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59 animals That Changed The World 
The shark from Jaws or Keiko the orca who 
inspired the movie Free Willy - 10 animals that 
successfully bridged the gap between human and 
animal interaction

56 Inside The Pages 
We present an excerpt of Sikh history taken 
from celebrated author Khushwant Singh’s 
acclaimed book – The Sikhs

34 The Next big Thing 
Have scientists built a machine that can ‘edit’ 
human DNA? Paul Parsons reveals projects 
that will change our tomorrow
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ANIMALS THAT CHANGED THE WORLDNATURE 

B2 in 2005, when he was in 
his prime. He brought millions 
of pounds of revenue to the 
Bandhavgarh area, showing 
that animals can most benefit 
communities while alive

EVEN LOCAL VILLAGERS 
WERE WON OVER BY 
THE STRIPY CELEBRITY 
ON THEIR DOORSTEP

It is quite unusual 
for tigers to be so 
popular with local 
communities. 
Historically, they 
were more likely to 
be remembered for 
how many humans 
they had mauled. 
One man-eater, 
known as the 
Champawat Tiger, 
killed 436 people 
on the India-Nepal 
border before she 
was caught in 1907.

DID YOU 
KNOW?

earless, muscular and aloof – just as 
a tiger should be – B2 was, until late 
last year, the star attraction of India’s 

Bandhavgarh National Park, where he was the 
dominant male. Tourists, wardens, photo-
graphers and film crews all spoke of B2’s charm. 
They also noted his endearing – and highly 
unusual, for a male tiger – fondness for his cubs, 
with whom he would often play in full view of 
the cameras.

The sheer number of amateur videos of 
B2 online is testament to the fact that, for 
visitors to Bandhavgarh, a glimpse of this cat 
was a very special prize indeed. Even local 
villagers, for whom a tiger reserve in the 
neighbourhood is a mixed 
blessing, were largely won 
over by the stripy celebrity on 
their doorstep, despite his less 
appealing habit of occasionally 
taking their livestock.

B2 became the top male 
after the death of his father, 
Charger, who had himself 
graced many magazine covers, 
and held the title for nearly a 
decade. His reign is a shining 
example of how responsible, 
well-managed tiger tourism 
can be one of the most 
effective ways of protecting 
these cats and their habitat, 
giving people an economic 
stake in their future.

F

Park guides adored  
B2 for his tolerance of 

people. He became the 
most photographed  
wild tiger in history
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Tomorrow’s world is being forged in the minds and 
laboratories of today’s scientists. Dr Paul Parsons  
reveals the projects that will revolutionise science   

aking predictions about the future is tough. But 
it’s also true that the future starts today, which 
is why we’ve scoured the latest research to find 

the 10 projects that could have the biggest impact on 
our lives in the coming decades.

Some of these experiments are already up and 
running. Others are only in the planning stages but 
stand a strong chance of getting off the ground. On the 
following pages we present our pick in reverse order of 
importance. And for more opinions, we asked some of 
the world’s top experts. 

Read on to learn about the future and let us know if 
you agree with our choices. The only genuine certainty 
is that the future looks bright. 

EXPERIMENTS
10WORLD
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THE  
SIKHS

Read the excerpt where Singh traces the evolution of the 
Sikhs from a ‘pacifist to a martial people’

INSIDE THE PAGES

•  PART ONE  • 

By Khushwant Singh

AN EXCERPT:  THE SIKHS HISTORY

fter the matyrdom of Arjun*, the Sikhs 
began to change from a pacifist to a martial 
people. Arjun’s son, Hargobind, who 

succeeded him as the sixth Guru, organised his 
following into an army. The final transformation 
of the Sikhs into a militant sect came with the last 
of the ten Gurus, Gobind Singh. In 1675 young 
Gobind’s father, the ninth Guru, Tegh Bahadur, was 
summoned by the Mughal emperor to Delhi and 
ordered to accept conversion to Islam. The legend 
goes that he offered to show the emperor a miracle 
whereby no sword would be able to sever his neck. 
He wrote some words on a slip of paper and tied it 
around his neck with a piece of string. When the 
executioner cut off his head, the message on the 
paper was read: ‘Sees diya pur sirr na diya (I gave my 
head but not my secret).’

Gobind succeeded to guruship at the tender age of 
nine. He spent his boyhood in Patna, where he was 
born, studying Persian and Sanskrit and learning the 
arts of war. Later, at Anandpur, the town founded 
by his father in the foothills of the Himalaya, he 
began to organise the Sikhs into a fighting force. He 
described his mission of life in the following words: 
‘To uphold right in every place and destroy sin and 
evil; that right may triumph, the good may live and 
tyranny be uprooted from the land.’ Gobind realised 
that in order to raise a body of warriors from the 
peaceful followers of Nanak, he had not only to teach 
them the use of arms but also to convince them of the 
morality of the use of force. ‘When all other means 
have failed, it is righteous to draw the sword,’ he said. 
‘Light your understanding as a lamp and sweep away 

the filth of timidity.’ With this mission he set about 
earnestly to ‘teach the sparrow how to hunt the hawk 
and one man have courage to fight a legion’.

On the 1st of Baisakh (13 April) 1699, the young 
Guru assembled his Sikhs at Anandpur (not far from 
the present site of the Bhakra Dam). He baptised 
five of them known as the Punj Piyaras or the Five 
Beloved, as members of a fighting fraternity which he 
named the Khalsa or the pure. He made the five, who 
came from different Hindi castes, drink amrit (nectar) 
out of a common bowl, having stirred it with a 
double-edged dagger to the chant of hymns. He gave 
them a new surname-Singh (lion)-to be attached to 
their names. He made them take an oath to observe 
the five Ks, namely, to wear the hair and beard 
unshorn (kesh); to carry a comb (kangha) in the hair 
to keep it tidy; to wear a pair of shorts (kuchha) worn 
by soldiers of the time; to wear a steel bangle (kara) 
on the right wrist as a symbol of poverty and pledge 
to their Guru; and to always carry a sabre (kirpan) 
on their person. The Khalsa were also enjoined to 
observe four rahats or rules of conduct: not to cut any 
hair on their body (this was a repetition of the earlier 
oath); not to eat meat slaughtered in the Muslim 
fashion-halaal, by which an animal is bled to death-
but only eat the meat of an animal which had been 
slaughtered outright with one blow ( jhatka); not to 
smoke or chew tobacco or take alcoholic beverages; 
and to refrain from carnal knowledge of Muslim 
women, so that while fighting the Mughal armies, 
the Sikhs would respect the person of their enemy’s 
womenfolk. After baptsing the five, Gobind was in 
turn baptised by them. At the end of the ceremony 

“A

* Under Emperor Jehangir’s instruction, the Governor of Lahore had 
Arjun, the fifth Guru, arrested on a frivolous charge and subjected to 
severe torture, which resulted in his death.
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44 road To The future
Dan Read talks about four future car 
technologies that you might soon have a 
chance to see on the road or drive 106 Last Word  

In an interview, RK Pachauri 
talks about why climate change 
should be a top priority

he Earth’s climate 
changes on account 
of natural factors - 

sunspots, volcanoes and such 
phenomena happen all the time. 
But what has really overwhelmed 
this set of drivers is the increase 
in anthropogenic, i.e, the human 
induced greenhouse gases in the 
atmosphere, the concentration of 
which has gone up substantially. 
Before industrialisation, carbon 
dioxide was 280 parts per million. 
Now it is close to 400 parts per 
million. This has been a huge 
and very rapid increase in the 
concentration of carbon dioxide in 
the atmosphere.

Last year, the 
Intergovernmental Panel on 
Climate Change (IPCC) brought 
out a special report on extreme  
events and disasters. This report 
has come up with some very 
useful findings that the public can 
relate to easily. For instance, heat 
waves are on an increase because 
there is enough data now to come 
to a clear conclusion on that. We  
also looked at what might happen 
to heat waves in the future and 
concluded that those heat waves, 
which take place once in 20 years, 
will by the end of the century 
occur once in two years. So their 
frequency and intensity is going 
to grow. This is climate change. It 
is what human beings are doing. 
Also, extreme precipitation events 
are on the increase. So even in 
some areas, where the average 
rainfall is reducing, a much larger 
proportion will take place in the 
form of heavy falls. In short, this is 
a trend towards very heavy rainfall 
or snow. 

In the IPCC’s Fourth 

T Assessment Report, we have also 
projected that temperatures will 
increase by the end of the century 
and the pathway that these will 
follow. Projected temperatures  
lie in the range of 1.1˚C to 6.4˚C 
by the end of the century. Now 
if the world doesn’t do anything 
about this, we could be moving 
along the lines of the upper part  
of the range and that is 
unacceptable. Human society or 
for that matter any living species 
shall not be able to adapt to that 
kind of an increase.

There are more findings 
which are very significant. When 
we look at the period between 
1970 and 2008, 95 per cent of 
the deaths that took place on 
account of natural disasters were 
in the developing countries. 
Therefore, one very important 
finding is the need for us to create 
the infrastructure, capabilities 
and governance systems in 
communities that are vulnerable 
because otherwise they would 
really be left to the elements.  
For example, a cyclone of certain 
intensity hits Bangladesh or Sri 
Lanka or Burma. There is  
massive destruction and loss of 
lives on an enormous scale. But a 
hurricane of similar intensity hits 
the coast of Florida. There, people 
there just board their windows 
and get into their trucks and drive 
off to a safe location. They have 
early warning systems, transport 
infrastructure and shelter that 
takes care of them. Where do you 
have that in the poor vulnerable 
countries of the world? So I think 
this high mortality in developing 
countries was one very important 
finding. The other two findings 

that I mentioned (increase in heat 
waves and extreme precipitation 
events) are also very significant 
and we really need to be 
concerned about them.

We must learn to use our 
resources much more efficiently. 
We cannot follow the same 
lifestyles of the developed 
countries. We don’t have the same 
resources. We will not have access 
to the same natural resources. 
Whether it is our rivers or clean 
air, our forests or biodiversity, 
all of it is under enormous stress. 
We have no rivers in this country 
you can call clean anymore. They 
are all being polluted to a point 
where no form of life can exist 
in them. That is a very tragic 
outcome of what we have been 
doing in the past several decades. 
Therefore, we really have to 
target the next few decades as 
a period of transformation by 
which we reduce our footprint 
on our natural resources and the 
environment. The other thing, 
which is only voiced as a slogan 
is inclusive growth, which is 
something that is imperative for 
the stability of this society.

But developing countries are 
not investing in these actions. 
Mumbai is a good example where 
some of the richest people (not just 
in the country, but in the world) 
display their wealth in midst of 
the millions living in the slums. 
In any other part in the world 
you would have had a serious 
problem in terms of revolutionary 
efforts on the part of the poor. 
You would have civil unrest on a 
huge scale. There is something in 
our system, traditions and values 
that obviously prevents us from 

seeing that kind of a situation. This 
is not at all a healthy condition 
from any point of view. There 
are some leaders who talk about a 
vision of 2020 or 2050. But that is 
not enough. You must also have a 
road map of how you are going to 
get there. We really need to move 
rapidly because what you do today 
will start bearing fruit in two to 
three decades.

On the state of talks 
internationally, in my view, there 
are two things that are missing. 
One is an adequate understanding 
and discussion on the scientific 
reality of climate change. In the 
discussions that take place under 
the United Nations Framework 
Convention on Climate Change 
(UNFCCC), unfortunately there  
is very little discourse on this, 
which if it were to take place 
would raise the ambition of 
the delegates. The second is 
that unfortunately, we haven’t 
had the kind of groundswell of 
public opinion that will tell our 
governments that they have to do 
something about this situation. 
Don’t just go there, attend the 
meeting and come right back. 
We need an agreement. In my 
view that will only happen 
when awareness in democracy is 
so widespread and so clear that 
governments will have to act. I 
hope that they reach that point. 
The sooner the better!     

Dr. Rajendra Kumar Pachauri is the 
Chairman of the Intergovernmental 
Panel on Climate Change (IPCC), which 
was awarded the Nobel Peace Prize in 
2007 for its work on climate change. He 
is the Director General of TERI, India and 
is the founding director of Yale’s Climate 
and Energy Institute (YCEI).

In an interview with BBC Knowledge editor Preeti Singh, Dr Rajendra Pachauri  
says climate change can be positively controlled if the necessary steps are taken

The last word
“We must learn to use our resources much  
more efficiently”
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So the end of the world didn’t come. Bummer A.  
I read somewhere that we, as people, are attracted 
to dystopias. Among other interesting reasons, 
there is another, which says that we are fascinated 
by the idea of a post apocalyptic world and our 
roles in it. Whatever maybe the allure, the mass 
belief of worldwide destruction all the more 
illustrates our innate need to survive. Our need to 
accept and then prepare for the worst.

But we are not just surviving. We are thriving. 
And this issue of Knowledge is a celebration of all 
that awaits us in the foreseeable future and of all 
things that made us into a resilient species. The 
10 Biggest Experiments That Will Shape 
The World (p34) is a fascinating read, a glimpse 
into the work of the most cutting-edge research 
labs that will soon transform the world. Our cover 
story, Road To The Future (p44) shows how our 
daily-life technology is increasingly evolving to 
meet complex challenges. 

There is lot’s more. Including Inside The Pages 
(p56), a new section where we will feature 

published writings of acclaimed authors. We 
begin with an excerpt from Khushwant Singh’s 
The Sikhs. And the illuminating Last Word with 
environmentalist RK Pachauri on climate change. 
Do read the features on the ongoing search for 
alien life. Especially astrophysicist extraordinaire 
Jayant Narlikar’s interview on how we are tapping 
the seemingly empty and mute Space to disclose 
the secret of our existence. 

I’ll end with a quote from Margaret Atwood, “We 
yearned for the future. How did we learn it, that 
talent for insatiability?”

Happy New Year. 
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experts this issue

Jayant Narlikar is the Founder 
and Director of the Inter-
University Centre for Astronomy 
and Astrophysics (IUCAA), Pune. 
He is known for his work in 

cosmology, especially in championing models 
alternative to the popular Big Bang Model 
and for his balloon experiment, which found 
three strains of alien bacteria in the Earth’s 
atmosphere. In this issue, he talks about the 
possibility of life existing in the Universe 
other than on Earth. See page 24

Paul Parsons is often baffled 
when people say Science is 
boring. He’s authored Science 
1001 – a single refernce 
volume on modern science. In 

this issue, he reveals 10 experiments that are 
bound to change your future. See page 34

Kate ravilious is an award-
winning independent science 
journalist based in York, UK. 
She writes about the latest 
discoveries in the scientific 

world. In this issue, she tackles the question 
of whether science is any closer to defeating 
malaria for good? See page 50

rK Pachauri is the Chairman 
of the Intergovernmental Panel 
on Climate Change (IPCC), 
which was awarded the Nobel 
Peace Prize in 2007 for its 

work on climate change. He is the Director 
General of TERI, India and is the founding 
director of Yale’s Climate and Energy Institute 
(YCEI). In this issue, he talks about the need 
for an inclusive participation to effectively 
combat climate change. See page 106
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Crossword NO.13


SOlUTION OF WORD SEARCH NO. 01How to enter: Post your entries to 
BBC Knowledge Editorial, Crossword No.13, 
Worldwide Media, The Times of India Bldg, 
4th floor, Dr Dadabhai Navroji Road, Mumbai 
400001 or email bbcknowledge@wwm.co.in 
by February 10, 2012. 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.

YOUR DETAIlS
Name:       age:

addreSS:

                                              

                                                                                               PiNcode:                           

Tel:

School/iNSTiTuTioN/occuPaTioN:

email:

Think n win
Solve the clues and learn about the ‘lighter’ side of history

A. Vaishnavi 
Hyderabad

•
Yash Chaturvedi  

Bangalore

ANNOUNCINg THE WINNERS 
OF WORDSEARCH NO. 01

ACROSS
2 Popular condiment which was sold 

as medicine in the 1830s (7)
7 USA has lost more people in this 

war than all the other wars put 
together (5,3)

8 Country which used tea bricks as 
a form of currency till the 19th- 
century (7)

9 Japanese word for tiger which 
was used in relation to the Pearl 
Harbour attack (4)

11 According to some Roman 
historians Julius Caesar wore a 
laurel wreath to disguise this (8)

12 The shortest war in history which 
lasted thirty-nine minutes was 
fought between England and _ (8)

16 A golden razor recovered from his 
tomb over 3000 years after his 
death was still sharp enough to 
use (11)

18 Ancient Romans used to use 
the dry dung of this animal as a 
steroid (4)

19 The only casualty of the first Allies 
bomb in the Second World War (8)

22 The house in which the US 
Declaration of Independence was 
written was replaced by a ____ 
joint (9)

23 First US President who did not 
have a college degree (5,6)

24 Ancient Egyptian surgeons would 
lose these if they lost their patient 
during the operation (5)

26 Contrary to popular belief 
Washington’s teeth were not made 
of this material (4)

27 French philosopher who would 
faint whenever he smelled roses 
(8)

29 Egyptian pharaoh who ruled for 
over 90 years making him the 
longest reigning monarch in 

history (4,2)
30 Grenades were invented in China 

over a ___ years ago (8)

DOWN
1 Strangely Louisa May Alcott, author 

of Little Women intensely disliked 
them (5)

2 Until his murder it was not 
considered a federal crime to 
assassinate a US President (7)

3 Ship whose crew and passengers 
mysteriously disappeared in 1872 
(4,7)

4 ___ nose: It was considered a sign 
of leadership in ancient Rome (7)

5 King Henry VIII levied a tax on men 
who had _____ (6)

6 Philosopher who relaxed by 
catching spiders and watched 
them fight (7)

10 Magical word which was originally 
invented to “cure hay fever” (11)

13 Ancient Egyptians would shave 
them off when their pet cats would 
die (8)

14 In the span of four years The Black 
Death reduced Europe’s population 
by __ - ____ (3,5)

15 The original colour of the White 
House (4)

17 The custom of shaking hands was 
originally meant to show that both 
party were ____ (7)

20 English King who did not allow 
anyone in his presence to carry 
loose change (6,3)

21 Clocks made before the 18th- 
century had just the __ hand (4)

25 Napoleon took 14,000 decrees and 
unified them into just ___ laws (5)

28 Now common disease which 
claimed over two million lives 
during the Spanish epidemic in 
1918-19 (3)

SolVE  & 
Win giFT VouChERS  WoRTh  
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QA& Your Questions Answered

ExpErT  panEL
stuart blackman
Science writer Stuart is a 
contributor to BBC Wildlife.

susan blackmore (sb)
An expert on psychology and 
evolution, Susan is also the 
author of The Meme Machine. 
 
Dan Cossins
British journalist Dan is now 
based in the US.

alastair Gunn 
Alastair is a radio astronomer 
at Jodrell Bank Centre for 
Astrophysics in Manchester, UK.

robert Matthews
Physicist Robert is a writer, 
researcher and Visiting Reader in 
Science at Aston University, UK.

Gareth Mitchell
Gareth is a presenter of Click  
on the BBC World Service.

Justin Pollard
British historian Justin is also a 
television producer and writer.

Nick rennison
Nick is an editor and writer 
based in the UK.

Luis villazon
Luis is a freelance science 
journalist living in the UK.

ASK ThE ExPERTS?
email our panel at 
bbcknowledge@wwm.co.in 
We’re sorry, but we cannot 
reply to questions individually.

HIgHlIgHTS E Is the temperature of the Universe increasing? p11 E What causes left-handedness? p12  E 
Do chess computers always beat their human opponents these days? p14  E Is the brain of a genius heavier 
than an average brain? p16

How many robots are there in 
the world?
If we concentrate on robots utilised for a practical 
purpose, there are about 1.4 million 
industrial robots worldwide. Many 
of them resemble human arms, but 
have six axes of movement. Like 
the human arm, they can tilt up 
and down at the wrists, shoulder 
and elbow, and rotate at 
the wrist. But the elbow 
joint can also rotate and 
the whole assembly 
can rotate on its base. 
But if the total includes 
devices like toys  
or automated vacuum 
cleaners, the robot 
population is more like 
10 million. GM

Is the Earth 
being taken 
over by 
robots?
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    KnoW SPoT
over the course of 
their lifetime the 
average human will 
expel 32,952 litres  of 
intestinal gas. That’s 
enough  to foul the air in their 
immediate vicinity for more 
than eight and a half days 
non-stop.

If life is a lottery, nine-banded armadillos are 
the unlikely winners of the reproductive 
jackpot. Because, while many animals 
(including humans) only occasionally give 
birth to multiple identical offspring, these 
mammals produce identical quadruplets  
as standard. 

The strategy seems to combine the worst 
aspects of sexual and asexual reproduction. 
In asexual reproduction, a parent produces 
clones of itself – a proven genetic winner who 
has survived to reproductive age. And 
normal sexual reproduction produces 
offspring with a variety of genetic 
combinations in the hope that at least 
some will prosper in an unpredictable, 
hostile environment. But an armadillo’s 
offspring are all identical copies of an 
unproven genetic combination. It’s as if 
the mother has invested in a bunch of 
lottery tickets all bearing the same 
numbers. So why do they do it?

A quirk of the female nine-banded 

armadillo’s reproductive apparatus means 
that there is just a single site in her uterus for 
a fertilised egg to implant. So splitting the 
embryo during its development is the only 
way she can produce more than one baby at  
a time. 

And, against the odds, it works. The 
nine-banded is the most widespread species 
of armadillo and continues to expand its 
range across the Americas. stuart blackman

dawn of the replicants?

The nine-banded armadillo  
and its identical offspring 

STrange buT True

Is the 
temperature 
of the 
Universe 
increasing?

With all those stars pouring 
their heat into space for 
billions of years, you’d 
think the Universe must 
have warmed up a little by 
now. But that overlooks 
the fact that the Universe 
is also expanding, thus 
spreading the heat of the 
stars ever more thinly. As 
a result, the prime source 
of cosmic heat is that left 
over from the Big Bang 
14 billion years ago – and 
that’s slowly petering 
out. In 2008, astronomers 
used one of the world’s 
largest telescopes to 
detect molecules of carbon 
monoxide in a galaxy 11 
billion light-years away. 
The behaviour of these 
molecules revealed the 
temperature of space 
around them, which turned 
out to be -264°C (-443°F), 
7°C (12.6°F) warmer than 
the Universe is today. RM 

Schooling as a tactic has several advantages. It reduces vulnerability to predators, 
improves access to breeding partners and lowers the hydrodynamic drag when swimming 
at speed. It can also make it easier to find food, but not under all circumstances. This is 
the primary reason that some fish do not school. 

When a fish feeds on large numbers of highly mobile prey much smaller than itself, 
swimming in a school makes hunting easier. This is because prey that jumps out of the way 
of a neighbour’s mouth might land itself within striking distance. But if the food source is 
solitary or well hidden, or if the fish feeds on plants, then other fish just represent more 
competition for a limited resource, so it’s better off feeding alone. LV

Why do some fish swim in schools and  
others alone?
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Why do we associate glasses  
with intelligence?
Because there is a real correlation. Numerous studies have shown a 
link between myopia (short-sightedness) and both educational level and 
IQ. This may be because myopic people enjoy reading more, since their 
eyes focus better at short distances, or it may be that intelligent people 
tend to read more and this causes myopia. The evidence for either 
hypothesis is currently inconclusive. LV

What causes left-handedness?
Being left-handed is the result of genes and environment. 
About 50 per cent more males than females are left-
handed and 17 per cent of twins are, compared with about 
10 per cent in general. The ‘vanishing twin’ hypothesis 
suggests that left-handers were originally a twin, but the 
right-handed foetus failed to develop.

Brain dominance also appears to play a part. Most 
people are right-handed and have language controlled 
by the left hemisphere, while most left-handers are the 
opposite. However, some left-handers 
have language processing in the left 
hemisphere – or in both. 

The genetic basis for left-
handedness is complicated. Even if 
both parents are left-handed, there 
is only a 26 per cent chance of their 
child being left-handed. Possessing 
the ‘LRRTM1’ gene increases the 
chances, but only if it’s inherited from 
the father. 

But whether you become left-handed 
or not is also dependent on development. It may be 
influenced by levels of testosterone or oestrogen during 
pregnancy. Alternatively, early experience with holding and 
throwing things can affect later hand use. Also, damage to 
the right hand can make people left-handed. SB

The darkest known man-made substance has been created by 
researchers at the rensselaer Polytechnic Institute in the us 
by making a coating from a low-density carbon nanotube 
array. The coating is so dark that only a meagre 0.045 per cent of 
light is reflected, a fraction of the 5-10 per cent of light reflected 
from a surface covered in black paint.

    KnoW SPoT

bbcknowledge@wwm.co.in

The imposing Tower of  
London and its last inmates  

– the infamous Kray brothers

It’s commonly believed that Rudolf Hess, Adolf Hitler’s deputy 
in the Nazi Party, was the last person incarcerated in the iconic 
London building, having spent ten days there during 1941. But 
that honour resides with the capital’s infamous pair of sibling 
gangsters – Reggie and Ronnie Kray. In 1952, before their life 
of crime had become established, the brothers went absent 
without leave from the Royal Fusiliers, in which they were 
enrolled as part of their National Service. Having been detained 
by a policeman and handed back to their unit, they were 
incarcerated at their barracks – which happened to be located 
at the Tower of London. JP

Who were the last prisoners to 
be kept in the Tower of London?

