planar algebra

planar algebra is a fascinating and complex area of mathematical study that has emerged from the
intersection of algebra, geometry, and quantum physics. It is primarily concerned with the algebraic
structures that can be represented in two-dimensional spaces, serving as a powerful tool for analyzing and
describing systems in various fields, including mathematical physics and category theory. This article
delves into the intricacies of planar algebra, exploring its definitions, historical development, applications,
and the theoretical foundations that support it. By the end of this comprehensive guide, readers will have a

robust understanding of planar algebra and its significance in modern mathematics.
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Introduction to Planar Algebra

Planar algebra refers to a mathematical framework where structures are represented in a two-dimensional
plane. It encompasses various operations and relationships that can be visualized and manipulated, making it
an essential area of study for mathematicians and physicists alike. The key components of planar algebra
include the definitions of planar diagrams, the algebraic operations on these diagrams, and the relationships
that can be established through them. The visual nature of planar algebra allows for a more intuitive
understanding of complex algebraic relationships, particularly in areas such as knot theory and quantum

invariants.

Planar algebra is characterized by its use of planar diagrams, which can represent algebraic operations
through visual means. This helps in simplifying complex algebraic concepts and provides a practical
approach to solving problems. The versatility of planar algebra has made it a valuable asset in various fields,

including topology, representation theory, and mathematical physics.



Historical Background

The development of planar algebra can be traced back to significant advancements in mathematics during
the late 20th century. The concept was introduced by Vaughan Jones in the context of knot theory, where
he explored the mathematical properties of knots and links through algebraic means. Jones's work led to
the discovery of the Jones polynomial, which provides a powerful invariant for knots and has since become

a cornerstone in the study of knot theory.

Subsequent developments in planar algebra were influenced by various mathematical disciplines, including
category theory and noncommutative algebra. Researchers began to recognize the potential of planar
algebra in addressing complex problems in topology and quantum mechanics, leading to a surge of interest
and research in the field. Today, planar algebra continues to evolve, with ongoing research exploring its

applications and theoretical underpinnings.

Theoretical Foundations

The theoretical framework of planar algebra is built upon several key concepts and principles. At its core,
planar algebra revolves around the notion of a planar diagram, which serves as a representation of algebraic

operations. These diagrams can incorporate various elements, such as:
e Strings or curves, which represent algebraic entities.

¢ Nodes or intersections, which signify operations or relationships between entities.

e Labels, which provide additional information about the algebraic components involved.

To understand planar algebra fully, it is essential to grasp its underlying structures, including:

1. Planar Diagrams

Planar diagrams are the foundational elements of planar algebra. They provide a visual representation of
algebraic expressions and operations, allowing mathematicians to manipulate and analyze complex

relationships intuitively.

2. Algebraic Operations

Planar algebra incorporates several algebraic operations, including addition, multiplication, and composition.

These operations can be represented visually through planar diagrams, enabling a deeper understanding of



their interactions.

3. Intertwiners and Morphisms

In the context of category theory, intertwining morphisms play a crucial role in planar algebra. They

facilitate the transition between different algebraic structures while preserving their inherent properties.

Applications of Planar Algebra

The applications of planar algebra are diverse and far-reaching, impacting various fields of study. Some

notable areas where planar algebra has made significant contributions include:

1. Quantum Physics

Planar algebra provides a framework for understanding quantum invariants and the algebraic structures
that arise in quantum mechanics. It has been instrumental in developing quantum field theories and

studying topological phases of matter.

2. Knot Theory

In knot theory, planar algebra serves as a powerful tool for analyzing the properties of knots and links. The
visual representation of algebraic operations allows researchers to explore complex knot invariants and their

relationships.

3. Representation Theory

Planar algebra has implications in representation theory, particularly in understanding the representations
of algebras and their associated categories. This has led to new insights into the structure of algebraic entities

and their interactions.

Examples of Planar Algebras

Several examples illustrate the richness and diversity of planar algebras. These examples showcase how

different planar algebras can arise from various mathematical structures and contexts.



1. Jones Planar Algebra

The Jones planar algebra is one of the most prominent examples, originating from the study of knot theory.
It is defined through a series of generators and relations, providing a comprehensive framework for

understanding knots and their invariants.

2. Temperley-Lieb Algebra

The Temperley-Lieb algebra is another significant example of planar algebra, with applications in statistical
mechanics and quantum algebra. It can be represented using planar diagrams, making it an accessible model

for exploring combinatorial and algebraic properties.

