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Gadgets  Have suggestions for any gadget/application? Share 

with other readers, email bbcknowledge@wwm.co.in

High-Tech Napkin  
The High-Tech Napkin is designed around recent advances in radio 

frequency technology and e-inks and is a great take on the old napkin 

doodling cliche. Each pen transmits your doodles to the base station, 

which is a PC in disguise; that information gets processed and 

displayed on the napkin through e-ink paper. The napkins themselves 

require so little energy they can be powered inductively with the pens 

writing on them and still retain their image indefinitely without power. 

In spite of all the technology involved, someone will still probably end 

up blowing their nose with the equipment. 
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Gizmos from the near future
The latest buzz in the market

Fridge  
This fridge of the  

future keeps your  

food cool without  

using electricity.  

That may sound  

impossible but it  

works by cooling a 

biopolymer gel via 

luminescence, essentially 

absorbing heat energy  

and radiating it away at 

different wavelengths.  

It’s designed to take up  

four times less space than  

a regular fridge and then 

adjust in size relative to  

how full it is. The surface 

tension of the gel creates  

a separate ‘pod’ for each 

item, meaning there is  

no way for smells to mix.  

It also has no moving parts, 

making it completely silent  

to run.  

Price: TBA  
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This may well be the future of home cinema. The LG HECTO projector is placed just in 

front of a specialised screen, and then uses laser-driven light to create an image 

100-inch wide in full HD. It comes with the standard HDMI ports and speakers, but what 

is remarkable about this projector is how much it behaves like a modern 

smart TV, integrating a pointer-style cursor for navigation and 

including a full TV interface. Not to mention its 

positioning means you can finally get 

up in the middle of a movie 

without casting a 

shadow over the 

screen. 

Price: ` 
 

If you haven’t watched the movie Back to the Future, go and fix that right 

now. Then immediately start getting excited about the Z board. Basically, 

the Segway of skateboards, it moves simply by detecting shifts in your 

weight. Leaning forward will speed you up to a maximum of 17mph and 

leaning back slows you down. Top models have a range of up to 10 miles, 

and can keep going even in face of prolonged uphill riding. It all seems 

surprisingly intuitive; just imagine yourself on a regular skateboard except 

your feet never have to touch the ground ever again. It might not be the 

hover board that the Back to the Future promised us, but it’s close!.  

Price: `

cept

e
anyone looking to get their head, very literally, into the 

game. Price: `

Walking away from a half-

finished PC game is always a 

difficult task but thankfully this 

hand-held device from Nvidia 

can ease your woes. Its unique 

feature is its ability to stream PC 

games from your home desktop 

through NVIDIA’s GRID cloud 

service to any internet 

connected location of your 

choice. NVIDIA is the company 

responsible for most of the high 

end graphics cards in 

computers today, so naturally 

this hand held device is going to 

be powerful enough to run even 

the most cutting-edge video 

games.  
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hatever the truth of the matter, 
the very idea that serious studies 
are needed to establish whether 

an artificial limb might be advantageous – 
better than the real thing – is staggering.

The J-shaped pieces of carbon fibre 
known as the Cheetah Flex-Foot isn’t a one 
off – it seems we’re now at a stage where we 
can out-design evolution, a state of affairs 
that’s not surprising to some.

“Our technology is in some areas close 
to, or even better than, human ability,” says 
Dr Anders Sandberg, a research fellow at 
Oxford University’s Future of Humanity 
Institute. “It’s easier to extend us in 
directions where we have no ability than 
in directions we have evolved strongly – 
but even there we might have a few tricks 
nature missed.”

Although it’s advanced in materials 
and design, the Flex-Foot doesn’t closely 
mimic its flesh and bone counterpart in its 
movement. Much closer to the real thing is 
the i-LIMB – a prosthetic hand developed 

by Touch Bionics in Livingston, Scotland, 
named as one of the 50 best inventions 
of 2008 by Time magazine (it came in 
14th, ahead of a new Mars Rover and an 
invisibility cloak).

 
All fingers and thumbs

Until two years ago, when the i-LIMB was 
launched, replacement hands were pretty 
simple affairs – if you were lucky you’d have 
a pincer-like attachment that would let you 
manipulate objects in a primitive way.  
The i-LIMB, by contrast, is a bionic hand 
with incredibly life-like movements. It 
works through myoelectric control – a 
sensor on the muscles of the remaining 
limb picks up tiny signals and uses them to 
control the digits.

There are five independent fingers – 
including a functioning thumb – and each 
one is individually powered. From grasping 
a suitcase handle or turning a key, to 
picking up a penny or punching a keypad, 
the digits are capable of all kinds of 

Our bodies have taken millions of years to evolve 
amazing abilities that we are now able to mimic 
machines. But as Ed Chipperfield discovers, 
technology will soon allow us to surpass flesh and 
bone. The superhuman is almost here...
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HOW TO BUILD AN
UNSINKABLE SHIP

Since the Titanic went down 100 years ago, science has been 
employed to make ships safer. Paul Eastaugh explores the th

cutting edge of marine technology

uilding a boat that cannot be sunk 
may sound like a worthwhile goal, 
but put enough holes in a ship and 

it will always sink. The only reliable way to
stay afloat is to avoid hitting anything by
navigating safely, and ensure that nothing
catches fire.

Ever since that fateful night in April 1912 
when the RMS Titanic went down, the
shipping industry has been working to 
make its vessels safer. The SOLAS (Safety
of Life At Sea) regulations that followed the 
Titanic disaster have grown to cover a ship’s 
smallest details. From a requirement for 
double hulls on oil tankers to the design of 
buckles on lifejackets, there’s a regulation 

to ensure all components are up to the job. 
Yet there’s always room for improvement, 
and with global warming opening Arctic
waters to oil exploration and shorter, cost-
saving shipping routes, the need for safe
ships is greater than ever. So with these icy 
routes in mind, what’s the closest we can 
get to building something unsinkable?

We’ve cherry-picked the innovations 
that are transforming the safety of modern 
shipping to design a boat of our own. Some 
of these features are well established, while 
others are at the cutting edge and are yet to 
be widely introduced. You’d never see all of 
these on any one ship today, but this could
be the shape of ships to come. 
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Curved screens
We’re used to phones looking 

like flat bricks, but it seems 
mobile developers want to make 
handsets with more personality. 

Leaks from Nokia, previews 
of handsets on sale later this 
year and the fact that Apple 

has recently built a specialised 
factory to churn out shaped 

glass, all suggest that curved 
screens will be the next big thing. 
The current trend set by Corning, 

which makes Gorilla Glass, 
indicates that by 2015 tougher 

glass will allow for screens that 
could be 50 per cent thinner.      

Cloud apps
While Moore’s law predicts 
mobile phone chips to 
double in speed and halve 
in size every year, the cloud 
represents a huge reservoir 
of processing oomph that 
app developers are keen  
to get their hands on. 

“The computing 
power available through 
cloud servers is virtually 
unlimited,” says Steve 
Perlman, CEO and founder of 
cloud gaming service Onlive. 
“So once mobile broadband 
speeds can equal those 
demands, it’ll mean an app’s 
capabilities won’t be limited 
by the phone.” Being able  
to rely on external 
processing power will make 
phones smaller and allow for 
hugely demanding software, 
such as photo-editing on 
your phone.

Antivirus
According to David Emm, 
senior security researcher  
at Kaspersky Lab, an 
epidemic of smartphone 
viruses is imminent. 

“The number of purchases 
people make on their phones 
will be too tantalising a 
prospect for cyber criminals 
to ignore,” he says. “Being 
open source, the Android OS 
naturally has vulnerabilities. 
Apple’s iOS is more secure, 
but nothing is perfect. We’re 
already seeing the very early 
stages of email attacks 
targeting iOS devices.” 

Smarter games
What will games look like on your next phone? Mike Capp, president of 
Epic Games – which was behind the award-winning Infinity Blade – says 
that graphics won’t be that important in the future. 

“Being mobile will play a much bigger role – whether it’s streaming the 
game from the cloud or continuing a console game on your phone. You 
could be sat at a park bench and, using the phone’s GPS, you could see 
anyone playing the same game within a five-mile radius and join in.” 

MEET YOUR NEXT  SMARTPHONE

 The 
 Hardware 

 The 
 Software 

Ubiquitous NFC
Near Field Communication 

(NFC) makes connecting 
your phone to a speaker, 
for example, as easy as 

tapping your handset on your 
stereo. When two NFC-

enabled devices get close, 
they recognise each other 

and connect via Bluetooth. 
The whole system can be 

automated, so that your 
phone would automatically 

sync when it’s positioned 
next to your PC. Once shops 

adopt NFC receivers – as 
ticket machines on London’s 

Tube already have – you’ll 
be able to make one-touch 
payments with your phone. 

Infrared camera
Your next phone’s camera 

won’t just capture more 
megapixels. In December, 

Apple was granted a patent 
for an infrared (IR) receiver 

attachment. The idea is 
that a railway station, for 

example, would have a 
corresponding device to 

broadcast train timetables 
to your phone. This info 

would then be overlaid on 
your camera’s live view, 

showing you when the next 
train’s due to leave. On the 

downside, music venues 
could send out a signal that 

would stop people filming 
concerts with iPhones. 

Longer-life batteries
A team of chemical 

engineers at Northwestern 
University, Illinois have 

created a lithium ion battery 
that would endure a week’s 

use and recharge in 15 
minutes. It uses an anode 

– the part that delivers 
electricity into the battery – 

made out of a graphene/silicon 
sandwich. This delivers more 
electricity into the battery in 

less time. Lead researcher Dr 
Harold Kung says this tech 

could make its way into mobile 
phones, laptops and tablets 
within the next three years.

No more SIM cards
In pursuit of a supermodel-

thin smartphone, Apple is 
on the march to remove 

SIM cards from its handsets 
altogether. A SIM reader 

takes up a lot of space, so 
the company filed a patent 

in November for a virtual 
replacement. The iPhone 
is digitally allocated to a 

network on purchase. One 
benefit is that the freed-up 

space could be filled by 
hardware: an NFC router 

that would share its internet 
connection with a laptop  
or a tablet when such a  

device gets near enough to 
the phone. IL
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From cloud apps to curved screens and face recognition... Daniel Bennett 
discovers what we can expect from the next generation of smartphones
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Facial recognition
Pin numbers will soon go the 
way of the credit card signature. 
Google’s next Nexus handset 
packs software that allows 
you to use your mug instead 
of passcodes to unlock your 
phone. But a patent filed by 
Apple hints that you won’t even 
have to press a button for facial 
recognition to kick in. The screen 
automatically lights up when you 
hold the phone to your face.
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50 How To Build An Unsinkable Ship 
Find out how modern technology has made  

ships safer 

44 Meet Your Next Smartphone 
Nine new innovations that will change  

your smartphone

Puzzle, Games, Gadgets 
Pages that challenge your grey cells, excite you 
about tomorrow’s gadgets, and reviews games 
that you have to play

38 Superhuman
Ed Chipperfield reveals technology that 

takes humans beyond simple bone and flesh
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The Oculus Rift aims 

to give gamers 

unparalleled

immersion by turning the 

players head into the camera controls through respondingl h d i h l h h di

to where you are looking. Along with having games 

developed for it specifically, it’s being designed to integrate 

i h PC S h PS3 d Xb 360 ll S bes, 

cept

with PCs, Smartphones, PS3 and Xbox 360 as well. Set to be 

the next big leap in gaming, and is one to look out for
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Q1 Enigma code  

When you have cracked the code you will be 
able to make up seven words. The clue to first
word is given to help you get started

The Clue: Send the batsman back to 
the pavilion

Mazing  
Find your way out of the maze 

Q3 Pick and Choose 
Solve the six clues by chosing the right combination of sets of letters 
given below. Each set of letters can ben used only once and only in 
the order given. The number at the end of the clues specifies how
many sets of letters are used in the solution

Q7 Brainteaser  
Y Y f l If t hYou can see me. You can feel me.  If you touch 
me, you will die. What am I?

1. India’s first satelite (3)

2. Propriety of conduct and manner (2)

3. Rigorous athltic event (4)

4. Famous Dutch painter (4)

5. Answer (2)

6. UK Prime Ministrer David____ (3)

ON

TH

LON

REM

CA

ER

DE

ARY

CAM

RE

PLY

BR

DECO

AN

ABH

DT

ATA

RUM

3 5 7 8

Easy
= 23

1 2 3 4

Medium = 3= 3

5 6 6 8

Hard = 15

The operators: ÷ X + –

19 25

7

17

10 14

4

5

1

6 9

Q8 Hidato  
The goal of Hidato is to fill the grid with 
consecutive numbers that connect horizontally,ti b th t t h i t ll
vertically, or diagonally from first to the last
number in the grid. The first and last numbers 
of a puzzle and a some other numbers are 
already filled in

Q6 Go Figure  
Place the four numbers in the 
first, third, fifth, and seeventh 
boxes and whatever opperators you 
care to use in the secoond, fourth 
and sixth boxes in the correct 
order to get the answeer. Use the
numbers only once.

Picture search The words represented by each of the sixteen 
pictures below are hidden either horizontally, vertically, diagonly either 
forwards or backwards, but always in a straight line, in the jumble below. 
See how many of them you can find? Look out for the descriptive name

Puzzle pit Questions and challenges guaranteed to 
give your brain a workout

*

*

*

* *

IN

OU
T

OU
T
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Picture search: Alarm Clock, Beer

Mug, Butterfly, Cannon, Canoe, 

Computer, Crown, Doghouse,

Flashlight, Hairbrush, Hand Mirror, 

Magnetic Tape, Protactor, Scissors,

Seashell, Wine Glass

Inperson: Sachin Tendulkar

Q1 Enigma Code:Dismiss, Passing, 

Madness, Designs, Disease, Mingles, 

Endless

Q2 Scramble: Tithe, Chair, Tribal,

Thanks, Think

Q3 Pick and Choose:1 Aryabhata, 2 

Decorum, 3 Decathlon, 4 Rembrandt, 

5 Reply, 6 Cameron

Q4 Double Barrelled:Fire

Q5 One letter crossword: Pen, Bed, 

Saw, Pet

Q6 Go Figure:

Easy: 3 + 7 +5 + 8 = 23

Medium: 3 x 2 + - 4 = 3

Hard: 8 + 6 + 6 - 5 = 15

Q7 Brainteaser:

The Sun

SOLUTIONS

19

20

21

18

22 23

8 24

25

7

17

10 16 14

4

5 3

1 2 11 12 13

6 9 15

Q8 Hidato:

Q2 Scramble  
Solve the four anagrams and move one letter to 
each square to form four ordinary word.

ITCHET

HICAR

LATRIB

HTANKS

Now arrange the letters marked with an asterisk 

(*) to from the answer to the riddle or to fill in 
the missing words as indiacted

I paint objects as I them not as I seeI paint objects as I _____ them, not as I see 

them -- Pablo Picasso

S S
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S S
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Q4 Double Barrelled  
What word can be placed in front of the five words shown tto from. 
in each case another word?in each case another word?

Q5 One letter crossword  
picture clues to fill in the puzzle.Use the 
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PC, PS3, X360
`3352`̀

The makers of this upcoming Tomb Raider 
reboot liken their take on iconic heroine Lara
Croft to Christopher Nolan’s Batman Begins 
version of the Caped Crusader. Both game and 
movie are dark and gritty retellings of their 
protagonist’s origins story – but where
everyone is familiar with Batman’s canonical
beginnings, Lara’s are up for grabs. Here,
young Lara is shipwrecked on a hostile and 
mysterious island with a hapless band of 
survivors. Inexperienced and untested, she
must hunt, climb, leap, and kill to stay alive
long enough to become the Lara Croft we
know and love today.

The game’s new signature weapon is the
bow and arrow, for skewering wolves and

sinister island dwellers alike. The latter in 
particular are a nasty bunch, and Lara’s 
escape will entail discovering what they are
really up to. Though the basic gameplay feels 
good, long-time fans will find this is a Tomb
Raider far removed from the original games, 
with its desperate shipwreck survival setting 
and emphasis on human enemies. 

Successful though it was for Nolan, ‘dark 
and gritty’ as a direction for a reboot is now 
not so fresh as it once was. And in the course
of dicing with that cliché, Tomb Raider is 
curiously fixated on showing Lara muddy, 
bloody, and suffering. She’s a world away
from the posh, cocky Croft of years gone by, 
but there’s time yet for the developers
to justify their direction and, what’s more,
to show us some honest-to-goodness
ancient tombs.

TOMB RAIDER

PC, PS3, X360
Ubisoft `3352`̀

Take a jaunt as unlucky tourist Jason Brody to Far Cry 
3’s conflict-torn tropical island. There, you’ll find the
scenery stunning and the locals madder than several 
boxes of frogs as you explore the game’s open world
while shooting thugs aplenty. The co-operative mode, 
which promises free-roaming island adventures with
three friends, is particularly tempting. 

PS3, PC, X360
Ubisoft `4190 (+`̀ `1508 cable)

Where Guitar Hero and Rock Band offered you fun
times on a toy guitar peripheral, Rocksmith pledges to 
really teach you to play. Plug-in a real electric guitar via
Rocksmith’s special adaptor to start jamming to the
likes of The Rolling Stones, The Black Keys and
Nirvana, in an experience that’s part teaching tool, part
grown-up rhythm game, and a good deal cheaper than 
actual guitar lessons. 

ROCKSMITH

FAR CRY 3

ALSO OUT

Tread carefully or you’ll end 
up a suspended corpse
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In the new Tomb 
Raider, archery 

lessons have 
high stakes
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We have quite an issue this time. For science 
fiction buffs, there is plenty of food for thought 
- technologies that challenge the limitations of 
our natural bodies to the fascinating development 
of tiny robots working in cohesion towards a 
single goal, to the bendable Smartphone, which 
recognises the face of its user. New technology can 
be so exciting, and potentially life changing too. 
Our special gadgets section is geared towards the 
future; innovations that seem out there, but are 
surprisingly almost at our doorstep. 

    So how 
ready are you? For the future. And 
also for the present. 

This edition is a wonderful compilation of 
updates from the arena of science, history and the 
natural world. My favourite is the piece Ocean 
in Motion(p54) with its link that shows an 
animation of world ocean currents in motion put 
together over two years by NASA. Another is 
Robert Matthews’ - The Big Idea(p80) - on the 
phenomenon of accidental connections that makes 
us utter “It’s a small world.”  

Stay more in tune with what’s up with the world 
with our new pages – the Puzzle Pit(p10); a 
labyrinth of brainteasers, and quizzes that will test 
what you know. Here’s a parting pickle for you: 
What is it that is yours yet others use it more  
than you? 
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Experts this issue
Thomas P Peschak is a fellow of the International 

League of Conservation Photographers (ILCP). 

Based out of South Africa, he spends 300 days a 

year on assignment in various parts of the world. 

Formally trained as a marine biologist, he later transitioned 

into a full-time career in environmental photojournalism, 

realising he could make a bigger impact with his photographs. 

In this issue, he shares his photos of the majestic Whale 

sharks.  See page 56

Roderick Matthews is a freelance writer 

specialising in Indian history. An author and 

historian, his interest in Indian history is credited 

to his discovery of finding out that his great-

grandmother Lady Cecilia Roberts cared for Gandhi when he fell 

ill on a visit to London in 1914. In this Issue, we present an 

excerpt from his book Jinnah Vs Gandhi, which sheds new light 

on the influence of Jinnah and Gandhi during the talks that led 

to the Partition of India. See page 70

Urvashi Butalia is the director and co-founder of 

Kali for Women, India’s first feminist publishing 

house. Her main research areas apart from 

Partition are gender, communalism, 

fundamentalism and media. Her writings have appeared in 

several newspapers including The Guardian, The Statesman 

and The Times of India. In this issue, she looks at how Partition 

has shaped the psyche of North India. See page 96

� SEND US YOUR LETTERS
Has something you’ve read in BBC Knowledge Magazine intrigued or 
excited you? Write in and share it with us. We’d love to hear from you and 
we’ll publish a selection of your comments in the forthcoming issues.

Email us at : edit.bbcknowledge@wwm.co.in

We welcome your letters, while reserving the right to edit them for length 
and clarity. By sending us your letter you permit us to publish it in the 
magazine. We regret that we cannot always reply personally to letters.

Preeti Singh 

edit.bbcknowledge@wwm.co.in

www.knowledgemagazine.in
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Whale sharks have roamed the oceans for 60 million 
years – yet we know little about their reproduction, 
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there were just a handful of locations where you could, if 
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Mazing  
Find your way out of the maze. 

Picture search In the jumble below, the words represented 
by each of the 16 pictures are hidden either horizontally, vertically or 
diagonally forward or backwards but always in a straight line. See how 
many of them you can find? Look out for descriptive names.

Puzzle pit
IN

OU
T

Picture search: Alarm Clock, Beer 

Mug, Butterfly, Cannon, Canoe, 

Computer, Crown, Doghouse, 

Flashlight, Hairbrush, Hand Mirror, 

Magnetic Tape, Protactor, Scissors, 

Seashell, Wine Glass

Inperson:  Sachin Tendulkar

Q1 Enigma Code:  Dismiss, Passing, 

Madness, Designs, Disease, Mingled, 

Endless

Q2 Scramble:  Tithe, Chair, Tribal, 

Thanks, Think

Q3 Pick and Choose: 1 Aryabhata, 2 

Decorum, 3 Decathlon, 4 Rembrandt, 

5 Reply, 6 Cameron

Q4 Double Barrelled:  Fire

Pen, Bee, 

Pan, Saw, Bed, Net, Pot, Dog

Q6 Go Figure:  
Easy: 3 + 7 + 5 + 8 = 23

Medium: 3 x 2 + - 4 = 3

Hard: 8 + 6 + 6 - 5 = 15

Q7 Brainteaser: 

The Sun

SOLUTIONS:

19

20

21

18

2223

824

25

7

17

101614

4

53

12111213

6915

Q8 Hidato: 



Q1 Enigma Code  
Each colour in the code represents a letter. 
When you have cracked the code, you will be 
able to make up seven words. The clue to the 
first word is given to help you get started.

The Clue: Send the batsman back to  
the pavilion.

Q3 Pick and Choose 
Solve the six clues by chosing the right combination of sets of letters 
given below. Each set of letters can ben used only once and only in 
the order given. The number at the end of the clues specifies how 
many sets of letters are used in the solution.

Q7 Brainteaser  
You can see me. You can feel me. If you touch 
me, you will die. What am I?

1. India’s first satellite (3)

2. Propriety of conduct and manner (2)

3. Rigorous athletic event (4)

4. Famous Dutch painter (4)

5. Answer (2)

6. UK Prime Ministrer David____ (3)

ON

TH

LON

REM

CA

ER

DE

ARY

CAM

RE

PLY

BR

DECO

AN

ABH

DT

ATA

RUM

3 7 8

Easy
= 23

1 2 3 4

Medium = 3

6 6 8

Hard

The operators: ÷ X + –

19 25

7

17

10 14

4

5

1

6 9

Q8 Hidato  
The goal of Hidato is to fill the grid with 
consecutive numbers that connect horizontally, 
vertically or diagonally from the first to the last 
number in the grid. The first and last numbers 
of a puzzle and some others are already  
filled in.

Q6 Go Figure  
Place the four numbers in the 
first, third, fifth, and seventh 
boxes and whatever operations 
you care to use in the second, 
fourth and sixth boxes, in the 
correct order to get the answer. 
Use the numbers only once.

Questions and challenges guaranteed to 
give your brain a workout

*

*

*

* *
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Q2 Scramble  
Solve the four anagrams and move one letter to 
each square to form four ordinary words.

ITHET

HICAR

LATRIB

HTANKS

Now arrange the letters marked with an asterisk 

(*) to from the answer to the riddle or to fill in 

the missing words as indiacted

I paint objects as I _____ them, not as I see 

them -- Pablo Picasso

S S
S S

S S
S S

S S

S S S

S

A

B

D

B

I

R

R

A

R

D

M

I

M

A

C

P

N D

K

E

Q4 Double Barrelled  
What word can be placed in front of the five words shown to from 
in each case, another word?

Q5 One Letter Crossword  
Use the picture clues to fill in the puzzle.

P

N

B E

B

D

N T

S

W

P N

P

T

D G
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Q14 You are given a 9-letter word. Your job is to break 
up this word into nine separate letters and place them on 
the dashes to spell a 7-letter word, a 5-letter word, and a 
3-letter word. You can use each letter only once.

TEMPORARY

_____ N  _____ M  _____ R  _____

_____ O  _____ O  _____

_____ I  _____

Q13 BRAIN STORMER 

1 What is really special about the 

following sentence? 

 Foxy nymphs grab quick  

jived waltz.

2 The cog on the right has a clockwise 
force applied to it. Will the system  

have an:  

(a) odd number of cogs turning 

clockwise

(b) even number of cogs  

turning clockwise

Q12 TODAY’S TEASER  

1A “This sentance contanes one misteak”?
What is the answer to the same question for  

this sentence? 

1B “Their are three misteaks in this 

sentence”?  
(This one is not as easy as it looks!)

2 A motor boat is going up a river at a speed of 
14.4 kilometres per hour, when it’s pilot sights a 
drifting boat, which is at a 234 meter distance and 
reaches it after 52 seconds. What is the speed of 
the stream? 

3 Al, Dick, Jack and Tom were counting up  

the results of a day’s fishing:

Tom had caught more than Jack.

Between them, Al and Dick had caught just as  
many as Jack and Tom.

Al and Tom had not caught as many as Dick  
and Jack.

Who had caught the most, second most, third  
most and least?

Q11 SUSPENDED SENTENCE  
Each of the words at the top of the columns have to be placed into one of the boxes directly 
below, but not necessarily in the same order as they appear. When you’ve got them correctly 
arranged, they will form a quotation. Read line by line from left to right. 