VITAl STATS
is the percentage of incoming light  

energy that a leaf is able to  

harness. even the best solar  
panels can manage  just 35 per cent

99 
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 Where does the name 
Ku Klux Klan originate?
Founded in 1865 in Pulaski, 
Tennessee, the Ku Klux Klan was 
started by six young Confederate 
veterans as a club to relieve the 
boredom of the post-Civil War 
years. Several potential names for 
the club were discussed, among 
them the Greek word kuklos, 
which refers to a circle of 
brotherhood. As historian James 
Michael Martinez has written, 
“The six young men simply chose 
a nonsensical name, a phrase 
they cobbled together from their 
limited knowledge of Greek and 
their pride in their Scottish 
ancestry.” DC

 Do black holes spin 
around other bodies?
Black holes are often found in 
association with other objects. 
For example, ‘X-ray binaries’ can 
contain a black hole in orbit 
around a star. Although we can 
never see a black hole directly, 
we can detect it due to its effect 
on nearby objects. aG

 How do waterless  
toilets work?
One type funnels waste from the 
toilet bowl to a composting bin. 
The water content evaporates 
and is vented off. Microbes break 
the remainder down resulting in 
‘humanure’, which is emptied 
every few months. There are also 
incinerating waterless loos. From 
the bowl, a corkscrew device 
feeds the waste into a  
chamber where the 
unmentionable is  
burned using  
propane or  
diesel.  
The result  
is sterile  
ash. GM

QUIcKFIRE  

DiD you know?

In the 1840s, an English chapel was the venue for public balls at which visitors could “dance on 
the dead”. Enon Chapel, near the Strand in Central London, was built in 1823 and, for the next 
two decades, its cellars became the burial place for thousands of bodies, many uncoffined. 
When it closed as a religious meeting place, its new owners laid a wooden floor over the cellars 
and turned it into a dance hall. Their advertising invited people to enjoy the macabre pleasure of 
“Dancing on the Dead – Admission Threepence – No lady or gentleman admitted unless wearing 
shoes and stockings”. After the building closed in 1848, most of the human remains were 
removed from beneath the floorboards and reburied at West Norwood cemetery in the south of 
the capital. Nr

DANCE ON MY gRAVE

Do chess computers 
always beat their 
human opponents 
these days?

In May 1997, IBM’s Deep Blue computer beat chess champion Garry Kasparov, 
becoming the first machine to defeat the best human player across an entire six-game 
match. Capable of calculating 200 million possible moves per second, the machine 
overcame Kasparov using brute computing strength, winning two games to Kasparov’s 
one, the remaining three being drawn. Deep Blue was dismantled after the match, but 
some computers remain unbeaten. In 2005, the Hydra supercomputer saw off British 
Grandmaster Michael Adams. Adams was only able to score a single draw in a whole 
match. Hydra was also capable of processing 200 million possible moves a second and 
could figure out exactly what was going to happen 40 moves ahead! GM

bbcknowledge@wwm.co.in
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Is the brain of a 
genius heavier than 
an average brain?

 Will the internet ever 
be replaced?
The internet is a network of the 
world’s computers using a 
standardised addressing protocol. 
This specifies how information 
‘packets’ are sent and received. 
The physical infrastructure is 
constantly changing as new 
servers and fibre optics are 
replaced. As for the internet 
protocol, that is already changing 
from IPv4 to IPv6. The principal 
difference lies in the number of 
possible address locations. IPv6 
offers a hundred million billion 
trillion addresses for each existing 
IPv4 one. GM

Why do I cringe when 
someone scratches their 
nails down a halkboard?
It has been hypothesised that it 
evokes the sound of 
babies crying, but it’s 
really not so much the 
sound itself as the 
thought of scratching 
our own nails down a 
blackboard. This is quite a 
painful thing to do because 
the vibrations are transmitted 
directly to the nail-bed and we 
may just be empathising with that 
sensation. Lv

 How much food 
production is now 
genetically modified?
Concern about the potential 
ecological and health effects of 
‘GM’ food sparked a furore during 
the 1990s, but the technique has 
been widely adopted ever since. 
GM crop production has soared 
100-fold since the mid-1990s, with 
soybean and maize heading the list 
of GM foods – over three-quarters 
of all soybean and a quarter of all 
maize grown is GM. The US and 
South America are the principal 
producers, while Europe still grows 
virtually none. rM

QUIcKFIRE  Can science 
explain luck?
If you throw a die and it falls, 
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. These 
numerous parameters make it 

difficult to figure out the 
outcome in the 

time it takes 
for the die 

to land – or 
we can’t 
calculate 
them 
accurately 

enough. So we tend to say that 
it’s down to ‘chance’.

‘Luck’ is how we describe the 
outcome of a chance event. If 
a die rolls a six, we call it good 
luck; if it rolls a one, we call it 
bad luck. But if every number 
has the same probability of 
rolling, it shows ‘luck’ is just a 
story we tell ourselves to make 

sense of the event. 
The science of psychology 

suggests why we find luck 
such an attractive concept, 
and maths explains why some 
random events happen more 
often than we feel they should. 
But physics can’t explain luck 
itself, because it is a fiction of 
our own making. LV

How is curved 
glass made?
Manufacturing curved glass is a time-
consuming, highly specialised job. You 
could almost say it’s a ‘pane’ to produce. 

Workers cut the sheet of glass to size and 
then clean and polish it, using a UV lamp 
to check for dust or impurities (any rogue 
particles would cause the glass to crack 
or shatter). They construct a steel mould 
shaped to the curve radius and dimensions 
of the desired piece. To stop the pane 
sticking to the mould, the glass is painted 
with a mixture of detergent and calcium 
carbonate. Then, it is placed on the mould 
and loaded into the kiln. The manufacturers 
crank up the heat to 700°C, hot enough 
to loosen the bonds between the silica 
molecules so that the glass starts to soften 
and bend to the profile of the mould. Once in 
shape, the glass is gradually cooled over a 
period of about two hours. GM

Possibly, yes, but size alone cannot explain 
why some of us are regarded as geniuses. 
Some large-brained animals, such as 
dolphins and whales, are very intelligent, 
but so are crows with notably tiny brains. 

The brains of geniuses such as Albert 
Einstein have been measured, but no 
relationship with size or weight was found. 
One study revealed that Einstein had more 
glial cells than average. These support and 
protect neurons, suggesting that his brain 
demanded more energy. 

Other studies show that geniuses 
have more long-range neural connections 
reaching from one area of the brain to 
another. Yet no single feature explains their 
exceptional abilities. Persistence, hard 
work and determination may be equally 
important factors – and these qualities do 
not require an especially heavy brain. SB

VITAl STATS

is the weight in kg (22,046lbs)  

that an african elephant  

[genus Loxodonta] can grow to. 

It is the largest terrestrial  

animal on earth 

10,000 
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E Is alcoholism in our genes? p20  E Brain scans could diagnose autism p22  E Does urine dating 
hold the key to understanding climate change? p22  

hey cause widespread 
devastation and have 
taken thousands of 

lives, yet the reason the world’s 
deadliest volcanoes are located 
where they are has never been 
fully explained – until now. 

The most explosive 
volcanoes appear in narrow 
bands – or arcs – across the 
globe. Perhaps the most 
famous of these is the Pacific 
‘Ring of Fire’, which stretches 
around the Pacific Ocean in a 
horseshoe shape. We’ve known 
for almost 50 years that these 
arcs form where one of the 
huge oceanic plates that make 
up part of the outermost shell 
of the Earth sinks beneath 
another. But the arcs are 

incredibly narrow – just a few 
tens of kilometres wide – and 
scientists have been unable to 
explain why there is such a 
precise pattern.

“The conventional wisdom 
is that when one plate sinks 
beneath the other, it releases 

water into the wedge of mantle 
above,” says Philip England, 
Professor of Geology at the 
University of Oxford. “And 
because water lowers the 
melting point of most things, 
this is where you get rock 
melting, producing a volcano. 

But this would take place 
over a broad area. So the key 
question is: why are volcanoes 
in such narrow chains?”

Geologists at Oxford 
discovered a crucial pattern 
in the geological processes 
being recorded – a pattern 

that could only be explained if 
the temperature in the wedge 
of mantle above the sinking 
tectonic plates was the same 
beneath all volcanoes. And they 
now know that the ‘goldilocks’ 
temperature for volcano 
formation is 1250oC (2282oF).

At this temperature, 
volcanoes have a ready supply 
of molten rock – magma. It’s 
the optimum temperature for 
rock to melt when water is 
present and it’s also hot enough 
for rock to melt without water. 
“So it’s the temperature that 
matters, not the presence of 
water,” says England. “And 
the rate at which one tectonic 
plate is slipping beneath the 
next determines when you find 
this temperature and therefore 
where you find volcanoes.”

But given how long we’ve 
known the basic geology of 
volcanoes, why has this taken 
so long to pin down? “It’s very 
difficult to look inside the 
Earth,” says England. “Here I 
am talking about it as if I can 
see it, but obviously I can’t. 
To make this progress, we 
needed precise geophysical 
measurements, which have only 
recently become available.”  

“It’s the temperature that matters, 
not the presence of water”

Ring of Fire mystery solved
new study explains locations of world’s deadliest volcanoes

Chile’s Llaima volcano is 
one of 452 volcanoes in 
the Pacific ‘Ring of Fire’
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An article has examined the 
reasons for the popularity of twin 
beds for married couples. The 
study by Hilary Hinds of Lancaster 
University in the UK reveals that 
the prospect of two people lying 
in such close proximity horrified 
several Victorian writers. They 
suspected the “transmission 
of foul air” and that “electrical 
changes” to their bodies overnight 
would cause quarrelling. Hygiene 
reasons were soon forgotten as 
it became fashionable – even 
modern – for middle-class 
couples to have twin beds. 

A tendency to alcohol addiction 
may begin in your genes. A study 
of mice has linked the dopamine-
regulating D2 gene to a specific 
problem with alcohol. Mice 
without this gene that were given 
an ethanol solution were found to 
have a reduced level of dopamine 
response. For humans, it means 
that those lacking the gene may 
seek a greater frequency and 
quantity of alcohol to achieve the 
feeling of satisfaction that normal 
drinkers take for granted. 

Fish can identify each other by 
using ultraviolet vision to pick out 
markings invisible to the human 
eye. Researcher Ulrike Siebeck 
from Australia’s University of 
Queensland studied two species 
of damselfish, introducing them 
to each other under both normal 
light and light with a UV filter 
to block this spectrum of their 
vision. As expected, the fish 
normally attacked members of 
their own species first – but when 
the UV was blocked, they found 
it far more difficult to distinguish 
between species. 

There is no evidence to suggest 
that a comet devastated the 
Clovis people of North America 
13,000 years ago. That’s the 
opinion of archaeologists Vance T 
Holliday and David J Meltzer, who 
have analysed data from 44 sites 
and argue that this ancient race 
didn’t disappear, they just moved 
elsewhere to hunt new prey with 
different weapons. The comet 
theory links the disappearance 
of the continent’s large mammals 
with the disappearance of 
distinctive spear points made by 
the Clovis people. 

The Apodizing Phase Plate 
causes light waves to 

interfere with each other

A new lens is able to block 
dazzling light from distant 
stars and reveal images of 
planets in close orbits for 
the first time. The Apodizing 
Phase Plate (APP) is the size 
of a throat lozenge and etched 
with lines that cancel out the 
halo of starlight. Developed 
by the University of Arizona, it 
has already shown us a planet 
between 7-10 times the mass 
of Jupiter, in an orbit seven 
times further from its parent 
star than the Earth is to the 
Sun. Previously, planets this 
close to their stars have never 
been imaged directly.
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Sunscreen  
allergen found
Sunscreens protect our 
skin from UV light, but the 
same sunshine can turn 
them into a highly allergenic 
compound. Research by 
Isabella Karlsson of the 
University of Gothenberg, 
Sweden, has examined 
how sun creams degrade 
in the light. She discovered 
that creams containing the 
UVA-absorbing ingredient 
dibenzoylmethanes break 
down to create a chemical 
many find irritating.

urine dating is key 
to climate change
Accumulations of ancient 
urine hold the key to dating 
climate changes in southern 
Africa. Andy Carr, from the 
University of Leicester, 
UK, is analysing the strata 
of middens created by 
thousands of generations of 
rock hyrax, a large guinea 
pig-like creature. The 
composition of their urine 
changes with diet, which 
provides a reliable marker of 
their environment going back 
30,000 years. 

Shark smell a myth
Despite reputation, the 
shark’s sense of smell is 
only as good as that of 
most fish. Tricia Meredith, a 
biologist at Florida Atlantic 
University, released amino 
acid molecules into the 
noses of five different shark 
species and recorded the 
electrical impulses they 
generated. The sharks were 
roughly equal in their smelling 
ability, detecting one part in 
a billion – about the same as 
a teaspoon in two Olympic 
swimming pools.

utism is notoriously difficult to diagnose. It’s a condition 
characterised by a complex mix of behaviours that 
different individuals display to varying degrees. But a  

new study has provided the clearest picture yet of what’s 
happening in the autistic brain. It could mean that a single  
brain scan will replace the interviews and behavioural studies 
currently required for a diagnosis.

In this latest study, volunteers with and without autism were 
placed in an fMRI scanner at the University of Utah. The scanner 
monitors blood flow in different parts of the brain – a high flow 
rate indicating high brain activity. The researchers discovered 
that the left and right hemispheres of the autistic brain do not 
communicate properly. Interestingly, this poor communication 
was between areas involved with facial recognition, social 
interaction, attention and movement control – a close reflection of 
autism’s classic symptoms. 

“We were expecting to see brain differences, but we weren’t 
expecting them to be so focused on areas of behavioural 
abnormalities,” says Jeffrey Anderson, Assistant Professor of 
Radiology at Utah.

Other studies have found poor connections within the autistic 
brain, but this is the first to find such widespread problems. 
“People are coming to the realisation that autism is a disorder 
of brain connectivity,” says Anderson. And now his and other 
research groups are looking at other connections. 

The new findings will also allow us to get a deeper 
understanding of the condition. “For many years we didn’t have 
anything to grab hold of,” he says. “Once we have an objective 
finding that’s repeatable, then we can start unravelling 
the thread, asking what causes these connectivity 
abnormalities and looking at individual neurons.” 
Anderson says we could also investigate the genes 
behind these abnormalities, opening up the possibility 
of prenatal screening. Drugs that target the neurological 
problems directly would also be on the agenda.  

350 years ago
G 30 January 1661: Oliver 
Cromwell is formally executed two 
years after his death. The corpse is 
dug up from Westminster Abbey on 
the 20th anniversary of the execution 
of Charles I and hanged in chains in 
what is now central London. To add 
to the indignity, his severed head 
is exhibited on a 6m (20ft) spike 
outside the Houses of Parliament 
for over 20 years, eventually to 
be buried in the grounds of the 
University of Cambridge. As a 
political leader, Cromwell had been 
instrumental in turning England into 
a short-lived republic.

100 years ago
H 18 February 1911: The 
world’s first airmail flight takes off 
from Allahabad in northern India. 
The service is developed partly to 
provide a means of communication 
for the town, but also to raise funds 
for a students’ hostel run by a local 
church. In fact, anyone who wants to 
have a parcel flown has to send it to 
the chaplain of Holy Trinity Church. 
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Posthumous executions  
were all the rage in England

Autism unmasked
Scans may soon be a diagnostic tool

Henri Péquet piloted the world’s 
first ever airmail delivery

Can fMRI  
scanning quickly 

diagnose autism?
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The universe continues to expand and that 
there might be innumerable galaxies, that 
house civilisations like ours. This makes 
for a very optimistic outlook on finding 
extraterrestrials. your views?
I feel that the answer should be yes. But 
I have no concrete evidence befitting the 
answer. The pre-requisite of life (if we go 
by our limited knowledge of life here) is 
the DNA molecule which is the building 
block of the body. So you find that the 
molecules, the DNA is made up of are 
now being found in space. Since 1970s 
people have been finding these complex 
organic molecules in space and those are 
molecules, which we know to be the part 
of the DNA structure. So there is a jigsaw 
type analogy – that here are the building 
blocks and they have to come together. 

Till 1991, we knew the Sun as the 
only star with planets around it. But 
now we know there are hundreds of 
extra solar planets and they are being 
discovered almost daily. It is a question 
of whether you have the telescopic time 
to observe the skies. But just finding 
planets is not enough. You need a 
planet at a suitable distance, with an 
atmosphere conducive to life. Such 
planets are being searched for as well.

Panspermia Theory says that life exists and 
is distributed throughout the universe in 
the form of germs or spores that develop in 
the right environment. Do you believe that 
life here on earth originated in space?
Yes. In 1903, it was Svante Arrhenius and 
later it was Chandra Wickramasinghe 
along with Sir Fred Hoyle who advocated 
the Panspermia Theory. There is an 
experiment we intend to conduct again, 
which is the balloon experiment. When 
it was initially started, Sir Hoyle was 
alive and was consulting with us on 

this along with Wickramasinghe, who 
is still a proponent of this theory. It 
was a multinational, multidisciplinary 
experiment. We decided to send the 
balloon to a height of 41km above the 
Earth’s surface. If we were to send the 
balloons to the height of 21km, we 
would get a contaminated sample because 
whatever debris is lifted from the Earth 
would get mixed in our sample. At a 
height higher than 41km, we would be 
in path of artificial satellites and also, the 
air there is so low, that if any organisms 
are found, they will be in free fall 
state, thereby making collecting them 

improbable. So we decided to send our 
balloon to a height of 41km from the 
Earth’s surface, which is the intermediate 
height. We flew one balloon in 2001 and 
another in 2005. Two labs - the Centre 
for Cellular and Molecular Biology 
(CCMB), Hyderabad and the National 
Centre for Cell Science (NCCS), Pune 
were supplied with the samples in the 
latter case. We collected and anlaysed 
samples from both the teams and found 
three bacterium species that were 
completely new; they were not known on 
Earth. They were named, Janibacter Hoylei, 
after the astrophysicist Fred Hoyle, the 
second as Bacillus Isronensis, recognising 
the contribution of Indian Space Research 
Organisation (ISRO) in the experiments 
which led to its discovery and the 
third as Bacillus Aryabhata after India’s 
celebrated ancient astronomer Aryabhata. 

In what way were they different from the 
bacteria found on earth? 
There are certain parameters, which help 
you recognise a species. If you find 90-99 
per cent similarity in a new species, then 
you can say that this is a type of bacteria 
we are aware of (since a species similar 
to it exists on Earth). In these samples, 
there were nine bacteria species, which 
were similar, and three, which I have 
mentioned above, alien to Earth. Now, 
if we go back to your question, that life 
on Earth may have started due to the 
Panspermia Theory, that means whatever 
you find on Earth cannot be different 
from whatever you find in space. So 
those nine can be explained thanks to 
the theory. If these spores of bacteria are 
coming from outside, aliens samples are 
not unlikely. Further research on the three 
bacteria species, revealed that they were 
resistant to UV rays meaning that they 

“Since 1970s people have been finding these complex 
organic molecules in space and those are molecules, 
which we know to be part of the DNA structure”

moshita prajapati talks to celebrated astrophysicist Prof Jayant Narlikar, founder of the Inter-University 
Centre for Astronomy and Astrophysics (IUCAA), Pune to find out whether we are truly alone in the Universe
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During 1999-2003, Narlikar headed an 
international team in a pioneering experiment 
designed to sample air for microorganisms in 
the atmosphere at a height of 41km
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could withstand exposure to UV rays 
whereas those on Earth couldn’t. This 
suggested that those three came from a 
place where they were exposed to UV 
rays and had adapted themselves to it.
This also showed successfully that the 
41km claim is correct and that they 
came from an alien environment and 
not from our own apparatus. This
was one argument that we had to 
convince the doubters. 

Popular culture denotes crop circles, 
uFos as the extraterrestrial’s way of
contacting us. How do we contact them?
Now Search for Extraterrestrial 
Intelligence (SETI) is meant to look 
for these high technology aliens. Why 
haven’t we made contact? Because 
we do not yet have correct technical 
knowledge of giving out radio signals. 
It has been barely 120 years since 
radio transmission became part of our 
repertoire. Whether our signals are 
strong enough to be picked up by others 
is the question. If they are picked up, 
they will either want to come here 
or they would want to send a signal. 
One would expect them to try and 
communicate first before coming. 
But we haven’t yet received anything. 
For our nearest star, we have to travel 
10 - 20 light years. With our signal 
strength, it will take 20 - 30 years 
minimum to get a reply. So all we can 
do is send a probing signal and wait. 

 WhAT do you ThinK?

are we closer to finding out life 
other than on earth in the universe?

email: bbcknowledge@wwm.co.in

Prof Jayant Narlikar is the founder of the Inter-
University Centre for Astronomy and Astrophysics 
(IUCAA), Pune. He has been awarded the Padma 
Vibhushan by the Indian Government for his work. 

How prepared are we technologically, 
when it comes to space travelling,  
to reach and study life, if ‘the’ planet  
is discovered?
We are not prepared. The nearest 
star to us is in the Alpha Centauri, 
which will take about some 50,000 
years. Who will go? So you freeze the 
passengers so that they don’t die. They 
reach ‘the’ planet, revive themselves, 
collect information and take another 
50,000 years to return. Unfortunately, 
what hinders us is the speed barrier, 
so these experiments are futile. 

astronomers are optimistic about finding 
alien life forms but biologists aren’t. Why 
is that?
Astronomers are optimistic because they 
see that the Universe is so large and that 
there are conditions which can replicate 
what happened on Earth elsewhere. All 
these circumstances of finding complex 
molecules, planets, atmosphere and 
atmosphere above planets, all these 
things suggest that life is and cannot 
remain isolated on Earth. But biologists 
still have not figured out what life is. 
They think it is a very complicated 
procedure. If it is very complicated 
here, to construct it elsewhere is 
also going to be very difficult.

What are you planning next? 
We are thinking of conducting the 
balloon experiment again to collect 

samples and this time, we want to check 
for isotopes. In this isotope analysis, the 
bacterium we collect, we won’t culture 
it. We will examine how much carbon 
it has, and whether that carbon is made 
up of carbon 14 and carbon 12 – these 
are isotopes. And if we find the ratio to 
be different from what is terrestrially 
different then it is an alien sample, 
then it will be very difficult to negate 
the possibility of life elsewhere in the 
universe. But it is not going to be an 
easy process. The bacterium collected 
should be uncontaminated, because if it 
comes in contact with the other samples 
in the filter, it will start reproducing or 
if it gets mixed with the carbon isotope 
of the earth, then it will not be true to 
the experiment. So before we launch our 
balloon in the atmosphere once again, 
we have to first find out how to isolate 
the bacterium samples from each other 
and tell the biologists where to find them 
and only then we shall approach ISRO.

How can India play a bigger role in the 
search for life in the universe?
Rather than some of us getting together, 
planning an experiment and thinking 
what the next step should be,  
we need a centre for astro-biologists 
where core staff and interacting scientists 
from other disciplines can come together. 
We also need set ups like the IUCAA to 
come up with viable experiments. They 
should have their own funds or receive 
funds from the Digital Signal Processing 
institutions, ISRO, etc. So you can get 
into a mould, which is less arbitrary. 
That is what the country should be 
looking forward to as the next step.  

Biological studies of the 
collected samples led to the 
study of live cells of bacteria 
from the balloon experiment 
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ustralia’s Aboriginal population 
– the descendants of the island 
continent’s pre-European 

inhabitants – is in crisis. As the country 
itself enjoys ever greater prosperity, 
many Aborigines live in conditions more 
reminiscent of the developing world. 

Infant mortality is double that of white 
Australia. Life expectancy is 11 years less 
than the rest of the country. Educationally, 
Aboriginal youngsters achieve only 
between a quarter and a half of what their 
non-indigenous counterparts attain. The 
unemployment rate among Aborigines 

a is three times higher than that of whites 
– and they are 11 times more likely to 
be languishing in jail. Even compared to 
other indigenous minorities in the US or 
New Zealand, their quality of life is poor.

Historically the cause of the Aborigines’ 
woes is, in a sense, the nature of the 
continent itself. Not only is it the driest 
in the world, it’s also – with the exception 
of Antarctica, which has never had a 
permanent population – the most isolated. 

Because of the lack of rain and poor 
soils, Australia is the only inhabited 
continent in the world in which 

indigenous agriculture, 
livestock domestication and 
state development never 
occurred. Though sophisticated 
in many other ways, the 
Aborigines were therefore 
uniquely vulnerable when 
– after tens of thousands of 
years of almost total isolation 
– their lands were subjected to 
European settlement from the 
late 18th century. 

The initial late 18th-century 
colonisation was triggered 
by Britain’s defeat in the 
American Revolutionary War. 
America was where the British 
government sent its convicts, 
and it needed a replacement 
penal destination. But it was 
the Irish potato famine and the 
Australian gold rush, both in 

the mid-19th century, that really created a 
surge in Australia’s white population. 

The Aborigines’ lack of state 
organisation – and therefore of 
recognisable government – meant that, 
as white settlement expanded, the British 
colonisers did not accord the indigenous 
population any political recognition. 
Aboriginal land was therefore regarded as 
uninhabited or lacking ownership.

In contrast to North America and New 
Zealand, where the British recognised the 
indigenous peoples as political entities and 
made ‘inter-governmental’ treaties with 
them, the colonial authorities in Australia 
refused to take such steps.

Yet the British colonisation was to have 
even more serious ramifications. Thanks to 
the nature of the British settler economy 
and the continent’s dry and largely infertile 
environment, the Aborigines and the 
whites were soon engaged in a bitter fight 
for huge swathes of land.

a woolly issue
Colonial and, to an extent, post-colonial 
Australian prosperity depended largely on 
one product – wool. The sheep farming 
that produced the wool, however, brought 
expanding white Australia into direct 
conflict with the Aborigines. To the 
Aborigines, land was for hunting on. To 
the whites, it was for grazing cash-yielding 
animals on.

While the Aborigines regarded sheep in 
the same way they regarded other animals 

australia
Despair down under for 
Australia’s Aborigines

The country’s indigenous population 
is still suffering the consequences 
of British colonisation. David Keys 
reports on over two centuries of woe

in context
world news
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An Aborigine hunting party 
in the bush of Northern 

Queensland, c. 1900
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Conflict between Aborigines  
and European settlers
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– as food – the whites wanted their sheep 
to have exclusive access to Aboriginal 
water holes. This collision between the 
white and Aboriginal economies inevitably 
led to violence.

