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ABSTRACT

The electric field is a crucial parameter in theories of solar

wind interaction with the magnetosphere. During the IMS this

parameter has, for the first time, been directly measured in

the interacting regions: outer magnetosphere, magnetopause,

roagnetosheath, bow shock and the adjacent solar wind. Among

the first results are the verification of a large-scale dawn-to-

dusk tangential electric field component at the magnetopause of

.ypically 1 - 2 mV/m and a corresponding power dissipation of

5 J WknT . The normal component of the electric field is typically

rf the same order of magnitude as the tangential component. Fine-

-structure features, possibly related to the entry of plasma, re-

main to be analyzed. ('»u-V̂ o
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Introduction

Major problems in the solar wind magnetosphere interaction

are the transfer of energy and the injection of plasma. Both

energy and plasma are in abundant supply in the incident so-

lar wind, but their entry into the magnetosphere depends cri-

tically on solar wind parameters.

Both for energy and plasma injection the electric field in the

interacting plasman, and especially at the magnetopause, plays

a key role (see e.g. Fftlthamnar, 1977).

For energy transfer» a non-equipotential raagnetopause and

hence a non-vanishing tangential electric field is a prerequi-

site for feeding in energy by electric current from the exter-

nal "generator". In the case of an equipotentlal roac,netopause,

energy could still be fed in but the process would have to rely

on non-electric means, such as "viscous interaction".

For platfflfl fintXVr the role of the electric field is obvious,

since the motion of the plasma across magnetic field lines is

essentially the E x B/B2 convection and hence intimately coupled

to the spatial distribution and time variation of the electric

field, E.

The close connection between the electric field in the incident

solar wind and the efficiency of the interaction is known since

long. One example is the "half-wave-rectifier response" (Burton

et al, 1975).

One consequence of the solar wind magnetosphere interaction is

the establishment of an electric field inside the magnetopause

as well. Until recently our knowledge of the electric fields in

the outer magnetosphere has been very uncertain. Some of it hat>

come from extrapolations of measured fields at low altitude as-

suming magnetic field lines to be electric equipotentials. We

now know that this is an assumption of limited validity. The

picture has been filled in by use of theoretical models, which

by necessity have been highly idealized.
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Only very recently have the first direct electric field mea-

surements been made in the outer magnetosphere, using experi-

ments on the satellites ISEE-1, GEOS i and GEOS 2. We are still

in an early stage of surveying the actual properties of the e-

lectric fields in the outer magnetosphere. Already there are

answers to some questions of key importance in the context of

solar-wind magnetosphere interaction, but systematic studies

of the electric fields and their dependence on varying solar

wind conditions still remains to be performed.

Large-scale electric field distribution

In a time period of southward interplanetary magnetic field

Mozer et al̂  (1979a,b) reported the large-scale electric field

to have a persistent dawn-to-dusk component in the solar wind,

magnetosheath and throughout the outer parts of the dayside

magnetosphere near noon local time. The magnitude of the field

was typically 1-2 mV/m.

The general dawn-to-dusk electric field in the front magneto-

sphere has also been measured by GEOS 1 and GEOS 2 (Pedersen

et al, 1978, Pedersen and Grard, 1978). A composite plot of

GEOS 1 and ISEE-1 data is shown in Fig. 1.

A large-scale electric field distribution of this nature is al-

ready an indication of a non-zero tangential electric field o-

ver at least a large part of the dayside mangetopause.

This conclusion has been further substantiated by electric field

data from passages through the magnetcpause.

Conditions on the flanks of the magnetosphere appear to be more

complicated. Data from GEOS and ISEE-1 now being analyzed should

clarify these conditions.

Tangential electric field component at the magnetopause

The above-mentioned indication of a non-vanishing tangential

electric field component at the magnetopause (during a period

of southward IMF) has been corroborated by detailed analysis

(Mozer et â l, 1979a). A similar analysis of a sequence of cros-

sings (due to magnetopause motions) has been made (Mozer et

al, 1979b). The values found for the tangential electric field

(in the general dawn-to-dusk direction) are given in Fig. 2.
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Fig. l Electr ic f ields measured by
ISEE-1 and GEOS 1 on Hov. 20, 1977
(Pedersen and Grard, 1978).

Fig.2 Histogram of values of the
e lec t r ic field component tangen-
t i a l to the actual magnetopause
(in the frame of res t of the mag-
netopause) measured during a se-
quence of eleven magnetopause
crossings (Mozer et a l , 1979b).

Thus the occurrence of a non-vanishing tangential e lectric
field has been experimentally proved. Whether there i s always
such a component i s s t i l l too early to say.

Transverse electric field component at the nmgnetopause

According to both GEOS and ISEE-1 measurements the values of
the transverse electric f ield component at the magnetopause i s
of the same order of magnitude as the tangential component.
As the large-scale dawn-to-dusk fields tend to extend up to the
immediate vicinity of the magnetopause both outside and inside,
an equipotential magnetopause would require transverse compo-
nents orders of magnitude larger than the tangential one3. Such
have so far not been observed.



Local power dissipation

The above-mentioned tangential electric field observed on

ISEE-1 together with the magnetopause current derived from

magnetometer data on the same satellite imply a local power

dissipation of the order of 50 yWm . If this level of dissi-

pation holds for a major part of the dayside magnetopause,
12the total power is cf the order of 10 W.

Small-scale features

In addition to the large-scale structure described above the

electric field shows a variety of small-scale structures, e-

specially just inside the magnetopause. These small-scale va-

riations in the electric field vector, which clearly involve

time as well as space variations, have not yet been analyzed

in any detail but are of considerable interest in the context

of plasma entry.

It is, for example, noteworthy that even in cases where there

is a well-defined magnetopause with a very regular magnetic

field inside, the electric field can still be very irregul-r

in the region of very regular magnetic field. Thus the fluctu-

ations have a pronounced electrostatic character.

The prevalence ol such fluctuations is also interesting m

view of the apparently easy access of macjne*:osheath plasma to

the magnetosphere cf. Eastman and Hones, 1978).

Among the small-scale features may be mentioned a kind of large-

-amplitude (millivolts per meter) quasiharmonic electric oscil-

lations that are often seen near the m.agnetopause and that have

a frequency of twice the proton gyrofrequency (Pedersen, 1978) .

Energy balance

Even before the direct measurements of the electric fields were

achieved it had been pointed out (see e.g. Heik<ila, 1978) that

a non-vaiisbing dawn-to-dusk, electric field at the magnetopau^e

should manifest itself in an enhanced energy in the current-

carrying particles. The absence, in previous experimental data,

of any pronounced signs of particle energization at the magneto-



pause, has been used to support the view that the r.acjnetopause

must be an equipotentiai (HeikkiJa, 19/8). However, using

Heikkila's expression, B ^B,-p n,,,̂  for che eneigy increase

per particle and values actually measured on ISEE-1 (espe-

cially the rather high values of the magnetosheath number den-

sity n M C ) , one finds a rather moderate energy increase of the

order of tens of volts per particle. Therefore it is not sur-

prising that the energy released could pass unnoticed.

Nevertheless it is an interesting task to look for this energy

in the particle and plasma data, for knowing where the energy

goes would help understanding how the magnetopause current is

carried.
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