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Graham Southorn, Editor

WELCOME
BEING THE EDITOR of Focus is a fantastic job, but  
it can be stressful sometimes. I’m sure your life can  
get stressful, too. But never has it occurred to me  
that, in some circumstances, stress might actually be  
a good thing. Yet that’s exactly what science tells us,  
as you’ll find out from Lilian Anekwe’s article on p51.

Today’s scientific discoveries shape tomorrow’s 
technology, which shapes the future. So what will  
the future be like to live in? We asked three science 
fiction writers to pick some key breakthroughs and 

turn them into stories about the year 2054. Turn to p41 to find out what  
your life will be like in 40 years – at home, at work and in your leisure time.

One future trend we’re looking forward to is space tourism – a luxury  
that starts to get more affordable if you go in a balloon rather than a rocket.  
Two companies plan to take passengers to the edge of space in the near 
future, as Sarah Cruddas finds out on p62.

Elsewhere in a packed issue we look at the science of X-rays (p94),  
ask what will happen if Earth’s poles flip over (p79), discover how likely 
amazing coincidences really are (p56) and get behind the wheel of four 
electric cars (p90). Enjoy the issue,

APPEARING IN THIS ISSUE…

SUBSCRIBER 
BONUS 

On p38, Tom Heap explains the latest advances and 
current hurdles in developing e�cient wind power

WANT TO 
SUBSCRIBE?  

Turn to p38 to save 40% on  
the shop price of BBC Focus

PS Don’t miss our November  
issue, on sale 16 October 2014 

Stress makes you  
ill. Or does it? Health 
psychologist Kelly 

McGonigal believes stress can be a 
power for good, and tells us how to 
make best use of it (p51).

Kelly  
McGonigal

Sarah 
Cruddas

Sarah appears regularly 
on TV and radio to 
discuss all things 

space-related. In this issue, she looks  
at commercial e�orts to give tourists 
the ultimate view of Earth (p62).

Timandra, a full-time 
writer and humourist, 
loves finding the funny 

side of science. She was the perfect 
writer to investigate coincidences, and 
how unlikely they actually are (p56).

Timandra 
Harkness

Frank is the author  
of How To Make A 
Zombie. He joins Justin 

Pickard and Paul Graham Raven in 
imagining what life will be like in 2054, 
based on innovations today (p41).

Frank  
Swain
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…took the BMW i8  
for a spin around the 
Berkshire countryside. 
Find out how we got on  
in a future issue – or 
watch the video on our 
new YouTube playlist,  
The Future Car Show.

…spoke to US science 
writer Benedict Carey 
about his new book on the 
science of learning. Read 
highlights of the interview 
on p106, or listen to the 
complete chat on the 
Focus podcast.

…went to the IFA 
electronics show in 
Berlin to check out the 
latest smartphones, 
smartwatches, fitness 
gadgets and fridges… yes 
fridges. Find out how cool 
they were in coming issues. 
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Awe-inspiring images from the world of  science

  
Thumbs up for robots

WITH A DUSTBIN lid for a hat, a 
plastic beer barrel for a body and 
swimming floats for arms, this 
quirky character certainly stands 
out from the average traveller. 
Named hitchBOT, the intrepid 
wanderer has just completed a 
6,000km hitchhike across Canada 
as part of a study into robot-
human interactions led by Frauke 
Zeller and David Smith – assistant 
professors of communications at 
Canada’s Ryerson and McMaster 
universities respectively.

“Usually, we are concerned with 
whether we can trust robots, but 
this project takes it the other way 
around and asks: can robots trust 

human beings?” says Zeller. “We 
believe that through this we can 
learn a lot in terms of social 
robotics and how we approach 
robots in non-restricted, non-
observed environments.”

Unable to move under his own 
power, hitchBOT can wave his arm 
to attract kind passers-by, change 
the expression on his LED face 
according to his ‘mood’ and chat 
with drivers and other passengers 
– even if just to ask for permission 
to take a selfie. Find out how he 
made it from Halifax to Victoria at 
facebook.com/hitchBOT 

PHOTO: CORBIS
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MEET VIKA, A massive male 

steppe mammoth skeleton 

displayed at the opening 

ceremony of Serbia’s 

Mammoth Park earlier this 

year. The remains were 

uncovered at Drmno coalmine, 

about 100km east of Belgrade, 

in 2009. Since then, seven 

more mammoths have been 

discovered in sites nearby.

“It’s extraordinary to have 

this animal crouching, head 

upright, tusks pointing forward. 

It’s just incredible to think this 

thing is at least half a million 

years old,” says Prof Adrian 

Lister of London’s Natural 

History Museum. “It must have 

died in shallow water and been 

rapidly covered over.”

Steppe mammoths were  

an evolutionary predecessor  

of the better-known woolly 

mammoth, and much larger. 

Vika would have been about 

4m tall and weighed nearly 10 

tonnes, whereas “the woolly 

mammoth was no bigger than  

a modern elephant, sometimes 

even smaller,” says Lister. 

PHOTO: GETTY

Mammoth find
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Cosmic cab

THIS IS THE future of manned 
spaceflight: SpaceX’s Dragon 
V2. The vessel acts like a space 
taxi and will be used to deliver 
up to seven astronauts to the 
International Space Station, 
and Mars if SpaceX’s CEO Elon 
Musk’s plans come o�. The 
plush interior was shown o�  
in May, with a launchpad test 
due next month.  

Dragon V2 will ride to space 
on a SpaceX rocket, but can 
then touch down almost 
anywhere on the planet with 
thrust from its eight boosters. 
It can land with the precision 
of a helicopter before being 
refuelled for another journey. 
This sets it apart from other 
crewed vehicles like Russia’s 
Soyuz, which relies on a 
parachute to bring it down. 
“You can just reload and fly 
again,” says Musk. “This is 
extremely important for 
revolutionising access to 
space because as long as we 
continue to throw away rockets 
and spacecraft, we will never 
truly have access to space.”

PHOTO: SPACEX
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For more great pictures, follow us on  

http://pinterest.com/sciencefocus 
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The new wind energy

MESSAGE OF THE MONTH

The writer of next issue’s Message of the Month wins a Samson 

Meteorite USB Microphone worth £47.99. The Meteorite is ideal 

for Skype, FaceTime and voice recognition tasks, as well as for 

recording music and capturing audio for podcasts and videos. 

See www.samsontech.com

Write in and win!

Fracking (August, p23) has been badly 
handled in the USA and there are many 
reports of it resulting in environmental 
damage. The UK has a much higher 
population density than the USA, and thus 
the potential for problems is higher. Yet we 
have another source of gas that is readily 
available in the UK and simply requires the 
installation of more production plant. That 
source is biogas. 

Anaerobic digestion of organic waste 
to produce methane has been around for 
more than 40 years, and there are many 
plants already in the UK (you can find 
details at biogas-info.co.uk). Anaerobic 

digestion is free from environmental 
problems – in fact it gets rid of organic 
waste and turns it into useful gas. 

Sewage is a case in point. There are 
roughly 60 million people in the UK, each 
producing approximately 500g of solid 
waste per day. That’s 30,000 tonnes per 
day. Add to this animal slurry and waste 
from food processing and it adds up to a 
sizeable resource. 

It would be a great thing if the British 
Government would put as much effort into 
exploiting biogas as it is currently putting 

into fracking. 
Paul Jeffels, Derby

REPLY
Your opinions on science, technology and BBC Focus Magazine

 reply@sciencefocus.com  BBC Focus Magazine, Tower House,  
  Fairfax Street, Bristol, BS1 3BN @sciencefocus www.facebook.com/sciencefocus

Letters may be edited for publication 
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Human and animal waste 
can be a valuable source of 
methane gas, says Paul Jeffels
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The article ‘Take control of your dreams’ 
(August, p37) by Rita Carter was 
enjoyable and insightful, but I can’t help 
feeling that the ability to enter a lucid 
dream at will could have adverse affects. 
If we could enter into a lucid dream every 
night and control what we dream about, 
what would stop us from giving up on 
our goals in life if we could simply dream 
we’d achieved them instead?
Ben McGirr, Cardiff

It might work the other way round – 
people might be inspired to strive harder  
to match their dreams in real life. –Ed 

In August’s ‘Q&A’ (p70), Mark Adam 
asked, ‘Can external sounds influence 
your dreams?’ In the late ’80s I awoke in 
the night and switched on my radio to 
drift off to sleep to the music. I then had 
a dream where a compère muted five 
words from five songs and these words 
had to be re-arranged into a recent film 
title. The answer was The Secret Of My 
Success. After waking up at the usual 
time, I listened to another few 
songs. After the second song 
the DJ said, “And now a repeat 
of the quiz.” The quiz he 
then set was exactly the 
one that I had heard, 
and answered, in my 
dream! So dreams 
most definitely can be 
influenced by sounds.
Geoff Smith, Gretna

The power of dreams
In your interesting article about 

dreams (August, p37), you did 
not mention the most remarkable 

lucid dream. Paul McCartney woke 
up after dreaming the melody of 

Yesterday. He did not believe his 
creation was really his and tried 

hard to find evidence against his 
composership before 

claiming it as his own.
Philip D Welsby, 

Edinburgh
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Join the discussion at  

http://sciencefocus.com/forum/

The article on lucid dreaming in our 

August issue seems to have inspired a 

few Focus readers to try it out…

YOUR COMMENTS ON  

O U R  F O R U M

Thinker: I loved the lucid dreaming article. 

I’ve been keeping a diary of my dreams  

and actually managed to get into a lucid 

state. I used the trick of looking at my 

hands during the day and counting how 

many fingers I’ve got. The other night, 

while dreaming, I suddenly realised I had 

acquired three extra fingers in the form  

of clothes pegs. Once I had established 

that I was dreaming, I tried to take control, 

but it wasn’t having it. But I’ll keep trying. 

 

M Paul Lloyd: I know what you mean with 

the problems over taking control of your 

dreams. The moment I try usually heralds 

the point when I wake up. 
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Stopping headaches
The article about headaches (Summer, 
p60) was very interesting. However, one 
of the most important and potentially 
successful treatments went unmentioned 
in your article – that of electric pulse 
therapy, and specifically the device 
produced by Cefaly (cefaly.com).

I recently purchased this device for 
my partner, who has been plagued with 
migraines since she was a teenager. She 
uses it every day and has not had a fully 
developed migraine in months. Further, 
on two occasions she used the device 
at the very beginning of the onset of 
a migraine and on both occasions her 
migraines failed to fully develop. 

The device was recently approved by 
the US Food and Drug Administration, 
and you can rent it to see if it works 
for you. Just for the record, I am not 
connected in any way with Cefaly.
Greg Fairley

Hollywood brains
There seems to be a region of the brain 
for just about every action we take. 
ƈ�)&&31))�Ǉ��#�(��ƉǇƘ�/!/-.ŻǇ*űűŴƙǇ
introduced us to the posterior medial 
frontal cortex which, it seems, becomes 
involved when we change our mind in 
order to follow the crowd. Am I, and 
every action I take, to be explained by the 
functions of various brain regions? That 
gives a new twist to “I was only obeying 
),��,-ƇƂǇ�/,Ǉ�,�#(-Ǉ"�0�Ǉ"#!"�,Ǉ&�0�&-Ǉ) Ǉ
function, and we are far 
more than the sum 
of our parts.
Alan Thomas, 
Shepperton

The film The Giver explores the idea of going against the 

grain. But can a brain region really explain why we do this?

Statin side effects
�)��,.Ǉ�.."�1-ǇƘ��*.�'��,ŻǇ*ųűƙǇ
dismisses the side effects of statins as 
simply ‘muscular pain and tiredness’ 
and concludes that they aren’t even the 
result of statins – a statement that is 
debatable. The NHS Choices website 
has a fairly long list of known side 
effects, including muscle swelling and 
pain. Matthews also ignores research 
showing that statins can produce 
dementia-like symptoms. Preliminary 
analysis of research conducted by 
scientists at UCSD’s Statin Study 
Group suggests statins can cause 
cognitive problems, including amnesia 
and disorientation. A further study 
*/�&#-"��Ǉ#(Ǉ
/&3ǇŲŰűŲǇ�3Ǉ."�Ǉ-�'�Ǉ

group showed that statins do, in fact, 
cause fatigue.

Louise Morse, 
Cwmbran

Greg Fairley says this €295 

device works wonders for 

migraine sufferers
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DISCOVER IE S
News and views from the world of science

BIOENGINEERS CREATE 
ARTIFICIAL ‘BRAIN’
A groundbreaking 

method has enabled 

the study of complex, 

living brain tissue 

T HE BI G S T O RY
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HORSES TALK

It appears that 

horses have been 

secretly chatting 

with their ears

FISH LEARN  

TO WALK 

Scientists recreate 

the moment 400 

million years ago 

when fish left the sea    

MARCH ON

Men find that 

walking in 

unison makes 

them feel more 

powerful    

p24

To simulate layers of 

the brain’s neocortex, 

the neurones were 

laid down in layers. 

Each layer has been 

coloured differently 

with a dye

T
HE ULTIMATE 
science fiction 
B-movie 
conceit is a fully 

functioning brain in a jar. 
Now bioengineers at Tufts 
University, Boston, have 
brought the idea closer 
to reality after creating 
3D brain-like tissue and 
keeping it alive for more 
than two months.

Until now researchers 
have grown neurones in 
Petri dishes for study. 
However, this method can 
only produce growth in 

EDI T ED BY  
JASON GOODYER

p28
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two dimensions and so is unable  
to replicate the complex structure  

of brain tissue. It includes segregated regions 
of grey matter, mainly neurones, and white 
matter, that is largely comprised of axons  
– projections neurones send out to connect 
with one another.

However, the brain tissue created at Tufts is 
3D in nature and features grey-white matter 
segregation. “This work is an exceptional 
feat,” said Rosemarie Hunziker, Programme 
Director at the National Institute of Biomedical 
Imaging and Bioengineering. “It combines a 
deep understanding of brain physiology with a 
large and growing suite of bioengineering tools 
to create an environment that is both necessary 
and sufficient to mimic brain function.”

To make the tissue the researchers created  
a composite material from a spongy silk 
protein scaffold and a soft collagen-based gel. 
The scaffold served as a structure onto which 
neurones could anchor themselves, and the  
gel encouraged axons to grow through it.  

TIMELINE

A history of bioengineering

Charles Vacanti grows a 
human ear shape on the 
back of a mouse using 
cow cartilage cells and a 
biodegradable mould.

1997 2011 

2012

Paolo Macchiarini and a team 
successfully transplant a 
synthetic windpipe into a cancer 
patient using stem cells and  
3D printing  
technology.

Researchers from  
the University of 
Wisconsin grow 
functional ‘liver buds’ 
using human  
stem cells.
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They then populated this material with rat 
neurones that went on to form functional 
networks connected by axon projections in 
just a few days.

The researchers then dropped a weight 
onto the brain-like tissue from varying 
heights to study the effects of traumatic 
brain injury. The resulting changes in the 
neurones’ electrical and chemical activity 
proved similar to that seen in animal studies 
of traumatic brain injury. “With the system 
we have, you can essentially track the tissue 
response to traumatic brain injury in real-
time,” said project leader David Kaplan. 
“Most importantly, you can also start to 
track repair and what happens over longer 
periods of time.

“The fact that we can maintain this tissue 
for months in the lab means we can start to 
look at neurological diseases in ways that 
you can’t otherwise. That’s because you 
need long timeframes to study some of the 
key brain diseases,” he added.

Neurones of the artificial brain 

(yellow) are seen attached to 

the silk-based scaffold (blue)  

GOOD MONTH/ 
BAD MONTH

It’s been good for: 
ALZHEIMER’S RESEARCH

PEOPLE SUFFERING 
from memory loss 
could be helped by 
stimulating their 
brains with magnetic 
pulses. Studies 
carried out at 

Feinberg School of Medicine in the US 
found that Transcranial Magnetic 
Stimulation improved the ability of 
healthy adults to remember names 
associated with faces.  

COUCH POTATOES
RESEARCHERS IN THE US have found 
that the desire to exercise in mice is 
controlled by a region of the brain 
called the dorsal medial habenula. The 
team studied mice that are genetically 
engineered to block signals from this 
area, and found they were more 
lethargic. It could lead to more 
effective treatments for depression.

2013

Neurobiologists at  
the Institute of 
Molecular Biotechnology 
in Vienna coax stem 
cells derived from skin 
to assemble into chunks 
of brain-like tissue.

It’s been bad for: 
FANS OF JUNK FOOD

AUSTRALIAN 
researchers have 
found that  junk food 
may reduce your 
desire to eat a 
healthy, balanced 
diet. They found that 

rats put on a junk food diet including 
pies, cookies and cakes for two 
weeks were subsequently less likely 
to try new types of food. The 
researchers think that a diet high in 
junk food causes lasting changes in 
the reward centre of the rats’ brains.

RESIDENTS OF LOUISIANA
ANYONE FINDING THEMSELVES in 
Louisiana might want to stick to 
drinking bottled water, as the state’s 
water supply contains a deadly, brain-
eating bacteria. Residents in St John 
the Baptist Parish are being advised  
to take precautions when using tap 
water after Naegleria fowleri, a 
waterborne microorganism, was 
found in the water supply. 
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FOCUS READERS HAVE named Leonardo 
da Vinci the greatest genius in the history 
of science. The Renaissance polymath 
pipped Albert Einstein to the post in our 
online poll, with the two bagging 29 and 27 
per cent of the votes respectively. German 
mathematician Bernhard Riemann came in 
third with 12 per cent.

“I’m really pleased,” said Sciencegrrl 
director Heather Williams, who nominated 
da Vinci. “Da Vinci didn’t have much of an 
education but he had a huge appetite for 
knowledge and understanding, combined 
with the imagination, discipline and skill to 
observe and test the workings of the world. 
He shows us what science is.” 

POLL RESULTS

Readers crown greatest genius

GRAPHIC SCIENCE

SIX YEARS FROM now, NASA will be sending 

another robot to join Opportunity and Curiosity 

in exploring the Red Planet. To kit out the Mars 

2020 rover, the agency has chosen seven 

high-tech instruments from 58 proposals 

received from researchers worldwide. These 

instruments, detailed above, will be used to 

identify and select a collection of rock and soil 

samples that will be stored for potential return 

to Earth by a future mission.

NASA administrator Charles Bolden said 

of the project: “Mars exploration will be this 

generation’s legacy, and the Mars 2020 rover 

will be another critical step on humans’ journey 

to the Red Planet.” 

 MARS 2020 ROVER

Leonardo da Vinci: a firm 

favourite with Focus readers

SuperCam is an instrument to 
perform chemical composition 
analysis and search for organic 
compounds in rocks

Mastcam-Z is a panoramic 
and stereoscopic imaging 
camera that will investigate 
the Martian rock

Planetary Instrument for X-ray 
Lithochemistry (PIXL) is an X-ray 
fluorescence spectrometer and imager 
that will determine the chemical make-
up of the Martian surface

Scanning Habitable 
Environments with 
Raman & Luminescence 
for Organics and 
Chemicals (SHERLOC) 
is a spectrometer that uses 
an ultraviolet laser to detect 
organic compounds

The Mars Oxygen ISRU 
Experiment (MOXIE) will 
attempt to create oxygen from 
CO2 in the Martian atmosphere

Mars Environmental Dynamics 
Analyzer (MEDA) will measure 
temperature, wind speed, pressure, 
humidity, and dust size and shape 

The Radar Imager for  
Mars Subsurface 
Exploration (RIMFAX) is  
a ground-penetrating radar 
that will survey the subsurface

Seeing research di�erently
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For further information please go to www.witt-ltd.co.uk

It’s true. Some people actually like tedious, heavy housework. 

Love it, even. We don’t. We do, however, love the 

fresh look and feel of beautifully clean fl oors.

If you feel the same (and our millions of happy customers 

suggest most people do) you might just appreciate 

our high-performance fl oor cleaning robots:

•  iRobot® Roomba® Vacuum Cleaning Robot vacuums 

everything from the hardest tiles to the thickest carpets.1

•  iRobot® Scooba® Floor Scrubbing Robot is based on 

professional-grade cleaners to scrub hard fl oors.2

•  iRobot® Braava™ Floor Mopping Robot is the quick, 

effi cient way to dry or damp-mop your hard fl oors.3

Whichever robot you choose, as soon as you set it to work 

you’ll see how it delivers on our commitment to create only 

practical robots that make a genuine difference to people’s lives. 

It won’t walk or talk or make your breakfast, but when you realise 

just how well it cleans, we think it will make you smile.

Whether you live in a compact carpeted apartment or a sprawling 

house with twenty different fl oor coverings, you’ll fi nd a robot to suit 

you perfectly. As soon as you own one, you’ll fi nd it easy to keep your 

fl oors beautifully clean. We’ve created this overview to help make it 

just as easy to choose your ideal model. Of course, there’s nothing 

to stop you taking them all home, they get along together very well.

“Of course, if you enjoy mopping,

scrubbing and vacuuming,

iRobot® might not be your thing...”

Available at
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  What has he been up to?

Carhart-Harris is the first 
person in the UK to have 
legally administered doses 
of lysergic acid diethylamide 
(LSD) to humans since the 
Misuse of Drugs Act was 
passed in 1971.

  Why is he doing that?

It’s been posited that 
psychedelic drugs such 

as LSD and psilocybin 
mushrooms can help with the 
treatment of addiction and 
depression. Carhart-Harris is 
determining if there are any 
therapeutic uses for the drug.

  How might that work?

Depression and addictions 
are thought to create 
reinforced patterns of activity 
in the brain. Carhart-Harris 

believes psychedelic drugs 
such as LSD may introduce 
some plasticity in neurones, 
allowing neural connections 
to be broken or reinforced.

  Is it safe?

The doses involved are far 
lower than those typically 
taken by recreational users, 
and all of the volunteers are 
carefully monitored. 

Dr Robin 
Carhart-
Harris
Neuropsycho-

pharmacology 

researcher at 

Imperial College 

London
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What’s that? A 
device for taking 
pictures of your 

collection of Penny Blacks 
and Inverted Jennies?
Close. It’s a new superfast video 

camera developed by engineers in 

Japan’s Keio University. Its full name 

is the Sequentially Timed All-optical 

Mapping Photography camera. 

So how fast is it?
It can record 4.4 trillion 

frames in a single second. 

An iPhone can only manage 120.

That is fast. 
Yep. So fast, in fact, that it 

has been used to record 

heat conduction, which can happen at 

one-sixth the speed of light.

So what can it  
be used for?
The camera’s high frame 

rate will enable researchers to capture 

some of the most rapid processes in 

nature, from chemical reactions to the 

movement of plasma (ionised gas).

STAMP camera

1 MINUTE EXPERT

IF YOU WANT to lead horses to water, you’re 
going to need to pay attention to their ears. 
Researchers at the University of Sussex have 
found that horses rely on the facial features of 
other horses when looking for food.

“Previous work investigating communication 
of attention in animals has focused on cues 
that humans use: body orientation, head 
orientation and eye gaze. No one else had gone 
beyond that,” says Jennifer Wathan of the 
University of Sussex. “However, we found that 
in horses, their ear position was also a crucial 
visual signal that other horses respond to.”

The team printed out life-sized pictures of 
horses eating, placed them before one of two 
feeding buckets, and observed the behaviour of 
horses coming to feed. The horse picture faced 

either to the left or the right. As expected, 
the horses relied on the head orientation to 
guide their choice. However, when the eyes 
and ears of the photographs were covered, the 
horses were less interested in the food. This 
suggests horses use their facial features to 
communicate, the researchers say.

“Most people who work alongside animals 
with mobile ears would agree that the ears are 
important in communication. We naturally 
have a human-centric view of the world and 
since we can’t move our ears they get rather 
overlooked in other species,” says Watham. 
“Horses display some of the same complex 
and fluid social organisation that we have as 
humans, and that we also see in elephants, 
chimps and dolphins.”    

ZOOLOGY

The ears have it

New research suggests 

that ears play a key role  

in equine body language

Keio University’s super-quick camera 
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DAVID SHUKMAN is the BBC’s  

Science Editor. @davidshukmanbbc

Rosetta will send a lander 

to comet 67P/Churyumov-

Gerasimenko in November

The science that matters

DAVID SHUKMAN

What did they do?

Scientists at MIT have created 
a method of turning everyday 
items such as crisp packets 

and pot plants into makeshift 
microphones using high-speed 
video cameras.

How does that work?

Sound is a pressure wave that 
vibrates back and forth as it 
travels through the air. When 
it hits an object, it causes the 
object to vibrate. Usually, this 
motion is imperceptible to the 
naked eye, but by using a high-

speed camera the team were 
able to capture the vibrations 
and then reconstruct the sound 
that caused them.

So, does this have any uses 

other than eavesdropping?

The team say the method could 
lead to a new kind of imaging 
that uses information about an 
object’s vibrations to determine 
its acoustic properties.

Researchers spy on each 

other with crisp packets 

THEY DID WHAT?!

O
N THE DAY that ESA’s 
Rosetta spacecraft 
achieved the incredible 
feat of entering into orbit 

around a comet, a viewer 
emailed to complain that the 
mission’s billion-pound cost 
was simply not worth it. “What 
good,” he asked, “might any 
knowledge that it might obtain 
do for mankind?” 

Caught up in the excitement 
at Europe’s space operations 
centre in Darmstadt, Germany, 
I was briefly lost for words. 
Surely, I wondered, everyone 
would be intrigued by clues 
suggesting comets brought 
water and carbon to the early 

Earth? And how could anyone 
NOT want to know, I thought, 
if comets – with all their beauty 
and danger – also delivered 
amino acids that might have 
helped life get going?

In my report for BBC News At 

Ten that night, I tried to explain 
how these strange objects might 
have had a literally vital role 
in our planet’s story. And that 
prompted another complaint. 
“Never mind the ‘building 
blocks of life’ nonsense,” a 
fellow correspondent tweeted, 
“comets are just fascinating in 
their own right.”

Of course they’re fascinating 
– majestic and mysterious in 

equal measure. But the value 
of discovery has always been 
divisive. Christopher Columbus 
had trouble securing funds to 
cross the Atlantic. The Apollo 
Moon landings were cut short 
when the American public lost 
interest. And consider how 
ridiculously little of the deep 
ocean has been explored.

So although curiosity is a key 
part of human nature, questions 
about the point of it will always 
come up whenever a bill is 
attached. One could argue that 
comets may contain precious 
minerals that might someday be 
worth exploiting – or that we 
need to know their structure in 

case we ever have to deflect or 
destroy one. 

I have a different answer. 
Previous generations, staring 
at comets lighting up the night 
sky, have only been able to 
feel wonder or terror. Ours is 
the first to have a chance of 
understanding these remnants 
of the birth of the Solar System 
and what they mean for us. 
And the price? By a very rough 
calculation, each European 
taxpayer will have chipped in 
about a fiver. 

Why we should 

explore space 
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REGULAR FLYERS WHO suffer  
from jet lag after long-haul flights 
will no doubt have wished their 
body clock was as easy to reset as 
a wristwatch. Now, scientists have 
identified a master gene, LHX1, 
responsible for regulating sleep 
cycles. The discovery may lead to 
treatments to help night-shift workers 
or jet-lagged travellers adjust to time 
differences more quickly.

Cure jet lag  

with a gene

Food allergies could become a thing of 
the past thanks to a common class of gut 
bacteria. Researchers at the University 
of Chicago have found that a group of 
bacteria called Clostridia reduced the 
allergic response to peanut allergens when 
tested in mice. Another major group of 
bacteria, Bacteroides, did not have the 
same effect suggesting that Clostridia have 
a unique role against food allergens.

Gut microbes fight allergies

A sight for  

four eyes

SAY GOODBYE TO glasses. Scientists 
at UC Berkeley are creating vision-
correcting displays for smartphones 
and computers. The technology uses 
algorithms and a printed pinhole 
screen sandwiched between two layers 
of clear plastic to adjust the picture 
according to the user’s vision. The 
displays could even help people with 
more complex visual problems that 
cannot be corrected by spectacles.

 DISCOVER IE S  T H A T

SOON, HOMES AND offices may be 
powered by their windows. A team at 
Michigan State University has created  
a transparent solar cell that could be 
used in buildings. It could also be used 
to power smartphones and other 
electronic devices, replacing traditional 

screens. The system uses small organic 
molecules to absorb specific wavelengths 
of sunlight. 

