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[. Convection

The initial in sifu measurements on board Injun-5 and OGO-6 have shown
the existence of two vortex convection {1, 2], One of the major factors defin-
ing this picture is the direction of the interplanetary magnetic field (IMF).
The convective fluxes in the polar cap become asymmetric in dependence on
the sign of the magnetic field component B,, in their shift to morning or
evening side. Measurements on board AE-C provided for certain precision on
this model [3]. The change of convection direction was found to occur in
sufficiently narrow longitudinal band located near noon. Experiments with labo-
ratory magnefospheric model [4, 5] have shown that in dependence on the sign
of the vertical component of {he interplanetary magnetic field B, the direction of
convection changes {o reverse in the polar cap. It was shown that magneto-
spheric {ield lines malerialize into interplanetary field lines in the region af
the polar casp. This gives evidence to the existence of magnetic field lines
coininon for the earth dipole and the solar wind. If we use the concepts of the
classical magnetic hydrodynamics, we may say that in the region of the polar
casp reconnection of earth magnetic lines with solar wind takes place.

In dependence on the vertical component of the interplanetary fieid B,,
the reconnection appears cither near the equatorial or the polar boundary of
the casp. The convection in the polar cap in terms of the south component
of the interplanetary magnetic field (B,<0) always appears in direction away
from the Sun. This fact has been confirmed by numerous measurements. Under
B,>{ the convection from the Sun is observed only at small B, values. When
increasing the positive value of B,, the convection direction becomes revers-
ive in the polar cap region. A typical dependence of the morning-evening
(Ey) electric field component on B, in the polar cap under undisturbed super-
sonic flux interacting with the magnetic field dipole is given in Fig. 1.

Besides the effects of reconnection, an important factor determinant of the
convection picture are the viscous processes at the magnetospheric boundary.
It is well seen in Fig. 1 that fhe sign of the electric ficld in the polar cap

9



and therefore the convection direction changes become reverse only at
sufficiently large positive values of B,.
Important consequence from the viscous interaction efiects is the fact that
part of the convective currents generated by the solar wind plasma flux in the
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Fig. 1. Electric field dependence on the value
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Information obtained from measurements over the earth polar cap is qften
contradictory, i, e. the correct electric field measi‘lrelﬁen:t_s are pot yet a reliable
method. Balloon measurements {6], carried out by Mozer as early as 19?4
(Fig. 2), agree rather well wiih the laboratory data but the large scatter of
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Fig. 3. Electric field distribution in the polar cap under lhe northera component
of four-voriex convection model (@), three-vortex mode! (#)

the poinis in Fig. 2 makes questionable the statement that at large positive
B, values the plasma drift in the polar cap is really reversive to the solar
wind. Many geophysicists even do not consider the possibility of existence of
such drift phenomenon., Additional evidence on the correctness of the results
obtained for the existence of the polar cap convection and sun convection at
B,>0 was obtained recently.

Data from [7] which give results from measurements of the electric field
o1 board the polar satellite $3-2 show that at the northern component of the
interplanetary field, a clearly expressed convection in the polar cap is to be
seen oriented sunward. Nevertheless, it is difficult fo state that the situation
is completely comprehensive. Thus, for instance, some authors based on mea-
surements from S3-2 conclude on the generation of two additional vortex sys-
tems in the polar cap under the northern component of IMF (two convective
vortex systems result from eifects of the viscous interaction and other two—
from effects of the reconnection) (Fig. 3a). There is another interpretation of
the same data given in [8), Crooker considers the northern component of
IMF to add only one convective nucleus to the polar cap {Fig. 3b). Thus, the
results shown here demonstrate the necessity of systematic electric field mea-
surements in auroral regions and in the polar cap. '
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2. Ficld-Aligned Cl.ll‘l_‘Q_Qﬁ\ ‘
The field-aligned cuifents play a key role in ihe energy|
wind to polar ionosphere. Magnetic field disturbances du
currents have been studied for years. The basic portio
field-aligned current distribution was obtained on TRIAD
from these measurements are already well known and it i
them in detail. Brief summary on the results might be re
1) two current systems (1) and (2) are available (Fig. 4)
(1) coincides approximately with the polar portion of {

transfer from solar
e to the field-aligned
1 of the data on the
satellite. The results
s aimless to consider
presented as foliows
. The current system
1e auroral oval and

system (2)-—with its equatorial portion; 2) the current in system {1} flows to
the jonosphere —in the evening side; the direction of currents in system (2)
Is reverse; 3) current in system (1) cxceeds, on the average, the current flow
in system (2).
We should note that only the magnetic measurements
Triad satellite composed the experiment. Charged particle
experiments were not envolved in this program.
Iity in simultaneons
nts. This is clearly

