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Sun – Earth System Overview 



•  Plasma is the fourth state of matter 

•  The universe is filled with plasma 

•  Extreme ultraviolet output from the 
Sun creates a plasma in Earth’s upper 
atmosphere through ionization 





















Ionosphere is a plasma with an embedded magnetic field.   

“The resulting electric field is as rich and complex as the driving wind 
field and the conductivity pattern that produce it”, Kelley, Ch. 3 



Perpendicular equation of motion 

Parallel equation of motion 















Elevation Refraction Range Delay 
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Electron cloud	



Debye length λD	



λradar∝1/kradar	



(λD/ λradar)2<<1	



⇒ (kradar λD)2
 << 1	



⇒ Incoherent Scattering	







The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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Jicamarca ISR - Low Latitudes 















Mannucci et al., 2005, GRL 
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(from astronomy picture of the day) 



(from astronomy picture of the day) 










