will give a new elementary manifestation of these, via ‘quadrilateral
gaps’. Unlike in a flat space, geodesic squares fail to close in curved spaces, and the resulting ‘gap’ can
be used to precisely quantify the curvature tensor. The talk will focus on a heuristic understanding of
this phenomenon. The complete details have appeared in Proc. Indian Acad. Sci. (Math. Sci.) (2021)
131:4
https://doi.org/10.1007/s12044-020-00596-2

Quadratic Differentials and Foliations on Infinite
Riemann Surfaces

Dragomir Saric
Queens College and Graduate Center
The City University of New York

Email: dragomir.saric33@login.cuny.edu

Abstract

For a compact Riemann surface S of genus at least two, Hubbard and Masur proved that the space
of holomorphic quadratic differentials Q(S) on S is in a one to one correspondence with the space of
measured foliations on S by associating with each holomorphic quadratic differential its corresponding
vertical foliation. Thurston proved that the space of measured foliation on S is in a one to one cor-
respondence with the space of measured geodesic laminations ML(S). Therefore, there is a bijection
between Q(S) and ML(S) obtained by straightening the horizontal leaves of the quadratic differentials
into hyperbolic geodesics on S and pushing forward the transverse measure.
Let X be an infinite Riemann surface whose covering group is of the first kind. We give an analogue of
the Hubbard and Masur theorem for integrable holomorphic quadratic differentials on X. Namely, we
give a complete characterization of the class of measured geodesic laminations on X that correspond
to integrable holomorphic quadratic differentials thus establishing a bijection between the two spaces.
Some applications of this result will be considered.



12

On Discrete Groups of Complex Projective
Transformations

Jose Seade
UNAM - Universidad Nacional Autonoma de Mexico

Instituto de Matematicas
Email: jseade@im.unam.mx

Abstract

I will survey old and new results about the geometry and dynamics of discrete subgroups of transfor-
mations of the complex projective space CPn, with main focus on the case n = 2, where the concept of
limit set defined by R. Kulkarni in the late 1970s plays a key role.

Angular Momentum in General Relativity
Shing-Tung Yau

Department of Mathematics,
Harvard University, USA.

Email: yau@math.harvard.edu

Abstract

In this talk, I will discuss about a notion of angular momentum at null infinity in general relativity,
using the theory of quasilocal conserved quantities.

Kulkarni-Nomizu Tensors
Mukut Mani Tripathi

Department of Mathematics, Institute of Science,
Banaras Hindu University, Varanasi 221005, India

Email: mmtripathi66@yahoo.com

Abstract

First, we recall the definitions of ‘Riemannian tensor fields’ [4, Gray 1966], ‘curvature tensor’ [6, Kulka-
rni 1967, Lemma 1, p. 5], ‘curvature tensor structure’ [6, Kulkarni 1967, Definition 1, pp. 52-53],
‘curvature structure’ ([6, Kulkarni 1967, Definition 1, pp. 53-54], [7], [9]), ‘curvature tensor’ [8], and
‘generalized curvature tensor field’ [10], along with some basic properties. Then, we recall the definition
of Kulkarni-Nomizu product (cf. [1, Besse 1987, Definition 1.110, p. 47], [2, Gallot-Hulin-Lafontaine
1987, Definition 3.122, p. 151]) and the symmetric product [14, Z. Wang 2016, Eq. (1.3)] of any two
(0,2)-tensors as a (0,4)-tensor in a smooth manifold. Then, we have a discussion about an algebraic
curvature tensor in a real vector space (cf. [1, Besse 1987, Definition 1.108, p. 46], [12, Ornea and
Romani 1993], [3, Gilkey 2001, p. 23]). Taking into account the treatment given in [5, Kobayashi and
Nomizu 1963, pp. 199-200], we give the definition of algebraic sectional curvature and give a proof
of algebraic Schur Theorem. Because of several important works of Kulkarni and Nomizu, including
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[6], [7], [8], [9], [10], and [11], we finally propose the definition of a ‘Kulkarni-Nomizu tensor’. We give
several examples and results for Kulkarni-Nomizu tensors, and point out several applications.

