
Lecture 5 171016 

•  Il pdf delle lezioni puo’ essere scaricato da  
•  http://www.fisgeo.unipg.it/~fiandrin/

didattica_fisica/cosmic_rays1617/ 
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Richiamo: moto di un RC nel campo 
magnetico Galattico 
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Motion in non-uniform B fields: guiding center 
approximation 
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All the terms with only sinωt or cosωt give zero 
The term giving a non zero contribution (because 
it contains cos2ωt and sin2ωt terms) is 

Motion in non-uniform B fields 

e1xe2=e3 

In the plane perp. to B we can write: 
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 average over a Larmor period. 



Motion in non-
uniform B fields 
Now separate normal and 
parallel comp.: for the normal 
we take the vector product 
with e1  

Because the average normal 
accel. is small wrt the the 
parallel one (not influenced by 
the time average) 



Motion in 
non 

uniform 
fields 

This is the drift velocity normal to the 
field and to the gradient normal to the 
field 





Motion in non-uniform B fields 



Motion in B fields: classical approach 
Guiding center decomposition: 

Parallel and normal components to the field line: V=Vp + Vn and 
Vn is decomposed in a drift and a gyration with Larmor radius ρ=Pn/Bq and frequency 

ω=qB/m è V= Vp + VD + ωxρ = Vgc + ωxρ 
The motion is then described by a traslation of a point, the Guiding Center, plus a 

gyration around GC normal to B 
Parallel and normal components are decoupled 

If dB/Bdt<<ω/2π

Vgc 

B ω

GC 

ρ B 

α
Vn=Vsinα
Vp=Vcosα

The “Pitch“ Angle 

P 



Motion in B fields: classical approach 

As a consequence of the decoupling, the motion can be 
decomposed in 3 quasi-periodic components: 
•  gyration around the field line  
•  bouncing between the mirror points along the field line 
•  drifting normal to the field line and to the field gradient 
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