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Robinson brilliantly uses examples from the arts, history, and folklore to elucidate Einstein's monumental theory. The
author's triumphs of analysis include clarifying the abstract concepts of time and space, linking relativity concepts to
mapmaking and exploration, and relating the metaphors of Shakespeare, Milton and Dante to relativity theory. 161 line
drawings. 60 half-tones.
This book serves two purposes. The authors present important aspects of modern research on the mathematical
structure of Einstein's field equations and they show how to extract their physical content from them by mathematically
exact methods. The essays are devoted to exact solutions and to the Cauchy problem of the field equations as well as to
post-Newtonian approximations that have direct physical implications. Further topics concern quantum gravity and optics
in gravitational fields. The book addresses researchers in relativity and differential geometry but can also be used as
additional reading material for graduate students.
A collection of survey papers on the 50th anniversary of the institute.
Early in this century, it was shown that the new non-Newtonian physics -- known as Einstein's Special Theory of
Relativity -- rested on a new, non-Euclidean geometry, which incorporated time and space into a unified
"chronogeometric" structure. This high-level study elucidates the motivation and significance of the changes in physical
geometry brought about by Einstein, in both the first and the second phase of Relativity. After a discussion of Newtonian
principles and 19th-century views on electrodynamics and the aether, the author offers illuminating expositions of
Einstein's electrodynamics of moving bodies, Minkowski spacetime, Einstein's quest for a theory of gravity, gravitational
geometry, the concept of simultaneity, time and causality and other topics. An important Appendix -- designed to define
spacetime curvature -- considers differentiable manifolds, fiber bundles, linear connections and useful formulae. Relativity
continues to be a major focus of interest for physicists, mathematicians and philosophers of science. This highly regarded
work offers them a rich, "historico-critical" exposition -- emphasizing geometrical ideas -- of the elements of the Special
and General Theory of Relativity.
This book explains and helps readers to develop geometric intuition as it relates to differential forms. It includes over 250
figures to aid understanding and enable readers to visualize the concepts being discussed. The author gradually builds
up to the basic ideas and concepts so that definitions, when made, do not appear out of nowhere, and both the
importance and role that theorems play is evident as or before they are presented. With a clear writing style and easy-tounderstand motivations for each topic, this book is primarily aimed at second- or third-year undergraduate math and
physics students with a basic knowledge of vector calculus and linear algebra.
Comprehensive treatment of the essentials of modern differential geometry and topology for graduate students in
mathematics and the physical sciences.
Einstein in Matrix FormExact Derivation of the Theory of Special and General Relativity without TensorsSpringer Science
& Business Media
This work is the first explicit examination of the key role that mathematics has played in the development of theoretical physics and
will undoubtedly challenge the more conventional accounts of its historical development. Although mathematics has long been
regarded as the "language" of physics, the connections between these independent disciplines have been far more complex and
intimate than previous narratives have shown. This study encompasses engagements across discipline boundaries and many
nations rom the ear of Euler and Bernoulli o that of Hilbert and Einstein. At all times physicists and mathematicians retained their
distinct sets of disciplinary standards and goals. Interactions within historical ears are handled using the standards of the time to
define mathematics and physics. In this context, the works of Lagrange, Laplace, Fourier, Jacobi, William Thomson, Maxwell,
Helmholtz, and many others are discussed, and by 1870, it is evident that the essentials of modern theoretical physics are in
place. The epilogue, spanning the decades from 1870 to the First World War, deals with the decline of these interactions and the
building of new connections. It is particularly significant that these new patterns of interactions became paradigmatic for the rest of
the twentieth century. The unique perspectives concerning the history of theoretical physics will undoubtedly cause some raised
eyebrows, as the author convincingly demonstrates that practices, methods, and language shaped the development of the field,
and are a key to understanding the mergence of the modern academic discipline. Mathematicians and physicists, as well as
historians of both disciplines, will find this provocative work of great interest.