References
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Kulkarni@80: Symmetries from a Geometric Viewpoint

Revisiting Brauer Witt Theorem from
Computational Perspective

Gurmeet Bakshi
Department of Mathematics, Punjab University

Email: gkbakshi@yahoo.com

Abstract

A classical theorem due to Brauer and Witt implies that every simple component of the rational
group algebra QG is Brauer equivalent to a cyclotomic algebra containing Q in its centre. The precise
description of this cyclotomic algebra is not available from the proof of the Brauer-Witt theorem and it
has been a problem of interest to determine the same in view of its central role in the structure of the
Brauer group of rationals. In this talk, I will describe an approach using Shoda pair theory, which is
quite efficient from computational perspective. This is an on going joint work with my student Jyoti.

z-classes in Groups
Anupam Kumar Singh

Indian Institute of Science Education and Research (IISER), Pune
Email: anupamk18@gmail.com

Abstract

Let G be a group. For elements x and y in G, we say that x and y are z-equivalent if the centralisers
of x and y are conjugate in G. The equivalence classes under z-equivalence are called z-classes. Each
z-class is a union of certain conjugacy classes in G. In this expository talk, we explore the various
known results for groups.

Symmetries of Finite Group Actions on Surfaces
Siddhartha Sarkar

Indian Institute of Science Education and Research, Bhopal,
Email: siddhartha18@gmail.com

Abstract

I will discuss Ravi Kulkarni’s cofiniteness theorem of symmetries of finite groups acting on compact
orientable surfaces during the 90’s. This gives rise to the Hurwitz Problem: Construct spectra sets
for finite groups acting on compact orientable surfaces. I will give a brief overview of the work on
Hurwitz Problem by several authors: Kulkarni, Maclachlan, Talu, Weaver and others. I will present
the questions that are still open in this direction.
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Schur Index and Faithful Irreducible
Representations of Metacyclic groups

Soham Swadhin Pradhan
Postdoctoral Fellow, University of Haifa,

Mount Carmel, Haifa, Israel
Email: soham.spradhan@gmail.com

Abstract

The representation theory of finite groups began with the pioneering work of Frobenius in 1896. Let
G be a finite group, and F a field of characteristic 0 or prime to the order of G. The Frobenius-Schur
theory of representations of G, when F is algebraically closed, is standard. In 1906, Schur extended to
study of representations of G when F is not algebraically closed. Schur observed that a special number
appears when dealing with these fields. The number was later called the “Schur Index”. Since the notion
of Schur Index was introduced, it has become a useful tool in the theory of group representations. In
this talk, we will first review the theory of Schur index.
In 1993, H. S. Sim studied the structure of faithful irreducible representations of metacyclic groups,
and he proved that all the faithful irreducible representations of a finite metacyclic group over any field
of positive characteristic have the same degree. Further, he asked: Is the result true over any field of
characteristic 0? Using the classical theory of Schur and the work of Yamada on group representations,
we will answer affirmatively Sim’s question for finite metacyclic groups, over number fields. This is joint
work with Rahul Dattatraya Kitture.

Computations for Invariant Bilinear forms under an
Invertible Linear Map

Jagmohan Tanti
Department of Mathematic,

Babasaheb Bhimrao Ambedkar University,
Lucknow, India

Email: jagmohan.t@gmail.com

Abstract

Let F be a field, V a vector space of dimension n over F. Then the set of bilinear forms on V forms a
vector space of dimension n2 over F. For char F ≠ 2, if T is an invertible linear transformation from V
onto V then the set of T -invariant bilinear forms is a subspace of this space of forms. In this lecture we
will compute the dimension of this subspace over F. Also we discuss the existence of non-degenerate
T -invariant bilinear forms.
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Ravi’s Work on Discontinuous Groups
Anthony Weaver

Department of Mathematic and Computer Science,
Bronx Community College,
City University of New York

Email: anthony.weaver@bcc.cuny.edu

Abstract

An overview – probably incomplete – of Ravi’s far-reaching work on the broad topic of groups acting
discontinuously on topological spaces.

