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•  VEFI is a NASA/GSFC instrument funded by AFRL whose main objectives are to: 

1)  Investigate the role of the ambient DC electric fields in initiating ionospheric density depletions
 and turbulence;  

2)  Determine the quasi-DC electric fields and resultant E x B motions associated with density
 depletions, and  

3) Quantify the spectrum of the wave electric fields and plasma densities (irregularities)
 associated with density depletions typically referred to as equatorial spread-F.   

•  To accomplish these objectives, VEFI includes two main instruments:   

(1) a vector DC electric field instrument designed with an accuracy goal of 0.1 mV/m 
(2) a DC magnetometer to measure magnetic fields with an accuracy better than that of existing

 models, in order to subtract V x B contributions to the measured DC electric field.   

•  Instrumentation that measures AC electric field and plasma density irregularities as well as optical
 lightning flashes are also included as part of VEFI, providing important data that address the C
/NOFS objectives. 

Experiment Motivation and Objectives 



•  DC and AC Electric field detectors: 

–  DC electric fields over a range of ± 500 mV/m with an accuracy (goal) of  0.1 mV/m;  
–  Time domain quasi-DC electric field structures within plasma depletions 
–  Plasma waves and irregularity time series collected in a triggered burst memory; 
–  Electric field irregularity spectra including spectrograms up to 16 kHz; 
–  Phase velocity and wavelengths of electrostatic structures and waves;  
–  Average Spacecraft/Probe potentials. 

•  Magnetometer 
--  DC magnetic fields at 1 s/sec in ± 45,000nT range 
--  AC magnetic fields at 16 s/sec in ± 900nT range 

•  Fixed-bias Langmuir Probe (Trigger Probe) 
--  Relative Plasma Density (from 102 to 107 cm-3)  and ∆N/N fluctuations 

•  Lightning Detector (w/Univ. of Washington) 
--  Count rates of lightning flashes in 5 amplitudes levels in 2 directions. 

•  Burst memory 
--  1-8 selectable channels from all sensors sampled at up to 32kHz/channel. 

VEFI Instruments 
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Vector Electric Field Investigation (VEFI) Hardware 
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VEFI Magnetometer Data, Comparison with Model 

Measured magnetic field, 3 components, 1 day (15 orbits) 

Model magnetic field, same day 

Residuals (Measurements - Model) 

•  Data and POMME model agree to within ~ 25 nT
 except in regions of South Atlantic Anomaly 

•  VEFI uses measured magnetometer data in all V x B
 calculations. 
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Measured Electric Fields and  V x B  --  8 May 2008 
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C/NOFS DC Electric Fields  --  May 23, 2008 
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E x B Velocities from DC Electric Fields  --  May 23, 2008 
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Average Measured E x B drifts at Magnetic Equator  --  August 2008 

E/Bvertical E/Bhorizontal 

Preliminary 





13 PRELIMINARY 

VEFI Irregularities  --  Most intense post midnight 



Large eastward electric
 fields with a small
 outwards component in
 depletions correspond
 to upwards motion of
 depletions with a small
 westward tilt, as shown
 by radars. 

DC Electric Fields
 within Depletions 



AC electric fields
 show lower hybrid
 emissions associated
 with lightning sferics
 enhanced within
 density depletions. 

AC Electric Fields
 Captured in VEFI

 Burst Memory 
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– 3.5 mV/m 



VEFI Lightning Detector Optical Counter with  
VLF Burst Data 
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Summary 

•   VEFI data gathers continuous DC electric field, DC magnetic field, and electric 
and density irregularity data on C/NOFS satellite. 

•   Magnetic field data are used for V x B computations.  Data agree well with 
POMME model, expect in regions of South Atlantic anomaly. 

•   DC electric fields show ~0.5 – 2 mV/m  fields corresponding to 20 – 100 m/s 
drifts that, in general, display diurnal pattern between upwards and westward flow 
during the day and the opposite at night. 

•  Nightside ionosphere highly structured, particularly post midnight. 

•   VEFI data set includes a wide range of electric field and plasma density 
irregularities, including measurements at high rates in burst memory.  

•   VEFI optical lightning detector provide flashes correlated with wave electric 
fields and statistics of lightning in north, south hemispheres. 