As a result, two things happened. 
First, the Aboriginal population, already 
massively reduced through contact with 
European diseases, was further cut down 
in a succession of resistance wars – and in a 
series of mass murder campaigns launched 
by white settlers. Some 20,000 Aborigines 
were slaughtered in a series of bitter 
conflicts and massacres. 

Aboriginal resistance to white 
settlement had started just months after 
British colonisation began in 1788. By the 
1790s, the first in a long series of resistance 
wars broke out and in 1804 the colonial 
authorities authorised some settlers to 
shoot unarmed Aborigines. The first 
massacre took place in that year at Risdon 
Cove, Tasmania. Mass killings followed 
in other parts of Australia, especially from 
1834-42 and 1861-84. 

Second, the white authorities sought 
to control the survivors of these wars and 
massacres by increasingly restricting the 
movement and freedom of the Aboriginal 
population. The policy was not only harsh 
and oppressive, but had terrible long-term 
consequences that are still felt today by 
Aborigines – and Australia as a whole.

The first instrument of control the whites  
used was the church. Already by 1810  
– just 22 years after the British had arrived 
– some east coast Aborigines were being 
rounded up and concentrated at Christian 
mission stations. By 1814, schools were 
being set up to ‘de-Aboriginise’ them; 
within a further two years, a pass system 
was introduced for ‘good’ Aborigines. 

Colonial policy was a mixture of 
oppressive paternalism and draconian 
violence. Reflecting a mixture of these 
‘protective’ attitudes and a more ruthless 
wish to clear the land of Aborigines, the 
government created an ultra-violent, 
white-led, special native police force. 

broken families
The colonial authorities also formed 
government ‘protection boards’, which 
removed tens of thousands of Aboriginal 
children from their families and their 
indigenous roots – a practice that wasn’t 
finally terminated until around 1970.

In some areas, the rights of Aboriginal 
parents were legally abolished and vast 
numbers of Aboriginal and mixed-race 
youngsters under 21 became wards of 
a local government official – the chief 
protector. Eventually some of these 
protectors acquired powers to control 
the movement, lifestyle, marriage 
arrangements and employment of all 
Aborigines, regardless of age. Thousands 
were kept at any one time as virtual 
prisoners on government and church-run 
native reserves.

Much of the Aboriginal population 
gradually became institutionalised and 
they were denied citizenship; until 1967, 
all Aborigines were classified as part of 
the native fauna or animals of Australia. 
What’s more, tens of thousands of 
youngsters were barred from meaningful  
contact with the Aboriginal world after 
being removed – in effect kidnapped  
– from their parents and placed in 
children’s homes. Parenting skills, identity 
and culture, normally transmitted between 
the generations, were disastrously eroded.

Even at the peak of this oppressive 
system, substantial numbers of Aborigines 
were allowed to work – albeit for 
remuneration massively below white 
levels. However, barely half a century ago, 
well-intentioned government legislation 
effectively ended that one area of relative 
normality. In the 1960s, the federal 
government brought in an equal pay law. 
But instead of increasing Aboriginal pay 
to white levels, many employers sacked 
their Aboriginal workers, evicted them 
from their ancestral lands, mechanised 
production and replaced Aborigines with 

smaller numbers of white workers. At 
roughly the same time, the government 
introduced welfare benefits to the 
Aborigines. The combined result was to 
further increase Aboriginal dependence on 
– and control by – the state. 

sobering statistics
Today, despite 20 per cent of the 
Aborigines’ original land having been 
returned and many progressive reforms 
implemented, 18 per cent of Australia’s 
Aborigines are unemployed and 30 per cent 
of Aboriginal men die before the age of 60. 
Substance abuse is rampant, while incomes 
are 40 per cent of the national average. The 
incidences of circulatory problems, renal 
failure, diabetes, mental health disorders 
and lung disease are all at least two to three 
times higher than among white Australians.
Aborigines account for 21 per cent of 
prison inmates, though they make up 
just 2.5 per cent of the population, while 
domestic and other violence is endemic. 

The Aborigines’ quality of life is the 
second worst of any people in the world, 
says the United Nations, while Australia is 
one of the top 10 countries to live in. 

E The Politics of Suffering: indigenous Australia  
and the end of the liberal consensus
by Peter Sutton (Melbourne University Press, 2009)

E Culture Crisis: anthropology and politics in 
Aboriginal Australia 
by Jon Altman and Melinda Hinkson (UNSW Press, 2010)

David Keys is a specialist  
correspondent for the London daily 
newspaper The Independent and is  
also a regular broadcaster.

Indigenous people have not fully benefited from 
recent economic developments in Australia

THE ABoRIgInES: A HISToRy

50,000 BC  Aborigines arrive in Australia

1788  First British settlement at Port Jackson, 
Sydney. Aboriginal resistance begins

1790-1816, 1830-50, 1870-84  Australian 
frontier wars between Aborigines and white settlers

1830-1930  White settlement expansion, driven by 
sheep and cattle farming

1850s  Australian gold rush

1869  Aboriginal child removal begins

1928  Last massacre of Aborigines 

1953  The Northern Territory makes all Aborigines 
wards of government

1976  Aboriginal land claims begin to be 
recognised in the Australian courts

2010  UN Human Rights Council criticises 
Australia’s Aboriginal policies
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Dressed to thrill
ROSWell, NeW MexICO

When Austrian skydriver Felix Baumgartner 
jumped out of his capsule 24.2 miles 
(39.0km) above Earth, there was one thing 
keeping him alive – his space suit. The 
temperature around him was -60oC and 
there was little oxygen to breathe. Low air 
pressure meant that, without his 
pressurised attire, fluids inside his body 
could have turned into gas.

But the suit also had to be flexible 
enough for Baumgartner to get into the 
right position before opening his parachute. 
“For over 40 years we’ve been designing 
space suits for people in the sitting 
position,” said Daniel McCarter from David 
Clark Company in Massachusetts, which 
made the suit. “We have made huge 
advances in elbow and knee joints,” says 
McCarter. “We’re doing all kinds of R&D 
projects on advanced suits for the future – 
for commercial spaceflight as well as suit 
concepts for the Moon or Mars.”

McCarter watched from mission control 
in Roswell, New Mexico, as Baumgartner 
hit a speed of 1,343km/h (834mph), 
breaking the sound barrier before safely 
touching down. 
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The eiffel Tower takes shape
PARIS, FRANCe

7 December 1887. The lower section of the  
Eiffel Tower is assembled on a framework of  

pylons in the heart of Paris. Built for the Exposition 
Universelle (the International Exhibition) in 1889 – 

which commemorated the centenary of the French 
revolution – the tower took over two years to 
construct and was completed in March 1889.  

Designed by Gustave Eiffel, the iconic structure 
consists of four curved iron piers connected by a 
lattice of girders. It weighs around 10,100 tonnes  

and stands at 324 metres. 



Rock bands
GANSU PROvINCe, CHINA

The striking lines running through the hills 
of the Zhangye Danxia Landform Geological 
Park in China look like they’ve been painted 
on. But this remarkable landscape tells the 
story of 20 million years’ worth of 
geological activity.

“This area would have once been a lake,” 
says Professor John Underhill, an expert in 
stratigraphy at the University of Edinburgh. 
“During colder, wetter climes the lake 
would have been full and iron would have 
been deposited into the sediment, creating 
the red banding. During hotter periods the 
lake would dry up and the iron would have 
been leached from the ground leaving 
behind the white bands.” 

You would normally only see this visual 
record of the country’s fluctuating climate 
by drilling into the ground, but these beds 
have been lifted up and tilted by tectonic 
processes. More recently, rainfall and water 
drainage has sculpted the exposed 
landscape into the sharp peaks and valleys 
seen today.
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Tomorrow’s world is being forged in the minds and 
laboratories of today’s scientists. Dr paul parsons  
reveals the projects that will revolutionise science   

aking predictions about the future is tough. But 
it’s also true that the future starts today, which 
is why we’ve scoured the latest research to find 

the 10 projects that could have the biggest impact on 
our lives in the coming decades.

Some of these experiments are already up and 
running. Others are only in the planning stages but 
stand a strong chance of getting off the ground. On the 
following pages we present our pick in reverse order of 
importance. And for more opinions, we asked some of 
the world’s top experts. 

Read on to learn about the future and let us know if 
you agree with our choices. The only genuine certainty 
is that the future looks bright. 

ExpErImEnTs
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that will shape  
the future
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Imagine an intelligent capsule that could be embedded 
in your body and that could release therapeutic drugs at 
the first sniff of a medical problem. Such a capsule could 
save countless lives in those suffering from conditions that 
require continual, but not necessarily regular, medication, 
such as diabetes. Just such a device has been developed 
by researchers at NASA’s Ames Research Center, California. 
They have used carbon nanotubes – tiny cylinders of carbon 
atoms – to make a small capsule that can be implanted under 
the skin of astronauts.

The idea is for the capsule to contain biological cells that 
can react to various threats, such as increased radiation 
levels (perhaps caused by a solar flare), and release 
drugs that boost the body’s defences. The cells would be 
engineered, most likely genetically, to produce the drugs in 
response to certain stimuli.

In the case of radiation protection, the cells could be 
made to secrete granulocyte colony-stimulating factor 
(G-CSF) – a drug already given to cancer patients undergoing 
radiotherapy. Making the capsule from carbon nanotubes 
gives it a porous structure, allowing the cells inside to thrive, 
while also enabling the chemicals they give off to flood out. 

“The cells inside the capsule secrete therapeutic 
molecules, and these agents exit the capsule by diffusion 
across the capsule wall,” says Dr David Loftus, who designed 
the Biocapsule at Ames. The capsule is due to begin animal 
trials shortly, with human tests following soon after that. If 
successful, Biocapsules will see service on the International 
Space Station some time this decade. 

Applications on Earth may follow. For instance, filling  
the capsule with islet cells from the pancreas would  
enable it to secrete insulin in response to elevated blood 
sugar levels, providing an automated treatment system for 
diabetic patients.

WHO: Space Biosciences Division, 
NASA Ames Research Center, 
California, US
STATUS: Ongoing
COST: Undisclosed

PlACINg SMART 
MEDICINE
IMPlANTS IN  
THE HUMAN BODY

helen czerski
TV presenter, physicist and 
oceanographer with a PhD 

Biocapsules 
could be 
used to 
deliver drugs 
to patients 
as they’re 
needed

ExpErT CHoICE

Artist’s 
impression of 
the Carbon 
Engineering 
facility

the best things in science are the surprise 
discoveries that happen when you are looking for 
something else. my vote for the most important 

experiment is one that’s going on in an unknown 
lab right now, being done by someone who 
noticed something unexpected and is just 

following it up out of curiosity.
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As governments continue to argue over climate change, and how 
best to deal with it, you can’t help thinking that it might be prudent 
to have a plan B – a last-ditch strategy to be rolled out should 
things get really bad.

The principal cause of global warming is carbon dioxide 
gas, which is churned out by our industry and transportation 
systems, and which traps heat from the Sun. Canadian 
firm Carbon Engineering is hoping to geoengineer the 
climate by chemically extracting the harmful CO2 from the 
atmosphere. It’s building devices that can suck in air and 
pass it through a hydroxide solution, from which the CO2 
can be precipitated out as a solid carbonate residue. This 
residue can then be buried underground (a process known 
as sequestering) or used for other industrial applications. 
The company is funded with investment capital provided by 
Bill Gates and Canadian businessman Murray Edwards.

Last year, Carbon Engineering completed a preliminary test 
in which carbon was successfully extracted from air by an 
experimental system for 500 hours. Another experimental run 
of the same prototype is planned for this summer, with the goal 
being to clock up several thousand hours’ use. Engineers hope this 
second test run will provide extra information, such as how the 
device responds to varying weather conditions.

The company hopes to be in a position to be able to work on 
a commercial pilot scheme this year. Each of the finished units 
– which are expected to resemble the giant cooling tower of a 
nuclear power station – is expected to remove one million tonnes 
of CO2 from the atmosphere per year. Human civilisation gives 
off around 30 billion tonnes of CO2 annually, so it would require 
30,000 units to completely counteract mankind’s influence.

Superconductors could be the future of 
electricity distribution and storage. These 
materials have zero electrical resistance 
– a current in a loop of superconducting 
wire will continue to circulate forever. 
They could be used to build lossless 
cables and batteries for power grids, 
and for a wealth of other energy-saving 
applications. But there’s a problem. All 
the superconductors we know of today 
only work at very low temperatures (less 
than –163°C). So they would have to 
be actively cooled, thus wiping out any 
potential savings.

The race is on to find materials that 
superconduct at higher temperatures. 
But it’s a problem mired in quantum 
physics – the tricky laws governing 
the behaviour of subatomic particles. 
Solving this problem is just too difficult 
for ordinary computers. But now, in 
a major breakthrough, researchers 
at the University of Sydney and NIST 
in the US have developed a ‘quantum 
simulator’ – a computing device that 
enables researchers to set up and 

run simulated interactions between 
quantum particles and simply read off 
the results of those interactions. If the 
interactions are carefully chosen so as to 
be representative of those that take place 
inside superconductors, then the device 
becomes a computer capable of solving 
the problem.

“In our experiments we produce a 
well-controlled system whose dynamics 
are governed by the laws of quantum 
physics,” says Dr Michael J Biercuk, a 
member of the team undertaking the 
research at the University of Sydney. 
“Accordingly, we are able to mimic  
the behaviour of naturally occurring 
quantum systems.” 

In a research report published in the 
journal Nature in April this year, the team 
described their device, which consists  
of ions of the metal beryllium arranged 
in a crystal lattice. They are now 
investigating how to configure the ions 
in order to run experiments to mimic 
processes inside various materials, 
including superconductors. 

WHO: University of Sydney, Australia and the 
USA’s National Institute of Standards and 
Technology (NIST) in Boulder, Colorado
STATUS: First results published in Nature 
in April 2012. Research ongoing
COST: Undisclosed

DEVElOPINg A 
PRACTICAl 
SUPERCONDUCTOR

The NIST quantum 
simulator in actionBUIlDINg MACHINES TO 

SUCk CARBON DIOxIDE 
FROM THE EARTH’S 
ATMOSPHERE
WHO: Carbon Engineering, Calgary, Canada
STATUS: Initial trials completed in November 
2011. Research ongoing
COST: Current commitment to spend  
approx $6m (£4m)
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WHO: International Linear Collider,  
location to be decided
STATUS: Research and design work 
underway in preparation for 
submission of project proposal
COST: $10bn

CREATINg ONE 
MODEl FOR 
PARTIClE PHYSICS 

The standard model of particle physics is currently our best 
framework for understanding the behaviour of subatomic 
particles of matter, bringing together all the major particle 
families and their interactions in one neat package. However, 
experimental evidence has shown that the standard model 
doesn’t explain extremely high-energy phenomena, such 
as gravity and the fact that the Universe is expanding at an 
accelerating rate. 

Creating a model that works for all phenomena we’d like 
to explain in physics would be a momentous breakthrough 
– comparable with the development of relativity or quantum 
theory. There will inevitably be momentous real-world 
applications, although until the details are known it’s 
difficult to speculate exactly what these will be. For example, 
quantum theory is now crucial to the functioning of lasers, 
microelectronics, ultra-accurate clocks and unbreakable 
codes – few of which were even conceivable before the 
theory was formulated.

So how exactly does reality deviate from the standard 
model’s predictions? You might expect experiments with the 
Large Hadron Collider, the giant and much-vaunted particle 
accelerator on the Swiss-French border, to provide the 
answer. After all, it operates at high energies. But the LHC 
smashes together the wrong kind of particles – protons. A 
far better choice would be to collide electrons and positrons 
together, because the collisions involved are much cleaner, 
making it easier to pick apart the underlying physics. 

“Electron-positron annihilation enables us to ask 
the questions in a much more controlled environment,” 
explains Professor Barry Barish, of the California Institute 
of Technology. “We can set and vary the energy in each 
collision, and study simpler final states.”

The trouble is you can’t send electrons and positrons 
around the LHC because they would radiate away all 
their energy along its circular track – an effect known as 
‘synchrotron radiation’. The solution is to accelerate them in 
a straight line, using a so-called ‘linear accelerator’, or linac. 
That’s why Barish is involved with the International Linear 
Collider, or ILC, a project to build the world’s most powerful 
linear accelerator. 

The initial plans for the 50km-long device are still 
being drafted by the International Committee for Future 
Accelerators (ICFA), with a design due to be completed 
by the end of this year. A location for the project has also 
yet to be decided, though the team is considering sites in 
Japan, America, Switzerland and Russia. Assuming that the 
necessary funding is forthcoming, the ILC could be up and 
running in approximately a decade.

A prototype section of the 
ILC and (inset) the team at 

Fermilab’s Meson Test Beam 
facility working on the project 

clusters of cells are being grown on tiny devices, or 
chips, that mimic human organs to make it easier 

to test new drugs. sangeeta bhatia at mit has 
been perfecting liver on chips, Gordana vunjak-

novakovic at columbia has been doing the same 
with hearts, while donald ingber at harvard has 
developed guts on chips and lungs. if and when 
these people work together (and they’ve already 
collaborated in the past) we’ll really be able to put 

together a human-on-a-chip!

Nina Tandon
Electrical and biomedical engineer  

at Columbia University and TED Fellow
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WHO: San Diego School of Medicine, 
University of California and the University  
of Cambridge, UK
STATUS: Ongoing
COST: £1m for UK research, cost of US 
research undisclosed

gROWINg 
AlzHEIMER’S IN  
A PETRI-DISH 

Around the world, over 26 million people now suffer  
from Alzheimer’s disease – that’s more than the entire 
population of Australia. In the UK alone, there are 800,000 
suffers. And these figures are expected to more than double 
by 2050. The root cause of the condition – marked by a loss 
of memory and cognitive functions – remains unknown. 
There is no cure and there are very few palliative treatments. 

The problem is that you can’t just take a sample 
of infected brain tissue from a living patient to study. 
Meanwhile, animal models are of limited use because 
human beings are the only species known to get the disease. 
That’s why the work of two groups of researchers at the 
universities of Cambridge, UK and California, working 
independently, could be so important.

They’ve managed to cultivate brain cells in the lab and 
then actually watch those cells developing Alzheimer’s. This 
is already yielding some interesting clues about how the 
disease begins – as a gradual accumulation of small  
cellular abnormalities.

The teams first took skin cells from patients who were 
known to be genetically predisposed to the disease. From 
those they generated stem cells – cells that can grow into 
any other kind of cell. These were then coaxed to grow into 
brain cells. “By starting the disease in the lab, it allows us to 
study how it starts and then progresses in real time,” says 
Dr Rick Livesey of the Cambridge team. “This allows us to 
understand how we can stop it by developing new drugs.” 

Testing candidate drugs on the laboratory cell colonies is 
now the priority. “We are optimistic that we will have drugs 
which we can test in patients within the next three to five 
years,” says Livesey.

39

Since 1995, when the first planet 
orbiting a Sun-like star was discovered, 
over 760 such exoplanets have been 
found. As the number of known planets 
grew, so came the realisation that if it 
was possible to find one sufficiently 
similar to the Earth, then such a world 
would be a promising place to look for 
life. But there was one problem – for 
all but the very nearest stars, planets 
orbiting at the same distance as the 
Earth is from the Sun would be lost in 
the glare of the parent star’s light.

Astrophysicist Professor Webster 
Cash at the University of Colorado has 
proposed a ‘starshade’, a spacecraft 
that can hover in front of a space 
telescope and blot out light from the 
star, enabling the telescope’s sensitive 
instruments to study any planets that 
might be present. Crucially, this will 
permit spectroscopy on the light from 
these planets, enabling astronomers to 
deduce their chemical make-up. 

“This will tell us if there is an 

atmosphere and its composition,” 
says Cash. “It is also likely to detect 
water vapour in the atmosphere, and 
that might indicate oceans. The key 
biomarker is oxygen – on Earth, this is 
only present in the atmosphere from 
the constant replenishing by plants.”

Discovering extraterrestrial life 
would suggest life is relatively 
common, an important observation 
for honing theories about how biology 
first got going on Earth. And that’s 
not to mention the wholesale shift in 
our outlook. “Just knowing for certain 
that even very simple microbial life is 
common in the Universe would change 
the way we view the night sky,”  
says Cash. 

The starshade could either be 
positioned in front of existing space 
telescopes or flown as part of a self-
contained mission. While the former 
option is expected to cost in the order 
of $750m (£477m), the latter would be 
significantly more.

WHO: New Worlds Mission led  
by NASA 
STATUS: Proposed. Could be ready  
to fly in the 2020s-2030s
COST: $750m-$3bn (£477m-£1.9bn) 
depending on specific architecture

DISCOVERINg ExTRA 
TERRESTRIAl lIFE

In this 
composite 
image, MRI 
scans reveal  
a vertical slice 
through a 
healthy brain 
in blue and 
a noticeably 
shrunken 
Alzheimer’s 
brain in orange
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Reaching Earth orbit from the planet’s surface is a formidable 
challenge. It means accelerating to speeds of up to 25 times the 
speed of sound. In the past that’s required gigantic multi-stage 
rockets, one-shot behemoths that had to carry so much fuel they 
had the explosive potential of a small nuclear weapon. Aside from 
the danger, their cost was colossal – tens of thousands of dollars 
per kilo of payload boosted into orbit.

That could all be changing, thanks to research underway  
on a science park in the idyllic Oxfordshire countryside. A company 
called Reaction Engines is developing a fully reusable spacecraft 
that can take off from a runway and fly to orbit without the need 
for any extra engines or external tanks – a single-stage-to-orbit 
spaceplane. It could slash the cost of reaching low-Earth orbit by a 
whopping factor of 50.

At the heart of SKYLON is the revolutionary SABRE – the 
Synergistic Air-Breathing Rocket Engine. Burning anything requires 
oxygen. Conventional rockets burn their liquid hydrogen so rapidly 
they need to carry their own oxygen in liquid form, which is heavy. 
SABRE, however, extracts the oxygen it needs from the air. It does 
this using a novel cooling system that plunges incoming air from 
1,000°C to –140°C, which compresses it – massively boosting 
its oxygen density. It does this until it gets to an altitude of 28km 
(17miles), at which point liquid oxygen takes over.

Designers hope the reduction in launch mass will enable 
SKYLON to lift payloads of up to 15 tonnes into orbit as a single 
stage. The company expects the uncrewed spacecraft to be 
operational by the early 2020s.

WHO: SKYLON project / SABRE engine 
built by Reaction Engines, Oxford, UK
STATUS: Programme to verify key 
technologies nearly complete. About to 
start building the first flight engine, which 
will power a demonstrator craft
COST: £3bn

my choice is the research aimed at 
producing fusion energy using laser 
beams taking place at the national 
ignition facility (nif), california. it’s 
more exciting than the international 
fusion project iter because things 

there are progressing very fast. fusion 
energy (the holy Grail) may not be as 

far off in the future as many think.

Jim al-Khalili
Professor of Physics at the University of 

Surrey and BBC TV presenter

ExpErT CHoICE

Artist’s 
impressions of 

SKYLON and 
(above right) its 
SABRE engine

DEVElOPINg A SINglE-STAgE- 
TO-ORBIT SPACEPlANE
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WHO: Wheat Yield Consortium, 
run by the International Maize  
and Wheat Improvement  
Center, Mexico 
STATUS: Partially funded
COST: Estimated at $10m (£6.4m) 
per year for 10 years, followed by a 
second phase costing similar or 
less, depending on progress

An X-ray   
of the enzyme  
rubisco, involved  
in photosynthesis  
 

SUPERCHARgINg WHEAT  
TO IMPROVE YIElDS

Boosting wheat yields 
by 50 per cent will 
help feed a global 
population expected to 
hit 9.6 billion by 2050

Feeding the world’s seven billion human 
mouths already requires an agricultural 
land area the size of South America. 
And with the population set to grow a 
further 2.6 billion by 2050, scientists 
are keen to find more efficient ways of 
producing food.

Experts from the Wheat Yield 
Consortium (WYC) believe one way 
to avert this potential crisis is by 
‘supercharging’ wheat – tweaking the 
plant’s biochemistry to significantly 
increase the quantity of edible wheat 
produced. Their aim is to raise wheat 
yields by 50 per cent within the next 25 
years. But how?

Key to their plan is improving the 
efficiency of photosynthesis, which is 
currently the weak part of the chain. 
Photosynthesis is a series of processes 
whereby a plant takes in water, 
sunlight and carbon dioxide from the 
atmosphere, and uses them to make 
carbohydrate food, plus oxygen. 

“We are focusing mostly on 
improving the main enzyme of 
photosynthesis, rubisco, which is 
quite inefficient – probably because it 
evolved at a time when the CO

2 and O2 
levels of Earth’s atmosphere were quite 
different,” says WYC wheat physiologist 
Dr Matthew Reynolds.

The plan is to boost photosynthesis’s 
powers of energy production using a 
combination of genetic modification and 
traditional cross-pollination – as well 
as developing biological mechanisms 
that will concentrate CO2 from the 
atmosphere, giving the process extra 
raw material to work with.

The project is now seeking full 
funding, but some trials have already 
begun at WYC’s research field station in  
Mexico’s Sonora Desert.

sCIeNCe THE NExT BIG THING
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Who: International Thermonuclear 
Experimental Reactor (ITER), France
STaTuS: Under construction – due  
to be operational in 2020
coST: €13bn (£10bn)

DEVElOPINg A SAFE  
AND ABUNDANT SOURCE  
OF NUClEAR ENERgY

In 1956, the UK fired up the world’s first nuclear power station, at 
Calder Hall in Cumbria. Nuclear energy was hailed as a plentiful 
source of energy for the future. Since then, however, incidents at 
Three Mile Island, Chernobyl and Fukushima have made it clear 
that this power source comes at a cost.

An experiment due to get underway within the next decade 
could change that, furnishing us with a nuclear power source 
that’s safe, and that is capable of providing us with energy for 
thousands of years. The project is called ITER.