The material can be tuned to pick up 
just the ultraviolet and near infrared 
light and so appears transparent to the 
human eye. 

Solar cells go transparent 

10

AS ANYONE WHO has fumbled with 
sticking plasters and bandages will 
know, treating wounds in awkward 
areas such as fingers and toes can be 
frustrating. However, it is essential 
that the wound is kept away from 
bacteria while it heals. A team at 
Tokai University has solved this 
problem by creating biodegradable 
cling film that can keep wounds clean 

and protected 
for up to six 
days. The 
technology 
could be used 
as dressings 
and also for 
coatings 
on medical 
devices.

Cling film  

for wounds 

D i scove rie s

The see-through solar 

cell that could mean 

your windows are 

generating power 

Simulated views of what a visually impaired person 

would see with and without a correcting display  

Bacteria could be the 

new weapon in the 

fight against allergies

The plaster of  

the future
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Invisible  

material

NOW YOU SEE it, now you don’t. A 
team at the University of Houston has 
developed a material that can blend  

in with its environment. It could be 
used in everything from military 

camouflage to wearable electronics, 
its designers say. It uses light sensors, 
reflectors and organic colour-changing 
materials. The system mimics the skins 
of creatures like octopuses that change 
colour to match their surroundings.    

EXERCISING HAS A wealth of 
health benefits, but now it could also 
power your smartphone. A team at 
the American Chemical Society  
has created temporary tattoos that 
produce power from sweat. They use 

lactate, which is 
present in sweat, 
as a power 
source to create 
a biobattery. 

Power from  

perspiration

A BREAKTHROUGH IN understanding 
how lizards regenerate their tails could 
lead to new treatments for spinal chord 
injuries, birth defects or diseases such 
as arthritis. A lizard is able to lose its 
tail as a defence mechanism, sacrificing 
it in an attempt to escape a predator. It 
turns out that lizards turn on at least 

326 specific genes when regenerating 
the lost appendages. This sets in motion 
a process that controls stem cells in the 
brain, hair follicles and blood vessels. 

By further studying their ability to 
regenerate, the researchers say they may 
be able to harness the same effect to treat 
injured humans.  

Lizards’ tail regeneration secrets revealed

MEET THE REAL-LIFE Transformers: 
researchers at the Massachusetts 
Institute of Technology have created 
origami-inspired autonomous robots  
that can assemble themselves in under 
four minutes. 

The robots consist of a sheet of  
paper and a polystyrene composite  
with hinges cut into it, a pair of motors 

and a microcontroller that acts as the 
robot’s brain. Circuits embedded in  
the sheet heat up, triggering the flat 
structure to ‘fold’ into a mini robot 
capable of walking. 

The team says the technology could 
one day be used to create robots 
capable of everything from helping with 
housework to repairing satellites.  

Robots that build themselves

THERE ARE FEW things more 
useless than cigarette butts. But a 
team at Seoul National University 
has used the filters to create a 
material that can store energy. 
They transformed cellulose 
acetate fibres into a carbon-
based material using a burning 
technique. It could be used for 
energy storage in everything 
from electric vehicles 
to wind turbines.

Cigarette  

butt battery

D i scove rie s

A powerful example of body art… 

The green anole lizard will 
leave its tail behind if a 
predator attacks

Origami robots:  
hardly a threat to 

Optimus Prime 

The 
colour-

changing 
material 
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Fish learn how to walk  

on land

PALAEOBIOLOGY

SOME 400 MILLION years 
ago, fish crawled out of the 
sea and onto land. In doing so 
they changed the course of life 
on Earth, eventually evolving 
into amphibians, reptiles 
and mammals. Now a unique 
experiment at Canada’s McGill 
University has shed light 
on how this happened – by 
training fish to walk.

The experimenters took 
the African species bichir 
(Polypterus senegalus), which 
can breathe air and ‘walk’ 
using its pectoral fins. Bichir 
resemble the fish that evolved 
into tetrapods, the first four-
limbed vertebrates.

“We wanted to see what 
new anatomies and behaviours 
we could trigger in these fish 
and see if they match what 
we know of the fossil record,” 
explains project leader  
Emily Standen.

In the experiment, the 
scientists took young bichir 
and raised them on land, 
using a fine spray of mist to 
keep them sufficiently moist. 
After nearly a year, both their 
anatomy and behaviour had 
changed. Slowed-down video 
footage revealed how the fish 
were more adept at ‘walking’ 
because they kept their fins 
closer to their bodies. They 
held their heads higher, and 
didn’t slip as much compared 
to fish that had been raised  
in water.

“Because many of the 
anatomical changes mirror the 
fossil record, the behavioural 
changes we see may reflect 
what occurred when fossil fish 
first walked with their fins 
on land,” says Hans Larsson, 
Canada Research Chair in 
Macroevolution at McGill 
University.

Living labels
 
YOU FANCY A late night snack, but that half-finished pack of bacon in 
the fridge is past its best before date. Do you risk rustling up a quick 
bacon butty anyway, or do you play it safe and go hungry?

It’s a common dilemma, but a smart expiry label developed by a recent  
industrial design graduate from London’s Brunel University could provide 
a solution. Solveiga Pakštaite

.
’s label consists of a layer of gelatine set 

over a bumpy plastic sheet. At first, the gelatine is a solid jelly, but as it 
decays it slowly turns into a liquid, eventually allowing you to feel the 
bumps on the plastic beneath. Because gelatine is a protein, it decays at 
the same rate as protein-based foods such as meat, fish, eggs and 
cheese – so when you feel the bumps on the label, you know that the 
food is ready for the bin. By providing more accurate information than 
conventional labels, it’s hoped that the invention will help to reduce the 
mountains of food and drink that are simply thrown away every year.
Patent pending

Videos with vim
 
AS ANYONE WHO’S ever watched 
someone else’s holiday videos will 
know, amateur video recordings 
can be as dull as beige slacks. 
Thankfully, researchers at Carnegie 
Mellon University in the US have 
developed LiveLight – a system 
that automatically edits videos 
and cuts out any boring bits. Their 
program ignores repetitive 
sequences and looks for new and 
interesting events. So the 20 
minutes of you lounging around on 
the beach are out; footage of you 
being chased by a seagull goes in.
Patent pending

Routes of beauty
 
Route planners like Google Maps 
are a handy way to explore a new 
city, but the quickest route often 
isn’t the most scenic. Now, 
computer scientists at Yahoo 
Labs in Barcelona have developed 
an algorithm that finds the most 
beautiful path, taking you via 
attractive architecture and 
picturesque parks. They asked 
over 3,000 people online to rate 
the beauty of various London 
street scenes. The resulting trails 
add just a few extra minutes to 
the shortest route.
Patent pending

Inventions and discoveries that will change the world

PATENTLY OBVIOUS with James Lloyd

Polypterus senegalus puts its best fin forward, pushing its head and body off the ground
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On land, Polypterus senegalus 
uses its fins and body to move

1.

3.

2.

4.



GripTight Gorillapod

Joby - Giving your camera the 
stability to perform at it’s best

WHAT’S 
YOUR ANGLE?

Visit www.joby.com or call 0845 250 0792 for more details. You can also follow us on                     @jobyinc and                     @jobyinc

Action Clamp & 
Locking ArmTM

With two arm joints that 
can rotate 360° and pivot 
180° side to side you can 
get vibration – resistant 
footage from any angle.

Action Clamp & 
Gorillapod ArmTM

Secure the 
action camera 
easily and use the moveable arm 
joints to vary the position to frame 
the perfect shot or footage right 
where you want it to be.

Long, fl exible legs let you 
secure your smartphone 
to a variety of surfaces 
and get pinpoint control 
on the angle that you 
need. 2 sizes available. 
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TALK SPACE WEATHER
talkspaceweather.com

Since the last major 
geomagnetic storm in 1989, 
when Quebec was plunged 
into a nine-hour blackout, 
we’ve become much more 
reliant on technologies 
that such storms could 
devastate. At this site, you 

can have your say about how a geomagnetic storm could affect 
your community and what you’d need to cope.

SONIC MELTING
soundcloud.com/sonicmelting

You’ve heard of glaciers 
melting, but have you 
actually heard a glacier 
melt? Earlier this year 
an anthropologist and 
a musician visited 
Quelccaya, a large glacier 
in the Andes. Their Sonic 

Melting project includes recordings from streams and inside 
caves, as well as dripping water from the glacier itself.

I KNOW WHERE YOUR 
CAT LIVES
iknowwhereyourcatlives.com

Ever posted a photo of 
your cat on the internet? 
Then take a look at this 
map: if you tagged your 
photo with a location, it 
could well be on there. 
Made by artist, designer 

and programmer Owen Mundy, this site is a great – if creepy  
– reminder of how much data we all put out into the world.

ISEE-3
spacecraftforall.com

ISEE-3 launched in 1978 
to study the Sun. A few 
years later it flew through 
a comet’s tail; then NASA 
sent if off on a ‘graveyard’ 
orbit around the Sun. But 
now it’s back near Earth, 
and has a promising future 
thanks to a crowdfunding 
effort. This Chrome 
experiment shows you 
the path taken by the 
spacecraft and includes 
interviews with scientists.

New websites, blogs and podcasts 

CLICK HERE

KELLY OAKES is a 
science journalist 
who tweets from  
@kahoakes  

Marching in 

step gives  

you powerful 

feeling

PSYCHOLOGY

MEN FEEL MORE powerful 
marching in unison than when 
they walk in no particular 
formation. A study at UCLA 
College in California found 
that when men walk in 
step with other men, as 
military personnel often do, 
they perceive a potential 
enemy to be smaller and less 
intimidating. This has the 
effect of making them feel  
less vulnerable.

Researchers Daniel Fessler 
and Colin Holbrook had a 
theory that we’ve evolved to 
think that walking in unison 
signifies the strength of a 
group of people. To test it, they 
recruited male volunteers and 
put them in pairs. Some of  
the pairs marched in unison 
along a 250m route on the 
UCLA campus. Other pairs 
walked the same route, but  
not in lockstep.

Afterwards, the participants 
were then shown photographs 
of men with angry expressions 
on their faces and asked to 
judge their height. Those who 
had walked in unison thought 
the angry men were shorter 
and less threatening. On 

average they guessed the  
men to be an inch shorter  
than those who had walked 
out of unison.

“Experiencing moving in 
unison with another person 
appears to make us paint a 
less threatening picture of a 
potential assailant,” said lead 
author Fessler, a professor of 
anthropology in the UCLA 
College. “They loom less large 
and formidable in the mind’s 
eye. Simply walking in sync 
may make men more likely  
to think, ‘Yeah, we could take 
that guy!’”

The scientists believe that 
the behaviour could explain 
why riot police, who often 
march in lockstep, sometimes 
use excessive force: “We 
theorise that it also makes 
them more likely to use 
violence than they otherwise 
would be,” says Fesser.
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Left, right, left. 

Join a march to 

feel powerful

These South Korean soldiers are experiencing a collective sense of strength through marching  



OME OF THE world’s top scientists start 
to get twitchy every time the phone rings 
at this time of the year. Will it finally be 
The Call From Sweden? No, not a dodgy 
Scandinavian chat-line ringing back, 

but the Royal Swedish Academy of Sciences 
informing them they’ve won a Nobel Prize. 

Most scientists don’t lose much sleep over 
getting The Call, because they know they’ve 
never made a big enough breakthrough to merit 
the ultimate scientific accolade. Chances are 
more of them fret about winning the rather less 
prestigious comedy version: an Ig Nobel Prize. 

Established in 1991, each year’s crop of Ig 
Nobels are announced just before the real thing, 
and often get far more media coverage. Small 
wonder: ‘breakthroughs’ honoured over the 
years include the discovery that dung beetles 
navigate using the Milky Way, that mosquitoes are 
attracted by the smell of Limburger cheese, and 
that hiccups can be stopped by sticking a finger 
up – well, you can probably guess where. 

All these advances have been reported in 
respectable journals by respectable scientists. 
And none of them has a hope of winning a real 
Nobel, because they’re all a bit, well, trivial. 
Serious breakthroughs come from research in 
serious fields like quantum theory, cosmology and 
genetics. At least, that’s the general perception – 
but it’s not always true. There are many examples 
of research into ‘trivial’ stuff that produced 
insights that are anything but. 

In 1696, a Swiss mathematician challenged 
his colleagues to work 
out the shape into which 
wire must be bent so 
that a bead would slide 
from one point to another 
in the shortest possible 
time. You might think it’s 
a straight line, but that 
doesn’t make best use of 
the downward acceleration 
produced by gravity. 
The answer turns out to 
be a curve called a cycloid. To which the most natural response would 
be ‘Yeah, whaddever’. But in solving the problem, the mathematician’s 
brother came up with ideas that laid the foundation for the calculus of 
variations. This bag of tricks is now routinely used by physicists trying to 
understand everything from subatomic forces to the origin of the Universe.

It’s a similar story in other areas of science. The laws of fluid flow  
used in climate models and aircraft design owe their origins to work  
on the design of a grand fountain for King Frederick the Great of Prussia. 

Solving a puzzle about the best route across the bridges of a Russian 
town led to techniques now used to understand networks in everything 
from electronics to ecology. The great American physicist Richard 
Feynman even claimed his Nobel Prize-winning work on electrons  
and light began by figuring out the wobble of a dinner-plate tossed  
in the air. 

Even some Ig Nobels look capable of leading to breakthroughs. In 2011, 
two researchers at the University of California won an ‘Ig’ for studying 
how easily string gets knotted if carelessly handled. We all know this 
affects everything from headphone flex to garden hose. But it also applies 
to the string-like DNA crammed into our cells. Understanding how DNA 
stays knot-free has already led to some new therapies for disease. 

I also have high hopes for the research which won an Ig Nobel in 1996, 
by explaining why toast so often lands butter-side down. It revealed a 

connection between tumbling toast 
and the design of the Universe 
which I still find amazing. But then, I 
would say that, as I was the author. 
Hey, that wasn’t the phone, was it ? �
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“There are  

many examples of 

research into ‘trivial’ 

stuff that produced 

insights that are 

anything but” 

RO B E R T  M AT T H E WS 
Major breakthroughs can come from the most seemingly trivial of investigations

I N S I D E  S C I E N C E

ROBERT MATTHEWS is Visiting 
Reader in Science at Aston 
University, Birmingham 

Watching a dinner plate wobble in the 

air helped physicist Richard Feynman 

develop his Nobel-winning theory 
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UTTER PRODUCTION IS modern 

alchemy. Those who know the  

craft can convert a mundane white 

liquid into a deliciously rich ingot of 

edible gold. I’ve never really tried 

alchemy, unless you count making ‘potions’  

when I was six, using leaves stolen from my 

mother’s precious geraniums. But I’ve just tried 

making butter, and it’s easy. All you have to do  

is to turn milk inside out.

It started when I put the butter back into the 

fridge next to a pot of cream, and wondered  

how much of one you needed to make the other.  

I didn’t know, so I bought some more cream and 

started whisking. 

Cream and milk look smooth, but that’s only 

because their structure is too small for us to see. 

Both are mostly water, but the liquid is carrying 

passengers: proteins and fat globules that make 

up 5-10 per cent of the total (for milk). The fatty 

treasure is made up of hydrophobic molecules, 

which means that they are repelled by water. To 

keep the water at bay, the fat sits in little balloons 

made of proteins and other molecules. This is an 

emulsion, and it’s as close as you can get to 

mixing fats or oils with water. The two types of 

molecules don’t have to touch, because their 

micro-packaging keeps them apart, but every bit 

of water has fat globules in it.

When I started whisking, I forced all those little 

balloons to whoosh past each other and the 

whisk also pushed air down into the mixture and 

made bubbles. So far, so good. If a fatty balloon 

burst in the chaos, the fat 

molecules could surround 

an air bubble instead of 

mixing with the water. 

This is what happens 

when you make whipped 

cream – the whipping 

process breaks up some 

of the fat globules and 

those fat molecules 

surround and stabilise air 

bubbles. Instead of the 

bubbles rising through the water to the surface and being lost, they’re 

trapped by the fat and you get lovely white foam.

It still surprises me that something as simple as vigorous mixing is 

enough to shift things around on a molecular scale. But after a couple  

of minutes, I had a bowl of whipped cream. I was just wondering whether 

anything else was going to happen when I noticed that a stripe of white 

specks was collecting on the wall, and on me. The contents of the bowl 

had suddenly gone lumpy and were making a serious bid for freedom.  

The fat globules had been joining together as I’d been whisking and  

they’d reached a magic threshold where they couldn’t hold bubbles  

any more. The bubbles had gone, the globules had grown into lumps  

of butter, and the watery buttermilk was just sloshing about at the  

bottom of the bowl.

The oddest bit was washing the butter. You need to rinse the buttermilk 

away, so you put the butter in cold water and massage it a bit. It had 

never occurred to me that you could wash butter, but of course it’s not 

going to mix with the water you’re washing it with. And there you are.  

Two pots of cream produced about two Ping-Pong balls’ worth of butter.

But I hadn’t washed away all the water. Milk and cream are emulsions 

of fat in water, and butter is the opposite: an emulsion of water in fat. 

About 20 per cent of commercial butter is little globules of water that 

make an important difference to  

the texture. The smaller they are, 

the smoother the butter is. Once 

you’ve turned your cream inside 

out, a beautiful buttery golden 

reward is all yours. �
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DR HELEN CZERSKI is a physicist, 
oceanographer and BBC science 
presenter whose most recent 
series is Super SensesIL
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“It still surprises me 

that something as 

simple as vigorous 

mixing is enough to 

shift things around 

on a molecular scale”

Take fat, water and add a little science to make your own butter   
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CTOBER IS AN important month for the 
gardener. As the hanging baskets are 
brought indoors and the mulch is 
spread on the vegetable beds, the 
autumn leaves are falling, and the trees 

are bearing a harvest of late nuts and fruit to help 
animals and birds survive the winter to come.

Gardening seems to be a pillar of the British 
identity. In World War II the memorable ‘Dig for 
Victory’ campaign turned our back gardens into a 
weapon to fight the Nazis. As far back as 
Elizabethan times, Shakespeare used the garden 
as a metaphor for the state of England, in Richard 
II: ‘Our sea-walled garden, this whole land is fill of 
weeds, her fairest flowers choked up…’

But what of the future for the gardener? There 
are plenty of technological aids for gardening, 
available now or on the horizon. You can 
download a range of gardeners’ apps, some 
supported by the likes of the Royal Botanic 
Gardens at Kew or the Royal Horticultural 
Society, helping you organise your seasonal 
chores, warning you of upcoming frosts, and 
planning next year’s layout. One app supported  
by Permaculture Magazine is designed to help 
apply lessons of global sustainability to individual 
gardens: growing vegetables without disrupting 
the soil by digging, for example. 

How about some practical help with those 
chores, though? Already there are robot lawn 
mowers. Here the agricultural industry is leading 
the way. Machines like combine harvesters have 
long replaced human and animal workers in the 
fields of the Western world. 
Now organisations are 
developing robots capable of 
more delicate yet still labour-
consuming tasks, such as a 
team at Washington State 
University working on an 
apple-picking robot. Meanwhile 
a Spanish start-up called 
Agrobot is making a machine 
that can pick ripe strawberries. 
Maybe a robot that can weed 
your flower beds without plucking out the prize blooms isn’t far away.

Of course the venerable cultural model of the domestic garden - a 
scrap of land attached to an individual house - may not persist in the 
future, especially as more homes are built with little or no room for 
gardens in the first place. There are imaginative schemes to mix up urban 
and rural spaces, such as a plan by designer Thomas Heatherwick to 
create a ‘floating forest’ across the Thames between Temple and the 
South Bank in London, trees and shrubs growing from a kind of pontoon 

bridge. The scheme has been backed by mayor Boris Johnson, among 
others. Or maybe our gardening will be a shared, communal effort – and 
this has precedents. This year is the 50th anniversary of the first ‘Britain 
in Bloom’ contest, open to all of the UK’s cities and towns, which rewards 
a community effort to prettify your town. Or perhaps we will become 
tele-gardeners. That is, we will go online and work on a shared garden 
remotely through some kind of virtual reality interface, just as back in the 
1960s the BBC’s Blue Peter garden was established to give a taste of 
having a garden to children growing up in tower blocks.

Of course climate change is likely to change our gardening habits: we 
may find ourselves growing vines and olives rather than horse chestnuts. 
But if the climate modification is more extreme we may have to adapt 
further. Perhaps we will cultivate desert plants in the dry eastern counties, 

or mangroves in the flooded 
lowlands of East Anglia. And maybe 
the last oak trees in Britain will be 
bonsais, grown indoors on 
tabletops in air-conditioned, 
flood-resistant houses. �

STEPHEN BAXTER is a science 

fiction writer whose books 

include The Science Of Avatar 
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“A robot that can 

weed your flower 

beds without 

plucking out the 

prize blooms  

isn’t far away” 

We’re a nation of gardeners, but what does the future hold for the green-fingered?

Robots that are able to 

identify and pick ripe 

fruit are being developed
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D YSTOPIAN CITIES OR an urban paradise? 
The world will change drastically over the 
next 40 years; just look at how radically 
di�erent life is now compared to the 1970s. 
To find out what the future holds, turn over 

for three short stories on work, rest and play, together 
with the science that will make them happen. 

What will your everyday life be like in 

40 years? Expert future-gazers paint 

a picture of a startling new world
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Personal health monitors are 
becoming mainstream with gadgets 
like the Fitbit and the Jawbone. 
Advanced implanted versions will 
likely be ubiquitous for people with 
ongoing health conditions. A team in 
Switzerland is working on the 
world’s smallest blood monitoring 
implant, pictured above. At just 
14mm long, it tells you when you’re 
about to have a heart attack by 
sending alerts to your smartphone.

1. HEALTH MONITORING

 
The UK only grows 60 per cent of 
its food, though more is exported. 
Rising freight costs, climate change 
and an increasing focus on shorter 
supply chains will amplify what 
consulting firm A.T. Kearney calls 
the ‘locavore’ trend. Increasing 
allotment use, kitchen-gardening 
and urban farms will make local, 
seasonal produce readily available. 
A company in Japan is already using 
LEDs to grow lettuce 24 hours a 
day in an indoor farm (below).   

3. GROW YOUR OWN

Freight transport is not only carbon-
intensive but wasteful; over three-
quarters of an HGV’s fuel is 
consumed in moving the mass of 
the HGV itself. The Engineering and 
Physical Sciences Research Council’s 
‘All-in-One’ project proposed a 
system of freight-delivery tunnels 
beneath cities that would reduce 
tra�c and pollution. Local ‘last mile’ 
distribution and recycling collection 
could be done on foot, on bikes and 
rickshaws, or by pack-’bots like 
Boston Dynamics’s BigDog (pictured).

2. GREENER DELIVERIES

BY PAUL GRAHAM RAVEN   
Writer, editor of the science 

fiction site Futurismic.com and 

reviews editor of Interzone  

“Pari squeezes 
the flesh of her 
bicep just to 
feel the faint, 
hard hint of the 
monitoring 
implant”

At 14mm long, this is the 

world’s smallest blood 

monitoring implant 

P ARI WAKES WITH the dawn,  
as always, and tells the blinds  
to retract. Sunlight floods into the 
room. She heads to the bathroom for 
her morning wash before the 

household is awake, and then to the 
kitchen, where she makes a cup of tea and 
logs in to her webdoctor. 

Pari’s family has a history of circulatory 
failure, and – while she keeps herself 
active and eats well – the health service 
likes to keep an eye out for problems 
before they become problems, especially  
in its older patients. Sometimes Pari 
squeezes the flesh of her left bicep just to 
feel the faint, hard hint of the monitoring 
implant [1] – like something sinister from 
the science fiction movies of her youth,  
she thinks, only keeping her safe. The 
webdoctor makes her laugh. She knows  
it’s just an expert system and a face engine, 
but the skin she picked perfectly captures 
the professional pomposity of the big 
Bangladeshi man who’d been her doctor  
as a child. The webdoctor notices when 
she laughs and learns her response to elicit 
the same reaction.

A tap on the window announces the 
daily delivery of milk and eggs; it’s young 
Daniel from a few doors down across the 
street, who started rickshawing for the 
local grocery [2] co-operative a few 
months ago. He checks o� the extras Pari 
ordered last night on his little tablet, then 
relieves her of yesterday’s containers, 
which will go back to the co-op to be 
cleaned and reused. 

“Making something special today, Mrs. 
Lensing?” he asks quietly, with a broad 
wink. “Special event of some kind, is it?”

“Away with you, boy!” Pari giggles. “Or 
I’ll not save you any cake.”

Daniel departs to the sound of the 
household getting out of bed, and Pari 
starts preparing breakfast.

THE GOOD LIFE 
By 9am, Pari has the house to herself for a 
few hours. Laurie has gone into the city for 
work, so she can meet with clients in a co-
working space, while Pari’s son Benedict is 
walking an over-excited Eira to school, 
despite her protests that she shouldn’t 
have to go on her birthday. Pari goes into 
the little kitchen-garden [3] out through 
the back of the house. Thirty years of 
routine mean that she can tend the 
garden almost on autopilot, leaving her 
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free to chat across the walls with the 
neighbours. They pass idle gossip 

and old anecdotes as she weeds, prunes 
and picks. 

By elevenses, the Sun is warm on Pari’s 
back, and the panels all along the terrace 
rooftops sparkle in the sunlight. She looks 
up from her work at the house she and her 
late husband bought a little over 40 years 
ago. Like the rest of terrace, there are 
changes, if you know where to look. The 
panels on the roof are obvious enough,  
but the other retrofits – the walls 
skimmed and their cavities filled, the 
advanced window units [4] and vents and 
blinds – are subtle enough that Pari 
sometimes forgets them. Little Eira has 
never known a house that wasn’t smart, 
though. When she started speaking, Ben 
downloaded a personality for the house – a 
thing like Pira’s webdoctor, but without 
the face. Eira now talks to the house [5] as 
if it were a member of the family. Which, 
Pira supposes, it might as well be. 

A SMARTER HOME  
Pira prefers the traditional interfaces of 
her youth. Kneeling among the beanstalks, 
she prods at her tablet. It tells her the  
roof panels are saturated, and the house  
is selling extra watts to the local grid. By 
being frugal in the summer – brighter and 
warmer than the summers of Pari’s youth 
– they can store up energy credits against 
the winter, when the heat-pump laid 
beneath the garden [6] needs a bit of help. 

She snaps a picture of her basket of 
garden peas with her tablet and sends it  
to the community swap-shop board. 
Someone agrees to her trade; 10 minutes 
later a young courier skids to a halt in the 
alleyway, sweat beading her forehead. She 
hands Pari a tub full of blackberries, then 
pedals o� with the peas. 

By the time Benedict arrives home, with 
Eira and a gaggle of her schoolmates in 
tow, the kitchen is full of food, including 
two vast cakes made with fresh blackberries. 
The kids have all but demolished the  
food by the time Laurie gets home with 
Eira’s present: the very latest terrier  
form-factor cyberdog [7], which Benedict 
has had customised so it carries the 
house’s personality wherever it goes. As 
the neighbours start arriving with spare  
chairs and bottles of South Downs red, 
Eira and her friends run o� into the  
golden light of evening to play with  
the newly named Wrex. 

Surrounded by family and friends,  
Pira thinks to herself that it’s not how 
much that’s changed since her youth  
that’s the surprising thing, but rather  
how little.

Devices like the Nest thermostat 
(inset) will converge with building 
automation regimes such as the 
Passivhaus standard. It will evolve 
into an environmental management 
system that balances residential 
comfort with changing weather 
conditions, controlling the 
heating, windows, vents 
and blinds to keep 
things cosy or cool 
with the minimum of 
energy expenditure.

While robot caregivers are unlikely 
to replace human ones, robot pets 
– whether designed to act like a 
‘real’ animal or not – are a distinct 
possibility. Cleaner, easier and 
less carbon-intensive to look after 
than a live animal, robot pets could 
bring cat-like comfort to older 
people. They could also combine 
educational and guardian-monitor 
roles in a mobile kid-friendly 
package. Paro, a therapeutic  
harp seal robot, is shown below.

