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Nuclear Fusion 
Handout 

 
 When most people think of nuclear fusion they often think of explosions and/or radiation, 
a characteristic that is more likely associated with fission reactions.  Most simply put, fusion 
means “putting together” and fission means “taking apart”.  Because a nuclear reaction is a result 
of a conversion of matter from one element to another, energy is released, and lots of it.  This is 
the stuff we are after and this is why we go to such great lengths and expense to make it work.  
Since stars are generally rich in hydrogen for most of their life span, the energy released by their 
nuclear reactions is monumental and stars will liberate this energy in the form of radiation.  
Some of this radiation will be visible to our naked eye, and some not, for millions of years.  
   Many people wonder why we can’t use fusion reactions like the stars do to generate 
energy here on earth.  There is plenty of hydrogen here to burn too.  This is really a good 
question, but one with an obvious answer.  Astronomers make simple observations of the fusion 
reactions going on inside a star and can easily determine that the temperatures necessary to 
sustain such a reaction are incredibly high, on the order of 10 – 15 million degrees Celsius.  The 
high temperature is this reason, more than any other that prevents us from using this fusion 
reaction for generating energy here on earth. 
 Another major concern involved in the use of nuclear reactions (fusion or fission) is the 
fact that there are other byproducts created during the process, in addition to the release of useful 
energy.  These byproducts are often radioactive, which means they have certain nuclear decay 
properties that turn out to be quite detrimental to most life forms on the planet, including us.  
Fusion has the advantage of being quite clean in this department while fission leaves us with 
nuclear waste that is currently being buried miles below the earth’s surface and will still be a 
potential hazard for literally millions of years. 
 Now that we are a bit more familiar with fusion and fission lets look in greater detail at 
the most common example of a fusion reaction that will allow us to identify many of the intricate 
steps involved in this process. 
 

 
 
The next thing you have to do once a fusion reaction is completed is to confine it.  If you do not 
confine it, it will simply not work.  A star’s immense mass develops huge gravitational forces 
that help to contain the raw materials (in plasma) and the reaction within itself.  Here on earth, 
though, we need another way.  Currently physicists at JET (Joint European Torus Project) 
(http://www.jet.efda.org) have developed a way to use electromagnetic fields to contain plasma 

In the most common form of fusion pictured to the left 
nuclei of deuterium and a tritium (both isotopes of 
hydrogen) react to produce helium nuclei, a free neutron 
and energy. 
 
The benefits of this reaction include the relative abundance 
of both deuterium and tritium as fuels here on earth as well 
as the relative harmless nature of both the helium nucleus 
and the free neutron liberated in the reaction.  
 
For example, 10 grams of deuterium that can be extracted 
from 500 liters of water and 15g of tritium produced from 
30g of lithium would produce enough fuel for the lifetime 
electricity needs of an average person in an industrialized 
country. 
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in which a fusion reaction may occur.  This device is called a Tokamak reactor.  Diagrams and 
cutaway views of the Tokamak reactor at JET can be found and downloaded at the website link 
above. Since contained plasma consists of two types of charged particles, ions (positive) and 
electrons (negative), magnetic fields can be used to isolate the plasma from the vessel walls. In a 
magnetic field the particles readily spiral along the field lines but diffuse only slowly across 
them.  The Tokamak is then placed inside a large vacuum chamber and thermally isolated from 
the rest of the environment.  Other necessary conditions are listed below. 
• Plasma temperature: (T) 100-200 million degrees Celsius  
• Energy Confinement Time: (t) 1-2 seconds  
• Central Density in Plasma: (n) 2-3 x 1020 particles m-3 (approx. 1/1000 gram m-3) 

  
To reach and sustain these high temperatures inside the vessel JET uses four processes.  The 
reaction is not considered complete until its own reaction products generate sufficient heat to self 
sustain the fusion reaction.   
 
 One method of heating involves first applying extremely high currents, in the range of 7 
million amps, which result in the deposition of a few megawatts of heat into the plasma.  Next, 
beams of deuterium or tritium ions are injected into the plasma at potentials reaching 140,000 
volts.  This delivers up to an additional 21 megawatts to the plasma.  Then, another 20 
megawatts of heating power is delivered by radio frequency waves in the 25 – 55 megahertz 
range.  Finally, in the fourth heating step, 3.7 gigahertz of microwaves adds an additional 10 
megawatts of heat to the plasma. 
 
 At this point if you have been doing your math you will have concluded that we have 
supplied as much as ________megawatts of energy to the plasma and it has now been elevated to 
the temperatures necessary for fission to take place (140,000 million degrees C).  Finally, when 
the reaction itself begins to generate enough alpha particles (Helium nuclei) to maintain the 
necessary temperature, “ignition” is said to take place. 
 You may be wondering why scientists are willing to spend so much energy and money to 
attain such fusion reactions.  Think about this, and try to come up with some answers on your 
own.  One opinion out there is that there must be so much more energy to gain from the fusion 
reaction that the expense is worth it.   
 There are other methods of controlled fusion out there in science today, most notably the 
multi Mega Watt Laser Confinement experiment at Lawrence Livermore National Laboratory.   
As research continues, surely other methods will be developed to create and control fusion 
reactions. 
 


