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Bounce and drift motion 
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SPM to MHD 

8/31/2016 3 

Single particle 

Particle distribution functions 

Macroscopic variables MHD equation 

Putting lots of particles together 

Single equation of motion 

Vlasow equation 

Moments 

Liousville’s theorem 

gyration, bounce, drift 



The road to MHD 
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State Fields Dynamics 
 

Single particle 
motion 

𝑞,𝑚, 𝑟 , 𝑣  they just are 
𝑚
𝑑𝑣 

𝑑𝑡
= 𝑞 𝐸 + 𝑣 × 𝐵  

kinetic theory 𝑞𝑠, 𝑚𝑠, 𝑓𝑠 𝑣 , 𝑟 , 𝑡  
𝜌 = 𝑞𝑠 𝑓𝑠 𝑣 , 𝑟 , 𝑡 𝑑

3𝑣
𝑠

 

𝑗 = 𝑞𝑠 𝑣 𝑓𝑠 𝑣 , 𝑟 , 𝑡 𝑑
3𝑣

𝑠
 

𝛻 ∙ 𝐸 =
𝜌

𝜖0
            𝛻 ∙ 𝐵 = 0 

𝛻 × 𝐸 = −
𝜕𝐵

𝜕𝑡
       𝛻 × 𝐵 = 𝜇0𝑗 + 𝜇0𝜖0

𝜕𝐸

𝜕𝑡
 

𝑑𝑓𝑠
𝑑𝑡
= 0 

Magnetohydro-
dynamics 

(MHD) 

𝑚, 𝑛, 𝑣 , 𝑝 
𝛻 × 𝐸 = −

𝜕𝐵

𝜕𝑡
      𝛻 × 𝐵 = 𝜇0𝑗  

𝑗 = 𝜎 𝐸 + 𝑣 × 𝐵     𝑝𝜌−γ = 𝑐𝑜𝑛𝑠𝑡. 

𝜕𝜌

𝜕𝑡
+ 𝛻 ∙ 𝜌𝑣 = 0 

𝜌
𝑑𝑣 

𝑑𝑡
= −𝛻𝑝 + 𝑗 × 𝐵 



MHD equations 
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Diffusion vs. frozen-in 
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Magnetic reconnection 
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