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Abstract. Satellite-borne electric field measurements using the double
probe technique have now provided a comprehensive survey of convection 
electric fields at low altitudes in the magnetosphere. The most prominent 
features of the convection electric fields are reversals located at 
high magnetic latitudes, with generally anti-sunward convection poleward 
and sunward convection equatorward of the electric field reversal loca
tion. The electric field reversal is usually coincident with the "trapping 
boundary" for electrons with energies E > 45 keV and is interpreted as the 
boundary between open and closed magnetic field lines. On the day side of 
the magnetosphere the electric field reversal is observed to coincide with 
the equatorward boundary of the polar cusp. In the local afternoon and 
evening regions "inverted V" electron precipitation bands occur at or near 
the electric field reversal and in regions usually characterized by large 
fluctuations in the electric field~ In the local midnight region strong 
convection electric fields have also been observed deep within the magneto
sphere, near the equatorward boundary of the plasma sheet. Recent measure
ments of electric fields near the "inverted V" electron precipitation bands 
suggests that these events are associated with large electrostatic potential 
gradients along the geomagnetic field. 

Introduction 

The importance of electric field measurements for studying the convective motions 
of plasma in the magnetosphere has been recognized for a number of years [Dungey, 1961; 
Axf'ord and Hines, 1961; Piddington, 1962; Axf'ord, 1969]. Only recently, however, have 
adequate techniques been developed to provide a comprehensive survey of electric fields 
in the magnetosphere. Electric field measurements with satellites [Cauffman and Gurnett, 
1971; Heppner, 1972a] and ionized Barium cloud releases [Haerendel and lust, 1970; 
Wescott et al., 1969] have now established the primary features of magnetospheric plas
ma convection at low altitudes over the auroral zones and polar caps. Since electric 
fields must ultimately be responsible far the acceleration and energization of charged 
particles in the magnetosphere, it is of great interest to determine the relationships 
between the electric fields and plasmas in the magnetosphere. Although extensive meas
urements of low-energy charged particles have been obtained [see the review by Hultquist, 
1969, and the spatial survey by Frank and Ackerson, 1972] until recently the relation
ship between electric fields and charged particle intensities has been largely unex
plored. In this paper we review the primary features of the electric field distribution 
over the auroral zones and polar caps as revealed by low-altitude polar orbiting sate
llites and discuss the relationship of these electric fields to the various plasma re
giems of the magnetosphere as revealed by our current investigations. 

Survey of Auroral Zone and Polar Cap Electric Fields 

Although numerous techniques, including Barium cloud releases and balloon-borne 
electric field measurements [Mozer and Serlin, 1969], have been employed in the meas
urement of auroral zone and polar cap electric fields, it is the recent advent of 
satellite measurements using the double-probe technique which has produced a compre
hensive picture of these high-latitude electric fields. The first global survey of 
convection electric fields was obtained from the double-probe electric field experiment 
on the low-altitude (677 to 2528 km) polar orbiting satellite Injun 5 launched in 
August, 1968. Figure 1 from Cauffman and Gurnett [ 1971] shows a series of dawn-dusk 
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in "Critical Problems of Magnetospheric Physics," ed. by E.R. Dyer, National Academy of Sciences, Washington, DC, 123-138, 1972.  


