5. SMARTER BUILDINGS

7. ROBOT PETS

To meet emissions reduction 
targets, the UK will need to address 
the energy e�ciency of its old 
housing stock, currently among 
the most wasteful in Europe. The 
Building Research Establishment 
is developing techniques for 
retrofitting Victorian terraced 
houses to meet cutting-edge 
e�ciency standards. Thirty per 
cent of the UK’s housing stock is 
terraced, making it a good target 
for intervention because of the 
lower external surface area.

4. UPGRADED HOUSING  

While there will still be a need for 
the National Grid, many ordinary 
homes will get much of their 
energy from local renewable 
generation, and from ‘o�-grid’ 
technologies such as solar panels. 
Companies like eBay are already 
turning to radical new sources of 
energy, such as the Bloom Energy 
Server (pictured), which harnesses 
power from hydrogen fuel cells. 

6. MICRO-GENERATION
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T HE MEETING STARTS at 10am, but 
Laura ducks in late. Brian sits at the 
far end of a gigantic slice of pine-
carbon laminate, while Greg’s overlit 
face occupies an entire wall. While 

Laura and the rest of her colleagues are in 
the Peak District o�ce, Greg is providing 
advice and “a safe pair of hands” to a 
sibling company as they begin dissembling 
the first of three regional airports in the 
Spanish interior.

“What did I miss?” asks Laura, sliding 
into an articulated swivel chair.

“They’re o�ering a second gig at a  
new site,” explains Greg. “But it’d take  
me out of action through to September.”

“Are you there now? Can we see?”
Greg nods, and his face disappears. 

Slipping on a visor, Laura is dropped  
into a Spanish sky [1]. There’s a brief flush 
of nausea as the camera drone traces a lazy 
arc across the site. O�ering to  
extend their 20-80 deal on revenue 
from recovered materials [2], the 

Virtual reality is going mainstream 
following Facebook’s buyout of 
Oculus VR in March. Indeed, the  
BBC conducted a trial of a live 360˚ 

video broadcast to the Oculus Rift 
headset at this year’s Glasgow 
Commonwealth Games. However, 
the big challenge is in layering the 
digital over the physical. Nottingham 
University’s Mixed Reality Laboratory, 
for instance, is trying to better 
integrate telecommunications and 
computing into an ‘augmented reality’.

1. BLENDED REALITY

‘Cradle-to-cradle’ manufacturing is 
an attempt to design things that are 
waste-free. In essence, everything 
produced and consumed becomes 
part of a fully recyclable system. Ford 
embraced the idea with its Model U 
concept 4x4 (pictured), which 
features compostable body parts. In 
the UK, sailor Ellen MacArthur’s 
charitable foundation is working to 
promote the idea, with the aim of 
‘accelerating the transition to a 
regenerative, circular economy’. 

2. RECYCLABLE WORLD

BY JUSTIN PICKARD     
Researcher and writer  

with an MSc in Science  

and Technology Policy

L I F E  I N  2 0 5 4



Building on existing work in 
personalised medicine and 
cognitive enhancement, Laura’s 
nasal spray is an example of a 
‘nootropic,’ designed to boost her 
memory, empathy and attention. 
While a lot of research in this field 
is targeted at combating chronic 
disorders such as Alzheimer’s, the 
possibility of their wider uptake has 
been explored by bioethicists, such  
as Georgia State University’s 
Dr Nicole Vincent. She recently 
completed a Dutch-led project 
exploring the e�ects of such 
technology on notions of moral  
and legal responsibility.

4. SMART DRUGS

5. PRO-SOCIAL ARCHITECTURE

The ORCHID project, funded by 
the UK government, is working 
to understand and build what 
it refers to as ‘human-agent 
collectives’. Intelligent agents  
are computer programs that  
that are given specific, pre-set 
goals, autonomously learning from  
their attempts and experiences  
as they go about their business. 
They are a spill-over from existing 
research on expert systems, 
which replicate the decision-
making abilities of a human expert. 
Collectives integrate virtual, 
intelligent ‘agents’ into large-scale, 
decentralised teams. They could 
assist in everything from rapid 
disaster response to citizen 
science projects. 

3. INTELLIGENT AGENTS 
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“Slipping on a 
visor, Laura is 
dropped into a 
Spanish sky. The 
camera drone 
traces a lazy arc 
across the site”
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As research on environmental 
psychology and architecture makes 
it out of the lab, businesses may 
find ‘pro-social architecture’ to be 
a cost-e�ective way of boosting 
cognition, mood, and creativity. In 
Austria, Prof Markus Peschl and 
Thomas Fundneider are conducting 
research into ‘enabling spaces’: 
workplaces that use design and 
technology to create innovation 
by encouraging openness, social 
interaction and creative thinking. 
In the UK, the Behavioural Insights 
Team works to apply lessons from 
psychology and neuroscience to the 
challenges of government. 

Software  

agents will help us 

respond faster to 

natural disasters  

A pro-social housing project by 

Polish architects BudCud
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Spaniards’ projections indicate a 
decent price. Laura removes the 

visor, and runs some numbers through  
her scroll.

“It’s too good an opportunity to pass  
up,” she says. Drumming his fingers on  
the table, Brian disagrees, and loads up  
the finance visualisation. Their cash flow  
is a multi-hued river, rotating slowly in 
space. With animated particles tracing  
the path of rapids and eddies, it seems 
deeper than last month, but slows 
significantly at the midpoint. A vote,  
then, but not until they’ve seen a detailed 
proposal. As Greg disconnects to set a 
custom agent [3] on a 48-hour scan of 
likely risks, Laura spins out her own  
agent to dredge for insights before her 
afternoon meetings, then heads across  
to the Nag’s Head with the youngest 
apprentice. After a disappointing 
sandwich, she retreats to a toilet stall  
for a shot of nasal spray [4]. Followed  
by a black co�ee chaser, it should leave  
her su�ciently amped until sundown.

Briefed by the agent’s profile of their 
recent projects and interests, Laura’s  
call with the developers returns an 
invitation to tender for a housing block 
tear-down. The conversation with Grace 
starts badly. Grace reminds Laura of  
their agreement to submit data from the 
structure’s manifold sensors. “Pro-social 
architecture [5],” she’d called it. In other 
words, subsidised rent in a brand new 
building in exchange for access to the 
firm’s feeds and their hosting a handful  
of apprentices. Sharpened by the nasal 
spray, Laura empathises, apologises, and 
Grace departs satisfied.

THE DAILY COMMUTE 
Late leaving, Laura powers the bike  
across to the train station. Leaning on  
the motor for some of the steeper hills,  
she slices 10 minutes from her journey. 
Dropping the bike at a mushroom-shaped 
charging station, she just makes the train. 
At Manchester, she picks up one of the 
remaining vans. Dodging roadworks in  
the city centre, Laura joins a seven-vehicle 
convoy heading westbound on the M62, 
sheltering in some French lorry’s 
slipstream. As they pass the half-way  
mark, the nasal boost wears o�, leaving  
the echo of a migraine. 

Approaching Liverpool, she detaches 
from the convoy, cutting through the 
docklands and back into Hoylake. 
Trudging up the stairs to her third-floor 
apartment and collapsing into bed, the  
last thing she hears before passing out  
is the distant horn of a cargo catamaran, 
out on the Irish Sea.



In use for over 7,000 years, hard 

currency won’t disappear overnight. 

But with half the money we spend 

now paid using electronic cards, it 

is becoming increasingly obsolete. 

A cashless society has the potential 

to go much further. Alternative 

payment systems that exclude banks 

altogether, such as Kenya’s M-Pesa, 

use mobile phones to let people 

deposit, spend, and transfer money. 

Or there’s Coin, which can store 

multiple credit card details on one 

card (pictured). A secure digital 

identity allows you to access the 

services you are entitled to and has 

the potential to replace everything 

from car keys to ballot papers.

1. CASHLESS SOCIETY
Today, driverless cars are ready to 

hit the roads. Google’s autonomous 

vehicles (pictured below) have 

already covered 482,800km 

(300,000 miles) without fault and 

most manufacturers have versions 

of their own robotic cars. The 

only roadblock to their progress is 

legislation. Pair their inevitable rise 

with the popularity of Uber (above), 

the app that connects people 

who need a ride with car owners 

with free time, and it’s not hard to 

envision driverless taxis that people 

summon through a smart device.

2. AUTOCAB
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“It blows Julia’s 
mind to think her 
grandparents 
would fly to a 
European city 
just for the 
weekend”

BY FRANK SWAIN 
Communities Editor at New 

Scientist and the author of 

How To Make A Zombie

L I F E  I N  2 0 5 4

J ULIA WAKES UP shivering in a 
converted shipping container 
somewhere in the south of London. 
She’s been living there a week, but the 
container’s smarthome OS isn’t 

compatible with her phone, and the 
thermostat is still locked into the patterns 
of its previous resident. Her stomach 
rumbles. It’s Saturday, but she knows she 
won’t be able to get back to sleep. London 
is well into the late morning energy 
demand spike, and taking a hot shower 
now will cost three times the baseline rate, 
but Julia figures the lack of heating has 
more than made up the di�erence. As she 
leaves the flat, hair still damp, Julia grabs 
her Authtoken [1] – the plastic-cased chip 
serves as her keys, wallet and ID. A note 
stuck to the bedside mirror reminds her to 
meet Bex to make holiday plans.

The container stacks are the kind of  
temporary housing you can find tucked 
into any spare corner of the over-crowded 
city, as slow development struggles to 
meet demand. Julia’s stack sits on the site 
of an old factory, where carbon nanotubes 
were once woven into useful objects. As she 
bangs down the metal stairs, she sends 
clouds of little yellow moths whirling into 
the morning light.

At a Turkish café on King’s Avenue, Julia 
buys co�ee and breakfast and swipes her 
Authtoken over the hotpress to start it 
printing a personalised edition of the 
week’s news. She finds a table to spread 
the papers out while she sits cross-legged 
and pores over the latest reports. The EU 
is building a high-speed maglev train that 
will connect Lisbon to Moscow, while a 
crowd-funded probe has arrived at Saturn’s 
moon Europa, where it will search for signs 
of life in the plumes of water jetting into 
space from the moon’s buried oceans. 

GETTING AROUND 
Julia’s phone pings: Bex is already in their 
shared living room. She should really walk 
– she needs to keep her pedometer metrics 
up, else she’ll drop another health 
insurance bracket – but it’s threatening to 
rain and the autocab [2] is already waiting 
at the kerb when she steps out of the café. 
She promises herself she’ll take the stairs.

Riding up the elevator of a Clapham 
tower block, Julia rattles past studio after 
studio. Inside one, Bex is sprawled on the 
couch with two friends. Like most shared 
living rooms, the space is a mix of 
influences: there’s a workshop loaded 
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The EU wants to reduce aircraft 
CO

2
 emissions by 75 per cent by 

2050, but budget airlines and a 
booming Asian market are pushing 
up the number of flights. This goal is 
unlikely to be met without drastically 
redesigned aircraft, abandoning the 
tube-and-wing model for designs 
with morphing wings or a double-
wide fuselage. Aircraft may also fly 
in formation to reduce drag.  

4. AIR TRAVEL 

Synthetic biology – a toolkit for 
genetic engineering – is driving the 
development of novel organisms. 
The arrival of GM crops will pave 
the way for other creations, such as 
mosquitoes incapable of spreading 
malaria and bacteria that can both 
diagnose and treat disease. And 
what of resurrecting ancient beasts 
from the past? Cells have been 
successfully extracted from frozen 
woolly mammoth carcasses, so you 
never know. 

6. UNNATURAL HISTORY

Google announced earlier this year 
it was developing contact lenses 
engraved with microelectronics 
(pictured) that will monitor glucose 
levels and display warnings directly 
in front of diabetics’ eyes. With the 
advance of flexible electronics, smart 
lenses are generating excitement, 
but whether they’ll replace traditional 
screens – fundamentally unchanged 
for 100 years - remains to be seen. 

3. CORNEAL DISPLAYS

Climate change is likely to spell the 
end of many existing holiday 
destinations, while opening new 
ones. Water shortages in arid areas 
such as the south of Spain will pit 
residents against holidaymakers, 
while melting ice caps will open 
Russia’s frigid north. With escalating 
travel costs, maybe a more leisurely 
ride on a blimp will be the cruise of 
the future; Aeros’s huge airship 
(pictured) is currently leading the way. 

5. HOLIDAY DESTINATIONS

L I F E  I N  2 0 5 4
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Airbus’s concept for a future 

low-emissions passenger jet 
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with tools and a 3D printer, piles of 
books by some weathered armchairs, 

turntables and a home cinema corralled  
by sofas. With high prices forcing 
multigenerational families to live under 
one roof, disused industrial units are 
increasingly rented to those looking 
for extra space.

The girls on the sofa are immersed in a 
game, co-operatively exploring the derelict 
environment of some procedurally 
generated planet, corneal displays [3] 
sparkling in their eyes. Bex cleans some 
mugs while Julia boils the kettle, and 
together they fire up travel agent apps. 

EXOTIC LOCATIONS?    
“Forget the Alps,” Bex shakes her head. 
“All the slopes that have reliable snow 
cover are booked up years in advance,  
and why gamble on the others?” Julia  
bites her lip. Despite a host of e�ciency-
boosting innovations, oil prices have 
pushed air travel [4] out of the reach of 
casual holiday-makers. It blows Julia’s 
mind to think her grandparents would fly 
to a European city just for the weekend. 

“What about somewhere closer to 
home?” [5] Julia counters, and brings up  
a map of Eastbourne. The fortunes of the 
seaside town have been revived by the 
decline in foreign travel. Adventure tours 
o�er packaged game environments that 
take place in the disused parts of the city. 
Liverpool has licensed what remains of its 
obsolete docklands to a continuous, live-
action role-playing game themed around a 
Russian invasion. You can live there rent-
free if you promise to stay in character. 

After much discussion, the girls opt for 
an adventure park in Kent, the package 
including a three-day cruise on a hybrid 
airship. The huge, cumulus blimps use 
almost no fuel and amble in sedate loops 
over the Channel, o�ering passengers 
guaranteed sunshine, rarefied air, and most 
importantly of all, duty-free booze. 

When they’ve made their reservations, 
Julia and Bex drop their mugs in the sink 
and head to South Kensington to see the 
synthbio [6] retrospective charting the  
last half century of genetically engineered 
species. Inside, they are overawed by full-
sized taxidermies of the revived megafauna 
from Google’s de-extinction project: 
towering elk, California condor, eerie 
Tasmanian wolves. One exhibit is given 
over to artificial indicator species, 
developed by environmentalists to locate 
illicitly buried industrial waste. There’s 
something familiar about the small yellow 
moths pinned inside the cabinet. Julia 
sighs, pulls out her phone, and begins 
searching for new microlets to bid on. �



Galloway

For more information visit our website 
or call us on 01671 402420  
www.forestry.gov.uk/darkskygalloway

Galloway
   Forest Park

home to the UK’s 1st
       Dark Sky Park

Black Hole 
discovered in Galloway

If you want to see stars - then Galloway Forest Dark Sky Park is the place to come. 
Astrophotography shows up our immediate celestial neighbours like no other place in the UK 

- in proximity to cities & towns. An easy 2hrs from Glasgow and Carlisle, 4.5hrs from the midlands
and you reach the astronomers dream location.

With a Bortle classification of 2 and light readings of between 21.9 – 23 it is little wonder that we see
Galloway Forest not as a green wilderness but as black wonder!

With astronomy friendly accommodation and Galloway Forest Astronomical Society assistance why
not come and find your ideal spot in the 300 square miles of Gold Tier darkness.

Big skies beautiful settings, quiet roads and fantastic wildlife even day time can be an enjoyable 
experience. Bring the family along to enjoy miles of walking trails, the world’s best 

mountain biking on the world famous 7stanes and visit the UK’s only red deer range. 

“It was the most amazing sight I have ever seen” This is extraordinary and 
should not be missed” “all this and it’s free” “I thought it was a cloud and it was 

the Milky Way” “I feel as if I could reach up and touch the stars” 
“ I have never been in such a dark place, 

quite an experience”

Visit our website to get all the latest 
information and links. Come and visit 

us now and see why we are 
The UK’s 1st Dark Sky Park

Photographs © NASA & ESA (unless otherwise stated)

Be among the 20% of the UK’s population to experience true 
darkness and the elite 2% that see the Milky Way. Crystal clear skies, 

protected Dark Skies and the Milky Way stretching from horizon to horizon.

Background
© James Hilder

© Forestry Commission
Picture Library
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HE ALTH

Sweaty palms, a pounding heart and 

rapid breathing: we’ve all felt them. 

But symptoms like this may not be 

such a bad thing. Lilian Anekwe 

reveals the benefits of stress  

IS STRESS GOOD FOR YOU?
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HINK OF THE last time you 
were in a stressful situation. 
If you felt the fear and did it 
anyway, was that in spite of the 
stress, or because of it?

We all know stress isn’t 
good for you. We’re told it’s 
unhealthy and that we should 

remove it from our lives – if only it was 
that easy. But new research is forcing 
psychologists to think again. New 
evidence suggests that if we can learn to 
think about stress di�erently, then it can 
be useful, and even – believe it or not – 
good for us. 

To be clear: persistent, unrelenting 
stress is bad. Ongoing stress consistently 
raises the levels of the hormone cortisol 
in our bodies, and over time this harms 
our health. Chronic stress can trigger 
headaches, musculoskeletal pain and 
gastrointestinal problems like irritable 
bowel syndrome. Stress has also been 
linked to depression and an increased risk 
of heart disease. But in the short-term, 
stress could be a power for good.

Take, for example, a recent study from 
the Harvard Business School, published 
in the Journal of Experimental Psychology: 

General. Their researchers found that in 
several di�erent stress-inducing social 
situations – karaoke singing, public 
speaking and a timed maths test – people 
who felt excited by the stress performed 
better than those who remained calm. 
The stress had boosted their abilities. 

You might argue that this is because 
some people simply cope with stress 
better than others. But that’s only part of 
the story, as Prof Ben Fletcher, professor 
of occupational and health psychology 
at the University of Hertfordshire, 
explains. “Something like a job interview 
is a demanding situation and as such, 
the body will respond. Some people will 
find that stressful, others energising. I 
think that’s because most people make a 
negative association between stress and 
the strain it causes on their body.’’ 

FIGHT OR FLIGHT
When we’re faced with tough situations, 
our bodies automatically react with a set 
of physiological changes known as the 
stress response. This arose in our ancient 
development as part of the ‘fight or flight 
response’, to help our ancestors deal with 

T

Dr Jeremy Jamieson of the University of Rochester says  

it’s not stress that’s harmful – it’s our attitude towards it 

Researchers used 

karaoke singing,  

public speaking and  

a maths exam to study 

the effects of stress 



predators. In our modern lives, the threat 
of being eaten alive has been replaced by 
the ‘threat’ of deadlines or first dates. The 
trouble is, our bodies still react the same 
way: a pounding heart, sweaty palms and 
rapid breathing. And we nearly always 
view these negatively. 

“If you tell people that stress is good for 
you, most people say that cannot be true,” 
explains Dr Kelly McGonigal, a health 
psychologist and lecturer at Stanford 
University. “It’s a pretty radical shift in 
thinking.” But many psychologists and 
physiologists are now saying that the stress 
response is designed to help us, and that 
there’s more to it than out-running threats. 

“Unfortunately we have been convinced 
that stress is an enemy of our bodies,” 
McGonigal adds. “Part of embracing 
stress is recognising that your body is 

not betraying you when you have a stress 
response. A lot of my work is teaching 
people what the stress response actually 
is. Everyone knows the fight or flight 
response, but that’s just one aspect. What’s 
even more mind-blowing is that the stress 
response tries to give you lots of di�erent 
resources for dealing with di�culty. ’’ 

For example, when your body experiences 
stress it releases growth hormones, which 
make us stronger and more physically 
able to cope with demanding situations. 
The pituitary gland releases oxytocin and 
prolactin, which boost the immune system 
and protect the heart. 

POSITIVE THINKING
If we have the right attitude, the body can 
help us feel good during times of stress. 
This is a crucial part of whether stress, put 
bluntly, kills us. An eight-year University 
of Wisconsin study of 30,000 Americans 
found people with a lot of stress had a 43 
per cent increased risk of dying early – but 
only if they thought stress was harmful 
to their health. People who didn’t believe 
stress a�ected them negatively  
didn’t have this increased risk. 

“Part of embracing 

stress is recognising 

that your body is 

not betraying you 

when you have a 

stress response”

H E A LT H
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Confronted with a potentially difficult or threatening situation? Don’t worry  
too much – your body’s already gearing up to deal with it… 

HOW THE BODY HANDLES STRESS

THE BRAIN 
Our bodies’ stress response begins in the 
brain. When we confront stress or danger, our 
senses send information to the amygdala, 
an area of the brain that interprets images 
and sounds and processes our emotional 
response to them. When it perceives a 
challenge, it instantly sends a signal to the 
hypothalamus. This is the body’s command 
centre, communicating with the rest of the 
body through the autonomic nervous system 
so that it can deal with acute stress - before 
we’re aware of it.

ADRENAL GLANDS 
The autonomic nervous system controls 
involuntary body functions such as breathing, 
blood pressure, heartbeat, and the dilation 
or constriction of blood vessels and small 
airways in the lungs called bronchioles. The 
hypothalamus also activates the sympathetic 
nervous system by sending signals to the 
adrenal glands, which sit just above the 
kidneys. These glands respond by pumping the 
hormone adrenaline into the bloodstream. 

HEART AND LUNGS 
This brings on physiological changes. The 
heart beats faster than normal, pushing 
blood to the muscles, lungs, and other vital 
organs. This higher pulse rate increases blood 
pressure. We also start to breathe more 
rapidly, and the small airways inside the lungs 
open wider, to allow the lungs to take in as 
much oxygen as possible with each breath. 

FIGHT OR FLIGHT 
The extra oxygen is sent to the brain, 
increasing alertness. Our sight, hearing,  
and other senses become sharper. 
Meanwhile, adrenaline triggers the release  
of more blood sugar (glucose) and fats from 
the body’s stores to give us more energy  
and nutrients. Our bodies are now better 
prepared to cope with physical challenges – 
whether they involve dealing with the problem 
(fight) or running away from it (flight).

AmygdalaHypothalamus

Lungs

Adrenal glands

Heart
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So it makes sense that the 
stress response also a�ects us 

psychologically. Research shows oxytocin 
encourages us to seek connections and 
support from our social network during 
times of stress. Socialising with others – 
particularly while doing good deeds – can 
help you become more resilient, which 
improves how we deal with stress. 

This can have a long-term e�ect on 
‘killer stress’, too. A University of Bu�alo 
study found that every major stressful life 
experience increased an adult’s risk of 
early death by 30 per cent – but not if they 
also spent a significant amount of time 
helping loved ones and neighbours. 

ATTITUDE ADJUSTMENT
These studies show that there are two 
sides to stress, says McGonigal. “Even in 
the same situation, stress will have both 
positive and negative consequences. If 
you believe that all stress is inherently 
harmful and only focus on that, then 
you’re going to interpret every stressful 
situation as bad. But people who are able 
to hold those opposites – who are also 
able to see positives, rather than focusing 
only on the negatives – seem to do best 
when it comes to stress.’’ 

Shifting people’s thinking in this way  
is quite easy – in studies, at least. 
Dr�Jeremy Jamieson, assistant professor 
of psychology at the University of 

There are no easy fixes to 

change how we feel about 

stress, but Prof Gail Kinman, 

professor of occupational health 

psychology at the University of 

Bedfordshire, suggests 

we get used to how the 

body feels when we’re 

under stress and when 

we’re not, so we can 

recognise the 

di�erence  

as useful. 

“Some 

people do 

well under 

pressure, 

others 

crumble. But 

no matter how 

we feel about 

it, the acute 

stress response was designed 

for short-term use only. You 

need to make time for breaks 

and recovery so that your 

stress response returns to 

normal. If you’re 

constantly stimulated, 

then an elevated state 

can become the new normal. 

This impairs your body’s stress 

response because you’re 

constantly in a state of arousal.’’ 

This can a�ect our attitude to 

our stress response: instead of 

seeing it as transient 

and helpful, 

we see it negatively. “Seeking 

support from your social 

network is by far the best way 

of getting replenishment and 

recovery,’’ Prof Kinman says. 

In your downtime, 

choose things that 

challenge your body 

to cope with di�erent 

situations. “There’s 

value in using 

psychological and 

physical functions 

that you normally 

don’t,’’ Prof Kinman 

says. This can help 

us appreciate and 

value what we do, 

so during stressful 

times, we are less 

likely to see it as  

a negative. 
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Prof Ben Fletcher is Professor of Occupational and Health 
Psychology at the University of Hertfordshire

Dr Kelly McGonigal gives 
a talk at TEDGlobal in 
Edinburgh, June 2013

The pea-sized pituitary gland, seen here in green, produces 
more oxytocin and prolactin at times of stress 

It’s all very well saying ‘accept stress as a good thing’, but  
how do you do it? We asked an occupational psychologistHOW TO EMBRACE STRESS
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“When we can  

take a positive  

view of stress we 

are less likely to 

feel out of control”

Rochester in New York, USA, led a study 
which showed that encouraging people 
to think of the stress response as positive 
can quite radically alter how they react. 

Jamieson’s group asked 69 adults to 
carry out two stressful tasks: performing  
a mental arithmetic test, and giving a  
five-minute talk about their strengths  
and weaknesses to a panel of seemingly 
disapproving observers with only a 
few minutes’ preparation. Beforehand, 
half the group were given information 
that encouraged them to “reinterpret 
bodily signals as beneficial,” as well as 
summaries of three studies that showed 
the benefits of stress. The other half were 
not given this information.

The group that had been prepped with 
the message that stress can be helpful 
said they felt they could cope with the 
situation better than the other group. 
They also had more dilated, relaxed 
blood vessels. Interestingly, people with 
social anxiety felt more intense feelings 
of anxiety during the stress test. “But 
their body’s response was just the same 
as everybody else,” Jamieson says. “It’s 
just that how they were interpreting it 

LILIAN ANEKWE is consumer health editor of 

The BMJ (formerly The British Medical Journal)

was much worse than it actually was. 
How you interpret the increase in arousal 
– what your racing heart means to you – 
determines what type of stress you have.’’

Dr Jamieson says recognising these 
physical reactions as the body’s way 
of ‘amping you up’ to face a stressful 
situation can be a powerful way of 
turning stress to our advantage. “People 
have never been told that stress can be 
helpful,” he says. “They don’t recognise 
their stress response as an adaptive thing. 
This is a normal biological response, and 
it’s there for a reason. Changing the way 
people think about what stress is can 

go a long way to helping them respond 
better. The better you get at using stress 
responses, the more e�cient your body 
gets at them.’’

There are some simple ways to get the 
benefits of stress. In the Harvard research, 
assistant professor Dr Alison Wood 
Brooks found rather than trying to stay 
calm, simple strategies like saying “I am 
excited!’’ out loud made people approach 
their challenge as an opportunity, and 
improved their performance on the tasks. 

“When we can take a positive view of 
stress we are less likely to feel inadequate, 
out of control or avoid things that create 
meaning in our lives,’’ McGonigal says. 
“I’m not telling people to seek out stressful 
situations. But trust your body: it can and 
will do amazing things that will help you 
through short-term stress.’’

So next time you feel the fear in a 
stressful situation, embrace it. In the short-
term, stress isn’t going to break you – and 
it might even do you some good. �
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RANCIS HUNTRODDS AND his wife Mary 
died within five hours of one another on their 
80th birthday – their joint 80th birthday. 
They were both born on 19 September 

1600, and both died on 19 September 1680. For 
completeness, they got married on 19 September too.

So 19 September should surely be Huntrodds’ Day, 
a national celebration of chance and coincidence, 
says Cambridge University’s Winton Professor of 

the Public Understanding of Risk, Sir David 
Spiegelhalter. While on holiday in Whitby, he 
stumbled across a monument to the number-defying 
couple. The chances of these events taking place are 
astronomically unlikely; Spiegelhalter’s curiosity as 
a statistician was piqued. 

Here we take a look at how the power of maths 
can shed light on the remarkable coincidences that 
shaped the lives of the Huntrodds. 

The curious case of a married couple who died on the same 

day they were born is a window into the strange world of 

chance and coincidence, as Timandra Harkness reveals 
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easier maths) and you’d be 
daft to gamble your money.

