regge calculus

regge calculus is a powerful mathematical framework that has emerged as a significant tool in the
field of theoretical physics, particularly in the study of quantum gravity. Developed in the 1960s by
Italian physicist Tullio Regge, this calculus provides a way to understand the geometry of curved
spacetime in a discrete manner, using a set of simple variables. The essence of regge calculus lies in
its ability to model general relativity without relying on the traditional smooth manifold approach,
making it especially useful in scenarios where spacetime is highly curved or singular. This article
will delve into the foundational concepts of regge calculus, its mathematical formulation,
applications in quantum gravity, and its advantages over classical approaches. We will also explore
recent developments and the future of regge calculus in modern physics.
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Introduction to Regge Calculus

Regge calculus provides a unique approach to understanding the geometry of spacetime by
employing a discrete model based on simplices. The concept revolves around the idea that spacetime
can be approximated by a triangulation, where the fundamental building blocks are simple
geometric shapes, such as triangles in two dimensions or tetrahedrons in three dimensions. This
framework allows physicists to study the properties of spacetime without the complexities often
associated with smooth manifolds.

One of the primary motivations behind regge calculus is to formulate a theory of quantum gravity,
which seeks to unify general relativity with quantum mechanics. The discrete nature of regge
calculus makes it particularly suitable for numerical simulations and computational approaches,
which are essential for exploring complex gravitational phenomena. By breaking down spacetime
into manageable units, researchers can more easily analyze the behavior of gravitational fields and
the dynamics of particles in a curved spacetime.



Mathematical Foundations

The mathematical structure of regge calculus is built upon the concept of simplicial complexes,
which are collections of simple shapes glued together in a way that forms more complex structures.
In the context of regge calculus, a simplicial complex is used to represent a curved spacetime
manifold. The key components of regge calculus include the following:

e Simplices: The fundamental building blocks of regge calculus, simplices are the
generalization of triangles and tetrahedra to arbitrary dimensions. In 3D, a simplex is a
tetrahedron, while in 2D, it is a triangle.

¢ Regge Action: The regge action is a scalar quantity that encodes the geometric properties of
the simplicial complex. It is defined in terms of the dihedral angles at the edges of the
simplices, which relate to the curvature of the spacetime.

e Curvature and Dihedral Angles: In regge calculus, the curvature of the manifold is
described using the concept of deficit angles, which arise when the total angular sum around a
vertex is less than that of a complete simplex.

e Equations of Motion: The equations of motion in regge calculus are derived from the
principle of least action, leading to a set of dynamical equations that govern the evolution of
the simplicial complex.

These foundational elements allow physicists to formulate a discrete version of Einstein's equations,
paving the way for new insights into the nature of gravity and the structure of spacetime. The regge
calculus approach has been instrumental in bridging the gap between classical and quantum
gravitational theories.

Applications in Theoretical Physics

Regge calculus has found various applications in theoretical physics, particularly in areas related to
quantum gravity, string theory, and numerical relativity. Some notable applications include:

¢ Quantum Gravity: Regge calculus serves as a framework for exploring models of quantum
gravity by discretizing spacetime. Researchers have utilized this framework to study the
quantization of gravity and the emergence of spacetime structure at the quantum level.

e Loop Quantum Gravity: The techniques of regge calculus have been incorporated into loop
quantum gravity, where spacetime is quantized using a network of interconnected loops. This
approach provides a fresh perspective on the nature of black holes and the Big Bang.

e Numerical Simulations: The discrete nature of regge calculus makes it suitable for
numerical simulations of gravitational phenomena. Researchers can simulate scenarios such as



gravitational collapse, black hole formation, and the dynamics of early universe cosmology.

e String Theory: In string theory, regge calculus has been employed to study the interactions
of strings in curved spacetimes, contributing to our understanding of how gravity and quantum
mechanics interplay at fundamental levels.

These applications highlight the versatility of regge calculus as a tool for addressing some of the
most profound questions in modern physics and its role in the quest for a unified theory of
everything.

Advantages of Regge Calculus

Regge calculus offers several advantages over traditional approaches to studying gravity and
spacetime. Some of the key benefits include:

e Discretization of Spacetime: By modeling spacetime as a simplicial complex, regge calculus
simplifies complex geometrical problems, allowing for a more manageable analysis and
computation.

e Numerical Flexibility: The discrete nature of regge calculus facilitates the use of numerical
techniques, making it easier to simulate and visualize gravitational phenomena.

¢ Intuitive Geometric Interpretation: The geometric formulation of regge calculus provides a
clear visual interpretation of curvature and topology, enhancing our understanding of these
concepts in the context of gravity.