All commercial reactors today exploit nuclear fission, a 
process whereby uranium atomic nuclei are bombarded by 
neutron particles, causing them to split apart and liberate 
energy – along with more neutrons, which repeat the process, 
setting up a chain reaction. It’s not ideal: the uranium fuel must 
be mined and processed, the chain reaction has to be constantly 
kept from running away, and the fission fragments remain 
radioactive for hundreds of thousands of years, creating a waste 
disposal problem. 

ITER, on the other hand, will be a nuclear fusion reactor. It 
will work by bonding together deuterium and tritium (atoms of 
hydrogen with extra neutron particles). 

“Fusion is safe, there is no chain reaction,” says ITER team 
member Michel Claessens. “Fusion reactors produce no long-
life radioactive waste, and there is plenty of fuel available – 
deuterium is fairly abundant in seawater and tritium can easily 
be produced from lithium.”

Fusion is the power source that makes the Sun shine. The 
problem researchers must overcome before they can harness it 
is containing the superheated fuel – at temperatures of up to 150 
million degrees centigrade. ITER will attempt to solve this using 
magnetic fields to trap the fuel inside a ring-shaped containment 
vessel, known as a tokamak.

several experiments across the planet 
have the potential in the next few years to 
redefine what we mean by a kilogramme. 
the kilo is defined as the mass of a lump 
of metal, cast in 1879 and kept near Paris, 
which is thought to be degrading. these 

measurements should correspond to 
something universal.

marcus du Sautoy
Professor of Mathematics, University of Oxford and  

BBC TV presenter

Artist’s impression of 
the ‘tokamak’ section 

of the ITER
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1BUIlDINg A 
MACHINE THAT CAN 
EDIT HUMAN DNA

WHO: Massachusetts Institute  
of Technology and Harvard 
University, Massachusetts, US
STATUS: Ongoing
COST: Undisclosed

The MAGE 
‘DNA editor’ 
at MIT in 
Boston

The guts of MAGE 
– a network of vials 
and tubes

for Multiplex Automated Genome Engineering) is 
a significant development in this nascent branch 
of science. Essentially a network of flasks, tubes, 
pumps and control instruments, it works by 
hijacking the process of DNA replication – which 
occurs when biological cells naturally make copies 
of themselves. Rather than letting the cells make a 
perfect copy, the machine intervenes to swap small 
sequences of letters known as ‘codons’ for new 
codons of synthetic DNA.

A codon is composed of three DNA letters. Each 
letter represents a particular ‘base’ chemical 
(labelled either A, G, T or C) and each codon encodes 
a specific type of amino acid. When bolted together, 
the sequence of amino acids creates a protein 
molecule that performs a certain function in the cell.

Much of the DNA language is redundant, however 
– several different codons can represent the same 
amino acid. In a recent experiment to demonstrate 
the technique, MAGE was able to replace all the 
TAG codons in E.coli with TAA codons. Both of these 
codons produce the same amino acid and so they 
serve the same function.

 If such redundant codons are now reprogrammed 
to build amino acids not normally found in nature, 
then cells can be turned into chemical factories 
which are able to produce new compounds on 
demand. For instance, LS9, a biofuel company in 
San Francisco co-founded by Professor George 
Church of Harvard University, the same geneticist 
who led the TAG replacement study, is using 
engineered E.coli to produce sustainable fuels.

“The first practical applications are already 
happening, in the form of maximising the production 
of valuable chemicals in bacteria,” says Church. 
“The next set of MAGE applications are aimed at 
making multivirus-resistant industrial cells. We 
expect to have demos of these going within a year.”

Church’s team is now turning its attention to 
applying the MAGE technology to human cells – 
which could bring radical benefits to the human 
condition. Imagine being able to simply edit out the 
genes responsible for heritable conditions such as 
Down’s syndrome and Huntington’s disease. Or what 
about protecting your cells with a ‘genetic firewall’ 
that makes them immune to viruses? Influenza, 
hepatitis and HIV would cease to be the killer 
illnesses they are today. Church is quite open to the 
idea of modifying the genetic code of embryos to 
produce virus-resistant babies.

The researchers are currently using MAGE to 
modify human stem cells. Their plan is to edit the 
cells’ genetic code so as to introduce mutations in a 
controlled way, giving insights on which mutations 
cause disease.  

A team in Massachusetts has built a machine 
capable of editing DNA – much like the ‘cut and 
paste’ facility of computer word processing 
applications. It could mean doctors will soon 
have the ability to edit out the DNA letters coding 
for heritable diseases in the human genome, as 
well as rendering the body immune to harmful 
viruses such as HIV and flu. The benefits don’t end 
there, either. If the DNA being edited resides in a 
bacterium, it could turn the microorganism  
into a tiny factory that churns out drugs, or even 
new fuels.

The information science of the genome will 
be as transformational in the 21st century as the 
information science of silicon was in the 20th. 
It will generate whole new industries – some of 
which we can’t even imagine right now – as well 
as bringing about a fundamental change in the way 
we treat disease. 

The machine built in Massachusetts that goes 
by the rather unassuming name of MAGE (short 

Dr Paul Parsons is the author 
of Science 1001: Absolutely 
Everything That Matters In Science 
(Quercus, 2010).
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dvances in materials, sensor technology and artificial 
intelligence promise to transform the car over the 
next few years. Imagine a vehicle that can shrink to 

squeeze into the tightest of parking spaces, one that can ‘see’ 
around the corner to spot potential hazards or one that can 
even drive itself. 

Over the next few pages, BBC Knowledge takes a look at 
the kind of car you could be driving tomorrow. 

Cars that run on pure air or shape-shift for easier parking are part of 
a new motoring revolution. dan read gets behind the wheel 

road To THE  f
a

THE CAR THAT… foLds

If you could design a car to fit perfectly into 
a city, what would it look like? That was the 
question researchers at the Massachusetts 
Institute of Technology (MIT) Media Lab 
asked back in 2003. Over the following years 
a team of designers, urban planners and 
even architects began to tackle it. They set 
themselves two targets: to create a car that 
could fit into tight parking spaces, and to 
make it easier than ever to manoeuvre. 

The result of their deliberations is the 
CityCar – an all-electric, two-seater that can 
fold in the middle when it’s being parked, 
making it just 1.5m long. It is so short when 
it’s folded that up to three of them can fit 
end-to-end into one parking space. “This is 
not a traditional vehicle,” says MIT designer 
Praveen Subramani. “From the start we 
wanted to achieve something different, so 
we began rethinking the basic architecture 
of a car.” 

The MIT team dispensed with the 

traditional engine, transmission and gearbox, 
instead developing ‘robot wheels’ that each 
have their own electric drive motor and 
steering motor, as well as suspension and 
braking. The wheels rotate up to 120° so the 
car can slip into parking spaces sideways 
and spin on its own axis.

The repositioning of the inner workings 
leaves space for the folding mechanism.  
The CityCar is effectively split into two 
sections: the front passenger compartment 
and a rear module housing the batteries. 
By sliding the front half up against the rear 
section using two small actuators in the 
linkage between each end, the wheelbase 
contracts. This can be done with the 
occupants on board, although it might feel 
like being tipped off an armchair.

Driving the CityCar will take some getting 
used to. “We decided upon a drive-by-wire 
system, so there was no need for a steering 
wheel,” says Praveen. In other words, 

there is no mechanical linkage between 
the steering and throttle controls, with 
commands being sent to the robot wheels 
electronically. The traditional steering wheel 
is replaced by something resembling an 
aircraft control yoke. The lack of a steering 
column means the driver and passenger can 
get in and out through the windscreen that 
swings upwards.

In 2010, Basque company Denokinn began 
working with MIT and helped turn a half-
scale model into a full-size car, the ‘Hiriko’, 
the Basque word for urban. Next year, 
Hirikos will hit the streets of Vitoria-Gasteiz 
near Bilbao for a trial scheme. “The current 
plan is to start small-scale production in the 
next year and a half,” says Praveen. Fleets 
of Hirikos will be deployed in cities and 
available to hire, much like the ‘Boris Bikes’ 
in London. Alternatively, they would cost 
€12,500 (£10,000) to buy and the batteries 
would be leased.

a shape-shifting vehicle that can make itself shrink
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fUTUrE    HoW IT WorKs
The engine, transmission 
and gearbox that clutter 

a traditional car are 
dispensed with so the 
vehicle can fold in the 

middle and squeeze into 
tiny parking spaces.

The CityCar is split into two halves: a front passenger 
section plus a rear module housing the batteries. When 
extended, the total length of the car is 2.5m.

Two electric actuators slide the front section up 
against the rear portion, rolling the front wheels 
towards the ones at the rear. 

When the front wheels have rolled back as far as 
possible, the CityCar is just 1.5m long. The driver 
can exit through the windscreen, which opens up.

  Three STePS To STreSS-free ParKiNg

1 2 3

sCIeNCe FUTURE CAR
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of the windscreen, programmed  
to detect traffic lights and street 
signs. The car’s position is 
constantly plotted via GPs and 
wheel motion sensors.

once the data has been stirred 
together, commands are sent to 
the throttle, brake and steering 
systems. according to Google co-
founder sergey brin, we could see 
production versions on the road “in 
five years or less.” 

but Google isn’t alone. engineers 
at stanford university in the us, 
for instance, have been working 
with electronics experts at vW to 
develop an audi TTs that can drive 
itself, taking data from sensors in 
the production car and combining it 
with information from a GPs system. 
The autonomous audi successfully 
negotiated the challenging Pikes 

Peak hill climb in Colorado.
“We want to better understand 

a vehicle’s limits and be able to 
safely control it at those limits,” 
says Joseph Funke, a research 
assistant at stanford. “In the short 
term, these concepts can improve 
existing safety systems working 
alongside the driver and in the 
long term could translate to safer 
autonomous cars.”

even if driverless car technology 
hits the roads soon, there are other 
issues to consider. “The potentially 
limiting factor is the legality of a 
consumer autonomous vehicle. 
For example, who’s at fault if 
a driverless vehicle gets in an 
accident? Groups at stanford are 
looking into this as well, but I am 
not sure how that will play out,” 
says Funke.

In recent years, various car 
manufacturers have begun 
experimenting with driverless 
vehicles. Ironically, it’s a company 
typically associated with the internet 
– Google – that’s furthest ahead with 
its plans. Its prototype, incorporated 
into the Toyota Prius, has already 
covered 300,000 development miles 
– mostly in Nevada and California 
where the state governments have 
passed laws allowing driverless cars 
on the streets.  

The Google car uses a 64-beam 
laser mounted on the roof, which 
scans the surroundings and imprints 
a 3D terrain mesh on the car’s brain. 
Four radar sensors in the bumpers 
read the road and alert the car to 
pedestrians, traffic or any other 
unpredictable obstacles. There’s 
also a front-facing camera in the top 

The sensor cluster on 
the top of the google 
driverless car scans the 
environment before a  
computer translates the 
data into commands 

Scanning the 
road and making 
its own decisions, 
the google car 
can navigate 
through traffic 

THE CAR 
THAT… 
drIVEs 
ITsELf

HoW IT WorKs
Data from lasers, a 
camera, GPS and 

sensors are combined 
to allow the car to 

negotiate roads without 
any driver input.
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The idea that a car could run on 
air and emit only pure air out of its 
exhaust pipe sounds a little far-
fetched. but French company MDI 
has developed an engine that does 
exactly that and built a car around it, 
the airPod.

The physics involved is simple. a 
compressed gas in a confined space 
is a way to store energy. When the 
air is allowed to expand, energy 
is released that can do work. In 
MDI’s engine, air moves pistons up 
and down rather than an explosion 
generated when small amounts of 
fuel are injected. 

but there are a few major 
obstacles to making a practical 
compressed air car, such as the issue 
of driving around with a large tank 
of highly compressed, potentially 
explosive gas. safety concerns were 
addressed with the invention of an 
air tank made from carbon fibre and 
thermoplastic, designed to split  
with a hiss rather than  
shatter with an explosion. 

Cleverly, the engine is reversible, 
so it could act as a compressor 
to fill the air tank when driven by 
an external electric motor. “or you 
could fill the tank in under two 
minutes from a special air station,” 
says Cyril Negre, engineer and son 
of MDI’s founder. “but of course, 
compressing the air in the first place 
requires energy. If this is powered by 
renewable energy, the Co2 cost would 
be zero.” 

MDI’s plans for the airPod are 
advanced. “The car and engine are 
ready to go, and we want to sell it by 
the middle of next year,” says Negre. 
Car company Tata has also signed a 
deal to develop the engine for its own 
cars in India. 

it’s zero emission and 
can be refuelled in two 
minutes with the stuff 
you breathe 

THE CAR 
THAT… 
rUns on aIr

When the first cylinder’s piston reaches 
full extension, the leftover air forces 
its way through to the second cylinder, 
which also helps drive the crank.

About 260 litres of air is 
compressed into a super-strong 
carbon fibre and thermoplastic tank 
at a pressure of around 258 bars.

The air is then fed into a pair of 
interconnected cylinders that 
contain two pistons.

The air entering the first cylinder 
creates a force on the first piston 
– just like the explosion phase of 
a regular petrol engine. This turns 
the crankshaft, providing the 
physical drive of the engine.4

1 2 3

  four STePS To air PoWer

In a world of rocketing 
fuel prices, the AirPod 

could be a way to keep 
us on the roads

The force of rapidly-
expanding air drives the 

engine’s pistons.  
With no hydrocarbons 

being burned in the 
engine, there’s no 

pollution to come out  
of the exhaust.

HoW IT WorKs
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Imagine a car that detects the world 
around it – that builds up a 360° 
picture of the road and even knows 
what’s around the next corner. at 
the Geneva motor show last 
year, bMW unveiled the vision 
ConnectedDrive Concept, a car that 
can do exactly that.

This car has sensors and cameras 
in the headlamps and taillights – 
‘eyes’ front and back. as you drive 
along, they read your surroundings, 
giving warnings of pedestrians 
stepping into the road or white vans 
approaching rapidly from behind. 
antennae in the car’s wing mirrors 
are hooked up to a wireless network, 

airless tyres have been around for 
a while. We’ve seen them on golf 
carts, construction vehicles and 
Nasa’s Curiosity rover. but while 
making them work at low speed 
is one thing, putting them on our 
roads is more difficult. Friction at 
the road surface generates a lot 
of heat, which rules out metal or 
simple plastics. and because a car 
partly relies on a cushion of tyre 
air, removing it could place greater 
demands on suspension. 

but tyre manufacturer 
bridgestone has a solution. “We 
developed a system of spokes 
made from thermoplastic resin,” 

which enable it to talk to others on 
the same network – warning, for 
instance, of other cars approaching 
a junction too quickly. 

How to link cars to one another 
and the internet effectively is a 
challenge scientists at MIT in the 
us have been wrestling with. They 
have developed systems that not 
only allow cars to exchange data 
rapidly, but also enable them to link 
to Wi-Fi hotspots and relay data 
before the connection is lost. “If 
you try to connect your phone to 
a Wi-Fi network, something in the 
order of 13 messages have to go 
back and forth,” says Professor Hari 

balakrishnan at MIT. “by developing 
software in the Wi-Fi nodes [cars], 
we have been able to do that work in 
under 400 milliseconds.”

The data from the cars can 
then be analysed to provide 
useful information to drivers so 
they can cut their travel times, as 
well as driving more safely and 
economically. “you could relay 
information quickly to people’s 
mobile phones. but I think the  
best way to provide information  
is in a weekly feedback report. over 
a month or so, you might also have 
rebates or rewards for people who 
drive safely,” says balakrishnan.

a series of ‘eyes’ 
and an ability to talk 
to other cars make 
for an incredibly 
safe vehicle

THE CAR 
THAT… 
sEEs 
roUnd 
CornErs

how punctures will 
become a thing of 
the past

PLUS…  

THE aIr-
frEE TYrE

HoW IT WorKs
Sensors packed into 
the headlights and 

taillights sense danger, 
while links to other cars 

provide warnings of 
potential accidents.

says Gert Meylemans, a project 
insider. “These radiate outwards 
from a lightweight aluminium hub, 
and form the ‘wall’ of the tyre,” he 
says. “Importantly, each layer of 
spokes runs in a different pattern 
to the last and each is curved. This 
helps distribute the load.” around 
the outer layer, the tyre has a band 
of rubber for the tread.

still in development on electric 
vehicles in Japan, engineers are 
working on increasing the tyre’s 
weight tolerance – tweaking the 
spoke patterns so it can work with 
much heavier cars. 

so with high-tech tyres, new 
materials and added computing 
power, the car of tomorrow is just 
around the corner. HoW IT WorKs

Thermo-plastic resin and 
a clever spoke design 

are behind a wheel that’s 
strong enough to support 

the weight of a car and 
supple enough to provide 

some suspension.

Bridgestone 
has re-invented  

the wheel

The dashboard of the 
ConnectedDrive can warn 

you of a car approaching too 
quickly from around a corner  

Dan read is special 
projects editor for Top 
Gear Magazine.

E See the Google driverless car in 
Click: www.bbc.co.uk/i/b01n7zmn
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ithout drugs your chances 
of surviving severe malaria 
are nil. With drugs you 

should make it but, worryingly, even 
many medicines are losing their 
effectiveness. “Drug resistance is a 
major threat. We know from history 
that every time we think we have 
outsmarted malaria, we learn the 
humbling lesson that we are dealing 
with a very wily parasite,” says Dr 
Robert Newman, director of the 
World Health Organization’s (WHO) 
global malaria programme. 

However, on 25 April 2012, World 
Malaria Day, there were many things 
to celebrate. Deaths from malaria had 
fallen more than 25 per cent over the 
last decade. For the first time ever, a 
malaria vaccine had reached the final 
stage of clinical trials. There were 
also a number of promising new 
weapons being developed to fight 
mosquitoes, ranging from lasers that 

zap the bugs mid-flight, to fungi 
that disable the malaria parasite.

“We have an incredible 
opportunity ahead of us,” says 
Robert Newman. “Through 
universal coverage with current 
methods, and with the new tools in 
development, we can save millions 
of lives in the near term, and may be 
able to eradicate malaria in the next 
40 years.”

a global problem 
Today, around half of the world’s 
population are at risk of malaria,  
with sub-Saharan Africa being  
one of the worst affected regions.  
Over half a million people die from 
malaria each year, and more than  
two million become ill. ‘Airport 
malaria’ – malaria transmitted by 
stowaway mosquitoes – is expected 
to become more of a problem as 
global temperatures rise.

The end of

MALARIA
The mosquito-borne disease is one of the greatest threats to human health. So 
is science any closer to defeating malaria for good? Kate ravilious investigates
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Malaria is caused by a parasite 
called Plasmodium. These 

ingenious free-loaders live in the 
salivary glands of the Anopheles 
mosquito. As the mosquito bites, it 
spits out saliva, transferring hundreds 
of parasites into the human victim’s 
blood. From there, the parasites 
hitch a ride down to the liver, where 
they set up home inside a liver cell, 
growing and multiplying over the 
following week. Once matured, as 
many as one million Plasmodium 
may burst forth, invading the body’s 
red blood cells and clogging up the 

mosQuito manaGement
new approaches to stop transmission of the malaria parasite

Genetic modification
One way of stopping malaria is to help mosquitoes fight off the 
Plasmodium parasite. This is exactly what George Dimopoulos, from 
John Hopkins University in Maryland, is trying to do.

Last year Dimopoulos’s team managed to genetically modify the 
immune system of an Anopheles mosquito (pictured), making it highly 
resilient to the Plasmodium falciparum parasite. They took one of 
the insect’s own genes, and altered it so that the mosquito produced 
a faster and stronger immune attack when it fed on human blood. 
Studies in the lab showed that the GM mosquitoes became highly 
effective killing machines, preventing almost all Plasmodium parasites 
from taking up residence in their gut. Eventually, Dimopoulos 
envisages releasing a handful of the GM mosquitoes that would breed 
with their wild cousins – passing on their superior immune system 
with its malaria-resistant traits – in just a few generations.

Malaria is carried by over 40 different species of mosquito, 
however, and genetically engineering every species isn’t feasible. 
Instead, the researchers aim to use the GM insect in regions where 
there’s only one predominant species of malaria-carrying mosquito. 

NOSE BLOckING
Mosquitoes track down their victims by smell – homing in on odours 
of carbon dioxide and sweat. Now scientists are exploiting this fact, 
developing a chemical to block mosquitoes’ sense of smell. Without 
their powerful ‘nose’, mosquitoes will be left milling around aimlessly, 
unable to find their next meal. The first stage has been to identify the 
odour receptors that the mosquito uses to sniff out its human prey. 

Filippo Mancia from columbia University and Vanessa Ruta 
from the Rockefeller University, both in New York, are using X-ray 
crystallography to reveal the atomic structure of the odour receptors 
on a mosquito’s antenna. After mapping out the exact shape and 
structure of the odour receptor, the scientists will then use Bayer 
cropScience’s database to search for chemicals with a mirror-image 
shape. These molecular mimics can latch onto the odour receptors, 
blocking the mosquito’s ‘nose’. 

The end result will be the world’s most effective insect repellent. 
“Ultimately we should be able to develop something that will prevent 
any insect bite, which could be used to tackle not just malaria, but all 
insect-borne diseases,” says Dr Mancia.

flow of oxygen to vital organs.
The tiny, single-celled parasite is 

a master of disguise. By altering the 
proteins on its surface, Plasmodium 
is able to change its appearance 
regularly to avoid being recognised 
by our immune system. And its 
5,000 genes are constantly mutating, 
developing resistance to all the  
drugs we throw at it. As a result, 
malaria was once considered too 
hard to beat.

But now two groups of researchers 
are getting tantalisingly close to 
producing a vaccine. The first of 

these vaccines is 
based on a strange 
phenomenon that 
was discovered 
in the 1970s. 
Researchers 
noticed that if 
mosquitoes were 
exposed to a blast 
of radiation, it 

damaged the DNA 
of Plasmodium in the mosquitoes’ 
salivary glands. “People who were 
bitten by these irradiated mosquitoes 
developed immunity to malaria,” 

of people are especially enticing to 
mosquitoes, producing irresistibly 
scented sweat that the insects can 
detect from 30m away
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kILLER FUNGUS
Mosquitoes are vulnerable to some types of fungus. Now researchers 
are taking advantage of this to genetically engineer a special fungus, 
designed to grab onto mosquitoes and block the exit route for 
Plasmodium falciparum – the most deadly form of the malaria parasite. 

The specially souped-up fungus contains a protein that prevents the 
parasite from entering the mosquitoes’ saliva glands, and an antibody 
to knock out the parasite. “crucially, our fungus doesn’t stop the 
insects from being able to breed, which should prevent their evolving 
a resistance to it,” says Prof Raymond St Leger, from the University of 
Maryland. If the fungus did stop mosquitoes from breeding, it would 
trigger the insect’s immune system to develop a resistance to the fungus 
– preventing the fungal proteins from attacking the malaria parasite.

In lab-based tests, Plasmodium was nearly completely eradicated 
from the saliva glands of mosquitoes dosed with the fungus. The 
researchers are now arranging permits to set up field trials in Burkina 
Faso, West Africa. They plan to construct giant domes covered in fungus-
impregnated net, with the aim of creating a malaria-free zone inside the 
dome. As well as protecting humans, it could also protect livestock.  

ZAP ‘EM WITH LASERS
If all else fails, we could resort to frying mosquitoes using laser 
beams. Intellectual Ventures, the company belonging to Nathan 
Myhrvold, Microsoft’s former chief technology officer, has already 
made a prototype – cobbled together from parts found in printers, 
digital cameras and projectors. 

In a public demonstration at the 2010 TED conference in Long 
Beach, california, Myhrvold used the machine to gun down hundreds 
of mosquitoes contained inside a glass tank. The laser tracked the 
movements of the mosquitoes and then shot them down, with each 
mosquito going up in a plume of smoke. The team say that their 
device can shoot down between 50 and 100 mosquitoes per second.

Luckily the laser software is sophisticated enough to recognise 
its prey before shooting, preventing it from cooking butterflies, 
for example. It can even differentiate between male and female 
mosquitoes, ensuring that only the malaria-carrying females are 
killed. Myhrvold envisages using the laser to create protective ‘fences’ 
around people’s houses, doctor’s clinics, or perhaps even agricultural 
fields. They estimate that such a device could cost as little as $50. 

explains Dr Stephen Hoffman, 
chief executive of Sanaria, a biotech 
company dedicated to creating a 
malaria vaccine.

Radiation stops the parasites from 
maturing normally. This prevents 
them from using the shape-shifting 
ability that enables them to evade 
their host’s immune system. And 
because they stay the same, our 
bodies are able to recognise the 
parasites as a foreign invader and 
develop an immune response.

For the last decade, Stephen 
Hoffman has been trying to mimic 

this effect and create a vaccine, 
using Plasmodium extracted from 
the salivary juice of irradiated 
mosquitoes. The company started 
in Hoffman’s kitchen, but these days 
it has labs and US headquarters in 
Rockville, Maryland, and a team of 
highly-skilled staff – all proficient 
at dissecting mosquito saliva glands. 
“One person can dissect around 100 
in one hour,” says Hoffman.

Results from its first clinical 
trial last year, in which 80 human 
volunteers were injected with 
the irradiated Plasmodium, were 

disappointing: just over five per  
cent of people achieved immunity. 
But a follow-up study in mice  
and monkeys resulted in over 70  
per cent immunity, when it was 
injected directly into a vein.  
So Hoffman’s team is now 
conducting another clinical trial  
in humans, administering the 
vaccine intravenously.

Meanwhile, over at the 
GlaxoSmithKline labs in Belgium, 
Joe Cohen and his team are very 
close to producing a malaria 
vaccine too. Their potion, called 

“People 
bitten by 
these 
irradiated 
mosquitoes 
developed 
immunity to 
malaria”
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Mosquirix, contains a fragment of 
Plasmodium from its blood-surfing 
stage inside the human body. When 
given the vaccine, our bodies learn 
to recognise the disguise worn by 
the parasite when it first enters, 
allowing us to arm our immune 
system ready to attack when the 
real thing arrives. “It only takes 30 
minutes for Plasmodium to travel to 
the liver, so the body’s defences have 
to act very quickly,” says Dr Allan 
Pamba, a member of Cohen’s team. 