Many results support the fact of increased informati
measurements of charged particles and field-aligned cuer
expressed in the experimerits on ISIS-2 [9,10], The data |comparison between
magnetic measurchents and simultaneons electron fluxes measurements within
the energy range of 0.15-10 keV enabled the discovery of new interesting fea-
tures, The poleward boundary of the current system (1) cojncides with the high-
latitudinal boundary of plasma layer. In the case of B, (IMF)< 1y, morning
and evening sectors, change of convection direction often |takes placc at lower
latitudes, compared to the latitude at which the outer Hhoundary in plasma
layer is projected. This provides for the very important | conclusion that the
outer region of the plasma laver af low altitudes, where the convection is ori-
cated from the Sun, is projected in the viscous boundary layer adjacent to the
magnctosphere boundary. This result supports conclusions reached on the basis
of laboratory modelling. It is interesting to note that although electric field
measurements were not performed on board 18IS-2, the picture of convection
was reconstructed by magnetic megsurements only, The niagnetic lines which
can be considered as elastic strings, convect in a conducrive ionosphere and
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Fig. 4. Ticld-aligned cuwrrent picture for By>0 and By<0| on TRIAD dali

and on I318-2 data. Convection directions are given with arrows

therefore experience a force JXB. This force, acting in direction oppoesite to
the convection, would result in a slight change of the magnetic field vector.
Thus, we may judge by the sign of the disturbance about the convective flow
direction, The orientation accuracy of ISIS-2 satellite was~0,1° which materia-
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lizes records of field vector deviation~3’. The data thus' obtained give evi-
dence for the reversive convection change in the polar’ cap under the northern
Componeni of IMF, Figure 5 shows the dependence of disturbance AB, on the
vertical component B, IMF buiit up on data from ISIS-2 for the polar cap.
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The nature of this dependence is similar to laboratory experiments (Fig. 1) but
naturally the statistics of the negative A8, corresponding to tail convection
is significantly lower here. Anyway, it should be considerod that such picture,
constructed on magnetic data ouly, is somewhat idealized and the directional
change of the ficld line depends on the jonospheric conductivity which may
vary incontrollably. Therefore, data obtained from [SIS-2 require additional
support based on simultaneous electric and magnetic measurements,

An important feature of the results obtained on board TRIAD and ISIS-2
satellites from measurements of the magnetic field disturbances is the depend-
ence of their sign on the sign of By in the noon sector (10:00-15:00 MLT).
The sign of the magnetic disturbarnice due to lield-aligned currents is such
that plasma convection in the polar casp region appears mainly westward when
By>0 and eastward when B, >0 (Fig. 3). Currents available here are predomi-
nantly oriented upward from the northern polar cap for B,>0 and downward
for B,<0. We should note that currents in the region of the noon meridian
built up upon data from TRIAD satellite are different from the picture obtain-
ed by ISIS-2. It is seen in Fig. 4 that unlike the scheme built up with
the TRIAD measurements, the scheme obtainod by ISIS-2 depicts all cur-
rents in the casp region to flow either upward (B,>0) or downward (By<0)—
north polar cap. There are other differences, e. g. a Canadian team analysing
data from ISIS-2 have found clear correlation between By value and the values
of the field-aligned currents in the region of the polar casp while this fact has not
been observed by others. Thus field-aligned current distribution, especially in the
region 12:00 and 24:00 MLT, is not well studied yet. Poorly studied is the
fine structure of the currents themselves, Measurements from satellite with
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circular polar orbit are needed for various longitudes in|the polar ionosphere,
the orbital height should be=10?m, so that the satellite shoutd be located
considerably higher than the system of ionospheric currents.

Simultaneous measurement of electric and magnetic fields in the polar iono-
sphere should be carried out together with measurements of the interplanetary
magnetic field. The operation of one or better of several satellites on ecliptic
orbit is required for such measurements with apogee of more than 90 Ry (6. g
Prognoz-type satellites).