¢ Compatibility with Quantum Theories: The discrete structure of regge calculus aligns well
with the principles of quantum mechanics, making it a suitable candidate for investigating
quantum aspects of gravity.

These advantages demonstrate why regge calculus continues to be a popular and effective
framework for exploring the intricacies of gravitational theories and their implications in modern
physics.

Recent Developments and Future Directions

Recent advancements in regge calculus have led to exciting developments in both theoretical and
computational aspects of gravitational research. Ongoing studies are focused on refining the
mathematical formulations and exploring new applications in quantum gravity. Notable directions
include:



e Higher-Dimensional Regge Calculus: Researchers are extending the principles of regge
calculus to higher dimensions, which could provide insights into theories beyond the standard
model of particle physics.

e Applications in Cosmology: Regge calculus is increasingly being used to model early
universe cosmology and the dynamics of cosmic structures, contributing to our understanding
of the evolution of the universe.

e Integration with Machine Learning: The integration of machine learning techniques with
regge calculus is an emerging field, where algorithms are used to analyze complex data from
numerical simulations of spacetime.

e Exploration of Quantum Information: The relationship between regge calculus and
quantum information theory is being investigated, opening new avenues for understanding the
fundamental nature of information in quantum systems.

These ongoing developments indicate that regge calculus remains a vibrant area of research with
significant potential for future breakthroughs in our understanding of gravity, spacetime, and the
fundamental laws of physics.

Conclusion

Regge calculus has established itself as a pivotal framework in the study of theoretical physics,
particularly in the quest to understand quantum gravity and the structure of spacetime. Its unique
approach, which discretizes spacetime into simplicial complexes, enables physicists to analyze
complex gravitational phenomena both analytically and numerically. As research continues to evolve,
the applications and innovations stemming from regge calculus promise to deepen our
understanding of the universe and may pave the way toward a unified theory that reconciles general
relativity with quantum mechanics. The future of regge calculus is bright, with numerous
opportunities for exploration in both theoretical and computational domains.

Q: What is regge calculus?

A: Regge calculus is a mathematical framework used in theoretical physics that models the geometry
of curved spacetime using simplicial complexes, allowing for the analysis of gravitational phenomena
without relying on smooth manifolds.

Q: Who developed regge calculus?

A: Regge calculus was developed by the Italian physicist Tullio Regge in the 1960s as a means to
explore the geometric properties of spacetime in the context of general relativity and quantum
gravity.



Q: How does regge calculus relate to quantum gravity?

A: Regge calculus provides a discrete approach to modeling spacetime, making it suitable for
investigating quantum gravity by allowing researchers to study the quantization of gravitational
fields and spacetime structure.

Q: What are the key components of regge calculus?

A: The key components of regge calculus include simplices, the regge action, curvature defined
through dihedral angles, and the equations of motion derived from the principle of least action.

Q: What are some applications of regge calculus?

A: Regge calculus has applications in quantum gravity, loop quantum gravity, numerical simulations
of gravitational phenomena, and string theory, contributing to our understanding of various aspects
of theoretical physics.

Q: What advantages does regge calculus offer over traditional
methods?

A: Advantages of regge calculus include the simplification of complex geometrical problems through
discretization, numerical flexibility for simulations, intuitive geometric interpretations, and
compatibility with quantum theories.

Q: What recent developments are being explored in regge
calculus?

A: Recent developments in regge calculus include higher-dimensional formulations, applications in
cosmology, integration with machine learning, and exploration of its connections with quantum
information theory.

Q: Can regge calculus be used for numerical simulations?

A: Yes, the discrete nature of regge calculus makes it particularly suitable for numerical simulations,
allowing researchers to model and visualize complex gravitational scenarios effectively.

Q: How does regge calculus contribute to string theory?

