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fusion, or the formation of new elements from
simpler ones. Fusion also releases huge energy
and the star gets hotter still and begins to
expand. The expansion, in turn, causes
cooling and compression starts again, for
another cycle of element formation, and so
on, till finally the star settles into a steady
burning of nuclear fires for millions of years.
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fiercely hot and transfer energy to
their surroundings. The result is that
stars gradually lose energy and begin
to spin slower and slower.
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last decade saw a great
interest in locating planets that orbit
stars other than the sun and the last
three years have been very fruitful
in finding these. And if any such
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as detecting exo-planets. To start
As planets are typically small,
with, the team looked for changes in
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compared to the mother-star, and as
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those of distant stars cannot be
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of the star facing the telescope, it
equinox
glare of their luminous parents. The
caused a slight dip in the total light
Earth’s orbit
first instance of detection, in 1995,
emitted from the star. Once the spot
Kepler
Launch
Kepler’s orbit
Kepler
of a giant planet orbiting a star 51
went out of view, the brightness
four years one year
View from the
light years away in the constellation
went back to the original value. By
later
Kepler’s position
ecliptic North Pole
later
on 5 March
Pegasus was indirect  using the
watching for drop and restoration of
of
each
year
slight movement of the mother-star
brightness, in this manner the Kepler
to balance that of the planet as it
data is able to exactly provide the
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whose work  based on the Kepler project  has
movement of the parent star affects the
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whistle sound shriller and then drops in pitch
identifying them as a part of a cluster
as the engine passes and starts moving away.
The back and forth movement of the star
causes a similar change of frequency of light,
which can be detected on earth. The mass
and distance of the planet can then be
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change.
This method, naturally, works best with
massive planets that move quite fast in close
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all of this type, clearly too large and too hot,
not in any way earth-like. But a new method
was soon devised  to observe the slight
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drop in the intensity of light from the star at
the time the planet passes between the star
and the earth. The Kepler project is an
Star
Planets
Telescope
orbiting observation platform that was
launched in 2009 specifically for finding exoestimates that 19 per cent of all stars have
Earth
planets using this method, accurately and
multiple planets and six per cent of stars host
Orbits must lie in the same plane
sensitively, free from distortion by earths
earth-size planets.
atmosphere.
Now some of these earth-sized candidates
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The origin of stars lies in the collapse of
star clusters, where the rate of spin is slower
that the orbits of planets detected around a
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Green power broker
In the US A, one ma n is a lrea dy pumping money
into hi-tech clea n energy idea s . phil boucher
meets Dr Arun Ma jumda r

IF

theres a great woman behind every
successful man, then theres a shrewd
investor behind every cutting-edge
technology. And if youre working within
the American scientific community, that
investor is likely to be Dr Arun Majumdar,
head of the Advanced Research Projects
Agency  Energy, otherwise known as ArpaE. Born in Kolkata and educated in Mumbai,
the former Professor of Mechanical
Engineering at The University of California,
Berkeley, has been at the helm of Arpa-E
since it was created by Congress in 2009 to
enhance the economic and energy security
of the United States.
Arpa-E has invested close to £350 million
in a string of unproven clean energy
technologies, such as Green Electricity
Network Integration and Solar Agile
Delivery of Electrical Power Technology,
which exist on such a high-risk scientific
fringe that private sector investors wont
touch them.
Majumdar has spoken of creating a
Sputnik moment for Barack Obamas
administration through work funded by
Arpa-E. Though he admits it will be a
minimum of four years before any of these
investments bear fruit, its hoped Arpa-E will
ultimately harness the finest ideas of
scientific America and radically alter how
the planets second biggest polluter
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prices go down we hit the snooze button,
Majumdar says of US society. That really is
not a long-term, sustainable way to run any
nation. But theres a problem: while he has
funded 120 cutting-edge projects and drawn
in £60 million from impressed private

happens. To his mind, this can come only
through developing US domestic demand
for clean energy. But in a nation that
consumes three gallons of oil per person,
per day, this is obviously much easier said
than done. It is not going to be overnight.
It will take some time, Majumdar admits.
President Obama has said that we will
reduce a third of our energy imports by
2025 and that is a target now. Just like
President Kennedy said, We are going to go
to the moon and come back safely within a
decade. Here now is President Obamas
target.
To achieve this, Majumdar sites several
options, such as the electrification of US
transportation, the development of biomass
fuels, the full utilisation of Americas natural
gas supplies and the relatively simple task of
making US cars more fuel-efficient through
the Corporate Automobile Fuel Efficiency
standards. Yet he admits that effective,
palpable change in US energy production

Rub of the green: Dr Arun Majumdar (right) holds the pursestrings
at Arpa-E, the US governments green energy investment fund. Its
work aims to make America the worlds leading producer of clean
energies, such as solar power.

