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Carroll Spacetime And Geometry New Edition
Spacetime physics -- Physics in flat spacetime -- The mathematics of curved
spacetime -- Einstein's geometric theory of gravity -- Relativistic stars -- The
universe -- Gravitational collapse and black holes -- Gravitational waves -Experimental tests of general relativity -- Frontiers
Explore spectacular advances in contemporary physics with this unique
celebration of the centennial of Einstein's discovery of general relativity.
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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This book provides an introduction to Einstein's general theory of relativity. A
"physics-first" approach is adopted so that interesting applications come before
the more difficult task of solving the Einstein equation. The book includes
extensive coverage of cosmology, and is designed to allow readers to study the
subject alone.
**WINNER OF THE 2020 NOBEL PRIZE IN PHYSICS** The Road to Reality is
the most important and ambitious work of science for a generation. It provides
nothing less than a comprehensive account of the physical universe and the
essentials of its underlying mathematical theory. It assumes no particular
specialist knowledge on the part of the reader, so that, for example, the early
chapters give us the vital mathematical background to the physical theories
explored later in the book. Roger Penrose's purpose is to describe as clearly as
possible our present understanding of the universe and to convey a feeling for its
deep beauty and philosophical implications, as well as its intricate logical
interconnections. The Road to Reality is rarely less than challenging, but the
book is leavened by vivid descriptive passages, as well as hundreds of handdrawn diagrams. In a single work of colossal scope one of the world's greatest
scientists has given us a complete and unrivalled guide to the glories of the
universe that we all inhabit. 'Roger Penrose is the most important physicist to
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work in relativity theory except for Einstein. He is one of the very few people I've
met in my life who, without reservation, I call a genius' Lee Smolin
"Wald's book is clearly the first textbook on general relativity with a totally modern
point of view; and it succeeds very well where others are only partially
successful. The book includes full discussions of many problems of current
interest which are not treated in any extant book, and all these matters are
considered with perception and understanding."—S. Chandrasekhar "A tour de
force: lucid, straightforward, mathematically rigorous, exacting in the analysis of
the theory in its physical aspect."—L. P. Hughston, Times Higher Education
Supplement "Truly excellent. . . . A sophisticated text of manageable size that will
probably be read by every student of relativity, astrophysics, and field theory for
years to come."—James W. York, Physics Today
Geometric algebra has been presented in many different guises since its
invention by William Kingdon Clifford shortly before his death in 1879. Our
guiding principle is that it should be fully integrated into the foundations of
mathematics, and in this regard nothing is more fundamental than the concept of
number itself. In this book we fully integrate the ideas of geometric algebra
directly into the fabric of matrix linear algebra. A geometric matrix is a real or
complex matrix which is identified with a unique geometric number. The matrix
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product of two geometric matrices is just the product of the corresponding
geometric numbers. Any equation can be either interpreted as a matrix equation
or an equation in geometric algebra, thus fully unifying the two languages. The
first 6 chapters provide an introduction to geometric algebra, and the
classification of all such algebras. Exercises are provided. The last 3 chapters
explore more advanced topics in the application of geometric algebras to Pauli
and Dirac spinors, special relativity, Maxwell's equations, quaternions, split
quaternions, and group manifolds. They are included to highlight the great variety
of topics that are imbued with new geometric insight when expressed in
geometric algebra. The usefulness of these later chapters will depend on the
background and previous knowledge of the reader.Matrix Gateway to Geometric
Algebra will be of interest to undergraduate and graduate students in
mathematics, physics and the engineering sciences, who are looking for a unified
treatment of geometric ideas arising in these areas at all levels. It should also be
of interest to specialists in linear and multilinear algebra, and to mathematical
historians interested in the development of geometric number systems.
In recent years the methods of modern differential geometry have become of
considerable importance in theoretical physics and have found application in
relativity and cosmology, high-energy physics and field theory, thermodynamics,
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fluid dynamics and mechanics. This textbook provides an introduction to these
methods - in particular Lie derivatives, Lie groups and differential forms - and
covers their extensive applications to theoretical physics. The reader is assumed
to have some familiarity with advanced calculus, linear algebra and a little
elementary operator theory. The advanced physics undergraduate should
therefore find the presentation quite accessible. This account will prove valuable
for those with backgrounds in physics and applied mathematics who desire an
introduction to the subject. Having studied the book, the reader will be able to
comprehend research papers that use this mathematics and follow more
advanced pure-mathematical expositions.