Modular Group and Drawings
Devendra Tiwari

Bhaskaracharya Pratishthana, Pune
Email: devendra9.dev@gmail.com

Abstract

This talk will be based on the work of Prof. Ravi Kulkarni on the inhomogeneous modular group
Γ = PSL2(Z) and its finite index subgroups. We start with his pictorial and topological proof of a clas-
sical theorem of Millington on subgroups of Γ. Using hyperbolic geometry, Kulkarni addressed a classical
problem in number theory of finding fundamental domains for congruence subgroups of the classical
modular groups. This leads to an algorithmic construction of such fundamental domains. The method,
developed for this later work is of “Farey Symbols”, also shows that trees and graphs serve a role in clas-
sifying finite index subgroups of Γ. Time permitting, we will also discuss a problem posed by Millington
about realizable cusp-widths of a finite index subgroup of Γ, and an approach to address this problem.

z-Classes and Rational Conjugacy Classes
Vikas S. Jadhav

Nowrosjee Wadia College, SPPU
Pune 411001, India

Email: svikasjadhav@gmail.com

Abstract

For a group G, we say that x, y ∈ G are in the same z-class if their centralizers are conjugate in G. Two
elements x and y in a group G are rational conjugate if the cyclic subgroups generated by x and y are
conjugate subgroups of G. In this talk we will discuss about an upper bound on the number z-classes
of a finite group. Also we discuss a necessary condition for groups attaining this upper bound and
example of such groups.
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Kulkarni@80: General Mathematics

On the Colored Topological Tverberg Theorems
Satya Deo

Harish-Chandra Research Institute
Chhatnag Road, Jhusi, Allahabad-211019, India

Email: sdeo94@gmail.com

Abstract

Topological Tverberg theorem is one of the most important results of topo- logical combinatorics which
has attracted the attention of several eminent workers of the area to settle it completely. After giving
a brief introduction to this result, I will explain the colored version of this theorem which has a very
interesting history. Of course, now it has a well-formulated statement as well as several proofs of that
statement.

On a Conjecture of Ilya Smirnov about the
Hilbert-Kunz Multiplicity of Powers of an Ideal

Jugal Verma
Mathematics Department

IIT Bombay, India
Email: verma.jugal@gmail.com

Abstract

Hilbert-Kunz multiplicity of powers of an ideal has been investigated by many authors in special classes
of rings. I. Smirnov conjectured that the Hilbert-Kunz multiplicity of powers of an ideal is a polynomial
function and its coefficients are limits of Hilbert-Samuel coefficients of the Frobenius powers of the ideal.
We shall show that Smirnov conjecture is false in general and find situations when it is true.
This is joint work with Arindam Banerjee and Kriti Goel.
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Logic, Game Theory and Dreams as Means for
Understanding Society

Rohit Parikh
Computer Science, Mathematics and Philosophy

City University of New York
Email: rohitparikh32@gmail.com

Abstract

As Jakob von Uexkuell pointed out, each of us live in our own private world which he calls our umwelt.
He has investigated the umwelts of animals, and written very beautifully about them. But there are
also the umwelts of us human beings, and these umwelts do not include just sensations and perceptions,,
but also beliefs, plans and dreams. Still, a person who is color blind and another person who is deaf
can still write a math paper together and even fix a car. So these different umwelts correspond to each
other in a loose way through some mixture of homomorphism and bi-simulation.
It is rare for the purely physical aspects of the umwelts to be in conflict although that can happen
when there are different views about the benefits and risks of vaccination. But there are much more
likely to be conflicts when there is a conflict of different beliefs and different dreams. Religious and
political beliefs fall within this belief-dream domain and can lead to wars. Music by contrast is entirely
in the dream domain and there is no surprise in the fact that both Hindus and Muslims have been great
classical Indian musicians.
Now, these topics have a mathematical structure investigated by me and other researchers under the
rubric of social software.
In this talk we will give some examples from ancient times, involving the Mahabharata, Birbal, and
Mullah Nasruddin. But we will also give a view of game theory and logic in a nutshell.

