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Extended Abstract 

An implicit assumption utilized in studies of E-region plasma waves generated by the Farley-Buneman instability (FBI) is that 

the FBI dispersion relation and its solutions for the growth rate 𝛾 and phase velocity 𝑉𝑝ℎ are perfectly symmetric with respect 

to the reversal of the wave propagation component parallel to the magnetic field 𝒌∥ (Fig 1a). One exception to the above rule 

for the irregularity growth rate was realized recently in the investigation of the effects of plasma density gradients parallel to 

the magnetic field, ∇∥𝑛, on FBI waves [1]. In the present study, a recently derived general dispersion relation that describes 

fundamental plasma instabilities in the lower ionosphere including FBI [2, 3] is considered and it is demonstrated that the 

dispersion relation is symmetric only for background electric fields that are perfectly perpendicular to the magnetic field      

𝐸0∥ = 0 (Fig 1a). It is shown that parallel electric fields result in significant differences between the growth rates 𝛾 and phase 

velocities 𝑉𝑝ℎ (Fig 1b) for propagation of parallel components of opposite signs.  

 

Figure 1. Aspect angle dependence of the phase velocity at an altitude of 110 km for different propagation directions 𝜃 under 

(a) no influence of the background parallel electric field and (b) with the imposed background electric field. 

These differences are evaluated using numerical solutions of the general dispersion relation and shown to exhibit an 

approximately linear relationship with the parallel electric field 𝐸0∥, or alternatively the differential drift velocity 𝑽𝑑, near the 

E-region peak altitude of 110 km. An analytic expression for the differences is also derived from an approximate version of the 

dispersion relation, where the leading terms of the difference in the growth rate 𝛾 and phase velocity 𝑉𝑝ℎ are 
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with an anisotropy parameter �̂�, the background ion velocity 𝑽𝑖0, and ion-neutral collisional frequency 𝜈𝑖 . The comparisons 

between numerical and analytic results were demonstrated to agree well near 110 km. It is further demonstrated that parallel 

electric fields do not change the overall symmetry when the full 3-D wave propagation vector 𝒌 is reversed, with no symmetry 

seen when either the perpendicular 𝑘⊥ or parallel 𝑘∥ component is reversed. The present results indicate that moderate-to-strong 

parallel electric fields of 0.1–1.0 mV/m can result in experimentally measurable differences between the characteristics of 

plasma waves with parallel propagation components of opposite polarity 𝑉𝑝ℎ(𝒌∥) − 𝑉𝑝ℎ(−𝒌∥).  
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