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
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general relativity that begins with the essential physical applications and uses a
minimum of new mathematics. This market-leading text is ideal for a onesemester course for undergraduates, with only introductory mechanics as a
prerequisite.
Your first love is nothing to joke about. It's powerful, overwhelming, and
something that haunts you forever. When your first love is severed, you lose a
piece of your soul. Your world shatters. My first love, Amos Marshall, left
something behind for me. He promised me forever and gave that to me. It's the
GRAVITY that keeps my universe held together. This natural phenomenon keeps
me whole to move forward every single day of my life. Back in his hometown with
a life-changing secret to reveal, the problem is I'm too greedy to give up the last
piece of Amos that I hold dear. Gravitational attraction has a funny way of pulling
new people into your life. It's unwanted, but the force is tenacious. Cub Stent
storms into my life piecing together my secret. He fills dark mysterious holes that
have been vacant for years. Does my heart have room for a second love? Only
Gravity will know.
An ideal introduction to Einstein's general theory of relativity This unique textbook
provides an accessible introduction to Einstein's general theory of relativity, a
subject of breathtaking beauty and supreme importance in physics. With his
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trademark blend of wit and incisiveness, A. Zee guides readers from the
fundamentals of Newtonian mechanics to the most exciting frontiers of research
today, including de Sitter and anti-de Sitter spacetimes, Kaluza-Klein theory, and
brane worlds. Unlike other books on Einstein gravity, this book emphasizes the
action principle and group theory as guides in constructing physical theories. Zee
treats various topics in a spiral style that is easy on beginners, and includes
anecdotes from the history of physics that will appeal to students and experts
alike. He takes a friendly approach to the required mathematics, yet does not shy
away from more advanced mathematical topics such as differential forms. The
extensive discussion of black holes includes rotating and extremal black holes
and Hawking radiation. The ideal textbook for undergraduate and graduate
students, Einstein Gravity in a Nutshell also provides an essential resource for
professional physicists and is accessible to anyone familiar with classical
mechanics and electromagnetism. It features numerous exercises as well as
detailed appendices covering a multitude of topics not readily found elsewhere.
Provides an accessible introduction to Einstein's general theory of relativity
Guides readers from Newtonian mechanics to the frontiers of modern research
Emphasizes symmetry and the Einstein-Hilbert action Covers topics not found in
standard textbooks on Einstein gravity Includes interesting historical asides
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Features numerous exercises and detailed appendices Ideal for students,
physicists, and scientifically minded lay readers Solutions manual (available only
to teachers)
This book invites the reader to understand our Universe, not just marvel at it.
From the clock-like motions of the planets to the catastrophic collapse of a star
into a black hole, gravity controls the Universe. Gravity is central to modern
physics, helping to answer the deepest questions about the nature of time, the
origin of the Universe and the unification of the forces of nature. Linking key
experiments and observations through careful physical reasoning, the author
builds the reader's insight step-by-step from simple but profound facts about
gravity on Earth to the frontiers of research. Topics covered include the nature of
stars and galaxies, the mysteries of dark matter and dark energy, black holes,
gravitational waves, inflation and the Big Bang. Suitable for general readers and
for undergraduate courses, the treatment uses only high-school level
mathematics, supplemented by optional computer programs, to explain the laws
of physics governing gravity.
"An accessible and engaging exploration of the mysteries of time." -Brian
Greene, author of The Elegant Universe Twenty years ago, Stephen Hawking
tried to explain time by understanding the Big Bang. Now, Sean Carroll says we
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need to be more ambitious. One of the leading theoretical physicists of his
generation, Carroll delivers a dazzling and paradigm-shifting theory of time's
arrow that embraces subjects from entropy to quantum mechanics to time travel
to information theory and the meaning of life. From Eternity to Here is no less
than the next step toward understanding how we came to exist, and a
fantastically approachable read that will appeal to a broad audience of armchair
physicists, and anyone who ponders the nature of our world.