3. Brauer Algebra

The Brauer algebra is related to the representation theory of symmetric groups and provides a rich
structure for understanding algebraic and combinatorial relationships. Its planar representation facilitates the

study of various algebraic operations and their interactions.

Future Directions in Planar Algebra Research

As the study of planar algebra continues to grow, several future directions present exciting opportunities

for research and exploration. Some potential avenues include:

Further exploration of the connections between planar algebra and quantum field theories.

Investigation of new applications in combinatorial enumeration and statistical mechanics.

Development of computational tools for analyzing planar diagrams and their properties.

Interdisciplinary research that bridges planar algebra with other mathematical fields.

The evolving nature of planar algebra ensures that it will remain a vibrant area of study in mathematics,

with ongoing developments and discoveries shaping its future.

Conclusion

Planar algebra stands as a testament to the intricate relationships between algebra, geometry, and physics.

Its visual nature and robust theoretical foundations provide a unique perspective on complex mathematical



concepts, making it an invaluable tool in various fields of study. As researchers continue to explore and
expand the boundaries of planar algebra, its applications and implications will undoubtedly lead to new

insights and advancements in mathematics.

Q What is planar algebra?

A: Planar algebra is a mathematical framework that focuses on algebraic structures represented in two-
dimensional spaces. It uses planar diagrams to visualize and manipulate complex algebraic relationships,

making it a valuable tool in various areas of mathematics, including knot theory and quantum physics.

Q Who introduced planar algebra?

A: Planar algebra was introduced by Vaughan Jones in the context of knot theory. His work led to the

discovery of the Jones polynomial, which is a significant invariant in the study of knots and links.

Q What are the key components of planar algebra?

A: The key components of planar algebra include planar diagrams, algebraic operations (such as addition and
multiplication), and intertwining morphisms that facilitate the understanding of relationships between

different algebraic structures.

Q How is planar algebra applied in quantum physics?

A: Planar algebra is applied in quantum physics to study quantum invariants and the algebraic structures
that arise in quantum mechanics. It has been instrumental in developing quantum field theories and

exploring topological phases of matter.

Q: Can you provide examples of planar algebras?

A: Yes, notable examples of planar algebras include the Jones planar algebra, Temperley-Lieb algebra, and
Brauer algebra. Each of these examples illustrates different algebraic structures and their applications in

various mathematical contexts.

Q What is the significance of planar diagrams in planar algebra?

A: Planar diagrams are significant in planar algebra as they provide a visual representation of algebraic
expressions and operations. This visual aspect helps mathematicians manipulate and analyze complex

relationships more intuitively.



Q What future directions are there for research in planar algebra?

A: Future directions for research in planar algebra include exploring connections with quantum field
theories, investigating new applications in combinatorial enumeration, developing computational tools for

planar diagrams, and engaging in interdisciplinary research.

Q How does planar algebra relate to knot theory?

A: Planar algebra relates to knot theory by providing a framework for analyzing knots and links through
algebraic means. The visual representation of algebraic operations helps researchers explore knot invariants

and their properties.

Q What role do intertwining morphisms play in planar algebra?

A: Intertwining morphisms play a crucial role in planar algebra by facilitating transitions between different
algebraic structures while preserving their properties. They are essential for understanding the

