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The simplest ion - neutral collision frequency model
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(Institute for Space-Earth Environmental Research, Nagoya University

Electric currents and Joule heating in the Earth’s ionosphere arise from collisions between ions and neutral particles. Such
collisions are generally characterized by the ion — neutral collision frequency. In many ionospheric studies, currents in the F
region can be neglected. Under this assumption, charge-exchange reactions can be ignored, and the collision frequency can
be approximated in a simple form. A commonly cited expression for the simple ion — neutral collision frequency, appearing
in several textbooks, is given as 2.6 x 10°-15 N x (M)"(-1/2), where N is the neutral density and M is the neutral mass (e.g.,
Brekke, 2013, p. 248, Physics of the Upper Polar Atmosphere). However, this simplified formula cannot be derived from clas-
sical Banks/Schunk formulations of collision frequency (see, for example, Ieda, 2020, Eq. A1, doi:10.1029/2019JA027128),
and it is unclear what physical quantity it represents. In this presentation, we discuss the origin of this inconsistency and
propose the simplest collision frequency model in which the neutral mass is treated as a constant rather than a variable.
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