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 “General Relativity Without Calculus” offers a compact but
mathematically correct introduction to the general theory of relativity,
assuming only a basic knowledge of high school mathematics and physics.
Targeted at first year undergraduates (and advanced high school students)



who wish to learn Einstein’s theory beyond popular science accounts, it
covers the basics of special relativity, Minkowski space-time, non-Euclidean
geometry, Newtonian gravity, the Schwarzschild solution, black holes and
cosmology. The quick-paced style is balanced by over 75 exercises
(including full solutions), allowing readers to test and consolidate their
understanding. Einstein's general theory of relativity is widely considered
to be one of the most elegant and successful scientific theories ever
developed, and it is increasingly being taught in a simplified form at
advanced undergraduate level within both physics and mathematics
departments. Due to the increasing interest in gravitational physics, in both
the academic and the public sphere, driven largely by widely-publicised
developments such as the recent observations of gravitational waves,
general relativity is also one of the most popular scientific topics pursued
through self-study. Modern General Relativity introduces the reader to the
general theory of relativity using an example-based approach, before
describing some of its most important applications in cosmology and
astrophysics, such as gamma-ray bursts, neutron stars, black holes, and
gravitational waves. With hundreds of worked examples, explanatory
boxes, and end-of-chapter problems, this textbook provides a solid
foundation for understanding one of the towering achievements of
twentieth-century physics. Introduction to General Relativity and
Cosmology gives undergraduate students an overview of the fundamental
ideas behind the geometric theory of gravitation and spacetime. Through
pointers on how to modify and generalise Einstein's theory to enhance
understanding, it provides a link between standard textbook content and
current research in the field.Chapters present complicated material
practically and concisely, initially dealing with the mathematical
foundations of the theory of relativity, in particular differential geometry.
This is followed by a discussion of the Einstein field equations and their
various properties. Also given is analysis of the important Schwarzschild
solutions, followed by application of general relativity to cosmology.
Questions with fully worked answers are provided at the end of each
chapter to aid comprehension and guide learning. This pared down
textbook is specifically designed for new students looking for a workable,
simple presentation of some of the key theories in modern physics and
mathematics. This monograph surveys recent research on the collision and
interaction of gravitational and electromagnetic waves. "This is a



particularly important topic in general relativity," the author notes, "since
the theory predicts that there will be a nonlinear interaction between such
waves." Geared toward graduate students and researchers in general
relativity, the text offers a comprehensive and unified review of the vast
literature on the subject. The first eight chapters offer background,
presenting the field equations and discussing some qualitative aspects of
their solution. Subsequent chapters explore further exact solutions for
colliding plane gravitational waves and the collision and interaction of
electromagnetic waves. The final chapters summarize all related results for
the collision of plane waves of different types and in non-flat backgrounds.
A new postscript updates developments since the book's initial 1991
publication. 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. It is important for every physicist today to have a working
knowledge of Einstein's theory of general relativity. Introduction to General
Relativity published in 2007 was aimed at first-year graduate students, or
advanced undergraduates, in physics. Only a basic understanding of
classical lagrangian mechanics is assumed; beyond that, the reader should
find the material to be self-contained. The mechanics problem of a point
mass constrained to move without friction on a two-dimensional surface of
arbitrary shape serves as a paradigm for the development of the
mathematics and physics of general relativity. Special relativity is
reviewed. The basic principles of general relativity are then presented, and
the most important applications are discussed. The final special topics
section takes the reader up to a few areas of current research. An extensive
set of accessible problems enhances and extends the coverage. As a
learning and teaching tool, this current book provides solutions to those
problems. This text and solutions manual are meant to provide an
introduction to the subject. It is hoped that these books will allow the
reader to approach the more advanced texts and monographs, as well as
the continual influx of fascinating new experimental results, with a deeper
understanding and sense of appreciation. This volume presents a collection
of problems and solutions in differential geometry with applications. Both
introductory and advanced topics are introduced in an easy-to-digest
manner, with the materials of the volume being self-contained. In
particular, curves, surfaces, Riemannian and pseudo-Riemannian



