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Equivalent capacitance of an ion sheath around impedance-probe in the ionospheric
plasma

# Tomonori Suzuki[1]; Takayuki Ono[2]; Yukitoshi Nishimura[3]; Masahide lizima[4]; Atsushi Kumamoto[5]
[1] Dep. of Geophys, Graduate School of Sci., Tohoku Univ.; [2] Department of Astronomy and Geophysics, Tohoku Univ.; [3]
Department of Geophysics, Tohoku University; [4] Geophysical Inst., Tohoku Univ.; [5] Tohoku Univ.

Impedance-probe developed by Oya [1966] is the accurate measurement technique to identify the electron number density |
measuring the equivalent capacitance of conductor probe immersed in plasma. This method enables us to determine the Ut
frequency to deduce the absolute electron density with high accuracy. Impedance-probe has been applied to many soundi
rockets and satellites as unique electron density measurement equipment (e.g., Oya & Obayashi, 1967; Takahashi et al., 19t
Wakabayashi & Ono, 2005). However, it has been proposed that characteristics of the equivalent capacitance include much mo
information, such as electron temperature, ion sheath, and charging effect of electrode as well as electron density (e.g. Oya
Aso, 1969; Oya & Morioka, 1975; Wakabayashi & Ono, 2006). The purpose of this study is to extend application range of the
impedance-probe. In this presentation, we will report equivalent capacitance of an ion sheath around the probe, based on mc
realistic evaluation method.

Due to the difference of thermal velocities between electrons and ions, a probe takes negative potential in plasma. As a cons
guence, the ion sheath is formed around the probe, and the probe capacitance is affected by the equivalent capacitance of the
sheath region. It is recognized that probe capacitance measured at low frequency compared with characteristic frequency (su
as cyclotron frequency) is nearly equals to the sheath capacitance. Oya & Aso [1969] proposed the method to estimate electrt
temperature from the sheath capacitance, applying sheath model of empty in the sheath region. Based on similar sheath mod
variation of the sheath thickness due to charging effect of the probe by auroral particle precipitation was suggested observatiol
ally (Watanabe, 2000; Wakabayashi & Ono, 2006). In this investigation, sheath capacitance is calculated on the basis of mor
realistic sheath model obtained by solving Poisson’s equation numerically in cylindrical coordinate system.

In this presentation, analysis results of sheath capacitance varying due to the change of electron temperature and probe surf:
potential will be shown. We also compare the calculated value of sheath capacitance and the observed value by the impedan
probe on-board a sounding rocket in auroral ionosphere. Furthermore, we will evaluate the validity of the sheath model and dis
cuss charging effect caused by the auroral particle. Based on this study, more accurate method of measuring electron temperat
by the impedance probe is promised and also it becomes possible to understand charging effect of electrode.
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