Vectors, tensors and functions -- Manifolds, vectors and differentiation -- Energy,
momentum and Einstein's equations
The Geometry of Special Relativity provides an introduction to special relativity
that encourages readers to see beyond the formulas to the deeper geometric
structure. The text treats the geometry of hyperbolas as the key to understanding
special relativity. This approach replaces the ubiquitous ? symbol of most
standard treatments with the appropriate hyperbolic trigonometric functions. In
most cases, this not only simplifies the appearance of the formulas, but also
emphasizes their geometric content in such a way as to make them almost
obvious. Furthermore, many important relations, including the famous relativistic
addition formula for velocities, follow directly from the appropriate trigonometric
addition formulas. The book first describes the basic physics of special relativity
Page 9/22

Download File PDF Carroll Spacetime And Geometry New Edition
to set the stage for the geometric treatment that follows. It then reviews
properties of ordinary two-dimensional Euclidean space, expressed in terms of
the usual circular trigonometric functions, before presenting a similar treatment of
two-dimensional Minkowski space, expressed in terms of hyperbolic
trigonometric functions. After covering special relativity again from the geometric
point of view, the text discusses standard paradoxes, applications to relativistic
mechanics, the relativistic unification of electricity and magnetism, and further
steps leading to Einstein’s general theory of relativity. The book also briefly
describes the further steps leading to Einstein’s general theory of relativity and
then explores applications of hyperbola geometry to non-Euclidean geometry and
calculus, including a geometric construction of the derivatives of trigonometric
functions and the exponential function.
How can fundamental particles exist as waves in the vacuum? How can such
waves have particle properties such as inertia? What is behind the notion of
“virtual” particles? Why and how do particles exert forces on one another? Not
least: What are forces anyway? These are some of the central questions that
have intriguing answers in Quantum Field Theory and the Standard Model of
Particle Physics. Unfortunately, these theories are highly mathematical, so that
most people - even many scientists - are not able to fully grasp their meaning.
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This book unravels these theories in a conceptual manner, using more than 180
figures and extensive explanations and will provide the nonspecialist with great
insights that are not to be found in the popular science literature.
INSTANT NEW YORK TIMES BESTSELLER A Science News favorite science book of 2019
As you read these words, copies of you are being created. Sean Carroll, theoretical physicist
and one of this world’s most celebrated writers on science, rewrites the history of 20th century
physics. Already hailed as a masterpiece, Something Deeply Hidden shows for the first time
that facing up to the essential puzzle of quantum mechanics utterly transforms how we think
about space and time. His reconciling of quantum mechanics with Einstein’s theory of relativity
changes, well, everything. Most physicists haven’t even recognized the uncomfortable truth:
physics has been in crisis since 1927. Quantum mechanics has always had obvious
gaps—which have come to be simply ignored. Science popularizers keep telling us how weird it
is, how impossible it is to understand. Academics discourage students from working on the
"dead end" of quantum foundations. Putting his professional reputation on the line with this
audacious yet entirely reasonable book, Carroll says that the crisis can now come to an end.
We just have to accept that there is more than one of us in the universe. There are many,
many Sean Carrolls. Many of every one of us. Copies of you are generated thousands of times
per second. The Many Worlds Theory of quantum behavior says that every time there is a
quantum event, a world splits off with everything in it the same, except in that other world the
quantum event didn't happen. Step-by-step in Carroll's uniquely lucid way, he tackles the major
objections to this otherworldly revelation until his case is inescapably established. Rarely does
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a book so fully reorganize how we think about our place in the universe. We are on the
threshold of a new understanding—of where we are in the cosmos, and what we are made of.
This exciting text opens the entire field of modern astrophysics to the reader by using only the
basic tools of physics. Designed for the junior- level astrophysics course, each topic is
approached in the context of the major unresolved questions in astrophysics. The core
chapters have been designed for a course in stellar structure and evolution, while the extended
chapters provide additional coverage of the solar system, galactic structure, dynamics,
evolution, and cosmology.