Preliminary results from phase 
III clinical trials (the final test) in 
over 15,000 young children look 
promising so far, cutting malaria 
rates by over 50 per cent. The 
trials are ongoing but, assuming no 
complications, WHO has said that 
Mosquirix could be licensed as soon 
as 2015.  
“We are thrilled by these results  
– this vaccine could save hundreds  
of thousands of lives every year,”  
says Pamba.

A vaccine that 
confers 50 per 
cent immunity 
still leaves a lot of 
people vulnerable, 
however, and 
effective treatment 
would require 

“This 
vaccine 

could save 
thousands 

of lives 
every year” 

more than just drugs. Currently, 
for example, malaria is often 
misdiagnosed because the  
initial symptoms are similar to a 
really bad case of the flu: fever, 
chills, headache, sickness and  
muscle pain.

Mobilising treatment
But if you’re infected by the most 
deadly species of the parasite – 
Plasmodium falciparum – the 
disease can progress exceedingly 
rapidly, causing death within days. 
Diagnosing and treating malaria 
swiftly is clearly key to saving lives – 
and one tool that could help  
tackle the disease is the humble 
mobile phone.

Until now, many countries have 
used a paper-based system to track 
their medical supplies. In countries 
such as Tanzania, in East Africa, this 
has meant that around 40 per cent of 
clinics were out of malaria diagnosis 
kits and medicine at any one time, 
with new supplies sometimes taking 
months to arrive.

Modern gadgets could overcome 
this problem. A pilot programme 
in Tanzania (backed by IBM, 
Novartis and Vodafone) is thought 
to have saved hundreds of lives 
in just a few months last year, 

thanks to text messages, Google 
Maps and cloud computing 
software to track inventories of 
life-saving medications at remote 
clinics. It ensures that supplies are 
restocked before they run low. 
Such technological innovations, 
along with novel ways to tackle 
mosquitoes and new vaccines,  
will improve the lives of millions.

Ending malaria will come 
at considerable financial cost – 
GlaxoSmithKline has already spent 
$300 million developing its vaccine 
over 25 years – but fortunately 
wealthy benefactors are committed 
to defeating the disease. Much of 
the progress on Mosquirix wouldn’t 
have been possible without the 
philanthropy of the Bill & Melinda 
Gates Foundation, which donated 
$200m to funding research. And 
with another $50-100m from 
GlaxoSmithKline, the project will  
be complete.

Speaking at the Malaria Forum 
in October 2011, Bill Gates said, 
“Eventually, with relentless focus, 
we can eradicate malaria. We’ve 
already shrunk the malaria map 
considerably. We can make it 
disappear.” Excitingly, it looks like 
he could be right. 

of childhood deaths in Africa are 
caused by malaria, which kills one child 
every minute

1/5th

£8 billion

In Guinea, West Africa, malaria is 
the number one killer of children 
under the age of five

of Africa’s economic output is lost 
due to malaria each year, 
equivalent to over one per cent of 
GDP in endemic countries

Dr Kate ravilious is a science  
writer based in York.

E www.worldmalariaday.org
World Malaria Day

E http://j.mp/malaser
Video: Could this laser zap malaria?

E
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The  
sikhs

Read the excerpt where Singh traces the evolution of the 
Sikhs from a ‘pacifist to a martial people’

By Khushwant singh

AN ExCERPT:  ThE SIkhS HIsTory

fter the matyrdom of Arjun*, the Sikhs 
began to change from a pacifist to a martial 
people. Arjun’s son, Hargobind, who 

succeeded him as the sixth Guru, organised his 
following into an army. The final transformation 
of the Sikhs into a militant sect came with the last 
of the ten Gurus, Gobind Singh. In 1675 young 
Gobind’s father, the ninth Guru, Tegh Bahadur, was 
summoned by the Mughal emperor to Delhi and 
ordered to accept conversion to Islam. The legend 
goes that he offered to show the emperor a miracle 
whereby no sword would be able to sever his neck. 
He wrote some words on a slip of paper and tied it 
around his neck with a piece of string. When the 
executioner cut off his head, the message on the 
paper was read: ‘Sees diya pur sirr na diya (I gave my 
head but not my secret).’

Gobind succeeded to guruship at the tender age of 
nine. He spent his boyhood in Patna, where he was 
born, studying Persian and Sanskrit and learning the 
arts of war. Later, at Anandpur, the town founded 
by his father in the foothills of the Himalaya, he 
began to organise the Sikhs into a fighting force. He 
described his mission of life in the following words: 
‘To uphold right in every place and destroy sin and 
evil; that right may triumph, the good may live and 
tyranny be uprooted from the land.’ Gobind realised 
that in order to raise a body of warriors from the 
peaceful followers of Nanak, he had not only to teach 
them the use of arms but also to convince them of the 
morality of the use of force. ‘When all other means 
have failed, it is righteous to draw the sword,’ he said. 
‘Light your understanding as a lamp and sweep away 

the filth of timidity.’ With this mission he set about 
earnestly to ‘teach the sparrow how to hunt the hawk 
and one man have courage to fight a legion’.

On the 1st of Baisakh (13 April) 1699, the young 
Guru assembled his Sikhs at Anandpur (not far from 
the present site of the Bhakra Dam). He baptised 
five of them known as the Punj Piyaras or the Five 
Beloved, as members of a fighting fraternity which he 
named the Khalsa or the pure. He made the five, who 
came from different Hindi castes, drink amrit (nectar) 
out of a common bowl, having stirred it with a 
double-edged dagger to the chant of hymns. He gave 
them a new surname-Singh (lion)-to be attached to 
their names. He made them take an oath to observe 
the five Ks, namely, to wear the hair and beard 
unshorn (kesh); to carry a comb (kangha) in the hair 
to keep it tidy; to wear a pair of shorts (kuchha) worn 
by soldiers of the time; to wear a steel bangle (kara) 
on the right wrist as a symbol of poverty and pledge 
to their Guru; and to always carry a sabre (kirpan) 
on their person. The Khalsa were also enjoined to 
observe four rahats or rules of conduct: not to cut any 
hair on their body (this was a repetition of the earlier 
oath); not to eat meat slaughtered in the Muslim 
fashion-halaal, by which an animal is bled to death-
but only eat the meat of an animal which had been 
slaughtered outright with one blow ( jhatka); not to 
smoke or chew tobacco or take alcoholic beverages; 
and to refrain from carnal knowledge of Muslim 
women, so that while fighting the Mughal armies, 
the Sikhs would respect the person of their enemy’s 
womenfolk. After baptsing the five, Gobind was in 
turn baptised by them. At the end of the ceremony 

“a

* under emperor Jehangir’s instruction, the Governor of lahore had 
arjun, the fifth Guru, arrested on a frivolous charge and subjected to 
severe torture, which resulted in his death.
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Guru would be willing to make 
terms, summoned him to Delhi. 
The Guru answered the summons 
by a long composition in Persian, 
the Zafarnama-the Epistle of Vicotry. 
He listed many of the misdeeds of 
the Mughals and added in a note of 
defiance: ‘What use is it to put  
out a few sparks and raise a mighty 
flame instead?’

Guru Gobind’s last days were 
spent in the Deccan with Emperor 
Bahadur Shah who had succeeded 
Aurangzeb on the throne of Delhi 
and was more friendly towards him. 
While halting aat a small town called 
Nanded, the Guru was murdered by 
one of his own Muslim retainers.

Guru Gobind Singh did not leave 
his followers a kingdom but he laid 
the foundations of Sikh military 
might by setting up a tradition 
of reckless valour which became 
a distinguishing feature of Sikh 
soldiery. They came to believe in  
the triumph of their cause as an 
article of faith, and like their Guru, 
asked for no nobler end than death 
on the battlefield:

With clasped hands this boon I crave;
When time comes to end my life
Let me fall in mighty strife.”

sikhs came to believe in the 
triumph of their cause as an 
article of faith, and... asked 

for no nobler end than death 
on the battlefield

they hailed each other with the 
new greeting ‘Wah Guruji ka Khalsa- 
Wah Guruji ki Fateh’-the Khalsa are 
the chosen of God, victory be to God.

Many explanations have been 
offered of the ceremony of baptism. 
Making people of different caste drink 
amrit out of a common bowl was to 
break through the orthodox Hindu 
practice of regarding food and drink 
touched by a person of a lower caste 
as polluted. The bestowing of the 
surname, Singh, on all men-a name 
current among Hindu martial classes-
was a step in the same direction. A 
person’s caste could be found out from 
his surname. With a standard surname 
the Singhs became one family.  
Sikh women were similarly given  
the common suffix- Kaur, which 
means princess.

The distinctive outward features 
of the Khalsa religion are the unshorn 
hair and beard. Wearing long hair 
and a beard has been a tradition 
among Indian ascetics. By making 
this obligatory, Guru Gobind Singh 
intended to emphasise the ideal of 
ascetic saintliness and to raise an army 
of sant-sipaahis (soldier-saints).

Guru Gobind Singh gave final 
form to the Sikh faith. He declared 
the institution of guruship at an 
end. He had the hymns of his father 
incorporated in the Granth Sahib and 
declared that after him the Sikhs were 
to look upon the sacred book as their 
guide and the symbolic representative 
of all ten Gurus. Although he was 
a prolific writer himself, he did not 
insert any of his own compositions 
in it. His writings are collectively 
known as the Dasam Granth- the 
Book of the Tenth Guru-and though 
read with respect, are not accorded 
the same status as the Granth Sahib. 
Thus the creed of the Sikhs remained 
the pacifist one of Nanak and the 
Gurus whose writings appear in 
the holy book, whereas the practice 
of the Khalsa became the martial 
traditions of Guru Gobind with their 
justification in the stirring message of 
the many lines of the Dasam Granth. 
Those who did not accept the changes 
brought about by Guru Gobind Singh 
began thereafter to be described as 
Sahaj Dhari-those who take time to 

accept the new faith or those who 
‘take it easy’. Millions of Punjabi 
Hindus and Sindhis, particularly 
Amils, count themselves as Sahaj 
Dhari Sikhs.

Guru Gobind Singh’s military 
career was not marked by any 
spectacular victories. Apart from 
winning a few minor skirmishes, in 
which he defeated the hill chieftains, 
it was a long series of desperate battles 
fought against heavy odds. What he 
succeeded in doing was to ‘teach the 
sparrow to hunt the hawk and one 
man fight a legion’. The men who 
followed him were humble farmers 
and timid tradesmen who, before 
this venture, were known to be 
stricken with terror at the very sight 
of Afghan and Pathan tribesmen. 
Neither defeat nor adversity shook 
the Guru’s resolve to carry through 
his crusade to destroy the oppressive 
Mughals. His faith in his ultimate 
victory remained unshaken. Once 
Emperor Aurangzeb, in the belief 
that having lost his sons and having 
been driven from pillar to post, the 

extracted with permission 
from roli books India from 
The Sikhs by Khushwant 
singh, photographs by 
Raghu Rai (Roli Books 2005).
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THaT CHanGEd  
THE WorLd

t some point in our recent evolutionary 
past, we took what had been bestowed 
upon our species by biology and began 

using it to make history. Our efforts to adapt the 
world to suit our needs produced agriculture, 
great civilisations, art, science and politics.

None of this would have been possible without 
the help of the rest of the animal kingdom, which 
has fed and clothed us, provided companionship 
and inspiration, and performed the lion’s share of 
our donkey work. And, just as certain great men 
and women have contributed more than their fair 
share to civilisation, so too have some animals – 
to the extent that many individuals are known by 
human names.

BBC knowledge decided to celebrate the 10 
animals that, we feel, have left the biggest paw 
prints on the modern world. If all animals are 
equal but some are more equal than others, then 
these are the most equal of them all – the top 
dogs, coolest cats, high flyers and leaders of the 
pack. Without them, nothing would be quite the 
way it is today.

From savvy primates to space dogs, Stuart 
blackman reveals the individuals that have 
made the biggest impact on how we view  
the planet and our place in it
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ANIMALS THAT CHANGED THE WORLDNaTure 

B2 in 2005, when he was in 
his prime. He brought millions 
of pounds of revenue to the 
Bandhavgarh area, showing 
that animals can most benefit 
communities while alive

EVEN LOCAL VILLAGERS 
WERE WON OVER BY 
THE STRIPY CELEBRITY 
ON THEIR DOORSTEP



It is quite unusual 
for tigers to be so 
popular with local 
communities. 
Historically, they 
were more likely to 
be remembered for 
how many humans 
they had mauled. 
One man-eater, 
known as the 
Champawat Tiger, 
killed 436 people 
on the India-Nepal 
border before she 
was caught in 1907.

dId YoU 
KnoW?

earless, muscular and aloof – just as 
a tiger should be – B2 was, until late 
last year, the star attraction of India’s 

Bandhavgarh National Park, where he was the 
dominant male. Tourists, wardens, photo-
graphers and film crews all spoke of B2’s charm. 
They also noted his endearing – and highly 
unusual, for a male tiger – fondness for his cubs, 
with whom he would often play in full view of 
the cameras.

The sheer number of amateur videos of 
B2 online is testament to the fact that, for 
visitors to Bandhavgarh, a glimpse of this cat 
was a very special prize indeed. Even local 
villagers, for whom a tiger reserve in the 
neighbourhood is a mixed 
blessing, were largely won 
over by the stripy celebrity on 
their doorstep, despite his less 
appealing habit of occasionally 
taking their livestock.

B2 became the top male 
after the death of his father, 
Charger, who had himself 
graced many magazine covers, 
and held the title for nearly a 
decade. His reign is a shining 
example of how responsible, 
well-managed tiger tourism 
can be one of the most 
effective ways of protecting 
these cats and their habitat, 
giving people an economic 
stake in their future.

f

Park guides adored  
B2 for his tolerance of 

people. He became the 
most photographed  
wild tiger in history



avid Greybeard was  
not the first chimp to 
make tools, but he was  

the first to do it in front of a 
human who realised the signi-
ficance of his skills. That person 
was Jane Goodall. She knew it 
meant that we weren’t quite as 
special as we liked to think.

Goodall met Greybeard in 
1960, not long after she arrived 
at Gombe Stream National Park, 
Tanzania, to embark on what has 
become a groundbreaking, 50-
year study of our closest relative 
in the wild.

Back then, tool-making was 

seen as the crucial 
ability setting 
humankind apart from the 
animals. So when Goodall told 
her mentor, Louis Leakey, that 
she’d seen David and another 
chimp stripping the leaves from 
twigs, which they used to probe 
termite mounds to fish for food, 
he replied with a telegram: “Now 
we must redefine ‘tool’, redefine 
‘man’, or accept chimpanzees  
as humans.”

Other animals have challenged 
Homo sapiens’ status as the 
only species capable of using 
language. The chimps Washoe 

and Koko, for example, were taught simple 
sign languages in captivity, and Alex the 
African grey parrot learned 150 words 
from his animal-psychologist owner Irene 
Pepperberg, which he combined in phrases. 
But the jury is still out as to whether this is 
evidence of true linguistic aptitude.
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ANIMALS THAT CHANGED THE WORLDNaTure 

“ NoW We MusT reDeFINe 
‘TooL’, reDeFINe ‘MaN’,  
or aCCePT CHIMPaNzees  
as HuMaNs” LOuis Leakey

David Greybeard, who was 
studied by Jane Goodall  

from 1960 to 1968, had more 
of an impact on our world 

view than any other 
non-human primate

Greybeard was 
also the first chimp 
Goodall saw eating 
meat. (Until then, 
it was thought 
that chimps were 
vegetarian.) 
When Greybeard 
disappeared during 
an outbreak of 
pneumonia at 
Gombe in 1968, 
Goodall was 
heartbroken.

dId YoU 
KnoW?

Goodall offers her favourite 
chimp a banana. “My own 

relationship with David was 
unique,” she wrote



othing would be known of Lobo 
the wolf were it not for the writings 
of the man ultimately responsible for 

his death in 1894.
Ernest Thompson Seton, a skilled hunter, 

naturalist and artist, was hired to despatch 
a wolf pack that had been taking livestock 
in the Currumpaw Valley, New Mexico. He 

expected the job to last a fortnight.
But Seton hadn’t counted on the cunning 

and determination of Lobo, the pack’s alpha 
male, who shunned poisoned baits and 
sprung hundreds of traps without being 
caught. It was months before Seton finally 
cornered his quarry by luring him with the 
carcass of his mate, Blanca. Even then it took 

four traps, one on 
each leg, to stop him.

Seton couldn’t 
bring himself 
to finish off this 
magnificent creature, 
so took him alive, 
with a view to 
taming him. But 
Lobo died that 
same night – from a 
broken heart, wrote 
Seton, who never 
killed another wolf.

Seton decided to devote the rest of his life 
to convincing a nation that had been built on 
conquering wilderness to save what was left. 
Lobo the King of Currumpaw, in which he 
cast himself as the villain, became the best-
known tale in his 1898 book Wild Animals 
I Have Known. It struck a chord with many 
Americans, and led to the establishment of 
new national parks and environmental laws.

N
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n 3 November 1957, just a month 
after they had kick-started the space 
age by sending the first satellite, 

Sputnik 1, into orbit, the Soviets launched 
Sputnik 2. And this craft – to the amazement 
and envy of Western onlookers, and the fury 
of animal lovers – had a passenger.

Laika was selected for her phlegmatic 
temperament and because, having been 
found as a stray on the streets of Moscow, 
she was thought to be accustomed to 
extremes of cold and hunger.

Her voyage was never going to be a 
return journey. The technology had not yet 
been developed to bring her home alive, and 
the Russians planned to euthanise her after 
a few days, before her oxygen supply ran 
out. Not until 2002 was it officially revealed 
that she died only hours after the launch, 
probably from overheating after a technical 
malfunction, having made just a few circuits 
of the planet.

Nevertheless, the canine cosmonaut had 

proved that the extraordinary conditions of 
take-off and orbit were survivable. Another 
eight dogs followed in Laika’s footsteps 
(six of them returning home safely), 
beating a path for Yuri Gagarin’s 
manned mission in 1961.

Whether you believe 
Laika’s death – alone 
and hundreds of 
kilometres above 
the surface of 
the Earth – was 
a noble one, 
justifiable in the 
name of progress, or 
cruelly exploitative, 
she undoubtedly 
deserves her place 
in the pantheon of 
space exploration.

Laika, a three-year-old 
husky-terrier cross, is readied 
for her flight into the unknown 

Lobo (centre) and his 
mate Blanca, as painted by  
Ernest Thompson Seton to 

illustrate his influential story  
Lobo the King of Currumpaw

Soviet artists celebrated Laika’s epic (if 
doomed) voyage in heroic posters, postcards 
and stamps, but US wags jokingly referred to 
her as ‘Muttnik’. The first land mammal to take 
to the skies was a sheep, Montauciel, who 
ascended to 460m in a hot-air balloon in 1783.

dId YoU KnoW?



amed after the Beatles hit Lucy in 
the Sky with Diamonds, which was 
being played on the camp radio on 

the day that anthropologists Professor 
Donald Johanson and Tom Gray unearthed 
her at Hadar in northern Ethiopia in 1974, 
Lucy was the most complete skeleton of a 
remarkable ape called Australopithecus 
afarensis yet found. A total of 47 bones were 
later uncovered, including vertebrae, thigh 

bones and part of a jaw bone, representing 
roughly 40 per cent of our forebear.

In life, a little over three million years ago, 
she would have looked rather 
like a modern chimpanzee, 
with a similarly sized 
brain, forward-
projecting jaws and 
long, dangling 
arms. Her curved 
finger bones point 
to her being a 
good climber, 
though her lack 
of grasping big toes 
suggests she wasn’t 

quite in the same league as today’s chimps.
Lucy would have stood just over 1m tall. 

‘Stood’ is the important word here: her legs 
and pelvis are those of an ape that walked 

upright rather than on all fours.
This tantalising combination of 
features has rooted her firmly at 

the base of the human family 
tree. It provides a snapshot 

of that crucial stage in 
our evolution when our 
ancestors descended from 
the trees, setting in motion 
a chain of events that 
eventually gave rise to a 
species with an ear for a 
catchy pop song and an 

inclination to ruminate on 
its own origins.

l
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The Clever Hans Effect influences searches by sniffer 
dogs, which are more likely to ‘find’ what they’re 
looking for if their handlers believe it’s there – even 
when it isn’t. This may lead to false accusations if, 
for example, the dog handler doesn’t like the look of 
the person being searched.

dId YoU KnoW?

ook for something hard enough 
and it’s possible to find evidence of 
it, even if it’s not actually there.

Take the case of Clever Hans, the 
German horse who enthralled crowds 
at the turn of the 20th century with his 
apparent ability to count, spell, perform 
complex arithmetic, distinguish musical 
intervals and remember people’s names, 
giving the answer by stamping a hoof the 
right number of times.

“He can do almost everything but talk,” 
gushed The New York Times. Eminent 
scientists of the day also hailed his genius, 
and it took a rigorous, unsentimental study 
led by a bright young psychologist called 
Oskar Pfungst to demonstrate what was 
actually going on.

In 1907, Pfungst established that Hans 
only ever answered questions correctly when 
the questioner also knew the answer. Rather 
than performing the mental gymnastics 
himself, Hans was merely responding to 
subtle – and unconscious – changes in the 
questioner’s posture and facial expression that 
gave him the cue to start and stop stamping.

What Hans was really revealing was the 

human capacity for self-deception. The 
Clever Hans Effect revolutionised the way 
we study animals and people.

Had this handsome equine – a member 
of the Orlov Trotter breed – been able to 
do everything it was claimed he could, the 
world would be a very different place. As it 
is, we have him to thank for plugging some 
gaping holes in the scientific method.

Lucy may have looked 
like this model, based 
on analysis of her 
skeleton

Hans with his proud ‘tutor’, 
Wilhelm von Osten, who 
never accepted that his 

unusual student was not 
quite what he seemed 

HaNs eNTHraLLeD  
THe CroWDs WITH HIs 
‘abILITy’ To CouNT, sPeLL 
aND reMeMber NaMes



eiko lived two lives: one on the silver 
screen and one off it. Both alerted the 
world to animal-welfare issues at 

dolphinaria, but it is not clear which of his two 
lives was the more incredible.

Rewind to 1979, when a two-year-old orca 
was captured off Iceland and ended up in a 
dolphinarium in Mexico City. Keiko then 
spent a decade in a small tank. In 1993, he 
starred in Free Willy, a film about a maltreated 
captive orca befriended by a small boy who 
is determined to set him free. Willy survives a 
truck crash, leaps a harbour wall and swims off 
into the sunset with his family of wild orcas.

Back in the real world, the celebrity 
cetacean became the focus of an animal-
welfare campaign, which spent an astonishing 
$7 million on new accommodation for him 
in the USA and then flew him to Iceland 
(he survived a crash-landing on arrival) to 

release him into the wild. But in 2002, during 
a preparatory supervised swim in the open 
ocean, Keiko vanished, popping up again off 
Norway after swimming almost 1,600km. 
He sought out human contact and his health 
deteriorated. In 2003, he was found dead on  
a beach.

It was a case of life imitating art but, sadly, 
without the happy ending.

K

After 19 years in  
captivity, Keiko 
is lowered into a 
specially built 
floating pen in 
Iceland’s 
Westmann 
Islands prior to 
his release
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KeIKo LIveD TWo LIves: oN 
aND oFF sCreeN. boTH 
aLerTeD THe WorLD To 
aNIMaL-WeLFare Issues

crowds flocked to see 
keiko at his sea-water pool in 

oregon coast aquarium, where 
he lived from 1996 to 1998. the 

debate over his future triggered a 
global debate about dolphinaria 

In 2009 a review  of Keiko’s story published in Marine 
Mammal Science concluded that, in retrospect, he 
was unsuitable for release. The authors summed up: 
“While we as humans might find it appealing to free 
a long-term captive animal, [its] survival and 
wellbeing… may be severely impacted.”

dId YoU KnoW?



he most famous sheep in history was 
born at Edinburgh’s Roslin Institute 
on 5 July 1996, to three mothers.

She started out as a cell extracted from 
the mammary gland of an adult ewe (hence 
her name, which honours a certain Ms 
Parton). The genetic material in the cell was 
removed and inserted into a second ewe’s 
egg cell, from which the genetic content had 

been removed. This egg was then 
stimulated by an electrical shock  
to make it start dividing like a 
proper embryo. Finally it was 
implanted into the uterus of a 
surrogate mother.

As the first mammal to be  
cloned successfully from another 
adult, Dolly opened a Pandora’s 
box of scientific possibilities  
and ethical, philosophical and  
legal conundrums.

Cats, dogs, horses, cows and  
many other mammals have since 
been cloned. But the real impact of 
Dolly’s extraordinary start to life is 
yet to be felt.

There are serious technological 
and ethical obstacles to cloning 
humans for reproductive purposes. 
But therapeutic cloning, in which 
a clonal embryo like Dolly’s is 
produced as a source of donor cells 
and tissues for the treatment of 
degenerative diseases, is a buzzing 
sphere of research.

Conservationists also hope that 
cloning might reincarnate extinct 
species from the genetic material 
taken from frozen specimens. In 
2009, biologists came tantalisingly 
close when they cloned a Pyrenean 

ibex; it died soon after birth. If they succeed, 
will we live to see mammoths on Earth, too?

t the end of the 18th century, 
perhaps two in every five 
birds in North America were 

passenger pigeons. There may have been 
six billion of them, split between a 
handful of flocks so vast that they 
blackened the sky for days as they 
passed overhead.

To hunters, these nomadic birds 
seemed a limitless resource. How 
wrong they were. Guns, nets, 
poison and fire were 
deployed against the pigeons 
on an industrial scale, 

precipitating a catastrophic decline in their 
numbers from 1870. Emergency 
legislation to protect the species came 
too late, and captive breeding failed.