A: Regge calculus contributes to string theory by providing a framework for studying the
interactions of strings in curved spacetimes, enhancing our understanding of gravity and quantum
mechanics at fundamental levels.
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regge calculus: Gravitation Charles W. Misner, Kip S. Thorne, John Archibald Wheeler,
2017-10-03 First published in 1973, Gravitation is a landmark graduate-level textbook that presents
Einstein’s general theory of relativity and offers a rigorous, full-year course on the physics of
gravitation. Upon publication, Science called it “a pedagogic masterpiece,” and it has since become
a classic, considered essential reading for every serious student and researcher in the field of
relativity. This authoritative text has shaped the research of generations of physicists and
astronomers, and the book continues to influence the way experts think about the subject. With an
emphasis on geometric interpretation, this masterful and comprehensive book introduces the theory
of relativity; describes physical applications, from stars to black holes and gravitational waves; and
portrays the field’s frontiers. The book also offers a unique, alternating, two-track pathway through
the subject. Material focusing on basic physical ideas is designated as Track 1 and formulates an
appropriate one-semester graduate-level course. The remaining Track 2 material provides a wealth
of advanced topics instructors can draw on for a two-semester course, with Track 1 sections serving
as prerequisites. This must-have reference for students and scholars of relativity includes a new
preface by David Kaiser, reflecting on the history of the book’s publication and reception, and a new
introduction by Charles Misner and Kip Thorne, discussing exciting developments in the field since
the book’s original publication. The book teaches students to: Grasp the laws of physics in flat and
curved spacetime Predict orders of magnitude Calculate using the principal tools of modern
geometry Understand Einstein's geometric framework for physics Explore applications, including
neutron stars, Schwarzschild and Kerr black holes, gravitational collapse, gravitational waves,
cosmology, and so much more

regge calculus: Quantum Gravity in 2+1 Dimensions Steven Carlip, Steven Jonathan Carlip,
2003-12-04 The first comprehensive survey of (2+1)-dimensional quantum gravity - for graduate
students and researchers.

regge calculus: Between Quantum and Cosmos Alwyn Van der Merwe, Wojciech Hubert Zurek,
Warner Allen Miller, 2017-03-14 The forty papers collected here honor one of the great scientists of
our time--John Archibald Wheeler. In this volume are gathered the six issues of the journal
Foundations of Physics (February through July 1986) that celebrate his seventy-fifth birthday.
Enlivened by Professor Wheeler's celebrated drawings, the book captures and illuminates his many
contributions to physics, including his discovery of the scattering matrix and his elucidation, with
Niels Bohr, of the mechanism of nuclear fission, his many contributions to Einstein's theory of
gravity (for instance, the black hole), his deep insights into quantum theory and measurement (the
elementary quantum phenomenon), and his efforts to explain the origins of the quantum postulate
and quantum gravity (the meaning circuit and the Wheeler-DeWitt Equation). The majority of the
papers reflect and build on Professor Wheeler's revolutionary ideas. Many scientists are convinced
that his insights into the foundation of modern-day physics will induce a profound change in our
perception of the universe. This book will appeal to scientists and philosophers who wish to look at
one man's rendering of the big picture through the eyes of his colleagues. The work is prefaced by a
compilation of quotes from Professor Wheeler, edited by Kip S. Thorne and Wojciech Zurek. The
contributors to Between Quantum and Cosmos are M. Alexander, A. Anderson, H. H. Barschall, J. D.
Bekenstein, C. H. Bennett, P. G. Bergmann, V. B. Braginsky, D. R. Brill, L. Brown, I. Ciufolini, L.
Cohen, M. Demianski, D. Deutsch, B. DeWitt, C. DeWitt-Morette, R. H. Dicke, B. d'Espagnat, R. P.
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Feynman, J. Geheniau, U. H. Gerlach, R. Geroch, ]. Glimm, ]. B. Hartle, F. W. Hehl, M. Henneaux, P.
A. Hogan, S. Hojman, J. Isenberg, F. Ya. Khalili, A. Kheyfets, K. V. Kuchar, R. Landauer, S. G. Low, V.
N. Lukash, B. Mashhoon, R. A. Matzner, J. D. McCrea, A. Mezzacappa, W. A. Miller, Y. Ne'eman, 1. D.
Novikov, A. Peres, 1. Prigogine, 1. Robinson, L. S. Schulman, M. O. Scully, D. H. Sharp, L. C. Shepley,
A.Y. Shiekh, C. Teitelboim, E. Teller, K. S. Thorne, W. G. Unruh, R. M. Wald, L. Wilets, W. K.
Wootters, J. W. York, Jr., and W. H. Zurek. Originally published in 1988. The Princeton Legacy
Library uses the latest print-on-demand technology to again make available previously out-of-print
books from the distinguished backlist of Princeton University Press. These editions preserve the
original texts of these important books while presenting them in durable paperback and hardcover
editions. The goal of the Princeton Legacy Library is to vastly increase access to the rich scholarly
heritage found in the thousands of books published by Princeton University Press since its founding
in 1905.

regge calculus: Approaches to Quantum Gravity Daniele Oriti, 2009-03-05 The theory of
quantum gravity promises a revolutionary new understanding of gravity and spacetime, valid from
microscopic to cosmological distances. Research in this field involves an exciting blend of rigorous
mathematics and bold speculations, foundational questions and technical issues. Containing
contributions from leading researchers in this field, this book presents the fundamental issues
involved in the construction of a quantum theory of gravity and building up a quantum picture of
space and time. It introduces the most current approaches to this problem, and reviews their main
achievements. Each part ends in questions and answers, in which the contributors explore the
merits and problems of the various approaches. This book provides a complete overview of this field
from the frontiers of theoretical physics research for graduate students and researchers.

