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Appendix B

Gyration, bounce and drift frequencies in a dipole
field

The gyration frequencies vg and periods rg of low-energy electrons and protons in
an idealized, symmetric dipole field are shown in Figure B.I for altitudes up to
104 km. For relativistic particles these values should be divided by y.

The bounce and drift periods of equatorial particles in a dipole field are given
as a function of particle energy in Figure B.2 for electrons and in Figure B.3 for
protons. Since the bounce period is inversely proportional to particle velocity (see
equation (4.26)), the period becomes almost independent of energy as the
electrons become relativistic.

For particles mirroring at any latitude, the bounce period can be expressed as
rb(s) = 6.37 x lVLg^Vi; (B.I)

where v is the particle velocity (meters S"1) and g(hd is a geometrical quantity
which depends on the mirroring latitude (or the equatorial pitch angle). A plot of
g(Kn) is given in Figure B.4 as a function of both Am and aE.

The azimuthal drift period for off-equatorial particles is expressed by the
approximate formula (4.47). A graphical representation of the geometrical factor
^ ( A ) as a function of mirroring latitude is given in Figure B.5. The drift period is

L(E + m0c
2)(v/c)2

where the kinetic energy of the particle E and the rest mass energy m0c
2 are

expressed in MeV. The ratio (v/c)2 for any kinetic energy T (in rest mass units) is
given by (v/c)2 = p1 = T(T + 2)/(T + I)2. For example, a 1 MeV electron has
T = 1.957, /£ = 0.886, and E + m0c

2 = 1.511 MeV. If it has equatorial pitch
angle of 90° and is at L = 2, rd = 5300/2(1.511)(0.885) = 1.981 x 103 s, in agree-
ment with Figure B.2.
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FigureB.l. Gyration frequencies and periods of trapped electrons and protons in
a centered, dipole magnetic field.
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Graphs of gyration, bounce and drift periods 163
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Figure B.2. Bounce (rb) and drift (rd) periods of equatorially trapped electrons.

Cambridge Books Online © Cambridge University Press, 2009
Downloaded from Cambridge Books Online from within the IP domain of the University of California on Fri Dec 05 18:03:57 GMT 2014.

http://dx.doi.org/10.1017/CBO9780511524981.015
Cambridge Books Online © Cambridge University Press, 2014



164 Appendix B

10 102 1O3 104 105 106 107 108

KINETIC ENERGY, E(eV)

Figure B.3. Bounce (rb) and drift (rd) periods of equatorially trapped protons.
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Graphs of gyration, bounce and drift periods 165
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Figure B.4. Geometric factor for computing bounce periods of off-equatorial
particles.
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Figure B.5. Geometric factor for computing drift periods of off-equatorial
particles.
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