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This book explores the role of singularities in general relativity (GR): The theory
predicts that when a sufficient large mass collapses, no known force is able to stop it
until all mass is concentrated at a point. The question arises, whether an acceptable
physical theory should have a singularity, not even a coordinate singularity. The
appearance of a singularity shows the limitations of the theory. In GR this limitation is
the strong gravitational force acting near and at a super-massive concentration of a
central mass. First, a historical overview is given, on former attempts to extend GR
(which includes Einstein himself), all with distinct motivations. It will be shown that the
only possible algebraic extension is to introduce pseudo-complex (pc) coordinates,
otherwise for weak gravitational fields non-physical ghost solutions appear. Thus, the
need to use pc-variables. We will see, that the theory contains a minimal length, with
important consequences. After that, the pc-GR is formulated and compared to the
former attempts. A new variational principle is introduced, which requires in the Einstein
equations an additional contribution. Alternatively, the standard variational principle can
be applied, but one has to introduce a constraint with the same former results. The
additional contribution will be associated to vacuum fluctuation, whose dependence on
the radial distance can be approximately obtained, using semi-classical Quantum
Mechanics. The main point is that pc-GR predicts that mass not only curves the space
but also changes the vacuum structure of the space itself. In the following chapters, the
minimal length will be set to zero, due to its smallness. Nevertheless, the pc-GR will
keep a remnant of the pc-description, namely that the appearance of a term, which we
may call "dark energy", is inevitable. The first application will be discussed in chapter 3,
namely solutions of central mass distributions. For a non-rotating massive object it is
the pc-Schwarzschild solution, for a rotating massive object the pc-Kerr solution and for
a charged massive object it will be the Reissner-Nordström solution. This chapter
serves to become familiar on how to resolve problems in pc-GR and on how to interpret
the results. One of the main consequences is, that we can eliminate the event horizon
and thus there will be no black holes. The huge massive objects in the center of nearly
any galaxy and the so-called galactic black holes are within pc-GR still there, but with
the absence of an event horizon! Chapter 4 gives another application of the theory,
namely the Robertson-Walker solution, which we use to model different outcomes of
the evolution of the universe. Finally the capability of this theory to predict new
phenomena is illustrated.
Spacetime and Geometry is an introductory textbook on general relativity, specifically
aimed at students. Using a lucid style, Carroll first covers the foundations of the theory
and mathematical formalism, providing an approachable introduction to what can often
be an intimidating subject. Three major applications of general relativity are then
discussed: black holes, perturbation theory and gravitational waves, and cosmology.
Students will learn the origin of how spacetime curves (the Einstein equation) and how
matter moves through it (the geodesic equation). They will learn what black holes really
are, how gravitational waves are generated and detected, and the modern view of the
expansion of the universe. A brief introduction to quantum field theory in curved
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spacetime is also included. A student familiar with this book will be ready to tackle
research-level problems in gravitational physics.
????:R.M.???

Traditionally, Lie Theory is a tool to build mathematical models for physical
systems. Recently, the trend is towards geometrisation of the mathematical
description of physical systems and objects. A geometric approach to a system
yields in general some notion of symmetry which is very helpful in understanding
its structure. Geometrisation and symmetries are meant in their broadest sense,
i.e., classical geometry, differential geometry, groups and quantum groups,
infinite-dimensional (super-)algebras, and their representations. Furthermore, we
include the necessary tools from functional analysis and number theory. This is a
large interdisciplinary and interrelated field. Samples of these new trends are
presented in this volume, based on contributions from the Workshop “Lie Theory
and Its Applications in Physics” held near Varna, Bulgaria, in June 2011. This
book is suitable for an extensive audience of mathematicians, mathematical
physicists, theoretical physicists, and researchers in the field of Lie Theory.