By 1910, Martha was the world’s last 
passenger pigeon. She died four years 
later and her body was given to the 
Smithsonian Institution. Many other 
birds, from the dodo to the eskimo 
curlew, have met similar fates. Today, 

preserved as museum exhibits, they 
serve as a warning that we can 
all too easily lose even the most 
bounteous creatures.

T
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Dolly wasn’t the 
first cloned sheep. 
That honour goes to 
Megan and Morag, 
who had been born 
a year earlier, but 
without the media 
fanfare. Cloned from 
embryos rather than 
adult ewes, they 
were created by 
nuclear transfer, the 
same technological 
breakthrough that 
resulted in Dolly.

dId YoU 
KnoW?

Dolly in 1998, aged two. 
She was originally given 

the code name 6LL3,  
but was rechristened in 
honour of Dolly Parton

After her death at 
Cincinnati Zoo in 1914, 
Martha was stuffed as 

a museum exhibit 
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NaTureANIMALS THAT CHANGED THE WORLD

stuart blackman writes 
about science and natural 
history. The first animal to 
change his world was a  

pet rabbit, called Zebedee, who could 
fetch sticks.

As the first film to open at hundreds of screens at once, 
accompanied by a huge marketing campaign, Jaws also 
changed the world of cinema. This is standard practice 
now, but in 1975 it was revolutionary. Jaws is the seventh-
highest earning film in history, adjusted for inflation.

dId YoU KnoW?

on’t go in the water” ran the tagline. 
And, after Jaws hit the cinemas in 
1975, many didn’t. Thirty-seven years 

later, it’s still almost impossible to go for a 
moonlit skinny-dip without the dun dun, 
dun dun theme popping into your head.

Much more seriously, Jaws reinforced 
negative stereotypes of sharks as insatiable, 
vindictive man-eaters. Many conservationists 
have accused our cartilaginous anti-hero 
of prompting a massive decline in shark 
numbers – not just great whites – as trophy 
hunters and competition anglers, particularly 
in the USA, took to the seas to slay their own 
monsters. Today, a third of all species of sharks 
and their relatives are threatened, though 
commercial fisheries are the main culprit.

Before his death in 2006, Peter Benchley, 
whose eponymous 1974 novel started it all, 
said that, had he known what we do now, 
he would have written a very different (and 
presumably far less thrilling) story, which cast 
Jaws as the hero rather than the bad guy.

But maybe we have Jaws to thank for the 
fact that we do know more. The blockbuster 
film generated a surge of scientific interest 
in what was then a woefully poorly studied 
group, plus a wealth of research funds.

“d

anImaLs WE aLso ConsIdErEd…
The worthy contenders that didn’t quite make our Top 10

sue
unearthed in 
south Dakota 
in 1990, sue is 
the largest, 
most complete and 
best preserved T rex 
skeleton yet found. 
Not to mention the 
most expensive. after bitter 
legal disputes over ownership, in 1997 she 
was sold for $8.36 million to Chicago’s Field 
Museum of Natural History.

eLsa
an orphaned lioness, elsa was raised by Joy  
and George adamson, who trained her to fend  
for herself in the wild. Joy described the 
adventure in Born Free, and the film of her book 
galvanised animal-rights activists to set up the 
born Free Foundation.

Moby DICK
Like Jaws, Moby Dick 
is a fictional sea 
giant. unlike Jaws, 
the great white whale 
is a complex, and 
more positive, 
ambassador for his 
kind. but Melville’s 
1851 novel, though it 
is widely hailed as 
one of the greatest 
and has been adapted for film, 
unfortunately had little impact on whaling.

DIGIT
Dian Fossey’s favourite mountain gorilla, 
whose gruesome killing by poachers in 
1977 (he was decapitated) was 
portrayed in the film Gorillas in the Mist, 
helped bring global attention to the 
plight of great apes. before her own 
murder in 1985, Fossey founded the Digit 
Fund to combat poaching in rwanda.

eCHo
Matriarch of the amboseli elephants, echo 
was studied by Cynthia Moss for over 30 
years. echo’s life – and her death in 2009, 

aged 65 – was captured in all its 
dramatic detail by bbC film 
crews, inspiring some of 
the most powerful and 

influential wildlife 
Tv ever seen.

LING-LING aND HsING-HsING
Pandas have had a sizable impact on world 
affairs, and none more so than Ling-Ling 
and Hsing-Hsing. The first of the ‘Cold War 
pandas’, they were given to Nixon’s usa by 
Mao’s China in 1972. The pair were a great 
diplomatic, if not reproductive, success.

 WhAT do you ThinK?
Changing the world takes backbone. and not 
just metaphorically, it seems: our list lacks 
any invertebrates. Which significant individual 
animals would you choose for your line-up?

email: bbcknowledge@wwm.co.in



Por tfolio
as climate change threatens their survival, explore the 
bears’ frozen realm with our new collection of some of 
the finest images yet seen of this charismatic predator

Polar bears
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A WORD IN YOUR eAR?
This seemingly tender photo taken by Daniel J 
Cox actually captures a moment of controlled 
aggression. No one is quite sure why the male polar 
bears of the western Hudson Bay, Canada, spend 
so much time striking poses and wrestling with 
each other, but some years it seems to take up an 
inordinate amount of their time. Most often, the 
two cavorting animals are similarly sized. There’s 
speculation that this form of interaction is one way 
in which dominant male bears figure out who’s the 
biggest and strongest without hurting each other. 
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NO PUSH-OveR
E In early November, many polar 
bears gather near Churchill, 
Canada, the self-proclaimed polar 
bear capital of the world. Here, 
they hungrily wait for the sea to 
freeze so that they can trek onto 
the ice to hunt seals. Polar bears 
are usually solitary by nature but 
at this special time Michael Poliza 
was able to photograph interactions 
between several individuals. These 
young adults were play fighting – an 
exercise that can quickly develop 
into naked aggression. If times are 
particularly hard, large males have 
even been known to kill and eat 
smaller bears.

FOOD FIGHT
E A dead fin whale, about 12m 
(39ft) in length, had been seen 
floating off the northwest coast of 
Svalbard before winds carried it 
inland. As soon as it drew close, 10 
or 11 polar bears staked a claim to 
the carcass, taking turns to feed. 
Steven Kazlowski spent four days 
photographing the drama from a 
yacht and set himself the challenge 
of capturing as many bears on the 
whale as possible. Here, a mother 
with her two-year-old cubs and a 
sub-adult bear are taking their turn. 
One of the cubs clearly wanted the 
whole whale for itself, picking fights 
with other bears to scare them off. 
The squabbling, says Kazlowski, is 
what made the scene so interesting.

lONG SUMMeR NIGHTS
E  It looks like broad daylight but in fact Steven Kazlowski 
took this photo at about 2am on a frozen fjord in Svalbard, 
taking advantage of the Arctic summer’s night-time Sun. 
A female polar bear swam behind his boat, clambered 
onto the ice and stood up to get a good look at the human 
interlopers. She is a young adult of about four or five years 
old – breeding age – and is probably about 1.8m (6ft) tall. 
Fully grown polar bears can reach 3m (10ft) in height. 
Later, Kazlowski discovered six other polar bears on a 
bearded seal kill further up the fjord. The bears have such 
a keen sense of smell that they can detect a carcass up to 
1.5km (0.9 miles) away in good weather conditions. This 
curious female soon caught the scent and ambled off in 
the direction of the other bears – and a free meal.
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ON THe PROWl
Photographing a polar bear with anything other than ice as a backdrop 
is unusual and this shot had been on Michael Poliza’s wishlist for a 
long time. While he was waiting at home in Germany, some friends set 
up a camp for him near Hubbart Point in Hudson Bay, Canada. As soon 
as the call came that the purple fireweed was starting to bloom, Poliza 
set off. Luckily, the bears were not far away. Attracted by anything that 
smells like food, these amazing animals came to check out his camp. 
But as beautiful as this image may be, it tells an ugly truth: the bear is 
starving. During the summer – June to November – polar bears find 
little to eat and may lose up to 50 per cent of their body weight. This 
one still has about three months to endure before the ice returns and it 
can hunt seals again.
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WAlKING ON THIN ICe
In recent years images of polar bears have acquired an 
added potency as icons of the impact that climate change is 
having on the Arctic. Here, near Churchill, Canada, the ice is 
unseasonably thin and this polar bear must beware of falling 
through. No ice means no polar bears, it is as simple as that. 
The species needs pack ice to survive – when seals and 
walruses haul out to rest or give birth, the bear has a chance 
of catching them unawares. Without ice, it goes hungry. 
Photographer Andy Rouse says: “It is our choice to protect 
the Earth for our children and grandchildren, not just the 
responsibility of governments and big industry.”
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E www.bbc.com/nature/species/Polar_bear
The polar bear’s home at the BBC offers multimedia 
content as well as scientific information and links

THe lOCATIONS
Some of these pictures were taken near the 
town of Churchill, on the shore of Hudson Bay, 
Canada. Churchill is nicknamed the ‘polar bear 
capital of the world’. The remainder of the 
photos were taken in Svalbard, an archipelago 
in the Arctic Ocean north of mainland Europe, 
about midway between Norway (to which it 
belongs) and the North Pole. Known as the 
‘kingdom of the polar bear’, it is also home to 
reindeer and several species of seal.

THe PHOTOGRAPHeRS

For over 25 years, Montana-based photographer 
Daniel j Cox has been pursuing his life-long dream of 
photographing nature in all its elements. 

Previously an IT entrepreneur, German photgrapher 
michael poliza sold his companies in 1997 and set 
sail on a new life as a pioneer of digital photography. 

Former marine biologist steven Kazlowski regularly 
travels north from his Seattle, WA, home to photograph 
polar bears. He has published a number of books. 

andy rouse is a renowned photographer and 
presenter of wildlife television programmes. He lives 
in Cardiff, UK, and has authored a number of books.
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Children with speech impairment 
often find it difficult to communicate. 
Providing them with a ‘voice’ is 
Ajit Narayanan’s low-cost battery 
operated tablet – Awaz. The device 
helps children communicate by 
essentially converting stored 
images (that cover the vocabulary 
of the child) into messages and 
messages into speech, thereby 
converting images into speech. Even 
someone with only limited movement 
control can use Awaz to construct 
phrases that are spoken out loud 
by an artificial voice. The tablet is 
also designed to support multiple 
languages spoken not only in India 
but around the world.

Le Chal  
Anirudh Sharma and  
Krispian Lawrence

Using haptic (relating 
to the sense of touch, in this 
case vibrations) technology, Anirudh 
Sharma and Krispian Lawrence 
of Ducere Technologies invented 
Le Chal - shoes to aid the visually 
impaired. The user marks out their 
destination and a combination of 
three ubiquitous technologies – 
Bluetooth, Google Maps and GPS do 
the rest. Once the GPS establishes 
the user’s location, Google Maps then 
finds the directions to the destination. 
Connection between the phone and 
shoe is established by Bluetooth and 
the user is on his way. Vibrators on 
different sides of the shoes vibrate, 
indicating whether you need to go 
left, right or straight ahead.

Suraksha is a product  
designed to sound off alarms  
in kitchens in the advent of a  
gas leak. The device functions  
on the olfactory kind of sensors, 
which enables an intelligent machine 
to detect whether the amount of 
LPG in the air reaches greater than 
or equal to seven parts per million 
(ppm). When detected, an SMS 
alert is sent to five people, who 
are registered to the device and a 
buzzer is sounded in the area, which 
stays on until the amount of LPG 
in the air reduces to a safer level. 
SMSes are also sent again once the 
leakage stops.

IndIan Innovat
you ought to know

Ajit Narayanan is an engineer from IIT- 
Madras and is the CEO of Inventions Lab. 
He is currently working with the Indian 
Institute of Science, Bangalore, to improve 

the quality of the speech synthesis in Awaz.

Anirudh Sharma and Krispian Lawrence 
are founders of Ducere Techonologies that 
makes electronic and new media products 
for the visually impaired.

Gautam Kumar is the co-founder of 
Roboticwares Pvt. Ltd.

Awaz  
Ajit Narayanan

Surakhsha  
Gautam Kumar
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SCIENCE InnOvATORS

Zigbee
Harit Soni

Attero Recycling
Nitin Gupta and Rohan Gupta

Pomegrenate deseeder  
Uddhab Bharali

It is essential to monitor the power 
consumption on a real time basis, 
not only on the billing meter but also 
for specific devices. To make this 
possible, Harit Soni of Ecolibrium 
Energy, devised Zigbee, a free 
radio frequency network-based 
device, which through cloud hosting 
infrastructure acts as a layer of 
communication in the current power 
distribution system. The main Zigbee 
unit is installed in your home and 
acts as a data resource centre where 
information regarding the energy 
consumption of the devices you 
wish to monitor, are sent. Zigbee 
not only tracks the current energy 
consumption of these devices, but 
also allows you to switch the devices 
on/off from an online portal or your 
mobile phone.

India generated an estimate 1.6 
million tonnes of e-waste in 2012. 
To combat this growing waste, 
Attero Recycling, co-founded 
by Nitin and Rohan Gupta, has 
developed its own proprietary 
technology that extracts precious 
metals, including, copper, lead and 
gold, and also recycles hazardous 
materials emanating from electrical 
appliances. It also focuses on 
sustainable development. Metals 
are intrinsic to any electric device 
and recycled ones are a cheaper 
source to MNCs that manufacture 
these appliances. According to 
Nitin Gupta, “The amount of energy 
involved in extracting one gram of 
copper from e- waste is roughly 70 
per cent cheaper that extracting the 
same amount form a virgin mine.” 

Uddhab Bharali is 
an engineer from 
Assam who has 

invented dozens 
of devices primarily 

for the agricultural sector in India. 
Among his noteworthy innovations 
are the pomegranate de-seeder – a 
motorised blade that halves the 
fruit. This is then transported to the 
hopper, where the seeds of the fruit 
are separated from the outer skin and 
the thin inner membrane. To aid small 
tea plant owners, he has invented a 
mini tea plant, which can produce up 
to 100kg of tea every day requiring 
only 2KW power and a space of 14 
feet by 20 feet. Although it bears no 
similarity with big tea plants, it follows 
all established procedures of the big 
tea plant. 

nnovatIons Moshita Prajapati details the working of six  
ground breaking innovations

Harit Soni is a telecommunication 
engineer from the Bangalore Institute 
of Technology and is the Founder and 
Director of Ecolibrium Energy.

Attero Recycling was founded by Nitin 
Gupta and Rohan Gupta with an objective 
of providing an environment-friendly 
solution to the problem of e-waste.

Uddhab bharali is an engineer from 
Assam with 39 universal patents to 
his name and has so far innovated 98 
engineering devices.
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After dark, the streets of the Imperial capital 
fizzled with danger and excitement.  

mary Beard revisits them a
la

m
Y
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ollywood would have us 
believe that Ancient Rome 
was a city of fabulous plazas 

gleaming in ever-present sunshine. 
But that only tells half the story. 
What happened in the Eternal City 
after night had fallen? What was life 
like for the majority of residents, 
who lived in over-crowded high-
rise garrets and not in the spacious 
mansions of the wealthy? The truth 
is that danger and depravity lurked 
around every corner.

By the time of Julius Caesar’s rule 
in the first century BC, Rome was 
a city of a million inhabitants – rich 
and poor, slaves and ex-slaves, native 
and foreign. It was the world’s first 
multicultural metropolis, complete 
with slums, multiple-occupancy 
tenements and sink estates – all of 
which we tend to forget when we 
admire its colonnades and palaces.  

Juvenal, that grumpy old Roman 
poet who has been an inspiration for 

satirists ever since, conjured up  
a somewhat unappealing picture of 
life in Rome around AD 100. He 
described the myriad dangers of 
walking the city’s streets after dark, 
when chamber pots would often 
rain down on you from the upper 
floors of buildings, and toffs in 
scarlet cloaks, with their retinue  
of hangers-on in tow, might barge 
you dismissively out of their path. 

‘Death in every open window’
“And now think of the different 
and diverse perils of the night,” 
he wrote. “See what a height it is 
to that towering roof, from which 
a pot comes crack upon my head 
every time that some broken or 
leaky vessel is pitched out of the 
window! See with what a smash 
it strikes and dints the pavement! 
There’s death in every open window 
as you pass along at night; you may 
well be deemed a fool, improvident 

outside of its splendid civic centre, Rome was  
a labyrinth of unlit lanes and passageways

This 19th-century illustration depicts a tawdry orgy of dancing, drinking and merriment in Ancient Rome 

of sudden accident, if you go out  
to dinner without having made  
your will… Yet, however reckless 
the fellow may be, however hot  
with wine and young blood, he 
gives a wide berth to one whose 
scarlet cloak and long retinue of 
attendants, with torches and brass 
lamps in their hands, bid him  
keep his distance. But to me, who 
am wont to be escorted home by  
the Moon, or by the scant light  
of a candle, he pays no respect.”

The cynical Roman poet Juvenal wrote 
mockingly of his city’s nocturnal habits, 
describing its “perils of the night”
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HIsToryANCIENT ROME

Juvenal himself was actually quite 
wealthy. Indeed, all Roman poets 
were relatively well-heeled. The 
leisure time you needed to write 
poetry required money, even if you 
pretended to be poor. Juvenal’s self-
presentation as a ‘man of the people’ 
was a journalistic façade. But how 
accurate was his nightmarish vision 
of nocturnal Rome? 

Outside of its splendid civic 
centre, the city was a labyrinth 
of narrow lanes and passageways. 
There was no street lighting, 
nowhere to throw your excrement 
and no real police force. For these 
reasons, it is unlikely that many  
rich people would have ventured 
from the safety of their mansion  
– at least, not without their private 
security team of slaves or “long 
retinue of attendants”. 

Fighting fire
The only public protection you 
could hope for came in the shape 
of paramilitary group the Vigiles 
urbani, or ‘watchmen of the city’. 
Small by the standards of today’s 
emergency services, the unit was 
split into battalions across the city 
and tasked with keeping order 
on the streets and looking for any 
fires breaking out – a frequent 

occurrence in the jerry-built 
tenement blocks with their open 
braziers burning on the top floors. 
The Vigiles were poorly equipped  
to deal with major outbreaks, 
however, often possessing only 
a small supply of vinegar, a few 
blankets to douse the flames and 
poles to pull down neighbouring 
buildings to make a fire break.

Sometimes, these men were 
regarded as heroes. In fact,  
a touching memorial survives 
to a soldier who acted as a night 
watchman at Rome’s port of Ostia. 
He had tried to rescue people 
stranded in a blaze, but died in  
the process and was given a burial  
at public expense. 

The Vigiles weren’t always so 
altruistic, though. One story tells  
of how, in the Great Fire of Rome 
in AD 64, they joined in the looting 
as the city went up in flames. 
According to reports, the Vigiles had 
inside knowledge of where  
the rich pickings could be found.

Due to the Vigiles’ meagre 
number, if you were a victim of 
crime, you were often left to fend for 
yourself – as one case discussed in 
an ancient handbook on Roman law 
demonstrates. The case concerned a 
shopkeeper who kept his business 

Raging fires were a common occurrence in Ancient Rome, and the city’s ‘emergency 
services’ were ill-equipped to cope. This painting depicts the Great Fire of AD 64

night vision
Where to see the Ancient Romans’ bars,  
streets and houses today

If you want to get an idea of how an Ancient Roman street 
would have looked, head for the very centre of the city. Just at 
the bottom of 1: Capitoline Hill, where you now go up the steps 
to the Capitoline Museums, is a Roman tenement block. Most 
tourists walk by without looking, but it is still there, standing 
more than three floors high. Look down over the fence and you 
will see the ancient street a few metres below the modern one. 
You will easily see what a dark, dirty and gloomy alleyway it 
must have been.

A little more off the beaten track are the Roman houses  
and street still visible underneath the church of 2: SS Giovanni 
e Paolo, recently beautifully restored and open to the public. 
You enter from the street known as Clivo di Scauro, between 
the Colosseum and the Circus Maximus. 

Anyone wandering through 3: Pompeii or the ruins at the 
Roman port town of 4: Ostia (easily reachable by train from 
central Rome) will see the bars, with their counters facing onto 
the street and sitting areas inside for a more leisurely drink. 
Sadly, the painting of the landlord telling off his rowdy clients 
(see page 83) is currently in storage in a Naples museum and 
not on display to the general public.
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the pot fall. It landed on the man’s 
head, mortally injuring him. 

The case – and the question 
of where guilt for the death lay 
– was so contentious that it went 
all the way up to the Emperor, 
who decided to exonerate the 
householders, presumably on the 
grounds of ‘self-defence’. 

Drinking and gambling
Roman nightlife wasn’t only about 
danger, though. There was also 
fun to be had in the clubs, taverns 
and bars. Even for those living in 
cramped flats in high-rise blocks, 
there were places to go to drink, 
gamble and flirt – for men, at least. 

The Roman elite were a pretty 
sniffy bunch. Gambling was a 
favourite activity right through 
Roman society – Emperor Claudius 
was even said to have written  
a handbook on the subject. This, 
didn’t prevent the upper classes 
from decrying the bad habits of the 
poor and their addiction to games 
of chance, however. One snobbish 
writer even complained about the 
nasty snorting noises he could  
hear coming from a local bar late 
at night – a combination of snotty 
noses and intense concentration  
on the game in question.

For a glimpse of the fun to be 
had in Roman bars, take a look at 
some of the paintings – now held 
by the Archaeological Museum at 
Naples – that decorated the bars of 
Pompeii. These scenes of typical 
bar life depict groups of men sitting 

open at night. He would leave a 
lamp on the counter, which faced 
onto the street. One night, an 
opportunist thief stole the lamp, at 
which point he was pursued by the 
shopkeeper and a brawl ensued.  
The thief was carrying a weapon –  
a piece of rope with a lump of metal 
at the end – and he coshed the 
shopkeeper with it. The shopkeeper 
then retaliated, taking out the thief ’s 
eye.

Roman lawyers debated long and 
hard whether or not the shopkeeper 
was liable for the injury, before 
concluding that, as the thief had 
been armed with a piece of metal 
and had struck the first blow, he had 
to take responsibility for the loss of 
his own eye. 

Wherever the buck stopped, 
though – and not many cases 
like this ever came to court – the 
incident is a good example of what 
could happen to you on the streets 
of Rome after dark, where petty 
crime often turned nasty.

And it wasn’t just in Rome, 
either. A case from a town on 
the west coast of what is now 
Turkey came to the attention of 
the Emperor Augustus at the turn 
of the first centuries BC and AD. 
There had been a series of night-
time scuffles between some wealthy 
householders and a gang that was 
attacking their house. Finally,  
one of the slaves inside the house, 
probably trying to empty a pile  
of excrement from a chamber pot  
onto the head of a marauder, let  

rome wasn’t built  
in a day…
Sieges, plagues, rapes and fires – the rise 
and fall (and rise again) of the Eternal City

E

753 BC According to legend, Romulus and 
Remus, the twin sons of Mars, 

found the city of Rome after being raised by a mother 
wolf. Romulus kills his brother and the city takes 
his name. A succession of seven Etruscan kings are 
then said to rule for the next 244 years, although the 
accuracy of this claim is severely doubted.

509 BC The Republican Revolution 
overthrows the monarchy and 

establishes the Republic of Rome. The revolution is 
sparked when Sextus Tarquinius, son of the reigning 
monarch, Lucius Tarquinius Superbus, rapes Lucretia,  
a woman idolised by the Romans. Lucretia takes her  
life in the wake of the crime and the citizens rise up.

264-146 BC Through the 
Punic Wars, Rome 

establishes its military dominance of the Mediterranean 
region by defeating Carthage, in what is now Tunisia. The 
third and final of these great wars culminates in a three-
year siege of Carthage, which is ultimately burned to the 
ground as the Roman Republic emerges triumphant.

44 BC Julius Caesar, perpetual dictator of 
Rome following his defeat of Pompeii, 

is assassinated by a group of senators led by Brutus. 
The senators hope to restore the Republic but are 
unsuccessful. The Roman Empire is established soon 
after. Rome becomes the world’s largest city.

aD 64 The Great Fire of Rome destroys much 
of the city. The cause is unknown, but 

some blame the Emperor Nero, who, in turn, blames the 
Christians. The historian Tacitus reports: “They were torn 
by dogs and perished, or were nailed to crosses, or were 
doomed to the flames and burnt, to serve as a nightly 
illumination when daylight had expired.”

aD 69 The Flavian Dynasty’s 27-year rule 
begins with triumph in civil war. 

Following widespread plague and fires across Rome, 
the Flavians oversee vast construction work in the city. 
This includes the building of the Colosseum, which is 
originally called the Flavian Amphitheatre.
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around tables, ordering a round 
from the waitress. We see flirtation 
(and more) going on between 
customers and barmaids, as well  
as a good deal of board-gaming. 

Yet there is still an undertone of 
violence. In one painting, no longer 
on display, a couple of gamblers 
argue over a game. A speech bubble 
coming out of the landlord’s mouth 
utters the timeless refrain: “Look, if 
you guys want to fight, get outside.”

So where were the rich while 
this edgy nightlife was thriving in 
the streets? Most were tucked up in 
bed in their plush houses, guarded 
by slaves and dogs. Those mosaics 
in the forecourts of the houses of 
Pompeii, showing fierce canines 
and branded Cave canem – ‘Beware 
of the dog’ – are a good guide to 
what would have greeted potential 
intruders. Peace reigned behind 
those ornate doors, the rough life  
of the streets barely audible. 

Yet, perhaps unsurprisingly, some 
of these rich Romans wanted to  

see how the other half lived, to take 
a walk on the wild side. Despite 
those snobbish sneers about the 
snorting of the bar gamblers, that’s 
exactly where they wanted to be. 

Prowling the streets
One of those well-to-do Romans 
who would take to the streets 
after dark was none other than the 
Emperor Nero himself. According 
to his biographer, Suetonius, Nero 
would disguise himself with a cap 
and wig, before running riot with 
his mates, visiting the city’s bars  
and roaming the streets. He would 
break into closed shops, steal some 
of the stock and sell it in his palace. 
When he met men making their 
way home after dinner, he would 
fight them, running the risk of 
having an eye put out or even 
ending up dead. 

