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Radio measurements of the upper atmosphere

« Propagation and Reflection Experiments:
— Consider ionospheric plasma as a continuum
— Ray-bending and reflection governed by variable index of refraction
« Incoherent Scatter Radar:
— Consider ionospheric plasma as a collection of electron point targets
— Assume plasma is stable and near thermodynamic equilibrium
— Use statistical mechanics to describe scatter
« Coherent Scatter Radar:
— Consider ionospheric plasma as a heterogenous, structured medium

— Scatter from turbulence, plasma irregularities, etc.



The Appleton-Hartree equation
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w = the angular frequency of the radar wave,
Y, = Ycos#, Y, = Ysind,

¢ = angle between the wave vector k and B,

k = wave vector of propagating radiation,

B = geomagnetic field, N = electron density
e = electronic charge, m,_, = electron mass,

and ¢ = permittivity constant.



The Appleton-Hartree equation
Index of refraction in an unmagnetized plasma:
n2=1-w2 /w2

Electron plasma frequency: w2, = e2n /eym,



Reflection experiments: ionosondes
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GPS time difference of arrival

» Satellite radio signals have to traverse the ionosphere to reach the ground.

« Different frequencies travel at different speeds through the ionosphere. A
dual frequency GPS receiver can measure the time difference of arrival of

signals at different frequencies.
« Time difference of arrival gives the line integral of the electron density along

the ray path (total electron content, or TEC).
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lonospheric response to 2011 Tohoku earthquake
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Total electron content maps
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