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By Stephen Lewis  

Scientists at York are in the forefront of the international effort to develop fusion 

power. Ultimately, it could lead to limitless clean, cheap power. STEPHEN LEWIS 

reports.  

TUCKED away in a corner of the Department of Physics at the University of York is a small 

control room with a direct link to the hottest place in the solar system.  

And no, that isn‟t the sun, before you ask. It is a prototype nuclear fusion reactor on a research 

base in Oxfordshire that reaches temperatures of 100 million degrees C. That is ten times hotter 

than the sun.  

Scientists at York‟s magnetic confinement fusion research group have a direct hotline to JET, as 

it is known, and its smaller brother MAST. When the reactors are fired up, streams of data can 

flood into the York control room.  

There, Professor Howard Wilson and his team of academics and research students analyse the 

information in exhaustive detail – inching ever nearer as they do so towards the dream of 

limitless clean, safe energy from an artificial „sun‟.  

Once we can crack it, fusion really could hold the answer to all our future power needs, Prof 

Wilson believes.  

The fuel we need is everywhere around us: lithium, one of the lightest and most common 

elements in the universe; and deuterium, a type of naturally occurring „heavy‟ hydrogen which is 

found in water.  

“Take the lithium in one laptop battery and the deuterium from half a bath-full of sea-water, and 

that would provide more-or-less enough energy for your lifetime,” Prof Wilson says.  

Even better, nuclear fusion is a safe, clean process.  

http://www.yorkpress.co.uk/search/?search=%22University+of+York%22


Existing nuclear power stations use nuclear fission. It is potentially dangerous process that 

involves splitting very heavy atoms – usually uranium – to release huge quantities of energy. The 

problem is that the reaction is basically unstable – if not carefully managed, it could run out of 

control, with possibly catastrophic consequences.  

Safety depends on the skill of the operators and the control systems in place. Fission also 

produces toxic nuclear waste that, up until now, we have found no use for and have to resort to 

storing for thousands of years.  

Fusion is the exact opposite. It works by forcing together very small, light atoms to form larger 

ones. When this happens, the new, larger atom weighs slightly less than the total weight of the 

two smaller atoms used to make it. The „lost‟ weight, or mass, is released as energy – lots of it.  

The great thing about fusion, Prof Wilson says, is that it is safe. The lighter atoms don‟t want to 

join together to create a single, heavier atom: you have to force them to do so. With fission, you 

have to constantly be on guard to make sure the nuclear reaction doesn‟t run out of control. With 

fusion, you have to be constantly trying to keep it going. “So if anything goes wrong, it will just go 

out.”  

Even better, fusion is clean. It generates only a fraction of the radioactive waste that fission does 

– and the waste that is generated will remain radioactive much less long. It is also a carbon-free 

process: hugely important in a world dominated by fears of climate change.  

Given all these advantages, why aren‟t we racing to develop working fusion reactors? Well, the 

answer is that we are: but it takes time.  

It is very hard to make fusion happen. Small atoms don‟t want to be forced together to make 

larger ones.  

We know fusion works, says Prof Wilson, because we have the example of the sun, which is a 

giant fusion reactor. “All our energy ultimately comes from the fusion processes going on in the 

sun,” he says.  

But the sun has one huge advantage over any fusion reactor we could build on earth: it is 

enormous. It can rely on its crushing gravity to force atoms of hydrogen, the lightest element in 

the universe, together to form helium, the second lightest.  

To achieve the same effect in a reactor on earth, scientists have to find some other way of forcing 

light atoms together. The answer is magnetism.  

In their search for fusion power, scientists have created a whole new branch of physics: plasma 

physics.  



We are all familiar with the three main states of matter: solid, liquid and gas. Think of water, and 

the three states are ice, liquid water and steam.  

Plasma is a fourth state: a superheated gas that is so hot the negatively charged electrons are 

stripped away. This converts the plasma into a soup of positively charged ions and negatively 

charged electrons, and in turn this means they can be contained in a magnetic field.  

Fusion reactors on earth use strong magnetic fields to contain super-hot plasma at high 

pressures and densities, so that fusion can take place. In effect, says Prof Wilson, they are 

“magnetic bottles”.  

To be really efficient, however, you need huge temperatures and pressures. Amazing as the sun 

is, it is a very inefficient fusion reactor because it is far too cool – about ten times too cool, in fact. 

That is probably a good thing, Prof Wilson concedes – because if it was hotter and more efficient 

it would long ago have burned out, and we would not be here.  

But on earth, to make fusion an efficient source of power, we need to do much better.  

For 40 years or more, fusion scientists have been chasing what they call a „triple product‟. This is 

a fusion reactor that allows them to do three things: reach those 100 million degree 

temperatures; produce pressures high enough to force atoms together; and generate a magnetic 

field that is strong enough to contain plasma at such high temperatures and pressures for long 

enough for fusion to take place.  

Scientists have cracked the first of these, Prof Wilson says. We are getting there on the second. 

But there is still work to be done on the third, mainly because at extremely high temperatures 

and pressures, plasma tends to become agitated. It flares up unpredictably, in a reaction a bit like 

a solar flare, making it very difficult to maintain the temperatures and pressures needed for 

fusion.  

This is where scientists such as Prof Wilson and his team at York come in. By using sophisticated 

instruments to monitor what goes on in the heart of reactors such as JET and MAST, they are 

learning a great deal about the process of fusion, and what causes the sudden eruptions in 

temperature and pressure which make the process difficult to control.  

All this information is being fed into the development of a new prototype reactor, ITER, which is 

being built in France at a cost of ten billion euros.  

ITER is the largest international scientific project on earth. It will be ten times the volume of 

JET, and when it is completed, in about ten years‟ time, we will be only one step away from a 

demonstration fusion power station, Prof Wilson says.  



These are still probably 30 to 35 years off, however. It will take ten years to built ITER, then 

another 20 or so to test it and build a power station from scratch.  

But we are making steady progress, and Prof Wilson is convinced we will get there.  

It is a bit like climbing Everest, he says.  

Over the past 30 years, we have been slowly but steadily climbing up to the base camps. “And 

now we are just a couple of stages from the top.”  

If it lead to a world in which we don‟t need to rely on dirty fossil fuels for our energy needs, it will 

be worth the wait.  

 

HOW A FUSION REACTOR WORKS  

To get fusion power, you need to force two lighter atoms together to make a single heavier atom.  

The sun uses hydrogen as its fuel, forcing two hydrogen atoms together to create one helium 

atom of almost twice the weight.  

On earth, scientists plan to use two different forms of „heavy‟ hydrogen to fuel the reaction: 

deuterium, which is a hydrogen atom with a single extra neutron in its nucleus, and tritium, a 

hydrogen with two extra neutrons.  

Deuterium is common in water. Tritium, meanwhile, is generated during the fusion process itself 

by a reaction with lithium – the third lightest element in the universe after hydrogen and helium.  

Fusion reactors, therefore, are fuelled by the deuterium in water, and lithium such as that in a 

laptop battery.  

Once we get a working fusion reactor, atoms of deuterium and tritium will be fused together to 

form helium – plus lashings of energy.  

That energy will be radiated as heat, which will be absorbed by a specially-designed blanket 

surrounding the reactor.  

This heat will then be used to produce steam. “The steam drives the turbine, and you get 

electricity,” says Prof Wilson.  

Back 

© Copyright 2001-2010 Newsquest Media Group 

http://www.yorkpress.co.uk 

javascript:history.go(-1);