Interpretation accuracy of electric and magnetic field measurements should be
controlled by direct determination of drift velocity of cold plasma. A retarding
potential analyser on board the satellite can meastire the vector sum of drift veloci-
ties and the spacecraft. Simultaneous measurements of angular and energy charac-
teristics of magnetospheric precipitated charged particles allows for the correct
determination of the topological link between the different magnetospheric

regions and the polar ionosphere.

3. Anomalous Resistance and Double Layers

Problems on field-aligned electric fields and anomalous [resistance are directly
attached to the field-aligned currents.

Considerations of high mobility of charged particles along the field iand
the equipotentiality of the magnetic field lines are not always correct. Usually
two reasons for violation of the equipotentiality are undertined : (1) anomalous
increase of resistance when the electron current velocity reaches certain cri-
tical value;(2) formation of seli-sustained electric charge  distribution of double
electric layer type. Both mechanisms of significant potential drop were cbsery-
ed in laboratory conditions and were considered in theoretical works. They
result in significant potential drop within limited sectors and when precipitat-
ed particles appear. |

Kindel and Kennel [11] have initially discussed in detail the problem
of stability of field-aligned currents with regard to excitement of plasma waves
in the auroral zone. Basic factors responsible for the generation of anomalous
resistance at altitudes of=1000km are the iom-acoustic instability and the
ton-cyclotron wave instbility. In terms of ion-scoustic instability it is well
known that in plasma with T, 7, the critical drift velocity appeats when_the
instability is vkp~4\/2?‘;’/m. In isothermal plasma the threshold increases up
to T ~\2T/m as Landau damping for jons becomes very strong. Characleris-
tic frequencies of these waves w==Qpy correspond to wavelenght of the order of
Debay radius. But as aiready shown by Kindel and Kennel, within a jarge
range of electron and ion tcmperature ratios (e. g, in | hydrogen plasma for
0.1< T,/ T;=0.8) the threshold of excitalion for {he electrostatic ion-cyclotron
waves is lower than the corresponding threshold of the ion sound, For exam-
ple, at Ty~ T Dp~13y 27 fm. When the fon-cyclotronic threshold of the insta-
bility is attained, waves of frequencies stightly exceeding the cyclotronic ire-
quency are generated (e~1.2QH, for T.~T; and ©+~1.5QH; for TTy.
Transverse wavelength of such occillations is of the order of the Larmour ion
radius and the field-aligned ~ 10 Larmour radii. With the increase of current
velocity the next harmonics are excited. It is interesting to note that the inser-
tion of heavy ions into the light hydrogen plasma shock waves. Other bursts
of the ion-cyclotron noise clearly correlate with etectron fluxes {0.074-5.04 KeV)
and turbulence field-aligned electric fields. It is interesting to note that one
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of the antennas on the $3-3 satellite could operaté in Langmuir probe regime
and this enables to receive the density fluctuations spectrum. Four maxima
are clearly seen approximately at the ion-cyclotron frequency fH+ and its har-
monics. As far as f., 7./7T; can be evaluated directly from the dispersion
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ratio of ion-cyclotron waves. This is >1. Noise level széﬁ;--wi’ 10~ Ano-

malous resistance calculated on the measured ion-cyclotron fluctuation level
n~10%/m (for comparison we shall note that the value of the classic Cou-
lombs resistance is 10-%%m, i. e. by 5 orders of magnitude lower). Thus the
field-aligned electric field can be evaluated by E=nj (i~10-%a/m?). 1t is
~1ImV/m i e. if an anomalous resistance exists inseveral thousands of kilometres,
it is easy to obtain potential drop along magnetic field line of several kilo-
volts, which is sufficient to explain accelerations of auroral particles observed.

