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300 PROBLEMS IN SPECIAL AND
GENERAL RELATIVITY

Einstein’s theories of special relativity and general relativity form a core part of today’s
undergraduate (or master’s-level) physics curriculum. This is a supplementary problem
book or student’s manual, consisting of 150 problems in each of special and general rela-
tivity i.e., in total 300 problems. The problems have been collected, developed, tested, and
refined by the authors over the past two decades from homework and exams given at KTH
Royal Institute of Technology, Stockholm, Sweden, starting in the late 1990s. They are a
mixture of short-form and multipart extended problems, with hints provided where appro-
priate. 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.
The extensive and fully worked out solutions are the main feature of the book and have
been revised several times by the authors. 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, as a source of problems for university
teaching assistants, or as an inspiration for instructors and examiners constructing problems
for their lectures, homework, or exams.

MATTIAS BLENNOW is Associate Professor in Theoretical Astroparticle Physics at KTH
Royal Institute of Technology, Stockholm, Sweden. His research is mainly directed toward
the physics of neutrinos and dark matter and physics beyond the Standard Model. He is the
author of the textbook Mathematical Methods for Physics and Engineering (CRC Press,
2018). He has more than 15 years of experience in teaching and has taught special and
general relativity both as a lecturer and as a teaching assistant.

TOMMY OHLSSON is Professor of Theoretical Physics at KTH Royal Institute of Tech-
nology, Stockholm, Sweden. He has also been a visiting professor at the University of
Iceland, Reykjavik, Iceland, over several years. His main research field is theoretical par-
ticle physics, especially neutrino physics and physics beyond the Standard Model. He has
written the textbook Relativistic Quantum Physics: From Advanced Quantum Mechanics to
Introductory Quantum Field Theory (Cambridge University Press, 2011). He has more than
25 years of university-level teaching experience in relativity theory and physics in general.

© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781316510674
www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-316-51067-4 — 300 Problems in Special and General Relativity
Mattias Blennow , Tommy Ohlsson

Frontmatter

More Information

@© in this web service Cambridge University Press www.cambridge.org


www.cambridge.org/9781316510674
www.cambridge.org

Cambridge University Press

978-1-316-51067-4 — 300 Problems in Special and General Relativity
Mattias Blennow , Tommy Ohlsson

Frontmatter

More Information

300 PROBLEMS IN SPECIAL
AND GENERAL RELATIVITY

With Complete Solutions
MATTIAS BLENNOW

KTH Royal Institute of Technology

TOMMY OHLSSON
KTH Royal Institute of Technology

CAMBRIDGE

%9 UNIVERSITY PRESS

s
i

© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781316510674
www.cambridge.org

Cambridge University Press

978-1-316-51067-4 — 300 Problems in Special and General Relativity
Mattias Blennow , Tommy Ohlsson

Frontmatter

More Information

CAMBRIDGE
UNIVERSITY PRESS

University Printing House, Cambridge CB2 8BS, United Kingdom
One Liberty Plaza, 20th Floor, New York, NY 10006, USA
477 Williamstown Road, Port Melbourne, VIC 3207, Australia
314-321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi — 110025, India
103 Penang Road, #05-06/07, Visioncrest Commercial, Singapore 238467

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of
education, learning, and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781316510674
DOI: 10.1017/9781009039345

© Mattias Blennow and Tommy Ohlsson 2022

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 2022
A catalogue record for this publication is available from the British Library.

Library of Congress Cataloging-in-Publication Data
Names: Blennow, Mattias, 1980— author. | Ohlsson, Tommy, 1973— author.
Title: 300 problems in special and general relativity : with complete
solutions / M. Blennow & T. Ohlsson.
Other titles: Three hundred problems in special and general relativity
Description: New York : Cambridge University Press, [2021] |
Includes bibliographical references and index.
Identifiers: LCCN 2021017342 (print) | LCCN 2021017343 (ebook) |
ISBN 9781316510674 (hardback) | ISBN 9781009017732 (paperback) |
ISBN 9781009039345 (epub)
Subjects: LCSH: Special relativity (Physics)-Problems, exercises, etc. |
General relativity (Physics)-Problems, exercises, etc. | LCGFT: Problems and exercises.
Classification: LCC QC173.65 .B44 2021 (print) | LCC QC173.65 (ebook) |
DDC 530.11-dc23
LC record available at https://Iccn.loc.gov/2021017342
LC ebook record available at https://Iccn.loc.gov/2021017343

ISBN 978-1-316-51067-4 Hardback
ISBN 978-1-009-01773-2 Paperback

Cambridge University Press has no responsibility for the persistence or accuracy of
URLSs for external or third-party internet websites referred to in this publication
and does not guarantee that any content on such websites is, or will remain,
accurate or appropriate.

© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781316510674
www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-316-51067-4 — 300 Problems in Special and General Relativity
Mattias Blennow , Tommy Ohlsson

Frontmatter

More Information

To our wives, Ana and Linda

@© in this web service Cambridge University Press www.cambridge.org


www.cambridge.org/9781316510674
www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-316-51067-4 — 300 Problems in Special and General Relativity
Mattias Blennow , Tommy Ohlsson

Frontmatter

More Information

@© in this web service Cambridge University Press www.cambridge.org


www.cambridge.org/9781316510674
www.cambridge.org

Cambridge University Press
978-1-316-51067-4 — 300 Problems in Special and General Relativity
Mattias Blennow , Tommy Ohlsson

Frontmatter
More Information

Contents

Preface

Notation, Concepts, and Conventions in Relativity Theory

General Notation

Special Relativity
General Relativity
Conventions

1 Special Relativity Theory

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

Basics

Length Contraction, Time Dilation, and Spacetime Diagrams
Lorentz Transformations and Geometry of Minkowski Space
Relativistic Velocities and Proper Quantities

Relativistic Optics

Relativistic Mechanics

Electromagnetism

Energy—Momentum Tensor

Lagrange’s Formalism

2 General Relativity Theory

2.1
2.2

23
24
25
2.6
2.7
2.8

Some Differential Geometry

Christoffel Symbols, Riemann and Ricci Tensors,
and Einstein’s Equations

Maxwell’s Equations and Energy—Momentum Tensor
Killing Vector Fields

Schwarzschild Metric

Metrics, Geodesic Equations, and Proper Quantities
Kruskal-Szekeres Coordinates

Weak Field Approximation and Newtonian Limit

page ix

[\S 2 e) WU I

14
15
20
22
26
29
36
41
42

43
43

49
53
55
57
58
66
68

vii

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781316510674
www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-316-51067-4 — 300 Problems in Special and General Relativity
Mattias Blennow , Tommy Ohlsson

Frontmatter

More Information

viii Contents
2.9 Gravitational Lensing 70
2.10 Frequency Shifts 70
2.11 Gravitational Waves 72

2.12 Cosmology and Friedmann—Lemaitre—Robertson—Walker Metric 74

3 Solutions to Problems 77
3.1 Solutions to Problems in Special Relativity Theory 77
3.2 Solutions to Problems in General Relativity Theory 185
Bibliography 350
Index to the Problems and Solutions 352

@© in this web service Cambridge University Press www.cambridge.org


www.cambridge.org/9781316510674
www.cambridge.org

Cambridge University Press

978-1-316-51067-4 — 300 Problems in Special and General Relativity
Mattias Blennow , Tommy Ohlsson

Frontmatter

More Information

Preface

This book is a supplementary book in the form of a “problem book™ or “student’s
manual” in special and general relativity consisting of a total of 300 problems
(150 problems each in special and general relativity) with complete and elaborate
solutions. It is intended as a companion text to a main textbook, but does not assume
any particular textbook. It may be used for self-study act as a source of problems
for classes, or as inspiration for teachers and examiners looking to construct new
problems for lectures, homework, or exams.

The problems have been collected over the course of about two decades from
homework and exams given at KTH Royal Institute of Technology, Stockholm,
Sweden, starting in the late 1990s. The extensive and fully worked-out solutions
are the main feature of the book and have been revised several times by the authors.

The book is divided into the following chapters:

“Notation, Concepts, and Conventions in Relativity Theory”;

1. Problems in “Special Relativity Theory”;
2. Problems in “General Relativity Theory”; and
3. “Solutions to Problems” in both special and general relativity,

where the first, unnumbered chapter introduces and sets the stage for both special
and general relativity and is intended to be a brief review. The structure of the book
is to first present the problems belonging to each main chapter (i.e., Chapters 1
and 2), which are further split into sections in order to obtain a better overview.
The solutions are then presented in Chapter 3 (i.e., they do not follow immediately
after the problem formulations). The main purpose of this is to suppress the urge
for the reader to look at the solution to a problem before making a proper attempt.
Some of the problems and solutions are illustrated by figures.

The target audience of the book is students and teachers of special and/or general
relativity courses at the master’s level that may benefit from it in the way described

ix
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X Preface

above. It will generally be too advanced for the relativity covered by the typical
introductory modern physics courses at the bachelor’s level, and most likely not
advanced enough for an in-depth study at the PhD level.

Finally, we would like to acknowledge our colleagues Jouko Mickelsson, Hakan
Snellman, Edwin Langmann, and Teresia Mansson, who have given important con-
tributions to some of the problem statements included in this book. We would
also like to thank our editor, Vince Higgs, at Cambridge University Press for a
smooth and constructive process with the publication of this book, Torbjorn Bick
for supporting us in developing this book, and Marcus Pernow for proofreading
earlier versions of the problem statements and solutions in special relativity. In
addition, the KTH Royal Institute of Technology in Stockholm, Sweden, and the
University of Iceland in Reykjavik, Iceland, are acknowledged for their hospitality
and financial support.
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