If a third mate joins you, the 
chance that none of you shares 
a birthday falls to 364/365 x 
363/365 (because the third 
person has a choice of two 
possible shared birthdays)  
– a probability of 0.9918.

With every added person, 
the odds of not finding a shared 
birthday fall – so fast that it 
only takes 23 people in one 
place to have a better than 
50:50 chance of a shared 
birthday: a 0.5073 probability 
that two people share a date 
(and a 0.01271 chance that 3 
people do). So Francis and 
Mary Huntrodds only needed 
a social circle of 23 people for 
it to be more likely than not 
that two of them shared a 
birthday. Assuming a village 
of 100 people, say, there was 
less than a 1 in 3 million 
chance that no two of them 
shared a birthday.

This is different, of course, 
to saying that Mary Huntrodds, 
personally, had a better-than-
evens chance of finding a 
husband with the same birthday. 
But Prof Spiegelhalter didn’t 
pick their gravestone at random 
out of all the married couples 
who died in 1680 – he noticed 
it because it was special.

IMPROBABILITY MYTHS DEBUNKED 

NICK WHEELER MET his wife Aimee 
at College in Truro. Some years 
later, after getting engaged, they 
were leafing through old family 
photographs and discovered a 
picture of them playing together 
as children on a beach in Cornwall. 
Apparently their families, who 
didn’t know each other and hadn’t 
spoken, had been on holiday in 
the same place at the same time. 

“This is an illustration of the 
law of truly large 

numbers,” 
says Prof 

IF YOU THINK incredibly unlikely 
things happen purely by chance, 
you’re missing the point, says 
Professor David Hand of Imperial 
College London, author of The 
Improbability Principle. “In general, 
chance plays a bigger role in life 
than we think. Getting that perfect 
job, meeting the person of your 
dreams, may well owe more to 
chance than to you. 

“But that doesn’t mean you 
can’t influence chance. To 
increase the chance of meeting 
the person of your dreams, you 

David Hand. “Whatever can 
happen, will happen, given a large 
enough number of opportunities. 
If you think of the millions of 
families who go on holiday, and 
whose children end up building 
sandcastles together, it’s not 
surprising that some of them 
should meet again later on in life.”

A one-in-a-million event is still 
very unlikely to happen to you - 
but as there are 23 million families 
in the UK, it’s almost inevitable 
that it will happen to several of 
them in any year.

have to get out and meet people: 
sitting at home in front of the 
television wondering why you 
never meet anyone is not going 
to do it.”

23 PEOPLE  
together is all that’s needed for the chance of 

two sharing a birthday to be better than 50:50

The chances of a

shared birthday 
HERE’S A PUB trick: Bet  
your mates that two people  
in the pub share the same 
birthday. Of course, if you 
have 367 people in the pub, 
two of them must share a 
birthday. But how many  
people would you need to  

give yourself a better than 
evens chance of winning?

Your answer might be 184 
(half of 366 + 1). But let’s tackle 
this mathematically. It’s much 
easier to work out the chances, 
for a given number of people, 
that any two of them don’t 
share a birthday. So if there 
are only two of you in the pub, 
the chance you don’t share a 
birthday is 364/365 or 0.9973 
(leaving out leap years for 

“If you have 

367 people  

in the pub, 

two of them 

must share  

a birthday”

A ‘one in a million chance’ 
means it’ll never happen 

You can make your  
own luck in life 
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WORLDWIDE, THERE ARE 17 
earthquakes per year of magnitude 
7 or above. But in 2010 there 
were 24 of them. Why? Was 
Nature especially angry in 2010? 
In 2012 the total fell back to 14. 
The result of some top-secret 
anti-earthquake device?

Of course, the ‘17 per year’ is 
an average figure. From 2000 to 
2012 the annual total varied from 
11 to 24. It’s always tempting to 
look for causes, but sometimes 
what we can see is the noise, 
not the signal: natural variation 
around a steady average. When 
numbers are small, this variation 
will seem more extreme, like our 
earthquake example.

MARY HUNTRODDS FOUND a 
husband with the same birthday 
as her. The chances of which are 
small, as we’ve seen. But Prof 
Spiegelhalter only noticed their 
memorial because of their shared 
dates. So perhaps we should be 
asking a different question: is 
chance subjective? What are  
the chances of somebody who 
catches the eye of a Professor of 
the Public Understanding of Risk 
being involved in a coincidence? It 
would be more surprising if he’d 
noticed a memorial with absolutely 
nothing unusual about it. 

Looking backwards, it’s easy to 
say what proportion of couples 
share a birthday, and calculate 

Another example is speed 
cameras. Because they’re usually 
installed after a high number of 
accidents in one place, it’s likely 
that the number of accidents 
would fall the next year even if 
you didn’t put up a speed camera. 
Because of this regression to  
the mean, the effects of speed 

cameras 
can look 
stronger 
than they 
really are.

Random events come 
along at regular intervals 

It’s easy to predict the 
future from the past

the odds that any one 
couple did so. But looking 
forwards is trickier.  
Are you confident 
future couples will 
behave like past 
couples? Will you  
only look at people who 
ended up married, or 
should you also include 
single people who don’t 
go on to become 
couples, in case 
September babies 
are especially lucky in 
love and skew your 
figures? The questions 
you ask will affect the 
answers you get.

The plaque marking the graves  
of Mary and Francis Huntrodds   
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married somebody from the 
same university. Other popular 
routes include through work, 
through friends and online.

All these could make you 
more likely to marry someone 
with the same birthday. For 
example, being born in 
September increases your 
chance of getting into Oxbridge 
by 12 per cent. This effect is 
probably down to the UK 
school year starting on 1 
September. So September 
babies may end up in particular 
universities, professions and 
social circles, and thus be more 
likely to marry each other. 

What about sharing the 
birth year as well? At school 
and university, you tend to 
mix with people your own age. 
One year is the most common 
age gap in a marriage, two 
years is the average, but nearly 
1 in 10 UK marriages are 
between people born in the 
same year. So around 3,000 of 
the birthday-sharing couples 
should have the same number 
of candles on their cake. 

Things were different for 
the Huntrodds. September 
wasn’t necessarily the most 
popular birth month in 1600. 
Mary had no chance of going to 
university, nor did Francis. So 
your odds of marrying someone 
with the same birthday are 
probably higher than the 
Huntrodds’ – especially if your 
birthday is on 19 September. 

birthdays fall in September. So 
a person born in September 
has a bigger pool of potential 
birthday-sharing spouses. 
We’ve also assumed that your 

birthday has no effect on 
who you’re likely to marry. 
But is that right? Facebook’s 
data suggests that 28 per 
cent of married graduates 

31,750 
COUPLES 

could share the same birthday in the UK 

On 5 December 1664 a ship with 82 on 
board sank in the Menai Strait. One 

man survived: Hugh Williams. On 5 December 
1785 another ship sank in the Menai Strait, 
with a man named Hugh Williams as the sole 
survivor. In 1820, yet another ship sank there 
on 5 December. Of the 25 passengers the 
only survivor was… Hugh Williams.

STRANGE COINCIDENCES YOU WON’T BELIEVE HAPPENED 

The American Civil War began in 1861 
near the house of Virginian farmer Wilmer 

McLean. Confederate General Beauregard took 
over McLean’s house, which was bombarded 
by the Union army. McLean moved his family 
away to Appomattox County, where in 1865 the 
last battle of the Civil War was fought, and the 
surrender was signed in McLean’s new house.

Issue 452 of popular comic The Beano 
went on sale in Britain on 12 March 

1951. It featured a new character, Dennis 
the Menace, and his dog Gnasher. Hours 
later, across the Atlantic, thousands 
of readers opened their newspapers 
to see a new 
syndicated comic 
strip featuring a 
character called 
Dennis the Menace 
and his dog, Ruff. 
The two strips 
were drawn by 
different artists, 
each unaware of 
the other’s work.

2

1 3

The chances of a 
Huntrodds marriage
IF ONE SPOUSE has a 1 in 
365.25 chance (including leap 
years) of sharing the other’s 
birthday, and there are around 
11.6 million married couples in 
the UK, we’d expect there to 
be 31,750 married couples who 
share a birthday.

But we’ve assumed so far 
that birthdays are evenly spread 
throughout the year. They’re 
not. September is the most 
likely month of birth. A recent 
Harvard study found that 21 of 
the 30 most common US 

Called Hugh Williams? The Menai Strait is  
the least worst place to suffer a shipwreck…  

The McLean house where the 
Confederates’ surrender was signed 
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The chances of dying 

on your shared 

birthday

FAMOUS PEOPLE WHO died 
on their birthdays include 
actress Ingrid Bergman (29 
August) and longitude-solving 
clockmaker John Harrison (24 
March). But if deaths are 
evenly distributed through the 
year, the chance of dying on 
your birthday is around 0.274 
per cent, so we shouldn’t be 
surprised when it happens to a 
few famous people.

A recent study in 
Switzerland suggested that we 
are slightly more likely to die 
on our birthdays, whether 
because we hold out for 
another round of presents, or 
because something about the 
celebration tips us over the 
edge: too much alcohol, 
disappointment at getting yet 
more socks, or the effort of 
blowing out all those candles.

However, Spiegelhalter is 
sceptical. Not only is the effect 
in the Swiss study small, but 
there’s no dip in the expected 
number of deaths before or 
after the big day. “What if 
someone’s death day is 
missing when someone comes 
to fill in the records? The 
easiest thing is just to copy 
over the birth date,” he says.  

So birthdays may not be 
dangerous after all. What 
about dying the same day  
as your spouse? In 2013, 
Californian couple Helen  
and Les Brown died one  
day apart, after 75 years of 
marriage. Not only were they 
both born on the same day, 
they eloped on 19 September 
1937 – Huntrodds’ Day!

But are you more likely to 
die soon after your partner, or 
do we only notice these stories 
because they are so tragic or 

romantic? The risk of sudden 
death by heart attack is 16 
times higher the day after 
losing a spouse, giving rise to 
the name Broken Heart 
Syndrome for sudden cardiac 
paralysis caused by a surge  
of adrenaline from extreme 
emotion. What’s more, for a 
month after being widowed, 
the risk of heart attack or 
stroke is doubled.  

So you are more likely to die 
soon after your spouse. Let’s 
hope the Huntrodds went out 
together, not from heart trouble 
but an excess of wild partying 
with their 12 children. �

What made you think of Huntrodds’ Day?

I was on holiday in Whitby, went to the church up by the Abbey, 
and saw this fantastic monument to Mr and Mrs Huntrodds. They 
were both born on the same day, got married on their 20th birthday, 
had 12 children and then sadly died on their 80th birthday. We don’t 
know anything more about their story. Maybe they were having a 
whale of an 80th birthday party and the floor collapsed or maybe 
they both died of food poisoning from their birthday cake. 

What can we learn from the happy story of the Huntrodds?

The Huntrodds is a very extreme example. You could say that 
them marrying on their birthday was not a coincidence, they must 
have chosen when to get married. But very unlikely things happen 
all the time, because there’s so many opportunities for them to 
happen. So whenever something bizarre occurs you just have to 
think - well, okay, how many opportunities were there for such an 
event to happen? 

So what’s the difference between the chance of such an 

event happening, and the chance of it happening to you?

Ah, yes, well that’s the crucial thing. Any of these rare events - for 
the person they happen to, it’s obviously quite extraordinary. 
 
Why have a national celebration of coincidence? 

I study risk, and people associate risk with bad things that might 
happen. But chance is the other word for risk that reflects the 
upside, that good things happen. Obviously winning the lottery is 
an upside of risk, but you’ve got to take a chance and buy a ticket. 

Do coincidences happen to some people 

more often than others?

They never happen to me. I’m the boring 
one, I never have coincidences. I don’t 
notice what’s going on around me, and 
I don’t talk to many people, so I rarely 

find out anything surprising at 
all. Say, for instance, somebody 
was in Rome on holiday and 
started talking to the woman 

opposite. They find out that they 
both have a son who works in the 
same company, so one of them 
phones up their son and he says 

‘oh yes, he’s sitting right opposite 
me at the moment’. That’s a lovely 

coincidence, but it would never 
happen to me, because I wouldn’t talk to 
anybody over breakfast. Serendipity 

- spontaneous, nice things - happen to 
those who are ready and aware.

   16x 

higher is the increased level of risk of dying from 

a heart attack the day after losing a spouse

SIR DAVID SPIEGELHALTER

TIMANDRA HARKNESS is a 

presenter on BBC Worldwide’s 

YouTube channel Head Squeeze

Winton Professor of the Public 
Understanding of Risk, University  
of Cambridge 

It could be you… if you’re  

willing to take a little risk 

There’s a good reason you’re more  

likely to die the day after your spouse 

If you’ve got any amazing coincidences please 

tell us at facebook.com/sciencefocus and  

add them to Prof Spiegelhalter’s collection at 

http://understandinguncertainty.org/coincidences 

Share your coincidences
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In the race to give tourists a 

view of the planet, it may not 

be rockets that get there first. 

Sarah Cruddas investigates     

62 / FOCUS / OCTOBER 2014

PACE TOURISM IS a concept we 
have all been familiar with since 
SpaceShipOne made its maiden 
flight in 2004. Ten years on and 
there are several commercial 
space companies offering tourists 
trips to space. However, ask any 
Virgin Galactic future astronaut 

when they are going and the answer will 
likely be the same as it was last year: “next 
year”. Sir Richard Branson is confident of 
a passenger flight in the near future with 
Virgin Galactic, but so far SpaceShipTwo 
(which will carry six passengers plus crew 
into orbit) has yet to fire its engines long 
enough to make that journey.

Elsewhere XCOR Aerospace is also 
selling tickets for its Lynx spacecraft, 
which takes off horizontally from the 
ground like a plane, but with a rocket 
engine. It announced its project with a 
huge marketing campaign involving Buzz 
Aldrin, but they haven’t yet made it into 
space. Nor have they even flown the craft. 
It seems commercial spaceflight is 
struggling to get off the ground.

UP, UP AND AWAY
However, there is a new type of high-
altitude tourism experience that could 
take off in as little as two years: travelling 
to the edge of space by balloon. By the end 
of 2016, World View Enterprises hopes to 
send six passengers plus crew to the edge 
of space, and all for the comparatively 
modest sum of $75,000 (£45,000).

S
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Enjoy a view of the 

curvature of Earth against 

the blackness of space in 

style by sipping a glass of 

champagne in the capsule 



X X X X X X X

The capsule  

has a bar  

for serving 

refreshments  

during the voyage 

In-flight Wi-Fi will 

allow passengers  

to share their 

experiences online

Passengers are 

afforded a 360˚  

view through dual-

pane ‘viewports’ 

       The capsule will weigh 

around 4 tonnes – 

twice the weight  

of a typical 4x4 

A specially designed 

ParaWing brings the 

capsule gently back 

down to Earth, guided 

by a pilot with the 

support of mission 

control. In the event of 

a emergency, a back-

up, remote-controlled 

GPS-guided landing 

system does the job. 

The capsule is outfitted 

with state-of-the-art 

life support systems, 

designed to keep you 

alive if there’s a leak. 

64 / FOCUS / OCTOBER 2014

P
H

O
T

O
: 

W
O

R
L

D
 V

IE
W

 E
N

T
E

R
P

R
IS

E
S

 X
2

, 
N

A
S

A
, 

T
R

E
V

 M
/W

IK
IP

E
D

IA
, 

C
O

B
A

T
F

O
R

/W
IK

IP
E

D
IA

, 
A

V
A

T
A

R
/W

IK
IP

E
D

IA
, 

B
O

E
IN

G
, 

R
E

D
 B

U
L

L

The plans already have some high-
profile supporters from the space 

community, including Mark Kelly, a 
veteran of four Space Shuttle missions 
who now works as World View’s Director 
of Flight Crew Operations. Of course it’s 
not really space. But as the former NASA 
astronaut and president of the Commercial 
Spaceflight Federation Michael Lopez-
Alegria says: “It’s pretty close and it is a 
totally different experience,” he says. 

World View Enterprises wants to take 
passengers by balloon to around 32km (20 
miles) up – not high enough to experience 

weightlessness, but far enough to “be 
above 99 per cent of the Earth’s 
atmosphere” according to CEO Jane 
Poynter. “When you are up there, the  
sky is black. It demonstrates that we do 
live on this planet,” she says. Passengers 
will also get to experience something few 
humans have ever seen – the so-called 
‘thin blue line’ of the Earth’s atmosphere 
as the Sun sets or rises. 

The project is about giving people the 
chance to see the Earth from as high as 
possible, something previously the preserve 
of an elite few. And that experience is 
already reflected in the type of passengers. 
“We have a lot of space enthusiasts signed 
up,” says Poynter. “But also a lot of Earth 
enthusiasts; people who want to go to 
space to be able to observe the planet.”   

PROVEN TECHNOLOGY  
So although you won’t be travelling the 
100km (62 miles) up to cross the Kármán 
line, and be officially deemed to have gone 
‘into’ space, World View offers a completely 
new type of spaceflight experience, albeit 
with old technology. For starters, unlike 
other spaceflight companies, “all the 
technology has already been tested,” says 
Poynter. “We are not inventing new 
technology, and that’s when things get 
difficult – when there is not a lot of history.”

So far test flights have used helium as a 
lift gas. “Helium is a proven technology,” 

NEED TO KNOW: 
WORLD VIEW

“When you are 
up there, the 
sky is black. It 
demonstrates we do 
live on this planet”
Jayne Poynter, CEO of World View Enterprises

S P A C E  T O U R I S M

The World View capsule 
suspended beneath  
its ParaWing and 
helium-filled balloon
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says Brad Inggs, CEO of Orbital Horizons, 
a space support and intelligence solution 
agency, based in South Africa. “Helium 
in high-altitude balloons has been in use 
for many years, and is regularly used for 
high-altitude monitoring.”

Sending a balloon to the edge of space 
is in principle quite simple. In July 2014, 
school teacher Andrew Castley from 
Giles Academy near Boston, Lincolnshire, 
managed to send a balloon complete 
with iPhone, GoPro camera, GPS tracker 
and flight computer to the stratosphere 
at a height of 28km (18 miles) up. “We 
looked at the mass and volume and used 
suitcase-weighing scales to work out 
how much lift the balloon was giving 
us,” he says. “The idea was to go as slow 
as possible; the less gas you use the 
higher you go. As the pressure gets less 
the balloon expands more.” Castley and 
his students were even able to recover 
the balloon in Norfolk after it had 
finished its flight, complete with 
recorded footage of the Earth. 

A GENTLE ASCENT 
For passengers considering a flight with 
World View, the experience can’t be 
compared with the rocket-powered 
options, but the trip is completely 
different to travelling in a hot air 
balloon. This is a new type of travel 
experience, yet as with other 
commercial spaceflights it will be 
regulated by the FAA (Federal 
Aviation Authority), under the 

A RACE TO THE TOP 

SPACESHIPONE   
made it to 111km 
to claim the 
Ansari X-Prize  
in 2004. 

CONCORDE  
The supersonic 
jet had a 
maximum cruising 
altitude of 18km. 

BOEING 747
A 747 can fly as 
high as 13km. 
Most fly at an 
altitude of 10km.  

NORTHROP T-38 
Used for training 
NASA astronauts, 
the plane can hit 
a height of 86km.

V-2 ROCKET  
The World War  
II ballistic missile 
hit an altitude  
of 88km. 

Pupils from Giles Academy 

were able to capture this 

view of the Earth with a 

helium balloon 

The machines that have 
taken us ever higher    

MERCURY 
CAPSULE
Alan Shepard, the 
first American in 
space, hit 187km. 

INTERNATIONAL 
SPACE STATION 
Astronauts work  
at a height of 
330km. 

WORLD VIEW 
CAPSULE
Tourists will get a 
view of the planet 
from 32km.

RED BULL STRAT0S  
Felix Baumgartner 
jumped from the 
balloon-borne 
capsule 39km up.

THERMOSPHERE 350km

MESOSPHERE 80km

100km

200km

300km

STRATOSPHERE 50km

TROPOSPHERE 12km
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Office of Commercial Space 
Transportation. Where your journey 

begins has yet to be determined, but 
Poynter is keen to point out that Arizona 
is likely to be one of the first lift-off 
locations. However, wherever you start, 
you will land around 480km (300 miles) 
from where you first took off, although 
the distance depends on the weather. 

ROOM WITH A VIEW
Passengers board a capsule without 
spacesuits and are free to roam. There 
will be the usual facilities such as seats 
and a toilet, but there’s also a bar. After 
all, the total flight experience from lift-off 
to landing can last five to six hours. The 
aim is to make the experience as simple as 
getting on a commercial airliner. So that 
means no medical exams and no special 
extensive training. The only preparation 
it’s claimed you will need beforehand is to 
think and learn about the experience. 
“There are no real physical requirements 
to travelling in high-altitude balloons,” 
says Inggs. 

The capsule is due to be built next year, 
but it’s not yet clear what it will be made 
of. Poynter believes one of the most likely 
materials will be aluminium, just like the 
fuselage of an aeroplane. After lift-off,  
it ascends for around 1.5 to 2 hours, 
depending on the weather. The balloon 
filled with helium is lighter than the 
surrounding air, which is composed 
largely of nitrogen.

As it ascends, the density of the 
surrounding air drops while the helium 
inside the balloon expands. The balloon 
continues to rise until the density of the 
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World View’s balloon-borne competitor: Bloon 

Astronaut Michael Lopez-Alegria, president of the 

Commercial Spaceflight Federation   

The 4-tonne capsule 

will be guided back to a 

pre-defined landing spot 

S P A C E  T O U R I S M

HOW MUCH!? 
The cost of a ticket to view the planet 

and the amount of time you’ll spend at 

your spectacular destination 
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thinning air is the same as that of the 
helium and balloon. 

During the ride passengers will have 
the chance to tweet and communicate 
with the ground. “We want this experience 
to be as interactive as possible,” says 
Poynter. Some flights could also include 
experts on board to provide commentary. 
Once it has reached a height of around 
32km (20 miles), the capsule will remain 
there for 1.5 to 2 hours, allowing you to see 
the curvature of the Earth and experience 
a new view of our home planet. The return 
trip begins with the pilot releasing helium 
from the balloon, before the ParaWing (a 
type of parachute) takes over to glide the 
capsule back to the ground. Technically 
the balloons can go higher than 32km; 
according to Inggs there is a height limit 
of just below 40km (25 miles). 
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SARAH CRUDDAS is an astrophysicist,  

TV presenter and science journalist  

Of course nothing is 100 per cent  
risk-free, and space travel is inherently 
dangerous, but World View is keen to 
explain that what it’s doing is very different 
to the rocket-based companies. “We are 
building safety into the vehicle. The 
ParaWing is permanently open, so the 
capsule is essentially a glider at any 
moment,” says Poynter. 

COMPETITION FOR SPACE 
Test flights of the balloon have taken 
place with models of the capsule, but 
plans for a maiden passenger flight at the 
end of 2016 are not set in stone. World 
View isn’t the only game in town, 
however. A company called Bloon is 
promising to take two pilots and four 
passengers to a height of 30km (100,000ft) 
and will offer dining from the edge of the 
Earth, as well as scientific experiments. It 
hopes to have passenger flights by 2016 
and is already running test flights with 
scale models. 

What’s certain is that when passengers 
finally fly, they’ll be transported by 
balloons that are big – very big. At sea 
level, 1m3 of helium can lift 1kg. By the 
time you’ve added the weight of the 
balloon itself to the weight of a 4,000kg 
capsule, you’re already talking about a 
weight of 6,000kg. To lift that would 
require at least 6,000m3 of helium, and 

probably more. The balloon would need to 
be 22m in diameter. Bloon’s Annelie 
Schoenmaker says its capsule will be 
lighter, at around 2,000kg, though this 
would still require an enormous balloon.

For anyone worried about the impact 
this could have on the ongoing helium 
shortage, Schoenmaker says, “Helium is 
the best option in the early stages, as it is 
very safe and efficient, but it could be 
replaced in future by other gases or mixes 
of gases without impairing safety.”

So will Bloon or World View beat Virgin 
Galactic? Well, not really. Comparing  
space balloons with the likes of Virgin 
Galactic, Brad Inggs says: “The two are 
really separate in altitude; you can’t view it 
in the same bracket.” In other words, even 
if World View or another balloon company 
like Bloon were to take passengers up first, 
they technically wouldn’t beat the likes of 
Virgin Galactic and XCOR as the first to 
take tourists into space. 

Doubts remain, however, about whether 
any of these commercial enterprises will 
ever succeed. But the president of the 
Commercial Spaceflight Federation, 
Michael Lopez-Alegria, is confident. “It 
won’t be long before tourists are heading 
into space,” he says. �

“There are no 
real physical 
requirements to 
travelling in high-
altitude balloons”
Brad Inggs, CEO of Orbital Horizons

XCOR wants to take tourists 
into space to a height of 

over 100km with its Lynx 
rocket-powered craft  

You’re not technically in space, but at 120,000ft 
(36.5km) the curvature of the Earth is clearly 

visible. This image was taken from World 
View’s prototype during a test flight in June
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Even if your phone has been 
for a swim, all may not be lost 

Susan is a visiting 
psychology 
professor at the 
University  
of Plymouth. Her 
books include The 
Meme Machine

SUSAN 
BLACKMORE

Alastair is a  
radio astronomer 
at the Jodrell 
Bank Centre for 
Astrophysics at 
the University of 
Manchester

DR ALASTAIR 
GUNN  

After studying 
physics at Oxford, 
Robert became a 
science writer. He’s 
a visiting reader in 
science at Aston 
University

ROBERT 
MATTHEWS

Starting out  
as a broadcast 
engineer, Gareth 
now writes and 
presents Digital 
Planet on the BBC 
World Service

GARETH 
MITCHELL

Luis has a BSc in 
computing and an 
MSc in zoology 
from Oxford. His 
works include  
How Cows Reach 
The Ground

LUIS  
VILLAZON

 RICHARD O’NEILL, GLASGOW 

Does putting a wet 

mobile phone in rice 

actually dry it out?

 YES IT DOES, especially if you put  
the phone and the rice into a sealed  
plastic bag. But while the rice will draw 
out the moisture, that doesn’t necessarily 
mean your phone will work properly 
afterwards. The water may already have 
fused the phone’s circuits or left behind 
traces of minerals that corrode the 
electronics. Also, rice may get stuck in the 
headphone socket. Soaking the phone in 
pure alcohol may be a better bet. The 
alcohol drives water out and removes any 
mineral deposits. But pure alcohol is 
highly flammable and must be treated with 
the utmost care. GM



 YES, IF A recent experiment is to 
be believed. In an attempt to locate the 
source of an epileptic patient’s seizures, 
doctors at George Washington University, 
USA, inserted electrodes into her brain. 
One electrode was positioned close to the 
claustrum, a thin sheet of tissue below 
the cortex with a role akin to that of an 
orchestra’s conductor – coordinating the 
many di�erent things that go on in the 
brain at once. Consciousness typically  
involves sights, sounds, thoughts and 
feelings all coming together. Could the 
claustrum be what makes this possible?

When the doctors stimulated this 
electrode the woman stayed awake but 
lost consciousness. She stopped what 
she was doing, stared blankly into space 
and would not respond to them. When 
the stimulation stopped she regained 
consciousness. It seems a whole, complex 
brain is needed for rich experiences, but 
it also needs the claustrum ‘switch’ to 
bring everything together. SB

Can consciousness be 
switched on and off?

 LOUISA OFFEN, POOLE
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Q& A

 CARWYN SMITH, PETERBOROUGH

 STARS EMIT LIGHT over a whole 
range of wavelengths (or colours). The 
wavelength where the amount of light 
peaks determines the colour we see, 
although they will also emit plenty of light 
at other wavelengths. In general, cooler 
stars appear red and hotter stars appear 
blue, with orange, yellow and white in-
between. There are no green stars because 
the ‘black-body spectrum’ of stars, which 
describes the amount of light at each 
wavelength and depends on temperature, 
doesn’t produce the same spectrum of 
colours as, for example, a rainbow. A 
star whose peak light emission is at a 
wavelength we might call ‘green’ actually 
produces almost as much red light, and 
our eyes interpret this combination as 
white, not green. For our eyes to see it 
as green, a star would have to emit only 
green light, which is not possible. AG

Why aren’t there any green stars?