 ACCEPTANCE IS ANY FIRST
 CONSEQUENCES OF OVERCOMING HAS
 HAPPENED OF THE  MISFORTUNE
 STEP TO WHAT THE

Q9 CHAIN WORDS   
Form a continuous path of words from START to FINISH by connecting the 
word-parts given in the boxes. There are two parts to each word and the 
second part of one word is the first part of the next.  You won’t necessarily 
need to visit every box to achieve your aim.
 START

 FORT RESS MANT LE GEND

 UNE VEN DOR UPT ER

 BOW RAIN ING OWN RAND

 LET GER OT IT OM

 GE BIL LION ESS AY
     FINISH

Q10 HEAD AND TAIL    
Look at the clue to solve the answer in the form of a compound word. The 
second part of the answer is the first part of the next answer, etc.

 Stay Don’t 

 Get crazy

 The old frontier’s nickname

 The _____ ____(TV Show)

 Pointed show

 _______  _______ Shape

 A reason to kee  Secret

SOLUTIONS:
Q9 Chain Words:  
Fortune, Uneven, Vendor, Dormant, Mantle, 
Legend, Gender, Erupt, Uptown, Owing, 
Ingrain, Rainbow, Bowled, Ledger, Gerbil, 
Billion, Lioness, Essay

Q10 Head and Tail:  
Don’t–Go–Wild–West–Wing–Tip–Top–Secret

Q11 Suspended Sentence: 
Acceptance of what has happened is the f 
irst step to overcoming the consequences of 
any misfortune.

Q12 Today’s Teaser:  
1A Four. The sentence contains 3 spelling 
mistakes, plus the false claim that it only 
contains one mistake, making a total of 4 
mistakes. 

1B The second question, paradoxically, 
cannot be answered. It claims to contain two 
spelling mistakes but claims to contain three 
mistakes, therefore that claim is wrong and 
it actually contains three mistakes – except 
that if it contains 3 mistakes then the claim 
that it contains 3 mistakes is correct, and so it 

only contains two spelling mistakes, in which 
case…!  

2 0.5 meters per second. The speed of the 
motor boat is 14400/3600 = 4 meters per 
second, so in 52 seconds it covers 4x52 = 
208 meters. The remaining 234 – 208 = 
28 meters are covered by the drifting boat 
because of the stream. So the latter has a 
speed of 26/52 = 0.5 meters per second

3. Dick caught the most, followed in order by 
Tim, Jack and Al
Q13 Brain Stormer:

1 It is the shortest sentence in the English 
language to use all the letters of the alphabet.  
(There are shorter sentences but they use 
abbreviations.)
 
2 (b) since no cogs will move at all! The 
middle cog is being forced in both directions 
at once. (N.B. Zero is an even number.) 

Q14 
1 Anymore, 2 Motor, 3 Rip

Quiz  
1a, 2c, 3b, 4a, 5c, 6c, 7b

Puzzle pit
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SOLUTION OF CROSSWORD NO. 14
How to enter for the crossword: 
Post your entries to BBC Knowledge Editorial, 
Crossword No.15 Worldwide Media, The 
Times of India Bldg, 4th floor, Dr Dadabhai 
Navroji Road, Mumbai 400001 or email 
bbcknowledge@wwm.co.in by June 10, 
2013. Entrants must supply their name, 
address and phone number.

How it’s done: The puzzle will be 
familiar to crossword enthusiasts already, 
although the British style may be unusual 
as crossword grids vary in appearance from 

country to country. Novices should note that 
the idea is to fill the white squares with letters 
to make words determined by the sometimes 
cryptic clues to the right. The numbers after 
each clue tell you how many letters are in the 
answer. All spellings are UK. Good luck!

Terms and conditions: Only residents 
of India are eligible to participate. Employees 
of Bennett Coleman & Co. Ltd. are not eligible 
to participate. The winners will be selected in 
a lucky draw. The decision of the judges will 
be final.

Sahithi Thingulla 
Gandhinagar

Akhilesh Mahajan  
Kathua

Demian Antony D’Mello  
Mangalore

ANNOUNCING THE WINNERS 
OF CROSSWORD NO. 14

ACROSS
5 Stool ____ : police 

informer? (6)
7 Bans, hampers or 

obstructs (8)
9 Capital of Hawaii (8)
10 Protect from harm (6)
11 India from the Vedic 

times? (6,6)
13 A well known card  

game (6)
15 Wrapping for a corpse (6)
18 Raipur is the capital of 

this state (12)
21 He discovered gravity (6)
22 Collapses and sinks (8)
23 Great basilica of the 

Vatican (2,6)
24 Fragrances (6)

DOWN
1 Ate or consumed; 

devastated (8)
2 Abuse, denounce or  

vilify (6)
3 Perseveres, endures or 

remains (8)
4 Italy’s football league (5,1)
6 A line joining points of 

equal temperature (8)
7 Not singular? (6)
8 Incline or lean to one  

side (4)
12 Nourishing substance (8)
14 Amplified, strengthened 

or improved? (8)
16 Got back, recovered or 

recruited (8)
17 ____ and shares : 

investors buy and sell 
them? (6)

18 A Tale of Two ___ : 
famous book by Charles 
Dickens? (6)

19 Levy or inflict on (6)
20 Below the ___ :  

unfairly? (4)

1) Who founded Google?
a) Larry Page & Sergey Brin
b) Bill Gates & Paul Allen
c) Steve Wozniak & Ronald Wayne

2) What is the National Anthem of 
the United Kingdom?
a) Ode To Joy
b) A Soldier’s Song
c) God Save the Queen

3) The rock band Jethro Tull have 
been named after an agriculture 
pioneer who invented this device
a) Plough
b) Seed Drill
c) Hoe

4) What was the name of Charles 
Dickens’ first novel?
a) The Pickwick Papers
b) Great Expectations
c) The Adventures of Oliver Twist

5) Who was the first Asian to 
become a British Member of 
Parliament?
a) Lala Lajpat Rai
b) Jawaharlal Nehru
c) Dadabhai Naoroji

6) Who wrote the Mahabharata?
a) Valmiki
b) Kalidasa
c) Veda Vyasa

7) Michael Phelps holds the all-time 
records for Olympic gold medals. 
How many gold medals has he won?
a) 20
b) 18
c) 15

Ratings:  
1-3 Poor,  4-5 Fair,  6-7 Excellent

Quiz

Crossword NO.15

YOUR DETAILS
NAME:       AGE:

ADDRESS:

                                              

                                                                                               PINCODE:                           

TEL:

SCHOOL/INSTITUTION/OCCUPATION:

EMAIL:

Think n Win
Solve the clues and increase your general quotient. 
 

SOLVE  CROSSWORD  & WIN GIFT VOUCHERSFROM
www.hitplay.in 



14 June 2013

G
E

T
T
Y
, 
T
H

IN
K

S
T
O

C
K

 X
2

, 
S

U
P

E
R

S
T
O

C
K

, 
P

H
O

T
O

L
IB

R
A

R
Y
.C

O
M

, 
R

O
B

E
R

T
 H

A
R

D
IN

G

bbcknowledge@wwm.co.in
QA& YOUR QUESTIONS ANSWERED

Most dreams don’t involve clear speech of any kind. 

Any ‘speech’ is just a jumble of concepts, intuitions 

and ideas that are understood by the characters in 

your dream without being fully articulated. It’s quite 

possible to believe you are speaking a foreign 

language in your dream, but there is no reason to 

assume that it’s any more real than the dream 

sensation that you can fly. LV

Je ne parle 
pas francais

Can you dream in a  
language you don’t speak?

EXPERT  PANEL
 

Susan Blackmore (SB) 

A visiting professor at the 
University of Plymouth, UK,  
Susan is an expert on psychology 
and evolution.
 

Alastair Gunn  

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

Luis Villazon 

Luis has a BSc in computing and 
an MSc in zoology from Oxford. 
His works include How Cows 
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The world’s shortest 

TV commercial is just 

half a frame and lasts 

for 1/60 of a second. 

Twelve different versions of the 

commercial were produced, all 

advertising MuchMusic, a Canadian 

music and video channel, and the 

first was aired on 2 January 2002.



Why are some egg yolks 
brighter than others?

The colour of the egg depends on the diet of 

the hen. Plant pigments called 

xanthophylls (which just means 

yellow pigment) are present in all 

green plants to some extent, but 

a diet that includes corn or 

flower petals will result in 

deeper yellow egg yolks. The 

same mechanism is 

responsible for the yellow 

skin of corn-fed chickens. 

Marigold petals and alfalfa 

are often included in 

commercial poultry feed. LV

Are there any mobile phone 
masts in Antarctica?

A few. Most of the scientists working there use VHF radios to 

communicate with each other and satellite phones to connect 

to the rest of the world. None of the British or US research 

stations have mobile phone masts at the moment, but 

Marambio Base, run by Argentina, has an analogue mobile 

phone connection to South American networks, and the 

Australian Mawson Station and Casey Station have GSM 

phone masts. LV
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Loud noises, including music, 

fireworks and machinery, can 

damage hair cells in your 

inner ear. These transform 

sound into neural impulses 

that travel to the brain, and 

loud noise can literally break 

their ends. They usually grow 

back in about 24 hours, but 

while broken they send false 

signals to the brain. Tinnitus 
(Latin for ringing) can also be  

caused by ear infections, 

certain medications and 

gradual impairment due  

to ageing. SB

Why do your ears 
sometimes ‘ring’?

Visibility is reduced by water, smoke, dust or 

other particulates in the air. The more stuff is in 

the air, the more the light is scattered and the 

lower the visibility. Putting a value on this is 

quite subjective. In the past, ships’ captains 

have done it by gauging how well they can see 

objects at a known distance or by judging how 

clear the horizon looks. These days, devices 

called transmissometers are used. They 

measure light scattering by shining a narrow 

beam or laser towards a detector a set 

distance away. By measuring the received 

light, the detector gives an accurate measure 

of visibility. Another class of visibility monitors 

are ‘forward scatter’ instruments. They’re 

similar to transmissometers, but instead,  

sensors are placed just off beam that measure 

scattered light instead of that directly from the 

source. GM  

How is visibility in 
shipping forecasts 
measured?

VITAL STATS

The number of pixels the camera  on the European Space Agency’s  Gaia probe will use to map the  Milky Way in 2013

1 billion    



Can science explain luck?

When sunlight strikes raindrops, 

we often see not just one vivid 

rainbow but another, fainter one 

lying beyond it. This is the result of 

light entering raindrops and 

striking their inner surfaces a 

second time before re-emerging. 

In principle, this could happen a 

third or even fourth time, so why 

don’t we see triple or even 

quadruple rainbows? The reason 

is that the extra reflections make 

such rainbows even fainter – and 

what’s worse, ensure the resulting 

rainbow appears around the Sun. 

Not surprisingly, there have 

been only five reports of ‘tertiary’ 

rainbows over the last 250 years. 

But in 2010, American 

meteorologists Raymond Lee and 

Philip Laven called for a search for 

tertiary rainbows during 

thunderstorms in which the Sun 

broke through thick, raindrop-

laden clouds, predicting that such 

conditions give the best chance of 

seeing tertiary rainbows. 

Sure enough, more reports of 

these elusive phenomena have 

now emerged – and, in one case, 

even a photograph showing a 

quaternary rainbow. RM

Is it possible to have a triple rainbow?

If you throw a die and it falls down, that’s not luck, 

that’s gravity. But calculating exactly which number 

ends face up requires you to know all the forces 

involved, the movement of the air molecules and so 

on. That’s much too hard to do in the time it takes for 

the die to land, so we commonly say 

that it’s down to ‘chance’. This 

means that there are too many 

parameters to figure out  

the outcome of the event  

in the given time, or we 

can’t calculate them 

accurately enough. 

‘Luck’ is the word we 

use to describe the 

particular outcome of a 

chance event. If a die 

rolls a 6 we might call it 

good luck, if it rolls a 1, 

we might call it bad luck. 

But if every number has the 

same probability of rolling, 

then ‘luck’ is just a story we tell 

ourselves to make sense of the 

event retrospectively. 

Humans are story-telling animals. We look 

at the world as a narrative, usually with ourselves at 

its centre. The science of psychology has something 

to say about why we find luck such an attractive 

concept, and maths can explain why some random 

events happen more often than we intuitively feel they 

should. But physics can’t explain luck itself, because 

it is a fiction of our own making. LV

YOUR QUESTIONS ANSWERED

bbcknowledge@wwm.co.in
QA&

G
E

T
T
Y
, 
T
H

IN
K

S
T
O

C
K

 X
4

, 
A

L
A

M
Y

16 June 2013

This seemingly tricky 

question has caused 

arguments since at least the 

time of Aristotle, 2300 years 

ago. But in essence, the 

explanation is simple. Mirrors 

don’t reverse up and down – 

and, in fact, they don’t 

reverse left and right either. 

They simply show us our 

reflection, and that appears 

to reverse the direction we’re 

pointing. The reason this also 

seems to reverse left and 

right is because these two 

directions are defined relative 

to our own direction. 

Don’t believe it? Then stand 

opposite someone else and 

both lift your right arms: you’ll 

initially think that the other 

person has lifted the ‘wrong’  

arm. They haven’t: it’s just 

that they’re poinitng in the 

opposite direction to us – so 

their idea of left and right no 

longer agrees with ours. It’s 

the same when you’re looking 

in a mirror; your reflection 

created the illusion of 

reversing your direction. RM

Why doesn’t a mirror reverse 
top to bottom?
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How much net energy does 
a wind turbine produce?

Wind farms can produce electricity whenever wind speeds 

are between around 8 to 50km/h – which is around 75 per 

cent of the time. The trouble is that the wind doesn’t  

blow at a constant rate for all of that time, and  

consquently often falls below the optimum speed for 

electricity production. 

As a result, a wind turbine rated at, say, two megawatts 

typically has a much lower average output over the course 

of a year, amounting to just 30 per cent of this ‘installed 

capacity’ figure, or around 600 kilowatts.

Critics of wind power add that even these average 

figures mask the impact of meteorological conditions. For 

example, bitterly cold weather can frequently coincide with 

high pressure systems, which leads to there being virtually 

no wind at all – and therefore no power from wind turbines, 

just when it’s most needed. RM

When you walk, one foot is in contact with the 

ground at all times. With each stride, the foot that 

is moving forwards is preparing to release muscle 

energy to drive the leg backwards against the 

ground and push your body forwards. Part of that 

preparation involves the gastrocnemius muscle in 

your calf, which pre-stretches the Achilles tendon 

What makes you start running instead of 
walking fast?
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QUICKFIRE  
 Does environment affect 

the taste of alcohol?
Yes. Publicans have long known  
that they can sell more drinks in 
noisy bars, but not why. New 
research in which people rated the 
flavour of drinks in different 
environments suggests this is not 
just because you drink more when 
the noise makes conversation 
nigh-on impossible, but also 
because alcohol actually tastes 
sweeter in noisier environments. 
Since we have an innate preference 
for sweetness, we drink more. SB

 How much Helium-3 is 

there on the Moon?
It is difficult to be sure how much of 
this important isotope of helium 
may be on the Moon. But 
some studies suggest 
Helium-3 (3He) 
concentrations 
may reach 50 
parts per 
billion in 
permanently 
shadowed 
regions. A 
more 
conservative 
estimate implies 
that in every 150 
tonnes of lunar soil there 
may be 1 gramme of 3He. This 
suggests there may be over a 
million tonnes of lunar 3He available 
for mining. AG 

 What is a ‘peculiar’ 

galaxy?
A ‘peculiar’ galaxy is one that 
doesn’t fit easily into the normal 
classification system of galaxies. 
Peculiar galaxies have some oddity 
in their size, shape or content that 
sets them apart, and are often the 
result of interactions or collisions 
with other galaxies. They may 
contain unusual amounts of dust, 
have low surface brightness or  
jets of material emerging from  
their cores. AG

The world’s fastest trains run 

between the cities of Guangzhou 

and Wuhan in China, with an average 

while the top speed ever recorded by a Eurostar 

    KNOW SPOT

VITAL STATS

Chance of a huge solar flare  

 Event occurring in  next 10 years

1 in 8    

in your heel, to store elastic energy. 

As you walk faster, your stride 

length stays roughly the same but 

each individual stride takes less time. 

This gives the gastrocnemius less and 

less time to stretch the Achilles tendon 

and so it has to work harder, which is 

less efficient. So at a certain speed – 

usually around 2m/s (4.5mph) – it is 

better to break into a run. When 

running, both legs are off the ground at 

the same time, which enables you to 

lengthen your stride. The 

gastrocnemius muscle now has more 

time to contract, so even though  

you are moving faster, the 

gastrocnemius is contracting more 

slowly. This is more efficient, and 

therefore less tiring. LV
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Why are most humans 
right-handed?
Nobody knows for sure. 

Some animals prefer using 

one eye, leg or paw, but 

we’re unusual in that over 

90 per cent of us are 

right-handed. One theory is 

that since we alone have 

language, which requires 

fine motor skills, it makes 

sense for the same half of 

the brain to control speech 

and motor function. So the 

left hemisphere of right-

handed people’s brains will 

control speech and motion. 

Yet about half of left-

handers have language on 

the left, as most people do, 

and they cope perfectly 

well, so this can’t be the 

whole story. Nor does it 

explain why we don’t have a 

50/50 split of right- and 

left-handers.

Perhaps whole societies 

benefit if everyone uses the 

same hand, but then a few 

rebels might gain an 

advantage. This may be 

why left-handers excel at 

tennis, cricket, fencing and 

boxing, having the 

advantage of unfamiliarity 

over the majority right-

handers. Left-handers have 

often been reviled, but 

perhaps our left-handed 

ancestors won enough 

fights to keep a certain 

proportion of left-

handedness in the human 

population. SB

According to 2005 statistics for the US, crashes where the vehicle 
leaves the road only account for 16 per cent of car accidents – so 
mostly, drivers crash into each other. If it seems otherwise, here’s why… 
First, lamppost and tree collisions are generally very serious (16 per 
cent of all accidents, but 31 per cent of fatal ones), so you’re more likely 
to hear about them. Second, these accidents are less likely to block the 
road, so the vehicle will tend to be there longer and you’re more likely to 
see them. Third, lampposts and trees are the most solid things at the 
side of the road. So, even if the car hits a hedge first, it ends up 
wrapped around a solid pole embedded firmly in the ground. LV

Why do drivers often crash into 
trees or lampposts?

Ten per cent of your fat 
cells are replaced every 

year; if only it was easier 
to lose a few for good 

The idea that we replace 

every cell in our bodies 

every few years is a 

popular one – but incorrect 

nonetheless. Fat  

cells are replaced at about 

10 per cent per year, but 

heart muscle cells turn over 

at just 1 per cent per year 

at age 25, declining to 0.5 

percent by age 70. Even if 

you live to be 100, you’ll still 

have more than half of the 

heart muscle cells you were 

born with. The neurones of 

the cerebral cortex and the 

cells in the lens of your eye 

are never normally replaced.

But even though the cells 

aren’t completely replaced, 

they still change. Molecules 

are continually exchanged 

with the environment 

during ordinary metabolic 

processes. The water in 

your body turns over at 

about 3 litres per day. An 

adult has around 40 litres 

of body water, so that’s 

7.5 per cent per day. After 

two years, it’s statistically 

unlikely that you have any  

of the same water 

molecules. But the calcium 

in your teeth is locked up 

forever. LV

What percentage of my body 
is the same as five years ago?
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In adult brains, new neurons 

are generated mostly in  

the hippocampus

DID YOU KNOW?

For more than a century, it was a mantra of biology: 

brain cells do not regenerate. It was thought you were 

born with all the brain cells you would ever have, and if 

one died it would never be replaced. Some people still 

think this today – despite many studies showing that 

neurogenesis, the creation of new brain cells, does 

occur in adults.

Evidence for neurogenesis in adult rats, songbirds 

and monkeys began to emerge in the 1960s, but it was a 

study published in Nature Medicine in 1998 that proved 

conclusive regarding humans. Neurobiologist Fred H 

Gage of the Salk Institute, California led a team that 

looked at human brain tissue from postmortem patients, 

taken from regions that had been shown to be 

neurogenic in adult rodents and monkeys. The work 

showed that new neurons were generated from dividing 

progenitor cells in the hippocampus – a region deep 

within the brain involved with learning and memory. 

Since then, research has shown that the 

hippocampus is the most active area of neurogenesis in 

the human brain. Thousands of new cells are produced 

there every day, although many die within weeks of their 

‘birth’. Those that survive do so by connecting with 

existing neurons, suggesting the potential for a self-

healing brain. Today, researchers are trying to harness 

and enhance neurogenesis in order to find better 

treatments for disorders such as epilepsy and 

Alzheimer’s disease. 

So yes, brain cells do regenerate. What’s more, you 

can actively encourage the process. The more physical 

and mental exercise you get, the more brain cells you 

grow, the longer they survive and the better they 

connect with other nerve cells. 

Can brain cells 
regenerate?

What causes headaches?
Lots of things – there may be as many as 200 different kinds 
of headache with different causes. Primary headaches may 
be caused by tension and overwork. They include migraines, 
which can last from a few hours up to three days and are 
often associated with nausea and visual disturbances. Cluster 
headaches, which come in bouts and are extremely painful, 
are less common and their cause is unknown. Secondary 
headaches may be caused by such relatively unimportant 
problems as tension in the neck muscles, bad posture, 
dehydration or over-use of painkillers. More seriously, they 
may be a sign of a brain tumour, a stroke or bleeding between 
the brain and skull. They may also be caused by carbon 
monoxide poisoning or by diseases such as meningitis or a 
variety of eye diseases. SB

In a vacuum, light travels 

from a source to our eyes 

in straight lines. But when 

light passes through the 

atmosphere, its path is 

affected by changes in the 

optical properties of the 

intervening air. In particular, 

warm air undergoes changes 

in density and refractive index 

that create the impression 

that the location of the 

light source is constantly 

changing – an effect that we 

perceive as ‘flickering’. RM

Why do distant 
lights flicker?

VITAL STATS

The time it took to type the alphabet on the iPad set by  Joseph Grech (UK)

6.61 seconds    



How does  
an induction  
hob work?
Within the hob is a coil of wire through 
which an alternating current passes. 
This creates a magnetic field that 
induces a corresponding current 
in the metallic base of the cooking 
pot. For the effect to work properly 
the saucepan must be made of a 
ferromagnetic conducting metal. The 
current induced in the base causes 
resistive heating. Because the heat 
is produced in the pot, the hob stays 
cool, apart from slight heating from the 
cooking vessel itself. Inductive cooking 
is more efficient because, unlike gas 
or traditional electric hobs, only the 
saucepan is heated rather than the air 
around it. GM

Even in Antarctic conditions, it just isn’t possible to extract energy 

fast enough from a solid mass of water to freeze a moving wave in 

one go. But just as icicles can form from repeated drips, multiple 

waves breaking on a cold shore can leave a thin crust of ice that 

gradually builds up into a jagged arrangement of ice shards that 

resembles a single frozen wave. LV

Can waves freeze?
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The largest human kidney 

on record was removed 

from Waziran Malah at 

Chandka Medical College 

hospital, Pakistan on 26 January 2010. It 

measured 30 x 13 x 10cm and weighed 

1.8kg, over 10 times the weight of a 

normal adult kidney.

Eye-strain comes from a combination of 

screen flicker and the effects of frequently 

shifting your gaze around different parts of 

the screen. A computer display is usually 

wider than a book, making it harder work on 

the eyes. Also, unlike a printed page 

where dark letters are printed on 

a light background, the screen 

itself emits light. The 

brightness of the display can 

therefore make your eyes 

tired too, especially if there 

is glare or if you are 

working in a poorly lit 

room. GM

Why do computers 
make your eyes tired?
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VITAL STATS

years is the age of a new  type of Pterosaur fossil  recently discovered in  northeast China 

120 million



The edge to compete, 
the knowledge to succeed, 

the free headphones to show off.

Brute force or sheer luck?  p72
HOW DINOSAURS CONQUERED THE WORLD

LifeLife
 What is it? 

Where does it come from? 

And what does it mean?

 What is it? 

Where does it come from? 

And what does it mean?

Life
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Out of harm’s way
YELLOW BITE

Scorpions have an unconventional approach 
to protecting their young. The safest place for 
newborns, known as scorplings, is on their 
mother’s back – directly beneath the venomous 
sting in her tail.

All scorpions are venomous and the common 
yellow scorpion (Buthus occitanus), seen here, 
can be among the most deadly. But without their 
mother’s help, scorplings wouldn’t survive the 
first few weeks of life. 

Scorplings can’t regulate their own moisture 
levels so they rely on mum to take care of it. 
They’re also extremely vulnerable to predators 
as their exoskeletons have yet to harden, so 
mum has to be a bodyguard as well.

 The scorplings remain in their mother’s care 
until they moult their first exoskelton and their 
new one has hardened. This provides them with 
the protection they need to leave the brood and 
continue maturing on their own.  

The common yellow scorpion can be found 
in Spain, the Middle East and North Africa. 
The potency of its venom varies across these 
regions, so while a sting from one in Europe may 
just be unpleasant, one in Africa could be fatal.
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Lascaux cave art discovered
12 SEPTEMBER 1940

 
Four boys walking in the woods near to their homes in the Dordogne, 

France made a startling discovery in September 1940 when they 
stumbled upon a network of caves. Inside were hundreds of engravings 

and drawings, dating back 17,000 years. As the find happened during the 
Second World War, it was not until eight years later that the caves were 
opened to the public. The subsequent weight of visitors meant that the 

caves had to be closed in 1963 to prevent the paintings being damaged, 
and a replica site was set up nearby in 1983. The images at Lascaux are 

some of the finest examples of prehistoric art in the world.
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Splash landing
PRECISION DIVE

This underwater shot of a kingfisher crashing through 
the water surface to snare its prey was taken by 

Hungarian photographer Joe Petersburger.
Kingfishers usually hunt from a perch a few metres 

above the water, swooping down at up to 100km/h to 
snatch their prey, before returning to the perch.