So while many of the city’s 
richest residents would have avoided 
the streets of Rome after dark at 
all costs – or at least only ventured 
onto them accompanied by their 

entourage of security guards – 
others would prowl the streets 
committing crimes to rival the 
worst of them. Indeed, if Suetonius 
is to be believed, the last person you 
would want to bump into late at 
night in downtown Rome was the 
very man who ruled the city.    

Mary beard is Professor of 
Classics at the university of 
Cambridge and presents history 
programmes on bbC television.

E Popular Culture in Ancient Rome  
by Jerry Toner (Polity Press, 2009)

E Invisible Romans by Robert Knapp  
(Profile Books, 2011)

E Pompeii: the life of a Roman town  
by Mary Beard (Profile Books, 2008)

 FIND oUT MorE

At night, the Emperor nero would disguise 
himself and run riot in the city with his mates

 WhAT do you ThinK?
Was there a more dangerous city to 
visit after dark than ancient rome?
Email: bbcknowledge@wwm.co.in

These ancient 
pictures, which 
once graced  
the wall of  
a Pompeii bar, 
depict all the 
things that 
comprised an 
average night out: 
kissing, drinking 
and gambling

This mosaic says ‘Beware of the dog’. 
Would-be burglars were otherwise 
engaged in the city’s bars, however. 
Right: Emperor Nero burning Christians 







 

An array of 30 
antennas of 
45m diameter of 
the GMRT, near 
Pune, operated 
by the National 
Center for Radio 
Astrophysics, 
a part of the 
Tata Institute of 
Fundamental 
Research, Mumbai

The Water Hole: 
ETI may select 
a frequency for 
communication 
between that of HI 
and OH emission 
in analogy of 
Water Holes 
on earth where 
animals gather
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atmosphere absorbs incoming radiation. In this frequency 
range is observed radiation from atomic hydrogen gas in 
our Galaxy and radiation from OH and water molecules. 
This range is called ‘water hole’ (see image below) and suitable  
for SETI.
       During the last five decades, many attempts have been 
made using ever more sensitive radio telescopes but no ETI 
signals have been detected so far.

SeTi india
The Giant Metrewave Radio Telescope (GMRT) has been designed 
for exploration of certain outstanding astrophysical problems 
that are best studied at metre wavelengths, such as origin and 
evolution of galaxies, the exotic Pulsating Radio Sources (Pulsars), 
etc. Located 80km north of Pune, Maharashtra, it consists of 
30 numbers of 45m diameters parabolic dishes, which are fully 
designed and built in India. Operational since 1999, the GMRT is 
the world’s largest array of radio telescopes, covering 85 per cent 
of the sky, operating in six bands in the frequency range of ~ 130 
MHz to 1430 MHz.

Prospects for SeTi in india
Recently, Vishal Gajjar, an astronomer working in the GMRT 
group, made observations towards six different directions in 
the galaxy covering large number of stars but no ETI signals were 
found. The future challenge is to obtain millions of frequency  
channels of ~1Hz resolution over a bandwidth of several MHz for 
SETI, simultaneously to astronomical observations and covering a 
large part of the sky. 

Evolution of life in the Universe is a natural consequence of the 
laws of physics and chemistry. Chemical affinity leads to the 
growth of complex molecules, DNA, RNA, proteins and ultimately 
life as well as living and self-producing organisms. Wherever  
there is energy, air, water and soil, there exists suitable conditions 
for life.

Search for extraterrestrial intelligence (SeTi)
There are billions of stars in our Galaxy, the Milky Way. 
If we are here, other civilisations may be there. Some may 
transmit radio signals to communicate with others. Radio 
signals travel long distances without being absorbed. 

According to the Big Bang Model of the Universe, hydrogen 
is the building block of stars and galaxies. In 1959, Guisppe 
Cocconi and David Morrison suggested that the preferred 
radio frequency to search for alien life could be 1421 MHz 
(wavelength of 21cm), which is emitted by the neutral 
hydrogen. A distant civilisation may choose some other 
frequency, or we may attempt to search for leakage 
radiation from their transmitters (1MHz = 1,000,000 Hz). 
       Around the same time Frank Drake at the National Radio 
Astronomy Observatory at Green Bank in USA carried out 
the first search at 1421 MHz towards two nearby stars, Tau 
Ceti and Epsilon Eridani in the pioneering Project Ozma. No 
recognisable signal was found.
      The most suitable band to search for any ETI signal lies 
in the frequency range of 1000 to 10,000 MHz. Below 1000 
MHz, our Galaxy emits large amount of radiation affecting 
sensitivity of a radio telescope. Above 10000 MHz, our 

no longer in the realm of science fiction, the search for extraterrestrial 
intelligent life is on the fast track. Prof Govind Swarup elaborates 

Are we alone in the 
Universe?
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Over the next decade thousands of more planets 
are likely to be discovered by space telescopes, 
such as Kepler, COROT (shown here), Cassini, 
James Webb Telescope etc. Darwin, a telescope 
designed by European Space Agency (ESA), will 
seek Earth-like planets with temperature ~300K. 
Highly sensitive spectrometers may discover signs 
of life by signatures of water and or methane, CO2, 
ozone, etc., that result from life processes.

 ExpLorATIoN oF MArS by NASA

The National Aeronautics and Space Administrations 
(NASA) had landed several rovers on the Mars over 
the last decade indicating presence of water on Mars. 
Currently, the Curiosity rover is analysing samples 
of the Martian soil and atmosphere. This includes 
testing for possible traces of methane and other 
organic compounds, the essential chemical  
‘building blocks’ for life as we know it. 

 NExT DECADE 

Square Radio Telescope (SKA) is 
100 times more powerful than any 
existing radio telescope and is being 
planned to be constructed during 
2015 to 2030 in Australia and South 
Africa, with participation by several 
countries including India. SKA will 
allow simultaneous searches for SETI 
in many directions simultaneously 
while astronomical observations 
are being made towards different 
directions of the sky.

 SEArCH For ExTrA SoLAr 
pLANETS (ExopLANETS)

The first exoplanet planet was found in 1992 
orbiting a radio pulsar by accurate timing. 
Subsequently sensitive searches are being 
made in the optical window. Already 800 
planets have been found in nearby stars and 
in the next two decades, 10,000 may be found.

wHAT IS lIFE? 
Every living thing is cellular. Every cell contains a full 
set of instructions necessary for its operation and 
reproduction. Tens of thousands of fossil records 
provide evidence that life started with a single celled 
organisms, 3500 million years ago and evolved 
gradually over millenniums into modern humans ≈ 
100,000 years ago.

origiN of life: There are three major 
scenarios

(a) Did lightening and volcanoes spark 
life on Earth?
Soon after the formation and cooling 
of the Earth about 4.5 billion years 
ago, numerous large volcanoes and 
lightening occurred on Earth that 
may have provided sufficient energy 
for the synthesis of molecules.

(b) Origin of life in deep sea 
hydrothermal vents
In recent years, scientists have 
discovered a rich variety of simple 
forms of life (extremophiles) in deep-sea 
hydrothermal vents containing sulfides 
and other minerals. It is currently believed 
that these hydrothermal vents may provide a 
suitable environment where the building blocks 
first came together for evolution of life gradually  
over millions of years.

(c) Life on Earth came from outer space
Radio astronomers have discovered over 100 
molecules in the interstellar medium. It may be that 
cellular life exists in the interstellar space in our 
Galaxy and could be carried far and wide by  
comets, seeding the planets in our Solar System 
(Panspermia Theory). 

Govind swarup is a Fellow of the 
Royal Society and of all Science 
Academies in India. He is an 
expert in the fields of solar radio 
astronomy and radio galaxies.



paul Machado, Principal of campion School, Mumbai, talks about how an open mind 
towards a student’s talent is the pre-requisite for good education

What is Gaudium in Veritate, the  
school’s motto? 
Joy in Truth. We train our children to 
stand for what is right at all times. 
 
What is good education?
Good education is if you can train the 
children to be good human beings. It is 
not all about the grades. It is how well they 
will adjust in society. How good they are 
as human beings, how caring and how able 
they are to bring about a change for the 
better in their environment. 

How does Campion encourage this?
We don’t concentrate just on studies.  
We involve them in a lot of activities 
whereby they are trained to solve all 
problems. The leaders, captains, monitors, 
are all part of the decision-making in the 
school. Students are also given a lot of 
opportunities to showcase their talents and 
erase their fears. For that, we have intensive 
performing arts, debates, and spelling bees, 
conducted in school. Everybody from Class 
4th gets an award for participation, and 
Class 5th onwards we give everybody a 
chance, but the best are selected to perform 
in the finals. 
 
What edge would a Campionite have  
over others? 
Confidence. A Campionite knows how 
to get their way out of situations. I don’t 
know how other schools are, but we give 
a personal touch to our students. Campion 
focuses on an overall development of the 
child. The most important fact for us is 
that the teacher knows every child and the 
child in the school knows every teacher. 
This is the personal touch that we offer 
over other schools.

What is your vision for the students when 
they graduate from the school?
When you go out into the world after 
being with us for 10-11 years, the work 
that you do, should compel someone to 

“You have to compete with yourself, against your own 
ability and not against someone else”

come up to you and ask, ‘Which school are 
you from?’ It should be a positive and not 
a negative question. The values that they 
uphold in school should be followed once 
they leave school and enter the society. 

since your tenure as principal, what 
changes have you brought about?
Firstly, I brought about a structural 
change. Our school is a heritage building, 
so we cannot expand this old building of 
110 years. So, the structural changes that 
we did were within the existing spaces 
in the school. For instance, in every 
classroom in the school, I introduced a 
computer lab, and a school library with 
different sections for juniors and seniors. 
Secondly, I was insistent that every child 
should hone his talent, and recognition 
should be provided for the same. Before 
me, at our Annual Day programme, I 
found that prizes were given to only one 
or two boys, and only those two boys 
were given awards throughout the year. 
I decided that from Class 1st to 4th, no 
prizes are to be given based on academic 
achievement but every child is to be 
appreciated for the human qualities he 
possesses. But, from Class 5th onwards, 
anyone who scores 80 per cent and above, 
gets a merit recognition. You don’t have 

to compete with the rest; you have to 
compete with yourself, against your own 
ability and not against someone else. 

What challenges do you face?
The Right To Education Act (RTE) states 
that we can’t punish the children, we can’t 
detain them but specifics are not given. 
This creates a lot of confusion. The RTE 
as such is a good act but its implementation 
is very difficult. The act does not favour 
failing a student and that is not healthy for 
a child. Every child will clear till Class 8th 
and after that what happens? However, we 
don’t have any failures in school. Because 
we follow a continuous grading system, 
where every week they have tests and 
projects on which students are marked.  

How do you view the students of the 
present generation?
The present generation is not as 
enthusiastic as the previous generation in 
studies. They have their own likes and 
dislikes and have their own opinions. They 
want to know, ‘Why do I have to do this?’ 
But people who interact with them on a 
regular basis know that they want to be 
treated as individuals in their own right. 
They are sent to me, and I give them a 
listening ear. What is required of me is that 
I listen, whether one takes action or not is 
secondary. Students want to be heard and 
they are happy that somebody has heard 
them. So that is what I tell my teachers, 
‘Listen to them and it is not necessary  
that you give in to them’. That is how 
students are today, with their questioning 
mind and aggression.

What do you think of the current 
educational policies in the country and 
what changes would you recommend?
They are all manipulative and not 
straightforward policies. Considering  
the diversity of our country it is very hard 
to bring about changes even with the 
RTE. However, one educational board 
would help.

edu Talk
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Promotional feature

Categor
y 1

Bhavya Singh, Class Iv, Ryan 

International School, Goregaon (e)

Shaikh Mohammed Sameed 

Mohammed Shoeb, Class II

St. Peter’s High School

Mazagaon 

Faizan Javed Dingankar, Class III , 
St. Paul High School, Dadar

Nakshatra Narendra Joshi,  

Class vI, St. John’s Universal 

Goregaon (W)
 

Kriya vishal Mehta, Class II

St. John’s Universal, Goregaon (W)

Mayur Medar, Class III St. Paul’s High School, Dadar

Drishti Desai, Class vII  Secondary
Bhavan’s A.H. Wadia High School

Andheri (W) 

Kumari Shatakshi Bhushan Sawant, Class v, Bhavan’s A.H. Wadia High SchoolAndheri (West)

M Franklin Joy, Class vI,  
Our lady of Good Counsel, Sion (e)

Devansh Ashish Thakar, Class II  Primary, St. Stanislaus High School, Bandra West

Ayush Rakesh Dagliya, 

Class v, Our lady of Good 
Counsel , Sion (e)

Soundarya RangarajanClass vI , National Public School, Rajajinagar, Bangalore

Categor
y 2

SPecIal MenTIOn

Essilor Junior of Essilor India along with BBC Knowledge magazine conducted an exciting and 
fun-filled activity for students called ‘Vision for the Future’ contest. The drawing competition was 
carried across 30 schools between October - December 2012. We present the winners who have put 
down their thoughts for their ‘Vision for the Future’ in beautiful drawings of vibrant colours.

The competition was split into two categories – category one comprised students from Class 1-4 
and category two consisted of students from Class 5-7. Congratulations to the winners! 



Information Theory can be 
applied to everything from a 
fingerprint’s uniqueness to 
what formed a black hole
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exploring life’s great mysteries

roBert matthews INVESTIGATES

information theory

t sounds like the  
repair job from hell: 
fixing a problem on a 

decades-old computer hurtling 
through space, far beyond the 
orbit of Pluto. Yet this was the 
challenge that faced NASA’s 
engineers as they raced to solve 
a glitch aboard Voyager 2, the 
most successful planetary probe 
ever built.

Launched in 1977, Voyager 
2 completed the first-ever 
reconnaissance of the outer 
Solar System, sending back 
images from all four of the 
major planets from Jupiter to 
Neptune. Ever since, it has 
been heading out of the Solar 
System on a one-way mission 
to the stars, recording data as it 
goes. It is now over 17 billion 
kilometres from the Earth  
– and beginning to show its 
age. NASA engineers check 
up on it every week or so, 
but in May 2010 they found a 
problem: a glitch on Voyager 
2’s computer was garbling its 
messages back to Earth.

After some detective work, 
the engineers tracked down 
the problem and sent repair 
instructions to the probe via 
one of the huge radio dishes of 
NASA’s Deep Space Network. 
Even travelling at the speed of 
light, the instructions took over 
12 hours to reach their target. 
Yet Voyager 2 managed to 
detect the faint message from 
its home planet, understood 

The big iDea

the instructions and fixed itself. 
Most astonishingly of all, it 
then reported back with a signal 
so feeble that even if it was 
collected for the entire age of 
the Universe – all 13.7 billion 
years – the energy would have 
barely lit a Christmas tree light 
for a second. 

Long-distance call
It was the longest-distance 
repair job in history and a 
triumph for the small team of 
NASA engineers. But it also 
highlighted the astonishing 
power of communication 
methods based on the work of 
an American mathematician 
and engineer who single-
handedly created the science  
of information.

Claude Shannon may be  
one of the less well-known 
geniuses of the 20th century, 
but his work has since found its 
way into a host of applications 
from broadcasting to bar codes 
– anywhere, in short, where 
data has to be conveyed rapidly 
yet accurately. 

Known as Information 
Theory, Shannon’s work 
underpins many of today’s 
most important technologies. 
But now a whole new area 
of application is starting to 
emerge – one with profound 
implications for the very nature 
of space and time. Some of 
the world’s leading physicists 
believe Information Theory 
holds the key to understanding 
some of the most profound 

The world has never been more reliant on information and getting it as  
fast and reliably as possible. In 1948, a brilliant American mathematician 
named Claude Shannon created the science of effective communication  
– and revealed its limits. The results apply to everything from bar codes  
to bacteria, and may even explain the laws of the cosmos
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American 
mathematician 
Claude Shannon 
joins Bell 
Laboratories in 
New Jersey and 
begins developing 
the foundations of 
Information Theory, 
publishing his 
findings in the Bell 
System Technical 
Journal in 1948.

H US statistician 
John Tukey  
invents the term 
‘bit’ for the 
smallest element 
of information 
needed to describe 
a two-state system, 
like on or off.

G Biochemists 
identify the triplet 
combinations of 
the DNA ‘bases’ 
– codenamed A, 
C, G and T – that 
represent each 
amino acid used by 
living organisms to 
create proteins.

A link between 
information and 
space is uncovered 
by physicist Jacob 
Bekenstein, who 
finds a limit to 
the amount of 
information that 
can be crammed 
into a black hole.

INFORMATION 
THEORY

timeline E Wrigley’s 
gum becomes 
first product 
featuring 
a Universal 
Product Code 
– or bar code 
– invented the 
previous year by 
George Laurer 
of the US. The 
30-bar pattern 
includes error 
correction.

exploring life’s great mysteries
The big iDea

Product Code, or ‘bar code’, which uses a 
simple error-detecting system that ensures 
supermarket checkout lasers can read the 
price, even on, say, a crumpled bag of 
vegetables. Since the 1990s, techniques like 
turbo codes and low-density parity-check 
codes have been developed that allow 
communication at close to the ultimate 
combination of speed and accuracy set by 
Shannon’s theorems.

Data stripping
But Shannon went further, laying the 
foundations of efficient storage and 
protection of information by stripping 
out unnecessary – or ‘redundant’ – bits 
from data that contributed little real 
information. As text messages such as 
‘I CN C U’ show, it is often possible 
to strip out a lot of data without losing 
much meaning. As with error-correction, 
however, there is a limit beyond which 
messages become too ambiguous. Shannon  
showed how to calculate this limit, 
opening the way to the design of 
compression methods that cram maximum 
information into minimal space.

Not surprisingly, Shannon’s publication 
of the article ‘A Mathematical Theory of 
Communication’ in 1948 was quickly  
hailed as a technological turning point. 
Shannon himself refused to take part in  
what he saw as hype, but there were hints 
that Information Theory was bigger than  
even its most fervent advocates believed.

Ironically, one of its first applications 
was finding ways of preventing 
information being understood. Shannon 

himself laid the foundation of 
techniques for making and breaking 
ciphers in a secret memo he wrote 

We’re all familiar with the concept 
of noise – unwanted sounds that 
interfere with genuine information. 
Information Theory generalises this 
idea by capturing the effects of 
noise with mathematical precision. 
In particular, Claude Shannon 
showed that noise sets a limit on the 
maximum rate at which information 
can pass along communications 
channels while remaining error-free. 
This rate depends on the relative 
strengths of the signal and noise (the 
‘signal-to-noise’ ratio) travelling down 
the communication channel, and 
on its information-carrying capacity 
(its ‘bandwidth’). The resulting limit, 
given in units of bits per second, 
is the absolute maximum rate of 
error-free communication possible 
for given signal strength and 
noise level. The challenge facing 
communications engineers is to 
package up signals to be as close to 
Shannon’s limit as possible.

the art of noise
coMMUnIcATIonS

mysteries in the cosmos, from the 
nature of black holes to the very meaning 
of reality.

This all seems light years away from the 
down-to-earth uses Shannon originally 
had for his work, which began when he 
was a 22-year-old graduate engineering 
student at the prestigious Massachusetts 
Institute of Technology in 1939. He set 
out with an apparently simple aim: to pin 
down the precise meaning of the concept 
of ‘information’. The most basic form of 
information, Shannon argued, is whether 
something is true or false – which can be 
captured by a single binary unit, or ‘bit’, in 
the form 1 or 0. 

Having identified this fundamental 
unit, Shannon set about defining 
otherwise vague ideas about information 
and transmitting it from place to place. 
In the process, he discovered something 
surprising: it is always possible to 
guarantee messages get through random 
interference, or ‘noise’ F. The trick, 
Shannon showed, is to find ways of 
packaging up or ‘coding’ information 
to cope with the ravages of noise 
while staying within the information-
carrying capacity – ‘bandwidth’ – of the 
communication system.

Over the years, scientists have devised 
many such coding methods, which have 
proved crucial in many technological 
feats. The Voyager 2 spacecraft transmits 
data using codes that add one extra bit for 
every bit of information. The result was 
an error rate of just one bit in 10,000 – as 
well as stunningly clear pictures of 
the planets. Other codes have 
become part of everyday 
life, such as the Universal 
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– but, crucially, failed to ensure each 
pad was unique. By allowing more than 
one message to be encrypted with the 
same random numbers, this breeched 
Shannon’s key One-Time requirement  
– and allowed American code-breakers 
to read top-secret messages sent by 
Soviet spies back to their masters in 
the KGB. As a result, some top Russian 
spies were identified – among them the 
‘Cambridge Spies’ Guy Burgess and 
Donald Maclean and the atomic bomb 
spy Julius Rosenberg.
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A team led by 
Samir Mathur 
at Ohio State 
University uses so-
called superstring 
theory to show that 
information can 
survive inside black 

holes, contrary 
to ideas 

suggested 
by 
Stephen 
Hawking.

still unclear. Researchers talked vaguely 
of ‘genes’ as the carriers of biological 
information, but they were a mystery. Many  
believed they were proteins, which appeared  
to have the complexity to hold instructions  
for living organisms. But in 1944, the 
American biochemist Oswald Avery and 
colleagues surprised many by showing that 
genetic information was carried by a far 
simpler molecule in cells, known as DNA.

for his then-employers Bell Laboratories 
in 1945. Among its insights were the 
ingredients needed to construct a truly 
unbreakable code G.

At the same time, a more fundamental 
application of Information Theory was 
emerging from research into the mystery 
of life. The creation of living organisms 
requires a colossal amount of information, 
but the format of this information was 

Eugene Stanley of 
Boston University 
uses Information 
Theory to show 
that ‘junk DNA’ 
– long believed 
to be useless or 
redundant genetic 
material – may 
hold information 
vital to organisms.

H Physicist Roy 
Frieden publishes 
his controversial 
claim that all the 
laws of physics 
may ultimately 
be the result of 
an exchange of 
information 
between an 
observer 
and the 
Universe.

H NASA engineers detect, diagnose 
and fix a memory problem aboard the 
Voyager 2 spacecraft from a distance 
of 14 billion km using techniques that 
exploit Information Theory.

It took another 20 years to work out 
how information is carried by the four 
‘bases’ of DNA, but it turned out that 
nature evolved genes according to the 
principles of Information Theory. For 
complex organisms like humans, however, 
genes make up only a few per cent of 
DNA, the rest being apparently useless 
strings of bases dubbed ‘ junk DNA’. 

Then, in 1992, Eugene Stanley of 
Boston University used a technique 
based on Information Theory to discover 
hints of redundancy within junk DNA, 
suggesting there is information lurking 
in these non-genetic regions. Growing 
numbers of researchers now suspect the 
success of genomic medicine will depend 
on understanding the impact of the 
information contained within junk DNA. 

Key to the cosmos
Information Theory is also emerging as a 
key element in the quest to find the holy 
grail of theoretical physics – the Theory 
of Everything (ToE). Put simply, the ToE 
aims to sum up, in a single set of equations, 
the origin and nature of the cosmos and 
the forces acting within. The biggest 

The idea of creating a truly unbreakable 
code has fascinated people for centuries.  
Most amateur attempts focus on making  
the code as complex as possible, yet 
this has two flaws. Firstly, it tempts 
people to use short cuts like repeating 
keywords, which can undermine 
security. It also raises the risk of hidden 
loopholes lurking within the complexity. 
These flaws undermined the Enigma 
machine used by the Nazis to encode 
wartime messages.

In 1945, Claude Shannon wrote 
a revolutionary paper showing how 
Information Theory could be used to 
check the security of secret codes 
– and to design a truly unbreakable 
system. The trick to cracking codes, he 
showed, was to exploit the redundant 
information carried in messages to 
reveal the identity of letters or words.  

information 
theory and the 
unbreakable Code

ESPIonAgE

A truly unbreakable code must completely 
mask such redundancy. Shannon showed 
that this could be done by combining the 
message with a totally random signal used 
once for each message. This ‘One-Time 
System’ remains the only provably secure 
code system ever devised.

By a twist of fate, just as Shannon was 
working on his theory, the dangers of 
breaking its rule were starting to become 
clear to Soviet spymasters. They had 
supplied their agents with pads of random 
numbers for garbling their messages  

Crackable codes exposed British diplomats Guy Burgess (left) and Donald Maclean as Soviet spies
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between the long-sought ToE and 
information. Different approaches to the 
problem of unifying quantum theory with 
Einstein’s concept of gravity have been 
found to lead to Bekenstein’s formula, 
boosting confidence that information will 
prove important in the ultimate ToE. 

It turns out that black holes have  
other deep connections E to information, 
while the counter-intuitive discovery 
about their information capacity is now 
thought to underpin a fundamental 
principle for understanding the Universe. 
Known as the Holographic Principle, 
it states that the information needed 
to describe any region of space can be 
contained on its surface. If the principle is 
true, then it suggests our Universe might 
be simpler than it appears, with an entire 
dimension of space being redundant. 
Theorists are now using the Holographic 
Principle to look for other unexpected 
connections between theories describing 
different aspects of the Universe.

return to first principles
Meanwhile, other theorists are moving 
beyond Shannon’s insights into 
information. At the University of Arizona, 
physicist Roy Frieden argues that the laws 
of physics are just a means for extracting 
information about the nature of reality and 
claims to have found a means of deriving 
them all from first principles. He bases his 
claim on the curious fact that everything 
from Newton’s laws of motion to the rules 
of quantum mechanics can be derived 
using the same mathematical recipe. 

exploring life’s great mysteries
The big iDea

obstacle has been combining the 
two most successful theories in science: 
quantum theory, which governs the 
sub-atomic world, and Einstein’s General 
Theory of Relativity, which explains 
gravity in terms of the effect of mass on 
space and time. These two theories could 
hardly be more different: according to 
quantum theory, gravity is transmitted 
from place to place by ‘carrier particles’, 
while relativity sees gravity as the result of 
the curvature of space and time. Somehow 

a ToE must unify these two radically 
different concepts – but how?