This collection of nearly forty essays in honor of the noted physicist and cosmologist Engelbert Schucking spans the gamut of
research in Einsteins theory of general relativity and presents a lively and personal account of current work in the field.
Indispensable for physicists involved in research in the field, the book includes important chapters by noted theorists such as A.
Ashtekar, P.G. Bergmann, J. Ehlers, E.T. Newman, J.V. Narlikar, R. Penrose, D.W. Sciama, J. Stachel, and W. Rindler.
This book provides readers with a solid set of diversified and essential tools for the theoretical modeling and control of complex
robotic systems, as well as for digital human modeling and realistic motion generation. Following a comprehensive introduction to
the fundamentals of robotic kinematics, dynamics and control systems design, the author extends robotic modeling procedures
and motion algorithms to a much higher-dimensional, larger scale and more sophisticated research area, namely digital human
modeling. Most of the methods are illustrated by MATLABTM codes and sample graphical visualizations, offering a unique closed
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loop between conceptual understanding and visualization. Readers are guided through practicing and creating 3D graphics for
robot arms as well as digital human models in MATLABTM, and through driving them for real-time animation. This work is intended
to serve as a robotics textbook with an extension to digital human modeling for senior undergraduate and graduate engineering
students. At the same time, it represents a comprehensive reference guide for all researchers, scientists and professionals eager
to learn the fundamentals of robotic systems as well as the basic methods of digital human modeling and motion generation.
This four-volume work represents the most comprehensive documentation and study of the creation of general relativity.
Einstein’s 1912 Zurich notebook is published for the first time in facsimile and transcript and commented on by today’s major
historians of science. Additional sources from Einstein and others, who from the late 19th to the early 20th century contributed to
this monumental development, are presented here in translation for the first time. The volumes offer detailed commentaries and
analyses of these sources that are based on a close reading of these documents supplemented by interpretations by the leading
historians of relativity.
Graduate-level text provides strong background in more abstract areas of dynamical theory. Hamilton's equations, d'Alembert's
principle, Hamilton-Jacobi theory, other topics. Problems and references. 1977 edition.
Volume 2 introduces the theory of twistors and two-spinors and shows how it can be applied. Includes a comprehensive treatment
of the conformal approach to space-time infinity with results on general relativistic mass and angular momentum.
Up until recently, Riemannian geometry and basic topology were not included, even by departments or faculties of mathematics,
as compulsory subjects in a university-level mathematical education. The standard courses in the classical differential geometry of
curves and surfaces which were given instead (and still are given in some places) have come gradually to be viewed as
anachronisms. However, there has been hitherto no unanimous agreement as to exactly how such courses should be brought up
to date, that is to say, which parts of modern geometry should be regarded as absolutely essential to a modern mathematical
education, and what might be the appropriate level of abstractness of their exposition. The task of designing a modernized course
in geometry was begun in 1971 in the mechanics division of the Faculty of Mechanics and Mathematics of Moscow State
University. The subject-matter and level of abstractness of its exposition were dictated by the view that, in addition to the geometry
of curves and surfaces, the following topics are certainly useful in the various areas of application of mathematics (especially in
elasticity and relativity, to name but two), and are therefore essential: the theory of tensors (including covariant differentiation of
them); Riemannian curvature; geodesics and the calculus of variations (including the conservation laws and Hamiltonian
formalism); the particular case of skew-symmetric tensors (i. e.