Just before the bird hits the water, a translucent 
third eyelid – known as a nictitating membrane 
– sweeps across its eyes for protection, which 

effectively renders them blind for a split second.
The whole process is an extraordinary feat of 

calculation, not only must the kingfisher work out 
the depth of the fish before it dives, but it must also 
compensate for the effect of refraction in the water, 

the illusion that makes the fish look closer to the 
surface than it actually is. They are able to do this due 
to having polarising filters in their eyes, allowing them 

to cut out water reflection and see their prey better.
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Sweeping up in 
Nazi Germany

22 MARCH 1935

Trainee chimney sweeps compete in 
Germany’s annual National Vocational 

Competition (Reichsberufswettkampf). 
Begun in 1934 and organised by the 

German Labour Front, together with the 
Hitler Youth and the National Socialist 

German Students’ League, competitors 
were tested in both the theory and 

practice of their chosen profession. 
Adherence to Nazi ideology was also 

under scrutiny – and the winners in 
each category were invited to meet Nazi 
leader Adolf Hitler. The competition was 

suspended in 1939 with the coming of 
the Second World War.
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Update THE LATEST INTELLIGENCE

� What looks and moves like a spider but is not one? p31 � Have we found the River Nile on Titan? p31 
� Why do we remember facebook posts better than faces? p31  

U
N

IV
E

R
S

IT
Y

 O
F
 L

E
IC

E
S

T
E

R
, 
J
 P

 R
O

D
R

IG
U

E
Z

/G
 B

IF
F
I,
 T

H
IN

K
S

T
O

C
K

, 
M

A
R

C
O

 P
A

V
O

N
I/
N

A
S

A

ince announcing the 
discovery of Richard 
III’s remains under a 

car park, researchers have been 
inundated with emails from 
people claiming to be related 
to England’s most vilified king. 

The skeleton, believed to be 
that of the medieval monarch, 
was found in Leicester city 
centre. Amidst the radiocarbon 
dating, forensic analysis and 
osteological (bone) studies, it 
is the genetic techniques used 
to test the skeleton’s relatedness 
to modern day descendants of 
Richard III that have garnered 
the most interest.

Turi King, a geneticist at 
the University of Leicester, 
explains that to test the 
skeleton’s identity she extracted 
DNA from the remains, 
sequenced it and compared the 
sequences she obtained with 
those of two living relatives of 
the historical monarch.

A key obstacle to the testing 
of old genetic samples is that 
DNA becomes damaged 
over time. To get around this 
problem, King did not look 
at the nuclear DNA from 
the skeleton’s chromosomes, 
and instead focused on the 

S DNA contained within 
mitochondria, the sub-cellular 
compartments that work  
like engines to provide each 
cell’s energy.

“After death, our DNA 
degrades,” explains King. 
“As we just have one copy of 
our nuclear DNA in each of 
our cells, but many hundreds 
to thousands of copies of 
mitochondrial DNA, then 
mitochondrial DNA is the 
easiest DNA to retrieve from 
ancient remains.”

Once she had managed to 
extract DNA from the skeleton, 
King used a combination 
of conventional sequencing 
techniques and newer, ‘next 
generation’ methods to read  

the mitochondrial DNA’s 
genetic code. King then 
compared these sequences with 
those taken from Richard III’s 
two living descendants, and 
found a match between  
all three sets of genetic code, 
also known as haplotypes.

The researchers say that 
the code sequence shared 
by the skeleton and the two 
descendants is rare enough to 
suggest that they are indeed 

related, although this is based 
on the assumption that different 
mitochondrial haplotypes were 
roughly as common in the 
general population at the time 
of Richard III as they are today.

“It is a relatively rare type,” 
says King. “This strengthened 
the DNA case further but, 
as I’ve always stressed, DNA 
has to be taken alongside 
archaeological and osteological 
(bone) evidence. Like a forensic 
case, you wouldn’t just take the 
DNA evidence on its own.”

For now, however, we have 
to take the researchers’ word  
for it, as the team are some 
months away from publishing 
the details of the specific DNA 
sequences they examined, 
and the methods they used to 
compare them. “I’m able to 
give the punchline,” says King, 
“but the details of how I got 
there will have to wait for the 
academic publication.”   

Was Richard III really a hunchback? The twisted spine of his skeleton reveals that  
Shakespeare’s famous depiction is accurate  

The skull of 
King Richard 

III bears marks 
from multiple 

wounds 
sustained on 

the battlefield 

DNA tests prove bones 
belong to Richard III  
Scientists confirm that a twisted 
skeleton found under a car park belongs 
to the legendary royal 

Have we found the River Nile on Titan? p31

p31  
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  ��� ROUND UP
KEEPING ABREAST OF THE TOP SCIENCE, HISTORY AND  

NATURE RESEARCH FROM AROUND THE WORLD

GEOLOGY SPACENATURE

It’s likely to be at least three  
years before the British team 
hoping to drill through 3km of 
Antarctic ice into Lake Ellsworth 
are able to try again. The team 
called off their drilling mission 
because of concerns they weren’t 
making enough progress. Their 
equipment will now need to be 
sent back to the UK, modified, 
then reinstalled.

NASA’s Cassini spacecraft has 
spotted what looks like a miniature 
version of the Nile on Saturn’s 
largest moon, Titan. Stretching 
more than 320km (200 miles) from 
source to sea, the unnamed river 
appears as a dark stain on the 
moon’s surface, indicating that it’s 
filled with liquid hydrocarbons. It’s 
the largest river system ever found 
outside our planet.

It looks like a spider, it moves like 
a spider, but this creepy crawly 
is actually made of leaves, dead 
insects and other debris. It’s 
the handiwork of a far smaller 
arachnid, pictured just above  
its creation. The small spider, 
recently discovered in the  
Peruvian Amazon, is thought to 
build its masterpiece as a decoy  
for would-be predators.

WATCH OUT CURIOSITY – a new breed of 

rover may soon be snapping at your wheels. 

Researchers in the US have designed a 

spiky, beach ball-sized robot that could be 

bounding across the Martian moon Phobos 

within 10 years. Unlike today’s rovers, these 

‘hedgehogs’ don’t sport wheels. Instead, 

three rotating discs within enable them to 

move around. Spinning the discs enables 

the rover to hop, with the spikes providing 

grip. The aim of the rovers is to find out 

more about the mysterious moon. “We 

don’t currently know whether Phobos is a 

captured asteroid or a piece of Mars that 

was ejected by an impact,” says Prof Marco 

Pavone at Stanford University. James lloyd

‘Hedgehog’ rovers to invade 
Martian moon 

This thorny explorer 
could soon be revealing 

the secrets of the 
Martian moon Phobos

Boom and burst
Supernovae and solar flares 

were among the suspects, 

but it seems another cosmic 

event was behind a blast of 

high-energy radiation that 

hit Earth in the 8th Century. 

Scientists at the University of 

Jena, Germany, have figured 

out that the blast was a short 

gamma-ray burst, a powerful 

explosion of energy thought 

to be caused by the merger 

of two neutron stars.

Unforgettable 
updates
We remember Facebook 

posts better than we 

remember faces. So says 

research by psychologist 

Laura Mickes of Warwick 

University. But what about 

posts versus other sorts of 

writing – book sentences, 

say? Well, the posts have it 

again. It seems the chatty 

nature of the information in 

a post is in a ‘mind-ready’ 

format, making it easier for 

our brains to remember.

Peacock power 
The iridescent feathers of the 

peacock are the inspiration 

for new research into colour 

E-ink displays. The feathers 

have tiny grooves that reflect 

different wavelengths of 

light. Now, researchers at  

the University of Michigan 

have used nanoscale 

grooves of differing widths 

to create a surface that traps 

some colours and reflects 

others, creating a bright, full-

colour image.

NEWS  
IN BRIEF

We have peacocks to thank for 
better displays
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Michael Mann asks whether we can solve climate change with geoengineering

Comment & Analysis

amed British scientist 
James Lovelock framed 
the problem best in his 

book The Revenge of Gaia (Allen 
Lane, 2006). If Gaia – the Earth 
– is envisioned as the living planet 
she surely is, then she is in failing 
health. In any treatment humans 
might consider as her self-appointed 
physicians, we are duty-bound by the 
principle rule of medicine: first, do 
no harm.

Viewed in this way, 
geoengineering schemes designed 
to offset the effect of increasing 
greenhouse gases by tinkering with 
the planet’s systems must give pause 
for thought. Our geomedical doctor’s 
kit is somewhat limited and we’ve 
learned some bitter lessons when 
we’ve tried to put things right in 
the past. Two recent examples, the 
Fukushima nuclear crisis of 2011  
and the Deep Horizon Gulf Oil 
disaster of 2010, show how  

easy it is for humans, through 
technology, to create a problem 
they cannot fix in time to prevent 
catastrophic consequences.

Some of the least invasive 
geoengineering ideas include sucking 
CO

2
 out of the atmosphere by using 

artificial trees with slats or leaves with 
chemical coatings that absorb CO

2
 

(so-called air capture), or injecting 
it into underground geological 
formations (carbon capture and 
sequestration). These seem relatively 
harmless and worthy of consideration. 

Other proposals, like placing vast 
arrays of mirrors in space to reflect 
some fraction of the Sun’s rays, might 
in principle help to cool the planet but 
their economic feasibility is unclear.

Injecting the stratosphere

Other schemes are more troubling. 
Among them is the idea of injecting 
particles into the stratosphere to 
simulate the natural cooling effect 
of large volcanic eruptions in which 
atmospheric sulphates reflect some 
of the Sun’s energy. Following 
the eruption of Mount Pinatubo 
in the Philippines in 1991, global 
temperatures dropped by 0.5ºC. It’s 
this effect that the Universities of 
Bristol and Cambridge in the UK 
hope to investigate, and that Stanford 
and Rutgers Universities  
in the US, and the University  
of Calgary in Canada, are  
already investigating. 

 While this might prevent the 
planet from warming, it would, in all 
likelihood, generate a very different 
climate by injecting particles. Some 
regions would cool, but at the 
expense of other regions warming 
even faster. This counter-intuitive 

“Placing vast arrays of mirrors in space  
has obvious economic feasibility issues”

F

We must cut carbon from her 

diet - and quickly
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Unproven geoengineering 
schemes could spell disaster 

for the natural world



like the US and UK have grown 
accustomed to fossil fuel energy, 
while developing countries such as 
China and India feel entitled to the 
same cheap fossil fuel energy that 
the developed world has accessed for 
more than two centuries.

Like our overweight patient, 
we might have to consider some 
difficult lifestyle changes. We might 
have to tolerate the unpalatable 
notion of nuclear energy while 
alternative energy technologies are 
developed. And if that’s not adequate 
to attain the necessary calorific 
restriction, we might have to resort 
to some environmental liposuction – 
removing CO

2
 from the atmosphere: 

the least risky of the various 
geoengineering schemes that have 
been proposed. 

In the end, only one thing in all 
these considerations is for certain – 
we ignore Gaia’s medical alert at  
our peril.  

4,000,000
times the mass of the 
Sun is the size of a 
supermassive black hole 
at the centre of our galaxy 
said to be destroying 
planets and asteroids. The 
discovery explains why 
Sagittarius A has daily 
displays of X-rays and 
infrared radiation.

100,000
years is for how long 
humankind has been using 
paint. Archaeologists 
working in South Africa’s 
Blombos Cave have 
discovered hammers 
and grindstones used 
for making paint made 
from ochre. The discovery 
pushes back ochre use  
by 40,000 years.

10,000
kilometres (6200 miles) is 
the distance over which 
killer whales (Orcinus orca) 
migrate – from Antarctica’s 
Southern Ocean to tropical 
waters off Uruguay and 
Brazil. The predators may 
move to relatively warm 
waters to shed skin. Doing 
so in much colder waters 
would be dangerous.

18
degrees centigrade (64ºF) 
is the temperature at 
which minerals found 
within a 4 billion year-old 
meteorite from Mars 
would have formed. 
The minerals’ discovery 
indicates the Red Planet’s 
early climate could have 
been Earth-like. Today’s 
average temperature is 
-63ºC (-81ºF).

0.7
micrometres is the size 
of a virus isolated from 
ocean water off the 
coast of Chile. Megavirus 
chilensis is 10 to 20 
times wider than the 
average virus.

COUNT 
DOWN

effect results from the simple fact that 
the regional pattern of cooling from 
a volcanic eruption is not simply 
the mirror image of the greenhouse 
warming pattern. Volcanic eruptions 
influence atmospheric temperatures 
in a different way to greenhouse 
gases, so they would have a different 
impact on the jet stream and surface 
wind patterns.

It’s therefore within the realm 
of possibility that the Arctic might 

warm even faster than if we had done 
nothing at all. We could exacerbate 
the melting of the major ice sheets, 
accelerate sea level rise and doom 
the polar bear to extinction, among 
other unintended consequences. 

 Just like the doctor who tells 
the overweight patient that there is 
no simple pill available, and that a 
healthier lifestyle of less sugar and 
fat and more exercise is the only 
reliable solution, it’s the same with 
the malady afflicting Gaia. We 
must cut carbon from her diet – and 
quickly. Globally, we currently emit 
roughly 9 billion tonnes of CO

2
 

into the atmosphere each year. In 
order to stabilise atmospheric CO

2
 

concentrations below levels that will 
likely incur devastating changes in 
Earth’s climate, we need to bring 
annual emissions to a peak of no 
more than about 10 billion tonnes 
per year within the next decade, and 
subsequently lower them to less than 
4 billion tonnes or so per year by 
midway through the 21st century.

Energy demands

To accomplish this task while 
meeting growing global demands 
for energy will not be easy. Nations 

...least invasive 

geoengineering ideas include 

sucking CO2 out of the 

atmosphere by using artificial 

trees with slats

 WHAT DO YOU THINK?
Should we look to geoengineering  

to fix our ailing planet?

Email: bbcknowledge@wwm.co.in

Michael E Mann is an American 
physicist and climatologist. He is 
Director of the Earth System Science 
Center at Penn State University.

A truck removes the CO2 from a 
CO2-free power plant in Germany 

before burying the emissions



World in context

South China Sea
A storm brews in the east 

Six countries are engaged in a 
bitter scramble for control of the 
South China Sea. David Keys 
asks why a group of tiny islands 
and reefs could spark a war 

ver the past year, tensions 
have been rising in the South 
China Sea – arguably the 

most militarised stretch of water  
on Earth.

Scores of tiny, historically 
uninhabited islands, reefs and rocks are 
at the centre of a growing political and 
potentially military storm over which 
countries ‘own’ what.

In a scramble for control, six 
countries/governments have,  
over the years, unilaterally taken 
physical possession of dozens of 
islands. Yet none of these seizures are 
recognised internationally.

As China (the People’s Republic, 
and the Republic of China – better 
known as Taiwan), Vietnam, the 
Philippines, Malaysia and Brunei 
compete for control of islands and 
maritime resources, the potential for 
military clashes, leading  
to wider regional instability,  
is on the increase. 

The simmering crisis has complex 
roots. The fundamental problem is 
that, until the 1930s, the islands had 
no permanent inhabitants – and no 
country had an unassailable claim  
to them. 

Until the 1920s, the islands were 
not perceived as having any great 
importance. Indeed, at various 
junctures, China and then French-

The map

The islands of the 
South China Sea 

are coveted by six 
countries, as our 

map shows

ruled Vietnam temporarily denied 
ownership when it suited them. 

Freedomland

In the 19th and the mid-20th century, 
ownership of some islands was so 
vague that individual adventurers even 
set up their own largely unrecognised 
Lilliputian ‘countries’ on them. The 
first to do so was a British naval 
captain in the 1870s. Even as late as 

1956, another individual, a Filipino 
businessman called Tomas Cloma, set 
up his own micro-state – Freedomland 
– on some of the islands.

Additional confusion as to who has 
ownership rights over which islands 
and maritime areas is a consequence 
of serial imprecision by international 
bodies and others responsible for laying 
down basic jurisdictional ground rules.

As long ago as 1887, a Franco-
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Timeline

even mentioned.
And, at the 1951 San Francisco 

international conference on  
the re-allocation of former Japanese 
occupied territories, a Soviet  
attempt to allocate the islands to  
China was ruled out of order, leaving 
their status undetermined.

Finally, as late as 1975, vague 
wording of newly formulated proposed 
international law – determined by a 
UN maritime conference and known 
as the Law of the Sea – contributed 
substantially to tensions. 

The tiny islands and reefs that 
China and various south-east Asian 
nations have scrambled to occupy 
over recent decades only have real 
importance because of the rights  
over vast areas of the fish and 
potentially oil-rich waters that 
sovereignty might confer.

The trouble is, the Law of the 
Sea is unclear on what sort of islands 
can confer such rights on whoever is 
ultimately recognised as their  
sovereign owners. For example, the law 
states that, for an island to qualify for a 
200-mile exclusive economic  
zone around it, that island has to be 
capable of sustaining habitation or 
economic life. Yet this definition is 
perceived as being open to widely 

1911  Chinese claim  
Paracel islands

1930  French in Vietnam 
annexe Spratly and Paracel 
islands

1947  China develops South 
China Sea claim concept

1956  Philippines and S 
Vietnam claim Spratly islands

1956/58  N Vietnam de facto 
recognises islands as Chinese

1974  Chinese seize Paracels 
from S Vietnam

1977  Reunited Vietnam 
claims ownership of islands

1980s  China, Vietnam, 
Philippines and Malaysia 
occupy more islands

1996  UN Law of the  
Sea becomes law, causing 
further rivalry

2011  China and Vietnam 
stage rival military exercises 
around Spratlys

The scramble for  
the South China Sea 

differing interpretations. 
And, while such ambiguity  

has persisted, the region’s nations have 
been busy scrambling to stake their 
claims – and have regarded no rock or 
reef as too small to ignore.

So why is the Law of the Sea’s 
wording so vague? The answer lies in 
a conflict of interests, in 1975 at the 
UN maritime conference, between 
island/archipelago countries and 
other nations. The former tended to 
want jurisdiction over wide swathes 
of ocean, while the latter felt that 
those small states were trying to grab 
too large a portion of the world’s 
common maritime resources. The 
dispute generated a requirement for 
a compromise – and the ill-defined 
phraseology was the result. 

Lax wording in international 
agreements – from the 1880s onwards 
– were, of course, fine as long as the 
South China Sea islands were viewed 
as having no real importance. But from 
the early 20th century, they gradually 
acquired greater significance.

In 1911, at the time of increasing 
nationalistic sentiment in China, 
the authorities there took steps to 
exercise jurisdiction over the Paracel 
archipelago in the northern part of the 
South China Sea. Then in the 1920s, 
the Japanese empire (which had taken 
over the large island of Taiwan at the 
northern tip of the sea in 1895) began 
to show interest in the Paracels. 

Nervous of Japanese imperial 

Chinese border commission 
determined the present land frontier 
between the French-ruled ‘Vietnam’ 
and China – but they failed to indicate 
which country had jurisdiction over 
the South China Sea islands.

Two generations later – at the 
1943 Cairo conference on intended 
post-Second World War territorial 
arrangements – the islands (then 
occupied by Japan) were never  

The islands are 
coveted because 
of the vast areas of 
fish- and potentially 
oil-rich waters that 
surround them

The Chinese plant their national flag in the 

seabed, South China Sea, 2010
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expansion, the French colonial 
authorities in Vietnam then  
staked their own claim to the South 
China Sea islands (both the Paracels 
and the more southerly archipelago, 
the Spratlys). China and Japan 
objected – but France occupied the 
islands anyway. However, by 1938, the 
Japanese had begun occupying  
the islands.

Then, over a decade later, a 
new political/military threat – 
the communist bloc – was again 
conditioning attitudes to the South 
China Sea islands.

Territorial claims

From 1947, China developed a policy 
which held that the islands and much 
of the South China Sea was subject to 
Chinese jurisdiction/sovereignty. This 
led to a bizarre development in the 
1950s in which Vietnam (or at least its 
northern government), the country 
with arguably the strongest historical 
claim to the islands, appeared to hand 
them over to China.

Throughout most of history, 
relations between China and the 
Vietnamese had been tense. But  
for part of the Cold War, communist 
Vietnamese and Chinese  
interests coincided. 

In 1954 an international conference 
in Geneva divided Vietnam, with its 
two competing governments, into 
two zones: one controlled by the 
communists (the Democratic Republic 
of Vietnam); the other controlled by 
anti-communists (the French-backed 
State of Vietnam, which later became 
the US-backed Republic of Vietnam).

The 1954 Geneva plan envisaged 
that the zones would be purely 
temporary – and that elections would 
produce a government over the whole 
country by mid-1956. However the 
anti-communist south (backed by the 
USA) refused to implement the plan, as 
they feared that the communists would 
win the elections. 

At the same time, Nikita 
Khrushchev, the leader of the USSR, 
launched a new foreign policy 
committed to peaceful co-existence 
with the west. This gradually drove 

communist North Vietnam – which 
feared that peaceful coexistence with 
the South might not be possible 
– closer to China. Soon, eager to 
ingratiate themselves with their new 
allies in Beijing, the North Vietnamese 
chose to verbally ‘recognise’ the South 
China Sea islands as being Chinese. 

The ‘transfer’ of the islands to China 
was de facto confirmed two years later 
(1958) when North Vietnam (regarded 
by the Chinese as representing the 
whole of Vietnam) wrote to the 
Chinese prime minister supporting a 
document that clearly showed  
the South China Sea islands as  
Chinese territory.

Once again, it was the wider 
geopolitical situation that obliged 

Vietnam to act in this way. The Soviet’s 
‘peaceful co-existence’ policy had 
compelled North Vietnam to rely more 
heavily on China, both politically and 
militarily. And, having just  
swung to the far left with the ‘Great 
Leap Forward’, China had become 
stridently critical of Khrushchev’s 
relative liberalisation. As a result,  
China increasingly saw itself  
as the new leader of orthodox  
world communism.

At the same time, the US 
intervened against leftists in the Middle 
East, an action that launched the newly 
declared ‘Eisenhower Doctrine’ of 
supporting any country involved in 
resisting communism. Mao Zedong 
reacted by launching a military attack 
on outposts of the US-backed remnant 
of China’s pre-communist government, 
based by then in Taiwan. 

The Chinese attacks provoked an 
international crisis. North Vietnam 
feared that a wider war would break 
out (and that Vietnam would therefore 
be vulnerable) and felt that it therefore 
had to back China’s delineation of  
its territories.

Of course, in the 1960s, war  
did break out in Vietnam –  

China launched an 
invasion in which 
20,000 Vietnamese 
were killed
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Malaysia and China in the 1970s, 80s 
and 90s.

Yet, despite these events, China 
gives the impression of claiming by far 
the largest area of the South China Sea 
and is increasingly seen by the other 
nations as the major threat to their 
maritime ‘territorial’ aspirations.

In reality, China’s position is 
unclear. It claims all the islands and 
adjacent waters but does not define 
the precise extent of those waters. The 
‘dashed line’ on the official Chinese 
map of the South China Sea appears 
therefore to merely represent the 
outer limit of the zone within which 
China reserves the right to define 
those claims.

But why is China adopting this 
stance? The answer lies in the fact 
that, whereas her neighbours are 
motivated by nationalism and a wish 
to secure a slice of the maritime cake, 
China’s attitude is driven by what she 
perceives as her top political objective: 
the defence of her territorial integrity.

With China stating that both 
archipelagos are Chinese, it is very 
difficult for her to back down as 
she has much more to lose than her 
neighbours from any change in her 
declared borders. Having long faced 
secessionist demands in Tibet and 
elsewhere, China is nervous of any 
perceived threat to what she sees as 
her territorial integrity, even if it’s  
only over a few rocks in the South 
China Sea. 

Bearing in mind the Chinese 
invasion of Vietnam in 1979, and 
with both nations last year engaging 
in military exercises in the area, the 
rivalry swirling around the South 
China Sea has potentially dangerous 
ramifications for the region.  

An American army helicopter transports South Vietnamese troops during the Vietnam War, 1972

with China deteriorated rapidly. 
Within just three years, an increasingly 
nationalistic Vietnam ignored its 
previous ‘donation’ to China – 
declaring that it still owned the South 
China Sea islands. 

A year later, China decided to 
“teach Vietnam a lesson” (mainly  
over Vietnam’s occupation of 
Cambodia) and launched an 
unprovoked invasion in which 20,000 
Vietnamese were killed.

China and Vietnam aren’t the 
only nations to have staked a claim 
to the South China Sea – which is 
hardly a surprise, given that oilfields 
lie under the seabed. The Philippines 
sent troops to some islands in 1968. In 
1971, Malaysia claimed several islands. 
Further occupations were then  
carried out by Vietnam, the Philippines, 

China’s attitude 
is driven by what 
she percieves as 
her top political 
objective

and, with Chinese (and Soviet) 
support, North Vietnam  
emerged victorious. 

A bloody lesson

Yet, after final victory against the South 
in 1975, reunited Vietnam’s relationship 

David Keys has worked on more than a dozen 
BBC history and archaeology documentaries 
and is a specialist correspondent for The 
Independent in the UK.

� The South China Sea Dispute by Clive 
Schofield (Jamestown, 2011) 
� Spratlys: Dispute in the South China Sea 
by Robert Catley and Makmur Keliat  
(Ashgate, 1997) 
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ne German study had concluded 
that South African athlete Oscar 
Pistorius’s springy legs (latest 

prosthetic: J-shaped pieces of carbon fibre 
called the Cheetah Flex-Floot) allowed the 
‘blade runner’ to sprint at the same speed 
as able bodied athletes with 25 per cent less 
energy expenditure, he was banned by the 
athletics’ governing body, the IAAF. But a 
court overturned the decision, taking into 
account all of Pistorius’s various advantages 
and disadvantages during a race, such as 
his slower start. Since then, an academic 
debate has continued: one study conducted 
recently had come to the conclusion that he 
has a 10-second advantage over able-bodied 
athletes over 400 meters, another said the 
prosthetics hold him back. 

Whatever the truth of the matter, the 
very idea that serious studies are needed to 
establish whether an artificial limb might be 
advantageous – better than the real thing – 
is staggering.