M101, the Pinwheel galaxy. Here, as elsewhere in the 
Universe, green stars are noticeable by their absence

New research suggests that a single brain region may 
function as an ‘on/off switch’ for consciousness

 AT MOISTURE LEVELS above 15 
per cent, the bacteria and fungi in hay 
start growing, and their metabolisms 
release heat. Hay is a good insulator, so 
if the micro-organisms are growing 
rapidly, that heat doesn’t have a chance 
to conduct to the edge of the haystack. 
As the temperature rises, the micro-

How does wet hay spontaneously combust?
 GEOFF DUNWELL, MAIDENHEAD

organisms will be killed o� but they 
are replaced with extremophile 
species that can survive up to 88ºC. 
After that, purely chemical reactions 
take over that drive the temperature 
even higher. As the haystack dries out, 
oxygen di�uses through it and the hot 
hay will burst into flames. LV

Once they’d put the fire out,  
the needle hunt could begin
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In Numbers

1,024
is the number of tiny robots in a swarm created 
by Harvard scientists that is capable of self-
organising into any number of di�erent shapes.
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 THERE ARE 7 billion humans 
and around 200 billion birds in 
the world. That seems like a lot 
of two-legged animals, but non-
human mammals number around 
500 billion and almost all of them 
are four-legged. And according 
to some studies, there might be 
another 10 trillion reptiles and 
amphibians. So the mean number 
of legs for land vertebrates is very 
close to 4 (it’s actually about 3.96). 
Fish don’t have any legs of course, 
and there are another ten trillion 
of those, so including them brings 
the average back down to 2.

But this is only for vertebrates. 
What if we included invertebrates 
as well? We can ignore starfish, 
octopuses, spiders and centipedes: 
they have lots of legs each, but 

there just aren’t enough of them 
to a�ect the average. But there 
are an estimated 5 million trillion 
(5x�1018) insects. And in the sea 
there are at least 20 times as many 
copepods – zooplankton with 
between 6 and 10 legs each.

In the end though it makes no 
di�erence, because all of them 
are outnumbered by the humble 
roundworm. Nematodes are 
mostly microscopic, but they’re 
multicellular and so count as 
animals, and they are found in 
high densities in virtually every 
Earth ecosystem. The 10 billion 
trillion nematodes in the world 
drag the mean number of legs 
down to less than 0.1, which 
means that on average, animals 
don’t have any legs at all! LV

What is the average number  
of legs for an animal?

How is a fracking drill 
turned through an 
angle of 90 degrees?

 A FRACKING DRILL bores its way 
through a vertical well within shale rock. 
Then it turns horizontally, injecting high-
pressure water and chemicals, forcing 
out reserves of gas. The drill bit is made 
up of sharp, rotating teeth. The head is 
slightly angled at about two degrees and 
can be steered. Accelerometers and other 
sensors relay the bit’s position, helping 
the operators keep it on track. GM

 JUST AS THE flow of water is driven 
by di�erences in height, the flow of 
electricity is a�ected by the ‘potential 
di�erence’ between two points, measured 
as voltage. The earth represents zero 
potential, so all electricity will flow 
towards it if given the opportunity – say 
via a wire or lightning strike. RM

Why does electricity 
always run to ‘earth’?

Q U E S T I O N  O F  T H E  M O N T H

 HANNAH WALKER, CAMBRIDGE

 PETE ZIMMERMAN,  BY EMAIL

 IAN MUNRO, BECCLES

WINNER! Congratulations to Hannah Walker who wins a copy of A History Of Life In 100 Fossils (Natural History Museum, £20)

The head of a fracking drill is tilted 

and can be steered remotely

Four legs good, 0.1 legs better  

– at least where statistical  

averages are concerned

Lightning occurs when clouds and the 

Earth have a large potential difference
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 THE EARTH’S ATMOSPHERE is 
in constant motion, and the density of 
its numerous layers can vary rapidly.  
So the refraction (or bending) that a 
star’s light experiences as it propagates 
through the atmosphere is also 
constantly changing. This means, 
e�ectively, that the apparent position 
and brightness of a star changes slightly 
from moment to moment. This makes 
the star appear to wobble or ‘twinkle’.

However, a star is so far away that it 
is just a point of light whereas a planet, 
being so much closer, is a tiny disc of 
light. Although your eyes can’t resolve 
the disc unaided, the extent of the 
planet on the sky is generally much 
larger than the size of the atmospheric 
variations which cause twinkling. So, 
although planets do actually twinkle to 
some extent, it is much less noticeable 
than it is for stars. AG

Why do planets not twinkle?
 THERESA WINDLE, CHELMSFORD

Can we prevent mental illness?
 ADRIAN STOTT, SUFFOLK

 NOT ALL CONDITIONS. Some may 
be preventable with advances in therapy, 
drug treatments and genetic analyses but 
many are unavoidable. For example, 
about 1 in 3 people who face extreme 
trauma such as military combat, sexual 
abuse, terrorist attacks or earthquakes 
su�er from post-traumatic stress disorder 
(PTSD), with nightmares, anxiety, 
flashbacks and insomnia. We can treat 
their symptoms and help people become 
more resilient, but to prevent PTSD 
completely we would have to stop all 
wars, all natural disasters, and all the 
ways people inflict misery on others. 

Depression is common and deeply 
distressing but it may be a natural 
response to unbearable conditions. 
Evolutionary theories liken it to physical 
pain, in motivating us to escape or avoid 

The Moon (middle) is the 

brightest object, with 

Venus below, followed 

by the red dot of Mars 

and the star Spica  

the circumstances that cause it. The 
associated feeling of listlessness may  
have evolved to save energy and 
withdraw from activity when situations 
become too bad or uncontrollable. SB

1. Skin

Average weight: 4,535g
Function: Protects against 
pathogens; provides insulation; 
synthesizes vitamin D; regulates 
temperature; provides sensation

2. Liver

Average weight: 1,560g
Function: Breaks down toxins; 
produces hormones, proteins 
and digestive biochemicals; 
regulates glycogen storage

6. Kidneys

Average weight: 260g (pair)
Function: Remove waste 
products; regulate sodium and 
water retention; filter blood; 
produce urine and hormones

7. Spleen 

Average weight: 175g
Function: Filters blood; holds a 
reserve supply of blood; 
recycles iron; synthesizes 
antibodies; removes bacteria

8. Pancreas

Average weight: 70g
Function: Produces insulin and 
glycogen; secretes enzymes that 
assist in the absorption of 
nutrients in the small intestine

9. Thyroid

Average weight: 20g
Function: Controls body’s 
energy use; makes proteins; 
controls hormone sensitivity

10. Prostate gland

Average weight: 11g 
Function: Secretes an alkaline 
fluid that constitutes 50-75 per 
cent of the volume of semen

3. Brain

Average weight: 1,500g
Function: Drives executive 
functions such as reasoning; 
coordinates responses to 
changes in environment

4. Lungs

Average weight: 1,300g
Function: Supplies oxygen to  
be distributed around the body; 
expels carbon dioxide that is 
created around the body

TOP TE N
HEAVIEST ORGANS IN THE BODY

5. Heart

Average weight: 300g
Function: Pumps oxygenated 
blood from lungs around the 
body; pumps deoxygenated 
blood to the lungs
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Depression may play a role in 

protecting us from trauma



How do non-
green plants 
photosynthesise?
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What has the 
discovery of the Higgs 
boson taught us?

 MOST REPORTS OF the discovery of 
the Higgs boson at the Large Hadron 
Collider in Geneva in 2012 focused on its 
role in explaining the origin of mass. But 
for physicists, the real excitement lay in 
how it confirmed their beliefs about how 
the Universe is put together. For decades 
they’ve been searching for a ‘theory of 
everything’ to explain all the forces in the 
Universe. To guide their ideas, they’ve 
looked for similarities, or ‘symmetries’, 
between disparate forces. The problem is 
that these similarities are sometimes very 
well hidden. In the 1960s, several theorists, 
including Peter Higgs at the University of 
Edinburgh, argued that the apparently 
radical di�erences between the weak 
nuclear force and the electromagnetic 

force would vanish if a particle with 
certain properties existed. Later dubbed 
the Higgs boson, its discovery boosted the 
confidence of physicists in their strategy 
for unifying the forces of nature. RM

 LEN FORSTER,  LONDON

 ALL PLANTS HAVE chlorophyll in 
their leaves but the green colour in plants 
such as copper beech trees is masked by 
other pigments. These carotenoid and 
anthocyanin pigments don’t interfere 
with photosynthesis and in fact can 
actually help, by capturing the energy 
from some of the wavelengths of light  
that chlorophyll doesn’t absorb. LV

 ROBIN HARTLAND, SURREY

Peter Higgs 
visits the LHC, 

where the 
particle bearing  

his name was 
discovered

 DOLPHINS AND WHALES don’t 
have a sneezing reflex, to prevent them 
from accidentally taking a lungful of 
water if they sneeze underwater. And 
amphibians don’t have a diaphragm, so 
they can’t expel air powerfully enough for 
a proper sneeze. But most birds, reptiles 
and mammals sneeze. There are also 
some odd animals that can sneeze. 
Hagfish sneeze when mucus clogs their 
nostrils. Even sponges, which lack any 
brain or nerves, will compress their 
whole body to suddenly expel water in 
response to strange chemicals. LV

 NO ONE KNOWS, but the record for 
the longest ‘wakeathon’ was set in 1965 
when a 17-year-old Californian student, 
Randy Gardner, stayed awake without 
stimulants for 264 hours. We cannot 
know whether he had micro-sleeps, the 
very brief moments when brain waves 
shift from alpha (8-13Hz) to theta 

(4-7Hz) as they do in normal sleep, but 
by the end of his ordeal he was described 
as like a vegetable with its eyes open. In 
recent experiments, others have stayed 
awake for 8 to 10 days. Sleep deprivation 
causes serious cognitive decline and is 
highly unpleasant, but no one is known 
to have died purely from lack of sleep. SB

What’s the longest a person  

can survive without sleep?

  LORNA BRENNAN,  PRESTON

Randy Gardner’s  
(left) 1964 record  
has yet to  
be beaten

Do all animals sneeze?
 EDGAR TORNE, BARCELONA, SPAIN

The colour of 
beech leaves helps 

photosynthesis    



 OZONE DEPLETION IS mainly 
caused by chemical reactions between 
compounds such as chlorofluorocarbons 
(CFCs) and ultraviolet light. These  
occur in the stratosphere, above 8km  
(5 miles) altitude. By the time polluting 
man-made CFCs get that high, they  
have evenly dispersed around the globe, 
so whether or not people live and work 
under the ozone hole isn’t the determining 
factor in its location. 

The reason that the hole forms above 
Antarctica is because the ozone-
destroying reactions happen much faster 
on the surface of the tiny ice crystals 
found in a type of cloud, called polar 
stratospheric cloud, which forms in the 
cold, dry conditions of the Antarctic. LV

Q& A
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 THESE ARE NAMES for cells in 
the visual cortex of the brain, which 
processes raw sensory data from the 
retina. Di�erent types of cells within 
the cortex handle di�erent aspects of 
the image, and the ‘simple’ and 
‘complex’ cells react to edges and lines. 

Simple cells respond to lines in an 
image that are orientated at a specific 
angle. Di�erent cells have di�erent 
preferred angles, so when you look at a 
circle, di�erent brain cells recognise 
each part of its circumference. The 
complex cells then take the input from 

What’s the difference 

between ‘simple’  

and ‘complex’ cells?

Why is the hole 

in the ozone 

layer over 

Antarctica, if it’s 

uninhabited?

 KESS ROWE, BY EMAIL

 CHRIS RUSHTON,  BEDFORD

lots of simple cells and process it 
further, to allow the brain to determine 
the direction and speed of a line as it 
moves across the visual field. Together, 
these cells of the visual cortex assemble 
an outline view of the world, and then 
other cells process the colour and 
distance information in a scene. LV

In Numbers

0.15mm
is the length of the smallest flying insect, a 

fairyfly called the Kikiki huna. Like all fairyflies, it 

lives much of its life inside other insects’ eggs.

Simple and complex cells fulfil different information 

processing roles within the brain’s visual cortex

W H AT I S TH I S?

Go to sciencefocus.com/qanda/what 

and submit your answer now! 
`

KNOW THE ANSWER?  LAST MONTH’S ANSWER:

John Osborne correctly guessed a Martian sand  
dune in the polar region 
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NASA’s Aura satellite produced this map of the ozone 

layer over Antarctica. Blue shows low ozone levels; 

green, orange and yellow represent higher levels 
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Whatever happened to cold fusion?

 ACCORDING TO EINSTEIN’S 
famous equation E=mc2, if two small 
atomic nuclei can be fused together, 
the resulting mass change is released 
as energy. Scientists have achieved 
such ‘nuclear fusion’ inside fusion 
reactors generating temperatures hotter 
than the core of the Sun. But in 1989 
chemists Martin Fleischmann in the UK 
and Stanley Pons in the US created a 
sensation by claiming to have triggered 
fusion at room temperature using simple 
laboratory equipment. 

Scientists raced to replicate their 
claim, with mixed results. Despite 
the simplicity of the equipment 
involved – comparable to that used for 
electroplating engine parts and jewellery 
– measuring just how much energy was 

 BOB HADLEY, HECTORVILLE, AUSTRALIA

released proved tricky. Most scientists 
concluded the positive results were due  
to faulty measurements, and abandoned 
cold fusion research. 

Some have continued to pursue the 
idea, however. In 2011, researchers in 
Italy claimed to have built a cold fusion-
powered device called the Energy 
Catalyser that produced over 30 times 
more power than it consumed. But the 
results have yet to be published in a 
scientific journal, let alone replicated. 
Some may argue this is because of 
deliberate suppression by the scientific 
community or the energy industry. But 
after 25 years of e�ort, the most plausible 
explanation for the lack of unequivocal 
evidence must surely be that cold fusion 
simply doesn’t work. RM

What happens to the debris released by a comet?

 FAUSTO STELLA,  THAILAND

 THE GAS AND dust that is released 
by passing comets generally remains in 
orbit around the Sun, forming a trail of 
debris dispersed along the comet’s orbit. 
If during its annual journey around the 

Sun the Earth then happens to cross 
such a debris trail, we may experience 
a spectacular shower of meteors, or 
‘shooting stars’, as the debris enters the 
Earth’s atmosphere. Notable examples 

of meteor showers include the Perseids 
in August and the Leonids in November. 
These are associated with debris from 
comets 109P/Swift-Tuttle and 55P/
Tempel-Tuttle, respectively. AG

Comet debris is the cause 
of most meteor showers
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Stanley Pons at work in his laboratory in 1993. His claim of 
having achieved cold fusion is disputed by many scientists



Q& A

76 / FOCUS / OCTOBER 2014

How do hawks hover in the sky?

 BIRDS OF PREY use a technique 
called ‘wind hovering’. This is really just 
flying into a headwind, but they control 
their forward airspeed so that it exactly 
balances the speed of the wind and the 
bird makes no progress relative to the 
ground. Kestrels are the masters of this 

 KEVIN O’BRIEN, CORK, IRELAND

NEXT MONTH Over 20 more  
of your questions answered

For even more answers to the most puzzling 
questions, see the Q&A archive at
www.sciencefocus.com/qanda

`

 ANDREW EVERSETT, CHUDLEIGH

What happened to  

the missing 

Stonehenge stones?

What makes  

things burn?

 TONY WEBB,  LANGFORD

 PREET LALLI, GRAVESEND

 WE DON’T KNOW for sure that they 
were ever there. The incomplete outer 
ring of stones today certainly suggests a 
circle, but the archaeological evidence 
is inconclusive. It’s entirely possible 
that the builders always intended for 
it to be a crescent, or simply ran out of 
stone or motivation. Some stones have 
been removed, though. An altar stone 
described by architect Inigo Jones in 1620 
vanished soon afterwards. In 2007 it was 
found in two pieces in a nearby village. LV

 COMBUSTION IS SIMPLY a type of 
chemical reaction that occurs between 
a source of fuel and a source of oxygen, 
creating heat plus new compounds. A 
source of energy is often needed to split 
apart the fuel and oxidiser molecules – for 
example, a spark. But once the fragments 
start reacting, the heat produced keeps 
the process going. RM

Can DNA be synthesised?

 YES. SINGLE YEAST genes were first 
synthesized back in 1972. The process 
involves assembling short sequences of 
genetic code, called oligonucleotides, 
one letter at a time. Chemical protector 
molecules are temporarily attached 
like sca�olding to make sure the 
oligonucleotide only forms new bonds 
in the right place. Oligonucleotides of 
up to 200 letters, or base pairs, can be 
made this way, but these sequences can 
be stitched together to make much longer 
strands. In March this year, researchers 
at New York University built an entire 
yeast chromosome this way. This 
contained 2,000 genes with more than 

270,000 base pairs of DNA. As well as 
allowing scientists to create customised 
organisms, synthetic DNA can be used 
to store computer data. DNA storage is 
slow and expensive, but it’s very robust 
and 5.5 million gigabytes can fit in a cubic 
millimetre of DNA, which could make it a 
good choice for archiving data. LV

and can even hover briefly in stationary 
air by balancing forward-gliding flight 
with backwards-angled wingbeats. Gaps 
between flight feathers at their ends allow 
the bird to control wing turbulence and 
avoid stalling, and fanning the tail wide 
provides extra lift. LV
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An altar stone that disappeared from Stonehenge in the  

17th Century was rediscovered in a nearby village in 2007

DNA could form 

the basis of future 

hard drives   

Fire: a very  

useful chemical 

reaction indeed   

The Galapagos 

hawk; a master  

of the art of 

hovering flight





ADVERTISEMENT FEATURE

STUDY THE NIGHT SKY
Take your love of the stars to the next level...

 NIPON SCOPE & OPTICS

Nipon Scope & Optics is a well-established specialist provider 
of optical instruments suitable for astronomy, bird watching, 
marine and wildlife observation. Our products include astronomy 
telescopes, eyepieces, filters and mounts, spotting scopes, 
binoculars, monocular/hand-held telescopes, golf scopes, 
telescopic sights, laser range finders, night vision scopes, 
microscopes, and optical accessories. We have a wide range of 
scopes and binoculars to meet the needs of all customers, from 
beginners to professional users, as well as for children. Our Nipon 
products can be ordered at our online store for delivery or to 
collect from our UK warehouse near Bristol.

0844 318 7890
sales@nipon-scope.com
nipon-scope.com

 LIVERPOOL JOHN MOORES 

UNIVERSITY

Science of the Night Sky

Science of the Night Sky is designed to allow you to make 
scientific observations from your own back garden. Over the 
course of one year we will 
take you on a tour of the 
night sky, enable you to 
calculate the height of lunar 
mountains, measure the 
mass of the planets and even 
identify di�erent types of 
variable stars.

Application Deadline:  
Friday 31st October 2014

Course Starts:  
Monday 17th November 2014

Cost: £185

0151 231 2900
astro-distance@ljmu.ac.uk
astronomy.ac.uk

 QUEEN MARY 

UNIVERSITY  

OF LONDON 

The postgraduate MSc 
Astrophysics (1 year full-time 
or 2 years part-time) and 
postgraduate Certificate in 
Astronomy and Astrophysics 
at Queen Mary University of 
London, provide a unique 
opportunity for graduates 
to pursue the subject in 
depth, either for personal 
interest, or as a step towards 
a professional career in 
astronomy. The programme 
is unique in the scope of material covered, giving students an 
up-to-date account of recent developments in research. Lectures 
cover topics such as the origins of structure in the universe, 
dark matter, the life and death of stars, extrasolar planets and 
space and solar plasma physics. In addition, students complete 
a substantial project, chosen from a range of theoretical or 
observational areas of astrophysics. 

For further details and application go to:

astro.qmul.ac.uk/teaching/msc-astrophysics 
0207 882 6958 
astro-pg@qmul.ac.uk 
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FLIP
WHEN THE POLES

It takes place every 200,000 years or so and it’s 

long overdue. Colin Stuart reveals the strange 

consequences of the poles switching round



HE ONCE WARM planet began 
to dry up. Its sprawling riverbeds 
vanished. Most of the vast 
oceans that painted its surface 
blue evaporated. What was left 
turned to ice. A lush, potentially 
habitable world was transformed 

into an arid, dusty wasteland. This is not 
some apocalyptic script from a Hollywood 
movie, but the significant climatic change 
endured by our neighbouring planet Mars 
some four billion years ago.  

Our suite of orbiting satellites and 
trundling rovers has revealed modern 
Mars to be a shadow of its former self. It 
once boasted a thick, warming atmosphere 
that permitted liquid water to flow across 
its surface. In fact, the infant Mars may 
well have resembled our own planet and a 
similar fate may await us too. 

Of course, something catastrophic must 
have happened to change the Martian 
climate so dramatically. While the exact P
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T
cause remains unclear, some have 
pointed the finger at Mars’s current lack 
of a magnetic field. Instruments on board 
passing spacecraft have revealed that, like our 
planet today, Mars was once surrounded 
by a giant magnetic bubble. However, it 
switched o� about four billion years ago  
– around the same time that temperatures 
on the Red Planet took a nosedive. 

Without a protective magnetic cocoon, 
Mars’s atmosphere would have been laid 
bare to the onslaught of the solar wind, 
a constant stream of charged particles 
produced by the Sun. Over time, the solar 
wind would have stripped away all but 
a tiny fraction of the Red Planet’s gas 
blanket. If life did ever get started on Mars 
once, it is likely to be long extinct, fried  
by the intense radiation from the solar 
wind. Also, with no atmosphere to keep 
the planet warm, the water vanished.

The same thing could happen to us. 
Our planet still has its magnetic defences. 

But for how much longer? Measurements 
of the strength of Earth’s magnetic field 
suggest that it too is in rapid decline. Its 
strength has dropped 10 per cent in the 
last 300 years alone. It is diminishing at 
a greater rate now than at any time in the 
past 5,000 years. If it keeps falling at its 
current rate, estimates state that it will be 
gone in a few thousands years.

NORTH BECOMES SOUTH 
Yet such a dramatic drop might not be 
the harbinger of a complete, Mars-like 
eradication of our magnetic shield. It 
could be a sign that it is about to do 
something else, something it has done 
many times before: flip. Such a reversal 
would eventually see compass needles 
point south instead of north. While the 
field reverses – a process that can take 
thousands of years – the magnetic field 
would be so messy that there wouldn’t 

Mars 

could have 

lost its liquid water 

and atmosphere 

when its magnetic 

field died 
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What dangers will we face  
if the magnetic field flips?
The magnetic field strength will drop to 
about 20 per cent of what it is now. This 
will increase the radiation from space and 
increase cases of skin cancer. However, 
we can act to protect against that; it 
wouldn’t be a major killer. If you look back 
at previous occasions when the field 
has flipped, there is no evidence of that 
coinciding with mass extinctions.

What about animals? Will it a�ect 

their navigation?

There’s lots of evidence that animals use 
the Earth’s magnetic field to find their 
way, but it seems to be a secondary 
method. A flip would produce a very 
di�erent magnetic structure – there 
would be no obvious north or south, for 
example. However, experiments that have 

PROFESSOR  
RICHARD HOLME 

R e s e a r c h e r  o f  E a r t h  s c i e n c e s  a t  t h e  U n i v e r s i t y  o f  L i v e r p o o l

actually be a single north and south 
pole at all. “The last time this 
happened was around 780,000 
years ago,” says David Gubbins, 
Professor of Earth Sciences at the 
University of Leeds. “Previous 
flips have been preceded by a 
dramatic drop in the strength 
of the magnetic field. Perhaps 
it is about to reverse again.”

To try to understand what’s 
happening to our magnetic 
field, geoscientists look to 
where it is coming from: 
the Earth’s giant iron core. 
Beginning about 2,900km 
(1,800 miles) below the 
Earth’s crust, the core is about 
half the size of the entire 
planet. It is split into two 
parts: the inner core and the 
outer core. The inner core 
is solid, but the outer core 

exposed animals to strong magnetic fields 
show that they can adapt very quickly. 
 

Would GPS be a�ected?

A weakened magnetic field means that 
we’d be more susceptible to induced 
currents caused by solar storms and  
we’d feel their e�ects more acutely. 
Phenomena like those experienced during 
the 1859 Carrington event [the biggest 
solar storm on record] would become 
more frequent. Telegraph operators at the 
time found that communication worked 
better when the system was turned o� 
– the storm was providing the current. 
The e�ect on satellites can be seen in the 
South Atlantic Anomaly – the weakest 
part of the Earth’s magnetic field. 
Satellites flying over this region already 
go into shutdown mode to prevent 
charged particles from frying circuitry.

David Gubbins, Professor of Earth Sciences  

at the University of Leeds

“Previous flips  

have been preceded 

by a dramatic drop 

in the strength of 

the magnetic field”

Signs 

of past 

liquid water on 

Mars were found at 

Gale Crater by the 

Curiosity Rover 

The 

Earth’s solid 

core acts as a 

dynamo with the liquid 

outer core, causing  

a magnetic  

field 

E A R T H  S C I E N C E
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is liquid. Heat from the inner core, 
along with the rotation of the Earth, 

causes the liquid iron in the outer core to 
move around. “It moves about a tenth of a 
millimetre per second – that’s incredibly 
fast for a geological process,” notes 
Gubbins. Although the exact mechanism 
is unknown, the Earth acquired a small 
magnetic field early in its history. This 
created electric currents in the core. 
Moving electric currents in turn create  
a magnetic field, which acts to create 
more electric current. This self-sustaining 
process is known as a dynamo, and it is 
what powers the Earth’s magnetic field  
to this day.

So what could be causing the strength 
of this field to decrease so rapidly over 
the past few centuries? Modelling the 

process using advanced computer simulations 
shows that small magnetic anomalies can 
appear at the boundary between the core and 
the mantle (the layer between the core and 
the crust). These are regions where the core’s 
magnetic field points the ‘wrong’ way. “These 
anomalies come and go, but once in a while 
they grow,” says Gary Glatzmaier, who runs 
these computer simulations at the University 
of California, Santa Cruz. “This acts against the 
main magnetic field and reduces its strength. 
Eventually the old polarity gets destroyed,” 
Glatzmaier adds. 

There is evidence that this might already 
be happening. There is a region of the Earth’s 
magnetic field, close to South America, where 
the magnetic flux is reversed. Known as 
the South Atlantic Anomaly (SAA), the 
strength of the field is 30 per cent 

The 

white spots 

indicate where satellites 

were a�ected by increased 

radiation due to the South 

Atlantic Anomaly 

weakening our 

magnetic field    

Gary 

Glatzmaier 

has delved into the 

heart of our planet 

using computer 

simulations 
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COLIN STUART is the author of The Big 
Questions In Science: The Quest To Solve  
The Great Unknowns

its strength is dropping dramatically  
now, we are coming o� the back of a 
particularly big high. So it might be 
nothing to worry about.

This complex nature of the Earth’s 
magnetic field means no-one knows  
for sure if we are heading for an imminent 
reversal, an excursion, or whether the 
current weakening is a symptom of  
some other magnetic a�iction. “The  
closer we look at what’s going on, the  
more complicated it becomes,” says 
Glatzmaier. What is certain is that  
our magnetic field has flipped hundreds  
of times throughout our planet’s history, 
and one day it will flip again. When it  
does, our magnetic defences will be 
weakened, exposing us to greater 
bombardment from dangerous space 
radiation (see interview, p87). 

However, unlike Mars, our magnetic 
field is likely to bounce back, as it has 
countless times before – Earth’s dynamo  
isn’t going to switch o� any time soon.  
At least we should be thankful for that. �

show it can happen twice as often as that. 
Yet the poles haven’t reversed in the last 
780,000 years. It is possible they are finally 
beginning to do so.

Another possibility is that we are being 
sold a dummy. “In between reversals you 
get excursions. This is where the magnetic 
field seems like it is beginning to flip, but 
it goes back,” says Gubbins. An excursion 
occurs when the orientation of the 
planet’s magnetic field alters by up to 45˚. 
According to Gubbins you typically get 10 
excursions for every reversal, and the last 
one happened around 23,000 years ago. 
The angle of the magnetic field can change 
rapidly too. Studies of lava layers on Steens 
Mountain in Oregon, USA, have shown 
that it once varied by 6˚ per day.