relationships within the framework of category theory.
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planar algebra: Topological Phases of Matter and Quantum Computation Paul Bruillard,
Carlos Ortiz Marrero, Julia Plavnik, 2020-03-31 This volume contains the proceedings of the AMS
Special Session on Topological Phases of Matter and Quantum Computation, held from September
24-25, 2016, at Bowdoin College, Brunswick, Maine. Topological quantum computing has exploded
in popularity in recent years. Sitting at the triple point between mathematics, physics, and computer
science, it has the potential to revolutionize sub-disciplines in these fields. The academic importance
of this field has been recognized in physics through the 2016 Nobel Prize. In mathematics, some of
the 1990 Fields Medals were awarded for developments in topics that nowadays are fundamental
tools for the study of topological quantum computation. Moreover, the practical importance of this
discipline has been underscored by recent industry investments. The relative youth of this field
combined with a high degree of interest in it makes now an excellent time to get involved.
Furthermore, the cross-disciplinary nature of topological quantum computing provides an
unprecedented number of opportunities for cross-pollination of mathematics, physics, and computer
science. This can be seen in the variety of works contained in this volume. With articles coming from
mathematics, physics, and computer science, this volume aims to provide a taste of different
sub-disciplines for novices and a wealth of new perspectives for veteran researchers. Regardless of
your point of entry into topological quantum computing or your experience level, this volume has
something for you.
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planar algebra: Algebraic Operads Jean-Louis Loday, Bruno Vallette, 2012-08-08 In many
areas of mathematics some “higher operations” are arising. These havebecome so important that
several research projects refer to such expressions. Higher operationsform new types of algebras.
The key to understanding and comparing them, to creating invariants of their action is operad
theory. This is a point of view that is 40 years old in algebraic topology, but the new trend is its
appearance in several other areas, such as algebraic geometry, mathematical physics, differential
geometry, and combinatorics. The present volume is the first comprehensive and systematic
approach to algebraic operads. An operad is an algebraic device that serves to study all kinds of
algebras (associative, commutative, Lie, Poisson, A-infinity, etc.) from a conceptual point of view.
The book presents this topic with an emphasis on Koszul duality theory. After a modern treatment of
Koszul duality for associative algebras, the theory is extended to operads. Applications to homotopy
algebra are given, for instance the Homotopy Transfer Theorem. Although the necessary notions of
algebra are recalled, readers are expected to be familiar with elementary homological algebra. Each
chapter ends with a helpful summary and exercises. A full chapter is devoted to examples, and
numerous figures are included. After a low-level chapter on Algebra, accessible to (advanced)
undergraduate students, the level increases gradually through the book. However, the authors have
done their best to make it suitable for graduate students: three appendices review the basic results
needed in order to understand the various chapters. Since higher algebra is becoming essential in
several research areas like deformation theory, algebraic geometry, representation theory,
differential geometry, algebraic combinatorics, and mathematical physics, the book can also be used
as a reference work by researchers.

planar algebra: Noncommutative Rings, Group Rings, Diagram Algebras and Their Applications
Surender Kumar Jain, S. Parvathi, Dinesh Khurana, 2008 Articles in this volume are based on talks
given at the International Conference on Noncommutative Rings, Group Rings, Diagram Algebras
and Their Applications. The conference provided researchers in mathematics with the opportunity to
discuss new developments in these rapidly growing fields. This book contains several excellent
articles, both expository and original, with new and significant results. It is suitable for graduate
students and researchers interested in Ring Theory,Diagram Algebras and related topics.

planar algebra: Quanta of Maths Institut des hautes études scientifiques (Paris, France),
Institut de mathématiques de Jussieu, 2010 The work of Alain Connes has cut a wide swath across
several areas of mathematics and physics. Reflecting its broad spectrum and profound impact on the
contemporary mathematical landscape, this collection of articles covers a wealth of topics at the
forefront of research in operator algebras, analysis, noncommutative geometry, topology, number
theory and physics. Specific themes covered by the articles are as follows: entropy in operator
algebras, regular $C~*$-algebras of integral domains, properly infinite $C~*$-algebras,
representations of free groups and 1-cohomology, Leibniz seminorms and quantum metric spaces;
von Neumann algebras, fundamental Group of $\mathrm{II} 1$ factors, subfactors and planar
algebras; Baum-Connes conjecture and property T, equivariant K-homology, Hermitian K-theory;
cyclic cohomology, local index formula and twisted spectral triples, tangent groupoid and the index
theorem; noncommutative geometry and space-time, spectral action principle, quantum gravity,
noncommutative ADHM and instantons, non-compact spectral triples of finite volume,
noncommutative coordinate algebras; Hopf algebras, Vinberg algebras, renormalization and
combinatorics, motivic renormalization and singularities; cyclotomy and analytic geometry over
$F 1%, quantum modular forms; differential K-theory, cyclic theory and S-cohomology.

planar algebra: The Classification of Subfactors with Index at Most $5 frac {1}{4}$ Narjess
Afzaly, Scott Morrison, David Penneys, 2023-04-07 View the abstract.

planar algebra: Operads and Universal Algebra Chengming Bai, Li Guo, Jean-Louis Loday, 2012
The book aims to exemplify the recent developments in operad theory, in universal algebra and
related topics in algebraic topology and theoretical physics. The conference has established a better



connection between mathematicians working on operads (mainly the French team) and
mathematicians working in universal algebra (primarily the Chinese team), and to exchange
problems, methods and techniques from these two subject areas.