The Cheetah Flex-Foot isn’t a one off – it 
seems we’re now at a stage where we can 
out-design evolution, a state of affairs that’s 

not surprising to some.
“Our technology is in some areas close 

to, or even better than, human ability,” says 
Dr Anders Sandberg, a research fellow at 
Oxford University’s Future of Humanity 
Institute. “It’s easier to extend us in 
directions where we have no ability than 
in directions we have evolved strongly – 
but even there we might have a few tricks 
nature missed.”

Although it’s advanced in materials 
and design, the Flex-Foot doesn’t closely 
mimic its flesh and bone counterpart in its 
movement. Much closer to the real thing is 
the i-LIMB – a prosthetic hand developed 
by Touch Bionics in Livingston, Scotland, 
named as one of the 50 best inventions 
of 2008 by Time magazine (it came in 
14th, ahead of a new Mars Rover and an 
invisibility cloak).

 
All fingers and thumbs

Until two years ago, when the i-LIMB was 
launched, replacement hands were pretty 
simple affairs – if you were lucky you’d have 
a pincer-like attachment that would let 

Our bodies have taken millions of years to evolve 
amazing abilities that we are now able to mimic 
machines. But as Ed Chipperfield discovers, 
technology will soon allow us to surpass flesh and 
bone. The superhuman is almost here...
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you manipulate objects in a primitive 
way. The i-LIMB, by contrast, is a bionic 
hand with incredibly life-like movements. 
It works through myoelectric control – a 
sensor on the muscles of the remaining 
limb picks up tiny signals and uses them to 
control the digits.

There are five independent fingers – 
including a functioning thumb – and 
each one is individually powered. From 
grasping a suitcase handle or turning a 
key, to picking up a penny or punching a 
keypad, the digits are capable of all kinds of 
everyday activities. 

“We’ve designed it so the force is 
adequate for daily activities – about 10kg  
of grip strength,” says Hugh Gill, director  
of technology and operations at 
TouchBionics. “We could apply more force, 
but it would be painful – you could really 
hurt someone.”

The i-LIMB’s load limit – what it is 
capable of carrying – is already at 45kg and 
future versions will be able to carry twice 
this mass, a load limit that would be the 
equivalent of lifting a heavyweight boxer 
with one hand.

It has other features too. “Patients like 
the ‘robotic’ skin, to show they’ve got an 
artificial arm and be proud of it,” says Gill. 
The i-LIMB also responds to the level of 
muscle signal: if a patient thinks they’re 
squeezing harder or faster, it responds 
accordingly. TouchBionics is now working 
on a more robust product for people that 
have asked for greater performance. “It’s 
like a metal jacket,” says Gill. “If you closed 
a car door on it, the car would end up with 
the damage.” 

The i-LIMB is already as dextrous and 
potentially even more powerful than one  
of the human machine’s most complex parts 
– it’s a hand that could easily be described  
as superhuman.

But the principal drawback is energy 
source. Batteries are heavy and take time to 
recharge; the i-LIMB’s batteries last one day 
in normal use. But by harnessing the unique 
properties of a 21st-century technology, 
nanotubes, one scientist thinks he has 
created the solution. 

Professor Ray Baughman, director of the 
Alan G MacDiarmid NanoTech Institute 
at the University of Texas at Dallas, has 
developed artificial muscles from carbon 
nanotubes that echo the form and function 
of our own biology, with one important 
distinction – they perform with 100 times 
the power. 

Carbon nanotubes are ultra-thin ribbons 
of pure carbon. By grouping many of them 
into a thicker strand, Baughman has found 
that when heat is applied, repulsion pushes 
the nanotubes apart with ferocious power. 
The material expands in thickness and 
contracts in length – like a real muscle. 

Instead of an external electric source, 
these muscles are fuelled with methanol. 
“The chemical energy in the methanol fuel 
is converted to heat by a catalytic reaction 
of a mixture of fuel and oxygen in the 
air,” Baughman explains. The temperature 
increase that this produces causes the 
artificial muscle to contract, and it then 
relaxes as it cools.

The tubes don’t need cumbersome 
batteries to contract. “You can store  
20 times more energy using methanol  
than you can using the most advanced 
battery,” says Baughman.

So could we one day see some of our 
muscles replaced with nanotubes? In theory 
it would allow athletes to power down 
a 100-metre track in a fraction of Usain 
Bolt’s current record. The problem, says 
Baughman, is that we’d have to upgrade our 
body to cope with the power. 

“You have to also strengthen the bones, 
the skeleton,” he says. It could also create 

problems when extreme force isn’t required. 
“A soldier would like to be all-powerful on 
the battlefield, but he’d like to be able to 
go home and spend time with his wife as a 
natural person.”

According to Baughman, the answer is 
to create wearable machines that provide 
super-strength when we need to get 
physical, but can be taken off when we want 
to lounge in front of the telly. So instead of 
replacing body parts, we complement what 
we have with a powerful exoskeleton.

HAL-5 is already available to the public

The i-LIMB is the 
most advanced 
prosthetic device 
in use today 
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Lockheed Martin’s Human Universal 
Load Carrier (HULC) does exactly this 
job. It consists of a pair of battery-powered 
titanium hydraulic legs that clip onto a 
soldier’s own. They give a load-lugging 
military type the ability to carry 90kg loads 
– the equivalent of a full-grown female 
gorilla – at up to 10mph.

Wearable robots like this aren’t the 
sole preserve of the military, either. The 
Cyberdyne HAL-5 is already on sale to the 
public in Japan. A full-body machine, HAL 
(Hybrid Assisted Limb) weighs just 23kg 
and can amplify human strength by a factor 
of 10 for up to five hours. 

 Developed by Yoshiyuki Sankai at  
the University of Tsukuba in Japan, the 
HAL-5 is being leased right now for around 
£380 per month.

“We are now aiming for mass 
production,” states Professor Sankai on the 
Cyberdyne website. “Workers under harsh 
conditions could also use HAL to support 
their work. The increase in the average 
working age caused by a decrease in the 
birth rate and ageing might be eased using 
the robot suit.”

Mind control

HAL works by sensing weak electrical 
signals from muscles and turning these into 
actions. But what if you could control your 
exoskeleton or prosthetic arm just by using 
your mind? It’s an idea that US defence 
research organisation DARPA is keen on, 
and announced a new research programme 
in March of this year. 

DARPA wants to find out why electronic 
links to neurons are prone to fail after 
only short periods of time. Even a simple 
task like lifting your arm to eat needs 

EXTRAORDINARY  
HUMANS

Four people with real ‘super powers’

Daniel Tammet is a 31-year-old, 
high-functioning autistic savant 
from East London. His condition 
has given him some incredible 
mental abilities: in 2004, he 
broke records by reciting pi to 
22,514 places in a time of 5hrs 
9mins. His ability to memorise, 
learn languages at super speed 
and calculate near-impossible 
equations has led him to train 
others in his ‘secrets’.

THERMAL POWERS
In Arctic waters, most men 
wearing just trunks and a 
cap would die in less than 
three minutes. But Brit Lewis 
Gordon Pugh has swum for 18 
minutes at the North Pole, in 
water at -1.7°C. He possesses 
a trait known as ‘anticipatory 
thermogenesis’ that gives  
him the ability to raise his  
core temperature by 1.5°C.  
He is the only known person 
able to do this. 

SONAR SENSE
Losing his eyes to an ocular 
cancer as a small child, Ben 
Underwood of California 
taught himself to ‘see’ using 
echolocation. Producing 
sharp clicks with his tongue 
and teeth, Ben could read his 
surroundings – even ride a bike. 
Sadly Ben died of cancer in 
2009. Researchers at Spain’s 
University of Alcalá de Henares 
have been researching various 
aspects of echolocation. 

MUSCLE GENES
A boy born in Germany in 
1999 surprised scientists 
with his advanced muscular 
physique. The unnamed child 
was born with an unusual 
genetic mutation that blocked a 
growth-restricting protein called 
myostatin. At the age of five, 
the boy was able to hold 3kg 
weights with his arms extended, 
and he was reported to have 
muscle mass two to three times 
greater than his peers. 

SUPER MIND

Lockheed Martin’s Human Un
Load Carrier (HULC) does exac
job. It consists of a pair of battery
titanium hydraulic legs that clip o
soldier’s own. They give a load-lu
military type the ability to carry
– the equivalent of a full-grown
gorilla – at up to 10mph.

Wearable robots like this aren
sole preserve of the military, eith
Cyberdyne HAL-5 is already on 
pup blic in JaJ pap n. A full-bodyy mach
(Hybrid Assisted Limb) weighs ju
and can amplify human strength
of 10 for up to five hours. 

 Developed by Yoshiyuki Sank
the University of Tsukuba in Japa
HAL-5 is being leased right now
£380 per month.

“We are now aiming for mass
production,” states Professor Sank
Cyberdyne website. “Workers un
conditions could also use HAL to
their work. The increase in the av
working age caused by a decrease
birth rate and ageing might be ea
the robot suit.”

SUPER  
FACTS

2000

10.91

48

91

hours is the 
length of a 
mission that a 
soldier can 
complete wearing 
a HULC 
exoskeleton 
before its 
lithium-ion 
batteries expire

kilos is the 
weight that can 
be lifted 
‘repeatedly with 
minimal strain’ by 
someone wearing 
the Sarcos XOS 
exoskeleton

kilos was the 
weight of the first 
powered 
exoskeleton, the 
Hardiman. It was 
developed in the 
1960s by General 
Electric and the 
US military, but its 
weight rendered  
it impractical

68
0

people are now 
using Touch 
Bionics’ i-LIMB 
prosthetics

seconds is the 
world record 100m 
Paralympic sprint 
time achieved by 
double amputee 
Oscar Pistorius 

Cyberdyne’s HAL system boosts the body’s 
natural abilities
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POWER DRESSING
Is the age of the high-street 
superhero already upon us?

“Gentlemen, we can rebuild him. We 
have the technology,” was the 
declaration at the start of the 1970s 
American TV series The Six Million 
Dollar Man. The man in question, 
Steve Austin, was rebuilt with ‘bionic’ 
implants after an air crash. These 
implants gave him superhuman 
powers, including the ability to run at 
60mph (100km/h) and a right arm with 
the power of a bulldozer. When the 
series was aired, enhanced abilities 
seemed a distant dream. But while 
we’re not quite at the bulldozer arm 
level yet, the age of the superhuman 
starts now…

Super suit
Cyberdyne’s HAL-5 exoskeleton is 
already being used by infirm and 
elderly Japanese people. Sensing 
nerve signals on the user’s skin, this 
wearable robot mirrors the 
command. Costing £27,500 and 
weighing in at 23kg, the HAL-5 suit 
is designed to give users up to 10 
times their normal strength and can 
operate at 4000m altitude, even in 
the snow. The new batteries can 
last five hours under normal activity, 
and prices are surprisingly low 
thanks to the large-scale production 
of the design.

Piezoelectric skin
A new approach to synthetic skin means that users 
can actually feel heat and pressure as they really 
occur. FILMSkin, developed by NASA and the Oak 
Ridge National Laboratory, is made of polymers 
embedded with carbon nanotubes. The microscopic 
tubes instantly transfer heat and pressure signals to 
receptors embedded in a deeper layer. Current 
designs, tested on humans, can differentiate 
pinpricks 5mm apart – compared with 2mm for 
human skin. Ultimately, if it got damaged, you could 
simply replace it – unlike your own skin.

Cheetah feet
Developed by Icelandic 
prosthetic company Ossur, the 
Cheetah Flex Foot is a high-
performance carbon-fibre spring 
that can amplify running 
mechanics by 30 per cent. It’s 
the same design used by Oscar 
Pistorius, the record-breaking 
Paralympian, who qualifed for 
the 2012 Olympics and raced 
against able-bodied athletes. 
Each leg costs £10,000.

Digital vision
The EyeTap is a proven 
technology, built and tested by 
cyborg innovator Steve Mann 
over 20 years. Worn over one 
eye, a computer digitises the 
field of vision and projects it to 
the wearer, with the ability to 
superimpose information or 
remove certain parts of the 
scene. The EyeTap connects to a 
wireless or mobile network to 
download the visual input, 
creating live video diaries or 
‘Glogs’, as Mann names them.
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Is the age of the high-street 
superhero already upon us?

“Gentlemen, we can rebuild him. We 
have the technology,” was the
declaration at the start of the 1970s 
American TV series The Six Million
Dollar Man. The man in question, 
Steve Austin, was rebuilt with ‘bionic’
implants after an air crash. These 
implants gave him superhuman
powers, including the ability to run at 
60mph (100km/h) and a right arm with 
the power of a bulldozer. When the 
series was aired, enhanced abilities 
seemed a distant dream. But while 
we’re not quite at the bulldozer arm 
level yet, the age of the superhuman 
starts now…

Super suit
Cyberdyne’s HAL-5 exoskeleton is 
already being used by infirm and 
elderly Japanese people. Sensing 
nerve signals on the user’s skin, this 
wearable robot mirrors the 
command. Costing £27,500 and 
weighing in at 23kg, the HAL-5 suit 
is designed to give users up to 10 
times their normal strength and can 
operate at 4000m altitude, even in 
the snow. The new batteries can 
last five hours under normal activity, 
and prices are surprisingly low 
thanks to the large-scale production 
of the design.

Piezoelectric skin
A new approach to synthetic skin means that users A
can actually feel heat and pressure as they really 
occur. FILMSkin, developed by NASA and the A Oak 
Ridge National Laboratory, is made of polymers 
embedded with carbon nanotubes. The microscopic 
tubes instantly transfer heat and pressure signals to 
receptors embedded in a deeper layer. Current 
designs, tested on humans, can differentiate
pinpricks 5mm apart – compared with 2mm for
human skin. Ultimately, if it got damaged, you could 
simply replace it – unlike your own skin.

Cheetah feet
Developed by Icelandic 
prosthetic company Ossur, the 
Cheetah Flex Foot is a high-
performance carbon-fibre spring 
that can amplify running 
mechanics by 30 per cent. It’s 
the same design used by Oscar 
Pistorius, the record-breaking 
Paralympian, who qualifed for
the 2012 Olympics and raced 
against able-bodied athletes. 
Each leg costs £10,000.

Digital vision
The EyeTap is a proven 
technology, built and tested by 
cyborg innovator Steve Mann 
over 20 years. Worn over one 
eye, a computer digitises the
field of vision and projects it to 
the wearer, with the ability to 
superimpose information or
remove certain parts of the 
scene. The EyeTap connects to a 
wireless or mobile network to 
download the visual input,
creating live video diaries or 
‘Glogs’, as Mann names them.

Thought control
With BrainGate, patented by Cyberkinetics Inc in 
the US, a sensor is implanted onto the motor 
cortex of the brain to detect tiny neural signals 
that would normally control physical actions. This 
activity is converted into electrically charged 
signals that are then decoded using a program to 
decipher what the wearer intended. The signal can 
move a robotic arm, open an email or even control 
a television. ‘Neuroprosthetics’ like this have 
already been implanted into several people.

Synthetic muscle
Researchers at the University of 
Dallas have created a 
nanotube-based muscle that 
responds to an electrical 
stimulus with 100 times the 
power of a human muscle. 
Running on methanol fuel, the 
muscles consist of bundled 
nanotubes around metal frames 
and have ‘memory’ – they will 
revert to their original position 
when the muscle relaxes. Able 
to operate at temperatures up 
to 1200°C, the only drawback 
would be in reinforcing the 
human skeleton sufficiently to 
handle their power.
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SUPER HUMAN

SUPERHERO TECHNOLOGY
Want to do whatever a spider can? You won’t have to wait much longer to climb walls…

This is the Gryphon, a mono-
wing that would let you glide 
across Gotham like Batman. 
It has a 1.8m wingspan and 
is made of light yet durable 
material – including carbon fibre 
– and is already being deployed 
by German special forces. 

Weighing just 30kg, the wing 
allows a soldier to cruise for 
50km, gliding behind enemy lines 
before opening his parachute 
at the last minute. If he comes 
under fire, the Gryphon can 
simply be pointed downwards 
to reach a terminal velocity of 
250mph – fast enough to dodge 
the Joker’s bullets, anyway. 
Developed by the Spelco 
consortium, it’s estimated to 
cost around £10,300 per wing.

Want to scale walls like Peter 
Parker? A new wave of robots 
has been developed that can 
climb vertical surfaces by 
using a tiny current to induce 
electrostatic attraction between 
a climbing pad and any surface 
it touches. Switching the current 
off allows the pads to be moved. 

Current robots can climb  
with up to 34kg of weight, but 
there’s nothing to stop the 
technology being scaled up 
for human use: “There is no 
fundamental reason why you 
can’t scale this up to,  
say, 90kg,” claims Nicola Pugno,  
a professor of structural 
mechanics at Turin 
Polytechnique, who is working 
on the man-sized version.

Troy Hurtubise is the Canadian 
inventor made famous by his 
grizzly-proof bear suit, but 
his latest invention has more 
practical applications. The Trojan 
S Series is a protective suit of 
modern armour, which he claims 
can withstand gunshots – even 
from close range.

Weighing just 13.6kg, it’s 
light and flexible enough to run, 
climb and drive in, thanks to the 
use of ‘Shadow Armor’ – the 
ballistic-grade protective panels 
Hurtubise invented himself, 
which are able to deflect 12-bore 
shot and knives. But despite 
heavy promotion to the military, 
the Trojan has failed to pick up 
much commercial interest.  
A full Trojan suit costs £35,000. 

Lopped off something vital 
while you were fighting evil? 
Simple: just grow it back. Limb 
regeneration is still very much a 
work in progress – the research 
is currently limited to studies 
of salamanders and zebra fish, 
which have Hulk-like powers of 
regrowth. Scientists are looking 
at how the animals pull it off.

Early results have been 
interesting. If a zebra fish loses 
a tail, for instance, certain genes 
that were last active when it was 
an embryo are switched back on 
by enzymes that remove proteins 
surrounding the genetic material. 
If a similar process could be 
made to take place in humans, 
the power of regeneration would 
be ours.

HERO: BATMAN

POWER: GLIDING

SPIDER-MAN

CLIMBING

IRON MAN

PROTECTION

THE HULK

REGENERATION

thousands of messages between brain 
and limb, so a seamless, stable link is crucial. 
The end result, hopes DARPA, will be a  
brain-controlled artificial limb with a  
70-year lifespan. 

Projecting what humans may one 
day become is a full-time job for Andy 
Miah, a professor in ethics and emerging 
technologies at the University of the West of 
Scotland, who lectures on ‘transhumanism’. 

“Over the last five years there has been 
a recognition in the scientific and medical 
communities that human enhancement  
is not of the future, or even something  
that requires us to adopt a radically  
different value system,” says Miah. “Put 
simply, the level at which science is now 
placed permits us – and compels us – to 
enhance humanity.”

It’s an opinion that’s likely to be shared by 
Professor Hugh Herr of the Massachusetts 
Institute of Technology in Boston. A 
double-amputee after a climbing incident 
as a teenager, the 45-year-old has dedicated 
his working life to inventing better ways 
of integrating man and machine – to 
surpass the individual abilities of both. 
“We’re close to showing that an amputee 
using a prosthesis can walk at a lower 
metabolic energy than someone with intact 
limbs,” says Herr. His lab is also looking at 
exoskeletons that would lower the metabolic 
energy required to walk and run by people 
with intact limbs. 

In the near future, Herr thinks that this 
kind of technology will be ubiquitous. 
“In two decades’ time, I think it will be 
common to see people using exoskeletons 

to walk down the street. When the bicycle 
was first invented, it was so striking a lot 
of people wanted to try it. I think these 
inventions will be similar.” 
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Ed Chipperfield is a freelance  

journalist and writes for UK’s BBC  

Focus Magazine.

� http://bit.ly/DARPAresearch

More on DARPA’s new brain/prosthetic interface 
research programme

� Engines of Creation 2.0: The Coming Era of 

Nanotechnology

By K Eric Drexler (WOWIO, 2007)

� Natural Born Cyborgs

By Andy Clark (OUP, 2003)
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Cloud apps
While Moore’s law predicts 
mobile phone chips to 
double in speed and halve 
in size every year, the cloud 
represents a huge reservoir 
of processing oomph that 
app developers are keen  
to get their hands on. 

“The computing 
power available through 
cloud servers is virtually 
unlimited,” says Steve 
Perlman, CEO and founder of 
cloud gaming service Onlive. 
“So once mobile broadband 
speeds can equal those 
demands, it’ll mean an app’s 
capabilities won’t be limited 
by the phone.” Being able  
to rely on external 
processing power will make 
phones smaller and allow for 
hugely demanding software, 
such as photo-editing on 
your phone.

Antivirus
According to David Emm, 
senior security researcher  
at Kaspersky Lab, an 
epidemic of smartphone 
viruses is imminent. 

“The number of purchases 
people make on their phones 
will be too tantalising a 
prospect for cyber criminals 
to ignore,” he says. “Being 
open source, the Android OS 
naturally has vulnerabilities. 
Apple’s iOS is more secure, 
but nothing is perfect. We’re 
already seeing the very early 
stages of email attacks 
targeting iOS devices.” 

Smarter games
What will games look like on your next phone? Mike Capp, president of 
Epic Games – which was behind the award-winning Infinity Blade – says 
that graphics won’t be that important in the future. 

“Being mobile will play a much bigger role – whether it’s streaming the 
game from the cloud or continuing a console game on your phone. You 
could be sat at a park bench and, using the phone’s GPS, you could see 
anyone playing the same game within a five-mile radius and join in.” 

MEET YOUR NEXT  

 The 
 Software 
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From cloud apps to curved screens and face recognition... Daniel Bennett 
discovers what we can expect from the next generation of smartphones

SCIENCE SMARTER PHONES
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Facial recognition
Pin numbers will soon go the 
way of the credit card signature. 
Google’s next Nexus handset 
packs software that allows 
you to use your mug instead 
of passcodes to unlock your 
phone. But a patent filed by 
Apple hints that you won’t even 
have to press a button for facial 
recognition to kick in. The screen 
automatically lights up when you 
hold the phone to your face.



Curved screens
We’re used to phones looking 

like flat bricks, but it seems 
mobile developers want to make 
handsets with more personality. 

Leaks from Nokia, previews 
of handsets on sale later this 
year and the fact that Apple 

has recently built a specialised 
factory to churn out shaped 

glass, all suggest that curved 
screens will be the next big thing. 
The current trend set by Corning, 

which makes Gorilla Glass, 
indicates that by 2015 tougher 

glass will allow for screens that 
could be 50 per cent thinner.      

SMARTPHONE

 The 
 Hardware 

Ubiquitous NFC
Near Field Communication 

(NFC) makes connecting 
your phone to a speaker, 
for example, as easy as 

tapping your handset on your 
stereo. When two NFC-

enabled devices get close, 
they recognise each other 

and connect via Bluetooth. 
The whole system can be 

automated, so that your 
phone would automatically 

sync when it’s positioned 
next to your PC. Once shops 

adopt NFC receivers – as 
ticket machines on London’s 

Tube already have – you’ll 
be able to make one-touch 
payments with your phone. 

Infrared camera
Your next phone’s camera 

won’t just capture more 
megapixels. In December, 

Apple was granted a patent 
for an infrared (IR) receiver 

attachment. The idea is 
that a railway station, for 

example, would have a 
corresponding device to 

broadcast train timetables 
to your phone. This info 

would then be overlaid on 
your camera’s live view, 

showing you when the next 
train’s due to leave. On the 

downside, music venues 
could send out a signal that 

would stop people filming 
concerts with iPhones. 

Longer-life batteries
A team of chemical 

engineers at Northwestern 
University, Illinois have 

created a lithium ion battery 
that would endure a week’s 

use and recharge in 15 
minutes. It uses an anode 

– the part that delivers 
electricity into the battery – 

made out of a graphene/silicon 
sandwich. This delivers more 
electricity into the battery in 

less time. Lead researcher Dr 
Harold Kung says this tech 

could make its way into mobile 
phones, laptops and tablets 
within the next three years.

No more SIM cards
In pursuit of a supermodel-

thin smartphone, Apple is 
on the march to remove 

SIM cards from its handsets 
altogether. A SIM reader 

takes up a lot of space, so 
the company filed a patent 

in November for a virtual 
replacement. The iPhone 
is digitally allocated to a 

network on purchase. One 
benefit is that the freed-up 

space could be filled by 
hardware: an NFC router 

that would share its internet 
connection with a laptop  
or a tablet when such a  

device gets near enough to 
the phone. 
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Here’s what the 
smartphone will 
look in a few years

AND IF YOU’RE AFTER SOMETHING  
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connections improve they’ll 
be able to leave more data 
crunching in the hands of 
cloud servers, allowing for 
devices that are not just 
smart, but actually intuitive. 

“Speech recognition 
algorithms are very data-
hungry” says Vlad Sejnoha 
of Nuance, the company that 
helped develop Siri. “With 
better connections available, 
more data can be interpreted 
and more instructions can be 
understood.” So your phone 
should become more like a 
personal assistant than a 
partially-deaf butler. 

Globally 
connected
It’s not just phones that will 
be smarter. TVs, washing 
machines and even fridges 
are shipping with computer 
processors. According to  
tech industry analysts 
Gartner, this is all leading  
to the creation of an  
‘internet of things’. So  
your fridge could send you a 
text message when you run 
out of milk. Looking further 
into the future, most of the 
devices in your home are 
likely to be linked in some 
way to your smartphone.   

Flexible 
screens
Since most smartphones are 
all screen and not much else, 
they have a nasty tendency 
to shatter when dropped. 
So both Samsung and Nokia 
have been working on a 
novel fix. Instead of making 
the glass shatterproof, both 
companies believe that 
flexible AMOLED technology 
is the way forward. 

Since the screen material 
is malleable, it’s able to 
withstand harsh impacts. 
At a demo this year working 
screens withstood hammer 
blows, with only slight 
scratches for damage. 
Further down the line, Nokia 
hopes that bending and 
twisting the phone will be an 
extra input method – bending 
a corner could skip a music 
track, for example. 

Pico projectors
Even the best touchscreen 
keyboards can be frustrating 
at times. While watching the 
TV series on your mobile is 
convenient for train journeys, 
the screen is too small  
for home entertainment.  
The solution lies with a  
built-in projector. 

