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Single-Particle Orbit Theory
Newton’s law of motion for charged particles

€ 

m dv
dt

= q E+ v ×B( )

Guiding-Center: A very useful concept



Single-Particle Orbit Theory
ExB Drift

€ 

m dv
dt

= q E+ v ×B( )

€ 

E = const., B = const.Consider

€ 

VE =
E×B
B2

The charged particles experience a drift velocity, 
perpendicular to both E and B, and independent of 
their charge and mass.





Gradient B drift
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w⊥
qB

B×∇B
B2
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Curvature drift
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The Ring Current in Earth’s 
Magnetosphere: An Example 



Adiabatic Invariants

Albert Einstein and the Adiabatic Pendulum 
(1911)

Einstein suggested that while both the energy E and
the frequency n change, the ratio E/n remains 
approximately invariant.



Adiabatic Invariants

Harmonic oscillator

€ 

d 2x

dt2
+ω2(εt)x = 0, ε <<1

The adiabatic invariant is   

€ 

J = pdq∫

ΔJ /J ~ exp(−c /ε)



Adiabatic Invariants
Three types of bounce motion



Adiabatic Invariants
Three types of bounce motion

First adiabatic invariant       

€ 

µ = w⊥ /B

Second adiabatic invariant

€ 

J = m v||∫ ds

Third adiabatic invariant

€ 

Φ = πR2B
































































