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pressional magnetic oscillation, particles keep jJ, constant 
by changing their pitch angles. To fmd out how particles 
respond under these conditions, consider a in the range 
of 00 to 90 0

• If oBz > 0, then oa > 0, and vice versa. 
Next assume that the average pitch angle distribution 
peaks at 90 0

, as illustrated by the solid curve in Figure 
10. If a flux measurement is made at a pitch angle aM, 
particles entering the detector when oBz > 0 had a 
pitch angle smaller than aM when the wave was not 
present (i.e., oBz = 0). Then, from the Liouville the
orem, it follows that the flux decreases at aM' The op
posite happens when oBz > O. The flux changes for 
a = 90 0 to 180 0 are just the mirror image of those for 
a = 0 0 to 90 0

• In terms Equation 3, this can be sum
marized as 

tan a aj oBz 

2 aa Bz 
oj - (10) 

Because this effect occurs at all aM, the pitch angle dis
tribution changes with M z , as illustrated in the two ad
ditional traces in Figure 10. This explains the major fea
ture of ion flux oscillations in Figure 11. 

Although the mirror effect alone does not carry in
formation about propagation direction, the finite Lar
mor radius effect (Eq. 9) is also observable during com
pressional ULF wave events, and it is possible to deter
mine the spatial structure of the waves from particle mea
surements. 22,25 

CONCLUSION 

We have outlined the linear response of energetic ions 
to ULF pulsations and have related the dynamics of in
dividual particles to modulations in particle fluxes that 
can be measured. Using examples from the AMPTE/ CCE 

spacecraft, we have shown different types of ion flux 
modulations and have demonstrated in each example 
that the particle data provide us with information on the 
waves that cannot be obtained from magnetic field mea-

/+ + -
8Bz > 0 +-

o 90 180 
a (deg) 

surements alone. In a sense, the particles can be consid
ered as a remote sensing tool. Because multi satellite ob
servations are not readily available, the techniques 
described here are extremely useful for studying ULF 

waves in the magnetosphere. Finally, for more mathe
matically rigorous treatment of the above particle flux 
oscillations, readers are referred to a series of papers by 
Southwood and Kivelson. 28

-
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Figure 10. Magnetic field and particle data for a compressional Figure 11. Schematic for ion flux modulations as a function 
Pc 5 wave. of pitch angle during a compressional Pc 5 wave. 
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