manifolds, Hodge duality operator, vector fields and Lie series, differential
forms, matrix-valued differential forms, Maurer‒Cartan form, and the Lie
derivative are covered. Readers will find useful applications to special and
general relativity, Yang‒Mills theory, hydrodynamics and field theory.
Besides the solved problems, each chapter contains stimulating
supplementary problems and software implementations are also included.
The volume will not only benefit students in mathematics, applied
mathematics and theoretical physics, but also researchers in the field of
differential geometry. Request Inspection Copy Writing a new book on the
classic subject of Special Relativity, on which numerous important
physicists have contributed and many books have already been written,
can be like adding another epicycle to the Ptolemaic cosmology.
Furthermore, it is our belief that if a book has no new elements, but simply
repeats what is written in the existing literature, perhaps with a different
style, then this is not enough to justify its publication. However, after
having spent a number of years, both in class and research with relativity, I
have come to the conclusion that there exists a place for a new book. Since
it appears that somewhere along the way, mathem- ics may have obscured
and prevailed to the degree that we tend to teach relativity (and I believe,
theoretical physics) simply using “heavier” mathematics without the
inspiration and the mastery of the classic physicists of the last century.
Moreover current trends encourage the application of techniques in
producing quick results and not tedious conceptual approaches resulting
in long-lasting reasoning. On the other hand, physics cannot be done a ́
la carte stripped from philosophy, or, to put it in a simple but dramatic
context A building is not an accumulation of stones! As a result of the
above, a major aim in the writing of this book has been the distinction
between the mathematics of Minkowski space and the physics of r- ativity.
Crystal structures and properties (1001-1027) - Electron theory, energy
bands and semiconductors (1028-1051) - Electromagnetic properties,
optical properties and superconductivity (1052-1076) - Other topics
(1077-1081) - Special relativity (2001-2007) - General relativity
2008-2023) - Relativistic cosmology (2024-2028) - History of physics and
general questions (3001-3025) - Measurements, estimations and errors
(3026-3048) - Mathematical techniques (3049-3056). This thoroughly up-
to-date, highly accessible overview covers microgravity, collider
accelerators, satellite probes, neutron detectors, radioastronomy, and



pulsars. A completely revised and updated edition of this classic text,
covering important new methods and many recently discovered solutions.
This edition contains new chapters on generation methods and their
application, classification of metrics by invariants, and treatments of
homothetic motions and methods from dynamical systems theory. It also
includes colliding waves, inhomogeneous cosmological solutions, and
spacetimes containing special subspaces. Vectors, tensors and functions --
Manifolds, vectors and differentiation -- Energy, momentum and Einstein's
equations More emphasis is placed on an intuitive grasp of the subject and
calculational facility than on rigorous exposition in this introduction to
general relativity for mathematics undergraduates or graduate physicists.
An accessible introductory textbook on general relativity, covering the
theory's foundations, mathematical formalism and major applications.
Einstein's theory of general relativity is a cornerstone of modern physics. It
also touches upon a wealth of topics that students find fascinating ‒ black
holes, warped spacetime, gravitational waves, and cosmology. Now
reissued by Cambridge University Press, this ground-breaking text helped
to bring general relativity into the undergraduate curriculum, making it
accessible to virtually all physics majors. One of the pioneers of the
'physics-first' approach to the subject, renowned relativist James B. Hartle,
recognized that there is typically not enough time in a short introductory
course for the traditional, mathematics-first, approach. In this text, he
provides a fluent and accessible physics-first introduction to general
relativity that begins with the essential physical applications and uses a
minimum of new mathematics. This market-leading text is ideal for a one-
semester course for undergraduates, with only introductory mechanics as
a prerequisite. Einstein's theories of special relativity and general relativity
form a core part of today's undergraduate (or Masters-level) physics
curriculum. This is a supplementary problem book or student's manual,
consisting of 150 problems in each of special and general relativity. The
problems, which have been developed, tested and refined by the authors
over the past two decades, are a mixture of short-form and multi-part
extended problems, with hints provided where appropriate. Complete
solutions are elaborated for every problem, in a different section of the
book; some solutions include brief discussions on their physical or
historical significance. Designed as a companion text to complement a
main relativity textbook, it does not assume access to any specific