We have to consider that jon-cyclotron turbulence was observed only at
height of >2,000 km. This could be related with the fact that at lower heights the
critical current velocity was not attained, to excite ion-cyclotron turbulence at the
harmonics of ion hydrogen cyclotron frequency. At heights of 1,000 km, as seen
in Fig. 6, the ion-cyclotron “turbulence should be excited first at frequencies
corresponding to heavierions, i. e, caygen ions, i. e. lower frequencies of 2-10 Hz.
The instruments on board $3-3 could record electric fluctuations only
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with {requencies of =>30-50' Hz. That is why measurements of AC electric fields
at lower frequencics are necessary in order to understand whether waves of
A;fic are excited at heights ~1,000 km, decreases the thershold
of jon-cyclotron instability and increases the range of electron and fon tempera-
ture rafio, at which ion-cyclotronic turbulence is st?l dominant. Roughly
speaking, the critical drift velocity in multicomponent plasma with respect to
the ion sound is basically defined by light ions, while: for the ion-cyclotron
waves this is performed by the heavy ions. The Jinitial excitation of
ion-cyclotron waves starts at frequencies corresponding to the cyclotron
frequencies of heavier ions O, followed by Het and H+. This is well Seen
in Fig. 6, where critical current values are shown, exciting various types
of waves depending on altitude. At low currenl densily, the fon-cyclo-
tron waves with frequencies corresponding to cyclotron trequencies of hydro-
gen ions are excited at heights higher than 1,000 km. When the current den-
sity increases, the region of instability descends until excitation of waves cot-
responding to heavier component— oxygen ions — begins. Which are the real
current density values? For instance, in situation of a “calm” magnetosphere,
the maximum currents were observed in the current sysfem of type (1) within
the region 7-8 hrs. MLT (10° electrons. cm™ s77), i e, practically such cur-
rents may easily excite an ion-cyclorton turbulence. Recent measurements of
etectric fields and the density Huctuation on board $5-3 satellite had confirmed
these conclusions [12-13]. On board S3-3 the fields were measured in the range
0.5-16 KHz with wide band receiver (ion-cyclotron frequency corresponding
to the hydrogen ions is of the order of 100 GHz). The ion-cycletron
turbulence was observed in large interval in the local time but as a
rule on L-shelves [6] only. The typical duration of such phenomena is~5s
(~35km) which corresponds to scale of ~ 10 km  in the lower iono-
sphere. Maximum noises were attached to large (=120 nV/m) field-aligned
electric fields in the so-called electrostatic where n=12,., or the turbulence
source is located in fact at higher altitudes. lon-cyclotron turbulence could be
excited not only by field-aligned current electrons, but also by ion fluxes. It
is quite possible for both mechanisms to operate. Therefore, simultaneous mea-
surements. of field-aligned currents, ion fluxes and electric noises would help
to understand better the reasons of jon-cyclotron waves| generation. In such a
complex of measurements quite important are measurements in directions trans-
verse to the magnetic field as far as the ion-cyclotron waves in a resonant
way accelerate ions perpendicular to the field. According to the theory given
in [14], the energy acquired by them could exceed 0.5 keV. lon acceleration
transversely to the field was actually observed on S3-3 satellite [15]. We shall
also consider that modes correspondent to oxygen ions alf'e difficult to identify
as the phase velocity of these waves is about an order of madnitude lower
and that is why the Doppler shift due to satellite motion would result in' spec-
tral enlargement.

Peculiarities in electron precipitation distribution from inverted V-type
observed as early as Injun-5 experiment, and also O+ and H* fluxes of ionspheric
origin accelerated to energies of several keV moving upward along the field lines,
seemed to be interpreted in terms of simple existence of field-aligned electric
fields and anomalous resistance. At the same time, the value of field-aligned
electric fields required to supply the observed potential drop have to be of the
order of several mV/m. '

Data from measurements performed on board S3-3 satellite obviously give
considerably larger values— about several hundreds of mV/m (Fig.7). This

frequencies of #
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value should be considered carefully as far as the error in the angular resolu-
tion of the antenna at strong fleld-aligned electric fields could significantly
augment this value. If such electric fields really exist, it is alreadyl11n;_ms:;1b§e
io interpret them with the anomalous resistance effects (AC electric fields in
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Fig, 7. Energy speclrum of jon-cyclotvon turbulence as measured
on board 53-3 satellite

such case have {o attain values of about tens of V/m, which exceeds signifi-
cantly the level of recorded noises). Obviously they are related to the forma-
tion of so-called double layers in the plasma. Double layers were discovered
by Langmuir some 50 years ago in studies of gas discharges. Similar to the
phenomenon of anomalous resistance, the double layer generates only when
the current density starts to exceed some threshold values. In double layers
observed in the magnetosphere, the low-potential boundary of the layer is
further from the Earth than the high-potential one. Passing through the poten-
tial jump in the double layer, the electrons are enhanced in one direction and
the ions in another. In order to generate a doublc layer, rather specific charged
particles distribution is required. Their trajectories should be such as 1o
enable abundance of one charge compared to the other at the double layer
boundaries,

