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2. It then passes through a
preamplifier which boosts its
power 20billion times and
splits it into 192 pulses

1. A tiny laser pulse, a few
billionths of a second long,
begins its 300m journey in
the master oscillator room
where it is increased in
power 10,000 times and
split into 48 beams
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3. Power amplifiers then bounce the beam back and
forth to pick up power – a further 15,000 times

4. The beams are
bundled into clusters and pointed
towards the target chamber

HowHiPER creates a ‘star onEarth’

Climate sceptic or zealous convert, few people can argue that
mankind has to reliquish its dependence on fossil fuels (no,
really we do). Renewable power sources can only be part of
the solution. The future answer to our power needs appears

to lie in nuclear power. Not in dirty/dangerous Chenobyl-style
nuclear fission but in harnassing the process used
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Inside the
collision chamber

of America’s
National Ignition

facility. A
stepping stone
to HiPER, the
fuel pellet is

placed, rather
than fired, in the

centre of the
chamber. They
expect fusion

ignition within the
next two years

The High Power Laser Research Facility uses a method called
inertial confinement to achieve fusion. In a faction of a second,
its laser will focus the equivalent of 10,000 times the power of
the UK’s national grid on to a moving target little bigger than a
grain of sand

All the power
of the Sun

All the power
of the Sun

I n the 1940s the words ‘nuclear
power’ summoned images of a
futuristic energy source,

available in the here and now. It was
going to revolutionise, well,
everything. It would provide all our
electricity needs, power our ships
and submarines and ‘in the future’
we would all be driving around in
nuclear-powered cars. Sixty years
later and nuclear power is a dirty
word that summons images of
apocalyptic weaponry, meltdown,
death and is blamed for the creation
of countless superheroes and
twenty-storey high Japanese
monsters. The trouble with current
nuclear technology is that it uses a

process called nuclear fission which
basically involves taking highly
radioactive unstable atoms and
tearing them apart to release some
of the energy pent up within. While,
when they are working, fission
reactors are pretty efficient at
generating power, the whole
process – from mining to
enrichment and reaction to disposal
– is environmentally dirty and
dangerous from start to finish.
Unfortunately, other than

renewable energy sources like wind
and solar which are likely to never
be more than supplementary at best,
the only alternative to nuclear
power is good old fossil fuels and,

even if you have your hands pressed
against your ears while screaming
‘I’m not listening! Climate change
is all a lie!’, there is no denying the
direct damage their mining and use
causes and the fact that they ain’t
gonna last for ever.
So we are back with nuclear

power again. Fortunately – special
for the 21st century – there is a
bright, shiny new version of the evil
beast that could soon be available:
nuclear fusion. Fusion (not fission,
remember) is the process that stars

– and our Sun – use to fuel their
colossal power output. In nuclear
fusion, two hydrogen atoms are
brought together to create a single,
lighter, helium atom and in doing so
release a huge amount of energy.
The fuel is readily available (you
can get it from sea water), it is
massively efficient and virtually the
only by-product is the inert gas,
helium.
There is a down side – to unleash

the power of fusion you need to
create the searing temperature and
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6. The pellet is
struck with two sets
of laser pulses, each
focusing about
500trillion watts of
energy on an area as
fine as a human hair

Neutron + heat

Hydrogen
isotope
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5. A single 2mm-wide pellet of ‘heavy’
hydrogen is fired into the 10m-wide
target chamber. Its path is tracked by
the device until it reaches the
centre of the chamber where the
lasers are targeted
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Hydrogen nuclei are
positively charged and, as
such, repel each other.
This combination of
extreme pressure and
temperature forces the
hydrogen nuclei together

9.When the hydrogen
atoms fuse, they form a

helium atom which is heavier
than a hydrogen atom but

lighter than the two
hydrogen atoms combined.

Some of this mass is lost
and a highly energetic
neutron is liberated.

10. Einstein’s equation,
E=mc2 tells us that any

mass lost is converted into
energy. Most of this energy,

which is carried by the
neutron, can be captured
and used to heat water,

drive a steam turbine and
generate electricity

7. The first pulse vapourises
the pellet’s casing and
drives a powerful
shockwave into the fuel.
This crushes the 2mm pellet
to a hundreth of its size in a
billionth of a second

8.When the pellet is
compressed as far
as possible – to
about six times the
density of the Sun –
a second, more
focused laser pulse
heats the pellet to
more than
100millionºC

Helium

Howfissiondiffers from fusion

A neutron strikes the
unstable nucleus of a
uranium 235 atom

The nucleus splits
releasing large
amounts of energy

Neutron

Uranium atomNuclear power stations use a
process called nuclear fission.
During nuclear fission a neutron

is fired at a uranium atom. The
neutron is absorbed, making the
atom extremely unstable and it
splits into two smaller atoms,
releasing more neutrons and a
huge amount of energy at the
same time. The by-products of the
process are massively radioactive
and lead to problems of disposal
(a safe method of which has yet to
be found).
Fusion reactions release many

times more power than fission
because more mass is
transformed into energy. Also,
radioactive wastes are not a

problem because all the fuel
required can be extracted safely
from sea water or created in the
lab with the only by-product
being helium which is inert.
There is no danger of nuclear

accidents, such as Chenobyl-
style meltdowns and runaway

reactors, as fuel is only inserted as
it is needed and, should the burn
reaction get out of control, the
reaction simply peters out

Part two, nextweek:
ITER: Using amagnetic donut to
create the stuff of stars

This releases more neutrons which
strike other uranium nuclei,

initiating a chain reaction which,
once started, is hard to stop

by that ultimate power-house: the Sun. Nuclear
fusion has the potential to offer near-infinite
power with almost none of the mess. Over the
next two weeks, we look at two nuclear fusion
projects in which Britain is at the forefront
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crushing pressure that
allows the process to

work deep in the heart of
the Sun.

Two solutions to this problem are
emerging as strong competitors.
One generates 100million degree
plasma and crushes it in a magnetic
field. The other uses a staggeringly
powerful laser to zap a pellet of fuel
and create a miniature Sun.
The High Power Laser Energy

Research Facility (HiPER) is
headed up by Britain’s Science and
Technology Facilities Council and
is currently one year into a three-
year feasibility study. If approved
for construction, it will use a
colossal, football stadium-sized
laser to blast a tiny pellet of ‘heavy’
hydrogen. The blast will generate
pressures that crush the 2mm pellet
to a hundredth of its size in a
billionth of a second. A second blast
will heat it to more than 100million
degrees Celsius – about ten times

hotter than the centre of the Sun –
crushing together the hydrogen
atoms that make it up and forcing
them to fuse into helium – just like
it does it in the Sun.
The challenges facing its engineers

are staggering. To ignite the fuel –
which is a 2mm pellet fired into the
centre of a ten-metre wide sphere
and which must be tracked and
targeted precisely – will require a
laser capable of deliver 10,000 times
more power than is carried by the
entire national grid (for a fraction of
a fraction of second at least). To
generate enough energy to be useful
as power station, a pellet will need
to be ignited at least five times every
second. And, at an estimated cost of
£1billion, this kind of technology
doesn’t come cheap but, then again,
nothing worth having ever did.
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