planar algebra: Vertex Operator Algebras and Related Areas M. ]J. Bergvelt, Gaywalee
Yamskulna, Wenhua Zhao, 2009-10-01 Vertex operator algebras were introduced to mathematics in
the work of Richard Borcherds, Igor Frenkel, James Lepowsky and Arne Meurman as a
mathematically rigorous formulation of chiral algebras of two-dimensional conformal field theory.
The aim was to use vertex operator algebras to explain and prove the remarkable Monstrous
Moonshine conjectures in group theory. The theory of vertex operator algebras has now grown into
a major research area in mathematics. These proceedings contain expository lectures and research
papers presented during the international conference on Vertex Operator Algebras and Related
Areas, held at Illinois State University in Normal, IL, from July 7 to July 11, 2008. The main aspects
of this conference were connections and interactions of vertex operator algebras with the following
areas: conformal field theories, quantum field theories, Hopf algebra, infinite dimensional Lie
algebras, and modular forms. This book will be useful for researchers as well as for graduate
students in mathematics and physics. Its purpose is not only to give an up-to-date overview of the
fields covered by the conference but also to stimulate new directions and discoveries by experts in
the areas.

planar algebra: Proceedings Of The International Congress Of Mathematicians 2010
(Icm 2010) (In 4 Volumes) - Vol. I: Plenary Lectures And Ceremonies, Vols. li-iv: Invited
Lectures Rajendra Bhatia, Arup Pal, G Rangarajan, V Srinivas, M Vanninathan, 2011-06-06 ICM
2010 proceedings comprises a four-volume set containing articles based on plenary lectures and
invited section lectures, the Abel and Noether lectures, as well as contributions based on lectures
delivered by the recipients of the Fields Medal, the Nevanlinna, and Chern Prizes. The first volume
will also contain the speeches at the opening and closing ceremonies and other highlights of the
Congress.

planar algebra: Encyclopedia of Knot Theory Colin Adams, Erica Flapan, Allison Henrich,
Louis H. Kauffman, Lewis D. Ludwig, Sam Nelson, 2021-02-10 Knot theory is a fascinating
mathematical subject, with multiple links to theoretical physics. This enyclopedia is filled with
valuable information on a rich and fascinating subject. - Ed Witten, Recipient of the Fields Medal I
spent a pleasant afternoon perusing the Encyclopedia of Knot Theory. It's a comprehensive
compilation of clear introductions to both classical and very modern developments in the field. It will
be a terrific resource for the accomplished researcher, and will also be an excellent way to lure
students, both graduate and undergraduate, into the field. - Abigail Thompson, Distinguished
Professor of Mathematics at University of California, Davis Knot theory has proven to be a
fascinating area of mathematical research, dating back about 150 years. Encyclopedia of Knot
Theory provides short, interconnected articles on a variety of active areas in knot theory, and
includes beautiful pictures, deep mathematical connections, and critical applications. Many of the
articles in this book are accessible to undergraduates who are working on research or taking an
advanced undergraduate course in knot theory. More advanced articles will be useful to graduate
students working on a related thesis topic, to researchers in another area of topology who are
interested in current results in knot theory, and to scientists who study the topology and geometry of
biopolymers. Features Provides material that is useful and accessible to undergraduates,
postgraduates, and full-time researchers Topics discussed provide an excellent catalyst for students
to explore meaningful research and gain confidence and commitment to pursuing advanced degrees
Edited and contributed by top researchers in the field of knot theory

planar algebra: Knots in Hellas '98 - Proceedings of the International Conference on Knot
Theory and Its Ramifications V. F. R. Jones, 2000 There have been exciting developments in the area
of knot theory in recent years. They include Thurston's work on geometric structures on 3-manifolds
(e.g. knot complements), Gordon-Luecke work on surgeries on knots, Jones' work on invariants of
links in S3, and advances in the theory of invariants of 3-manifolds based on Jones- and



Vassiliev-type invariants of links. Jones ideas and Thurston's idea are connected by the following
path: hyperbolic structures, PSL(2, C) representations, character varieties, quantization of the
coordinate ring of the variety to skein modules (i.e. Kauffman, bracket skein module), and finally
quantum invariants of 3-manifolds. This proceedings volume covers all those exciting topics.