This 2004 textbook fills a gap in the literature on general relativity by providing the advanced
student with practical tools for the computation of many physically interesting quantities. The
context is provided by the mathematical theory of black holes, one of the most elegant,
successful, and relevant applications of general relativity. Among the topics discussed are
congruencies of timelike and null geodesics, the embedding of spacelike, timelike and null
hypersurfaces in spacetime, and the Lagrangian and Hamiltonian formulations of general
relativity. Although the book is self-contained, it is not meant to serve as an introduction to
general relativity. Instead, it is meant to help the reader acquire advanced skills and become a
competent researcher in relativity and gravitational physics. The primary readership consists of
graduate students in gravitational physics. It will also be a useful reference for more seasoned
researchers working in this field.
This textbook covers all the standard introductory topics in classical mechanics, including
Newton's laws, oscillations, energy, momentum, angular momentum, planetary motion, and
special relativity. It also explores more advanced topics, such as normal modes, the
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Lagrangian method, gyroscopic motion, fictitious forces, 4-vectors, and general relativity. It
contains more than 250 problems with detailed solutions so students can easily check their
understanding of the topic. There are also over 350 unworked exercises which are ideal for
homework assignments. Password protected solutions are available to instructors at
www.cambridge.org/9780521876223. The vast number of problems alone makes it an ideal
supplementary text for all levels of undergraduate physics courses in classical mechanics.
Remarks are scattered throughout the text, discussing issues that are often glossed over in
other textbooks, and it is thoroughly illustrated with more than 600 figures to help demonstrate
key concepts.
INSTANT NEW YORK TIMES BESTSELLER A Science News favorite science book of 2019
As you read these words, copies of you are being created. Sean Carroll, theoretical physicist
and one of this world’s most celebrated writers on science, rewrites the history of twentiethcentury physics. Already hailed as a masterpiece, Something Deeply Hidden shows for the first
time that facing up to the essential puzzle of quantum mechanics utterly transforms how we
think about space and time. His reconciling of quantum mechanics with Einstein’s theory of
relativity changes, well, everything. Most physicists haven’t even recognized the
uncomfortable truth: Physics has been in crisis since 1927. Quantum mechanics has always
had obvious gaps—which have come to be simply ignored. Science popularizers keep telling us
how weird it is, how impossible it is to understand. Academics discourage students from
working on the "dead end" of quantum foundations. Putting his professional reputation on the
line with this audacious yet entirely reasonable book, Carroll says that the crisis can now come
to an end. We just have to accept that there is more than one of us in the universe. There are
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many, many Sean Carrolls. Many of every one of us. Copies of you are generated thousands
of times per second. The Many-Worlds theory of quantum behavior says that every time there
is a quantum event, a world splits off with everything in it the same, except in that other world
the quantum event didn't happen. Step-by-step in Carroll's uniquely lucid way, he tackles the
major objections to this otherworldly revelation until his case is inescapably established. Rarely
does a book so fully reorganize how we think about our place in the universe. We are on the
threshold of a new understanding—of where we are in the cosmos, and what we are made of.
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.
Exploring the science in George R. R. Martin's fantastical world, from the physics of an ice wall
to the genetics of the Targaryens and Lannisters. Game of Thrones is a fantasy that features a
lot of made-up science—fabricated climatology (when is winter coming?), astronomy,
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metallurgy, chemistry, and biology. Most fans of George R. R. Martin's fantastical world accept
it all as part of the magic. A trained scientist, watching the fake science in Game of Thrones,
might think, “But how would it work?” In Fire, Ice, and Physics, Rebecca Thompson turns a
scientist's eye on Game of Thrones, exploring, among other things, the science of an ice wall,
the genetics of the Targaryen and Lannister families, and the biology of beheading. Thompson,
a PhD in physics and an enthusiastic Game of Thrones fan, uses the fantasy science of the
show as a gateway to some interesting real science, introducing GOT fandom to a new
dimension of appreciation. Thompson starts at the beginning, with winter, explaining seasons
and the very elliptical orbit of the Earth that might cause winter to come (or not come). She tells
us that ice can behave like ketchup, compares regular steel to Valyrian steel, explains that
dragons are “bats, but with fire,” and considers Targaryen inbreeding. Finally she offers
scientific explanations of the various types of fatal justice meted out, including beheading,
hanging, poisoning (reporting that the effects of “the Strangler,” administered to Joffrey at the
Purple Wedding, resemble the effects of strychnine), skull crushing, and burning at the stake.
