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A modeling study of interplanetary-equatorial electric field penetration efficiency
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Abstract As an important way of solar wind-magnetosphere-ionosphere coupling during strong
geomagnetic activity period, electric field penetration has been an active topic in space physics for
many years. In the past four decades, many researchers were interested in the observational
evidence and theoretic modeling to search for the physical mechanism, however, the “electric field
penetration efficiency”, which is supposed to be an important quantitative index, has received less
attention. Defining the penetration efficiency as the ratio of equatorial electric field increment to
the corresponding interplanetary electric field increment, this paper aims to discuss the local time
dependence of electric field penetration efficiency and its relation to neutral wind. Our result of
numerical modeling suggests that: (1) Without considering transpolar potential saturation,
equatorial electric field increment linearly responds to IEF increment, and neutral wind does not

affect the penetration efficiency; (2) Assuming constant magnetic reconnection length L=2.6 R,
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the local time dependence of penetration efficiency can be described as follows: it is about 10%

between 9 and 23LT, however, increases rapidly from 2% up to 30% and decreases quickly to

2% between 0 and 7LT. All above characteristics are basically consistent with observations.
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