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Lightning Effects in Space

A typical lightning discharge involves a pulse of current, known as the “return stroke”, with a peak as high as
hundreds of kiloAmperes. The return stroke acts as a powerful antenna, radiating an electromagnetic pulse
(EMP). The lighting EMP can propagate many thousands of kilometers in the Earth-ionosphere waveguide
and be detected by remote receivers. The EMP also propagates upwards through the atmosphere and
interacts with the ionosphere, producing heating, new ionization, and optical emissions known as “Elves”.
Furthermore, some energy leaks through the ionosphere and into the magnetosphere, propagates as
whistler-mode waves in the magnetized plasma environment, and interacts with radiation belt electrons. As
such, lightning is an important factor in the dynamics of radiation belt electron populations. This talk will
provide an overview of lightning, Elves, and related phenomena, and then introduce observations and
modeling of the lightning EMP and the production of Elves. We will then present the design of a new
CubeSat known as the VLF Wave and Particle Precipitation Mapper (VPM) that will make measurements of
electromagnetic waves and energetic electrons from low Earth orbit. The VPM CubeSat, which involves two
wave instruments and two energetic electron detectors, will help to quantify the effects of lightning on the
lower ionosphere and on radiation belt electron populations.
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