
PHYSICS

2 0 1 4  E D I T I O N

C O U RS E  C O M PA N I O N

O X F O R D  I B  D I P L O M A  P R O G R A M M E

David Homer

Michael Bowen-Jones




Great Clarendon Street, Oxford, OX2 6DP, United Kingdom

Oxford University Press is a department of the University of Oxford. It 
furthers the University’s objective of excellence in research, scholarship, 
and education by publishing worldwide. Oxford is a registered trade mark 
of Oxford University Press in the UK and in certain other countries

© Oxford University Press 2014

The moral rights of the authors have been asserted

First published in 2014

All rights reserved. No part of this publication may be reproduced, stored 
in a retrieval system, or transmitted, in any form or by any means, without 
the prior permission in writing of Oxford University Press, or as expressly 
permitted by law, by licence or under terms agreed with the appropriate 
reprographics rights organization. Enquiries concerning reproduction 
outside the scope of the above should be sent to the Rights Department, 
Oxford University Press, at the address above.

You must not circulate this work in any other form and you must impose 
this same condition on any acquirer

British Library Cataloguing in Publication Data 
Data available

978-0-19-839213-2

1 3 5 7 9 10 8 6 4 2

Paper used in the production of this book is a natural, recyclable product 
made from wood grown in sustainable forests. The manufacturing process 
conforms to the environmental regulations of the country of origin.

Printed in Great Britain

Acknowledgements

The publishers would like to thank the following for permissions to use 
their photographs:

Cover image: © James Brittain/Corbis; p1: Shutterstock; p3: ANDREW 
BROOKES, NATIONAL PHYSICAL LABORATORY/SCIENCE PHOTO LIBRARY; 
p4: Victor Habbick/Shutterstock; p9: Shutterstock; p10a: Pavel Mitrofanov/
Shutterstock; p10b: Yury Kosourov/Shutterstock; p10c: ANDREW LAMBERT 
PHOTOGRAPHY/SCIENCE PHOTO LIBRARY; p27: OUP; p49: Shutterstock; 
p63: EMILIO SEGRE VISUAL ARCHIVES/AMERICAN INSTITUTE OF PHYSICS/
SCIENCE PHOTO LIBRARY; p66: Georgios Kollidas/Shutterstock; p74: Liviu 
Ionut Pantelimon/Shutterstock; p80: Helen H. Richardson/The Denver 
Post/Getty Images; p81: JOHN HESELTINE/SCIENCE PHOTO LIBRARY; p82: 
MATTEIS/LOOK AT SCIENCES/SCIENCE PHOTO LIBRARY; p85: Autoguide; 
p91: Rainer Albiez/Shutterstock; p92: MAURICIO ANTON/SCIENCE 
PHOTO LIBRARY; p101: SCIENCE PHOTO LIBRARY; p106: ANDREW 
MCCLENAGHAN/SCIENCE PHOTO LIBRARY; p115: BERENICE ABBOTT/
SCIENCE PHOTO LIBRARY; p115: Bill McMullen/Getty Images; p116: 
Shutterstock; p124a: F1 Online/REX; p124b: © sciencephotos/Alamy; p131a: 
Shutterstock; p131b: FRIEDRICH SAURER/SCIENCE PHOTO LIBRARY; p136: 
Harvard.Edu; p146: ANDREW LAMBERT PHOTOGRAPHY/SCIENCE PHOTO 
LIBRARY; p154: GIPHOTOSTOCK/SCIENCE PHOTO LIBRARY; p160: Jerry 
Di Marco, Montana State Univ. Physics Dept; p169: Volodymyr Krasyuk/
Shutterstock; p195: TREVOR CLIFFORD PHOTOGRAPHY/SCIENCE PHOTO 
LIBRARY; p229: MARTYN F. CHILLMAID/SCIENCE PHOTO LIBRARY; 
p245: Shutterstock; p246: Henri Silberman/Getty Images; p252: DAVID 
DUCROS, CNES/SCIENCE PHOTO LIBRARY; p253: FPG/Hulton Archive/
Getty Images; p254: ASSOCIATED PRESS; p255: Patty Lagera/Getty Images; 
p258a: Portrait of Nicolaus Copernicus (1473-1543) (oil on canvas), 
Pomeranian School, (16th century) / Nicolaus Copernicus Museum, 
Frombork, Poland / Giraudon / The Bridgeman Art Library; p258b: Tycho 
Brahe, Planella Coromina, Josep or Jose (1804-90) / Private Collection / 
© Look and Learn / The Bridgeman Art Library; p258c: Leemage/Getty 
Images; p258d: Portrait of Isaac Newton (1642-1727) 1702 (oil on canvas), 
Kneller, Sir Godfrey (1646-1723) / National Portrait Gallery, London, UK / 
The Bridgeman Art Library; p258e: DEA PICTURE LIBRARY/Getty Images; 
p265: Kevin Clogstoun/Getty Images; p267: GORONWY TUDOR JONES, 
UNIVERSITY OF BIRMINGHAM/SCIENCE PHOTO LIBRARY; p271: SCIENCE 
PHOTO LIBRARY; p272a: Phil Degginger/Alamy; p272a: © Phil Degginger/
Alamy; p272b: Deutsche Bundespost/NobbiP/Wikipedia; p278: Dr Steven 
Murray/Shutterstock; p279: Bromsgrove School (W. Dainty/C. Shakespear); 
p280: Bromsgrove School (W. Dainty/C. Shakespear); p296: GORONWY 
TUDOR JONES, UNIVERSITY OF BIRMINGHAM/SCIENCE PHOTO LIBRARY; 
p301: Photo courtesy of Berkeley Lab; p303: MissMJ/Wikipedia; p307: 
Shawn Hempel/Shutterstock; p316: Public Domain/Wikipedia; p322a: 
Ramon grosso dolarea/Shutterstock; p322b: Worldpics/Shutterstock; 
p325a:  Markuso/Shutterstock; p325b: www.Quebecgetaways.com; p327: 
Shutterstock; p337: Shutterstock; p348: Public Domain/Wikipedia; p353: 
Shutterstock; p366: Dietrich Zawischa; p368: GIPHOTOSTOCK/SCIENCE 
PHOTO LIBRARY; p370: labman.phys.utk.edu; p372: GIPHOTOSTOCK/
SCIENCE PHOTO LIBRARY; p375: CHARLES D. WINTERS/SCIENCE PHOTO 
LIBRARY; p385: www.astro.cornell.edu; p386: NOAA; p391: Robert 