A groundbreaking text and reference book on twenty-first-century classical
physics and its applications This first-year graduate-level text and reference book
covers the fundamental concepts and twenty-first-century applications of six
major areas of classical physics that every masters- or PhD-level physicist should
be exposed to, but often isn't: statistical physics, optics (waves of all sorts),
elastodynamics, fluid mechanics, plasma physics, and special and general
relativity and cosmology. Growing out of a full-year course that the eminent
researchers Kip Thorne and Roger Blandford taught at Caltech for almost three
decades, this book is designed to broaden the training of physicists. Its six main
topical sections are also designed so they can be used in separate courses, and
the book provides an invaluable reference for researchers. Presents all the major
fields of classical physics except three prerequisites: classical mechanics,
electromagnetism, and elementary thermodynamics Elucidates the
interconnections between diverse fields and explains their shared concepts and
tools Focuses on fundamental concepts and modern, real-world applications
Takes applications from fundamental, experimental, and applied physics;
astrophysics and cosmology; geophysics, oceanography, and meteorology;
biophysics and chemical physics; engineering and optical science and
technology; and information science and technology Emphasizes the quantum
roots of classical physics and how to use quantum techniques to elucidate
classical concepts or simplify classical calculations Features hundreds of color
figures, some five hundred exercises, extensive cross-references, and a detailed
index An online illustration package is available
This graduate-level, course-based text is devoted to the 3+1 formalism of general
relativity, which also constitutes the theoretical foundations of numerical relativity.
The book starts by establishing the mathematical background (differential
geometry, hypersurfaces embedded in space-time, foliation of space-time by a
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family of space-like hypersurfaces), and then turns to the 3+1 decomposition of
the Einstein equations, giving rise to the Cauchy problem with constraints, which
constitutes the core of 3+1 formalism. The ADM Hamiltonian formulation of
general relativity is also introduced at this stage. Finally, the decomposition of the
matter and electromagnetic field equations is presented, focusing on the
astrophysically relevant cases of a perfect fluid and a perfect conductor (ideal
magnetohydrodynamics). The second part of the book introduces more advanced
topics: the conformal transformation of the 3-metric on each hypersurface and
the corresponding rewriting of the 3+1 Einstein equations, the Isenberg-WilsonMathews approximation to general relativity, global quantities associated with
asymptotic flatness (ADM mass, linear and angular momentum) and with
symmetries (Komar mass and angular momentum). In the last part, the initial
data problem is studied, the choice of spacetime coordinates within the 3+1
framework is discussed and various schemes for the time integration of the 3+1
Einstein equations are reviewed. The prerequisites are those of a basic general
relativity course with calculations and derivations presented in detail, making this
text complete and self-contained. Numerical techniques are not covered in this
book.
Entertaining collection for unior high school mathematics. Based upon the
standard curriculum, and will go a long way toward providing solutions to the everpresent problems of student participation and interest. Covers a wide range of
topics, this book uses puzzles and games to introduce really basic ideas and
operations.
This book presents a simple but controversial view of the creation of the universe. The Bible is
the inerrant word of God, and what the Bible teaches should be the basis for any model of
creation. Secular science does not agree, but all should study different theories and models,
especially in a college and university setting where different points of view should be tolerated
and encouraged rather than suppressed.
This book is an introduction to gravitational waves and related astrophysics. It provides a
bridge across the range of astronomy, physics and cosmology that comes into play when trying
to understand the gravitational-wave sky. Starting with Einstein's theory of gravity, chapters
develop the key ideas step by step, leading up to the technology that finally caught these faint
whispers from the distant universe. The second part of the book makes a direct connection
with current research, introducing the relevant language and making the involved concepts
less "mysterious". The book is intended to work as a platform, low enough that anyone with an
elementary understanding of gravitational waves can scramble onto it, but at the same time
high enough to connect readers with active research - and the many exciting discoveries that
are happening right now. The first part of the book introduces the key ideas, following a
general overview chapter and including a brief reminder of Einstein's theory. This part can be
taught as a self-contained one semester course. The second part of the book is written to work
as a collection of "set pieces" with core material that can be adapted to specific lectures and
additional material that provide context and depth. A range of readers may find this book
useful, including graduate students, astronomers looking for basic understanding of the
gravitational-wave window to the universe, researchers analysing data from gravitational-wave
detectors, and nuclear and particle physicists.