This book has come into being as a result of scientific debates. And these debates have determined its structure. The first chapter
is in the form of Socratic dialogues between a mathematician (MATH.), two physicists (pHYS. and EXP.) and a philosopher
(PHIL.). However, although one of the authors is a theoretical physicist and the other a mathematician, the reader must not think
that their opinions have been divided among the participants of the dialogues. We have tried to convey the inner tension of the
topic under discussion and its openness. The attitudes of the participants reflect more the possible evaluations of the situation
rather than the actual views of the authors. What is more, the subject "elementary particles" as dealt with in the 3 6 dialogue
stretches over (2-3) 10 years of historical time and a space of 10 ±1 pages of scientific literature. For this reason, a complete
survey of it is un achievable. But, of course, every researcher constructs his own history of his science and sees a certain list of its
main pOints. We have attempted to float several possible pictures of this kind. Therefore the fact that Math and Phys talk about the
history of element ary particles is not an attempt to present the scientific history of this realm of physics.
The Landau Institute for Theoretical Physics was created in 1965 by a group of LD Landau's pupils. Very soon, it was widely
recognized as one of the world's leading centers in theoretical physics. According to Science Magazine, the Institute in the eighties
had the highest citation index among all the scientific organizations in the former Soviet Union. This collection of the best papers of
the Institute reflects the development of the many directions in the exact sciences during the last 30 years. The reader can find the
original formulations of well-known notions in condensed matter theory, quantum field theory, mathematical physics and
astrophysics, which were introduced by members of the Landau Institute. The following are some of the achievements described
in this book: monopoles (A Polyakov), instantons (A Belavin et al.), weak crystallization (S Brazovskii), spin superfluidity (I Fomin),
finite band potentials (S Novikov) and paraconductivity (A Larkin, L Aslamasov). Contents:Condensed Matter:Phase Transition in
Uniaxial Ferroelectrics (A I Larkin & D E Khmel'nitskii)Contribution to the Theory of Domain Structures (I A Privorotskii)Correlation
Functions of a One-Dimensional Fermi System with Long-Range Interaction (Tomonaga Model) (I E Dzyaloshinskii & A I
Larkin)Investigation of Singularities in Superfluid He3 in Liquid Crystals by the Homotopic Topology Methods (G E Volovik & V P
Mineev)Towards an Exact Solution of the Anderson Model (P B Wiegmann)Long Wavelength Dynamics of Free Smectic Films (E I
Kats & V V Lebedev)The Augmented Models of Associative Memory Asymmetric Interaction and Hierarchy of Patterns (M V
Feigelman & L B Ioffe)Superconductivity Transition Temperature in Amorphous Film (A M Finkel'shtein)Mathematical Physics:A
Scheme for Integration the Nonlinear Equations of Mathematical Physics by the Method of the Inverse Scattering Problem (V E
Zakharov & A B Shabat)Note on the Integration of Euler's Equations of the Dynamics of an n-Dimensional Rigid Body (S V
Manakov)Extension of the Module of Invertible Transformations. Classification of Integrable Systems (A V Mikhailov et al.)Field
Theory and Nuclear Physics:Particle Spectrum in Quantum Field Theory (A M Polyakov)Pseudoparticle Solutions of the Yang-Mills
Equations (A A Belavin et al.)Infinite Conformal Symmetry in Two-Dimensional Quantum Field Theory (A A Belavin et
al.)Conformal Algebra and Multipoint Correlation Functions in 2d Statistical Models (V Dotsenko & V A Fateev)Higgs and Top
Quark Masses in the Standard Model without Elementary Higgs Boson (V N Gribov)Astrophysics:Spectrum of Relict Gravitational
Radiation and the Early State of the Universe (A A Starobinskii)and other papers Readership: Graduates and researchers in
theoretical physics. keywords: “The articles reprinted in this volume are impressive. Many of these articles are still referenced, and
even more are the basis for experimental and theoretical studies today.” Mathematical Reviews “This collection of the best papers
of the Institute reflects the development of the many directions in the exact sciences during the last 30 years. The reader can find
the original formulations of well-known notions in condensed matter theory, quantum field theory, mathematical physics and
astrophysics, which were introduced by members of the Landau Institute.” Mathematics Abstracts
Explore the life, times, and mind of the man behind the legend.
This introductory textbook on the general theory of relativity presents a solid foundation for those who want to learn about relativity.
