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Science of fusion energy

• Basic introduction
• Minimal math
– 𝐸 = 𝑚𝑐!

• main formula behind fission and 
fusion

– Unit conversion
• Important to understand the scales 

involved

• Those with science/engineering 
backgrounds can see the 
references for more technical 
information
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General overview of energy conversion
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General overview of energy conversion
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Think about goals for a useful energy source:
• High efficiency
• Abundant, easily obtained sources
• Waste martials
• Minimize amount of waste and any 

negative impact on humans and 
environment



Comparison of different processes of energy generation
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A little bit of nuclear physics…
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D-T process (man-made fusion) vs p-p (Sun)

D. Wood, International Reseach Collaborations 7



Fuel for fusion
• Deuterium

– Stable, harmless isotope of hydrogen (one proton+one
neutron)

– Can be distilled from all forms of water
• E.g. 33 grams of deuterium in each cubic meter of sea water

• Tritium
– Unstable isotope of hydrogen (one proton + two neutrons)

• Half-life: 12.5 years
• Used to be used to make glowing watch dials

– Too rare in nature to get needed quantities
– Can be created by bombarding Lithium with neutrons

• Neutrons can come from the fusion reactor itself, so you really 
just need to supply Lithium

• Lithium
– Metal (Used in batteries as well), found in rocks, brine, 

seawater
– A 1-GW reactor would require 500 kg of Li per year
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For practical energy generation, you need a large reaction rate
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Ways of obtaining  the necessary temperature and density
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Inertial Confinement

• Simple description:
– Make a pellet of deuterium and tritium
– Blast it with high-powered lasers from 

all directions to make short-lived 
plasma

• Most advanced Facility
– National Ignition Facility (NIF), located 

at the Lawrence Livermore National 
Laboratory, California
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By Lawrence Livermore National Laboratory - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=20512199



Magnetic Confinement

• Use magnetic fields to confine 
the plasma while it is heated with 
electromagnetic waves

• Geometry: torus (Tokamak)
• Largest example under 

construction: ITER in Saint-Paul-
lès-Durance, France
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Plasma
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Experimental challenge – confinement conditions

• Goal for ITER:
– Demonstrate a Q-factor of 10
– Q = (energy out)/(energy in)
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A few remaining points

• Nuclear fission has a major drawback of producing tons of 
radioactive waste
– Examples of isotopes in waste
• Strontium-90 – half live 30 years
• Cesium-137 - half life 30 years
• Plutonium-239 - half-life of 24,000 years

• Fusion was products are:
– Helium (harmless, can be released to atmosphere)
– Neutrons (are absorbed in reactor material, but can activate/weaken 

the material)
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