textbook. This is a helpful resource for advanced students, for self-study, a
source of problems for university teaching assistants, or as inspiration for
instructors and examiners constructing problems for their lectures,
homework or exams. Divided into four parts, this book covers recent
developments in topics pertaining to gravity theories, including discussions
on the presence of scalar fields. Part One is devoted to exact solutions in
general relativity, and is mainly concerned with the results of rotating null
dust beams and fluids. Also included is a panoramic vision of new research
directions in this area, which would require revising certain theorems and
their possible extensions within gravity theories, new aspects concerning
the Ernst potentials, double Kerr spacetimes, and rotating configurations.
In particular, there is a detailed discussion of totally symmetric and totally
geodesic spaces, in which a method for generating (2+1)-dimensional
solutions from (3+1)-dimensional solutions is given. Part Two deals with
alternative theories of gravity, all of which include scalar fields and gauge
fields. Here, quantum and cosmological effects, which arise from both
gravity theories in four and higher dimensions and from metric-affine
theories, are investigated. Part Three is devoted to cosmological and
inflationary scenarios. Local effects, such as the influence of scalar fields in
protogalactic interactions, numerical studies of the collapse of molecular
cores, as well as the inverse inflationary problem and the blue eigenvalue
spectrum of it, are considered. Moreover, the role of scalar fields as dark
matter and quantum cosmology in the Bergman-Wagoner and Gowdy
theories, together with the relation of the conformal symmetry and
deflationary gas universe, are likewise presented. The last part of the book
includes some mixed topics which are still in the experimental stage.
Among them are the foundation of the Maxwell theory, a discussion on
electromagnetic Thirring problems, a note on the staticity of black holes
with non-minimally coupled scalar fields, and a study of the Lorentz force
free charged fluids in general relativity. Thus, this book is the most up-to-
date, comprehensive collection of papers on the subject of exact solutions
and scalar fields in gravity and is a valuable tool for researchers in the
area. A textbook-neutral problems-and-solutions book that complements
any relativity textbook at advanced undergraduate or masters level. This
text brings the challenge and excitement of modern relativity and
cosmology at rigorous mathematical level within reach of advanced
undergraduates and beginning graduates. A student-friendly style, over



100 illustrations, and numerous exercises are brought together in this
textbook for advanced undergraduate and beginning graduate students in
physics and mathematics. Lewis Ryder develops the theory of general
relativity in detail. Covering the core topics of black holes, gravitational
radiation, and cosmology, he provides an overview of general relativity and
its modern ramifications. The book contains chapters on gravitational
radiation, cosmology, and connections between general relativity and the
fundamental physics of the microworld. It explains the geometry of curved
spaces and contains key solutions of Einstein's equations - the
Schwarzschild and Kerr solutions. Mathematical calculations are worked
out in detail, so students can develop an intuitive understanding of the
subject, as well as learn how to perform calculations. The book also
includes topics concerned with the relation between general relativity and
other areas of fundamental physics. Selected solutions for instructors are
available under Resources. A paperback edition of a classic text, this book
gives a unique survey of the known solutions of Einstein's field equations
for vacuum, Einstein-Maxwell, pure radiation and perfect fluid sources. It
introduces the foundations of differential geometry and Riemannian
geometry and the methods used to characterize, find or construct
solutions. The solutions are then considered, ordered by their symmetry
group, their algebraic structure (Petrov type) or other invariant properties
such as special subspaces or tensor fields and embedding properties.
Includes all the developments in the field since the first edition and
contains six completely new chapters, covering topics including generation
methods and their application, colliding waves, classification of metrics by
invariants and treatments of homothetic motions. This book is an
important resource for graduates and researchers in relativity, theoretical
physics, astrophysics and mathematics. It can also be used as an
introductory text on some mathematical aspects of general relativity. The
General Theory of Relativity: A Mathematical Exposition will serve readers
as a modern mathematical introduction to the general theory of relativity.
Throughout the book, examples, worked-out problems, and exercises (with
hints and solutions) are furnished. Topics in this book include, but are not
limited to: tensor analysis the special theory of relativity the general theory
of relativity and Einstein’s field equations spherically symmetric solutions
and experimental confirmations static and stationary space-time domains
black holes cosmological models algebraic classifications and the Newman-



Penrose equations the coupled Einstein-Maxwell-Klein-Gordon equations
appendices covering mathematical supplements and special topics
Mathematical rigor, yet very clear presentation of the topics make this
book a unique text for both university students and research scholars.
Anadijiban Das has taught courses on Relativity Theory at The University
College of Dublin, Ireland, Jadavpur University, India, Carnegie-Mellon
University, USA, and Simon Fraser University, Canada. His major areas of
research include, among diverse topics, the mathematical aspects of
general relativity theory. Andrew DeBenedictis has taught courses in
Theoretical Physics at Simon Fraser University, Canada, and is also a
member of The Pacific Institute for the Mathematical Sciences. His
research interests include quantum gravity, classical gravity, and semi-
classical gravity. This comprehensive student manual has been designed to
accompany the leading textbook by Bernard Schutz, A First Course in
General Relativity, and uses detailed solutions, cross-referenced to several
introductory and more advanced textbooks, to enable self-learners,
undergraduates and postgraduates to master general relativity through
problem solving. The perfect accompaniment to Schutz's textbook, this
manual guides the reader step-by-step through over 200 exercises, with
clear easy-to-follow derivations. It provides detailed solutions to almost
half of Schutz's exercises, and includes 125 brand new supplementary
problems that address the subtle points of each chapter. It includes a
comprehensive index and collects useful mathematical results, such as
transformation matrices and Christoffel symbols for commonly studied
spacetimes, in an appendix. Supported by an online table categorising
exercises, a Maple worksheet and an instructors' manual, this text provides
an invaluable resource for all students and instructors using Schutz's
textbook. Second edition of a widely-used textbook providing the first step
into general relativity for undergraduate students with minimal
mathematical background. Based on graduate school lectures in
contemporary relativity and gravitational physics, this book gives a
complete and unified picture of the present status of theoretical and
observational properties of astrophysical black holes. The chapters are
written by internationally recognized specialists. They cover general
theoretical aspects of black hole astrophysics, the theory of accretion and
ejection of gas and jets, stellar-sized black holes observed in the Milky
Way, the formation and evolution of supermassive black holes in galactic