In the theoretical models of double layers the problem of distribution of
charged particle populations is very important (as a rule in theoretical works
only steady-state solutions are considered, i.e. the self-consistent problem is
rather complicated),

Obviously the model of thermal electron and ion distribution, where iono-
sphieric ions move upward and hot electrons move earthward, is most reason-
able for the magnetosphere. But the problem of how the particle distribution
functions are built to generate a double layer is still wnclear. At present not
only the evolution of distribution functions is not studied, but the same refers
even to the steady-state charged particle disttibution. The problem of what
reflects upward acceletation of jons and provides for positive charge excess
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at low double layer boundary is still open, Whether they are back-scattered
at ion-cyclotron fluctuations or at higher altitudes, double layers of reverse
Charge: distribution are formed at its boundaries. It is not clear why often in
measurements of field-aligned electric fields double structures are observed.
Is this a simple result from equipotential short-circuit generated along the
double layer field lines or a result from two double “steep” layers formation
(lon-cyclotron shock waves)? It is hard even to predict whether anomalous
resistance or double layers would result from field-aligned current instabilily.
Therefore, further study on double layers is required, Hased on three-compo-
nent electric field sensors and charged particle detectors, on hoard satellites
on polar orbit,

Besides ion-cyclotron and ion-acoustic fluctuations responsible for the genera-
tion of anomalous resistance and clectrostatic shock waves (double layers),
rather interesting are emissions in the region of the low hybrid resonance
and also Whistler mode controlling electron distribution in the earth radiation
belts and various types of hydromagnetic fluctuations excited in auroral re-
gions by the ring current precipitated particle fluxes.

We should pay attention to measurements of the so-called high latitude
turbulence (HLT) characterized with wide band low-frequency spectrum (<500
Hz) and observed in auroral regions at all MLT. This turbulence is obviously
attached to Kelvin-Helmholtz instability generated at plasma flows of hetero-
geneous velocity profile [16]. Although HLT-turbulence is pretty thoroughiy
studied on board OVI-17, S3-3 and Hawkeye satellities, simultaneous measure-
ments of plasma drift variations and electrostatic noises would enable the
better understanding of suggested cascade mechanisms of this turbulence [17).

4, Stable Auroral Red Arcs

The importance of ring currents in dynamic ionospheric-magnetospheric inter-
actions comes from the amount of energy stored in this region (~10% ergs).
Even if a small portion of this is given to the ionosphere, it could result in
a spectacular change in the ionospheric situation. Simultaneous measurements
of emission spectra of the upper ionosphere, charged partici!ps fluxes and electro-
magnetic waves would permit to clarify series of important regularities in
such effects. In particular, these measurements would help to understand the
nature of red arcs generated at latitudes corresponding to L=2-4 [18]. Sub-
auroral red arcs appear in the recovery phase of the geomagnetic storm. Accord-
ing to the generally accepted viewpoint, these emissions (mainly oxygen
line — 6,300 A) are generated by heated electrons. The mechanism of electron
heating is generally attached to ring current dissipation. During the recovery
phase the ring current is located deeper in the plasmasphere [19]. When the
plasmasphere is filled with sufficlent amount of ring cui[rrent ions, this gene-
rates the electromagnetic ion-cyclotron turbulence. Scatfered at ion-cyclotron
waves, ions fall into the loss cone and precipitate downward. In its turn, the
ion-cyclotron turbulence could heat thermal electrons from the plasmasphere| ai
the expense of Landau dumping. Experimental data [20] are available, which
show that simultaneously with the increase of ring current the ion-cyclotron
waves are to be observed. Together with this, dramatic | change in the pitch
angle distribution of ring current particles takes plase (it becomes anisotropic).
But regardless of the fact that this theory correctly predicts red arcs location,
it does not explain how the energy transferred to electrors is transporied from
the equatorial regions, where the heating takes place, dgwnward fo the iono-
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sphere. For example, electrons heated at the plasmasphere boundary up to
~10 eV cowld become trapped by the magnetic field (collision frequency
~10—5s—1), thereforc a process resulting in their precipitation is required. We
should also note that on board $3-3 satellite only 18 events were recorded,
which may be identified as ion-cyclotron turbulence as some of them were
not accompanied by any change in pitch angular distribution of ions [21]. On
board Hawkeye-1 only 5 such events were observed in 18 months period,
although in 14 cases when considerable weakening in Dy {—25y) was observ-
ed, no ion-cyclotron turbulence was recorded {22].