CTX Technologies let 
us play with its working 

prototype, which projects a 
virtual laser keyboard from its 
base and an 80-inch screen 
from the top. The prototype 
certainly wasn’t pocket-
friendly, but the company’s 
CEO Clifford M Rhee says it’s 
been working on a phone and 
tablet equivalent that could hit 
shops in five years.

Super thin
Graphene: it’s one atom thick, 
transparent and superstrong. 
Nokia is teaming up with 
the Nobel laureates that 
discovered this miracle 
material to develop a truly 
different future generation 
of smartphones. Nokia 
has drawn up a concept 
device based on graphene 
components that would be 
thin enough to give you a 
paper cut, and flexible enough 
to fold away into your pocket. 
Sadly, the first graphene parts 
that can be mass-produced 
are yet to be built, so it’ll be 
a good few years before the 
dream becomes a reality.

Artificial 
intelligence
Right now Siri, Apple’s 
‘digital assistant’, is only 
smart enough to help you 
put an entry in your diary. 
But as mobile phones’ net 

 The 
 Hardware 

 The 
 Software 

MORE FUTURISTIC…

Daniel Bennett is the 
reviews editor of UK’s BBC 
Focus Magazine.
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etween 1925 and 1945 
thousands of letters arrived 
on Adolf Hitler’s desk. The 

Soviet army who seized them at the end 
of the war thought them trivial and so 
they lay unread in Moscow’s archives 
until recently discovered by historian 
Henrik Eberle. 

Now published in English, the letters 
present a history of the Third Reich from 
the perspective of ordinary Germans 
rather than that of its leaders. They 
chronicle how Hitler rose from fringe 
politician to popular dictator – and how 
he squandered that popularity. 

Hitler’s image as the Germans’ 
personal saviour and confidant was key 
to his success. It was also his greatest 

liability. While he encouraged 
expressions of adulation, promising a 
direct line to the Nazi leader meant that 
he was inundated with opinions, 
suggestions and questions about 
politics, economics and foreign policy.

Letter writers asked personal 
favours, criticised Nazi ideology and 
openly opposed incidences of 
repression. They came from all walks of 
life, and included both Germans and fans 
and critics from around the world. And 
they all expected to be answered. Many 
were – some even influenced policy. 

The letters show that while Hitler 
could exercise absolute authority to 
silence his opponents, when it came to 
his subjects he was far less omnipotent.

Dear
Mr. Hitler
Victoria Harris examines three of the thousands 
of letters that Germans wrote to Hitler and asks, 
what do they tell us about the Nazi leader's 
relationship with his people? 

(1) Since, as He Hitler himself also says (My Struggle), I say 
that there must be labour unions, as a metalworker I would 
like to join a union (just not a ‘free’, Liberal, or Christian one). 
Thus I ask you to tell me to which nationalist union I can turn 
in this matter. 

(2) What is His stand on the alcohol question? 
(3) Is the Nazi Party (if there ever is a nationalist Greater 

Germany) for the black-white-red colours with the swastika? 
How does it see this question being resolved now? 

I hope He understands me, and will write me his answer as 
soon as he has time.

With a nationalist Hail salute 
Alfred Barg 
(Return postage enclosed)

Rudolf Hess replied on 4 June 1925 "on behalf of the Leader":

Very esteemed Mr Barg!
Mr Hitler gives you many thanks for your letter. Here are 

the answers to your questions:
On 1: Unfortunately, we do not yet have any labour unions. 

However, at present we are engaged in negotiations and 
discussions regarding the foundation of one. A great deal of 
money is involved, and the movement doesn’t have it. In any 
case, don’t join ‘yellow’ unions. Instead, stay in the Marxist 
ones and try to win over enough like - minded comrades so 

and in time the existing unions can in this way be National 

happened in Czechoslovakia.
On 2: Mr Hitler does not drink alcohol, except perhaps a 

few drops on very exceptional occasions. He does not smoke 
at all.

On 3: As to how we stand on the black–white–red colours, 
as on the swastika, you probably already know that we never 
deny them. Besides, the main thing is the spirit that is 
connected with the colours and the signs. We are going to 

With a German salute 
R Hess

 

Barg was typical of early Nazi supporters. A teetotaller, he was highly 
politicised, had supported the Nazis since 1923, and bought Nazi 
newspapers. He subscribed to Hitler’s developing mythical persona – 

reverently addressing him as "He". But he wanted guarantees that the Nazis’ 
views matched his own. 

Hitler’s imprisonment and the stability of the Weimar Republic kept the Nazis 
weak, and they desperately needed the support of fanatics like Barg. Rudolf Hess, 
Hitler’s personal secretary, guided Barg’s concerns about the Nazis’ views on the 
flag and encouraged him to ‘convert’ others through infiltrating unions. Hess also 
emphasised Hitler’s purity as a teetotaller.

Hitler greets admirers  
in 1936 when he was  
still enormously popular

 
Hitler's opinion on three very different issues:

popolil t
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A supporter with Jewish ancestry pleads with Hitler  
to let him work for the Nazi party

Jaenicke’s letter reveals Jewish citizens’ complete integration 
into German society, with many unaware of their Jewish heritage. 
Anti-semitic discrimination came as a huge surprise, despite its central 
place in Nazi ideology. Supporters clearly ignored policies they did not 
like. They were also confident that, despite his dictatorial status, Hitler 
would listen to their pleas, even if they were Jewish. On one level they 
were right – Bormann still felt compelled to reply to Jaenicke.  

� Letters to Hitler edited by Henrik Eberle and Victoria Harris 
(translated into English by Steven Rendall) (Polity Press, April 2012)

 FIND OUT MORE

Victoria Harris is a research fellow in history at 

King’s College, Cambridge University.

7 June 1932
Dear Mr Hitler!

I became a National Socialist through my three sons. I have 
already begun to work for the coming election campaign. 
Today I would like to tell you why many women do not go over 
to the Nazi party. [They say:] We cannot vote for Hitler because 

years to lay away some savings again, and if it should now be 
lost again, what then? This and similar arguments are made 
against me. Another woman told me that she had saved a few 
hundred marks for her sick son, and has to vote for the man 
who will try to preserve the savings of widows and orphans. I 
would advise you to see to it that in all electoral speeches it is 
said that people with small savings will not lose what they have 

Then our work will be easier, because what the public fears 

With a ‘Hail Hitler’ 
Mrs Luise Cramer

Mrs Cramer’s letter is marked with the note "lie about inflation" in green 
pencil. As the Nazi party clearly found her concerns troubling, she received 
a reply from Albert Bormann, who wrote:

Dear Mrs Cramer!
Your letter of the 7 June was received by Mr Hitler. The lie 

latter would result from its taking power, was already 
systematically spread during the last election campaign by its 
opponents, and in fact precisely by the parties that are 

I am enclosing a small brochure stating our position 
regarding this lie.

With a German salute  
  Albert Bormann

Luise Cramer was not ashamed to criticise 
Hitler, and did not hesitate to point out the 
potential flaws in the Nazis’ economic policies. She felt 
she understood women's views better than him. Just six 
months before taking power, the Nazis still had trouble 
attracting female voters, who were seemingly more 
concerned than men about a repeat of Germany’s 
disastrous hyperinflation of 1923. 

So concerned were the Nazis with this issue that 
they felt compelled to respond to Cramer. Personal 
interactions between Hitler’s staff and his supporters 
were crucial to his image and the party’s success.

A female supporter writes to Hitler offering him advice  
on how he can attract more women to the cause

A propaganda poster 
shows Hitler with 
children in 1934

A supporter with Jewish ancestry pleads with Hitler  
to let him work for the Nazi party
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By spring 1934, Hitler’s popularity was at its height. Even Berlin  
artist Ernst Jaenicke, who was denied an opportunity to work for  
the Nazi party because of his Jewish ancestry, adored Hitler:

Our great beloved Leader Adolf Hitler! 
I ask you now for advice. Must I give up everything? We 

are also people and perhaps better than some others. Must I 
leave the Nazi Party, etc.? I can’t see why. But in spite of all, 
my sincere belief in our German Fatherland, in the National 
Socialist idea, and above all in you, great Leader, that belief 
cannot be taken away from me.

And so, great beloved Leader,  
Mr Reich Chancellor Adolf Hitler!  
Please help us, too. For this is God’s work, and we believe in 
the one whom he has sent to us.

Hail Hitler! 
Rudolf Willi Ernst Jaenicke
Oh, if only I could speak to you personally 

Hitler’s private office replied on 5 April 1934. 

Dear Mr Jaenicke!
Your letter to the Leader of the 23 March was received 

your case. I therefore recommend that you approach your 
local group, which may be able to help you in some way.

With a German salute! 
Albert Bormann

Hitler reads a letter during a stay 
in the mountains, 1933–39

2
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HOW TO BUILD AN
UNSINKABLE SHIP

Since the Titanic went down over a 100 years ago, science has been 
employed to make ships safer. Paul Eastaugh explores tthhee 

ccutting edge of marine technologgyy

uilding a boat that cannot be sunk 
may sound like a worthwhile goal, 
but put enough holes in a ship and 

it will always sink. The only reliable way to 
stay afloat is to avoid hitting anything by 
navigating safely, and ensure that nothing 
catches fire.

Ever since that fateful night in April 1912 
when the RMS Titanic went down, the 
shipping industry has been working to 
make its vessels safer. The SOLAS (Safety 
of Life At Sea) regulations that followed the 
Titanic disaster have grown to cover a ship’s 
smallest details. From a requirement for 
double hulls on oil tankers to the design of 
buckles on lifejackets, there’s a regulation 

to ensure all components are up to the job. 
Yet there’s always room for improvement, 
and with global warming opening Arctic 
waters to oil exploration and shorter, cost-
saving shipping routes, the need for safe 
ships is greater than ever. So with these icy 
routes in mind, what’s the closest we can 
get to building something unsinkable?

We’ve cherry-picked the innovations 
that are transforming the safety of modern 
shipping to design a boat of our own. Some 
of these features are well established, while 
others are at the cutting edge and are yet to 
be widely introduced. You’d never see all of 
these on any one ship today, but this could 
be the shape of ships to come. 
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FORWARD-LOOKING SONAR
Improving the view ahead
Unlike conventional sonars, which only show the 

seabed below the ship, the See Echo looks ahead to 

provide an advance warning of any obstacles. Small 

forward-looking sonars are sometimes used aboard 

luxury yachts, but the See Echo is the first to be 

fitted to a large ship. It creates a 3D map of the sea ahead to reveal floating 

wreckage, containers and even whales, and sounds an alarm in time to change 

course. For Arctic voyages it will show the thickness of any ice ahead and 

reveal the best routes through it.

DIFFERENTIAL GPS
Pinpoint accurate navigation
GNSS (Global Navigation Satellite System) is the most 

important aid to maritime safety since the invention 

of radar. Signals received from satellite systems 

– GPS (USA), GLONASS (Russia), Galileo (Europe) 

or Compass (China) – are used to calculate location. Clever maths enables 

positioning that’s typically accurate to 10m. To boost this accuracy, precisely 

located GNSS receivers on land identify any satellite signal errors and broadcast 

corrections, so that the entire system can be accurate to within 10cm. 

ON THE BRIDGE...

SHIP ARRESTOR
Controlling drift
A ship without power will drift 

helplessly and roll violently in rough 

weather, and may then lose its cargo 

and run aground. The ShipArrestor is 

a strong nylon sea anchor system that 

folds up compactly and can be launched 

automatically from the ship or deployed 

by a helicopter. The parachute-shaped 

anchor opens underwater to create 

drag that can quickly turn a ship into 

the wind and prevent its violent rolling. 

It can halve the speed at which even a 

supertanker will drift towards rocks, 

creating more time for rescue tugs to 

arrive and tow it to safety. 

MAGNETIC PATCHES
Plugging leaks
Holes no bigger than a fist have sunk 

ships, but Miko Marine of Norway has 

the answer, with magnetic patches 

that create an instant seal. Magnetic 

rare earth particles impregnate a 

strong, flexible rubber compound 

that can be used to make patches of 

almost any size. They are carried by 

all Norwegian Coastguard vessels, 

one of which recently kept a nuclear 

fuel carrier afloat using one. If 

uneven damage prevents a magnetic 

patch from sticking, fabric patches 

reinforced with Kevlar and Aramide 

can be riveted in place by divers.

GRAPHENE HULL
Superstrong coating
Naval architects and shipbuilders are 

closely following the development 

of materials such as carbon-based 

graphene, which is 200 times 

stronger than steel. “Graphene 

has the potential to transform 

shipbuilding if it can be produced 

cheaply enough,” said Patrik 

Wheater, editor of Shipping World and 

Shipbuilder. “A ship built with this 

light but incredibly strong material 

could be very hard to hole, and 

would be lighter and use less fuel. 

It’s too early to know whether this is 

realistic, but it’s an exciting idea.”  S
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3D PORT DISPLAY
Virtual guide
A mistake by a port operator can have devastating 

consequences. Highly sophisticated display 

software is now available that converts 

conventional radar, ship ID tags and electronic 

chart data into a virtual 3D panorama, so operators 

can understand what is happening at a glance. The first C-Vu system is on 

trial at Milford Haven, the UK’s biggest oil terminal, where controllers can view 

the port from any angle and gain an immediate understanding of traffic 

conditions. A ship-mounted version would be the next step.

ICE RADAR
Spotting icebergs early
By reprocessing the same data from a 

conventional ship’s radar many times, ice radar 

systems are able to overcome screen clutter 

and create displays that show ice height, cracks 

and weaknesses as a detailed, almost 3D image. 

Canadian Coastguard icebreaker captain John Vanthiel says that this “allows 

waters, even in moderate sea conditions. The clear high-definition radar 

image portraying the mariner’s immediate surroundings is a godsend.” 

SHIP SECURITY
Keeping pirates at bay
In some waters, pirates are an ever-

present danger. All vessels now carry 

a Ship Security Alert System that 

transmits an alarm and a position 

message at the touch of a button. 

Failing that, some ships carry devices 

that trail cables beneath the water 

to foul the propellers of pirate skiffs; 

others are fitted with speakers that 

broadcast deafeningly loud warning 

messages (162dB) to put off the pirates 

– 130dB is the human pain threshold. 

Barbed wire or electric fences can 

be fitted to prevent boarding where 

valuable cargo is concerned. 

DOUBLE HULLS
Added protection
After the 1989 Exxon Valdez 

accident, oil tankers in US waters 

were required to have double hulls. 

With an extra skin, cargo tanks are 

better protected against damage, 

and pollution arising from ‘minor’ 

scrapes is avoided, but a significant 

grounding or collision will still 

rupture both hulls. Double hulls are 

now standard, though electronic 

charting systems (ECDIS) have been 

shown to be more cost-effective, by 

reducing the chances of grounding 

in the first place. ECDIS is now 

compulsory for many types of ship.

FREE-FALL LIFEBOATS
Quick getaways
If a ship must be abandoned, free-fall 

lifeboats offer the quickest escape. 

Designed for evacuating oil platforms 

or ships carrying dangerous cargoes, 

these boats are built for speed. Unlike 

the cumbersome Titanic lifeboat 

evacuation, once the occupants are 

strapped in, the door is securely  

shut and the lifeboat is released to 

plummet seawards – the current 

record dive is 40m from an oil 

platform. When the boat resurfaces, it 

can produce its own canopy of spray 

to protect it, if necessary, against a 

sea of burning oil.

AZIMUTH THRUSTERS
Steering out of trouble
When a ship needs to steer away 

from trouble, a conventional rudder 

can seem painfully slow. This is one 

of the reasons azimuth thrusters, 

or azipods, are attracting interest. 

Developed for tugs, which need 

working manoeuvrability, azimuth 

thrusters extend beneath the hull 

where they can turn through 360 

degrees to provide instant power 

in any direction. Ideally suited for 

the latest diesel-electric propulsion 

systems, their propellers are also 

more fuel efficient, so they are now 

being looked at by big ship operators.

SCIENCE UNSINKABLE SHIP
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Ocean  
in motion
A new NASA animation reveals how currents 
circulate, and their possible impact on climate 
change. James Lloyd investigates…

his striking image of the 
North Atlantic ocean is 
much more than just a 

pretty picture. It not only shows 
circulation patterns in detail, 
but the methods used to create 
the animation will soon enable 
scientists to make more accurate 
predictions about climate change.

The picture you see is a still 
frame from an animation created 
by NASA’s Scientific Visualization 
Studio. The white lines in the image 
show the surface currents, while the 
blue shading in the ocean indicates 
the depth of the seafloor below – 
the darker areas represent deeper 
waters. The Gulf Stream is clearly 
visible as a streak of white that  
curls around the tip of Florida  
before working its way up the  

T
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east coast of the USA. 
The Vincent van Gogh-like swirls 

are features known as eddies – 
looping currents, typically 10 to 
100km in diameter, that can persist 
for months. These are formed when 
meanders in the current trap water 
that’s either warmer or cooler than 
the water around it. This water 
can completely separate from the 
main current, forming a circulation 
pattern similar to the weather 
systems that are seen in  
the atmosphere. 

This animation was created using 
data from the ECCO2 (Estimating 
the Circulation and Climate of the 
Ocean, Phase II) project. ECCO2 
uses a state-of-the-art numerical 
model that combines observations 
from a variety of sources, such as 

satellites and ocean instruments, at 
a high enough resolution to show 
smaller features such as eddies. 

“Surprisingly, eddies in the 
oceans are much smaller than 
their atmospheric counterparts,” 
says Patrick Heimbach, 
an oceanographer at the 
Massachusetts Institute of 
Technology (MIT) who is involved 
with the ECCO2 project. “Therefore, 
ocean models require much higher 
resolutions to resolve oceanic 
weather. Computer simulations 
which resolve eddies have only 
become possible in recent years, 
with the advent of high performance 
supercomputers.”

Eddies are important because 
they play a key role in moving 
heat and carbon around the 

oceans. Research has shown that 
eddies in the Southern Ocean 
around Antarctica transport heat 
polewards; this heat can ultimately 
be released into the atmosphere, 
affecting large-scale wind patterns. 

A better understanding of these 
processes will therefore help 
researchers to predict the  
evolution of the oceans, and  
our planet’s climate, over the 
coming decades. 

“The van 
Gogh-like 
swirls are 
eddies 
– looping 
currents 
that can 
persist for 
months”

The full animation for June 2005 
to December 2007 can be viewed 
here: http://bit.ly/GJvBMp

James Llyod is the online editor for UK’s  

BBC Focus Magazine.
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Scan to see more 
exclusive images of 
the Whale shark

Whale Sharks



Whale sharks have roamed the oceans for 60 million 

years – yet we know little about their reproduction, social 

behaviour and huge migrations. When I first started 

photographing this species, over 15 years ago, there 

were just a handful of locations where you could, if 

lucky, catch a fleeting glimpse. These images, captured 

in Djibouti, the Maldives and the Seychelles, showcase 

rarely seen aspects of the world’s largest fish 

Photographs by Thomas P Peschak

NATURE
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TAG TO TRACK 

Dr David Rowat, a scientist with Marine 

Conservation Society Seychelles, attaches a 

pop-up archival tag to a whale shark in the Gulf of 

Tadjoura. These satellite tags are designed to collect 

the animal’s co-ordinates each time it surfaces, 

automatically detaching from the shark after six 

months so that the equipment can be recovered. 

Even if a tag is not retrieved, scientists can 

remotely collect data on geo-locations, temperature 

ranges, and horizontal and vertical migrations – 

information that, it is hoped, will help improve our 

scant understanding of this creature and its vast 

migrations. I shadowed David on numerous tagging 

dives; it took all my skill in underwater manoeuvring 

to get the right angles without being tagged myself.

NATURE PORTFOLIO

CLOSE FOR COMFORT

 I was swimming off Djibouti when I 

saw this shark and its large entourage 

of pilot fish approaching. I free-dived 

down beneath its path – but prematurely. 

Several painfully long seconds later, the 

shark swam overhead. I took my shot and 

returned to the surface.

Mariners once believed that these 

smaller fish ‘piloted’ sharks towards 

prey. In fact, they seek protection from 

predators by sheltering beneath larger 

species such as sharks, rays and turtles.





THE LIGHT FANTASTIC 

As night falls over the Gulf of Tadjoura off Djibouti, the 

lamps of Somali and Afar fishing boats lure zooplankton 

and sardines to the surface; these, in turn, attract whale 

sharks, which sometimes hang vertically, sucking in prey-

rich water. Despite the risk to the fishermen’s livelihood 

– sharks sometimes swim off with their valuable nets – they 

are remarkably tolerant of these huge fish. Their lamps 

were too dim for flash-free photography, so I hung a 

weatherproof cinema light just above the water, which cast 

the perfect amount of light to illuminate this small juvenile.



NATUREPORTFOLIO
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PLASTIC PERIL 

As pollution proliferates in our oceans, plastic is becoming 

an increasingly common item in the diet of most marine 

organisms. Since whale sharks are filter feeders, they commonly 

ingest plastic picked up on their feeding sweeps through 

the water column. In addition to the harm caused by these 

items themselves, persistent organic pollutants (POPs) can 

accumulate in plastics; scientist are currently studying the 

effects these substances may have on animals that ingest them. 

I came across this bag drifting off Djibouti, and grabbed it before 

it could be engulfed by the whale shark’s gaping maw.

 FIND OUT MORE

� www.thomaspeschak.com

Thomas Peschak’s official website

THE PHOTOGRAPHER

Thomas P Peschak is a fellow of the 
International League of Conservation 
Photographers and spends most of  
each year documenting marine 
conservation issues. 
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It has been wiped out from 

maps, but Camp 1391 certainly 

does exist - an hour’s drive 

from Tel Aviv. In 2003, Israeli 

historian Gad Kroizer was 

researching old British police 

buildings of the 1930s and 

noticed that Camp Mertz didn’t 

appear on any of the modern 

Israeli maps, accidentally 

discovering its location.  

This prison for high-risk 

political prisoners is an Israel 

Defence Forces prison camp 

reports, the Israeli officials 

maintain that Camp 1391 

“is no longer used since 

2006 to detain or interrogate 

suspects”, but several 

overtures by the United 

Nations Committee Against 

Torture (CAT) to examine the 

camp have been rejected.

Alcatraz has everything going 

for it to justify the ‘most 

famous’ tag. Located in the 

picturesque San Francisco 

Bay, it is separated from 

the mainland by 2.4km of 

frigid waters and strong 

currents. It held some of the 

most notorious gangsters 

since it opened in 1934 (Al 

Capone, Robert Stroud aka the 

Birdman of Alcatraz) and a 

very interesting prisoner break 

history (36 men attempted 14 

separate escapes). Alcatraz, 

popularly known as The Rock, 

has managed to fascinate 

Curious Georges from around 

the world, even after it was 

shut down and abandoned in 

1963, 29 years after it opened. 

It still draws millions of 

tourists every year to Alcatraz 

Island and prison. 

In the words of Admiral 

Blair, Obama’s former head 

of National Intelligence, 

Guantanamo Bay is “a 

damaging symbol to the 

world.” Established in 2002 

by the Bush Administration, 

GITMO is infamous for 

its links to the torture of 

terrorist suspects identified 

in the Global War on Terror by 

the United Sates government 

against Afghanistan and 

later Iraq. Located in Cuba 

and operated by Joint Task 

Force Guantanamo of the US 

government, the detention 

centre is notorious for 

allegedly holding detainees 

without a trial and denying 

protections as defined by the 

Geneva Conventions. As of 

March 2013, 166 detainees 

remain at Guantanamo Bay.

Russia’s oldest and largest 

prison also has the dishonour 

of topping the charts for 

the most crowded prison in 

the world. Originally a wine 

warehouse in the 1730s, the 

building was converted into a 

700-bed prison. It underwent 

further reconstruction in the 

year 1884, where the holding 

capacity was stretched 

960 cells. In the 1990s, 

the numbers reached to 

cramped into cells a mere 

4 sqm in area. The Russian 

government has now ordered 

a relocation of the prisoners 

to another facility as Kresty 

prison will be closed 

shortly. Plans are for it to be 

converted into a mall where 

crowds will not be a problem.

For a prison guard, prison 

riots and overcrowding are 

of utmost concern when it 

comes to ensuring the safety 

of its prisoners. But this 

would be an unlikely thought 

for the guards at Sark prison. 

Located on the tiny island 

of Sark, it is reportedly the 

smallest prison in the world. 

The prison can hold only 

two prisoners and that too 

only overnight. For crimes 

that are more serious, 

prisoners are then relocated 

to a prison on the larger 

island of Guernsey. The sign 

above this inconspicuous 

diminutive structure states 

that prison has been in use 

Sark Prison Kresty Prison  

Russia Northern Israel Bailiwick of Guernsey United States of America Cuba

Camp 1391 Alcatraz Federal 
Penitentiary

Guantanamo Bay 
Detention Camp

BEHIND THE BARS
Most  

well-concealed
Most  

famous
Most  

notorious
Most  

crowded 
The  

smallest

Kresty Prison in St 
Petersburg, Russia

Alcatraz Prison has inspired 
numerous books and films
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The ADX Florence Facility in 

Colorado, was designed to 

house prisoners’ deemed too 

dangerous, have a history 

of violent behaviour or are 

too high profile for regular 

incarceration. Spread over 

37 acres it comes with a 

perimeter that is guarded by 

12ft high razor wire fences, 

laserbeams, pressure pads 

and attack dogs. Inside, 

everything from the overhead 

lights to the steel doors are 

remote controlled by the 

guards. Inmates are kept 

in cells measuring 7x12 m 

for 23 hours a day and their 

movements are monitored by 

CCTV cameras. The Guinness 

Book of World Records 

acknowledges ADX Florence 

as being the most secure 

prison in the world.

Camp 22 is a political prisoner 

camp in North Korea. Reports 

allege that tens of thousands 

of prisoners at the camps 

are often taken from their 

homes for supposed ‘political 

crimes’ and detained until 

they die. Ahn Myong-chol, 

a former prison guard in an 

interview confessed that one 

of the torture methods used 

was where prisoners were 

made to stand on their toes in 

a tank filled with water upto 

their nose for 24 hours. Sexual 

violence by guards is rampant 

and inmates are worked to  

the bone or are forced to  

stone each other to death. 

