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A plane electromagnetic wave propagating through an interface can be described by the laws 
of reflection and refraction. However, corrections to these laws arise when we consider 
physical electromagnetic waves due to their finite transverse extent. These shifts, which can be 
spatial or angular in nature, are called Goos-Hanchen (GH) and Imbert-Fedorov (IF) effects 
[1]. In this study, we investigate the ionosphere-induced out-of-plane IF shifts of radio waves. 
We treat the ionosphere as a collection of electrons moving in a uniform magnetic field, as 
described by the Appleton model, and used the resulting dispersive expressions to calculate for 
the IF shifts [2]. We confirm that the ionosphere may behave like a dielectric, metal or epsilon-
near-zero material depending on the value of the incident frequency of the radio wave and the 
plasma frequency of the ionosphere. We calculate the shifts for the three cases and find that the 
maximum shift can be observed when the ionosphere acts like an epsilon-near-zero medium. 
Finally, we discuss how the generated IF shifts can be used as a potential tool to profile the 
ionosphere using reflected radio waves. 
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