Hints that Information Theory may 
hold the key to a unified ToE emerged 
in the early 1970s following research into 
perhaps the most bizarre objects in the 
Universe – black holes. Formed whenever 
objects like supermassive stars collapse 
under their own gravity, black holes cram 
so much mass into so little space that their 
gravitational fields are incredibly intense 
– so intense that not even light can escape 
their clutches. 

In 1973, a young graduate student at 
Princeton University by the name of Jacob 
Bekenstein began studying the implications 
of the ferocious appetite of black holes. 
Every time an object disappears inside 
them, information goes in with it, but 
Bekenstein proved there is a limit to the 
amount of information a given black hole 
can contain. The amount is unimaginably 
vast – even a black hole the size of a 
proton can contain as much information as 
trillions of CDs. 

But what intrigued scientists was the 
formula that gave this maximum limit. 
Contrary to common sense, the formula, 
known as the Bekenstein Bound, showed 
that the limit does not depend on the 
volume of the black hole but just on its 
surface area. And the precise limit is 
expressed in terms of so-called Planck 
Areas – the smallest conceivable area of 
space as dictated by a combination of 
quantum theory and general relativity.

In recent years, other theorists have 
found more such hints of connections 

BIT
A term first coined by the American 
statistician John Tukey, a ‘bit’ is the 
smallest possible unit of information, 
which simply describes the state of 
something that can be in just one of two 
states – for example, on or off. 

BEKENSTEIN BOUND
The absolute maximum amount of 
information – expressed as bits – that 
can be stored or transferred in any given 
region of space. Rough calculations 
suggest the limit is about 10 to the 
power of 70 bits per square metre – by 
comparison, CDs can hold only about 10 
to the power of 13 bits per square metre.

REDUNDANCY
Extra bits in communication that add little 
extra information. Although apparently 
useless, such redundancy is important 
in combating the effects of noise. For 
example, although vowels are often 
‘redundant’ in English, including them 
helps prevent messages sounding garbled.

DATA COMPRESSION
A technique used to cut out redundant 
bits from data to make it faster to 
transmit and more compact for storage. 
Investigated by Shannon in his seminal 
1949 paper, the technique is now 
widely used in everything from satellite 
communications to DVD players.

INFORMATION CAPACITY THEOREM
A key result of Information Theory 
proved by Shannon that shows that 
communication is always a compromise 
between sending messages rapidly and 
ensuring they are error-free. 

JARgon BUSTER

E

Applying Information Theory to black holes has brought scientists closer to a Theory of Everything
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frank r Kschischang 
is a professor in 
the Department 
of Electrical and 
Computer Engineering 

at the University of Toronto. 

Put simply, by inserting the right ‘key’ 
into a technique known as the Principle  
of Least Action, it’s possible to derive 
the laws of physics. But while theorists 
have been happy to exploit this odd 
coincidence, they have been unable to 
explain why or how this machine works  
its magic.

Frieden claims that the answer may 
be in the fundamental notion that lies 
behind information. Whenever we try 
to understand how the cosmos works, 
we are asking questions: where will this 
particle go? How fast will it move? Frieden 
has used a twist on Shannon’s approach 
to information to obtain the ‘most 
informative’ answers to such questions. 
And it turns out that the results are what 
we call the laws of physics. 

Frieden’s ideas are controversial. 
But as with the Holographic Principle, 
they highlight the astonishing reach of 

Information Theory, whose applications 
have gone far beyond the field of signal 
processing first envisaged by Shannon. It’s 
just possible that his simple question about 
what information really is may yet lead to 
a link between the laws of the cosmos and 
the bar codes on our groceries. 

E Decoding Reality: the Universe as  
quantum information 
by Vlatko Vedral (Oxford University Press, 2010) 

E Science from Fisher Information: a unification 
by Roy Frieden (Cambridge University Press, 2004)

E Three Roads to Quantum Gravity 
by Lee Smolin (Weidenfeld and Nicolson, 2000)

What led to your interest in  
Information Theory?
It’s a field in which the beautiful results of 
mathematics can be applied in interesting 
ways to practical problems. For example, 
mathematicians have constructed ways of 
packing multi-dimensional spheres – similar to 
stacking oranges at a grocery but in more than 
three dimensions – and these have applications 
in computer modems and cell phones.

What single insight from Information 
Theory should everyone know?
That bits – zeroes and ones – are the universal 
language. Information can be encoded into bits 
before being processed, stored, transmitted 
and the information reliably recovered. Much 
of the technology that we use every day, from 
computers to digital television, relies on this 
fundamental insight.
 
What about Information Theory’s uses 
beyond electronic technology? 
Information theory has influenced how 
people understand and model non-traditional 
communication systems, like the human 
central nervous system, over which the brain 
serves as both a transmitter and receiver of 
information. Some researchers are investigating 
how information is encoded in neural spike 
trains in the brain, while others are using the 
ideas of Information Theory to understand the 
information encoded in DNA. Information Theory 
has even been used to quantify the amount of 
information left in fire-ant odour trails.

What new applications of Information 
Theory are on the way? 
Some of the most exciting applications will be 
more efficient wireless networks that allow, say, 
cell phones to cooperate and relay messages 
in an energy-efficient way, which will reduce 
transmitter power and hence give longer battery 
life. Quantum cryptography, which is based 
on ideas in quantum information theory, will 
also provide provable, ‘non-crackable’ secure 
communications systems. And information 
theorists will figure out how to most efficiently 
encode information in ultra-dense graphene-
based storage systems for use in cameras, 
mobile phones and portable computers.

It seems obvious that any information that falls into a black hole must vanish 
for good. Yet this violates the key principle of quantum theory, which demands 
that it must be possible to tell what collapsed to form the black hole. In 1997, 
this paradox led Stephen Hawking at the University of Cambridge to make a bet 
with some colleagues that quantum theory is flawed and information really is 
annihilated by black holes. 

But in 2004, theorist Samir Mathur and colleagues at Ohio State University 
showed this isn’t true. The nature of the object that formed the black hole is 
captured by so-called superstrings – bizarre multidimensional entities whose 
vibrations are associated with different types of particle. These superstrings can 
persist inside a black hole and, by analysing their properties, the particles that 
made up the original object can be worked out. As such, no information has been 
lost, quantum theory survives intact – and Hawking lost his bet.

coSMology

the mystery of information in a black hole 

Superstrings, minute 
particles that could 
survive in a black hole

robert Matthews is a science journalist 
and Visiting Reader in Science at 

 Aston University, UK. 
 www.robertmatthews.org 
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HR MUN 2013
BBC Knowledge has partnered with the Model United 

Nations ( MUN) being hosted by HR college, this January. 
The MUN, an educational simulation of the actual United 

Nations, holds a conference in which students take on roles 
of foreign diplomats and participate in a simulated version 
of an intergovernmental organisation (IGO). Above are the 

snapshots of the event which took place in the previous year.

SHAAStRA 2013
Shaastra, the annual 

technical festival of IIT 
Madras will be held on 

January 5 – 8, 2013. BBC 
Knowledge Magazine 

will celebrate the ‘Spirit 
of Engineering’ by 

associating with events 
like Paper Planes, 

Junkyard Wars, Junior 
Quiz and others. This 

year’s affair will also mark 
the special release of IIT 

Madras’ own research 
magazine as well as 
exhibitions with the 

latest in technology and 
innovations. 

Buzz
We have always tried to make  
BBC Knowledge an interactive read. 
Here’s just a snippet of  
what we’ve been upto

GET ALL THE ACTION OF THE EVENTS ON BBC KNOWLEDGE MAGAZINE FACEBOOK PAGE



Announcing  
BBC Knowledge Quotient Winners

 To celebrate the spirit of curiosity & learing, BBC Knowledge 
Magazine launched a fun quiz called the BBC Knowledge Quotient  
to coincide with its 2nd Anniversary issue. Spread across four  
categories of Science, History, Nature and General, this app allowed 
users to appraise their Knowledge Quotient (KQ).

The quiz was open on the Facebook page for six weeks (November 
1-December 18, 2012) where over 10,000 Knowledge enthusiasts 
participated. With a built-in timer and a bank of more than 200 
questions covering all categories, the quiz ensured that it tested all 
aspects of the user’s KQ before calculating the final score.

The highest KQ was scored by Shashi Mittal who wins the grand 
prize of an LCD TV! 

Congratulations to all the winners!  To see the leaderboard  
and  other consolation prize winners, log on to facebook.com/
knowledgemagazineindia

The section toppers are as below :

BBC Knowledge History winner: Hoor Bano

BBC Knowledge Science winner: Shashi Mittal

BBC Knowledge Nature winner: Shashi Mittal

BBC Knowledge General Category winner: Sunil Sucharu Singh
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K When a squirrel chewed 
through a cable at his home in 
Brooklyn and brought down 
his internet connection, 
technology writer Andrew 
Blum didn’t just call out an 
engineer. Instead, he decided 

to go off in search of the ‘real’ 
internet – the computers, 
fibre-optic cables, routers, 
buildings and organisations  
that together give us an 
unprecedented ability to 
communicate with each other.

Blum manages to explain 
how the internet works 
without drowning in too much 
technical information. Instead, 
he focuses on some of the key 
people involved, from network 

engineers to the people who lay 
transatlantic cable. He travels to 
office blocks crammed with 
cables and routers – the 
computers that make it possible 
for emails, web pages and 
videos to move around – and 
also uncovers the internet’s 
early history, including a 
fascinating account of how the 
old New York telegraph system 
shaped the way net cables move 
through the city.

Blum also travels to 
Porthcurno at the tip of 
Cornwall in the UK, from 
where the first transatlantic 
cable was sent. By the time he’s 
done, you’ll have a much 
clearer sense of the network 
that moves your data around.

tubes: a journey to the center  
of the internet

by andrew blum
Viking/Ecco, 304 pages, `1,123

Cable guy
One man’s journey into the workings of the web

bill Thompson is a technology critic and  
a columnist for magazine.

Andrew Blum’s book untangles the 
complexity of the internet 

resource A feast for the mind
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K This is not a book for the squeamish. Its 
author, Thomas Wright, is renowned as an 
expert on Oscar Wilde, but here he glories in 
the gory minutiae of Renaissance dissections, 
focusing in particular on England’s royal 
physician William Harvey. This scalpel-wielding 
anatomist used live dogs for technicolour 
demonstrations of his controversial new theory 

that the heart pumps blood continuously around the body. 
As though emulating the pulsing liquid he studied, Harvey 

coursed through life in a ceaseless round of activities. His papers 
were destroyed during the English Civil War and the Great Fire of 
London, so Wright has had to rely on other sources for these vivid 
pictures of scientific research. Despite the liberal sprinklings of 
‘probably’ and ‘doubtless’, this is a convincing portrait of an 
energetic, ambitious, intelligent man who transformed knowledge. 

A mediocre doctor who relied on well-cut clothes rather than 
clear cut diagnoses, Harvey was more interested in his reputation 
than in saving lives. His shoddily published treatise on 
circulation was published in 1628, but had little effect until its 
ideas were picked up by the 17th-century French philosopher 
René Descartes. More than two centuries later, the sick were 
still being weakened by blood-letting, a treatment that only 
made sense under older models of the body.

Wright presents Harvey as a revolutionary innovator who 
overturned centuries of error. Even when forced into political 
exile, he was still in search of the new, becoming one of the first 
Englishmen to enjoy a “blacke as soot” beverage called coffee.

Circulation: william harvey’s revolutionary idea

by Thomas Wright
Chatto & Windus, 246 pages, `1,469

K Destination Mars presents a history of Mars 
exploration by NASA’s Jet Propulsion 
Laboratory. Beginning with the early Mariner 
space probes, Rod Pyle guides us expertly 
through the legacy of the Viking programme, 
the successes of Spirit and Opportunity robot 
probes, and highlights from a host of other 
missions over the last five decades.

Often amusing and anecdotal, Pyle’s book captures the angst 
faced by mission controllers, the relief or disappointment of 
engineers and the delight or surprise of planetary scientists.  
It’s interspersed with short vignettes in which the author gives 
voice to key figures in Martian exploration. While these are 
interesting and relevant, the first-hand experiences and views of 
those involved could possibly have been better woven into the 
fabric of the historical narrative.

Although the title and cover notes suggest an in-depth 
discussion of future missions, this is in fact only a minor part of 
the book. Nevertheless, for anyone seeking a succinct yet 
thorough overview of our knowledge of the Red Planet, there’s 
no better guide than Destination Mars.

Destination mars: new explorations of the red planet

by rod Pyle
Prometheus, 280 pages/384 pages, `1,469 

Search engines

Using a live dog, William Harvey demonstrates the circulation of blood

heart of the matter
The man who changed thinking about blood

Patricia Fara is the author of Science: a four thousand year history  
(Oxford University Press, 2009).

alastair Gunn is an astronomer at Jodrell Bank Observatory in Manchester, UK.

A history of the probes heading to Mars

The last 50 years of 
exploration are covered  
in Destination Mars
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resource A feast for the mind

Light-hearted but underwritten with academic 
vigour, the monthly Psychology Of Attractiveness 
podcast explains how and why we select certain 
partners – and reject others. It has previously 
embraced such crucial matters as why our reaction 
to dog excrement is linked to our concept of beauty 
and why women’s sexual fantasies get kinkier 
towards the middle of the month. 

Updated weekly, this is the home of the exemplary 
radio output of the BBC’s much-lauded Natural 
History Unit. Wonderful radio programmes are just 
a download away, allowing the listener to become 
an instant expert in any subject from the Japanese 
silka deer to the endangered pasqueflower that 
grows in disused quarries – both of which were the 
subject of recent programmes.

This August, Jamaica celebrates 50 years of 
independence from British rule. The island’s history 
is scarred by heavy bloodshed. A strategic base for 
the Spanish attacks on the American mainland, the 
island’s sizeable sugar and tobacco output gave it a 
major role in the dark days of the slave trade. The 
This Is Jamaica website provides a neat overview of 
this chequered history, as well as saluting notable 
Jamaican citizens, such as black nationalist leader 
Marcus Garvey and reggae icon Bob Marley. 

Everyone knows the high-ranked individuals who 
determined the direction of the American Civil War 
– men like Lincoln and Davis, Grant and Lee. But 
how the conflict affected the everyday population 
has received much less scrutiny. The Valley Of The 
Shadow website redresses the balance, detailing 
life in two communities – one Northern, one 
Southern – through letters, diaries, newspapers, 
census entries and church records. A truly 
fascinating snapshot of another time, another place.

Be humbled by the planet’s grandeur on a daily 
basis with Earth Science Picture Of The Day, a 
website that showcases the full majesty of Earth’s 
geological phenomena. With – as its name 
suggests – a fresh picture being uploaded every 24 
hours, this is an absorbing collection of eye-
popping images from around the world – whether 
these are of fast-flowing waterfalls in Washington 
State or spectacular volcanic sunrises in Argentina. 

H  PoDCasT

H  WebsITeH  bLoG

H  PoDCasT

H  WebsITe

H  WebsITe

Natural history radio

Jamaican historyCivil War social history

earth science pictures

www.bbc.co.uk/podcasts/series/
nathistory

www.jis.gov.jmhttp://valley.lib.virginia.edu/

http://epod.usra.edu

This Smithsonian blog manages a neat trick: to 
confidently provide accessible insight into the 
scientific matters of the day without taking 
simplistic shortcuts. Refreshed on a near-daily 
basis, enlightenment comes in many forms, whether 
finding out how the US’s interstate road network 
would look if it were designed by a slime mould or 
discovering just how many of us are prone to 
sleepwalk in the wee small hours.

surprising science

attraction psychology

http://blogs.smithsonianmag.com/
science/

http://psychologyofattractiveness 
podcast.blogspot.com

 If you have a favourite website, blog or podcast that you’d like to share with other readers, please email bbcknowledge@wwm.co.in

Our pick of internet highlights to exploreGet your clicks



1. Students engaged in the physical fitness programme at the 
Vidya Valley Sports Academy. 2. Students imbibing Vidya Valley’s 
philosophy: Sports for all. 3. Vidya Valley’s students on their 
annual excursion. 4&5. The school’s budding musicians and 
dancers performing for a school function. 6. Independence Day at 
Vidya Valley.

VIDYA VALLEY SCHOOL, PUNE 

located on the outskirts of Pune, vidya 
valley is an icse board affiliated school. to 
give students that extra edge, it believes in 
giving equal importance to sports, extra 
curricular activities and academics. vidya 
valley prides itself on its Program for 
environmental awareness (Peas), skill 
enhancement, marathi drama and fine 
arts departments. to create responsible, 
compassionate and honest global citizens, 
vidya valley has visited and hosted faculty 
and students from denmark, uk, belgium 
and zurich university.

SCHOOL

If you would like us to visit your 
school and have it featured 
on this page, write in to us at 
bbcknowledge@wwm.co.in

In Focus
1
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 google NexuS 7
While not specifically designed for children, the Google Nexus 7 can a stepping 

stone towards learning the know-how of a tablet. Lighter than the Kindle Fire 
and with a better screen resolution than the iPad Mini (and it’s cheaper), the 
Nexus 7 is armed with the fastest, Android operating system. This 7” touch 

screen tablet comes with a front facing camera and access to the Google Play 
Store where the user can buy, organise, play music and movies. Parents fear 

not, parental control comes in the form of password protected apps purchase. 
Price: ` 15, 641 onwards •www.google.com/nexus/

gadgets
Tablets for Kids

 leaPfrog leaPPad 
2 exPlorer learNiNg 

TableT
Don’t let the beguiling design of the 

LeapPad 2 Explorer fool you. This is one 
lean mean learning machine. People 
at Leapfrog have designed software 

that automatically adjusts the learning 
to each child, asking more challenging 
questions as their skills develop. The 

LeapPad’s eBooks are built to improve 
word recognition and reading basics, while 
touching the text, with an accompanying 

stylus, sounds out words to help build 
phonics, comprehension and vocabulary 
skills. Voice recording, motion-based play 
and other innovative features turn reading 

into an interactive experience.
Price: ` 5, 433  

• www.leapfrog.com

 The KiNdle fire
This is a 7” touchscreen tablet 
both parents and children will 
happily agree upon. While the 
Kindle Fire offers children full 

access to Amazon’s app store 
with popular and educational 

games (some are free), the 
tablet comes with a parental 

control feature called the 
Kindle FreeTime. This feature 

allows parents to pick and 
choose which apps, books, 
magazines and games their 
children can have access to 

and also limits the number 
of hours the child can use 
the tablet. From a locked 

down tablet to a vital tablet 
for school, parents better 

queue up before the 
Kindle Fire runs out.

Price: ` 14, 449 
• www.amazon.com
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 VTech iNNo Tab 2
It’s hard to keep a nine-year-old interested on one gadget, let alone a tablet. But 
VTech’s InnoTab 2 is up for the challenge. The 5” multifunctional tablet comes with 
a camera, interactive animated e-books, tilt sensor learning games and cartridges 
with licensed characters that teach essential skills in reading, logic and creativity, 
all in a sleek and durable design. Parents can also track their child’s progress on a 
variety of educational milestones and lessons. With a 2GB onboard memory and 
an expandable SD card slot, the InnoTab2 will keep your child endlessly engaged. 
Price: ` 4, 344 Price: Rs. 4, 344

 iPad miNi
It’s smaller in size, and the price has been lowered from its 

predecessors. The iPad Mini, Apple Inc’s latest release at 
7.9”, is the biggest tablet featured here. It’s the thinnest too 
and also the most popular. Lighter than its contemporaries, 

it uses the same processor as the iPad 2 and comes in 
16GB, 32GB and 64GB capacities. Remember children; 

with great power comes great responsibility.
Price: ` 21, 900 onwards • www.apple.com 

 Have suggestions for any gadget/application? share with other readers,      
     email bbcknowledge@wwm.co.in

 The iNTel STudybooK
From an e-reader to a miniature physics lab, the Intel 
Studybook tablet is a compact learning centre on its 

own. The Studybook has a 7” multi-touch display, front 
and rear cameras and light sensor support. Designed 

to meet the needs of educators and students, the tablet 
comes equipped with note taking and drawing apps, 

time-lapse and motion camera for monitoring events or 
objects entering the frame. Thanks to its Android 3.0, the 

tablet will allow its users to download digital textbooks 
and channel their inner Marie Curie or Einstein as the 

app LabCam suite lets the tablet serve as a digital micro-
scope with a magnifier snapped over the rear lens.

Price: ` 9, 990  • www.intel.in



he Earth’s climate 
changes on account 
of natural factors - 

sunspots, volcanoes and such 
phenomena happen all the time. 
But what has really overwhelmed 
this set of drivers is the increase 
in anthropogenic, i.e, the human 
induced greenhouse gases in the 
atmosphere, the concentration of 
which has gone up substantially. 
Before industrialisation, carbon 
dioxide was 280 parts per million. 
Now it is close to 400 parts per 
million. This has been a huge 
and very rapid increase in the 
concentration of carbon dioxide in 
the atmosphere.

Last year, the 
Intergovernmental Panel on 
Climate Change (IPCC) brought 
out a special report on extreme  
events and disasters. This report 
has come up with some very 
useful findings that the public can 
relate to easily. For instance, heat 
waves are on an increase because 
there is enough data now to come 
to a clear conclusion on that. We  
also looked at what might happen 
to heat waves in the future and 
concluded that those heat waves, 
which take place once in 20 years, 
will by the end of the century 
occur once in two years. So their 
frequency and intensity is going 
to grow. This is climate change. It 
is what human beings are doing. 
Also, extreme precipitation events 
are on the increase. So even in 
some areas, where the average 
rainfall is reducing, a much larger 
proportion will take place in the 
form of heavy falls. In short, this is 
a trend towards very heavy rainfall 
or snow. 

In the IPCC’s Fourth 

T Assessment Report, we have also 
projected that temperatures will 
increase by the end of the century 
and the pathway that these will 
follow. Projected temperatures  
lie in the range of 1.1˚C to 6.4˚C 
by the end of the century. Now 
if the world doesn’t do anything 
about this, we could be moving 
along the lines of the upper part  
of the range and that is 
unacceptable. Human society or 
for that matter any living species 
shall not be able to adapt to that 
kind of an increase.

There are more findings 
which are very significant. When 
we look at the period between 
1970 and 2008, 95 per cent of 
the deaths that took place on 
account of natural disasters were 
in the developing countries. 
Therefore, one very important 
finding is the need for us to create 
the infrastructure, capabilities 
and governance systems in 
communities that are vulnerable 
because otherwise they would 
really be left to the elements.  
For example, a cyclone of certain 
intensity hits Bangladesh or Sri 
Lanka or Burma. There is  
massive destruction and loss of 
lives on an enormous scale. But a 
hurricane of similar intensity hits 
the coast of Florida. There, people 
there just board their windows 
and get into their trucks and drive 
off to a safe location. They have 
early warning systems, transport 
infrastructure and shelter that 
takes care of them. Where do you 
have that in the poor vulnerable 
countries of the world? So I think 
this high mortality in developing 
countries was one very important 
finding. The other two findings 

that I mentioned (increase in heat 
waves and extreme precipitation 
events) are also very significant 
and we really need to be 
concerned about them.

We must learn to use our 
resources much more efficiently. 
We cannot follow the same 
lifestyles of the developed 
countries. We don’t have the same 
resources. We will not have access 
to the same natural resources. 
Whether it is our rivers or clean 
air, our forests or biodiversity, 
all of it is under enormous stress. 
We have no rivers in this country 
you can call clean anymore. They 
are all being polluted to a point 
where no form of life can exist 
in them. That is a very tragic 
outcome of what we have been 
doing in the past several decades. 
Therefore, we really have to 
target the next few decades as 
a period of transformation by 
which we reduce our footprint 
on our natural resources and the 
environment. The other thing, 
which is only voiced as a slogan 
is inclusive growth, which is 
something that is imperative for 
the stability of this society.

But developing countries are 
not investing in these actions. 
Mumbai is a good example where 
some of the richest people (not just 
in the country, but in the world) 
display their wealth in midst of 
the millions living in the slums. 
In any other part in the world 
you would have had a serious 
problem in terms of revolutionary 
efforts on the part of the poor. 
You would have civil unrest on a 
huge scale. There is something in 
our system, traditions and values 
that obviously prevents us from 

seeing that kind of a situation. This 
is not at all a healthy condition 
from any point of view. There 
are some leaders who talk about a 
vision of 2020 or 2050. But that is 
not enough. You must also have a 
road map of how you are going to 
get there. We really need to move 
rapidly because what you do today 
will start bearing fruit in two to 
three decades.

On the state of talks 
internationally, in my view, there 
are two things that are missing. 
One is an adequate understanding 
and discussion on the scientific 
reality of climate change. In the 
discussions that take place under 
the United Nations Framework 
Convention on Climate Change 
(UNFCCC), unfortunately there  
is very little discourse on this, 
which if it were to take place 
would raise the ambition of 
the delegates. The second is 
that unfortunately, we haven’t 
had the kind of groundswell of 
public opinion that will tell our 
governments that they have to do 
something about this situation. 
Don’t just go there, attend the 
meeting and come right back. 
We need an agreement. In my 
view that will only happen 
when awareness in democracy is 
so widespread and so clear that 
governments will have to act. I 
hope that they reach that point. 
The sooner the better!     

Dr. rajendra Kumar Pachauri is the 
Chairman of the Intergovernmental 
Panel on Climate Change (IPCC), which 
was awarded the Nobel Peace Prize in 
2007 for its work on climate change. He 
is the Director General of TERI, India and 
is the founding director of Yale’s Climate 
and Energy Institute (YCEI).

In an interview with BBc Knowledge editor Preeti Singh, Dr rajendra pachauri  
says climate change can be positively controlled if the necessary steps are taken

The last word
“We must learn to use our resources much  
more efficiently”
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