
Single particle motion in a given field
(B!-plane)



B0: magnetic field (uniform & constant, straight shape)

    v: particle's velocity m, q: particle's mass & chargem, q

F0: external force (uniform & constant, in B⊥–plane)

 Equation of motion in B⊥–plane: m dv

dt = q v  B0 + F0 

B⊥–plane

q vG t  B0 => gyration: vG t

     gyro-frequency: ωB ≡
q B0
m

     gyration radius: rG = v

B

F0 => drift: vF

    e.g.)  F0 = q E0 

=> ExB drift (vE×B =
E0 × B0

B0
2 )

B0

v = vG t + vF

v = vG t  (gyration) + vF (drift)

Drift of a gyrating particle by external force
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MKS unit



q v! " B

Gyration-average (remove gyration effect): 
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  => only x-component of force is taken into account

B: magnetic field (nonuniform (weak variation) & constant, straight shape)

    

v: particle's velocity m, q: particle's mass & charge

m, q

 Equation of motion in B!–plane: m
dv!

dt
= q v! " B 

B = B x z => weak variation:
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... 2nd- & even higher-order terms are neglected.
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Gradient-B drift

   

v
!

= vG t + &v

v! = vG t  (gyration) + v' B (grad-B drift)

when F' B is uniform & constant
=> gradient-B drift
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'0 B : gradient-B force
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assumption:     

vG t » &v

justification
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