The aim of this two-volume title is to give a comprehensive review of one hundred years of
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development of general relativity and its scientific influences. This unique title provides a broad
introduction and review to the fascinating and profound subject of general relativity, its
historical development, its important theoretical consequences, gravitational wave detection
and applications to astrophysics and cosmology. The series focuses on five aspects of the
theory: The first three topics are covered in Volume 1 and the remaining two are covered in
Volume 2. While this is a two-volume title, it is designed so that each volume can be a
standalone reference volume for the related topic.
The best parts of physics are the last topics that our students ever see. These are the exciting
new frontiers of nonlinear and complex systems that are at the forefront of university research
and are the basis of many high-tech businesses. Topics such as traffic on the World Wide
Web, the spread of epidemics through globally-mobile populations, or how the synchronization
of global economies are governed by universal principles just as profound as Newton's laws.
Nonetheless, the conventional university physics curriculum reserves most of these topics for
graduate study because of the assumed need for advanced mathematics. However, by using
only linear algebra and calculus, combined with exploratory computer simulations, all of these
topics become accessible to advanced undergraduate students. The structure of this book
combines the three main topics of modern dynamics - chaos theory, dynamics on complex
networks, and general relativity - into a coherent framework. By taking a geometric view of
physics, concentrating on the time evolution of physical systems as trajectories through
abstract spaces, these topics share a common and simple mathematical language through
which any student can gain a unified physical intuition. Given the growing importance of
complex dynamical systems in many areas of science and technology, this text provides
students with an up-to-date foundation for their future careers. This second edition has an
updated introductory chapter and has added key topics to help students prepare for their GRE
physics subject exam. It also has expanded chapters on Hamiltonian dynamics, Hamiltonian
chaos, and Econophysics, while increasing the number of homework problems at the end of
each chapter. The second edition is designed to fulfill the textbook needs of any advanced
undergraduate course in mechanics.

An essential resource for learning about general relativity and much more, from
four leading experts Important and useful to every student of relativity, this book
is a unique collection of some 475 problems--with solutions--in the fields of
special and general relativity, gravitation, relativistic astrophysics, and
cosmology. The problems are expressed in broad physical terms to enhance
their pertinence to readers with diverse backgrounds. In their solutions, the
authors have attempted to convey a mode of approach to these kinds of
problems, revealing procedures that can reduce the labor of calculations while
avoiding the pitfall of too much or too powerful formalism. Although well suited for
individual use, the volume may also be used with one of the modem textbooks in
general relativity.
The Journal on Advanced Studies in Theoretical and Experimental Physics,
including Related Themes from Mathematics
Novel interpretation of the relationship between space, time, gravitation, and their
cosmological implications; based on author's discovery of a value in gravitation
overlooked by both Newton and Einstein. 1982 edition.
The authors have attempted to convey a mode of approach to these kinds of
problems, revealing procedures that can reduce the labor of calculations while
avoiding the pitfall of too much or too powerful formalism.
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This book is a coverage of the Mahayana Buddhistic logic of the school of Dignaga. It is
in fact the most important work on Buddhist logic ever published. A classic of oriental
research, it is founded on a thorough study of original Indian and Tibetan compositions
by the great Buddhist logicians. The author was one of the leaders of the St. Petersburg
school that did monumental work in the field of Indology during the first quarter of this
century.
A comprehensive and engaging textbook, covering the entire astrophysics curriculum in
one volume.
This book explains and develops the Dirac equation in the context of general relativistic
quantum mechanics in a range of spacetime dimensions. It clarifies the subject by
carefully pointing out the various conventions used and explaining how they are related
to each other. The prerequisites are familiarity with general relativity and an exposure to
the Dirac equation at the level of special relativistic quantum mechanics, but a review of
this latter topic is given in the first chapter as a reference and framework for the
physical interpretations that follow. Worked examples and exercises with solutions are
provided. Appendices include reviews of topics used in the body of the text. This book
should benefit researchers and graduate students in general relativity and in condensed
matter.
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