What these studies of our planet’s 
ancient magnetic field have shown is that 
it is inherently variable. “It has been going 
up and down by 30-40 per cent for the  
last 800,000 years,” says Gubbins. While 

weaker there. It is getting weaker all the 
time and has grown substantially so in 
just the last century. It is perhaps a sign 
that a magnetic anomaly in the Earth’s 
core is increasing in stature. That could 
be the reason why the overall strength of 
the magnetic field is dropping, and it may 
signal an oncoming reversal.

TIME TO FLIP? 
A reversal is certainly long overdue. 
Geoscientists study the timings of past 
reversals by analysing layers of volcanic 
lava built up over millions of years. As lava 
cools, it takes on some of the magnetic 
properties of the ambient magnetic 
field. So locked up in this ancient lava is 
information about which way the magnetic 
field was pointing at the time. According 
to these lava records, the average gap 
between reversals is around 200,000 
years. Computer simulations of the core 

Gary Glatzmaier, Professor of Earth and 

Planetary Sciences, University of  

California, Santa Cruz 

“The closer we 
look at what’s 

going on, the more 
complicated it 

becomes”

Lava 

fields on 

Steens Mountain 

have revealed that  

the magnetic field 

once shifted by  

6˚ a day  
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BILL THOMPSON
iBeacon smart guides
p87

JUST LANDED 
Oppo PM-1 headphones 
p88

EDI T ED BY DANIEL BENNET T

A
SKING YOUR phone 
to remind you when 
to pick up your dry 
cleaning and take 

out the recycling can be a chore 
in itself. But what if you didn’t 
have to search out your mobile 
and set voice reminders for 
tedious tasks, instead letting a 
robot take care of business for 
you? Step forward, Jibo.

Billed by its creator – MIT 
professor and renowned 
robotics expert Cynthia 
Breazeal – as the world’s first 
family robot, Jibo is already a 
crowd–funding smash. It’s 
among the top eight Indiegogo 
campaigns ever, raising over 
$1.5 million in a month, well 
beyond its initial $100,000 
target. And Breazel believes it 

could herald a whole new  
age of ‘social robotics’.

“I don’t think many 
people think of Siri like a 
companion,” she says on 
the line from MIT when 
we speak on the phone. 
“But when you work 
with social robots like 
Jibo, their physical 
presence, their ability  
to turn and orient 
themselves, leads to a 
warmer user experience.  
It is fundamentally 
different.”

Jibo certainly has the 
potential to take virtual 
assistance to the next level. 
In its Indiegogo promo clip, 
the cute robot is seen 
tracking faces and smiles, 

ULTIMATE TEST
Electric cars 
p90

ON  T HE  HORIZON

JIBO

WORDS: JOE MINIHANE
Myjibo.com 

A robotic personal 

assistant for all the family
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FACEBOOK  
MESSENGER

If you have the Facebook 
app on your smartphone, 
you’ll have noticed the 
social network is insisting 
you download its dedicated 
messaging app. But some 
users have noticed the app 
lets Facebook access your 
microphone and contacts. 
Supporters say this feature 
is just to let you send voice 
messages, but the resulting 
fallout has left 
it with a one 
out of five  
rating on the  
App Store.

TECHOME TER

W H A T ’ S  N O T

JOE MINIHANE  is a freelance technology 

journalist based in London

amplifier” in a way that tablets or 
smartphones, which are essentially 
passive devices, simply cannot. 

IN DEVELOPMENT
The key to Jibo’s future success, however, 
appears to be its developer programme. 
Breazeal says she’s been inundated with 
requests to work on the project, with 
developers keen to create unique apps 
and services. “It’s as much about people’s 
passion and their imagination about  
what this product can become, as what 
Jibo Inc is going to do. The imagination  
of the developer community is going  
to help introduce this into all kinds of 
contexts that never occurred to me. When 
something becomes a vibrant platform 
with a developer community, that’s when 
it takes off.”

Because of this, Breazeal is optimistic 
about where social robotics is going over 
the next decade. “I see this as a truly 
ubiquitous technology,” she enthuses.  
“I see it in the home. I see it in schools, 
institutions, hospitals. I see it in stores.  
I see it everywhere.”

taking pictures so that all family 
members are in shot, rather than 

one having to stand behind the camera. 
It’s seen delivering reminders about 
appointments, ordering take-away meals 
and acting as an educational tool for 
young children. 

The possibilities, says Breazeal, are 
endless. “If you think about professions 
such as education, coaching and 
healthcare, there’s the sense of engaging 
with a ‘someone’ rather than a 
‘something’. A helper versus a tool. That’s 
known to empower people to have their 
best outcomes, especially in these areas.”

She uses the example that fewer 
children in the US are attending pre–
school. “That’s a huge issue. Studies have 
shown that it’s hard to catch up and 
they’re often compromised for a long part 
of their education,” she says. “How do you 
bring quality learning experiences to 
children in their home? I’ve done a lot of 
work at my lab showing that a 
companion–like robot can keep a child 
engaged in the physical and social world 
of their parents, siblings and friends.”

Breazeal also points to Jibo’s potential  
to help improve education around chronic 
disease and provide a degree of 
companionship during end–of–life care. 
Jibo, she says, can function as a “social 

Have you installed Facebook Messenger? 

R E A D E R  P O L L

W H A T ’ S  H O T

SMART CLOTHES
Would you like shorts that 
tell you how to adapt your 
stride to run further, or a 
shirt that helps you loosen 
up your tennis swing? They 
may be just around the 
corner. A company called 
mCube has developed a 
tiny accelerometer – the 
component in smartphones 
that senses movement – 
that’s just 1mm wide. This 
makes it the perfect size to 
embed in clothing. mCube 
has already shipped 70 
million units to China.

Jibo’s makers hope you 
will see their robot as 
one of the family
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32% 
Yes, but I got 
rid of it

28% 
Yes, I can’t get 
by without it

24% 
No, I don’t 
want separate 
apps 

16% 
No, I don’t 

have a 
Facebook 

account
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Tec h Hub

AUDI A3 E-TRON

The new year will see Audi stick its first 
electric motor into a car. A battery with 
a 53km range will work with the A3’s 
standard 1.4-litre engine to power the 
wheels. You can drive it as a hybrid, or run 
it solely o� the batteries. Audi.com

�Sentri

The home security system will be getting a 
lot smarter thanks to Sentri, a connected 
device equipped with dozens of sensors 
to keep an eye on your home. Sentri.me

�Android Auto

Twenty-eight car manufacturers have 
signed up to Google’s Open Automotive 
Alliance, to start installing an in-car 
version of its Android OS in their vehicles. 
The first cars with Android should appear 
in the new year. Play.google.com

GOOGLE ARA

In 2015 we may see the first smartphone 
you can put together from individual 
components. This modular approach 
should help slow the rate at which we 
throw away our phones. Projectara.com

�Tesla Model X

Come spring, Tesla will want to prove that the 
Model S wasn’t a one-hit wonder. Its next car, 
the Model X, will feature falcon-wing doors and 
more space, and hopes to conquer the family 
car market. Teslamotors.com

�Samsung Galaxy S6

Samsung has been working on flexible display 
technology for the last two years. Could 2015 
finally mark the arrival of the first flexible 
smartphone? Samsung.com

3  MONTHS

6  MONTHS

9  MONTHS

ur experience of 
museums and art 
galleries is going  
to change in the 

next few years. Or at least  
it will for anyone with a 
smartphone or tablet to 
hand, as I discovered 
recently when I visited the 
excellent National Slate 
Museum in Llanberis. As  
I wandered between the 
exhibits, an app on my 
iPhone showed relevant 
information including 
photos, text, video and  
even archive audio files of 
slate workers describing 
their jobs. 

The technology that 
makes all this possible is a 
simple little transmitter, 
called an iBeacon, that uses 
low-energy Bluetooth 
wireless to send out an 
identifying number linked 
to an app on your phone or 
tablet. Signal levels provide 
an indication of how close 
you are to each beacon, so 
you can have an application 
that is responsive to 
location and movement.  
If your phone is registered 
it can also personalise the 
experience. Apple launched 
iBeacons in 2013, though 
rival systems are also 
available, such as 
Qualcomm’s Gimbal. 

After Llanberis I went to 
the lovely Anglesey town of 
Beaumaris, and there were 
more beacons, linked to a 
free tourism app. As we 
wandered down the high 
street, ads for the nearest 
shop surfaced, with news of 
special offers on ice cream 
and cups of tea along with 
notes about nearby 
buildings and why they 
were of interest. I definitely 
felt less guilty about eating 

signs on walls or swathes  
of printed material.

There are many ways  
in which we can use 
technology to improve 
people’s lives, and building 
a flexible, responsive 
environment in cultural 
institutions is one of them. 
We all have different needs: 
some of us because of 
physical limitations, some 
because we’re old or young, 
or just because we think 
differently. I hope we take 
this opportunity to reduce 
barriers and make the 
world more inclusive, 
because iBeacons could 
make a real difference.

iBEACON APPS

THE NEXT BIG THING

my ice cream, knowing that 
I was looking at the world’s 
largest single-hinged door.

An iBeacon linked to an 
app could transform the 
accessibility of galleries, 
museums and anywhere 
else. My own eyesight, for 
example, has deteriorated 
to the point where the 
curators in the Tate and the 
National Gallery now tell 
me off for getting too close 
to the pictures, so having a 
clear display on a screen 
that I can hold close or 
enlarge would make a real 
difference. It also means 
different versions of the 
information can be 
provided in different 
languages and for different 
reading ages, or for those 
who need high-contrast 
text or more visual 
explanations. And it can all 
be done without lots of 

BILL  

THOMPSON 

contributes to 

news.bbc.co.uk 

and the BBC 

World Service 

SHARP AQUOS CRYSTAL

This Sharp smartphone features nearly 
edge-to-edge glass on the screen, ensuring 
it will be one of the best-looking phones 
around when it goes on sale later this year. 
Sharp.com

�Roku-powered TV

Roku’s TV dongles let you watch iPlayer and 
Netflix on your old TV, but as of October, the 
Roku hardware will be built into new TVs 
from a variety of manufacturers. Roku.com

 iPhone 6

Apple’s latest smartphone is around the 
corner. Rumours say it’ll be thinner, faster 
and lighter. Well, duh… apple.com

O
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How much are they?

It’s probably best we get this bit out of the way 

first. These headphones actually cost £1,099.  

Why do they cost so much?

For a start, the PM-1s arrive in a gleaming 

walnut box – the kind you’d expect an 18th 

Century Englishman to keep his duelling pistols 

in. But thankfully that’s not where most of the 

money has been spent.

No, the cash has been lavished on ‘planar 

magnetic drivers’ – three words that only 

hardcore audiophiles will get excited about  

– inside the headphones. This approach 

produces a better clarity of sound than traditional 

systems, because the diaphragm – the part of 

the speaker that makes the sound – can be 

impregnated with twice as many conductors. 

This allows the PM-1s to control the shape of 

the diaphragm, and hence the frequency of  

the sound, more precisely. This also means  

the headphones need less power to drive the 

sound and will work nearly as well on an iPhone 

as they do plugged into a headphone amp. 

The PM-1s are remarkably light at 395g 

(13oz) so you can take them out and about – 

though you’d probably need several types of 

expensive insurance. The cups and headbands 

are lined in ‘hand-picked lambs’ leather’, though 

a pair of velour pads are included for a di�erent 

feel. Altogether this makes for a comfortable 

pair, despite their size, which is good since  

For the ultimate in audio you’ll 
need some deep-ish pockets. 
Daniel Bennett plugs into a  
new luxury pair of headphones

DANIEL BENNETT is the reviews editor  

of BBC Focus Magazine 

once you start listening you’re unlikely to take 

them o� again, at least for a while.

What do they sound like?

Like  £1,000, and that’s a surprise. Specialist, 

high-end equipment tends to o�er marginal 

gains – the kind of improvements that only 

professionals and enthusiasts can really pick 

apart. But in this case the price and the quality 

really shines through. 

The first thing you’re struck with is the scale 

of the sound. Close your eyes and you can 

instantly forget the cans on either side of your 

head. Instead you’re dipped into your own 

private concert hall where you can pick out 

exactly where each instrument is coming from. 

Drums and percussions punch through, vocals 

drip with nuance and the bass throbs without 

the slightest hint of distortion. They were so 

precise we could actually notice which of our 

albums had better production, with James 

Blake’s Retrograde sounding markedly better 

than his debut. Your only sonic concern will be 

that anyone around you can hear your music as 

soon as you start to turn up the volume, though 

you’ll be so happy you probably won’t care.

Should I buy them? 

If you are one of a handful of people that’s 

wondering right now if little Timmy’s college 

fund might be better spent on some headphones, 

the PM-1s are worth your consideration.  

There are very few high-end pieces of audio 

equipment I’ve tested that have such an instant 

impact. To get the most out of your investment 

you’ll want to pair them with a good headphone 

amp (which Oppo sells) and, if your music is 

digital, a DAC (digital to analogue converter).  

If you do buy one, just let me know so I can 

come round and have another listen. �

JUST LANDED: 

OPPO PM-1

AUDIO  
OPULENCE

OPPO PM-1

OPPODIGITAL.CO.UK, £1,099
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APPLIANCES OF SCIENCE

This compact camping 
kettle can charge your 
phone, or camera, while 
it boils. On an open flame, 
a small thermoelectric 
generator at the base 
provides electricity as 
the water heats up. It 
works via the temperature 
di�erence between the 
flame kissing its base  
and the cold water 
inside. As the kettle  
boils it’ll produce 10W of 
power, which is enough 
to give you five hours of 
talk time on the average 
smartphone. 

BioLite KettleCharge
$149 (£90) plus P&P, 
Biolitestove.com 

WATER 

WONDER2

Humanity has sent robots 
to Mars and probes to 
comets, and yet we still 
haven’t solved one of life’s 
biggest problems - doing  
the laundry. Okay, so 
there are probably bigger 
issues to deal with first, 
but this Swash system 
makes life a little better  
by replicating a dry 
cleaners in your home.  
In 10 minutes the Swash 
will wash a piece of 
clothing, using a mixture 
of steam and a cleaning 
solution, before drying it. 
Suits you sir. 

Swash
$499 (£300) plus P&P, 
Swash.com 

CLEANS 

UP GOOD3 51

2 3

Every trip abroad is 
usually preceded by  
the ‘find the keys for  
the padlocks’ game.  
It’s not much fun. This 
smart lock lets you open 
it via Bluetooth using a 
smartphone. It means you 
can share access with 
others, and keep tabs on 
multiple locks at once via 
the app. It’s designed to 
fit on bikes and lockers. 
When your smartphone 
inevitably runs out of 
battery at the crucial 
moment it can be unlocked 
with a code.

Noke
$59 (£35) plus P&P, 
Fuzdesigns.com 

LOCKED  

IN 6
KILLER  

CLOGS

Hundreds of hours of 
preparation go into 
readying a footballer for  
a match. While at least 
half of that is spent 
getting their hair just  
right, a lot of time is also 
devoted to developing 
high-tech boots. The  
new Predator boots  
from Adidas feature  
new rubberised and  
gel padded ‘zones’ to 
improve shock absorption, 
and grip on the shoe  
so that the ball doesn’t 
bounce away from a 
footballer’s feet when  
it hits their boots.

Adidas Predator Instinct
From £120, Adidas.co.uk

4

4

With 2015 arriving soon, 
Back To The Future fans 
will be wondering where 
their hoverboards are. 
While you wait for those, 
along with shoes that 
lace themselves up, this 
levitating speaker will  
fill the void. The OM/ONE  
is held aloft by means  
of an electromagnetic 
platform, and the sphere 
connects to your media 
player via Bluetooth. It 
lasts 15 hours on one 
charge, and the built-in 
microphone lets you  
make calls with it. 

OM/ONE
$179 (£108) plus P&P, 
Omone.com 

BUOYANT 

BEATS

Navdy is what future 
sat-navs should look like. 
Directions are projected 
onto a small transparent 
piece of glass that you 
place directly in your line 
of sight. This Heads-Up 
Display (HUD) means that 
you don’t need to divert 
your attention from the 
road. Navdy, which can 
also connect to your 
smartphone to access 
your contacts, music and 
location info, is controlled 
via gestures - a thumbs 
up for yes, for example  
– and voice commands.

Navdy
$329 (£198) plus P&P, 
Navdy.com 

HEADY  

COMBO

6

1

Tec h Hub

5
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Watch video reviews of the cars on 

Focus’s iPad edition and on our YouTube 

channel at http://bit.ly/FutureCarShow 
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BATTERIES HAVEN’T GOT the best 
reputation. Whether they’re in our cameras, 
phones or TV remote they never seem to 
last quite long enough. But as far as cars 
are concerned, battery power might be 
turning a corner. A new Formula E 
championship, backed by big companies 
and celebrities, is about to race through 

some of the world’s biggest cities (including 
London) and electric charging stations are 
now springing up in city centres and 
motorway service stations across the UK.

It all means that electric cars are 
increasingly becoming a more realistic 
proposition for drivers. On average they 
manage around 130km (80 miles) between 

charges – the average UK car trip is just 
11km (7 miles) long, according to the 
Department for Transport. Meanwhile, 
batteries are improving, with some 
boasting charge times as short as 30 
minutes. So, putting range concerns 
aside, we looked at four electric models  
to see which is leading the pack.



WHEN IT FIRST hit the roads 
around four years ago, the Nissan 
Leaf was a pioneer – one of the 
first mass-produced electric  
cars. This has made it something 
of a standard to be judged by. 

Sadly today it doesn’t feel as 
futuristic as it once did next to 
the interiors of the i3 and the 
Zoe. What it lacks in pizazz, 
though, it makes up for in 
practicality. It’s much bigger 
than the other cars and o�ers 
heaps of space in the back 

and in the boot for when you’ve 
got a family and their luggage in  

tow. The built-in multimedia and 
sat-nav system is also easy to 
use. There’s no hair-pulling while 
you wait for it to catch up with 
what you want it to do. 

For such a large car the battery 
power makes it feel spritely, 

especially when you need to 
quickly jump into a gap in the 
tra�c. Of the four it also seems  
to do the best job of cutting out 
the noise around you. Pair that 
with the car’s soft suspension  
and you have a remarkably serene 
car to drive. 

All electric cars start losing 
miles from their range when you 
turn the air conditioning on, but 
the Leaf is the only car in this 
review to present a solution to 
that problem. After listening to 
driver feedback over the last  
few years, Nissan introduced a  
small solar panel on the roof. So 
while the Leaf might not be as 
groundbreaking as it once was, 
it’s evolved into something that 
makes all-electric driving a much 
more realistic proposition.� � � �  
 

NISSAN LEAF
www.nissan.co.uk, from £16,490*

Tec h Hub
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THE ZOE IS exactly what you’d 
expect the French take on the 
small car of the future to be like. 
It’s cute. Inside, every corner has 
been rounded o�, every panel 
coated in white or grey paint,  
and almost every button or dial 
has been replaced by a screen.  
It sort of feels like you’re driving  
an iPod - and I mean that as a 
compliment. Even the chairs  
are emblazoned with markings 
reminiscent of the USB symbol.

Take it into the city centre and 
it’s a little oasis of calm. In the 
midst of cars and lorries pu�ng 
out fumes and heat, the Zoe feels 
like an eminently sensible place  
to be. It’s rapid too. From 
0-30mph (0-50km/h) it seems  
to move quicker than the other 
cars here, squeezing into gaps 
and darting around tra�c with 

ease. The Zoe emits a faint 
hum plucked right out of a 
science-fiction film, which 
helps alert pedestrians who 
may otherwise step into the 
road without looking. Electric 
cars make next to no sound at  
low speeds, so the hum lets 
everyone know it’s there.

The most attractive feature  
of the Zoe is its price. At £13,995 
after the Government’s electric 
car grant, it’s the cheapest car 
here, although it doesn’t feel  
like a budget choice. However,  
you do have to lease the car’s 
battery from Renault for £70 a 
month. This might sting, but it 
does mean your battery is 
guaranteed for life. The Zoe is  
the most accessible option if 
you’re thinking of going electric.� � � �  
 

Tec h Hub

RENAULT ZOE
www.renault.co.uk, from £13,995*
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* Prices shown include the 
£5,000 UK Government grant  



VOLKSWAGEN HAS TAKEN the 
sensible approach to building 
electric cars. Rather than build  
a new vehicle from scratch, it’s 
decided to go with a formula that 
it knows works, adapting existing 
cars to take on electric motors. 

This way you can opt for battery 
power in your next Up or  
Golf, just as you might chose 
between petrol or diesel.  
It’s a cheaper way of building 
electric cars, which makes 
repairs and servicing less 
hassle. This does mean, 

however, that on the inside  
the e-up! isn’t as dazzling as  
the other cars here. In fact if 
you’ve ever stepped into a VW  
it’s instantly familiar, which might 
appeal to some while leaving 
others longing for an interior  
that’s a bit more futuristic. 

The e-up! is not without its 
charms though. It easily has the 
best driving position of all the cars 
here – you can confidently see all 
corners of the car without having 
to contort yourself around the seat. 

All four cars soak up some of 
the kinetic energy from the car 
when your foot is not on the 
accelerator to charge the battery, 
but the e-up! gives you five 
di�erent levels of braking so that 
you can match it to your driving 
style. The multimedia and sat-nav 
is packaged in a plug-in Garmin 
sat-nav device called Maps & 
More, which works well but isn’t 
as attractive as the other systems. 

The e-up! is hard to fault, but if 
you’re looking for some wow 
factor for switching to electric then 
this might not be the motor for you.� � � �

VW E-UP!
www.volkswagen.co.uk from £19,270*
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ON THE ROAD, the i3 looks and 
feels like you’ve driven a concept 
car straight out of the London 
Motor Show. Step inside and the 
story is much the same. The i3 
has been built from the ground up 
to be an electric car so there’s no 
transmission tunnel hogging the 
space between passengers. Since 
the chassis is so strong, there’s 
also no column between the front 
and rear seat. This opens the car 
up to make it feel like there’s more 
space than any of the other cars 
(even though there isn’t much 
room in the back).

On the whole, the i3 makes a 
pretty strong argument for what 
cars of the future might look like. 
For a start, it’s the first 
mass-production car to be built 
from carbon fibre reinforced 
plastic. While this does add cost, 

it saves on weight, giving you a 
much better mileage. Inside the 
i3 is panelled with grey recycled 
plastics and textiles, which on 
paper might not sound appealing, 
but it looks great. 

The battery, which goes 80-100 
miles (130-160km) in one charge, 
can be complemented with a 
‘range extender’ – a small petrol 
generator in the front that will 
send extra electricity to the 
battery should you need to go 
further. It’ll park itself, drive itself 
down the motorway and stop itself 
if it thinks you’re heading for a 
high-speed collision. It’s quick too, 
powerful enough to leap o� the 
lights and streamlined enough to 
hit the motorway without eating 
up too much range. The i3 is 
something special indeed.� � � �

Tec h Hub

BMW i3
www.bmw.co.uk, from £25,680* plus £3,000 for range extender



 

ISTORY IS LITTERED with 
examples of discoveries made 
by accident, but as Louis 
Pasteur said more than a 
century ago, “Chance favours 
only the prepared mind.” 
When the German scientist 
Wilhelm Röntgen accidentally 
found X-rays in 1895, he knew 
to pursue them. Röntgen 

wasn’t the first to observe the effects 
of X-rays, but he is widely credited 
with their discovery. The Crookes, or 
cathode ray, tube he was experimenting 
with was common at the time in the 
labs of physicists interested in how 
electric charges passed through gases. 
It had been invented by the English 
physicist William Crookes in 1875, 
and it’s likely that some Crookes tubes 
had been emanating X-rays prior to 
Röntgen’s discovery. Crookes himself, 
for example, found that photographic 
plates placed near the tubes became 
cloudy – later recognised as an effect of 
being exposed to X-rays.

Röntgen first noticed X-rays on 8 
November 1895, having only been using 
a Crookes tube for a month. No one 
knows for sure what happened that day 
because he requested that his notes be 
burned after his death, but it’s thought 

he was known for his meticulous 
experimentation. He cast aside his 
other work and locked himself away for 
six weeks to investigate the new rays. 
He found that they could pass through 
a variety of materials, such as books and 
paper, but not others, such as lead. A 
few days before Christmas that year, he 
made an image of his wife Bertha’s left 
hand by placing it between the X-ray 
source and a photographic plate. The 
image, complete with visible bones and 
wedding ring, was probably not the first 
X-ray image, but it may well be the first 
to have been made deliberately.

HARNESSING X-RAYS  
We now know that X-rays are a form 
of electromagnetic radiation, on the 
same spectrum as visible and ultraviolet 
light. They are generated when 
electrons from the cathode in the X-ray 
tube collide with the anode – around 
1 per cent of the energy generated 
is emitted as X-rays. While visible 
light is absorbed by the body, higher 
frequency X-rays can pass through us. 
Different materials absorb different 
amounts of X-rays. Dense material 
like bone absorbs more, which is 
why they show up so well in X-ray 

HOW DO WE KNOW?

94 / FOCUS / OCTOBER 2014

P
H

O
T

O
: 

S
C

IE
N

C
E

 &
 S

O
C

IE
T

Y
, 

S
C

IE
N

C
E

 P
H

O
T

O
 L

IB
R

A
R

Y

that he was investigating cathode rays 
with the tube (see ‘The key experiment’, 
p102) when he noticed a screen in the 
room fluorescing. He realised this must 
have been caused by a new phenomenon, 
which he called ‘X’-rays in recognition 
of their mysterious nature.

It’s not clear why Röntgen pursued 
X-rays where others hadn’t, but 

Taken in 1895, this X-ray image shows a wedding ring  

on the left hand of Wilhelm Röntgen’s wife Bertha  

H

HOW TO MAKE 

X-RAY IMAGES
It was a relatively fast road from the discovery of X-rays to them being put 

to use in hospitals; their remarkable properties were quickly harnessed by 

doctors and were a catalyst for ever more advanced scanning technologies

BY KATHERINE NIGHTINGALE 



How do we know?

 
> IN A NUTSHELL 

From the chance discovery of a 

strange radiation being emitted in a 

laboratory to realising its unique 

properties and finally putting it to 

medical use, harnessing the power 

of X-rays has transformed medicine 

over the last century. 

An X-ray image reveals the 

structure of the spine; the 

technology is crucial when it comes 

to assessing damage to bones
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How do we know?

images. That’s because the film 
in the shadow of the bones is less 

exposed to the radiation.
Röntgen submitted his work to the 

journal of his university’s physical-
medical society on 28 December 1895. 
The abundance of Crookes tubes in 
researchers’ laboratories meant that 
other researchers immediately set 
about doing their own experiments.

News that there was a technique 
allowing us to see into the body set 
the world’s telegraph system alight. 
On 16 January 1896 The New York 

Times published an article about this 
new form of photography, predicting 
it would transform surgery by guiding 
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surgeons to the location of foreign 
bodies. Within weeks of Röntgen’s 
announcement, it had been put to 
medical use. A German doctor used 
X-rays to diagnose bone cancer in 
the leg of a young boy, and there are 
various tales of finding bullets and 
other metal objects with X-rays. In 
the UK, Birmingham physician John 
Hall-Edwards was the first to use X-ray 
images to guide surgery in February 
1896. X-ray imaging was particularly 
useful for the military, and bullets were 
found in the forearms of two soldiers 
in May 1896. The image of Bertha’s 
hand captured the public imagination, 
and X-rays were soon being used to 

THE KEY  
EXPERIMENT

Wilhelm Röntgen was the first to realise that something else is emitted by a Crookes tube 
other than cathode rays, a discovery that would transform medicine in the years to come

make ‘bone portraits’ for nothing more 
than intrigue, inspiring poems, songs, 
cartoons and even lead-lined ‘X-ray 
proof’ underwear.

But almost as quickly, the dangers 
of X-rays became apparent. The 
understandably gung-ho approach 
that many had taken with the invisible 
rays led to reports of burns, sores and 
hair loss, and later tumours. Some 
experimenters, including Hall-Edwards, 
had their arms amputated after 
developing X-ray dermatitis or cancer. 
In addition, early X-ray images were 
far from crisp. If X-rays were going to 
achieve their immense potential, things 
were going to have to change.