Satellite imagery and analysis 

indicate major changes or 

even a closure of the camp 

last year, but reports are  

still unconfirmed.

Cebu Prison in Cebu was 

considered the most violent 

prison in Philippines. But 

it all changed in 2006, 

when Byron F Garcia was 

appointed as the warden. 

successfully ran the CPDRC 

inmates programme, where 

murderers, rapists and 

violent drug traffickers, 

dressed in bright orange 

jumpsuits learnt how to 

dance. What initially began 

as a compulsory one-

hour exercise routine, as 

part of their rehabilitation 

programme, accompanied by 

camp music has now turned 

into a full-scale musical 

production videos of which 

have gone viral. Interestingly, 

the number of repeat 

offenders has decreased. 

ADX Florence  
Facility 

Kwan li-so (Penal 
Labour Camp) No 22

Cebu Provisional 
Detention and 

Rehabilitation Center 
United States of America  North Korea Philippines Norway India

gently sloping forest in 

Halden, Norway, the Halden 

Prison offers Norway’s most 

dangerous prisoners en 

suite cells with their own 

flat screen TV and windows 

without bars to allow in more 

sunlight. Prisoners also share 

kitchens and living rooms 

between themselves and 

have access to jogging trails, 

a sound studio and cookery 

classes. Guards don’t  

carry guns and are 

encouraged to be outgoing 

and friendly toward the 

inmates. Halden Prison’s 

prisoner governor Are Hoidal 

was quoted as saying, “In the 

Norwegian prison system, 

there’s a focus on human 

rights and respect. We don’t 

see any of this as unusual.” 

Halden Prison 

inmate has escaped, despite 

the fact that this prison has no 

walls, no cells and no guards. 

This is the Sri Sampurnanand 

Khula Bandi Shivir (open 

jail) in Sanganer, Rajasthan 

named after former governor 

Dr Sampuranand. He started 

the prison in 1963 with 11 

inmates as an experiment to 

support his belief that crime 

should not be looked as an 

act of revenge but as an act of 

reformation. Prisoners wear 

normal clothes, live in houses 

spread over a 10 acre land, 

are allowed out between  

6 am to 7 pm within a  

10km radius to work and 

travel. The only strictures are 

roll calls at dawn and dusk 

and a lone guard to ward off 

intruders at night. 

Sri Sampurnanand 
Khula Bandi Shivir 

There are prisons, and then there are 
prisons. Moshita Prajapati picks the ones 
that pack more than just a punch

Most  
humane

Most  
unprison-like

Most 
inescapable

Most  
brutal

Most  
bizarre

When it comes to Norwegian justice, 
the focus is on rehabilitation rather 
than punishment

Prison riot will never be a 
problem at the Sark Prison
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Why have one robot when 
you could have a thousand all 
working together? Ian Taylor 

checks out the latest buzz...

still, it becomes clear just how 
astounding it is. What had 
sounded like hundreds of beating 
wings is in fact something 
mechanical, motorised, man-
made. What, from a distance, 
had looked like starlings 
or locusts are in fact tiny 
helicopters, each one small 
enough to land in the palm of 
your hand. 

They’re robots, and their 
task is simple: find human 
beings. “A flock of autonomous 
helicopters like these could be 
extremely useful in searching 
for survivors after disasters,” 
says Professor Pei Zhang, who 

recently built the first prototypes 
for the swarm of robo-choppers, 
known as SensorFly. “After an 
earthquake, or during a fire, 
constant information about 
collapsing walls or immobilised 
survivors would be incredibly 
useful to human rescuers.”  

SensorFly, which Zhang is 
working on at Carnegie Mellon 
University in the US, is the latest 
robot swarm to be set loose on 
the world (or at least the lab). 
It’s an approach to robotics that 
seeks to build something very 
different to the walking, 
talking tin-can servant 
we were all promised 

t first glance, it could 
be something from a 
David Attenborough 

programme. A writhing cloud 
of black dots stretches across 
the sky. It’s one of the great 
spectacles of the natural world 
and, as it draws closer, you can 
see why.

Inside the swarm, each dot 
darts around as though it’s  
going about its own business.  
Yet the overall effect remains 
one of unison. Thanks to 
ingenious navigation, or some 
form of organised chaos, they 
move as one.  

As the swarm draws closer 

SWARM
BOTS

A

SCIENCE SWARM BOTS SCIENCSWARM BOTS
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SCIENCE SWARM BOTS

in the 1950s. In swarm robotics, 
the thinking is that 200 metal heads 
are much better than one.

Taking inspiration from industrious 
social animals such as ants and bees, 
researchers believe that the kinds 
of tasks that robots will be set in 
the future will be best tackled by 
a large number of bots all working 
together. Just like a food source is 
quickly found by a colony of ants all 
marching out to find it, so earthquake 
survivors are more likely to be found 
alive if the search party is made up of 
hundreds of miniature robots looking 
for them.

“A swarm’s main characteristic 
is that the robots are spread about 
in the environment. There is an 
enormous number of applications for 
them,” says Professor Alan Winfield, 
a roboticist at the University of the 
West of England. “If you want to 
explore the asteroid belt, don’t send 
one spacecraft, send a swarm. If you 
want to build a habitat on Mars, send 
a load of raw materials, and a swarm 
of robots to assemble them.”

Farmers and fighters

Robot swarms are not a new idea 
(work has been going on since the 
1980s). But swarms are becoming 
more sophisticated, and the latest 
designs are being thought up to 
perform a bewildering array of tasks. 
From harvesting crops to monitoring 
the environment, from crawling 
through a rubbish dump looking for 
useful raw materials, to swimming 

through your veins delivering 
medicine (see ‘The chem-bots’, p68), 
swarms could be very busy in the 
next decade or so. 

Winfield believes the first robot 
swarm to escape the lab, however, 
will come from an arena that’s 
already crawling with robots: 
warfare. “I’m sorry to say, but I think 
the first swarms will come in the 
military domain, where the budget 
constraints are somewhat different. 
I think we’re likely to see flocks of 
unmanned aerial vehicles where a 
human operator flies one of them but, 
the rest are flocking like birds.”

The US military already has its first 
swarm squadron on order. In 2008, 
the US Army Research Laboratory 
awarded a $38 million contract 
to BAE Systems to lead a team of 
researchers in developing a swarm of 
spy-bots to be used in reconnaissance 
missions. The project, known as 
MAST (Micro Autonomous Systems 
and Technology), is now underway 
and BAE was eager to show off what 
it could do. 

In an animated video of what it 
hopes to build (see ‘Find out more’ 
on p69) a swarm of tiny robotic 
insects, including spiders like those 
in Minority Report, sweep through 
a building where two presumed 
terrorists are hiding. The bugs slip 
in unnoticed, track down the targets 
and send video back to soldiers 
outside. Seconds later, a missile 
reduces the building to rubble.

Presumably the robot spiders 

Flocking
The way that a flock of 
birds or a school of fish 
move as one was 
replicated in 
computers as far back 
as 1986. Computer 
engineer Craig 
Reynolds got his 
computer-modelled 
‘Boids’ to flock just by 
programming them 
with simple rules such 
as avoiding other Boids 
and steering towards 
the average direction 
of the others.

Trophallaxis
This term describes how 
social species such as 
ants and bees share 
regurgitated food. 
Biologists believe this is 
fundamental to social 
communication and 
helps maintain a 
distinctive odour for the 
group. Roboticists 
working on the 
Symbrion swarm are 
using this as inspiration 
for swarms of robots 
that share battery 
energy with one another.

Foraging
A number of robot swarms 
are now able to seek out 
‘food’ in a specified arena 
and return it to their ‘nest’, 
just like ants. In one study 
at the University of the 
West of England, robots 
not only retrieved the food, 
but were able to 
communicate with others 
about how much had 
already been found, making 
them more efficient. This 
allowed them to be far 
more efficient – a skill that 
will come in useful when we 
need robots to pick our 
fruit for us.

Chemotaxis
This is a process by 
which single-cell 
organisms direct their 
movements according 
to the presence of 
certain chemicals. 
Scientists at Imperial 
College London are 
hoping to mimic this 
process when they 
engineer ‘chemical 
robots’ small enough  
to be injected into  
your bloodstream to 
deliver medicines.

Symbrion: greater than 
the sum of its parts

DOING WHAT  
COMES NATURALLY
Borrowing from Mother Nature
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ROBOTS TO THE RESCUE 

In the aftermath of an earthquake, the 

wreckage makes locating survivors very 

difficult, so the first emergency personnel 

to arrive on the scene can only do so much. 

So why not send in a swarm of robots 

instead? Advanced miniature robots, such 

as those in the Symbrion project being 

developed by researchers at a group of 

European universities, could go much 

further than their human counterparts. 

Crawling through gaps in the crumbled 

concrete and twisted iron, the swarm could 

self-assemble into different shapes to get 

past obstacles, reinforce unstable rubble 

or even deliver medicine or water  

to survivors. 

Once a particular task is completed,  

the swarm  of robots can then decide  

to disassemble again and form a new 

‘robotic organism’ best suited for the  

next priority.

How a swarm of mini bots would find earthquake survivors

Teamwork
Each robot can bind to several others. When a 
group binds together, it forms larger shapes that 
can achieve more than any individual robot can 
on its own. The new ‘organism’ can grow legs to 
crawl over debris or become a ball to move more 
quickly. The swarm tests different forms and 
movements, adapting to find the best solution 
for its current environment. Researchers liken 
this to a kind of artificial evolution.

Follow no leader
Every robot in the swarm follows simple rules 
of behaviour. Their software may include 
simple programming such as code that tells 
them to avoid obstacles or travel towards heat 
sources. But no single robot coordinates the 
rest of the swarm. Nobody is in charge. 
Survivors are discovered by ‘swarm 
intelligence’ – emergent behaviour as a result 
of local interactions with the environment.

Hive mind 
Much like the Bluetooth technology 
that connects your phone to a 
hands-free earpiece, the swarm 
communicates by a wireless personal 
area network (WPAN). Each robot 
‘chatters’ with those nearest and the 
data it collects – everything from 
locations to heat signals – spreads 
throughout the entire network.

Power sharing
The robots are battery powered, 
but share energy when they bind 
together to form larger structures. 
Once bound, they change from a 
wireless network to a wired one, 
where collective energy is diverted 
from ‘link’ robots to the busier bots 
at joints or at the ends of legs.

The weakest link
The swarm is programmed with what 
its designers describe as an artificial 
immune system. When one individual 
malfunctions, the rest of the swarm 
is informed so that the dud robot 
does not bind with others and 
jeopardise a group task.

Common sense
Different individuals in the swarm 
carry different sensors, such as 
video cameras to send images back 
to human rescuers, heat sensors to 
locate survivors or chemical sensors 
to detect gas leaks. The swarm 
shares all of the information, so 
there’s no need to load all of the 
instruments onto each robot.
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are destroyed alongside their 
human targets. But that’s okay – a 
swarm’s strength is in its numbers. 
If any single robot malfunctions or 
is somehow taken out, the swarm is 
able to continue. “It’s a ‘distributed 
system’,” Winfield explains. “There’s 
no mothership coordinating every-
thing, which means that any of the 
robots can fail and the overall system 
will keep going. It gives  
you reliability.”

It’s a system where everyone and 
no-one is in charge. Somehow, stuff 

just gets done. Think about an ant 
colony. When it builds a nest, there’s 
no architect or senior structural 
engineer barking orders. When the 
ants wage war on another colony, 
there’s no general giving the order 
to go over the top. Instead, it’s what 
scientists call emergent behaviour or 
swarm intelligence. 

Each ant simply does what comes 
naturally. He goes about the little jobs 
hardwired into his head by millions 
of years of evolution. He reacts to 
cues in his environment. He interacts 
only with his closest neighbours. 
And when every ant in the colony 
does the same, mind-blowing feats 
of organisation emerge. The colony 
builds, feeds and functions. 

Social animals like these are the 
ultimate inspiration for researchers 
attempting to build robot swarms. 
Professor James McLurkin, one of the 

world’s best, keeps his own colony of 
ants in his lab at MIT and follows the 
work of biologists like the rest of us 
follow movie stars or footballers.

“One of my favourites is Thomas 
Seeley at Cornell,” McLurkin says. 
“He looks at honeybees and how they 
decide where they’re going to live.” 
When a population of bees grows 
very large, it splits in two. The old 
queen and around half the worker 
bees pack up and leave. As scouts 
find them a new place to live, a new 
queen is installed at the old nest. 

“Dozens of scouts go out,” 
McLurkin says. “Somehow, as the 
scouts collect information, the group 
is able to reach a decision about 
where they want to live – there are a 
lot of subtle things going on.

“I idolise honeybees. It’s very 
humbling to see what nature can do 
because we’re not even close.” 

THE CHEM-BOTS

If you’re scared of needles now, just you wait. In a few years’ 

time, there’ll be new medical technology to make us all a bit nervy 

about getting our next jab from the doctor. Scientists are creating 

a swarm of robots to be injected inside you and travel around in 

your bloodstream.

Rather than microscopic Transformers with hundreds of moving 

parts, however, this is a different breed of robot made entirely of 

chemicals. Each one is about the size of a single-celled organism 

and will carry inside it drugs to be shipped around your veins to 

parts of your body where cancer may be forming. 

“Imagine a small tumour or even just a few carcinogenic cells 

in the body,” says Dr Frantisek Stepanek, a chemical engineer 

at Imperial College London and the man whose Petri dish the 

first prototypes are now swimming around in. “The surface of 

these chemical robots is designed in such a way that they attach 

themselves to the carcinogenic cells. Then, once a critical number 

of them accumulate, they start releasing the drug and kill the 

carcinogenic cells.” 

And if you think all of that is clever, the way it’s achieved 

is even more impressive. The swarm communicates purely by 

chemical signals, like insects using pheromones to guide each 

other to a food source. The outer shell of the robot is covered 

with tiny pores that regulate which chemicals go in – and when 

its own payload is released.

“When the robot is alone, its pores are closed,” Stepanek 

explains. “But when they cluster together and lock onto a target, 

suddenly the concentration of a molecule released by each robot 

exceeds a threshold. It’s a signal to the rest of the swarm. Once 

they get that signal, they all open their pores and release the 

active chemical to neutralise the target.”

Despite the initial fear of setting a swarm of robots loose 

in your body, it’s actually a remarkably safe method of drug 

delivery. Each robot is too small to be toxic on its own and the 

swarm only unleashes its payload as a whole when it clusters 

around its target site.

Stepanek is two years into a five-year project. There’s more 

work to do, but his team has already demonstrated the robots 

releasing their payload.

The bots could be adapted to any task. As well as cancer cells 

in the body, a swarm of these micro-machines could set upon a 

chemical spill or help out in environmental clean-ups.

Feel like having a bunch of robots injected into your arm?

STAT  
SWARM

the cost of each 

robot in the 

world’s cheapest 

swarm, built by 

students at 

Southampton 

University

the size of the 

flea-like 

machines that 

make up 

I-Swarm, a 

project that aims 

to create a 

swarm of 1000 

tiny robots

£24

the weight of 

each robotic 

helicopter in the 

SensorFly 

swarm, 

developed at 

Carnegie Mellon 

University in  

the US

the contract the 

US military gave 

to iRobot to 

develop a swarm 

of miniature 

robots to aid 

soldiers on the 

front line

$2
.5

 m
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n

0.003mm
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Bots in the blood: 
the next drug 
delivery system?

Drugs and droids could 
both soon be  
given to patients

MAST’s spider bots aim 
to help soldiers
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intelligence will occur among them.
“The magic happens when you 

run software to accomplish those 
individual robot tasks and the swarm 
somehow accomplishes the group-
level task,” McLurkin says. “We can 
figure this stuff out, but it’s tricky.”

For now, much of the work in 
swarm robotics is very much 
fundamental. The swarm of robots in 
McLurkin’s lab, and others like them, 
are working on basic tasks such as 
understanding when they’re at the 
boundary of their network, and 
deciding whether to go beyond it.  

On the horizon

Researchers are already imagining 
the next step, however. Along 
with roboticists from 10 European 
universities, Winfield is working on 
a robot swarm that can do things that 
even insects can’t.

“What we’re trying to do is build 
a swarm of robots that can work 
as a swarm when it needs to but, 
when the situation demands it, the 
individual robots can join together,” 
he says. “In other words, they self-
assemble into a three-dimensional 
‘organism’ that picks itself up off the 
floor and walks around.”

Yes, a bit like Power Rangers. 
The swarms, known as Symbrion 
and Replicator, would split up into 
different organisms suited to different 
tasks, each one specially adapted 
to the environment and problem 
the swarm is faced with. Winfield 
describes the process as a kind of 

artificial evolution. Going back to 
the idea of rescuing the survivors 
of an earthquake (see ‘Robots to 
the rescue’, pxx), he believes such a 
system would be invaluable. 

“If the robots find survivors, some 
of them could self-assemble to lift off 
rubble. Others could self-assemble 
into a structure to perform first  
aid or pass water along a kind of 
robot chain.”

Like all other robot swarms, 
Symbrion’s strength will come from 
the fact that the group can achieve 
more than a single robot ever could. 
It might be 10 or 15 years before the 
technology is smart enough to be sent 
into the real world, but when it does 
buzz to life, the world won’t have 
seen anything like it.

“Symbrion not only goes beyond 
anything that’s been attempted in the 
lab, it’s more or less beyond anything 
you see in nature.” 

Not that anybody is giving up, of 
course. Getting a swarm of robots to 
behave like a colony of bees or ants 
remains the Holy Grail for researchers 
in the field. But getting there is 
going to take a lot of caffeine and late 
nights, McLurkin says, because it’s a 
programming nightmare.

The main goal is to set a ‘global 
task’ for the swarm – finding 
survivors after an earthquake, say. 
You then have to break that down 
into individual robot tasks – such 
as avoiding giant slabs of concrete 
or following the heat signature of a 
human body. Each little robot only 
communicates (usually wirelessly or 
by infrared) with those nearest to it, 
but hopefully, through thousands 
of those tiny interactions, a swarm 

THE STACK BOTS

Right now, the closest thing 

we have to a robot swarm 

operating in the real world is a 

pack of machines that works in 

a warehouse. US company Kiva 

Systems has built robots that 

get busy when you shop online, 

earning their keep by carting 

the products in your shopping 

basket around a store’s distribution centre. 

Let’s say you’re buying a jumper. Once you’ve decided on 

equinox blue (a fine choice), a Kiva robot at the distribution 

centre will be alerted. The bot finds its way to the crate where 

your jumper is stored using a camera that scans barcodes on 

the warehouse floor. 

When it locates the crate, the robot, which looks something 

like an orange-coloured pallet on wheels, picks up the crate, 

or even the whole shelf. It then carts the goods to a human 

worker, who picks out your size ready for dispatch. 

“Kiva has deployed something like 960 robots in its 

distribution centre,” says MIT roboticist James McLurkin. 

“That’s a phenomenal number of robots. I daresay that’s the 

most robots working together ever.”

The only thing is, the Kiva robots are not a true swarm. 

Why? Because each individual is not autonomous. Instead 

of a ‘distributed system’, where the intelligence is spread 

out among all of the individuals, here there is a central 

‘mothership’ calling the shots.

“The robots themselves do low-level path planning and 

obstacle avoidance, but the big computer in the sky does the 

big thinking about who’s carrying what and where they’re 

going,” McLurkin explains.

Rather than a swarm, it’s a multi-robot system – and a 

darned smart one to boot. Gap and Staples are two of the 

retailers who have already installed Kiva robots in their 

warehouses. So just remember who you have to thank when 

that jumper arrives.

Robotic warehouse packhorses

Swarm bots work 
together like a hive mind 

� http://bit.ly/6fmQfB

A video of BAE’s swarm of MAST military  
robo-spies

� http://bit.ly/vkRKI

James McLurkin’s swarm homepage

� http://bit.ly/8aYomL

Learn more about the self-assembling 
Symbrion swarm project

 FIND OUT MORE

Ian Taylor is a London-based 

journalist.
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THE WHIRLWIND BEGINS

Mountbatten appears to have decided 
almost immediately that there was little time 
left to the Raj and no progress to be made via 
negotiation. By 10 April he was telling his 
staff that Partition was probably the only way 
forward, and he put the idea to a conference 
of his provincial Governors a few days later. 
They were seriously concerned about the 
collapse of public order, especially the Governors 
of NWFP, Punjab and Bengal. But they 
did not recommend Partition; they wanted 
reinforcements. Mountbatten outwardly took 
this on board, but extra manpower was never 

a viable way forward for the expiring Raj. 
His solution was to push forward to Partition 
even more rapidly. This policy, however, was 
not untouched by doubt. Even in early May, 
as he was laying detailed plans for Partition, 
he was also privately deploring it, referring to 
the growing willingness among Indian leaders 
to accept it as ‘sheer madness’. The British 
Government had declared itself ready to give 
Indians what they wanted, and Mountbatten 
was following this line.But personally he feared 
for the consequences, and therefore constantly 
urged the need to show that the decision to 
partition the country had been an Indian one. 

Jinnah was in favour of Partition along 
provincial boundaries, but had long been opposed 
to any internal partition of provinces, because 
he wanted Pakistan to include West Bengal 
and East Punjab. Congress leaders – but not 
Gandhi – had slowly been moving towards an 
acceptance of Partition of the country for some 
time before Mountbatten’s arrival. A violet 
campaign orchestrated by the Muslim League 
against the Unionist ministry in the Punjab 
finally forced its resignation on 2 March, leading 
to serious three-way communal fighting. This 
prompted the Congress Working Committee 
to pass a resolution on 8 March calling for 

AN EXCERPT FROM A BOOK YOU SHOULD READHISTORY

In this excerpt, the culminating Partition talks shed light  

on the dwindling influence of Gandhi and the power 

play between Mountbatten and Jinnah

BY RODERICK MATTHEWS

INSIDE THE PAGES

JINNAH  
VS  

GANDHI
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the ‘administrative’ partition of the province, 
a principal which, Nehru acknowledged to 
Wavell, would probably have to be extended to 
Bengal too. By 20 April Nehru was prepared 
to concede in public that the League could have 
Pakistan if whatever parts of India it wanted 
were willing to join. At the time this probably 
excluded the NWFP, which had a Congress 
ministry as embattled as well opt for India over 
Pakistan, or even prefer sovereign independence, 
which promised to open up a sackful of further 
strategic considerations for the British. It was 
not yet clear how the NWFP would fit into any 
India – Pakistan settlement, and it was to be the 

NWFP that eventually brought up the rear in 
all the Partition arrangements because of  
this uncertainly... 

...PLAN PARTITION

On the night of 10-11 May Mountbatten 
showed the newly returned proposals to Nehru, 
who took strongly against them, whereupon the 
Viceroy’s reforms commissioner, V. P. Menon, 
produced a rapid redraft. Menon, though a civil 
servant, had been following his own line on the 
independence issue for many months, and had 
submitted a memo in January 1947 suggesting 
a transfer of power to two successor states based 

on immediate Dominion Status – a plan that 
was ignored at the time. Menon was close to 
Sardar Patel, and must have been aware of 
how Patel and Nehru had recently come to see 
the military and constitutional advantages of 
immediate Dominion Status, and how they were 
only willing to accept Pakistan after the partition 
of Bengal and Punjab. All these elements 
now came together neatly when Mountbatten, 
shaken by Nehru’s vehement rejection of the 
redrafted Plan Balkan, asked Menon to draw 
up a new set of Heads of Agreement, a task he 
accomplished in six hours. This second plan, 
soon  christened ‘Plan Partition’, became the � G

E
T
T
Y
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Independence settlement. 
Plan Partition had several crucial 

new features. It was based on an 
acceptance that the Muslim League was 
not coming in to current constituent 
assembly, and it therefore made 
provision for the setting up of two 
new ones, which would be treated as 
governments-in-waiting, or ‘Provisional 
Authorities’. It allowed for a possible 
internal partition of and it provided for a 
referendum on the membership of India 
or Pakistan to be held in the NWFP. It 
did not allow the main Hindu-Congress 
provinces the choice to opt for either India 
or Pakistan; they were to stay within 
the ‘Union of India’. Nor was sovereign 
independence any longer on offer to the 
princes. Although it was not written into 
the document, the understanding was 
that the two “Provisional Authorities’ 
were to receive immediate Dominion 
Status. This bypassed all potential 
difficulties of the constituent assembly 
stage of the transfer of power, as laid 
out in the cabinet Mission plan. Now, 
with immediate Dominion Status in 

place, the successor governments could 
simply continue under the Government 
of India Act of 1935, and then secede 
from the Commonwealth if they 
desired. Meanwhile, both sides would 
proceed separately towards different 
constitutional models in their own time, 
within their own sovereign boundaries, 
and without immediate concern for 
the vexing constitutional questions 
that dogged the larger Indian policy. 
The whole transfer of power would be 
simplified and expedited.

Mountbatten flew to London on 18 
May to explain the new plan. While 
he was there, the Congress leadership 
definitely crushed the idea of an 
independent Bengal.

PLAN GANDHI

Gandhi’s lone pilgrimages in Naokhali 
and Bihar reflected his political isolation 
from the Congress leaders, and it had 
only been the arrival of Mountbatten 
that persuaded him to return his 
attention to matters of state. But he 
proved as eccentric as ever, hovering 

But by this stage 
Gandhi’s opinions 
carried no sway 
with the Nehru-

Patel partnership, 
so Mountbatten had 
little use for them

�

During an historic conference in New Delhi, Lord 
Mountbatten and the main Indian leaders agreed upon 

the Partition of India according to a British plan
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AN EXCERPT FROM A BOOK YOU SHOULD READ HISTORY

This excerpt is published with 

permission from Hachette India. No 

part of this excerpt may be quoted 

or reproduced without prior written 

consent from Hachette India. Jinnah 

vs Gandhi by Roderik Matthews (Hachette 

India; Hardback; 336 pages; `499) is out now 

in bookstores.

above the detail that all the others were 
so engaged with. His fervent opposition 
to any form of partition gave him little 
scope to contribute when all the other 
major players were wrestling with 
exactly this outcome. After his offer 
of the premiership to Jinnah he went 
back to Bihar, still calling for an official 
enquiry into the killings there. He saw 
Mountbatten again in early May, when 
he also met Jinnah alone, but made no 
progress with either. The only positive 
result of his discussions with Jinnah was 
a joint appeal to all Indians to remain 
at peace.