Even the most faithful Game of Thrones fans will learn new and interesting things about the
show from Thompson's entertaining and engaging account. Fire, Ice, and Physics is an
essential companion for all future bingeing.
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
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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.

Hermann Minkowski recast special relativity as essentially a new geometric structure
for spacetime. This book looks at the ideas of both Einstein and Minkowski, and then
introduces the theory of frames, surfaces and intrinsic geometry, developing the main
implications of Einstein's general relativity theory.
This book unfolds the subject of Relativity for undergraduate students of physics. It is
intended to allow an undergraduate physics course to extend somewhat further and
wider in this area than has traditionally been the case, while ensuring that the
mainstream of students can handle the material. Introducing Lorentz invariants and fourvectors early on, but postponing tensor notation till it is needed, the aim is to make
manageable what would otherwise beregarded as hard; to make derivations as simple
as possible and physical ideas as transparent as possible.
The instant New York Times bestseller about humanity's place in the universe—and how
we understand it. “Vivid...impressive....Splendidly informative.”—The New York Times
“Succeeds spectacularly.”—Science “A tour de force.”—Salon Already internationally
Page 16/22

Download File PDF Carroll Spacetime And Geometry New Edition
acclaimed for his elegant, lucid writing on the most challenging notions in modern
physics, Sean Carroll is emerging as one of the greatest humanist thinkers of his
generation as he brings his extraordinary intellect to bear not only on Higgs bosons and
extra dimensions but now also on our deepest personal questions: Where are we? Who
are we? Are our emotions, our beliefs, and our hopes and dreams ultimately
meaningless out there in the void? Do human purpose and meaning fit into a scientific
worldview? In short chapters filled with intriguing historical anecdotes, personal asides,
and rigorous exposition, readers learn the difference between how the world works at
the quantum level, the cosmic level, and the human level—and then how each connects
to the other. Carroll's presentation of the principles that have guided the scientific
revolution from Darwin and Einstein to the origins of life, consciousness, and the
universe is dazzlingly unique. Carroll shows how an avalanche of discoveries in the
past few hundred years has changed our world and what really matters to us. Our lives
are dwarfed like never before by the immensity of space and time, but they are
redeemed by our capacity to comprehend it and give it meaning. The Big Picture is an
unprecedented scientific worldview, a tour de force that will sit on shelves alongside the
works of Stephen Hawking, Carl Sagan, Daniel Dennett, and E. O. Wilson for years to
come.
Examines the effort to discover the Higgs boson particle by tracing the development
and use of the Large Hadron Collider and how its findings are dramatically shaping
Page 17/22

Download File PDF Carroll Spacetime And Geometry New Edition
scientific understandings while enabling world-changing innovations.
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
spacetime is also included. A student familiar with this book will be ready to tackle
research-level problems in gravitational physics.
This book is about the general theory of relativity which is concisely labeled as general
relativity. The book is the result of a rather extensive view to the literature of this theory
over most of its lifetime reflecting various stages of its development. The book contains
129 solved problems as well as 606 exercises whose detailed solutions are published
in another book that accompanies the present book. The book also includes a detailed
index and many cross references. The book can be used as an introduction to general
relativity at undergraduate and graduate levels. Unlike most other books on general
relativity which are mostly dedicated to the presentation, justification, application and
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validation of the formalism of the theory (and hence rather minor attention is usually
paid to the interpretation and epistemology of the theory), this book is primarily
interested in the interpretative and epistemological aspects of the theory. I should draw
the attention of the readers (and potential readers) of this book that "Simplified" in the
title dose not mean "simple". The reader of this book must have a strong background in
physics and general mathematics and should be familiar with the basic concepts,
notations and techniques of tensor calculus, differential geometry and special relativity.
So, it is "Simplified" for the proper reader and not for every reader. Therefore, I strongly
advise against acquiring or reading this book by readers who do not have such a
suitable background to avoid frustration and disappointment.
