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As an application of our recent work [1] on a completely
general two-fluid analysis of all waves in a warm ion-
electron (or pair) plasma, we connect to the vast body of
literature on whistler waves and the high-frequency
approximation known as the Appleton-Hartree equation
[2]. For whistler waves of both descending and ascending
frequency behaviour, the usual approximate group speed
expressions are extended to include ion contributions and
deviations from propagation parallel to the background
magnetic field. At oblique angles as well as at
perpendicular propagation, their presence is investigated
using exact numerical evaluations of the two-fluid
dispersion relation under magnetosphere conditions. For
pair plasmas in pulsar magnetospheres it is shown that
various wavetypes feature whistling behaviour at oblique
angles.
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Figure 1: Comparison of the literature whistler approximation
and our improved approximations to numerical evaluations of
the full two-fluid dispersion relation for Earth's magnetosphere
parameters at parallel propagation. (a) Whistler mode dispersion
diagram showing frequency variation with wavenumber. (b)
Whistler mode group speed showing group speed magnitude
versus frequency.
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