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The capabilities of the Vertical Incidence Pulsed Ionospheric Radar (VIPIR) instrument are exploited to
observe an F-region plasma displacement associated with a vertically propagating acoustic wave.  
Acoustic waves have long been shown to create Ionospheric disturbances after strong earthquakes and 
volcanic eruptions.  There has been renewed interest in the study of acoustic waves since the 2011 
Tohuku earthquake and tsunami, where the Ionospheric disturbance resulting from the acoustic wave 
was observed in detail using a robust network of GPS reference stations and Digisonde observations.

Past studies have relied on observation of acoustic waves generated by large events, such as volcanic 
eruptions and earthquakes with a magnitude greater than 7.  We postulate that Ionospheric disturbances 
should occur when smaller acoustic waves are present, and that they have not been observed due to 
lack of understanding of when and where they will occur, and have not been traced back to their 
specific origin.

The VIPIR radar is located at the NASA Wallops Island Flight Facility in Virginia, USA.  This facility 
has recently begun hosting orbital rocket launches.  On January 9, 2014, at 18:07 UTC, an Orbital 
Corporation Cygnus payload lifted off on a resupply mission to the International Space Station.  The 
VIPIR radar was programmed to sound at a 4.16 MHz fixed frequency to observe the Ionospheric 
plasma below the F-layer peak during the launch window, in addition to the traditional logarithmic 
sweep frequency measurements.  Observations were made for 50 seconds and repeated every minute.

Just over 8 minutes after launch, a plasma displacement is observed near 245 Km altitude.  An initial 
vertical displacement is observed over a 2 second period, followed by a relaxation over the next ~8 
seconds, and a return to quiet conditions after another ~10 seconds.  The observed event includes 
vertical displacement of the 4.16 MHz plasma layer, Doppler velocity measurements of the plasma, 
locations of the echo sources, and arrival times of the propagating disturbance.  This provides insight 
into the speed of propagation of the acoustic wave, the resulting acceleration of Ionospheric electrons, 
and the plasma response to the disturbance.

The unique aspects of this experiment is that it demonstrates Ionospheric effects caused by an acoustic 
wave generated from a much smaller disturbance than has been previously observed.  Also, the event is
unique in that the time and location of the source is well known with the radar being co-located with 
the source of the disturbance.  It also is unique in that being a less than one minute event at 4.16 MHz, 
it would either not have been observed using traditional Ionospheric sounding techniques, or it would 
not have been able to be resolved and disregarded as noise.  Additionally the precise phase and location
values obtained demonstrate the Ionospheric response to very small perturbations, which improves our 
understanding of plasma behavior.