In |23] another mechanism of clectron heating is suggested. This is attacll-
ed to the kinetic Alfven waves dissipation. Such waves (of transverse {o the
magnetic ficld wavelength of the order of the ion Larmour radius} could be
excited at the expense of conversion from MHD-surface waves. Field-aligned
clectric ficlds existing in these waves could heat cold clectrons by resonance
mode (¥ — 1.7 V7). Heating is of local nature along L-shelves since its velocity
rapidly decreases moving away from the resonance. Such a mechanism provides
for direct precipitation of heated electrons, since the wavelength atong the
field line is comparable to the field tube length itself. Indirect support to this
nechanism was obtained with ground-based magnetic measurements (24]. Large
fluxes of precipitated electrons (~20 eV) were alsc reported in 125). Thus
various hypotheses interpreting red arcs are available. For the proper under-
standing of their genération mechanism, it is necessaty to perform complex
simultaneous measurements on polar orbil satellite on precipitated particies
fluxes, wave measurements, space scanning of red line emissions. lin order to
obtain information on the ring current situation, the operation of another saf-
ellite is required as its orpit should cross the region of the ring current —
plasmasphere at low latitudes. Very important are the ground observation of
magnetic field pulsation.

5. Active Experiment

Recently, the mechanisms of particle filling and decay of the ring current are
intensively studied. Important information on decay mechanism should be given
by the experiment of forced particle precipitation, the point being that the
ring current is in thermodynamic unsteady state and plasma injection could
become a triggering mechanism resulting in particle evacuation to the atmo-
sphere and therefore to excitation of aurora.

When compact plasma beam is injected into the magnetosphere, particles
precipitation could be activated due to two reasons: (a) magnetic field distor-
tion; (b) wave excitation and particle velocity vector shifted to the loss cone at
the expense of resonance wave-particle interaction. In the second case, preci-
pitation would appear after plasma lilling in the respective field tube. Complex
of wave measuremenis would enable the separation of these processes. The
records of artificially cxcited aurora should be effected on board the satellite
together with ground photographic and radiolocation means.

Compact plasma beam may be obtained by pulse electrodynamic accelerat-
or. Such accelerators have been designed in the USSR as early as 1958 for
the purposes of thermonuclear studies and are largely used recently in vari-
ous technical ficlds, inctuding spacecralts. If barium is selected as operation
material, we may observe the whole injection process after the beam injection
near the terminator including the delicate effccts of the beam and the magnet-
ic field interactions. These observations could’ happen to be ol unique nature
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since such experiments are difficult to be performed in laboratories due to the
chamber wall effects. Ground observations’ of injections are possible at total
quantity of injected particles 1091020 cm—3,

In order to avoid the negative effects of accelerator pulses on the propet
functioning of the other instruments, it is useful to perform injection after the
accomplishment of the geophysical experimental program,

6. The Midlatitudinal Trough

Specific for the upper ionosphere is the existence of suificiently narrow regions
of low ion density. Recently the morphology of such troughs (mid-and high-
latitude) and their interaction with the plasmapause and the polar casp are
thoroughly studied. The interpretation of these specifics, in agreement with
observation data available, is not yet obtained. In accordance with some hypo-
theses, a very important role in trough formation is played by the electric
fields generating plasma convection. lon drift with respect™ to neutrals specta-
cularly increases the velocity of some plasmachemical reactions, e. g. the den-
sity of molecular ions [26] increases due to O+-N,—No--N-+, Molecular jons
in their turn quickly recombine and the total ion deusity) lowers. There is | an-
other hypothesis for the trough formation given in [27]. &nsoi’ar as plasma con-
vection at jonospheric beights is defined both by electric fields, generated by
solar wind interactions with the mag-
12h netosphere (effects of recombination
and viscousity), and by electric fields
related to planetary rotation, the
resultant convection pattern (Fig. 8)
could establish particular regions of
very slow plasma motion on the night
side, Since plasma in these regions
§ is maintained for a long time, recom-
bination processes decrease significantly
the ion density. Simultaneous meastre-
ments of plasma convection with electric
field and fon drift sensors, together
with mass-energy analyser of thermal
plasma in the trough regions, would
enable the understanding of the nature

of these interesting features.
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Fig. 8. Scheme of generation mechanism
of the midiatitudinal frough, In the D-re-

gion the flux is defined by the electric field, AR s [ 3 = et
while in the A-region it is determined by the 7. Electric Fields in the Equaton

field rclated to the earth rotation. [n the gl IOI‘IOSPI‘IQI‘E

intermediary regions B and £ the fuz direc-

tion changes Irom east to west. The “sta- | . .

