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How to describe a plasma? 
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• Thermonuclear fusion with high energy particles of  

  10-20 keV energy → plasma 

• Three approaches to describe a plasma 

- Single particle approach 

- Kinetic theory 

- Fluid theory 

Description of a Plasma 

http://http://dz-dev.net/blog/tag/eruption-solaire 
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• Equation of motion 

- Basic relation determining the motion of an individual charged particle of  

  mass m and charge q in a combined electric (E) and magnetic (B) field 

- Neglecting electromagnetic fields generated by movement of the charge itself 
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Individual Charge Trajectories 

A. A. Harms et al, “Principles of Fusion Energy”, World Scientific (2000) 
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Larmor radius 

Individual Charge Trajectories 

• Homogeneous magnetic field 
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A. A. Harms et al, “Principles of Fusion Energy”, World Scientific (2000) 

5 T, 10 keV 
rL = 0.05 mm for e 
rL = 2.9 mm for d 
rL = 3.5 mm for t 
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Individual Charge Trajectories 

• Homogeneous magnetic field 
Magnetic 
field 
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A. A. Harms et al, “Principles of Fusion Energy”, World Scientific (2000) 
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Individual Charge Trajectories 

• Combined homogeneous electric and magnetic field 

A. A. Harms et al, “Principles of Fusion Energy”, World Scientific (2000) 
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Individual Charge Trajectories 

• Combined homogeneous electric and magnetic field 

A. A. Harms et al, “Principles of Fusion Energy”, World Scientific (2000) 
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ggc vvv  : Guiding centre + Gyro motion 

Individual Charge Trajectories 

• Combined homogeneous electric and magnetic field 
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ggc vvv  : Guiding centre + Gyro motion 

Individual Charge Trajectories 

Hannes Alfvén 
(1908-1995) 

 

“Nobel prize in 
Physics (1970)” 

H. Alfvén, Cosmical Electrodynamics, Oxford (1950) 

• Combined homogeneous electric and magnetic field 
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Individual Charge Trajectories 

ggc vvv  : Guiding centre + Gyro motion 

• Combined homogeneous electric and magnetic field 

A. A. Harms et al, “Principles of Fusion Energy”, World Scientific (2000) 12 
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Individual Charge Trajectories 
• Spatially varying magnetic field 

A. A. Harms et al, “Principles of Fusion Energy”, World Scientific (2000) 
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Individual Charge Trajectories 

• Curvature drift 

A. A. Harms et al, “Principles of Fusion Energy”, World Scientific (2000) 
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Individual Charge Trajectories 

• Axial field variation 

A. A. Harms et al, “Principles of Fusion Energy”, World Scientific (2000) 
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Individual Charge Trajectories 

• Axial field variation 

A. A. Harms et al, “Principles of Fusion Energy”, World Scientific (2000) 

   rrzz BqBq
dt

d
m evev

v


z

Br
B z

r 



2

0B 0)0(   ,0  rBB r

BB
B

mv
||||

2

||
2

1
  F

μ : magnetic moment of  
    the gyrating particle 



17 

0
2

1

2

1 2
||

2
0 






   mvmv

dt

d
E

dt

d

B

mv 2/2


  0
2

1

2

1 2
||

2 












 

dt

dB
B

dt

d
mvmv

dt

d 

0
dt

d
: adiabatic invariant 

dt

d

vvdt

ds

sds

dt

dt

ds

ssdt

d
m

BBBB
B

v
F

||||

||

||

||

1  












dt

dB
mv

dt

d 





 2

||
2

1

dt

dB

vdt

dv
m

||

|| 


Individual Charge Trajectories 

• Invariant of motion 
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18 http://www.physics.ucla.edu/icnsp/Html/spong/spong.htm 

Individual Charge Trajectories 

J. P. Graves et al, Nature Communications 3 624 (2012) 
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Individual Charge Trajectories 
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