generates, stores and utilises energy. By
extension, the USA could then begin to
wean itself off fossil fuels and its geopolitical
commitments in West Asia. The scientific
stakes couldnt be any higher.
When oil prices go up and gas prices go
up, we hit the panic button, and when oil

investors, the USA is lagging far behind the
European Union and China in turning good
ideas into what Majumdar describes as
game-changers.
He say, It is a question of making sure
the impact on the real world, the business
side and the employment side actually

will arrive only when corporate America and
US society sees a financial advantage in
utilising clean energy.
There is a project on grid-level storage
using compressed air, which is very
innovative as, if you can get grid-level
storage at low cost, then the idea of storing
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On the verge of
mass extinction
This phenomenon ha s occurred five
times s o fa r a nd the s ixth, a ccording to
res ea rchers , could a rrive in three to 2 2
centuries , s a ys tiasa adhya
EARTH is heading towards mass extinction if

researchers at the University of California, Berkeley, are
to be believed. The last time plant and animal species
became extinct on a mass scale was 65 million years
ago when dinosaurs perished.
Extinction is a common phenomenon  99 per cent
of the four billion species estimated to have evolved on
earth over the past 3.5 billion years have disappeared.
But mass extinctions  the rate of extinction of a
species outpaces that of its origination, resulting in a
loss of 75 per cent species in a period of one to eight
million years  have occurred only five times, the
earliest 443 million years ago. The sixth may arrive in
three to 22 centuries, the researchers say. They could
not predict the date with certainty because of
insufficient data and different rates of extinction for
various species.
Previous mass
extinctions were
caused by factors
such as volcanic
activity, glacial
impact and a spike in
CO2. The next one
will be humaninduced, caused by a
population explosion,
habitat destruction or
climate change, says
Lead author Anthony Barnosky.
the study published
in Nature on 3 March. Recovery from mass extinction
episodes occurs on timescales encompassing millions
of years. This obviously indicates that frogs, toads and
mammals that are facing extinction, and even us, for
that matter, will not recover in time to survive into the
future, says lead author Anthony Barnosky, professor
of integrative biology.
To ascertain if the present pace of extinction was
unusual, the scientists needed to tally two types of
data  one from the fossil record that showed forms
and features of species through time and the other
from historical records compiled by biologists. But
tallying the records proved difficult. It was like
comparing two things with different units, says coauthor Elizabeth Ferrer.
To begin with, the fossil record counted only species
with identifiable anatomical hard parts that fossilise
well. Besides, the International Union for Conservation
of Nature has catalogued the conservation status of
less than 2.7 per cent of the 1.9 million species that
exist at present because of lack of data. For these
reasons, the researchers chose to start with a wellstudied taxon  mammals  to arrive at a reliable
extinction rate.
An estimated 80 of 5,570 mammal species have
become extinct in the past 500 years. This rate is
slower than what was witnessed during the previous
mass extinctions, termed the Big Five. But that might
be an incorrect assessment because many clades
(taxa) are grossly understudied, says the studys coauthor, Charles Marshall.
The scientists concluded that if all threatened species
disappeared in 100 years, the time taken to reach
mass extinction levels for mammals would be a little
over three centuries. Marshall, however, says that a
major unknown is whether the extinction in well
studied taxa can be extrapolated to other species.
To avoid a catastrophe, concerted conservation
efforts would be needed, say the studys authors. But
for that, political will would be the deciding factor, says
David Jablonski, paleobiologist at the University of
Chicago.
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up or maximising the utilisation of
renewable energy becomes much easier,
Majumdar reveals. There is also a
technology where the module cost of
generating solar (energy) from silicon can
be cut by 80 per cent. This is significant as,
if you can make electricity from solar really
cheap, it is a total game-changer. But it
really is all about the cost and whether you
can be market competitive. If you can bring
down the cost, then the market will force it
to scale without subsidy.
Majumdar believes it is Arpa-Es job to
achieve this by supporting the basic science
and engineering and, to some extent, the
translation of this science into breakthrough
technologies. Yet he would also like to forge
a stronger working partnership between the
USA and China, which holds the ironic
distinction of being the worlds largest
polluter and the global leader in the
introduction of electric vehicles, as a result
of the £9 billion Ten Cities, Thousand
Vehicles Programme launched in 2009.
Chinese President Hu Jintao has also
called for an ambitious cut in emissions per
unit of economic output by 40-45 per cent
of 2005 levels by 2020. China is doing what
it really should be doing for its citizens,
explains Majumdar. The question is: can
we leverage that and can we learn from
their experience in growing the economy
the way that they are doing? They are, in
fact, leapfrogging in cleaner technologies
because they are doing things today and
they are so new.
So what, then, does the future hold for us
all? Well, despite a recent fall in US vehicle
emissions through increased engine
efficiency and a higher uptake of biofuels,
Majumdar believes it will be a minimum of
10 years before anything truly revolutionary
emerges from the USA. He also
philosophically appreciates that hes likely
to back far more bad investments than good
ones, given the cutting-edge table hes

gambling on.
But given the rate of climate change and
the rapid economic and social development
in Asia, he believes the world simply has
got to take a chance on new technology
because, realistically, there is no other
option. If you look at where the world is
going, the population is growing  it is
about six and a half billion, and there are
going to be around 10-11 billion people by
the end of the century, he says. At the
same time the income levels are going up in
many places where the population is going
up, such as China, India, Malaysia and Asia
in general.
When income levels go up, generally the
energy usage goes up too, so you have a
double whammy: the total energy use is
going to increase in a non-linear way. That
is what the world is going into and, on the
one hand, you have to be able to support
the economy and feed all of those people,
but to do that you need the resources for
energy, agriculture, materials and so on.
We are in a finite world, so to some
extent those resources are constrained. On
the other hand, the waste we produce,
particularly emissions, cant be infinitely
produced either. So we are looking at a
system where the population is growing,
the energy use will grow, we are
constrained on the supply side and
constrained on the waste side. This, in the
long run, is an unsustainable way of
running the world. So we have to figure out
a way to close the loop to make it
sustainable. Hopefully, what we are doing
here will help provide some options to do
that.
Majumdar adds, It is like the human
genome project. When you go back in
history, it was risky, but it had to be done
because the benefits to society were
potentially enormous.
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