RÖNTGEN HAD BEEN studying electricity and 
gases for just a month when he unwittingly 
performed his key experiment. He was using 
a Crookes tube to generate streams of 
electrons called cathode rays. The glass 
Crookes tube contained a small amount 
of gas with an electrode at either 
end. When a voltage was applied, 
electrons were released from 
the negatively charged 

electrode (the cathode) and directed 
towards the positively charged anode.

In the darkened room was a screen 
painted with a chemical called barium 
platinocyanide, which releases light 
(fluoresces) when exposed to electromagnetic 

radiation. He had covered the Crookes 
tube in black cardboard so that visible 
light would not interfere with his 
observations. From the corner of his 

eye he saw a faint glow from the screen, 
suggesting that something invisible was 
emerging from the tube and making it 
fluoresce. The screen was further away than 
the distance that cathode rays were known 
to travel, and the e�ect was still there when 
he placed books between the tube and screen. 
Later, it is thought that when he placed his 
hand between the tube and the screen, he 
saw the ghostly image of his fleshless bones.

Wilhelm Röntgen, who discovered a new form of electromagnetic radiation, at the University of Würzburg in Germany  
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Wilhelm Röntgen 

(1845-1923) discovered 
X-rays in 1895. The 

German physicist won 
the Nobel prize for his 
discovery in 1901. He 
died of a carcinoma, 

not believed to be 
related to his work, 

and all his papers were 
burned upon his death.

William Crookes   

(1832-1919) was a 
British researcher and 
later spiritualist who 
worked in physics and 
chemistry. Inventor of 
the Crookes tube, he 
was an early investigator 
of cathode rays.

Antoine Béclère   

(1856-1939) was a 
French doctor and 
researcher who had 
already established 
himself in the field of 
immunology when he 
became fascinated with 
X-rays. He pioneered 
the use of barium for 
imaging the digestive 
tract and is credited 
with both naming and 
professonalising the 
field of radiology.William Coolidge   

(1873-1975) is best 
known for his work 

carried out at the 
General Electric 

Research Laboratories. 
The American 

physicist invented 
the much-improved 

X-ray ‘Coolidge tube’ 
and made important 
contributions to light 

bulb technology.

CAST OF  
CHARACTERS

To produce an X-ray image, you 
need a source of X-rays and a way of 
capturing the image. Both of these 
components would be transformed 
from Röntgen’s Crookes tube and 
photographic plate in the next few 
decades. The original Crookes tubes 
had not been designed for such a 
purpose, and the manufacture of 
specialised ‘cold-cathode’ X-ray tubes 
began in earnest. But these were fairly 
unreliable, would stop working quickly, 
and scattered X-rays in all directions. 

In 1913 the US physicist William 
Coolidge, who was working for General 
Electric, was inspired by the work of 
a colleague to develop the first hot-
cathode X-ray tubes, where the cathode 
from which the electrons originate 
takes the form of a heated filament. 
This led to a more reliable and focused 
source of X-rays, and the tube was 
boxed in with lead, shielding everyone 
but the patient from the rays. Versions 
of the Coolidge tube design are still 
used today.

Glass photographic plates painted 
with a light-sensitive mixture were 
used to capture images until 1918, when 
radiographic film was introduced by the 
Eastman Kodak company. Today, film 
has been replaced by digital detectors.

CLINICAL PRACTICE
While these technological changes 
were occurring, so too were changes 
in the clinical setup. The first X-ray 
department, the New Electrical 
Pavilion at Glasgow Royal Infirmary, 
was established in 1896 or 1897, and 
X-ray images soon became part of 
everyday clinical practice. Around 
the same time, a French doctor called 
Antoine Béclère opened an X-ray 
department in Paris and coined the 
term ‘radiology’. He is credited with 
introducing equipment such as lead 
screens, aprons and gloves for people 
taking X-ray images.

While early X-rays were useful to 
surgeons looking to remove foreign 
bodies or tumours, organs were 
harder to analyse. Even as techniques 
improved, soft tissue visualisation 
proved a challenge. This was addressed 
by the use of contrast agents – liquids 
that are opaque to X-rays and therefore 
make whichever organ they are in 
show up. In 1906 Béclère pioneered 
imaging of the digestive tract with the 
‘barium meal’. It was barium sulphate 
mixed with water and swallowed 
to outline the oesophagus and 

The minds that turned a harmful form of radiation 
into a life-saving medical technology

Godfrey Hounsfield   

(1919-2004) was 
a British electrical 
engineer who produced 
the first CT scanner  
for routine use in 
hospitals in 1972 when 
he worked at EMI. He 
won the Nobel Prize in 
1979, and spent some of 
his prize money on  
a home laboratory.



How do we know?

  
stomach, which he used to 
diagnose a child’s appendicitis. It 

is still used today to visualise blockages 
and tumours. Later, iodine-based contrast 
mediums were developed for the imaging 
of the circulatory system and the kidneys.

In parallel with traditional X-ray 
imaging, fluoroscopy was developed. 
This technique uses the same principle 
as X-ray imaging but instead of producing 
still images, doctors can see inside 
the body in real-time. The earliest 
fluoroscopes, produced in the months 
after Röntgen’s discovery, were funnel-
shaped. The user would look through a 
gap in the thinnest end, and the wider 
end was covered with a thin piece of 
cardboard painted with a metal salt 
called barium platinocyanide, which 
fluoresces when X-rays hit it. The 
patient was placed between an X-ray 
source and the fluoroscope, and the 
user was able to see an image of them 
on the cardboard.

Inventor Thomas Edison produced 
the first commercial fluoroscope in 
the early 1900s, in which the barium 
platinocyanide had been replaced 
with calcium tungstate, which 
fluoresces more brightly. Even with 
his adaptation, the fluorescence was 
too dim to be seen in daylight, and 
early users of fluoroscopes had to carry 
out their work in dark rooms, after 
allowing their eyes to adapt to the dark. 
This problem was alleviated in part 
by special goggles in 1916, and then 
by image intensifiers. Invented in the 
1940s, these convert the fluorescence 
into visible light. In the 1950s, 
fluoroscopes were hooked up to CCTV 
cameras. Now doctors could see images 
on a screen in a separate room, away 
from the X-rays. Today fluoroscopy is 
used to guide surgery in real-time – in 
pinning broken bones, for example.

COMPUTER POWER
When you see a single X-ray image 
such as one held up to the light by an 
actor on TV, it’s an image taken from 
just one angle. This means the body’s 
organs and bones are superimposed 
and difficult to analyse alone. In the 
1930s, Italian radiologist Alessandro 
Vallebona proposed a technique that 
would produce clear images of ‘slices’ 
of the body by mechanically rotating 
the X-ray tube and the detector in 
opposite directions around the body, 
thereby producing a clear image of one 
section at a time. His technique, named 
tomography from the Greek tomos, ‘to 
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Being able to peer inside the body revolutionised medicine,  
and took just under a hundred years to developTIMELINE

Kodak 
introduces 
radiographic 
film, replacing 
photosensitive 
glass plates.

Wilhelm Röntgen 
discovers X-rays while 
experimenting with 
cathode ray tubes. 
Within weeks of 
publication, scientists and 
the public alike are excited 
by the possibilities.

Thomas Edison 
invents the first 
commercial 
fluoroscope, a 
device with which 
one can view the 
inside of the body 
in real-time.

1900

1895 

1906 
French immunologist-turned-radiologist 
Antoine Béclère uses a contrast agent for the 
first time, giving a young girl a barium meal to 
diagnose her appendicitis using X-rays.

General Electric’s William Coolidge invents the 
hot-cathode X-ray tube, improving the reliability 
and safety of X-ray sources.

Godfrey 
Hounsfield’s 
prototype CT 
scanner is used 
on a patient for 
the first time and 
reveals that the 
41-year-old woman 
has a brain tumour.

1913

1971

1918
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NEED TO KNOW 
These key terms will help you 
understand X-ray technology

OCTOBER 2014 / FOCUS / 99

section’, was gradually improved upon 
during the middle of the century but 
had only limited uses.

Computers have revolutionised many 
areas of healthcare, and this is no less 
true for X-ray imaging. In 1967 the 
British engineer Godfrey Hounsfield 
invented ‘computed tomography’ (CT 
or sometimes CAT) scanning – essentially 
a computerised version of Vallebona’s 
tomography. CT scanning takes far 
more detailed pictures than conventional 
X-rays, and these are processed by a 
computer before they’re used for 
diagnosis. Crucially, the series of 
two-dimensional slices that CT scanning 
produces can also be digitally stitched 
together to create a 3D image.

Hounsfield reportedly got the idea 
for CT scanning after realising that you 

could find out what was inside an 
opaque box by combining a series of 
X-rays taken from all angles around it. 
He tested his prototype scanner on a 
preserved human brain, animal brains 
(ferried across London on public 
transport) and later himself. In 1971, the 
first clinical CT scan of a patient with a 
suspected brain tumour took place, and 
the scanner was introduced into 
hospitals from 1972. A full-body scanner 
became available in 1975. Hounsfield, a 
modest man, shared the 1979 Nobel 
prize for CT scanning with the 
physicist Allan Cormack. Unbeknownst 
to Hounsfield, Cormack had worked 
out the mathematics of the technique.

That 1971 image looks a little pixelated 
to modern eyes (it measured just 80 
pixels by 80), but it was the first time 
science had seen inside the brain in 
such a way. Hounsfield’s first scans took 
five minutes per slice, while today’s 
take less than a second to produce 
much higher resolutions. Today CT 
scanning is used to look at particular 
bone conditions, but is most useful for 
its ability to image soft tissues, detecting 
cancer or trauma to internal organs.

Ultimately, Röntgen would produce 
only three papers on X-rays, but they 

are still known as Röntgen rays in  
some countries.

In 2011 a group of researchers 
resurrected a set of 1896 X-ray 
equipment – including an original 
Crookes tube – to see how it compared 
with modern-day kit. They found  
that a person would receive about  
1,500 times the X-ray dose in 1896  
to image a hand than they do today. 
They would also have needed to keep 
their hand still for 90 minutes, as 
opposed to 20 milliseconds today.  
The X-ray has come a long way, and 
despite newer imaging techniques 
being developed, it seems there’ll be  
a place for successors to the bone 
portrait for a while yet. �

KATHERINE NIGHTINGALE is a science writer 

with a degree in molecular biology 

1 
CATHODE RAY /  
CROOKES TUBE

A glass tube that has had most of the air 

removed. The tube has both a negatively 

charged (cathode) and positively charged 

electrode (anode). When a voltage is applied, 

electrons are released from the cathode,  

and X-rays are generated when they hit  

the anode.

2 
COMPUTED TOMOGRAPHY  
A computer-based technique in which 

images of slices of the body or brain are 

captured one at a time and then processed 

to produce a clear image. The sections can 

be digitally stitched together to produce a 

three-dimensional image.

3 
FLUOROSCOPY
An imaging technique which uses  

X-rays and fluorescence to capture moving 

images of the inside of the body in real-time 

— the video to standard X-ray imaging’s  

still photographs.

4 
X-RAY
A form of electromagnetic radiation with 

a higher energy and shorter wavelength 

than visible light. X-rays can pass through 

materials that visible light cannot, and so are 

good for medical imaging.

Designed by Godfrey Hounsfield, this brain scanner was the first production model and went into service in 1971. It 
established computed tomography (CT) as a key imaging technology 

 Find out more

Listen to ‘Radiation’, an 

episode of Radio 4’s In Our 

Time on electromagnetic 

radiation with Melvyn Bragg and Jim Al-Khalili.  

http://bbc.in/LsZ7W4



Please send me FREE details of how to become a published writer:
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Email:

Quote ref: 

JL18914

FREE CALL

24 HRS 0800 856 2008

www.writersbureau.com

Being a writer can offer you a second income, extra spending money or even be a full-

time career. It’s your choice. But whatever your writing ambitions we have a course that

will help you to achieve them.

That’s because our first-class home-study creative writing course contains all you need to
know to become a successful, published writer. You learn how to write articles, short stories,
novels, TV, radio, drama and more. You are shown how to develop your writing style, present
your manuscripts, contact editors, find markets and HOW TO SELL YOUR WORK. 

What’s more, you do not need any previous writing experience to succeed on the course as
it’s suitable for the absolute beginner.

Throughout the course you will be tutored by a professional writer, who will offer constructive
feedback on your twenty marked assignments. In addition, you can count on the support of
our dedicated Student Services team who will do all they can to ensure that you get the most
out of your studies. 

When you enrol, your full course is sent to you on a fifteen day trial. Your studies are then
flexible to your requirements as you have four years to complete your course. Moreover, we

offer you a full refund guarantee. If you do not earn back the equivalent of your fees by the
time you finish your course we will refund them in full.

So, if you would like to learn to earn from writing, try our risk-free course. For a free
prospectus visit our website or call our freephone number today!

Enrol online to access your course modules TODAY at: www.writersbureau.com

What our students say: 

Postcode:

Why Not Be 
A Writer?

Why Not Be 
A Writer?

“Completing The Writers Bureau
course has made it possible for me to
attain my life-long ambition of
becoming a published writer. The level

of success I have achieved has far
outweighed what I was hoping for when

beginning the course. By the end of this year I should
have eight books already published and hopefully
two more finished.” 

Michael Foley, Essex

“I thought you’d like to know that
seven years since doing my course at
WB I’ve been published in more
than150 magazines around the

world. I’ve now got to the stage where
I’m turning down all-inclusive exotic press trips!”

Cindy-Lou Dale, Kent

“So far, I have had eighteen novels
published! The Writers Bureau
helped make this possible for me.

Within six months of enrolling on my
course I was having work commissioned

by editors and I still work regularly for magazines.”

AWARD WINNING WRITER   

Christina Jones, Oxfordshire

“I’ve had 30 pieces of work accepted
by various publications since I started
my Writers Bureau course – a mere
18 months ago.

“I contemplate that fact and I am amazed
to have come so far in such a short time, especially
when I consider the severe restrictions on the time
I have available for writing. I usually manage about
three hours per week, if I’m lucky.”

Chris Green, Lincolnshire

“The amount of hours I have been able
to work have been limited but I have
earned approx £3,500 from my
writing this year. I now regularly sell

articles and am working on a book
proposal.”

Jane Redfern-Jones.

www.facebook.com/writersbureau
www.twitter.com/writersbureau

Freepost RSSK-JZAC-JCJG

The Writers Bureau
Dept JL18914, Manchester, M3 1LE Members of BILD and ABCC

Writers
Bureau

Years of
Success25

email: 14W1@writersbureau.com  
Please include your name and address
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Human Universe

Starmus

Prof Brian Cox has dealt 
with the Solar System 
and the Universe, which 
leaves one thing: us. p102

The likes of Brian May, 
Stephen Hawking and 
Richard Dawkins are 
descending on Tenerife  
for a week of science  
talks and stargazing. p105

PLAN YOUR MONTH AHEAD WITH OUR EXPERT GUIDE

ON TUESDAY 14 October, London’s Royal 
Institution hosts Ada Lovelace Day Live–  

an event packed with engaging, expert speakers. 
They include Roma Agrawal, the engineer 
responsible for raising London’s iconic Shard; 
mathematician Hannah Fry; and television presenter 
Konnie Huq, along with artists, musicians and 
scientists. All of them are women. 

“It’s very rare for me to organise an event that’s all 
female speakers, because I’m all for equality,” says 
the Day’s MC and producer, ‘geek songstress’ Helen 
Arney. “Our problem is not that we can’t find enough 
women speakers - it’s who we’re going to ask.”

The Day started as a simple idea - to raise the 
visibility of women in science and technology using 
the name of Ada Lovelace, who arguably wrote the 
world’s first computer programs in the 19th Century.

Ada Lovelace was the daughter of bohemian 
poet Lord Byron and his mathematics-loving wife 
Annabel, and later gained the title Ada, Countess 
of Lovelace. Today she’s most famous for her 
work with Charles Babbage, whose designs for a 
Difference Engine and an Analytical Engine were 
the earliest mechanical calculators and general 

computers. Neither machine, sadly, was built during 
their lifetimes.

Unlike everyone else, including Babbage, Ada 
foresaw that non-mathematical problems could also 
be addressed by a machine, explains Arney. “If you 
put in poetry, would you get new poetry out?  
If you put in music, would you get new music out? 
It’s basically what Alan Turing thought 100 years 
later,” she explains.

The hope is that Ada Lovelace Day can inspire a 
new generation of scientists. “Ada was limited by 
her society. It’s about creating role models now and 
for the future.” And yes, men are equally welcome 
to join in.

The seeds of Ada Lovelace Day were sown back 
in 2009, when Suw Charman-Anderson kicked it  
all off with a blog post. Now events take place  
all over the world, from tea parties to Wikipedia  
edit-a-thons. To find an event happening near you, 
visit the website FindingAda.com. And if nothing 
appeals, think to yourself: ‘What would Ada do?’. 
“It’s not too late to do your own... so get organising!” 
says Arney. 
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How We Learn   
Master your ability to 
learn and find out exactly 
how it happens with  
this new book by 
Benedict Carey. p106

PICK OF THE MONTH DON’T MISS!

LISTEN

TOUCH

READ

WATCH

VISIT
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Daughter of 

Lord Byron, Ada 

Lovelace wrote 

the first computer 

program… before 

computers!

Ada Lovelace 
Day 
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27 SEPTEMBER  
Diving With Dinosaur Fish
Discovery, 7pm

IN THE DEPTHS of the ocean dwells 
a fish that was long thought to be as 
extinct as any dinosaur. But in the 
1930s it was discovered alive and 
well. While continents drifted and 
dinosaurs gave way to mammals, the 
Coelacanth has changed little in 400 
million years. But to see it swimming 
means diving hundreds of feet into 
dark waters…

102 / FOCUS / OCTOBER 2014
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WATCH
TV, DVD, BLU-RAY & ONLINE
WITH TIMANDRA HARKNESS

EDITOR'S
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Can’t get enough of Brian Cox 
saying ‘magnificent!’ in exotic 
locations? You’re in luck…

TIMANDRA HARKNESS is a stand-up comedian and a presenter on 
BBC Worldwide’s YouTube channel Head Squeeze

19 SEPTEMBER  
Gorilla Doctors
Animal Planet, 9pm

DON’T WORRY, YOUR GP won’t be 
replaced by an ape any time soon. 
The gorillas are the patients, and 
the doctors are an intrepid team 
supported by the University of 
California. Less than 1,000 mountain 
gorillas survive in the wild, so the 
team carry out routine check-ups 
and even surgery high in the forests 
where their reclusive patients live.

6 OCTOBER  
Indestructible Megastructures
National Geographic, 6 October, 7pm

AFTER AUGUST’S EARTHQUAKE 
in California, the first episode of 
this engineering series is especially 
topical. San Francisco’s new Bay 
Bridge is built to withstand whatever 
the area’s seismology can throw at 
it. The foundations go down to the 
bedrock, and some steel sections 
are designed to fail under stress, like 
a fuse in an electric circuit. 

HAVING DEALT WITH the 
wonders of the Universe and 
the Solar System, Prof Cox 
was forced to turn his attention 
first to life in general and now 
to... us. This new five-part 
series asks what science can 
tell us about ourselves.

We ask questions no other 
animals can: about our past, 
future and purpose in life. And 
when we try to understand 
how galaxies formed, if life 
exists on other planets or 
whether time is finite, we’re 
also looking for answers about 
our own place in the Universe. 

Where did we come from? What 
is our future? Will my hair ever 
look as good as Cox’s, even in 
the downdraft of a helicopter?

As well as Britain’s favourite 
Mancunian physicist, expect 
expert talking heads, stunning 
visuals and stirring music. 
In fact, you can listen to 
clips from composer Philip 
Sheppard’s soundtrack at 
soundcloud.com/radiomovies.

The series will take in the 
microscopic and the vast, 
looking at what makes us 
unique - apart from the fact 
that we ask these questions.

OCTOBER TBC  
Human Universe  
BBC Two, dates and times TBC
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Visit us at www.ducknet.co.uk

or follow us @duckbooks

FLAWED ASSUMPTIONS, TORTURED DATA  AND OTHER WAYS TO  
LIE WITH STATISTICS | GARY SMITH

D

id you know that having a messy room will make you racist? Or 

that people live three to five years longer if they have positive 

initials, like ACE? All of these ‘facts’ have been argued with a straight 

face by researchers and backed up with reams of convincing 

statistics. As Nobel Prize-winning economist Ronald Coase once 

observed, ‘If you torture data long enough, it will confess.’ Lying with 

statistics is a time-honoured con. In Standard Deviations, economics 

professor Gary Smith walks us through the various tricks that 

people use to back up their own crackpot theories. 

• A myth-busting exposé of the dangers of accepting the claims of  

 the ubiquitous ‘big data’ that will make you think twice about both  

 the news and conventional wisdom.

• For readers of The Signal and the Noise and Thinking, Fast  

 and Slow.

• Notably goes head to head with some of the conclusions of the   

 bestselling Freakonomics.

ISBN: 9780715649145

Published: 25th September 2014

FORMAT: Trade Paperback 

PRICE: £12.99

Available to buy from all good booksellers and online
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BBC RADIO PROGRAMMES 

LISTEN
SMARTPHONE & TABLET APPS

TOUCH

24 SEPTEMBER  
The Singularity 
BBC Radio 4, 8pm  
 
SUPPOSE WE CREATED an 
artificial intelligence smarter 
than any human - what then? 
That’s the subject of this, one of 
a series of documentaries 
exploring possible futures. It’s 
presented by me and Rohan Da 
Silva - unless we’re replaced by 
more intelligent machines. 

29 SEPTEMBER

Discovery: Preventing 
Disease In Animals
BBC World Service, time TBC

 
SCIENTISTS AT THE Roslin 
Institute in Scotland are 
experimenting with genetic 
modification of farm animals to 
make them more resistant to 
disease. Melissa Hogenboom 
reports on work against bird flu, 
campylobacter and bovine TB.

WITH KATE RUSSELL 

FROM 6 OCTOBER  
An Eye For Pattern 
BBC Radio 4, 1.45pm 
 
FIFTY YEARS AGO, Dorothy 
Hodgkin won the Nobel Prize in 
Chemistry. She remains the 
only British woman to have won 
a Nobel Prize for science. Her 
story is told through her letters 
to her family and friends. 
 

FROM 27 OCTOBER Hidden Histories Of The 
Information Age
BBC Radio 4, 1.45pm

FROM THE FIRST commercial 
computer to the first global 
satellite TV broadcast (starring 
The Beatles), Aleks Krotoski 
presents a five-part history of 
technological breakthroughs 
that shaped today’s world.

WITH TIMANDRA HARKNESS

KATE RUSSELL is a technology journalist and BBC Click presenter 
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The bird flu virus, H5N1, yesterday

Blitzortung Lightning Monitor
Android, WuAn, FREE

THERE’S BEEN A lot of dramatic weather 
around the world lately. If you want to track the 
intensity of the thunderstorms, then check out 
the Blitzortung Lightning Monitor app for Android. 
It hooks you into the live data being collected 
by an army of hobbyists across Europe, USA, 
Australia and New Zealand, who have assembled 
home lightning detection stations to pick up 
electromagnetic discharges in the atmosphere. 
And if you want to totally geek out, take a look 

at the parent website, Blitzortung.org, to see the requirements for 
setting up your own lightning detector.

iYoga
iOS, 3D 4 Medical, £1.49/£2.49 (iPhone/iPad)

ANOTHER WAY TO ground 
yourself is through the 
ancient practice of yoga. 
Understanding more about 
what’s happening under your 
skin could help you push 
through to the next level, and 
so iYoga has a huge library of 
videos guiding you through 

the poses, complete with soothing female narration and timer 
‘pings’ reminiscent of a Chinese temple. What’s a little weird 
(but terribly scientific) is the animated figure showing you the 
moves, which has had the skin and fat stripped away so you 
can see which parts of your body are working.

 ONLINE  
Dream Builders: Thomas Heatherwick 
bbc.co.uk/programmes/p024hhnb 
 

HE DESIGNED THE Olympic Cauldron that 
brought together 204 copper petals, and 

is now working on a garden bridge for the 
Thames. Thomas Heatherwick talks to Razia 
Iqbal about designing for tranquillity and the 
importance of asking the right questions.

Geology Sample Collector
Android, Major Forms, FREE

FOR EARTHIER SCIENTIFIC pursuits try Geology 
Sample Collector, which does exactly what you’d 
expect from its name. Record your rocky finds, 
adding voice, video, photos, GPS and data on 
technical aspects such as bedding, strike and 
dip (geology-speak for orientation, attitude and 
general position in the strata). There’s even a 
built-in theodolite for surveying horizontal and 
vertical angles. Once you’ve fully described your 
find, it gets sent to the app’s communal server, 

where you can edit it and add it to the global map. You can also 
create your own microsite of your finds right from your handset, 
complete with embedded multimedia.

Pioneering scientist Dorothy Hodgkin
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THE CANARY ISLANDS are renowned for sandy 
beaches, a pleasant climate all year round, and 

astronomy. All of which make Tenerife a fitting location for 
the second Starmus festival. Starmus combines science 
talks by big names (the first, in 2011, featured Neil Armstrong) 
with stargazing and music. This year, speakers include 
astronauts Charlie Duke and Alexei Leonov, not to mention 
Stephen Hawking and Richard Dawkins. Rock legends Brian 
May, Rick Wakeman and Peter Gabriel supply the songs.  
And the price? Perhaps not surprisingly, it’s astronomical.

22-27 SEPTEMBER  
Starmus
Tenerife, Canary Islands, Spain, ¤300 
www.starmus.com

Music and astrophysics collide at the Starmus festival

18–19 SEPTEMBER  
RE.WORK 
LSO St Luke’s, London, prices vary, re-work.co/tech

TECH LEADERS AND Focus magazine will be at this year’s 
RE.WORK. It’s pricey, but it’s also a chance to hear about the future 
of technology from the people who are making it happen.

VISIT
EVENTS & EXHIBITIONS
WITH JHENI OSMAN

FROM 18 SEPTEMBER  
Astronomy Photographer Of The Year
Royal Observatory Greenwich, London, rmg.co.uk

26 SEPTEMBER  
Mysteries Of Matter At The LHC
Royal Institution, London, 7.50pm-9.15pm, £17, www.rigb.org

SPOILER ALERT: THERE are no photos of aliens here. But there  
are images of everything from Jupiter to vast, distant galaxies.

FIND OUT HOW the discovery of the Higgs boson filled the  
missing piece of the Universe’s jigsaw puzzle. 

27 SEPTEMBER  
School Of Hard Sums
MHS, Oxford, 2.30pm, www.mhs.ox.ac.uk

THE SMARTPHONE OR 3D printer might be the ultimate gadgets 
today, but what about those of yesteryear? At this talk, learn how 
the slide rule – a mechanical computer – revolutionised the world.

4-5 OCTOBER  
Fun Palace 
Birmingham Museum and Art Gallery, Birmingham, thinktank.ac

CREATE YOUR OWN doodle-bot or origami flower, find out about 
the science of photography, or have a go at making a light wand.

9 OCTOBER  
Why We Die 
Royal Institution, London, 7.30pm-8.30pm, £12, rigb.org

IMMORTAL JELLYFISH, LETHARGIC bacteria and Lewis Carroll all 
feature in this exploration of the science of mortality.

22 OCTOBER  
The Science Of Fiction: Future 
Cambridge Science Centre, 7pm-9pm, free, cambridgesciencecentre.org

CAN SCIENCE FICTION writing predict the future? Join this 
discussion with author Alastair Reynolds, astrobiologist Lewis 
Dartnell, futurist Melissa Sterry and historian Melanie Keene.

4-10 OCTOBER  
World Space Week 
At-Bristol, Bristol, at-bristol.org.uk

CELEBRATE WORLD SPACE Week at Bristol’s interactive science 
museum by holding a real meteorite, launching a pop rocket and 
sampling space ice-cream!

EDITOR'S

CHOICE

FROM 24 OCTOBER  
Blood
Science Gallery, Dublin, dublin.sciencegallery.com

FROM VAMPIRES TO immunology, this new exhibition explores the 
mythical, cultural and medical aspects of this vital bodily fluid.
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THE LATEST SCIENCE BOOKS REVIEWED

READ

T
HEY SAY WE learn something 
new every day, but have you ever 
wondered how our brains actually 
hold on to all that information? 