planar algebra: Symmetry in Mathematics and Physics Donald G. Babbitt, Vyjayanthi Chari,
Rita Fioresi, 2009-07-10 The articles in this volume mainly grew out of talks given at a Conference
held at UCLA in January 2008, which honored V. S. Varadarajan on his 70th birthday. The main
theme of the Conference was symmetry in mathematics and physics, areas of mathematics and
mathematical physics in which Varadarajan has made significant contributions during the past 50
years. Very early in his career he also worked and made significant contributions in the areas of
probability and the foundations of quantum mechanics. Topics covered by the articles in this volume
are probability, quantum mechanics, symmetry (broadly interpreted in mathematics and physics),
finite and infinite dimensional Lie groups and Lie algebras and their representations, super Lie
groups and supergeometry (relatively new but active and important fields at the interface between
mathematics and physics), and supersymmetry. The latter topic takes on a special importance since
one of the first experiments at the Large Hadron Collider at CERN will be a test of whether
supersymmetry exists in the world of elementary particles. A reprint of an exposition of
supersymmetry by one of its founders, B. Zumino, appears in this volume.

planar algebra: Cornered Heegaard Floer Homology Christopher L Douglas, Robert Lipshitz,
Ciprian Manolescu, 2020-02-13 Bordered Floer homology assigns invariants to 3-manifolds with
boundary, such that the Heegaard Floer homology of a closed 3-manifold, split into two pieces, can
be recovered as a tensor product of the bordered invariants of the pieces. The authors construct
cornered Floer homology invariants of 3-manifolds with codimension-2 corners and prove that the
bordered Floer homology of a 3-manifold with boundary, split into two pieces with corners, can be
recovered as a tensor product of the cornered invariants of the pieces.

planar algebra: Topological Geometrodynamics Matti Pitkanen, 2016-03-03 Topological
geometrodynamics (TGD) is a modification of the theory of general relativity inspired by the
problems related to the definition of inertial and gravitational energies in the earlier hypotheses.
TGD is also a generalization of super string models. TGD brings forth an elegant theoretical
projection of reality and builds upon the work by renowned scientists (Wheeler, Feynman, Penrose,
Einstein, Josephson to name a few). In TGD, Physical space-time planes are visualized as
four-dimensional surfaces in a certain 8-dimensional space (H). The choice of H is fixed by
symmetries of standard model and leads to a geometric mapping of known classical fields and
elementary particle numbers. TGD differs from Einstein’s geometrodynamics in the way space-time
planes or ‘sheets’ are lumped together. Extending the theory based on fusing number concepts
implies a further generalisation of the space-time concept allowing the identification of space-time
correlates of cognition and intentionality. Additionally, zero energy ontology forces an extension of
quantum measurement theory to a theory of consciousness and a hierarchy of phases is identified.
Dark matter is thus predicted with far reaching implications for the understanding of consciousness
and living systems. Therefore, it sets a solid foundation for modeling our universe in geometric
terms. Topological Geometrodynamics: An Overview explains basic and advanced concepts about
TGD. The book covers introductory information and classical TGD concepts before delving into
twistor-space theory, particle physics, infinite-dimensional spinor geometry, generalized number
theory, Planck constants, and the applications of TGD theory in research. The book is a valuable
guide to TDG theory for researchers and advanced graduates in theoretical physics and cosmology.

planar algebra: Operator Algebras and Applications Toke M. Carlsen, Nadia S. Larsen, Sergey
Neshveyev, Christian Skau, 2016-07-30 Like the first Abel Symposium, held in 2004, the Abel
Symposium 2015 focused on operator algebras. It is interesting to see the remarkable advances that
have been made in operator algebras over these years, which strikingly illustrate the vitality of the
field. A total of 26 talks were given at the symposium on a variety of themes, all highlighting the
richness of the subject. The field of operator algebras was created in the 1930s and was motivated



by problems of quantum mechanics. It has subsequently developed well beyond its initial intended
realm of applications and expanded into such diverse areas of mathematics as representation theory,
dynamical systems, differential geometry, number theory and quantum algebra. One branch, known
as “noncommutative geometry”, has become a powerful tool for studying phenomena that are
beyond the reach of classical analysis. This volume includes research papers that present new
results, surveys that discuss the development of a specific line of research, and articles that offer a
combination of survey and research. These contributions provide a multifaceted portrait of beautiful
mathematics that both newcomers to the field of operator algebras and seasoned researchers alike
will appreciate.

