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𝑅𝑖𝑅𝑓

Plasma Heating by Adiabatic Compression

• By suddenly increasing the vertical 

magnetic field 𝐵𝑣, tokamak plasma 

can be compressed in major radius.

• As a result, plasma moves toward stronger B field region (𝐵 ∝
1

𝑅
) 

and volume shrinks.  

 Both temperature and density increase!
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Plasma Heating by Adiabatic Compression

• This has been demonstrated in Adiabatic Toroidal Compressor (ATC) 

in Princeton Plasma Physics Laboratory (1972-1975).

• Compression in minor radius without shift in major radius is also 

possible by changing 𝐵𝑇𝑜𝑟.

‐ This has been demonstrated in 

TUMAN experiment in USSR around 

the same period.
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4.5. Second Adiabatic Invariant  :  J

• Guiding center motion of mirror-trapped particles:

This is also periodic in nature.

: the loop integral of the parallel velocity 

along a trapped particle trajectory.

where 𝑣∥ =
2(𝐸−𝜇𝐵)

𝑚

(4.27)

𝐽 ≡  𝑣∥ ⋅ 𝑑𝑠

𝐵𝑣∥
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• This 2nd adiabatic invariant (J conservation) is not only useful in 

magnetic mirror geometry, but also in tokamak configuration and in 

the earth’s magnetic field (dipole field).

• Note that this is also an “Action”:

𝐽 ≡  𝑣∥ ⋅ 𝑑𝑠 =
1

𝑚
 𝑝∥ 𝑑𝑞∥

𝑝∥ ≡ 𝑚𝑣∥ −
𝑒

𝑐
𝐴∥
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