The subject is presented in a physically intuitive, but mathematically rigorous style. The topic of relativity is covered in a broad and
deep manner. Besides, the aim is that after reading the book a student should not feel discouraged when she opens advanced
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texts on general relativity for further reading. The book consists of three parts: An introduction to the general theory of relativity.
Geometrical mathematical background material. Topics that include the action principle, weak gravitational fields and gravitational
waves, Schwarzschild and Kerr solution, and the Friedman equation in cosmology. The book is suitable for advanced graduates
and graduates, but also for established researchers wishing to be educated about the field.
This book is an introduction to the theories of Special and General Relativity. The target audience are physicists, engineers and
applied scientists who are looking for an understandable introduction to the topic - without too much new mathematics. The
fundamental equations of Einstein's theory of Special and General Relativity are derived using matrix calculus, without the help of
tensors. This feature makes the book special and a valuable tool for scientists and engineers with no experience in the field of
tensor calculus. In part I the foundations of Special Relativity are developed, part II describes the structure and principle of General
Relativity. Part III explains the Schwarzschild solution of spherical body gravity and examines the "Black Hole" phenomenon. Any
necessary mathematical tools are user friendly provided, either directly in the text or in the appendices.
The second edition of An Introduction to Differentiable Manifolds and Riemannian Geometry, Revised has sold over 6,000 copies
since publication in 1986 and this revision will make it even more useful. This is the only book available that is approachable by
"beginners" in this subject. It has become an essential introduction to the subject for mathematics students, engineers, physicists,
and economists who need to learn how to apply these vital methods. It is also the only book that thoroughly reviews certain areas
of advanced calculus that are necessary to understand the subject. Line and surface integrals Divergence and curl of vector fields
There exist essentially two levels of investigation in theoretical physics. One is primarily descriptive, concentrating as it does on
useful phenomenological approaches toward the most economical classifications of large classes of experimental data on
particular phenomena. The other, whose thrust is explanatory, has as its aim the formulation of those underlying hypotheses and
their mathematical representations that are capable of furnishing, via deductive analysis, predictions - constituting the particulars
of universals (the asserted laws)- about the phenomena under consideration. The two principal disciplines of contemporary
theoretical physics - quantum theory and the theory of relativity - fall basically into these respective categories. General Relativity
and Matter represents a bold attempt by its author to formulate, in as transparent and complete a way as possible, a fundamental
theory of matter rooted in the theory of relativity - where the latter is viewed as providing an explanatory level of understanding for
probing the fundamental nature ofmatter indomainsranging all the way fromfermis and lessto light years and more. We hasten to
add that this assertion is not meant to imply that the author pretends with his theory to encompass all ofphysics or even a tiny part
of the complete objective understanding of our accessible universe. But he does adopt the philosophy that underlying all natural
phenomena there is a common conceptualbasis,and then proceeds to investigate how far such a unified viewcan take us at its
present stage of development.
This book analyzes the intricate logical process through which the quantum theory was developed, and shows that the quantum
mechanics thus established is governed by stereo-structural logic . The method of analysis is based on Mituo Taketani''s threestage theory of scientific cognition, which was presented and developed in close connection with Yukawa''s theory of the meson.