But he had not entirely given up. 
He had an alternative plan whose main 
points were: that a unitary government 
composed entirely of either Congress or 
League nominees should be sworn in; 
that the British should transfer power 
immediately without portioning the 
country – any such decision was to be left 
entirely to Indians; that the constituent 
assembly should continue as it was; 
that a Court of Arbitration be set up 
to safeguard the minorities; and that 
‘paramountcy’ – British authority over 
the princely states – should pass directly 
to the new Indian government and 
should not lapse, as it would under all 
other schemes.

On 8 May he sent these ideas to 
Mountbatten, who thanked him politely. 
But by this stage Gandhi’s opinions 
carried no sway with the Nehru-Patel 
partnership, so Mountbatten had little 
use for them. Gandhi spend the rest of 

May in Calcutta, trying to reconcile 
Hindus and Muslims.

Finally, on 2 June, he made one 
last appeal to Mountbatten. This was 
a Monday and therefore one of his days 
of silence. As India’s fate hung in the 
balance, he wrote notes in pencil on the 
backs of used envelopes. As a distillation 
of his humility this seems almost perfect, 
but it also speaks of his powerlessness. 
While the continent lay awaiting 
‘vivisection’, the old sage remained silent, 
knowing that no words of his would be 
of any use.

The reality was that the Congress 
had finally seized the political initiative, 
and that Mountbatten was looking for 
the easiest way forward that did least 
damage to British national interests. 
The law and order issue was extremely 
troubling and there was no solution. 
Even the police had begun to mutiny.

THE FINAL ACT

Jinnah was not happy when the details 
of Plan Partition became known. The 
partition of provinces struck at the 
viability of Pakistan economically, and 
threatened to give his new country a 
massive burden of defence expenditure 
with too small a fiscal to support it. He 
began to develop new demands: over 
the army, and then for an 800-mile 
land corridor to join the two ‘wings’ of 
Pakistan. But his ability to obstruct and 
delay had vanished.

Mountbatten returned to India on 
30 May with Cabinet approval for the 
new deal, which was then put to the 
leaders on the morning of 2 June. They 
were given time to digest the proposals, 
then Mountbatten told them that their 
formal acceptance would be required the 
following day. To avoid embarrassment, 
prior assurances of agreement to the plan 
were to be received by midnight. All but 
Jinnah indicated that they would approve 
the plan as requested. Jinnah felt unable 
to give his assent without referring to his 
Working Committee and to ‘the people’. 
He went to see the Viceroy privately late 
that evening and, while he promised to 
do his best to carry the League with him, 
he could not formally consent to the plan 

without the authority of his All-India 
Council. Mountbatten was now trapped 
by the relentless pace he had set, and he 
extricated himself by hijacking Jinnah’s 
authority. He said that he would speak 
for the League himself, and if it chose to 
contradict him later he would take the 
blame. Jinnah the bluffer was finally 
out-bluffed. Mountbatten specifically 
instructed him that when he was asked 
for the League’s agreement the next 
morning, he did not have to speak, but 
must ‘in no circumstance contradict’, and 
should merely nod his head when the 
question was put to him. The meeting 
next day passed off as planned; Jinnah 
fulfilled his promise. Thus arose the 
strange circumstance that in the crucial 
meeting, Jinnah never verbally consented 
to Plan Partition.

Mountbatten, Nehru, Jinnah and 
Baldev Singh for the Sikhs each spoke 
on All-India Radio that night. Only 
Mountbatten was truly pleased; only 
Jinnah was downbeat. His language 
was somber, and he appealed not for 
celebration but for calm, emphasing 
that decisions had still to be taken, 
coolly and with earnest consideration. 
He represented the deal not as a final 
agreement but as another step in the 
process. In this he was actually correct.  
It should be noted that the agreement  
to enter a process to hand over power that 
might also result in Partition.  
There were still votes to be conducted in 
four provinces, two of which were voting 
on Partition as well as membership of 
Pakistan. There was to be a referendum 
in NWFP and a Shah Jirga, or grand 
tribal council, in Baluchistan. But 
Mountbatten was not deflected by  
these details; on 4 June he announced 
that independence would come on  
15 August.” 

Thus arose the strange 
circumstance that in 
the crucial meeting, 
Jinnah never verbally 

consented to  
Plan Partition 



When green foliage is plentiful red 
kangaroos drink infrequently, but in 
dry periods water holes attract 
large ‘mobs’. Australia probably 
has more red kangaroos now than 
when European settlers arrived, 
thanks to cultivated pasture  
and artificial water sources



In the brutal heat of Australia’s Sturt 
Stony Desert, red kangaroos 
miraculously thrive on the sparse 
greenery. Photographer Theo Allofs 
depicts a marsupial as characterful 
as it is resilientroosBig red

NATURERED KANGAROO
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n the waning light of dusk, as the chorus of cricket 
chirrups intensifies, a dark shape slowly stirs beneath 
a thicket. A rusty-red creature shuffles from the 

shadows, using its thick, muscular tail – almost as long as its 
body – as a walking cane to steady itself. Its outsized hindlegs 
overlap forelimbs in an ungainly lope.

The red kangaroo – a male of perhaps 9-10 years old,  
in its mating prime – joins a group of half a dozen smaller, 
grey-blue females, stooping to browse on fibrous plants 
and seed heads. Then, startled by a sudden movement, the 
group bolts in a series of astonishingly agile, graceful hops, 
tiny puffs of dust erupting beneath thudding paw pads.

With its hyper-efficient locomotion and ascetic diet, the 
‘big red roo’ is well adapted to life in the hot, scrubby desert 
and savannah habitats of the Outback. But even this born 
survivor struggled during the chronic drought around the 
turn of the millennium; when I first ventured into the Sturt 
Stony Desert of South Australia in 2003, I spotted only a 
handful. Swaths of the moisture-rich vegetation vital for the 
reds’ survival had been eradicated; water holes evaporated, 
creating mud-filled deathtraps where kangaroos desperate 
for water got stuck and perished. Each day, field biologists 
and park rangers dragged hundreds of carcasses from the 
mire, while stress and heat killed hundreds more. Females, 
unable to sustain milk production, abandoned their joeys.

However, when I returned in June 2011 the contrast was 
striking. Large mobs of reds gathered on the Sturt’s gibber 
plains and grasslands feeding peacefully – until males of 
breeding age met, leading to boxing bouts of astonishing 
ferocity. Despite the shyness of red kangaroos, and their 
tendency to flee at even a gust of wind, I hope I was able 
to capture a flavour of their character and behaviour.  

TOP
A red-coated 
adult male – 
known as a 
‘boomer’ 
– doesn’t defend 
a territory, but will 
guard a 
temporary harem 
of grey-bluish 
females from the 
attentions of 
rivals. Each 
female in oestrus 
may have several 
males vying to 
mate with her.

ABOVE
Large reds can 
reach speeds 
exceeding 60kph, 
covering 9m in a 
single hop. This 
explosive gait is 
extremely 
energy-efficient 
– on landing from 
an initial leap, 
energy is stored 
in the tendons of 
the bent hindlegs, 
ready to be 
deployed again  
in the next bound.

RIGHT
The red kangaroo 
is the largest 
living marsupial, 
and Australia’s 
biggest native 
land animal: 
males such as 
this imposing 
individual can 
tower over 2m 
tall. The chest of 
big ‘boomers’ is 
stained by a 
strong-smelling, 
pinkish-red 
secretion.

I



Large mobs gathered on the 
plains, feeding peacefully 
until males of breeding age 
met – leading to boxing bouts 
of astonishing ferocity
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ABOVE
A mature female 
may have one 
young suckling in 
the pouch, 
another at foot 
and a developing 
embryo. A joey is 
evicted from the 
pouch at about 
eight months old, 
but suckles for a 
few more months.

RIGHT
Males ‘box’ in play as 
well as when 
asserting dominance. 
A kangaroo initiating a 
bout will usually stand 
upright, scratching 
and self-grooming, 
before locking 
forelimbs with  
his opponent  
and making  
hopping kicks.

Red kangaroos often gather at water holes 
in the early morning and evening before 
and after feeding, though drink little

A female’s teats vary the composition of 
milk to suit the needs of the joey suckling: 
a high-carb diet for one in the pouch, but 
less-nutritious milk for young at foot

Theo Allofs is based in Canada’s wild Yukon Territory. 

Originally from Germany, Theo has been traversing 

Australia’s landscapes and photographing its distinctive 

wildlife for over a decade.

 
RED KANGAROO
Macropus rufus

F A C T  F I L E

� WEIGHT
18–90kg.

� LENGTH
Head to tail: female 
1.5–1.9m, male 2.3–2.8m.

� ID TIPS
Male typically has rich 
reddish-brown fur, with 
pale, muscular hindlegs 
and heavily built forelimbs; 
female bluish-grey. Some 
populations have grey 
males and red females.

�  DIET
A variety of grasses and  
low herbaceous plants. 

�  LIFE-CYCLE
Breeds year-round. Female 
usually gives birth to one 
young after 33-day 
gestation; joey emerges 
from pouch at 190 days and 
is weaned at one year and 
lives up to 27 years.

�  HABITAT
Inland desert areas across 
much of Australia. 

�  STATUS
Of Least Concern.

Red kangaroo 
range

WHERE IN THE WORLD

A U S T R A L I A

Sturt 
Stony 
Desert



Jayaram S, Principal of The Valley School Bangalore, says good education is not given but is 
facilitated and nourished in a warm and a caring environment

What is Valley School’s approach towards a 
child’s education? 

The Valley School, Bangalore is one of the 
six Krishnamurti Foundation of India 
schools. It is based on the teachings of J 
Krishnamurti, which believes in a holistic 
approach towards education, facilitating joy 
of learning in a child, ensuring that there is a 
natural state of freedom that promotes 
individual inquiry. We ensure that there is 
harmony at various levels of learning - where 
one is really able to find one’s own rhythm 
and not what society thinks or wants you to 
become. And therefore, to translate this 
intent into approach we make sure that there 
is exposure of children to art, athletics and 
performing arts. 

How is this philosophy translated and 
imparted through a daily school day? 

We have our own dynamic curriculum that 
is designed over the years by the teachers and 
it does not follow any particular text book. 
We define learning objectives by a particular 
age group and not age. We ensure that each 
child is able to work at his or her own pace 
and not follow the accepted philosophy that 
one size fits all and say ‘Everyone read 
chapter 27 and solve question number three.’ 
If you enter any classroom in the junior 
school, you will find that there are a group 
of children who are aged between seven to 
nine learning at their pace and at their 
aptitude. These are the mixed age group 
classes, we have seven-nine in one cluster 
and the 10-12 in another. And when they 
come to the age of 13, they move into class 
eight, which is a horizontal group. Because 
we are affiliated to the ICSE board, we 
recognise the need of focused learning in 
certain academic subjects and thus, there is 
no issue of transition as there is a balanced 
approach to all subjects. 

What does a student of Valley School take 
with him when he graduates?

They are definitely less selfish than most 
others. Two, they are a lot more confident 

“Sometimes... the desire to succeed breeds 
violence in a very subtle manner”

and comfortable about their own selves… 
their strengths and weaknesses. These are 
accepted without anguish. Another is that 
learning and awareness is on a broad range  
of things and not restricted to a subject.  
The last thing that I would stress on is that 
the children who leave this school have 
naturally acquired sensitivity towards nature, 
for as a school we have about 100 acres of 
wilderness here, co-existing with all kinds  
of animals and reptiles, which the children 
are exposed to.

What according to you is good education  
and how important a role does the teacher 
play in it?

The word education comes from the word 
educare meaning to draw out. Thus, good 
education is not given, but is facilitated and 
is nourished in an environment, which is 
caring, affectionate and warm. It is true that 
chronologically the teacher is older and the 
information that he/she has is more, but 
when it comes to the process of learning 
there is no difference between the teacher 
and the student. And this is what forms the 
platform for very effective learning and deep 
down in the psyche the learning takes place 
together. This is what I would say is the role 
of the teacher, to be a part of the child’s life 
and not just teach.

What are your views on the current perspective 
towards education in the country?

Every teacher/educator wants to ensure that 
the child learns in an atmosphere of freedom. 
But somehow we have created an illusion 
called societal demand and we subscribe to 
these illusions by thinking that since the 
child is not learning enough mathematics at 
a fourth standard level then he is not going 
to enter the IIT at 12th standard level. This 
fear is influenced by the society, which is 
actually a product of our own. 
Sometimes what happens is that 
achievements and the desire to succeed 
breeds violence in a very subtle manner. 
Violence is aggression. It is one thing to  
say that, ‘I want to be first’, which can be 
seen as an urge or enthusiasm within oneself, 
but what happens during the process is that 
‘I’ want to make sure that someone else 
doesn’t succeed.

Compared to five years ago, do you see a 
marked difference in the kind of challenges 
you face when you deal with students now?

A marked difference is the invasion of a 
student’s mind by technology and gadgets. 
You can’t wish them away. But at the same 
time one is also able to see the kind of 
impact it has on the attention levels of a 
youngster; it has now undoubtedly reduced. 
So much so that I would even dare to  
say that there is growing restlessness in  
many of them and that is also because  
of impatience. I would definitely not blame 
children or technology for it, but the way we 
have allowed implementation of it. 
The other is the quick availability of  
things for children today. It is very sad  
that giving into the demands of a child is  
the only way of becoming friends with him. 
When a demand is made we need to sit 
down and reason with a child to help him  
or her understand that “Do we really need 
it?” That doesn’t seem to happen. The 
quickness with which the child gains access 
probably because of a confused adult mind is 
what worries me. 

Principal Speak
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In a nutshell
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What is the Small World Effect?
We often find we have surprising connections with apparent strangers – say, a 
colleague in common, or a friend of a friend. It’s called the Small World Effect, 
and understanding its implications is now at the heart of a major research effort. 
Initial studies in the 1950s hinted that random links played a key role by ‘short-
circuiting’ the otherwise huge network of local communities that make up society. 
The breakthrough came in 1998, when mathematicians Duncan Watts and Steven 
Strogatz at Cornell University in New York used computer simulations to show 
that just a tiny number of random, long-range links is enough to turn even a huge 
network of people into a ‘small world’. Now researchers are finding evidence for 
an astonishing variety of small worlds, ranging from national power grids to links 
between international corporations. Their existence is proving to have crucial 
implications for everything from the spread of disease to the effect of globalisation.
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The spread of SARS illustrates the 
theory – to devastating effect

IT’S A SMALL WORLD 
It appears that the seemingly random 
connections that cause us to declare “it’s 
a small world” can be used to explain 
everything from globalisation to the 
epidemic spread of disease

n February 2003, a Chinese 
academic arrived in Hong Kong, 
checked into his hotel and 

unwittingly began spreading a deadly virus 
around the world. He had flown in from 
southern China, where months earlier 
a strange new form of flu had emerged. 
Within days, he had been taken into 
hospital with similar symptoms, but not 
before infecting over a dozen other people, 
who then spread the virus to Taiwan, 
Singapore, Vietnam and Canada. By 
mid-March, the Severe Acute Respiratory 
Syndrome (SARS) virus � had triggered a 
global health alert – and become a chilling 
example of what scientists call the Small 
World Effect.

As a social phenomenon, it’s familiar 
enough. Talking with a stranger at a 
party, we discover a friend or colleague 
in common. We respond with a smile, 
exclaim “Well, it’s a small world!”, and 
think no more about it. And yet, of course, 
the world isn’t small at all: with over 6.7 
billion people, it’s huge. Somehow the 
Small World Effect short-circuits all that, 
bringing us all into surprising proximity to 
each other. In the case of the SARS virus, 
it has potentially fatal consequences. 

Understanding the Small World Effect is 
now a major area of research in such fields 
as economics, medicine and marketing. 
Perhaps the biggest surprise is that it has 
taken scientists so long to take the effect 
seriously. For while it has probably been 
noticed at social gatherings for centuries, 
it was only in the 1950s that researchers 
began to probe its roots. At the University 

After an initial outbreak in Guangdong 
province of southern China in November 
2002, the SARS virus spread via a 
Chinese academic who arrived in 
Hong Kong in February 2003. Then the 
Small World Effect kicked in, as those 
he infected travelled by air to Taiwan, 
Vietnam, Singapore and Canada  
– triggering local epidemics in these 
widely-separated places within days of 
each other. They in turn led to further 
outbreaks in places as far apart as 
Europe and Australia. Rapid identification 
of new cases and isolation of those 
infected people halted the epidemic 
within a few months, but not before 8000 
had contracted the disease, of whom 
almost 1 in 10 died.  

Spreading SARS

of Chicago, mathematician turned social 
scientist Anatol Rapoport and colleagues 
began by creating an artificial society and 
thinking of it as a ‘network’ of individual 
people, each with random links to others. 
Some links were short, connecting up 

I

�

EXPLORING LIFE’S GREAT MYSTERIES

ROBERT MATTHEWS INVESTIGATES

THE BIG IDEA
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While Erdös and Rényi’s formula 
showed the power of random links, it took 
an ingenious experiment performed in 
1967 to prove that we really do live in a 
‘small world’. Stanley Milgram, a young 
sociology professor at Harvard University, 
wanted to gauge the typical size of our 
social networks – how many people we 
have as friends, or friends of friends, and 
so on. To find out, he posted packages to 
100 people in Nebraska and Kansas, asking 
them to post them on to a ‘target’ person 
in Massachusetts. Which sounds simple 
enough, except the recipients weren’t told 
where the target person lived, only their 
name, occupation and a few other personal 
details. Milgram asked the recipients to 
post the packet to anyone they knew on 
first-name terms who might have a better 
chance of being able to deliver the packet.

Post haste 

The outcome was stunning. The packets 
typically reached the target after just five 
re-postings. A few years later, Milgram 
repeated his experiment, with similar 
results. It seemed that everyone in the USA 
could be reached via just five re-postings. 
The implications were even more amazing. 
If just five posting were enough to reach 
anyone in a country of over 200 million, 
it seemed people typically knew around 
50 others well enough to post the letter 
on. And with each of those 200 million 
knowing another 50 people, that meant 

people into close-knit ‘communities’, 
while others were relatively long.

Rapoport and his colleagues were 
intrigued to find that the random nature 
of the links made a big difference to the 
structure of their artificial society. If the ties 
were made even just a little less random, 
the society tended to fragment into isolated 
communities, with no links with people 
elsewhere. It was an early hint of the crucial 
importance of random links in turning a 
huge population into a ‘small world’.

Imagine a society that consists of a 
million people, each of whom has links 
only with 10 people living nearby. If a 

� rumour breaks out, it would take tens 
of thousands of steps for it to spread 
throughout the society as it plods round 
from one ‘clique’ to another. Now imagine 
the same society where, again, everyone 
knows 10 people but this time randomly 
spread across the society. The rumour 
spreads far more quickly, popping up at 
random anywhere. After each re-telling, 
the number of people knowing the rumour 
grows by a factor of 10 – first to 100, then 
1000 and so on. After just six re-tellings, 
everyone will have heard the rumour, 
thanks to the random links.

Which is all very impressive, except 
that the real world isn’t like that. 
We have ties that are neither totally 
random nor completely parochial, 
but a mixture of both. So why do 
we so often discover that we too 
live in a ‘small world’?

In 1959 two Hungarian 
mathematicians, Paul Erdös and 
Alfred Rényi, showed how just a 
few random links can make a big 
difference. For example, in a crowd 
of 100 people it’s possible to form 
ties between virtually everyone by 
forming random links between just 
a dozen or so. Achieving the same 
systematically, on the other hand, 
demands a staggering 4950 links.

The New York Stock Exchange is  
one of the world’s major hubs 
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EXPLORING LIFE’S GREAT MYSTERIES
THE BIG IDEA

It was one that lodged in the mind of 
Duncan Watts, a 25-year old PhD student 
at Cornell University in New York. In 
1995, he was studying the mathematics 
of chirping crickets, and had run into a 
problem: how do chirping crickets fall into 
step so quickly? Was each one listening to 
all his fellow crickets, or just to his closest 
neighbours? Then Watts recalled what his 
father had said about how everyone in the 
world is just six handshakes away from 
the President of the United States. Watts 
wondered if the same phenomenon could 
be linked to the speed with which the 
crickets began chirping in unison.

Using an urban legend to solve a serious 
biological mystery is unconventional, to 
say the least, and Watts was nervous about 
suggesting the idea to his thesis advisor, 
mathematician Steven Strogatz. Yet 
Strogatz thought the idea was intriguing, 
and the two began to collaborate. In June 
1998 they published a paper summing up 
their findings in the prestigious journal 
Nature - and in the process created a whole 
new science: The Small World Effect.

For the first time, Watts and Strogatz 
demonstrated the power of a few random 
links to turn a sprawling world into a 
small one. Their success owed much to the 
ubiquity of computers. Unlike the theorists 
of the 1950s, Watts and Strogatz could 
call on computer power to create accurate 
simulations of the real world, with its 
close-knit communities and random links.

They created an artificial ‘society’ 
of 1000 points, each one of which was 
connected to a clique of 10 ‘friends’. They 
found that if each clique consisted solely 
of nearest neighbours, then hundreds of 
steps were needed to get from one point to 

REGULAR NETWORK
A collection of objects or people who 
are linked to each other in a completely 
regular way – for example, only knowing 
their next-door neighbour. It typically 
takes many steps to link a person in one 
‘neighbourhood’ to anyone else. 

RANDOM NETWORK
A collection of objects or people who 
are linked to one another completely at 
randomly – for example, the star signs of 
people listed alphabetically in a telephone 
directory. The random connections usually 
result in relatively few steps being needed 
to link any one person to anyone else. 

SMALL WORLD
The type of network whose connections 
are partly regular and partly random. The 
result is typically lots of tight-knit cliques 
(due to the regular links), which can still 
be reached by relatively few steps, thanks 
to the random links. 

SHORT-CIRCUIT EFFECT
The ability of a few random links within a 
network to drastically reduce the number 
of steps needed to connect any individual 
to anyone else. For example, a handful of 
frequent-flier businessmen can spread a 
disease across a number of continents.

that just one more posting would be 
enough to reach 10 billion people – more 
than Earth’s entire population. 

Milgram’s finding was reaffirmed by 
researchers at Microsoft this year, who 
analysed patterns of instant messages 
passed around the world during one 
month in 2006 and found that each of us 
is typically linked to everyone else by no 
more than � seven intermediaries. Milgram’s 
discovery became an urban legend, and 
even gave its name to a play, Six Degrees of 
Separation by American playwright John 
Guare, in which one of the characters says: 
“Everybody on this planet is separated 
by only six other people. Six degrees of 
separation. It’s a profound thought.”

Follow the leader 
SWARMING BIRDS

The way flocks of birds move in perfect 
synchrony is one of the wonders of the 
natural world. New research suggests it 
may also be an example of the Small World 
Effect. Hai-Tao Zhang and colleagues at 
the University of Cambridge in the UK 
have argued that changes in direction 
by the lead bird can rapidly spread via a 
few random connections to distant ‘sub-
leaders’ who pass the direction change to 
their neighbours.

�

JARGON BUSTER

The Small World Effect can lead to 
a rumour spreading round the world 
with impressive speed. It starts by 
being passed around, say, an office 
in Canada, where it reaches the ear 
of someone with a friend in South 
America. If the rumour’s a good one, 
it can continue being passed on like 
this right round the world at double-
quick time, as each of us is linked to 
everyone else by up to seven others. 

How a rumour  
travels the world

SIX DEGREES OF SEPARATION?

another. But when they broke just 1 in 100 
of the close links and made them random, 
the number of steps required plummeted 
10-fold – yet most of the cliques remained 
well-connected.

Birds of a feather 
flocking together
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EXPLORING LIFE’S GREAT MYSTERIES
THE BIG IDEA

The Small World Effect can turn a small 
local problem in a national power grid 
into one affecting millions – as was 
demonstrated several times in 2003. In 
August, sagging power-lines touching 
trees tripped circuit breakers that left 
50 million people without power across 
eight US states, plus much of the eastern 
Canadian province of Ontario. The loss 
of power highlighted the existence 
of other ‘small worlds’ linked to the 
electrical grid, including Canada’s air 
and traffic networks, which were plunged 
into chaos. Later that same month, 
500,000 Londoners in Britain were cut 
off by a single faulty transformer. And in 
September, storm damage to cables in 
Switzerland left the whole of Italy and 
parts of Switzerland without power for 
nine hours – leaving another 50 million 
people to ponder the power of the Small 
World Effect. 

despite around three per cent of its crucial 
‘router’ computers being down at any  
one instant, because of the presence of 
random links. But there’s a flip-side, as 
over 100 million people discovered in 
2003 when key ‘nodes’ of several national 
� power grids went down following 
apparently minor incidents.

Catching on

A similar effect is making itself clear 
in the financial world, where businesses 
that are apparently unconnected to the 
root cause of the recent turmoil within 
the business world are also suffering the 

effects. � Major corporations have been 
shown to form a ‘small world’, with 

Mathematician 
Anatol Rapoport 
and colleagues at 
the University of 
Chicago publish 
first studies of 
social networks 
and their effects.

� Hungarian 
mathematicians 
Alfred Rényi 
(below) and Paul 
Erdös prove the 
effectiveness of a 
few random links 
in connecting 

up huge 
networks.

� Stanley 
Milgram carries 
out first Small 
World experiment, 
posting parcels to 
find out how many 
re-postings are 
needed to reach 
their destinations.

Duncan Watts  
and Steven 

Strogatz publish 
ground-breaking 
paper in the journal 
Nature, sparking 
huge interest in 
The Small 
World Effect.