Second edition of a widely-used textbook providing the first step into general relativity
for undergraduate students with minimal mathematical background.
Spacetime and Geometry: An Introduction to General Relativity provides a lucid and
thoroughly modern introduction to general relativity for advanced undergraduates and
graduate students. It introduces modern techniques and an accessible and lively writing
style to what can often be a formal and intimidating subject. Readers are led from
physics of flat spacetime (special relativity), through the intricacies of differential
geometry and Einstein's equations, and on to exciting applications such as black holes,
gravitational radiation, and cosmology. Subtle points are illuminated throughout the text
by careful and entertaining exposition. A straightforward and lucid approach, balancing
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mathematical rigor and physical insight, are hallmarks of this important text.
Spacetime and GeometryCambridge University Press
A sophisticated, original introduction to the philosophy of mathematics from one of its leading
thinkers Mathematics is a model of precision and objectivity, but it appears distinct from the
empirical sciences because it seems to deliver nonexperiential knowledge of a nonphysical
reality of numbers, sets, and functions. How can these two aspects of mathematics be
reconciled? This concise book provides a systematic, accessible introduction to the field that is
trying to answer that question: the philosophy of mathematics. Øystein Linnebo, one of the
world's leading scholars on the subject, introduces all of the classical approaches to the field
as well as more specialized issues, including mathematical intuition, potential infinity, and the
search for new mathematical axioms. Sophisticated but clear and approachable, this is an
essential book for all students and teachers of philosophy and of mathematics.
Arthur Eddington was one of the prominent English astrophysicists of the 20th century, well
known in his day for his correspondence with Albert Einstein through the upheavals of the First
World War. A fascinating book by one of the greats of the scientific community.
An inviting, intuitive, and visual exploration of differential geometry and forms Visual Differential
Geometry and Forms fulfills two principal goals. In the first four acts, Tristan Needham puts the
geometry back into differential geometry. Using 235 hand-drawn diagrams, Needham deploys
Newton’s geometrical methods to provide geometrical explanations of the classical results. In
the fifth act, he offers the first undergraduate introduction to differential forms that treats
advanced topics in an intuitive and geometrical manner. Unique features of the first four acts
include: four distinct geometrical proofs of the fundamentally important Global Gauss-Bonnet
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theorem, providing a stunning link between local geometry and global topology; a simple,
geometrical proof of Gauss’s famous Theorema Egregium; a complete geometrical treatment
of the Riemann curvature tensor of an n-manifold; and a detailed geometrical treatment of
Einstein’s field equation, describing gravity as curved spacetime (General Relativity), together
with its implications for gravitational waves, black holes, and cosmology. The final act
elucidates such topics as the unification of all the integral theorems of vector calculus; the
elegant reformulation of Maxwell’s equations of electromagnetism in terms of 2-forms; de
Rham cohomology; differential geometry via Cartan’s method of moving frames; and the
calculation of the Riemann tensor using curvature 2-forms. Six of the seven chapters of Act V
can be read completely independently from the rest of the book. Requiring only basic calculus
and geometry, Visual Differential Geometry and Forms provocatively rethinks the way this
important area of mathematics should be considered and taught.
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
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in gravitational physics.
Perfect for those interested in physics but who are not physicists or mathematicians, this book
makes relativity so simple that a child can understand it. By replacing equations with diagrams,
the book allows non-specialist readers to fully understand the concepts in relativity without the
slow, painful progress so often associated with a complicated scientific subject. It allows
readers not only to know how relativity works, but also to intuitively understand it.
Shapes are complex objects to apprehend, as mathematical entities, in terms that also are
suitable for computerized analysis and interpretation. This volume provides the background
that is required for this purpose, including different approaches that can be used to model
shapes, and algorithms that are available to analyze them. It explores, in particular, the
interesting connections between shapes and the objects that naturally act on them,
diffeomorphisms. The book is, as far as possible, self-contained, with an appendix that
describes a series of classical topics in mathematics (Hilbert spaces, differential equations,
Riemannian manifolds) and sections that represent the state of the art in the analysis of
shapes and their deformations. A direct application of what is presented in the book is a branch
of the computerized analysis of medical images, called computational anatomy.
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