regge calculus: General Relativity And Relativistic Astrophysics - Proceedings Of The 5th
Canadian Conference Robert B Mann, Raymond G Mclenaghan, 1994-08-31 This volume contains
up-to-date accounts of many of the latest developments in gravitation, cosmology and astrophysics,
including papers on black hole radiation, empirical tests of gravitational theory, quantum gravity,
classical and quantum cosmology, singularities, computational methods, and a number of other
topics. The keynote speakers include S Carlip, M Haugan, A Linde, D Page, G Papini, K Schleich, P
Szekeres, G Starkman and ] York.

regge calculus: Beyond the Dynamical Universe Michael Silberstein, W. M. Stuckey, Timothy
McDevitt, 2018-02-09 Theoretical physics and foundations of physics have not made much progress
in the last few decades. Whether we are talking about unifying general relativity and quantum field
theory (quantum gravity), explaining so-called dark energy and dark matter (cosmology), or the
interpretation and implications of quantum mechanics and relativity, there is no consensus in sight.
In addition, both enterprises are deeply puzzled about various facets of time including above all,
time as experienced. The authors argue that, across the board, this impasse is the result of the
dynamical universe paradigm, the idea that reality is fundamentally made up of physical entities that
evolve in time from some initial state according to dynamical laws. Thus, in the dynamical universe,
the initial conditions plus the dynamical laws explain everything else going exclusively forward in
time. In cosmology, for example, the initial conditions reside in the Big Bang and the dynamical law
is supplied by general relativity. Accordingly, the present state of the universe is explained
exclusively by its past. This book offers a completely new paradigm (called Relational Blockworld),
whereby the past, present and future co-determine each other via adynamical global constraints,
such as the least action principle. Accordingly, the future is just as important for explaining the
present as is the past. Most of the book is devoted to showing how Relational Blockworld resolves
many of the current conundrums of both theoretical physics and foundations of physics, including
the mystery of time as experienced and how that experience relates to the block universe.

regge calculus: Handbook of Quantum Gravity Cosimo Bambi, Leonardo Modesto, Ilya Shapiro,
2024-12-03 The search for a theory of quantum gravity is one of the most important and fascinating
problems in modern theoretical physics. While we do not have yet a complete theory of quantum
gravity, significant advancements have been done in the past decades. In this handbook, every




section is dedicated to a specific approach towards a theory of quantum gravity and is edited by the
leading experts in the field. This book represents both a valuable resource for graduate students and
an important reference for researchers in quantum gravity.

regge calculus: General Relativity and Gravitation B. Bertotti, F. de Felice, Alessandro
Pascolini, 2012-12-06 The Tenth International Conference on General Relativity and Gravitation
(GR10) was held from July 3 to July 8, 1983, in Padova, Italy. These Conferences take place every
three years, under the auspices of the International Society on General Relativity and Gravitation,
with the purpose of assessing the current research in the field, critically discussing the prog ress
made and disclosing the points of paramount im portance which deserve further investigations. The
Conference was attended by about 750 scientists active in the various subfields in which the current
research on gravitation and general relativity is ar ticulated, and more than 450 communications
were sub mitted. In order to fully exploit this great occur rence of experience and creative capacity,
and to pro mote individual contributions to the collective know ledge, the Conference was given a
structure of work shops on the most active topics and of general sessions in which the Conference
was addressed by invited speakers on general reviews or recent major advance ments of the field.
The individual communications were collected in a two-volume publication made available to the
participants upon their arrival and widely distributed to Scientific Institutions and Research Centres.

regge calculus: General Relativity and Gravitation M. A. H. MacCallum, 1987-09-24

regge calculus: Quantum Structure of Space and Time M. J. Duff, C. ]J. Isham, 2012-07-19
This 1982 book contains selected contributions presented at the Nuffield Quantum Gravity
Workshop held at Imperial College, London, in August 1981.