� The SARS 
virus emerges in 
southern China, 
and within months 
spreads across the 
world via the Small 
World Effect.

THE 
EVOLUTION 

OF A THEORY

Utility chaos

The small world of big businessWatts and Strogatz had finally revealed 
how a planet of 6.7 billion people so often 
seems a small world. While most of our 
friends may belong to our own little 
community, chance meetings have given 
us some who are randomly spread far  
more widely. And it is this 
handful of random links that 
short-circuits the vastness of 
the globe and turns it into a 
‘small world’.

Watts and Strogatz revealed 
the same effect at work in 
other ‘societies’. For example, 
using a computerised database 
of actors and their films, 
they showed that Hollywood 
is another ‘small world’. 
On average, any actor can 
be connected to any other 
via films involving just four 
intermediaries. Again, the 
reason is because of the links 
created by versatile actors like 
Rod Steiger, who worked in a 
huge if random range of films. Movie buffs 
had unwittingly exploited this for years 
when playing the so-called Kevin Bacon 
game, where an actor has to be linked to 
another via the fewest number of films. 
But if you connect an actor to Rod Steiger, 
things get much easier.

The paper by Watts and Strogatz 
triggered huge interest in finding other 
real-life examples of the effect. From the 
nervous system of worms to the network 
of computers making up the web, ‘small 
worlds’ have been found in many guises.

The implications are often startling. For 
example, the Small World Effect 
keeps the internet operating, 

Millions are 
connected to the 
same electricity grid

TIMELINE

The rapid speed with which the world 
has been plunged into economic turmoil 
hints at the presence of the Small World 
Effect in big business. Mergers and 

2001’s attacks on New 

York had a far-reaching 

impact on business
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2007 2008

� Six Degrees: the science of a connected age
by Duncan J Watts (W W Norton 2004)

� Nexus: small worlds and the groundbreaking 
theory of networks
by Mark Buchanan (W W Norton, 2003)

Robert Matthews is a science  

journalist and Visiting Reader in  

Science at  Aston University, UK.   

www.robertmatthews.org 

     FIND OUT MORE

apparently unrelated companies being 
connected by relatively few links. This 
can help the business world ride out the 
storms that always affect a proportion of 
companies – but it can also spell trouble 
if a key corporation with more or less 
random links elsewhere runs into trouble.

 The Small World Effect has proved 
especially important in understanding 
the spread of diseases. Scientists have 
traditionally focused on the infectivity of 
a disease to predict how epidemics spread. 
The Small World Effect shows that the 
nature of the society in which it breaks 
out can make all the difference. Studies 
published in 2001 by the Argentinian 
mathematician Damián Zanette suggest 
that if just 20 per cent of the population 
has random links to people beyond the site 
of the first outbreak, a minor outbreak can 
turn into a major epidemic.

Identifying such ‘superspreaders’ of 

� The Small World 
Effect sees local 
problems with 
power grids in the 
US, Canada, Britain 
and Italy turn into 
major blackouts.

Duncan Watts 
uses computer 
simulations of social 
networks to show 
that well-connected 
people have less 
influence in ‘small 
worlds’ than is 
widely believed.

� Study of 30bn 
instant messages 
by Microsoft 
researchers 
shows that the 
average person is 
linked to everyone 
else by no more 
than seven 
intermediaries.

What’s the fascination of the Small 
World effect?
It demonstrates in a very clear and 
simple way that one’s local experience 
of the world can be completely at odds 
with the larger structure of which one is 
a part. We all tend to live in these little 
communities, making the notion that 
someone who seems very distant can 
still be close to us quite counterintuitive. 

What is the focus of your research now, 
10 years on from your original paper? 
Our original models of networks were 
terribly simplistic. Now, with all this 
amazing data we’re collecting, we 
can do much better. So, for example, 
we’d like to account for how networks 
change over time. I’m also aiming to 
better understand the consequences 
of networks for issues like the spread 
of information and the dynamics of 
group problem solving. This latter kind 
of problem is still extremely difficult to 
study, and much of it is still in the realm 
of mathematical and simulation models. 
But we’re getting there.

What’s been the most surprising  
result to emerge so far?
Perhaps the theoretical finding that, in 
matters of social influence, individual 
attributes seem to matter less than 
network properties. For example, 
whether or not someone is ‘influential’ 
turns out to depend on the people 
making up the network, over which that 
person has little or no control. This is 
still a theoretical result, and we need to 
design experiments to test it.

What do you see as the future impact 
of the Small World effect?
I think ultimately it will teach us that 
predictions about collective human 
behaviour that are based on intuition are 
a poor basis for marketing – or any kind 
of social planning.

disease – such as prostitutes in big cities or 
promiscuous tourists – can hold the key 
to stopping an epidemic in its tracks. The 
same reasoning has prompted marketing 
experts to target influential opinion-
formers from Oprah Winfrey to specialist 
bloggers in the belief that their vast 
networks of contacts can spark consumer 
interest in new products. 

But new research by Duncan Watts 
suggests that such ‘influentials’ aren’t as 
important as marketing experts think. 
Using computer simulations, he’s shown 
that pretty much anyone can spark a trend 
that spreads like wildfire – but only if 
people are ready for it. That may explain 
why, for example, some low-budget 
movies like the 2005 documentary March 
of the Penguins can become surprise hits, 
while critically-acclaimed films like 
Ang Lee’s version of The Incredible Hulk 
flopped at the box office. In other words, 
popularity doesn’t spread through a ‘small 
world’ like a disease. 

Understanding such subtleties is likely 
to reveal yet more surprises about the 
Small World Effect – and supply further 
proof that this ‘trivial’ social phenomenon 
is in fact anything but. 

2003

tie-ups between companies in different 
sectors across the world have led to 
a complex network of links, creating a 
globalised, corporate Small World. And 
that means that if any part of it catches 
cold, the ‘short circuit’ effect can lead 
to the collapse of apparently utterly 
unrelated businesses with astonishing 
speed. Within days of the 9/11 attack 
in 2001, businesses ranging from local 
restaurants to national airlines had filed 
for bankruptcy. Within the last year, 
globalisation of banks has recently 
allowed bad debts in the US to trigger 
collapsing profits in banks worldwide. 

QUESTION TIME  
Duncan Watts  
is an Australian 
Professor of Sociology 
at Columbia University, 
New York. In 1998, the 

then 27 year old research student co-
authored a paper in Nature, rekindling 
interest in the Small World Effect. 
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REGISTRATIONS OPEN FOR THE CURRENT ACADEMIC 
YEAR FROM ASIA’S LARGEST CONDUCTOR OF 
SCHOOL OLYMPIADS

AWARDS:

- Total awards worth `8 crores.
- Approximately 3,25,000 prizes are awarded to our participants.
- Prizes for International winners and winners from each state.
- Medals to top 3 rank holders from each class and exam.
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- Scholarship of Excellence in English (SEE) in partnership with The British Council:  
  120 students excelling in English get `5000 each.
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Dean of ISB Hyderabad Mr Ajit Rangnekar giving 

away prizes to winners at AP awards function

Teachers’ Training Camp in progress at  

Hotel Park, Delhi
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Chief Justice of Delhi High Court, Justice AK Sikri 

giving away awards to International winners
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NATIONAL SCIENCE OLYMPIAD: 

The first round of NSO exam  
will be held on November  
15 & 28, 2013 at all participating 
schools.

NSO: www.sofworld.org/nso/faqs

How to prepare: Download 
previous test papers, practice 
tests and SOF recommended 
books for the NSO exam  
here - www.sofworld.org/nso

UPCOMING  
EXAMS

A school may choose any date as per its convenience for conducting the exam

INTERNATIONAL ENGLISH OLYMPIAD: 

The first round of IEO exam will be 
held on January 16 & 30, 2014 at all 
participating schools.

IEO: www.sofworld.org/ieo/faqs 

How to prepare: Download previous  
test papers, practice tests and SOF 
recommended books for the IEO exam 
here -  www.sofworld.org/ieo

NATIONAL CYBER OLYMPIAD: 

The first round of NCO exam will be  
held on September 19, 2013 and October 4, 

2013 at all participating schools.

NCO: www.sofworld.org/nco/faqs 

How to prepare: Download previous  
test papers, practice tests and SOF 

recommended books for the NCO exam here - 
www.sofworld.org/nco

Vice Chancellor of National Law Institute  

Dr Jaiswal awarding winners in Punjab

Group photo of winners from  

Maharashtra & Goa

Karnataka winners with Dr R Venkata Rao,  

VC of National Law School, Bangalore

INTERNATIONAL  
MATHEMATICS OLYMPIAD: 

The first round of IMO exam will  
be held on December 5 & 19, 2013 at all 

participating schools.

IMO: www.sofworld.org/imo/faqs 

How to prepare: Download previous test 
papers, practice tests and SOF recommended 

books for the IMO exam here -  
www.sofworld.org/imo
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Gadgets  Have suggestions for any gadget/application? Share 

with other readers, email bbcknowledge@wwm.co.in
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Gizmos from the near future
The latest buzz in the market

Bio Robot 
Fridge  
This fridge of the  

future keeps your  

food cool without  

using electricity.  

That may sound  

impossible but it  

works by cooling a 

biopolymer gel via 

luminescence, essentially 

absorbing heat energy  

and radiating it away at 

different wavelengths.  

It’s designed to take up  

four times less space than  

a regular fridge and then 

adjust in size relative to  

how full it is. The surface 

tension of the gel creates  

a separate ‘pod’ for each 

item, meaning there is  

no way for smells to mix.  

It also has no moving parts, 

making it completely silent  

to run.  

Price: To be announced  
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LG Laser TV  
This may well be the future of home cinema. The LG HECTO projector is placed just in 

front of a specialised screen, and then uses laser-driven light to create an image 

100-inch wide in full HD. It comes with the standard HDMI ports and speakers, but what 

is remarkable about this projector is how much it behaves like a modern 

smart TV, integrating a pointer-style cursor for navigation and 

including a full TV interface. Not to mention its 

positioning means you can finally  

get up in the middle of a 

movie without 

casting a shadow 

over the screen. 

Price: `4 lakhs 
upwards  

NVIDIA Shield  
Walking away from a half-

finished PC game is always a 

difficult task but thankfully this 

hand-held device from Nvidia 

can ease your woes. Its unique 

feature is its ability to stream PC 

games from your home desktop 

through NVIDIA’s GRID cloud 

service to any internet 

connected location of your 

choice. NVIDIA is the company 

responsible for most of the high 

end graphics cards in 

computers today, so naturally 

this hand held device is going  

to be powerful enough to run 

even the most cutting-edge 

video games.  

Price: To be announced   
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High-Tech Napkin  
The High-Tech Napkin is designed around recent advances in radio 

frequency technology and e-inks and is a great take on the old napkin 

doodling cliche. Each pen transmits your doodles to the base station, 

which is a PC in disguise; that information gets processed and 

displayed on the napkin through e-ink paper. The napkins themselves 

require so little energy they can be powered inductively with the pens 

writing on them and still retain their image indefinitely without power. 

In spite of all the technology involved, someone will still probably end 

up blowing their nose with the equipment. 

89April 2013

Twinkle in the Eye  
Augmented reality contact lenses seem to be the obvious 

next step on from products like the Google glasses. The 

‘Twinkle in the Eye’ lenses, developed at the University of 

Washington, contain a LED, a small radio chip, antenna and 

are powered wirelessly by a RF electrical signal. The 

technology is clearly on track to eventually have virtual 

information piped directly into our eyes.  

Price: To be announced 

AN EYE ON REAL TIME 
TECHNOLOGY

High-Tech TT
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Z Board 
If you haven’t watched the movie Back to the Future, go and fix that right 

now. Then immediately start getting excited about the Z board. Basically, 

the Segway of skateboards, it moves simply by detecting shifts in your 

weight. Leaning forward will speed you up to a maximum of 17mph and 

leaning back slows you down. Top models have a range of up to 10 miles, 

and can keep going even in face of prolonged uphill riding. It all seems 

surprisingly intuitive; just imagine yourself on a regular skateboard except 

your feet never have to touch the ground ever again. It might not be the 

hover board that the Back to the Future promised us, but it’s close!.  

Price: `

Oculus Rift  
The Oculus Rift aims 

to give gamers 

unparalleled 

immersion by turning the 

players head into the camera controls through responding 

to where you are looking. Along with having games 

developed for it specifically, it’s being designed to integrate 

with PCs, Smartphones, PS3 and Xbox 360 as well. Set to be 

the next big leap in gaming, and is one to look out for 

anyone looking to get their head, very literally, into the 

game. Price: `

es,
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with PCs, Smartphones, PS3 and Xbox 360 as well. Set to be 

the next big leap in gaming, and is one to look out for

anyone looking to get their head, very literally, into the

game. Price: `

Google Glass  
Google glass is a voice activated smartphone that you wear 

on your face, and it’s clearly not aimed at the fashion 

conscious. A small prism just above the eye acts as a screen 

displaying information. The device includes a camera, 

microphone, and GPS and utilises Google apps like maps, 

weather, messenger, phone, and translator. The most 

exciting feature is its ability feed you information about the 

world in real time. Just ask the Glass a question, and as long 

as you’re connected, it will stream an answer directly to your 

eyes. Price: `
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PC, PS3, X360
`3352

The makers of this upcoming Tomb Raider 
reboot liken their take on iconic heroine Lara 
Croft to Christopher Nolan’s Batman Begins 
version of the Caped Crusader. Both game and 
movie are dark and gritty retellings of their 
protagonist’s origins story – but where 
everyone is familiar with Batman’s canonical 
beginnings, Lara’s are up for grabs. Here, 
young Lara is shipwrecked on a hostile and 
mysterious island with a hapless band of 
survivors. Inexperienced and untested, she 
must hunt, climb, leap, and kill to stay alive 
long enough to become the Lara Croft we 
know and love today.

The game’s new signature weapon is the 
bow and arrow, for skewering wolves and 

sinister island dwellers alike. The latter in 
particular are a nasty bunch, and Lara’s 
escape will entail discovering what they are 
really up to. Though the basic gameplay feels 
good, long-time fans will find this is a Tomb 
Raider far removed from the original games, 
with its desperate shipwreck survival setting 
and emphasis on human enemies. 

Successful though it was for Nolan, ‘dark 
and gritty’ as a direction for a reboot is now 
not so fresh as it once was. And in the course 
of dicing with that cliché, Tomb Raider is 
curiously fixated on showing Lara muddy, 
bloody, and suffering. She’s a world away 
from the posh, cocky Croft of years gone by, 
but there’s time yet for the developers  
to justify their direction and, what’s more,  
to show us some honest-to-goodness  
ancient tombs.

TOMB RAIDER

PC, PS3, X360
Ubisoft `3352

Take a jaunt as unlucky tourist Jason Brody to Far Cry 
3’s conflict-torn tropical island. There, you’ll find the 
scenery stunning and the locals madder than several 
boxes of frogs as you explore the game’s open world 
while shooting thugs aplenty. The co-operative mode, 
which promises free-roaming island adventures with 
three friends, is particularly tempting. 

PS3, PC, X360
Ubisoft `4190 (+ `1508 cable)

Where Guitar Hero and Rock Band offered you fun 
times on a toy guitar peripheral, Rocksmith pledges to 
really teach you to play. Plug-in a real electric guitar via 
Rocksmith’s special adaptor to start jamming to the 
likes of The Rolling Stones, The Black Keys and 
Nirvana, in an experience that’s part teaching tool, part 
grown-up rhythm game, and a good deal cheaper than 
actual guitar lessons.  

ROCKSMITH

FAR CRY 3

ALSO OUT

Tread carefully or you’ll end 
up a suspended corpse
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In the new Tomb 
Raider, archery 

lessons have 
high stakes



BBC Knowledge partnered with 

Development Education Empowerment  

of the Disadvantaged in Society (DEEDS) 

for DEEDS Quest, the annual quiz 

competition for the hearing impaired 

school students in Mumbai. The quiz held 

on February 23, 2013 is based on the 

model of popular TV show - Kaun Banega 
Crorepati. Gul Panag was the chief guest 

for the event.

Trophies were awarded to the top three 

schools. They were:

1st place - Disha Karnabadhir Vidyalaya 

2nd palce - Sanskardham Vidyalaya for 

Hearing Impaired 

3rd place - Utkarsh Mandal Mook Dhwani 

Vidyalaya

Congratulations to the winners!

DEEDS is a Public Charitable Trust, 

which supports the cause of deaf 

children through imparting free education, 

vocational training and ensuring jobs.The 

DEEDS quiz was conceptualised as a 

fun learning exercise to inculcate reading 

habits in students.  

We have always tried to make BBC Knowledge 
an interactive read. Here’s just a snippet of 
what we’ve been upto

W
a
wBuzz

 If your college or club is organising an exciting event that you would like BBC Knowledge to partner with, write in to us at bbcknowledge@wwm.co.in



The edge to compete, 
the knowledge to succeed, 

the free headphones to show off.
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The Wonder Monkey blog is an informed and 
perceptive blog by BBC Nature online editor Matt 
Walker. He’s an amiable guide on this exploration 
of the natural world, his words both concise and 
precise on a variety of subjects – the moth’s 
self-destructively attraction to a flame; the myth 
that a swan sings beautifully just before its demise; 
the shocking cannibalistic tendencies of primates. 
It’s not all about death, though. True to the blog’s 
name, Walker also muses on whether a monkey 
can indeed wonder. 

Psychobabble is a fortnightly 40-minute podcast 
that grabs hold of everyday happenings and subjects 
them to the vigorous methodology of experimental 
psychology. Hosted by a team of knowledgeable, 
enthusiastic PhD students and describing itself as  
a combination of ‘life, psych-science and blue-sky 
musings’, Psychobabble’s remit is wide-ranging. 
Past episodes have been dedicated to self-
deception, the sublimity of advertising and, most 
crucially, how facial hair defines you in the minds  
of others. 

Courtesy of the BBC, discover the full stories 
behind many of those pioneering, often dramatic 
voyages into the final frontier. There’s the 1957 
Sputnik mission, the first Earth-orbiting satellite; 
the oxygen tank explosion experienced by the 
Apollo 13 crew in 1970; and the probe Messenger 
that’s currently collecting data from Mercury. As 
well as a multitude of pictures and videos, there 
are also respected explanations from such figures 
of authority as Patrick Moore and Brian Cox.

The Darwin Correspondence Project is an 
endeavour of mindboggling dedication. Contained 
within are details of all the known letters written by 
or to Charles Darwin – more than 15,000 of them. 
But that’s not all. Every letter written or received by 
1868 (14 years before Darwin’s death) has been 
transcribed and is fully searchable. Not only do they 
offer a fascinating character study of the great man, 
they also provide a vivid snapshot of Victorian social 
life and the 19th-century academic world.

�  BLOG�  PODCAST �  WEBSITE

� WEBSITE �  WEBSITE�  WEBSITE

Musings on naturePsychological small talk

History of space travelThe letters of Darwin

www.bbc.in/wondermonkeywww.bit.ly/psychobabble

www.bbc.in/spacemissionswww.darwinproject.ac.uk

One hundred years ago this year, Machu Picchu, 
the Inca lost city located high on a mountain ridge 
in southern Peru, was brought to the world’s 
attention through its ‘discovery’ by the American 
historian Hiram Bingham. It’s just one of a 
multitude of spiritually significant locations from 
across the world celebrated by the Sacred Sites 
website that offers in-depth histories of places 
both world-famous (Stonehenge, Uluru/Ayers Rock 
in Australia) and less familiar, such as the curious 
mountain-top shrine of Nemrut Dagi in Turkey. 

The free Encyclopedia of Life portal is an excellent 
resource for those curious about the natural world. 
Boasting information on nearly 700,000 species 
gathered from more than 160 trusted sources, it 
celebrates the planet’s extraordinary biodiversity. 
Valued by the public, teachers and professional 
biologists alike, it’s recently undergone a facelift 
that allows a more user-friendly and interactive 
experience. No more excuses for not knowing your 
arsenic bean from your elbow crab. 

Spiritual centres

The natural world 

www.sacredsites.com

www.eol.org

 If you have a favourite website, blog or podcast that you’d like to share with other readers, please email bbcknowledge@wwm.co.in
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GeniusInstant

Sanganer  
Prison in Rajasthan, 
India has a 51-year 

history of no escapes, 
despite having no 

walls, no cells, and 
no guards  

The world’s 
largest kidney 

was removed from 
Waziran Malah, 
weighing in at 

1.8kg, 10 times the 
size of a  

normal kidney

The more  
physical and 

mental exercise 
you get, the  

faster your brain 
cells regenerate 

p19

p20

p62

p15

Of the 71 
research 

stations in 
Antarctica, 

only 3 have 
mobile phone 

reception

Ships in dangerous 
waters are now being 
fitted with speakers 
to play sounds at 162 
decibels (human pain 
threshold is only 130 
decibels) to deter  
the pirates p50
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wenty years ago, in 
an Amritsar market, I 
met Mangal Singh, an 

old man who was one of three 
brothers who had, at the time of 
Partition, taken the decision to 
kill all the women and children 
of their family in order to save 
them from the possible threat 
of rape and abduction. I asked 
him how he had lived with this 
terrible knowledge, and the 
profound grief of that loss. He 
looked at me and said, “Look 
around you at this land of Punjab. 
We call it sone ki chidiya (the 
golden bird). So many of us 
who lived through the terrible 
violence of Partition, who lost 
everything, we have put all our 
forgetting, all our grief, into 
nurturing this land, and it has 
given us back hundredfold.” 

At the time, I had only just 
begun exploring the Partition. 
Even though I had grown up 
with its stories all around me – a 
common enough thing in North 
India, and particularly Punjabi 
families, I had paid little attention 
to them, dismissing them as old 
people’s stories. Then, the 1984 
anti-Sikh violence happened in 
Delhi – in an orgy of revenge 
for Indira Gandhi’s assassination 
at the hands of her Sikh 
bodyguards. Some 3000 Sikhs 
were brutally killed in Delhi, 
their charred and maimed bodies 
lying on the roads for days while 
the administration collapsed. 
Suddenly, the city in which I had 
grown up became an unfamiliar 
space. Everything changed. I 
realised the Partition was not a 

T finished and done story, that its 
many ramifications were alive 
and everywhere in our lives. 
Until Mangal Singh said what he 
did to me, I had never connected 
the lush green fields of Punjab 
with the refugees who came over 
from Pakistan, and who worked 
the land to recreate what they 
had lost and left behind. But 
equally, until he said this to me, 
I had never thought to connect 
the issue of women’s bodies 
with the so called ‘honour’ of 
the community, so that what 
was really a murder, could be 
disguised as martyrdom.

Working with a group called 
Nagarik Ekta Manch – set up 
to help victims and survivors 
of the 1984 violence, I began 
to listen to people’s stories 
and realised, as Partition was 
recalled again and again, how 
alive it still was in our lives. 
The 1980s were a time when 
identities in India had begun 
to get polarised on the basis of 
religion, and political parties 
had discovered the strategy of 
turning religion to their political 
purposes. Suddenly I began to 
‘hear’ what I had earlier been 
deaf to – the selective recalling 
and instrumental use of Partition 
stories to target the ‘other’ 
community. Political leaders, 
particularly of the right wing 
parties, began to speak of how 
Hindus had been targeted in 
Partition violence (completely 
glossing over the fact that both 
‘sides’ had inflicted violence 
on the other) and to use stories 
of rape, arson and loot to 

create suspicion, particularly of 
Muslims. Their words found 
tremendous resonance in a 
country where suspicion of 
Muslims is deep and the anger 
and resentment at the ‘loss’ of a 
part of the country to Pakistan, 
is basically laid at the door of 
Indian Muslims, despite the fact 
that they are Indian citizens.

In the course of my research I 
came across the stories, or rather 
the silences, of raped women. 
Partition statistics are not always 
reliable, simply because the 
numbers are too large to get an 
accurate idea of anything. But it 
is believed that between 12-14 
million people migrated between 
the two countries and that 
somewhere between 200,000 
to one million lost their lives. 
Among these statistics is one that 
does not often get talked about, 
that around 100,000 women are 
thought to have been abducted 
and raped. 

Indeed Partition has, in many 
ways, shaped or transformed 
the social and cultural psyche 
of India, and particularly of the 
northern part. With the majority 
of Muslims having moved out 
of the Punjab (which was once 
a state where Muslims and 
Hindus were evenly balanced), 
the knowledge of communities 
that comes from shared living 
and socialising, has gone, and 
suspicion of ‘the other’ has 
become deep. The settling 
of refugees according to class 
and often caste, has led to a 
reaffirming of patterns of class 
and caste hierarchy, and the 

opportunity that the upheaval of 
Partition offered to reconfigure 
these, is now lost. 

Many of these issues are with 
us still, but often they remain 
unarticulated, hidden. When 
societies go through the kind of 
upheaval that Partition created, 
there needs to be a process of 
healing, of coming to terms with 
the past. This is something we 
have never done – we don’t even, 
shockingly, have a memorial that 
marks the many lives lost during 
Partition. It is as if those people 
did not matter, and we have 
forgotten their stories. 

If we’ve forgotten the stories 
of those who died, we’ve also 
forgotten those of the living. 
The silences that have built up 
around Partition violence and 
its histories are perhaps the most 
disturbing legacy of that time. 
And because we have not talked 
of them – perhaps because the 
puncture the euphoric narrative 
of independence remind us that it 
did not come violence-free – they 
become more and more difficult 
to address as time goes on. We 
cannot, clearly, go back to life as 
it was before Partition, but we 
can at least begin the process of 
moving forward.

There is too much at stake  
not to.     

Urvashi Butalia is the director and 
co-founder of Kali Women, India’s first 
feminist publishing house. A recipient of 
the Padma Shri Award, she is a historian 
whose research focuses on Partition 
and oral histories. Her book, The Other 
Side of Silence collates the tales of the 
survivors of the Partition.

Partition has left an indelible mark in the cultural, political and social psyche of 
India says Urvashi Butalia

The last word
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“...Partition’s violence and its histories are 
perhaps the most disturbing legacy of that time”


