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Abstract: 
 
 
 To understand high-power large-aperture (HPLA) radar observations of 
meteors and the resulting atmospheric effects, we constructed a model 
that follows meteor evolution from ablation and ionization to head echo 
formation and through non-specular trail reflections.  As a meteor 
enters the Earth\'s atmosphere, the particle heats up and atoms begin 
boiling off the surface in a process known as ablation. A fraction of 
the ablated particles ionize upon collision with a neutral constituent, 
converting the tens of km/s linear velocity into a hot plasma 
distribution. Radar reflections from this initial meteor plasma are 
known as head echoes and have Doppler shifts and range rates of tens of 
km/s.  The hot meteor plasma rapidly thermalizes producing a column of 
enhanced ionization in the E-region ionosphere.In the past, we 
conducted plasma simulations demonstrating that these meteor columns 
are unstable to the growth of Farley-Buneman gradient-drift (FBGD) 
waves that become turbulent and generate large B-field aligned 
irregularities (FAI). These FAI result in radar reflections called non-
specular meteor trails. We have updated our model to include the 
effects of winds and background electric fields, as they polarize 
meteor trails, and if strong enough produce electrojet irregularities 
in the background plasma. This model incorporates existing meteor 
physics together with knowledge we gained from the simulations, such as 
instability physics and anomalous diffusion. The result is a model that 
follows the physics of the meteor interaction with the atmosphere from 
entry and ablation, to ionization, thermal expansion and instability 
generated FAI.  We display the results in the form of simulated RTI 
images of meteor reflections, allowing for direct comparisons with 
observations.  Comparing results from this model with large radar 
observations of head echoes and non-specular trails shows that we can 
reproduce many of the observed features, such as the general altitude 
profile and duration of head echoes and non-specular trails.  
 We present results showing how this model allows us to use 
large-aperture radar results to better estimate meteoroid properties 
such as number, mass, velocity, and, roughly, composition.  Further, 
when neutral winds or electric fields are included in our model, the 
same model predicts both short duration (~1 second) and long duration 
meteor trails (several minutes) depending upon the characteristics of 
the meteoroid and atmosphere. The addition of a background E-field or 
wind also reproduces a commonly observed non-specular trail feature we 
call an “extended tail” where the delay time between head echo and non-
specular reflection at the lower altitude portion of the trail 
increases as the meteor gets lower in the atmosphere.  



 Finally, we have added to our model predictions of where 
electrojet echoes occur in the background ionosphere when driven by 
external electric fields.  We present results examining the 
relationship between electrojet and non-specular meteor echoes.     
 