According to the three-stage theory, scientific cognition proceeds through a series of coiling turns of the phenomenological,
substantialistic and essentialistic stages. The old quantum mechanics is shown to be in a substantialistic stage, followed by the
quantum mechanics in the corresponding essentialistic stage. Sample Chapter(s). Chapter 1.1: Themodynamical Investigation of
Black Body Radiation (206 KB). Chapter 1.2: Atomistic Investigations of Black Body Radiation (257 KB). Chapter 1.3: Einstein''s
Light Quantum (261 KB). Chapter 1.4: The Light Quantum and the Theory of Relativity (158 KB). Chapter 1.1: Diffculties seen from
Statistical Heat Theory (281 KB). Chapter 1.2: Molecular Theoretical Significance of the Planck Theory (236 KB). Chapter 1.3:
Conflict between the Wave and Particle Natures (235 KB). Chapter 1.1: Heisenbergs Quantum Condition (307 KB). Chapter 1.2:
Born-Jordan''s Formulation with Matrices (361 KB). Chapter 1.3: Dirac''s Formulation by Quantum Algebra (299 KB). Chapter 1.4:
Attempts at the Interpretation of Matrix Mechanics (272 KB). Contents: Volume I: Quantum of Radiation; The Formation of Atomic
Models; Volume II: Difficulties in Radiation Theory; The Quantum of Action and Atomic Models; The Quantum Condition,
Transition Probability and Correspondence Principle; Theory of Atomic Structure and Spin of Electron; The Interconnection of
Wave- and Particle-Natures; Volume III: The Proposal and Formulation of Matrix Mechanics; From the Proposal of Wave
Mechanics to Quantum Mechanics; The Establishment of Quantum Mechanics; The Logic of Quantum Mechanics. Readership:
Undergraduates and researchers in quantum and theoretical physics.
At extremely low temperatures, clouds of bosonic atoms form what is known as a Bose-Einstein condensate. Recently, it has
become clear that many different types of condensates -- so called fragmented condensates -- exist. In order to tell whether
fragmentation occurs or not, it is necessary to solve the full many-body Schrödinger equation, a task that remained elusive for
experimentally relevant conditions for many years. In this thesis the first numerically exact solutions of the time-dependent manybody Schrödinger equation for a bosonic Josephson junction are provided and compared to the approximate Gross-Pitaevskii and
Bose-Hubbard theories. It is thereby shown that the dynamics of Bose-Einstein condensates is far more intricate than one would
anticipate based on these approximations. A special conceptual innovation in this thesis are optimal lattice models. It is shown
how all quantum lattice models of condensed matter physics that are based on Wannier functions, e.g. the Bose/Fermi Hubbard
model, can be optimized variationally. This leads to exciting new physics.
Mathematics plays an important role in mechanics and other human endeavours. Validating examples in this first volume include,
for instance: the connection between the golden ratio (the divine proportion" used by Phidias and many other artists and enshrined
in Leonardo's Vitruvian Man, shown on the front cover), and the Fibonacci spiral (observable in botany, e.g., in the placement of
sunflower seeds); is the coast of Tuscany infinitely long?; the equal-time free fall of a feather and a lead ball in a vacuum; a simple
diagnostic for changing your car's shocks; the Kepler laws of the planets; the dynamics of the Sun-Earth-Moon system; the tides'
mechanism; the laws of friction and a wheel rolling down a partially icy slope; and many more. The style is colloquial. The
emphasis is on intuition - lengthy but intuitive proofs are preferred to simple non-intuitive ones. The mathematical/mechanical
sophistication gradually increases, making the volume widely accessible. Intuition is not at the expense of rigor. Except for
grammar-school material, every statement that is later used is rigorously proven. Guidelines that facilitate the reading of the book
are presented. The interplay between mathematics and mechanics is presented within a historical context, to show that often
mechanics stimulated mathematical developments - Newton comes to mind. Sometimes mathematics was introduced
independently of its mechanics applications, such as the absolute calculus for Einstein's general theory of relativity. Bio-sketches
of all the scientists encountered are included and show that many of them dealt with both mathematics and mechanics.
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A textbook for 2nd and 3rd year undergraduate students using the fundamental principle of covariance as a basis for studying
classical mechanics, electrodynamics, the special theory of relativity, and the general theory of relativity, before moving on to more
advanced topics of field theory, differential forms, and modified theories of gravity.