In How We Learn, Benedict Carey delves 
into the science of learning, using the latest 
research to provide practical tips on how 
to improve our study habits, whether we’re 
cramming for that crucial exam, perfecting 
our Portuguese or attempting to master the 
mandolin. Along the way, he disperses some 
common myths surrounding the supposed 
worst enemies of learning: laziness, 
ignorance and distraction. 

The book begins with a look at the biology 
of memory. Carey uses the analogy of a film 
crew to describe how the brain’s modules 
work together to provide a “continually 
updating record of past, present, and 
possible future”. The film in question is the 
story of your life, and the director is you. 
In other words, you can manipulate the 
memory process to your advantage.

Of course, to know what memory is, 
we need to know about forgetting. Carey 
challenges the notion that to forget is to fail, 
describing how the brain has to apply filters 
in order for memory to work e�ectively. 
As he explains, we are not the victims of 
forgetting: focused forgetting is in fact part 
of how a healthy brain handles memory. 

What about when we find ourselves 
easily distracted – surely that’s a hindrance 
to learning? Not necessarily. Carey 
believes that distraction provides the 
opportunity for ideas to incubate in our 
minds. Procrastination can actually work 
in our favour, as it allows the brain to work 
on a problem subconsciously while we 
do something else. Carey also promotes 
‘interleaving’ – mixing up subjects and 
techniques - arguing that varied practice 
is more e�ective than repetition because it 
provides a sense of surprise. This is ideal 
for learning, because the brain is tuned to 
identify incongruities. 

Perhaps the most exciting part of this 
learners’ bible is the section on perceptual 
learning. This happens automatically, all the 
time, and it can be exploited to speed up 
our learning of specific skills. Indeed, Carey 
predicts a future where perceptual learning 
is central in training surgeons, scientists, 
pilots and crime scene investigators.

Carey has turned my understanding of 
learning on its head. He o�ers a unique 
insight into memory, and I’ll definitely be 
using some of these strategies myself.�

QQQQQ

Where’s the best place to study?
The best approach is to make your 
learning independent of any one 
environment. So study in a quiet room, 
then with music, inside, outside, at a 
café… Over time, this builds an 
independent knowledge that’s not tied to 
one particular area. Some people who 
only study in one place become almost 
mentally dependent on that place. So the 
answer to your question is ‘change it up’.

How about revision? Does cramming 
work, or should we pace ourselves?
Pace yourselves. Cramming works fine, 
but it doesn’t last. If you space the 
available study time and break it up into 
chunks according to a schedule, you’ll 
remember at least as much, and for far 
longer. This is one of the oldest findings in 
psychology – it goes back to the very first 
learning scientist Hermann Ebbinghaus in 
the 1800s – and scientists have since run 
all sorts of experiments to show that 
spaced study almost always wins 
[versus cramming].

Should we worry about distractions 
like Facebook and emails?
Distraction is bad if you need continuous 
attention – if you’re driving or if you’re 
listening to a lecture. However, in certain 
kinds of learning, distraction can be very 
helpful when you’re stuck. The brain is no 
longer directly working on the problem, 
but it is working on it subconsciously. It’s 
rearranging things a little, playing with the 
information ‘o�ine’, and this can give you 
new insights. The distraction can also 
cause some forgetting to happen, so that 
you let go of some of the wrong ideas 
that you had in the first place. 

Benedict 
Carey

How We Learn
The Surprising Truth About When, 
Where And Why It Happens
Benedict Carey

Macmillan  £20

DR NICOLA DAVIES is a psychologist  
and health writer

MORE ON TH E PODCAST
Listen to the full interview with Benedict 
Carey at sciencefocus.com/podcasts

MEET THE AUTHOR
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“Carey describes 

how the brain has 

to apply filters in 

order for memory to 

work effectively” 



To Do ListTo Do List

The Marshmallow Test   
Understanding Self-Control And How To Master It

Walter Mischel

Bantam Press  £20

IN THE 1960s, psychologist Walter Mischel 
tested children’s ability to resist sco�ng 
one marshmallow now, for the chance to 
get two in a few minutes’ time. There was 
huge variation in the kids’ ability to delay 
their pleasure. Decades later, the 
researchers caught up with many of their 
original volunteers, and they found that 
those who exhibited greater self-control 
in childhood had gone on to perform 
better at school, enjoy more successful 
careers and live more healthily.

This makes it sound as if willpower is a 
fixed trait, with some of us lucky enough 
to be bestowed with more of it than 
others. However, Mischel makes the 
opposite case. He explains the ways that 
we can all boost our self-control. These 
includes “cooling” temptations to make 
them less appealing; “heating” the future 
to make it more vivid; and rehearsing 
if-then plans, such as “If I’m feeling 
hungry, then I will eat an apple” as a way 
to develop healthier habits.

This book, from one of the giants of 
modern psychology, is easy to read and 
conveys an empowering message. But 
the scientific content is rather lightweight, 
which may leave some readers unsatisfied.
QQQQQ

The Human Age   
The World Shaped By Us

Diane Ackerman

Headline  £20

SOME GEOLOGISTS NOW include a 
Human Age, or Anthropocene, alongside 
the other great geological eras, reflecting 
our species’ colossal influence on Earth’s 
environment. But where many authors 
get stuck bemoaning the pollution, 
starvation, overcrowding, climate change 
and extinctions that humanity has 
wrought, Diane Ackerman is more 
sanguine. For her, the real human age is 
the age of invention and technology, and 
how these are not only changing our 
biological and social make-up, but also 
opening up new and uncharted futures. 

‘Emotional robots’ are evolving the 
capacity for self-awareness and empathy, 
and also for deceit. Genetic engineering 
will mean extinct species can be reborn, 
and allow babies to be assembled from a 
mosaic of genes, not just those of two 
conventional parents. 3D printers 
promise a world in which ears, kidneys 
and hearts can be made to order, or you 
might prefer to grow your own by cloning 
parts of yourself from a skin cell.

It’s time to prepare for this new era, 
and Ackerman gives us a thought-
provoking place to start, written in an 
almost stream-of-consciousness style.
QQQQQ

PHILIP BALL, WHOSE Serving The Reich is 
on the longlist for the Royal Society Winton 
Prize, excels at taking obscure subjects 
and providing erudite yet approachable 
explorations. So he does in Invisible.

It’s easy to guess what a book on the 
science of invisibility would be about. It 
would cover natural camouflage, stealth 
technology, metamaterial invisibility cloaks 
and video concealment. As, indeed, 
Invisible does – but only for around a 
quarter of its pages, because Ball is not 
one for delivering the expected. Even in 
these areas Ball can surprise, pointing out 
that the chameleon, the poster animal for 

natural camouflage, likely changes colour 
more to attract the opposite sex than to 
disappear. Before we get there, though, the 
author takes time to explore invisibility in 
folklore and pseudoscience, séances and 
secret societies. It can sometimes feel that 
the plethora of historical oddities makes 
the topic so insubstantial that it is almost 
transparent itself. Yet this exploration of 
the borderline between rational thinking 
and fantasy makes fascinating reading. 
QQQQQ

Invisible 
The Dangerous Lure Of The Unseen

Philip Ball

The Bodley Head  £25
BRIAN CLEGG is the author of Life In A 
Random Universe and The Quantum Age  

PROF ADAM HART is the co-presenter of 
Hive Alive on BBC Two

DR CHRISTIAN JARRETT is author of  
The Rough Guide To Psychology

PROF MARK PAGEL is head of the Evolutionary 
Biology Group at the University of Reading
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Planet Of The Bugs 
Evolution And The Rise Of Insects

Scott Richard Shaw

Chicago University Press  £19.50

IF YOU WANT to appreciate biodiversity 
and evolution and truly understand how 
the natural world works, then study the 
insects. They are predators and prey, 
parasites and hosts, herbivores and 
carnivores, swimmers and divers, flyers 
and walkers. There is a staggering 
diversity of them, in astronomical 
numbers, in habitats across the globe. To 
appreciate insects is to appreciate life on 
this planet – and it’s obvious from the 
prologue to Planet Of The Bugs that Scott 
Richard Shaw feels the same way. 

Books on diversity aren’t hard to find, 
nor are titles discussing form and 
function. The ‘who’ and ‘how’ of insects 
are taken care of, but the ‘why’ is less 
well explored. Why did they evolve and 
why are they so successful? Shaw 
approaches these issues with a skilful 
mix of academic authority and humour. 
He guides us along an evolutionary 
timeline that begins with the Cambrian 
rise of arthropods and ends in modern 
Ecuador contemplating insect-like life on 
other planets. This is a thought-
provoking, entertaining account of insect 
evolution that will leave you hoping Shaw’s 
“buggy universe hypothesis” is correct. 
QQQQQ



ADVERTISEMENT FEATURE

THE NORTHERN LIGHTSTHE NORTHERN LIGHTS
Ever wanted to experience one of nature’s great displays? The Aurora Borealis is one of the great, timeless thrills 
of travel, a beautiful dance of natural light that many viewers find a humbling and spiritually uplifting experience...

In truth your chances of seeing the Northern Lights are 
pretty good anywhere along an arc of latitude either side 
of the Arctic Circle from Greenland to the apex of the 
Scandinavian Peninsula. 

But what can make the di�erence to your Aurora Holiday 

and morph it into an Aurora Adventure is what you do 

with your days. This is why we design them the way you 

want them.

Be it on one of our edgy Brief Encounters to Reykjavik, an 
o�shore cruise on Norway’s Tromsø Sound, Snow Safari in 

Finnish Lapland or Reindeer Sled safari in Arctic Sweden. 

And so you get a ‘dead to the world’ night’s sleep after 

Aurora Spotting, we give you lodging choices between 

Luxury hotel, Lavvu or Sami Tent, Log Cabin or  

Wilderness Lodge. 

See how our experience can morph your holiday into an 

adventure at www.scanadventures.co.uk. Then get in touch 

and we’ll start designing it for you.

Catch the Northern Lights every Night 
&  

Design your own Days every Day

CALL US: +44(0)207 529 8759 

OR MAIL US: youradventure@scanadventures.co.uk

FIND THE REAL SCANDINAVIA
IN THE LAND OF THE NORTHERN LIGHTS
The Aurora Borealis – a spectacular natural phenomenon 
featuring a myriad wave of colours dancing on the cosmic 
wind high in the sky – has fascinated man for many millennia. 

In an age where we know the scientific rationale for the 
Northern Lights, a sighting still delivers an emotional rush  

and a primeval response that will be engraved in your memory 
for a lifetime.
Watch nature’s greatest show unfold this winter in Northern 

Norway and in Swedish Lapland; destinations synonymous 

with the Aurora Borealis. Take your seat in the front row and 
await the magic. Prices from £887pp for a three night break.

TEL: 020 8758 4722   

WEB: sunvil.co.uk 

REGENT HOLIDAYS
EXPERIENCE THE NORTHERN LIGHTS IN ICELAND
From late autumn to early spring the northern skies come alive 
with the flickering neon lights of the Aurora Borealis. With 
the whole country located within the all-important Northern 

Lights oval, Iceland a�ords superb opportunities to witness 
the incredible natural phenomenon, whether you choose a 

Reykjavík city break, romantic countryside retreat or specially 
designed escorted group tour. We can tailor-make your perfect 
holiday in Iceland with departures from various airports in the 

UK and special o�ers at selected hotels. Regent Holidays have 

been specialists in holidays to Iceland since 1975.

Call a Regent Holidays Iceland  

Specialist on 020 7666 1290

WEB: regentholidays.co.uk



ADVERTISEMENT FEATURE

Travel with us to see the Northern Lights and we’ll ensure that 
every moment of your holiday is as magical as the mystical 
Aurora Borealis!

We’ll make your daytimes just as exciting as your evenings, 
taking you out on thrilling snowmobile and husky safaris to 
explore the stunning landscape. We’ll put you in the hands of 
expert local guides who will lead you to the best possible 
Northern Lights viewing spots.

And when it comes to selecting your accommodation, we’ll 
R�HU�\RX�D�VLPSO\�DPD]LQJ�FKRLFH��LQFOXGLQJ�WKH�RSSRUWXQLW\�
to sleep in a glass igloo and watch the magic overhead as you 
lay back in your bed. 

If you love the Northern Lights, you’ll love The Mighty Fine 
Company. Call us today and let the magic begin!

Magic by Day, Magic by Night

Putting You in the Picture

:LWK�RYHU����IDEXORXV�LWLQHUDULHV��DFURVV�VL[�DPD]LQJ�
destinations, Northern Lights Holidays cater for every kind of 
Aurora hunter. 

Our friendly travel team specialise in matching customers with 
their dream holiday, they’ve seen the Lights, understand the 
magic and appreciate the importance of each and every 
holiday. It’s their personal service that makes us stand out 
from the crowd and ensures our customers travel with us time 
and time again. 

So, whether you want to see the Lights on a thrilling husky 
safari, from the deck of a Hurtigruten cruise ship or on a 
romantic getaway with just you, your loved one and the 
Aurora Borealis, if you can dream it, we can make it happen.

Call us today, tell us about your dreams and let us make them 
happen.

www.northern-lights-holidays.co.uk

Tel: 0330 999 5885

Tel: 0333 121 0370
ZZZ�PLJKW\�QHFRPSDQ\�FRP
VDOHV#PLJKW\�QHFRPSDQ\�FRP

NORTHERN LIGHTS HOLIDAYS



ADVERTISEMENT FEATURE

Northern Lights + The famous ‘post ship’ + 34 friendly ports of call + Ultimate Norwegian experience
Small ships for the narrowest fjords + Lofoten and Vesterålen Islands + Fresh, local, seasonal cuisine

Interesting, exciting excursions† + The North Cape† + Incredible wildlife

Call 020 3553 7998, see your travel agent 
or visit www.hurtigruten.co.uk

*Price based on two people sharing a best-available inside cabin on a full board basis travelling on selected dates Nov – Dec 2014. Best-available outside cabins and Oct departures available at 
applicable prices. Voyage price includes fl ights from Gatwick with Norwegian Air Shuttle. †All excursions are subject to selected date ranges, availability and are not included in the price of the holiday. 
Offer is not combinable, may be withdrawn at any time and cannot be added to existing bookings. Offer subject to availability and Hurtigruten’s normal booking conditions.

Bergen – Kirkenes – Bergen

CLASSIC 
ROUND VOYAGE

including direct

FREE FLIGHTS!
12 days full board from 

£1099pp*

      V7545

HURRY 
THE FLIGHTS ARE ON US

FEEL THE PULL OF A NORWEGIAN ADVENTURE THIS WINTER



6
 
F

o
r
 
a

d
v

e
r
t
i
s

i
n

g
 
e

n
q

u
i
r
i
e

s
 
p

l
e

a
s

e
 
c

o
n

t
a

c
t
:
 
C

a
r
l
.
K

i
l
l
@

i
m

m
e

d
i
a

t
e

.
c

o
.
u

k
 
 
T
e

l
 
0

1
1
7

 
9

3
3

 
8

0
5

8

TECHNOLOGY

PUBLISHERS

EDUCATION GIFTS

Digital Microscopes

Celestron is distributed in the UK and Ireland by David Hinds Ltd. Dealer enquiries welcomed. 
David Hinds Ltd. Unit R, Cherrycourt Way, Leighton Buzzard, Bedfordshire  LU7 4UH

Celestron

®

 and PentaView

TM

 are registered trademarks or trademarks of Celestron Acquisition, LLC in the United States and in

dozens of other countries around the world. All rights reserved. Samsung is a registered trademark of Samsung Electronics Co., Ltd. 

App Store is a registered trademark of Apple Inc. Google Play is a registered trademark of Google Inc. 

See more with Celestron  

www.celestron.uk.com

The professional-level Celestron PentaView 
LCD is a touch screen digital microscope with 
advanced features at a reasonable price. PentaView 
features 5 fully achromatic lens objectives, a 
mechanical stage, a 4.3” TFT full color screen,  
5 MP CMOS sensor, and a 4 GB SD card for storage. 
Taking high-resolution images and video of 
specimen slides has never been easier. The LCD 
screen rotates 180 degrees so you can easily share 
your viewing.  For an even bigger audience, use the 
TV output to display on a television or projector. 

TECHNOLOGICALLYSUPERIOR

Stream. Capture. Share.
New for 2014, Micro Fi is 
a Wi-Fi enabled handheld 
digital microscope that 
enables you to view the 
microscopic world right  
on your smartphone  
or tablet! 

Micro Fi

srp £419

Handheld 
Digital 
Microscope 
Pro 5MP

01502 725205 
and specialist dealers nationwide

Celestron Microscopes
are available from



MINDGAMES
What name has British astronaut 
Tim Peake given to his upcoming 
six-month mission aboard the   

 International Space Station?

  a) Corpuscle 

 b) Principia 

 c) Newton 

 
Complete the recent headline:  
“_____ _______ of exercise can 
transform health”

 a) Six seconds 

 b) Six minutes 

 c) Six hours 

  In August, Rosetta became the 
first spacecraft to rendezvous 
with a comet. But when was the 
spacecraft launched?

 a) March 2004 

 b) March 2009 

 c) March 2014 

 
This 19th Century wood engraving 
shows two men enjoying laughing 
gas. What’s the scientific name for  

 this substance?

 a) Ethylene dioxide 

 b) Carbon monoxide 

 c) Nitrous oxide 

 
According to scientists at 
Aberystwyth University, what’s the 
most hygienic way to greet a friend?

 a) Shaking hands 

 b) A high five 

 c) Fist-bumping  

 
In July, Russia’s space agency lost, 
and then regained control of, a 
satellite carrying what payload?

 a) Mice, bonsai trees and honey bees 

 b) Geckos, mushrooms and fruit flies 

  c) Ferrets, watercress and fire ants 

 
Researchers in the US have 
observed the longest brooding time 
ever seen in the natural world. What  

  creature was spotted guarding its  
eggs for over four years?

 a) Emperor penguin 

 b) Deep-sea octopus 

 c) Leatherback sea turtle 

Complete the recent headline: 
“Mathematical equation can predict 
your ______”

 a) Fitness 

 b) Happiness  

 c) Wealth

 
 

A Spanish physicist has invented an 
ice cream that performs what feat?

 a) It stays frozen in sunlight 

  b) It reacts with saliva to create a fizzing 

sensation on your tongue 

c) It changes colour

 
A nine-year-old boy has had what 
replacement body part created from 
his ribs at London’s Great Ormond 
Street Hospital?

 a) His ears 

 b) His fingers 

 c) His nose

  Earlier this year, Lego released a set 
that, for the first time, included three 
female scientists. Which of these 
figures wasn’t featured?

 a) An astronomer   

  b) A biologist 

c) A palaeontologist 

What’s shown in the image below?

 a) A human liver cell 

 b) A computer simulation of the Big Bang 

 c) A cross-section of a plant stem

1 5

10

11

12

13
6

7

8

9

2

3

4

Test your knowledge with our Big Quiz set by James Lloyd 

What name is given to this species 
of jellyfish?

a) Purple sprouting jelly 

b) Pin cushion jelly 

  c) Flower hat jelly
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Recreational use of laughing gas isn’t a new phenomenon 

Try solving puzzles from 
the BBC quiz Only Connect 
hosted by Victoria Coren 

online at http://bbc.in/1vCOzuY
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FOCUS CROSSWORD No 169 ACROSS DOWN

QUIZ ANSWERS

HOW DID YOU SCORE?

SOLUTION TO CROSSWORD No 166

WIN!  
FUTURESCAPE 
WITH JAMES WOOD
The first five correct solutions 
drawn will each win a copy 
of Futurescape With James 
Woods (Discovery, £14.99). 
Entries must be received by 
5pm on 16 October 2014. See 
below for   
details.

L Pratt, Peter Haworth, Shelia Smeal, Glenys 
Robinson and Norman Faulkes each solved 
issue 270’s puzzle and receive a copy of  
The Man Who Doesn’t Breathe on DVD.

Post entries to BBC Focus Magazine, October 2014 Crossword, PO Box 
501, Leicester, LE94 0AA or email a scan of the completed crossword or a 
list of answers to october2014@focuscomps.co.uk by 5pm on 16 October 
2014. Entrants must supply name, address and phone number. Immediate 
Media, publisher of BBC Focus Magazine, may contact you with details of 
our products and services or to undertake research. Please write ‘Do Not 
Contact’ on your email or postal entry if you do not want to receive such 
information by post or phone. Please write your email address on your 
postal entry if you would like to receive such information by email.

Entrants must be UK residents (inc Channel Islands) aged 18 or over. 
Immediate Media employees are not eligible to enter. By entering participants 
agree to be bound by these terms and conditions and that their name and 
county may be released if they win. Only one entry permitted per person. No 
responsibility is accepted for lost, delayed, ineligible or fraudulent entries. 
Entries received after the closing date will not be considered. Immediate Media 
(publisher of BBC Focus Magazine) will only ever use personal details for 
the purposes of administering this competition unless you permit otherwise. 

YOUR DETAILS

NAME 

ADDRESS

EMAIL

TELPOSTCODE

0-4    CHASING YOUR TAIL          5-9     CHASING RAINBOWS        10-13    CHASING COMETS

1b, 2a, 3a, 4c, 5c, 6c, 7b, 8b, 9b, 10c, 11a, 12b, 13a

Read more about the Immediate Privacy Policy at www.immediatemedia.co.uk/
privacy-policy. The winning entrants will be the first correct entries drawn 
at random after the closing time. The prize and number of winners will be as 
shown above. The winners will be notified within 30 days of the closing date by 
post. Immediate Media’s decision is final and no further correspondence relating 
to the competition will be entered into. If the winner cannot be contacted within 
one month of the closing date, Immediate Media reserves the right to offer the 
prize to a runner-up.

TERMS & CONDITIONS

8 The importance of force (7)  
9  Mammal to rest where it isn’t normal (4,5)
13 Fellow left our order for mineral (5) 
14 Way to defeat English (5)  
15 Plan to move from university to city (7) 
16 Robot and rain – odd combination (7) 
17  Wines turn out to have personal 

connection (5)  
18  Incorporated American part of 

hearing (5)  
20 Fix me up somewhere to sleep (5)  
22 Fish with a large bone (6)    
23  Rang about having only a bit of hair (6)
25  Hard to swap my moon for a similar-

sounding word (7)   
27 Work at a metropolis in cloudiness (7) 
30  German student gets irritation from 

problem (6)  
31 Rascal finds river contaminated (6) 
32  Hard to follow former DG’s first 

appearance (5)  
35 Deposit old ship on lake (5)  
36  Foals developing a musical system (3-2)
37  Some elements, like hydrogen, 

confused one gal (7)  
39  At home, performing a rite of apathy (7)
41 Iron rim going round length (5)    
42 River tale about a badger (5)  
43  Often mix a concoction as a cancer 

treatment (9)  
44  Primed to work with energy allowance (7)

1 Reason to touch the earth (6)  
2  Finished, peer at wartime operation 

(8)  
3  A pretty cold composition that died off 

a while back (11)   
4 Train line adjusted every few years (9) 
5 Hybrid of ape, wolf and pheasant (7) 
6 Valve makes merino itch terribly (10) 
7 Turn up with queen of country (4)  
10 A reputation gets left to burn (6)  
11  Scholarship rubs Ray up the wrong 

way (7)  
12  Sodium application produces a 

sickness (6)  
19 Cultivate cert for farm tenant (7)  
21  Successful at sounding like a bittern 

(7)  
24  Phone empire created for physicist 

(11)  
26  Point on curve worries cousin a lot 

(10)  
28 Film a pier, using a megaphone (9)  
29  Total art carried out on a mountainous 

island (7)  
30 Greece is to set traitor free (6)  
32 Capital to be Latin, to a degree (8)    
33 Deal with a name (6)  
34 A mark to identify worm (7)  
38 Note voice of section of the press (6) 
40 Former spouse takes morning test (4)



IT SOUNDS LIKE a family day out gone horribly wrong. 
In The Maze Runner, a bunch of teenagers find 
themselves lost inside a complicated, high-walled 
maze. There are no parents, no toilets, and to add 
insult to injury, the labyrinth is patrolled by vicious, 
giant slugs. It’s Lord Of The Flies meets Lost… with 
slime trails. Will they ever find their way out? 

Mazes have been fascinating people ever since King 
Minos of Crete allegedly had one built to contain the 
mythical Minotaur. But that was a rubbish one – or, to 
give it its proper name, a ‘labyrinth’, where there are no 
choices and only one possible route through. A proper 
maze is a network of paths, with turns and dead ends, 
where you have to make decisions.

One solution to mazes is the so-called ‘hand on 
hedge’ or ‘wall follower’ method. Enter the maze and 
put your hand on one wall. Start walking and keep 
turning only right or only left. In some mazes, like 
Hampton Court, where the centre is connected to the 
outside, this method will lead you to the middle and 
back out again. “But it won’t help you solve more 
complicated mazes, like the fiendishly hard one at 
Longleat, where the centre is disconnected from the 
outside,” says mathematician Chris Budd from Bath 
University. “To solve these, you need network theory.”

The basic maths involved in network theory was 
formalised nearly three centuries ago, when wig-
wearing number-cruncher Leonhard Euler used it to 
help navigate a network of bridges in Königsberg, 
Russia (now Kaliningrad). But today it’s used for all 
sorts of things, including breaking terrorist networks 
and guiding the flow of information through the 
internet. “If you apply the same basic principles, you 
can solve any maze you like,” says Budd.

Budd’s network-based maze-busting method works 
as follows. First, pack a rucksack with a large bag of 
peanuts and a family-sized packet of crisps (any 
flavour will do). Wander off into the maze, leaving a  
trail of peanuts behind you. If you go down a path a 
second time, leave a trail of crisps. Promise yourself 
never to revisit a crispy path. You’re on your way. 

If you come to a nut-free, new decision point, drop 
your nuts and take any new path. If you are on a new 
path and come to a snack-rich, old decision point or a 
dead end, turn back. If you are on an old path and 
come to an old decision point, take a new path (or an 
old one if there isn’t a new one). 

Confused? You may be, but you will conquer the 
maze, boost snack sales and emerge victorious. Of 
course, this method doesn’t work for everyone. People 
with nut allergies should give it a wide berth…  and the 
young chaps in the film would do well to cut their 
snacks 50:50 with slug pellets. Best of British, boys!

THE MAZE RUNNER
The maths of mazes in 

“The maths involved  

in network theory was 

formalised nearly 

three centuries ago”

HELEN PILCHER is a science writer 
and comedian. She tweets from  
@Helenpilcher1

Separating science fact 

from movie fiction 
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It takes two, baby

Unlike docks and soundbars, the Q Media BT3 from 

Q Acoustics delivers real stereo sound separation via 

its versatile twin bookshelf speakers.

for true stereo sound.

Stream music via Bluetooth

®

, plus connect the audio output 

from your TV or set-top box* to the BT3’s built-in 100W 

amplifier and enjoy sound quality that comfortably outperforms 

typical ‘single box’ soundbars and docks.  

*BT3 is compatible with both Sky and Virgin remote controls.

Available in:       Jet Black         Juice Red         Urban White www.Qacoustics.co.uk

“ ...the sound these speakers make will knock any similarly 

priced soundbars into a cocked hat”

“ Few products are as versatile and easy to use as the Q BT3s“

“ Proper hi-fi sound and a huge boost to TV, Computer and 

streaming sound.”

 WHAT HI-FI? SOUND AND VISION

“ Audio is delivered with superb clarity.”

 AVFORUMS

“ Superb, full-range sound trumps almost every soundbar on 

the market.”

 TRUSTED REVIEWS

“ A neat sonic upgrade for a TV doubling up brilliantly for 

stereo music”

 HOME CINEMA CHOICE



CALIBRE SH21

The chronometer-certifi ed C9 Harrison 5 Day Automatic, with 120-hour power 

reserve, is the fi rst watch to house our own movement. Conceived and designed 

by our master watchmaker, Johannes Jahnke, and manufactured by some of 

Switzerland’s fi nest watchmaking craftsmen, it is destined to be one of the most 

talked about watches in years. And, yes, you do have the license to own one.

‘What gives you the license to do this?’

EXCLUSIVELY AVAILABLE AT christopherward.co.uk

THE CEO OF A MAJOR SWISS WATCH BRAND ON HEARING ABOUT CALIBRE SH21, 

CHRISTOPHER WARD ’S F IRST IN-HOUSE MOVEMENT.




