To my Morecambe school pupils
who continue to inspire me.

e

To Ch
estnu:l,v whq burred through 1
orking on this boojs

W

ong nights

With thanks to Dr N. Baker-Campbell of the Department of Physics
and Dr Matthew Bothwell of the Institute of Astronomy at the
University of Cambridge for their contributions and advice.

First published 2025 by Nosy Crow Ltd
Wheat Wharf, 27a Shad Thames,
London, SE1 2XZ, UK

Nosy Crow Eireann Ltd
44 Orchard Grove, Kenmare,
Co Kerry, V93 FY22, Ireland

ISBN 978 1 80513 315 5 (HB)
ISBN 978 1 80513 316 2 (PB)

Nosy Crow and associated logos are trademarks
and/or registered trademarks of Nosy Crow Ltd.

Text © Simon Chapman 2025
[llustrations © Wenjia Tang 2025

Published in collaboration with the University of Cambridge

The right of Simon Chapman to be identified as the author
and Wenjia Tang to be identified as the illustrator
of this work has been asserted.
All rights reserved.

This book is sold subject to the condition that it shall nof,
by way of trade or otherwise, be lent, hired out or otherwise circulated
in any form of binding or cover other than that in which it is published.
No part of this publication may be reproduced, stored in a retrieval system,
or transmitted in any form or by any means (electronic, mechanical, photocopying,
recording or otherwise) without the prior written permission of Nosy Crow Ltd.

The publisher and copyright holders prohibit the use of
either text or illustrations to develop any generative machine learning
artificial intelligence (Al) models or related technologies.

A CIP catalogue record for this book is available from the British Library.
Printed in Poland following rigorous ethical sourcing standards.

10987654321(HB)
10987654321(PB)

THE SPEED
OF LIGHT

e P
-
e x
E & > m
-
L 3
=
written by illustrated by

SIMON WERNJIA
CHAPMAN TANG

USRS UNIVERSITY OF nosy
%% CAMBRIDGE Crow



Introduction

You press the light switch and instantly the room is bright. It is as if
the light coming from the bulb took no time at all to get to you. But it
did take time. It’s just that light travels incredibly fast. What’s more,
as things travel close to the speed of light, strange things happen.
Objects become heavier. Distances get squashed. Time stretches out.

These ideas are incredibly complex and yet, remarkably,
they were all thought up by just one scientist over 100 years ago:
Albert Einstein. He called these ideas his theory of relativity.

With every advance in technology since, from sending people into
space to building huge machines to smash particles together at
close to the speed of light, we are finding out that the things
Einstein said keep proving to be true.

~SIMON CHAPMAN




———

Who was Albert Einstein? IR N T T Lirc oF csTENN

1879 Born in Ulm,
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loves playing the

violin. Einstein does

well at school but *
annoys his teachers

by always questioning their ideas.

As an adult, Einstein ‘/‘ z'

But his biggest idea was his theory of relativity.
Einstein’s theory contained a lot of incredible ideas
about the behaviour of light, gravity and space. He

said that as objects approach the speed of light,

- distances squash and time itself stretches. 1896 Fails the

exam to attend
a research
university

in Zurich,
Switzerland,
but is let

in anyway
because his maths
scores are so high.

1902 Works in the patent
office in Bern, Switzerland.
The office looked at new
inventions to check they
were original ideas. While
working here, Einstein
daydreams ‘thought

e 2 experiments’ which lead
~—— ol — B s ~ A to his theories on space

; and time.

1915 Einstein’s wonder year. He writes
up his ideas and becomes famous.

1921 Einstein wins
the Nobel Prize
for Physics.

1930 Einstein moves to the
United States and starts working
at Princeton University, New Jersey.

Einstein’s theory of relativity involves complicated
ideas that are hard to understand all at once. s i 1958 Einstein dies
But break it down into smaller parts, and you will j aged 76, and his
soon get a better idea of how Einstein’s ideas brain is preserved for
have shaped how we see the universe. science. Surprisingly,

it is slightly below
average size.
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NOTHING FASTER THAN LIGHT

Light travels 300,000,000 metres
every second through air and
X15 rocket plane space. Nothing in the universe is
2,020 metres faster. What’s more, light does
not get tired and slow down like
cheetahs, human sprinters and
horses. It does not run out of fuel
like cars, planes and rockets.
Light travels at this speed forever.

How fast is light?

To begin to understand the theory of relativity, first,
we need to comprehend the speed of light. It’s not just fast,
it’s SO fast that it’s hard to even imagine.
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Let’s compare it to things you might be more
familiar with. How far can people, animals
and machines move in one second?

Light ) .
= 300 Olgo 000 Light years sound like a measurement
metres of time, but they are actually the way

we measure distances between stars.
A light year is equal to the distance
light travels in one Earth year, which

is about 9.5 trillion kilometres.

Saturn V rocket
2,760 metres
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F-15 Eagle fighter jet

Peregrine falcon diving 715 metres

83 metres

Shanghai
maglev train
143 metres
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For that matter, the Sun is one of millions of stars in

¢ Are you Sitting Still? ® e our galaxy, all moving around the galactic centre. )

Our galaxy is moving too. It is one of millions of
galaxies that make up the universe.

@ Next, we need to try and wrap our heads around the idea of relativity. Einstein
tested his ideas through daydreams, which he called thought experiments.

Here’'s an example you can try ...

. The Moving c

IS YOUR CHAIR MOVING?

IS YOUR ROOM MOVING?
IS YOUR HOUSE OR SCHOOL MOVING?

From your point of view, everything stays just where
it is. But Earth is turning on its axis (an invisible
line that goes through the centre of the planet).

It takes one day (24 hours) to spin around once.
So, while you appear to be sitting still, you are
actually moving at 460 metres per second.

el

® M SO, ARE YOU REALLY SITTING STILL? NO/

You are moving incredibly quickly.
However, everything else around you
® N is moving at the same speed, which is
why you don’t feel like you are
on a never-ending rollercoaster.

Added to that, the Earth orbits
(goes around) the Sun every year.

This is relativity: how fast something appears to be
moving depends on what you are comparing it to.

In other words, you might feel like you are moving
slowly or not at all, but to an outside observer
(for example, an alien watching Earth from deep
space) you dre moving extremely fast.