planar algebra: Feynman Amplitudes, Periods and Motives Luis Alvarez-Cénsul, José
Ignacio Burgos-Gil, Kurusch Ebrahimi-Fard, 2015-09-24 This volume contains the proceedings of the
International Research Workshop on Periods and Motives--A Modern Perspective on
Renormalization, held from July 2-6, 2012, at the Instituto de Ciencias Matematicas, Madrid, Spain.
Feynman amplitudes are integrals attached to Feynman diagrams by means of Feynman rules. They
form a central part of perturbative quantum field theory, where they appear as coefficients of power
series expansions of probability amplitudes for physical processes. The efficient computation of
Feynman amplitudes is pivotal for theoretical predictions in particle physics. Periods are numbers
computed as integrals of algebraic differential forms over topological cycles on algebraic varieties.
The term originated from the period of a periodic elliptic function, which can be computed as an
elliptic integral. Motives emerged from Grothendieck's universal cohomology theory, where they
describe an intermediate step between algebraic varieties and their linear invariants (cohomology).
The theory of motives provides a conceptual framework for the study of periods. In recent work, a
beautiful relation between Feynman amplitudes, motives and periods has emerged. The articles
provide an exciting panoramic view on recent developments in this fascinating and fruitful
interaction between pure mathematics and modern theoretical physics.

planar algebra: Iterative Methods for Solving Nonlinear Equations and Systems Juan R.
Torregrosa, Alicia Cordero, Fazlollah Soleymani, 2019-12-06 Solving nonlinear equations in Banach
spaces (real or complex nonlinear equations, nonlinear systems, and nonlinear matrix equations,
among others), is a non-trivial task that involves many areas of science and technology. Usually the
solution is not directly affordable and require an approach using iterative algorithms. This Special
Issue focuses mainly on the design, analysis of convergence, and stability of new schemes for solving
nonlinear problems and their application to practical problems. Included papers study the following
topics: Methods for finding simple or multiple roots either with or without derivatives, iterative
methods for approximating different generalized inverses, real or complex dynamics associated to
the rational functions resulting from the application of an iterative method on a polynomial.
Additionally, the analysis of the convergence has been carried out by means of different sufficient
conditions assuring the local, semilocal, or global convergence. This Special issue has allowed us to
present the latest research results in the area of iterative processes for solving nonlinear equations
as well as systems and matrix equations. In addition to the theoretical papers, several manuscripts
on signal processing, nonlinear integral equations, or partial differential equations, reveal the
connection between iterative methods and other branches of science and engineering.

planar algebra: Temperley-Lieb Planar Algebra Modules Arising from the Ade Planar
Algebras Sarah Reznikoff, 2018 A Hilbert module over a planar algebra is essentially a Hilbert
module over a eanonieally defined algebra spanned by the annular tangles in It follows that any
planar algebra containing is a module over and in particular, any subfactor planar algebra is a
module over the Temperley-Lieb planar algebra with the same modulus. We prove a positivity result
that allows us to describe irreducible Temperley-Lieb planar algebra modules, and apply the result
to decompose the planar algebras determined by the Coxeter graphs (n = 3), = 4), and.

planar algebra: Dialogues Between Physics and Mathematics Mo-Lin Ge, Yang-Hui He,
2022-12-10 This volume celebrates the 100th birthday of Professor Chen-Ning Frank Yang (Nobel
1957), one of the giants of modern science and a living legend. Starting with reminiscences of Yang's




time at the research centre for theoretical physics at Stonybrook (now named C. N. Yang Institute)
by his successor Peter van Nieuwenhuizen, the book is a collection of articles by world-renowned
mathematicians and theoretical physicists. This emphasizes the Dialogue Between Physics and
Mathematics that has been a central theme of Professor Yang’s contributions to contemporary
science. Fittingly, the contributions to this volume range from experimental physics to pure
mathematics, via mathematical physics. On the physics side, the contributions are from Sir Anthony
Leggett (Nobel 2003), Jian-Wei Pan (Willis E. Lamb Award 2018), Alexander Polyakov (Breakthrough
Prize 2013), Gerard 't Hooft (Nobel 1999), Frank Wilczek (Nobel 2004), Qikun Xue (Fritz London
Prize 2020), and Zhongxian Zhao (Bernd T. Matthias Prize 2015), covering an array of topics from
superconductivity to the foundations of quantum mechanics. In mathematical physics there are
contributions by Sir Roger Penrose (Nobel 2022) and Edward Witten (Fields Medal 1990) on
quantum twistors and quantum field theory, respectively. On the mathematics side, the contributions
by Vladimir Drinfeld (Fields Medal 1990), Louis Kauffman (Wiener Gold Medal 2014), and Yuri
Manin (Cantor Medal 2002) offer novel ideas from knot theory to arithmetic geometry. Inspired by
the original ideas of C. N. Yang, this unique collection of papers b masters of physics and
mathematics provides, at the highest level, contemporary research directions for graduate students
and experts alike.
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How can I tell whether or not a molecule is planar? Otherwise, its structure allows it to be
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