References

[1] Von Uexküll, Jakob, A foray into the worlds of animals and humans: With a theory of meaning, Vol. 12. U of

Minnesota Press, 2013

[2] Pacuit, Eric, and Rohit Parikh, Social interaction, knowledge, and social software, Interactive computation, Springer,
Berlin, Heidelberg, 2006. 441-461.

[3] Parikh, Rohit, and Adriana Renero, Justified true belief: plato, gettier, and turing, Philosophical explorations of the

legacy of Alan Turing, Springer, Cham, 2017, 93-102.
[4] J. Kim and Rohit Parikh, The Buddha versus Popper: When to Live?, Journal of Buddhist Ethics.

[5] Searle, John R., and Y. S. Willis, and S. Yassemi, The construction of social reality, Simon and Schuster, 1995.
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Some Glimpses into the Lipschitz Geometry of
Banach Spaces

M. A. Sofi
Department of Mathematics

JKIMS (Kashmir University), Srinagar
Email: aminsofi@gmail.com

Abstract

The Lipschitz geometry of Banach spaces involves the study of Banach spaces as a category of objects
where, in place of the familiar class of bounded linear maps, the morphisms are taken to be Lipschitz
maps and, in some cases, uniformly continuous mappings, arising from the underlying metric/uniform
structure attached to the norm of the Banach space. The question as to what extent the Lipschitz/metric
structure may be used to capture the full linear structure of a Banach space has been one of the
most fundamental problems pertaining to the Lipschitz structure of Banach spaces since this line of
investigation was undertaken by Lindenstrauss in the early seventies. This line of research which is
subsumed under the so- called Ribe programme revolves around questions of the following kind.

Problem 4: Given (separable) Banach spaces X and Y which are Lipschitz homeomorphic, does it
follow that they are linearly homeomorphic?

The question remains wide open despite a string of partial success having been achieved in certain
concrete situations. In this talk, it’s intended to present a broad picture of recent breakthroughs
surrounding the structure of Banach spaces X in terms of convex subsets of X which arise as uniformly
continuous/Lipschitz retracts of X. Among other results, it’s shown that closed convex subsets of X
are Lipschitz retracts of X if and only X is (isomorphically) a Hilbert space.

A Comparative Overview of Riemannian and Finsler
Geometry

Bankteshwar Tiwari
Delhi University

Email: banktesht@gmail.com

Abstract

The theory of Finsler spaces is the study of a kind of family of smooth norms, called Minkowski norms,
in each tangent space of a smooth manifold. Interestingly, it includes Riemannian spaces in it. However,
the metric induced on a Finsler manifold is not symmetric in general, as in Riemannian spaces. In the
present talk a brief review of Riemannian and Finsler geometry will be discussed and some recent
research trend and challenges will be presented.
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Squeezing Functions
Sanjay Pant
Delhi University

Email: sanjpant@gmail.com

Abstract

We will look at the concept of squeezing functions from the historical point of view . We will also
discuss some recent results .

When is Z[θ] Integrally Closed?
Sudesh Kaur Khanduja

INSA Honorary Scientist, IISER, Mohali (INDIA)
and Emeritus Professor, Dept. of Mathematics

Panjab University, Chandigarh
Email id: skhanduja@iisermohali.ac.in, sudeshkaur@yahoo.com

Abstract

Let K = Q(θ) be an algebraic number field, where θ is a root of an irreducible trinomial xn + axm + b
belonging to Z[x] and let AK denote the ring of algebraic integers of K. We shall give a set of necessary
and sufficient conditions in terms of prime powers dividing a, b,m and n, for any prime p to divide the
group index [AK ∶ Z[θ]]. Using the well known Dedekind Criterion, we also discuss a generalisation
of this result giving a set of necessary and sufficient conditions for a simple ring extension R[η] of a
valuation ring R to be integrally closed when η is a root of an irreducible trinomial xn+axm+b belonging
to R[x]. The later result yields interesting number theoretic applications. This is joint work with A.
Jakhar, B. Jhorar, M. Kumar, N. Sangwan.