Adrian Hillman/Shutterstock; p420: © sciencephotos / Alamy; p427: 
Zigzag Mountain Art/Shutterstock; p445: Ziga Cetrtic/Shutterstock; p461: 
Shutterstock; p475: Kamioka Observatory, ICRR (Institute for Cosmic 
Ray Research), The University of Tokyo; p481: ANDREW LAMBERT 
PHOTOGRAPHY/SCIENCE PHOTO LIBRARY; p486: Paul Noth/Condenast 
Cartoons; p499: Kamioka Observatory, ICRR (Institute for Cosmic Ray 
Research), The University of Tokyo; p507: MIKKEL JUUL JENSEN / SCIENCE 
PHOTO LIBRARY; p540: NASA, ESA, and STScI; p549: PERY BURGE/SCIENCE 
PHOTO LIBRARY; p552: Ricardo high speed carbon-fibre flywheel; p570: 
Shutterstock; p584: iStock; p587: Travelpix Ltd/Getty Images; p593: Allison 
Herreid/Shutterstock; p594: GIPhotoStock/Science Source; p599a: DAVID 
PARKER/SCIENCE PHOTO LIBRARY; p599b: DAVID PARKER/SCIENCE 
PHOTO LIBRARY; p612: Donald Joski/Shutterstock; p614: Image courtesy 
of Celestron; p616: Israel Pabon/Shutterstock; p617: PETER BASSETT/
SCIENCE PHOTO LIBRARY; p620: Edward Kinsman/Getty Images; p623: US 
AIR FORCE/SCIENCE PHOTO LIBRARY; p627: iStock; p631: GUSTOIMAGES/
SCIENCE PHOTO LIBRARY; p641: ROBERT GENDLER/SCIENCE PHOTO 
LIBRARY; p642: ALMA/NAOJ/NRAO/EUROPEAN SOUTHERN OBSERVATORY/
NASA/ESA HUBBLE SPACE TELESCOPE/SCIENCE PHOTO LIBRARY; p643: 
© Alan Dyer, Inc/Visuals Unlimited/Corbis; p644a: CHRIS COOK/SCIENCE 
PHOTO LIBRARY; p644b: ESO/NASA; p644c:  GALEX, JPL-Caltech/NASA; 
p646: C. CARREAU/EUROPEAN SPACE AGENCY/SCIENCE PHOTO LIBRARY; 
p654: ROYAL ASTRONOMICAL SOCIETY/SCIENCE PHOTO LIBRARY; p657: 
NASA/ CXC/ SAO/NASA; p658: ROYAL OBSERVATORY, EDINBURGH/SCIENCE 
PHOTO LIBRARY; p664: ESA and the Planck Collaboration; p665: GSFC/
NASA; p667: ESO/VISTA/J. Emerson; p676: GSFC/NASA; p677: NASA/WMAP 
Science Team; p677: NATIONAL OPTICAL ASTRONOMY OBSERVATORIES/ 
SCIENCE PHOTO LIBRARY; p680: NASA/JPL-Caltech/S.Willner (Harvard-
Smithsonian CfA); p683: NASA/SCIENCE PHOTO LIBRARY; p689: Dorling 
Kindersley/Getty Images

