
Single Particle Motion in E and B 
fields

Everything follows from Lorentz Force:
1st assume time independent fields

• Gyration 

• ExB drift: charge and energy independent

• Grad-B and curvature drifts: depend on both 
charge and energy (explains How the Radiation Belts Work)

• Adiabatic invariants of the motion in a dipole field





How the Radiation Belts Work

• Grad B drift = -μ BxB/qB2

• Force on Parallel Motion
– Magnetic bottle
– Pitch angle
– Bounce Motion

• Longitudinal Drift
• Radiation Belt Organization

– Loss cone





Parallel Motion of Guiding Center
(see parallel_guiding_center_motion.pdf )

• From Lorentz Force, looking at average motion 
parallel to B  (v|| = v• B/B)

we get this equation of motion:

Where µ= ½ m v2
perp/B = constant when E|| = 0 

(for derivation see 
http://earthweb.ess.washington.edu/bobholz/ess515/parallel_guiding_center_motion.pdf   )



Magnetic Bottle















L is the place 
the dipole field 
line crosses the 
equator, in 
units of Earth 
Radii



• Continue Bounce motion

• Longitudinal Drift

• Radiation Belt Organization: 
– Shielding layer

– L-shell

• Field Line Equation: r=LRecos2λ

• Loss Cone

• Begin Large Scale Current



• = Magnetic Moment =constant 
gave us gyration and drift. 

Now:
• Pitch angle analysis gives us Bm = Bo/sin2αo  

• Then add:  Dipole field 
B(r,λ) = (M/r3)*(1 + 3sin2λ) ½ (where λ is latitude)

• We will Find :  
Gyro period << Bounce period << Drift Period

Single Particle Motion  in dipole 
field







To 
sun

V = ExBdrift PLUS Grad-Bdrift





Equitorial 
Magnetic 
field 
perturbation













Ah! But the field is not a perfect dipole:







Contours of constant Magnetic field Strength

B





Magnetic Field Minimum

Precipitating >80MeV protons

Single Event Upsets in the 
memory for Topex Satellite



Advanced subject

For details see 
adiabatic_invariants.pdf



• Now, lets look at  magnetotail Tail curents

• Then combine cold and hot plasma drifts 

• Cold: 
– Sunward convection on closed field lines

– Plasmasphere co-rotatation

• Hot
– Ring current

– Partial ring current/Alfven layer

• Then: Aurora and ionosphere





How can there be a current

Like this: charge moving ACROSS 
the B –field?



View from the Tail looking back at Earth
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View from Tail towards Earth
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Equatorial Plane View

Next time:

What’s happening in here

In the Plasmasphere?



Magnetic 
activity 
index



Plasma density 
100 or 1000 times 
higher than outer 
magnetosphere