regge calculus: Coarse Graining in Quantum Gravity: Bridging the Gap between Microscopic
Models and Spacetime-Physics Astrid Eichhorn, Benjamin Bahr, Antonio D. Pereira, 2021-07-15

regge calculus: The Ninth Marcel Grossman Meeting (MGIXMM) Robert T. Jantzen, Remo
Ruffini, Vahe G. Gurzadyan, 2002-12-01 In 1975 the Marcel Grossmann Meetings were established
by Remo Ruffini and Abdus Salam to provide a forum for discussion of recent advances in
gravitation, general relativity, and relativistic field theories. In these meetings, which are held once
every three years, every aspect of research is emphasized - mathematical foundations, physical
predictions, and numerical and experimental investigations. The major objective of these meetings is
to facilitate exchange among scientists, so as to deepen our understanding of the structure of
space-time and to review the status of both the ground-based and the space-based experiments
aimed at testing the theory of gravitation.The Marcel Grossmann Meetings have grown under the
guidance of an International Organizing Committee and a large International Coordinating
Committee. The first two meetings, MG1 and MG2, were held in Trieste (1975, 1979). A most
memorable MG3 (1982) was held in Shanghai and represented the first truly international scientific
meeting in China after the so-called Cultural Revolution. Three years later MG4 was held in Rome
(1985). It was at MG4 that ';astroparticle physics'; was born. MGIXMM was organized by the
International Organizing Committee composed of D Blair, Y Choquet-Bruhat, D Christodoulou, T
Damour, ] Ehlers, F Everitt, Fang Li Zhi, S Hawking, Y Ne'eman, R Ruffini (chair), H Sato, R
Sunyaev, and S Weinberg. Essential to the organization was an International Coordinating
Committee of 135 members from scientific institutions of 54 countries. MGIXMM was attended by
997 scientists of 69 nationalities. It took place on 2-8 July 2000 at the University of Rome, Italy. The
scientific programs included 60 plenary and review talks, as well as talks in 88 parallel sessions. The
three volumes of the proceedings of MGIXMM present a rather authoritative view of relativistic
astrophysics, which is becoming one of the priorities in scientific endeavour. The papers appearing
in these volumes cover all aspects of gravitation, from mathematical issues to recent observations
and experiments. Their intention is to give a complete picture of our current understanding of
gravitational theory at the turn of the millennium.The Marcel Grossmann Individual Awards for this
meeting were presented to Cecille and Bryce DeWitt, Riccardo Giacconi and Roger Penrose, while
the Institutional Award went to the Solvay Institute, accepted on behalf of the Institute by Jacques
Solvay and Ilya Prigogine. The acceptance speeches are also included in the proceedings.



regge calculus: Effective Spacetime Karen Crowther, 2016-07-07 This book discusses the
notion that quantum gravity may represent the breakdown of spacetime at extremely high energy
scales. If spacetime does not exist at the fundamental level, then it has to be considered emergent,
in other words an effective structure, valid at low energy scales. The author develops a conception of
emergence appropriate to effective theories in physics, and shows how it applies (or could apply) in
various approaches to quantum gravity, including condensed matter approaches, discrete
approaches, and loop quantum gravity.

regge calculus: Principles of Discrete Time Mechanics George Jaroszkiewicz, 2014-04-17 A
unique introduction to the chronon hypothesis, systematically building the theory up from scratch.

regge calculus: Nuclear Science Abstracts , 1975-05

regge calculus: Dynamical Spacetimes and Numerical Relativity Joan M. Centrella,
1986-09-18

regge calculus: ERDA Energy Research Abstracts United States. Energy Research and
Development Administration, 1976

regge calculus: ERDA Energy Research Abstracts United States. Energy Research and
Development Administration. Technical Information Center, 1976

regge calculus: General Relativity And Gravitational Physics: Proceedings Of The 12th
Italian Conference M Bassan, F Fucito, Mauro Francaviglia, I Modena, 1997-10-22 This volume
contains the proceedings of the 12th Italian Conference on General Relativity and Gravitational
Physics, held in Rome in September 1996. Following the established pattern, the conference was
structured such that there were a number of invited lectures and three workshops in parallel
sessions regarding astrophysics, general relativity (both classical and quantum) and experimental
and observational gravity.

regge calculus: Flat and Curved Space-times George Francis Rayner Ellis, Ruth M. Williams,
2000 The present book explains special relativity and the basics of general relativity from a
geometric viewpoint. Space-time geometry is emphasised throughout, and provides the basis of
understanding of the special relativity effects of time dilation, length contraction, and the relativity
of simultaneity. Bondi's K-calculus is introduced as a simple means of calculating the magnitudes of
these effects, and leads to a derivation of the Lorentz transformation as a way of unifying these
results. The invariant interval of flat space-time is generalised to that of curved space-times, and
leads to an understanding of the basic properties of simple cosmological models and of the collapse
of a star to form a black hole. The appendices enable the advanced student to master the application
of four-tensors to the relativistic study of energy and momentum, and of electromagnetism. In
addition, this new edition contains up-to-date information on black holes, gravitational collapse, and
cosmology.
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