


 

 

 

 



 





  CREATING a Star on Earth  

        Fusion 
   The Ultimate Energy Source 

               for Humanity 







 



 



 



THERMONUCLEAR FUSION 

ADVANTAGES 

 Huge potential for meeting our energy 

needs:  1 g of  H2 produces energy from 

burning 1 ton of  coal   

 Deuterium is naturally occurring and is 

available at 0.015% abundance. 21H in water 

could meet energy needs for millions of  

years. 

 Tritium is radioactive and must be produced 

via fission of  Li (abundant in earth’s crust). 
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3Li  + 1n0   42He  + 31H 



 

 

* For example, 10 grams of  Deuterium which can be 

extracted from 500 L (or 0.5 Mg) 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.  

* Produces minimal radioactive waste, but risks exist with β 
emitting tritium. 

* Produces no greenhouse gases or acid rain. 

* But requirements to carry out a controlled fusion reaction 
and convert the energy produced to industrial and 
household uses is very difficult technologically and 
financially. 
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• Deuterium isotope ≈ 1/ 6000 of hydrogen atoms in water 

       and can be extracted at a negligible cost (≈ $1/gr) 

• Deuterium in 1 gallon of water has the same energy as 300  

       gallons of gasoline, if burned in a fusion D-T reactor 

• Tritium is not present in Nature (13 year half-life), but slightly more 

than 1 

• Tritium atom can be created for each DT neutron in a lithium 

“breeding  

         blanket” 

                             Li6 + n -> T + He4 (7% natural Li) 

                             Li7 + n -> T + He 4 + n (93% natural Li) 

Abudant Supply of Fusion Fuel 





No risk of meltdown: A Fukushima-type nuclear 

accident is not possible in a tokamak fusion device. It is 

difficult enough to reach and maintain the precise 

conditions necessary for fusion—if any disturbance 

occurs, the plasma cools within seconds and the 

reaction stops. The quantity of fuel present in the vessel 

at any one time is enough for a few seconds only and 

there is no risk of a chain reaction. 

Limited risk of proliferation: Fusion doesn't employ 

fissile materials like uranium and plutonium. 

(Radioactive tritium is neither a fissile nor a fissionable 

material.) There are no enriched materials in a fusion 

reactor like ITER that could be exploited to make nuclear 

weapons 
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Thermonuclear Fusion Conditions 

 

    Lawson's Criterion for Fusion   

 





 



 





Plasma Confinement 



 





 



 



Worldwide Fusion Devices 



 





 

 

 

 

g World’s first production of controlled fusion, 

  about 2MW for one second. 

 g 50:50 deuterium / tritium fuel used. 

g Three world records established: 

* Fusion Power      16MW 

* Fusion Energy   22MJ 

* Q-factor: Ratio of Fusion Power to Input Power    

0.64  

Fusion Production at JET 





 





TOKAMAK FUSION TEST REACTOR (TFTR) 

Type Tokamak 

Operation date 1982–1997 

Major radius 2.1–3.1 m 

Minor Radius 0.4–0.96 m 

Magnetic field 6.0 T (toroidal) 

Heating 51 MW 

Plasma current 3.0 MA 

Location Princeton, New Jersey， USA 
TFTR remained in use until 1997. It was dismantled in September 2002, 

after 15 years of operation. 

It was followed by the NSTX spherical tokamak. 

https://en.wikipedia.org/wiki/Tokamak
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Tesla_(unit)
https://en.wikipedia.org/wiki/Megawatt
https://en.wikipedia.org/wiki/Ampere
https://en.wikipedia.org/wiki/Princeton,_New_Jersey
https://en.wikipedia.org/wiki/New_Jersey
https://en.wikipedia.org/wiki/File:TFTR_1989.jpg
https://en.wikipedia.org/wiki/National_Spherical_Torus_Experiment






 

Triple Product Achieved On Different Fusion Facilities 



 



 
 
 
 

Produce a burning plasma 

Plasma kept hot by fusion energy itself , 

“self-heating” 











   ITER Parameters 

major radius 6.2 m 

minor radius 2.0 m 

fusion power  500 MW 

power amplification >10 

plasma volume 840 m3 
toroidal field on axis 5.3 T 

plasma current 15.0 MA 

burn flat top >400s 



ITER – Cadarache, France 
ITER – Cadarache, France 





 

 



 

Controlling Impurities 
Fuel Impurities are a major threat to FUSION reactor success 

 

Two primary sources of impurities 

Helium “ash” from the fusion reaction 

Material impurities from plasma-wall interactions 

Impurities must be controlled 

since they 
Radiate energy, and reduce the plasma temperature 

Dilute the fuel, thereby preventing ignition 

How to Controll Helium “ash”and Material impurities? 

•The “Magnetic Divertor” is a device for controlling  impurities.  

•This has been tested successfully in JET , TFTR, JT-60.  

•Three different concepts have been compared.  

•Results agree with code predictions. 

 









 





















  CONCLUSIONS 

•Path to Fusion Reactor 
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