Among the most remarkable effects that quantum mechanics adds to the catalog of the thermal properties of matter is
"condensation" of an ideal gas of identical particles into a single quantum state, the principle of which was discovered in the theory
of statistical mechanics by Bose and Einstein in the 1920s. Bose-Einstein condensation (BEC) is a mechanism for producing a
macroscopic quantum system, and is exemplary of the macroscopic quantum phenomena of superconductivity and
superfluidity.These 15 papers provide an introduction to current work on BEC.
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.
This book is part of a large and growing body of work on the observation of analogue gravity effects, such as Hawking radiation, in
laboratory systems. The book is highly didactic, skillfully navigating between concepts ranging from quantum field theory on curved
space-times, nonlinear fibre optics and the theoretical and experimental foundations in the physics of optical analogues to the
Event Horizon. It presents a comprehensive field-theoretical framework for these systems, including the kinematics governing the
fields. This allows an analytical calculation of the all-important conversion of vacuum fluctuations into Hawking radiation. Based on
this, emission spectra are computed, providing unique insights into the emissions from a highly dispersive system. In an
experimental part, the book develops a clear and systematic way to experimentally approach the problem and demonstrates the
construction of an experimental setup and measurements of unprecedented sensitivity in the search for stimulation of the Hawking
effect.
Looks at the life of the German physicist along with an analysis of his scientific work and evolution of his thinking.
Covering both classical and quantum models, nonlinear integrable systems are of considerable theoretical and practical interest,
with applications over a wide range of topics, including water waves, pin models, nonlinear optics, correlated electron systems,
plasma physics, and reaction-diffusion processes. Comprising one part on classical theories
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.

General relativity is a cornerstone of modern physics, and is of major importance in its applications to cosmology.
Plebanski and Krasinski are experts in the field and in this book they provide a thorough introduction to general relativity,
guiding the reader through complete derivations of the most important results. Providing coverage from a unique
viewpoint, geometrical, physical and astrophysical properties of inhomogeneous cosmological models are all
systematically and clearly presented, allowing the reader to follow and verify all derivations. For advanced
undergraduates and graduates in physics and astronomy, this textbook will enable students to develop expertise in the
mathematical techniques necessary to study general relativity.
Twelve problems have been added to the first edition; four of them are supplements to problems in the first edition. The
others deal with issues that have become important, since the first edition of Volume II, in recent developments of various
areas of physics. All the problems have their foundations in volume 1 of the 2-Volume set Analysis, Manifolds and
Physics. It would have been prohibitively expensive to insert the new problems at their respective places. They are
grouped together at the end of this volume, their logical place is indicated by a number of parenthesis following the title.
This monograph describes some of the most interesting results obtained by the mathematicians and physicists
collaborating in the CRC 647 "Space – Time – Matter", in the years 2005 - 2016. The work presented concerns the
mathematical and physical foundations of string and quantum field theory as well as cosmology. Important topics are the
spaces and metrics modelling the geometry of matter, and the evolution of these geometries. The partial differential
equations governing such structures and their singularities, special solutions and stability properties are discussed in
detail. Contents Introduction Algebraic K-theory, assembly maps, controlled algebra, and trace methods Lorentzian
manifolds with special holonomy – Constructions and global properties Contributions to the spectral geometry of locally
homogeneous spaces On conformally covariant differential operators and spectral theory of the holographic Laplacian
Moduli and deformations Vector bundles in algebraic geometry and mathematical physics Dyson–Schwinger equations:
Fix-point equations for quantum fields Hidden structure in the form factors ofN = 4 SYM On regulating the AdS
superstring Constraints on CFT observables from the bootstrap program Simplifying amplitudes in Maxwell-Einstein and
Yang-Mills-Einstein supergravities Yangian symmetry in maximally supersymmetric Yang-Mills theory Wave and Dirac
equations on manifolds Geometric analysis on singular spaces Singularities and long-time behavior in nonlinear evolution
equations and general relativity
Written for postgraduates and researchers, this is an up-to-date survey of astrophysical maser sources and their use as
astronomical tools.
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