centers and quasars as well as their influence on the dynamics in galactic
nuclei. The final chapter addresses analytical relativity of black holes
supporting theoretical understanding of the coalescence of black holes as
well as being of great relevance in identifying gravitational wave signals.
With its introductory chapters the book is aimed at advanced graduate and
post-graduate students, but it will also be useful for specialists. This book
is based on a set of 18 class-tested lectures delivered to fourth-year
physics undergraduates at Griffith University in Brisbane, and the book
presents new discoveries by the Nobel-prize winning LIGO collaboration.
The author begins with a review of special relativity and tensors and then
develops the basic elements of general relativity (a beautiful theory that
unifies special relativity and gravitation via geometry) with applications to
the gravitational deflection of light, global positioning systems, black holes,
gravitational waves, and cosmology. The book provides readers with a
solid understanding of the underlying physical concepts; an ability to
appreciate and in many cases derive important applications of the theory;
and a solid grounding for those wishing to pursue their studies further.
General Relativity: An Introduction to Black Holes, Gravitational Waves,
and Cosmology also connects general relativity with broader topics. There
is no doubt that general relativity is an active and exciting field of physics,
and this book successfully transmits that excitement to readers. Field
theory is an important topic in theoretical physics, which is studied in the
physical and physico-mathematical departments of universities. Therefore,
lecturers are faced with the urgent task of not only providing students with
information about the subject, but also to help them master the material at
a deep qualitative level, by presenting the specific features of general
approaches to the statement and the solution of problems in theoretical
physics. One of the ways to study field theory is the practical one, where
the students can deepen their knowledge of the theoretical material and
develop problem-solving skills. This book includes a concise theoretical
summary of the main branches of field theory and electrodynamics,
worked examples, and some problems for the student to solve.The book is
written for students of theoretical and applied physics, and corresponds to
the curricula of the theoretical courses 'Field theory' and 'Electrodynamics'
for physics undergraduates. It can also be useful for students of other
disciplines, in particular, those in which physics is one of the base subjects.
This book contains detailed solutions of all the 606 exercises of my book:



General Relativity Simplified & Assessed. These exercises represent an
integral part of the original book as they fill many gaps and provide
essential extensions and elaborations. This book opens with an axiomatic
description of Euclidean and non-Euclidean geometries. Euclidean
geometry is the starting point to understand all other geometries and it is
the cornerstone for our basic intuition of vector spaces. The generalization
to non-Euclidean geometry is the following step to develop the language of
Special and General Relativity. These theories are discussed starting from a
full geometric point of view. Differential geometry is presented in the
simplest way and it is applied to describe the physical world. The final
result of this construction is deriving the Einstein field equations for
gravitation and spacetime dynamics. Possible solutions, and their physical
implications are also discussed: the Schwarzschild metric, the relativistic
trajectory of planets, the deflection of light, the black holes, the
cosmological solutions like de Sitter, Friedmann-Lemaître-Robertson-
Walker, and Gödel ones. Some current problems like dark energy are also
scketched. The book is self-contained and includes details of all proofs. It
provides solutions or tips to solve problems and exercises. It is designed
for undergraduate students and for all readers who want a first geometric
approach to Special and General Relativity. Einstein's theory of general
relativity is a theory of gravity and, as in the earlier Newtonian theory,
much can be learnt about the character of gravitation and its effects by
investigating particular idealised examples. This book describes the basic
solutions of Einstein's equations with a particular emphasis on what they
mean, both geometrically and physically. Concepts such as big bang and
big crunch-types of singularities, different kinds of horizons and
gravitational waves, are described in the context of the particular space-
times in which they naturally arise. These notions are initially introduced
using the most simple and symmetric cases. Various important coordinate
forms of each solution are presented, thus enabling the global structure of
the corresponding space-time and its other properties to be analysed. The
book is an invaluable resource both for graduate students and academic
researchers working in gravitational physics. 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. 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.
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