Artwork by Six Red Marbles and OUP

The authors and publisher are grateful for permission to reprint extracts 
from the following copyright material:

P651 Nick Strobel, table ‘Main Sequence Star Properties’ from www.
astronomynotes.com, reprinted by permission.

P499 John Updike, ‘Telephone Poles and Other Poems’ from Cosmic 
Gall, (Deutsch, 1963), copyright © 1959, 1963 by John Updike, reprinted 
by permission of Alfred A. Knopf, an imprint of the Knopf Doubleday 
Publishing Group, a division of Random House LLC, and Penguin Books 
Ltd, all rights reserved.

Sources:

P472 Albert Einstein ‘Considerations concerning the fundaments of 
theoretical physics’, Science 91:492 (1940)

p112 ‘Neutrino ‘faster than light’ scientist resigns’, BBC News © 2013 BBC



Contents

1  Measurements and 
uncertainties

Measurements in physics  1

Uncertainties and errors  8

Vectors and scalars  18

2  Mechanics
Motion  27

Forces  44

Work, energy, and power 61

Momentum  73

3  Thermal physics
Temperature and energy  

changes  91

Modelling a gas  100

4  Oscillations and waves
Oscillations  115

Travelling waves  123

Wave characteristics  134

Wave behaviour  145

Standing waves  158

5  Electricity and magnetism
Electric elds  169

Heating effect of an electric 

current  192

Electric cells  217

Magnetic effects of electric 

currents  227

6  Circular motion and 
gravitation

Circular motion  245

Newton’s law of gravitation  257

7  Atomic, nuclear, and 
particle physics

Discrete energy and  

radioactivity  267

Nuclear reactions  282

The structure of matter  290

8  Energy production
Energy sources  307

Thermal energy transfer  329

9 Wave phenomena (AHL)
Simple harmonic motion  353

Single-slit diffraction  364

Interference 367

Resolution 376

The Doppler effect  381

10  Fields (AHL)
Describing elds  391

Fields at work 405

11  Electromagnetic induction 
(AHL)

Electromagnetic induction  427

Power generation and 

transmission  439

Capacitance  455

12  Quantum and nuclear 
physics (AHL)

The interaction of matter  

with radiation  475

Nuclear physics  492

A  Relativity
The beginnings of relativity 507

Lorentz transformations  513

Spacetime diagrams  522

Relativistic mechanics  529

General relativity  534

B  Engineering physics
Rigid bodies and rotational 

dynamics  549

Thermodynamics  559

Fluids and uid dynamics  570

Forced vibrations and  

resonance  582

C Imaging
Introduction to imaging  593

Imaging instrumentation  608

Fibre optics  620

Imaging the body  626

D  Astrophysics
Stellar quantities  641

Stellar characteristics  

and stellar evolution   659

Cosmology  660

Stellar processes  666

Further cosmology  675

Internal assessment 
(with thanks to Mark Headlee for  

his assistance with this chapter) 687

Index 693

iii