gnation” region — E-W velocity component We should pay attention to electric

becomes zero. field measurements in the equatorial
fonosphere, since recent experimental
data provide evidence on the interactions

between the electric field at ionospheric heights and t‘E;le orienfation of the

interplanefary magnetic field [28, 291 The electric field in the magnetospheric

tail is usually oriented from morning to evening side (this field is either pro-

jected in tail by the solar wind or is induced by viscoué plasma — field inter-
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action at the magnefospheric boundary). In a stationary situtation the electric
field cannot penetrate inte the plasmasphere due to the screening effect of
polarizing charges formed near its boundary. However, the variations of this
field with the characteristic time of <1 hour could be observed deep into the
plasmasphere. For example, the fast sign change in IMF from the stable south
direction to the north generates anomalous turn in the zonal equatorial electric
field. The interpretation of this very interesting effect could be related with
the fact that such change of IMF vector direction leads to the decrease of the
electric field in the polar cap and possibly changes its sign, therefore that
happens inside the magnetosphere too. Screening charges in the plasma layer
boundary cannot redistribute so fast, which results in electric field orientation
from evening to morning side inside the plasmasphere. There are data showing
dependence of the clectric field on the B, component of IMF, for the equatori-
al ijonosphere. Such relationship between IMF and convection in the magneto-
sphere, on the one hand, and the processes taking place deeply into the
plasmasphere, on the other, are quite intriguing and require thorough study.
Drift measurements of charged particles and electric fields at low latitudes and
the comparison with IMF data will give a key to the solution of this problem.

8. Altitudinal Thermal Plasma Distribution

Problems referring fo thermal plasma distribution along field tubes ate of particular
interest, together with relations befween jonosphere and plasmasphere. In day-
time thermal proton fluxes from the ionosphere fill up the plasmasphere field
tubes. During the night the recombination processes become predominant and
the energy stored in the plasmasphere feeds back into the ionosphere, i. e.
fluxes from the plasmasphere maintain the existence of the F-layer. The link
between these two regions has a dynamic character. For instance, during mag-
nctospheric disturbances, plasmaspheric field tubes may convect to the far mag-
netosphere where they lose their plasma content. Pressure gradients generated
at this process in the “empty” tubes must create large plasma flow from the
ionosphere similar to the polar wind, which refills the plasmasphere. The plasma
flow induced in this way may be superimposed by a flow induced by the inter-
action of the F-region jonosphere with neutral winds. The neutral wind forces
the ions to move along magnetic field lines. Depending on the magnetic
inclination, the velocity component of the neutral wind along the field line
should be different. This could result in lifting or descending ionization in
the Flayer. Thus, for instance, an equatorward meridional 'wind in the
norfhern hemisphere will result in altitudinal increase in the F-layer until
the drag force between ions and neutrals is not balanced by the earth gra-
vity, density gradient and polarization fields. Usually the time required for estab-
lishing the diffusive equilibrium in a given field tube is much smaller than
the characteristic time of wind system variations in the F-region, therefore we
may, suggest that the shift of the Flayer will result in a corresponding increase
and decrease of the jon demsity at heights of 1,000 km [30]. This means
that the global measarement of the ion density at heights well above the F-
layer maximum are important for the studies of large-scale air mass transfer
in the night midlatitudinal F-region. In order {c avoid effects of altitudinal
change in the ion density, it is necessary to have a circular orbit satellite.
Basic difficulty in the interpretation on the experimentat data is the neces-
sity to seclect effects related to the different behaviour of O+ and Ht density,
As shown in [30], the sharp decrease of the boundary above which the H+
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fon density slightly changes with the altitude, is observed during the night at
magnetic latitudes of 130° The boundary at these lafitudes is located at
height of ~~600 km. I appears that the jon densily is approximately the same
at both ends of the field tube at 1000 km where the invariant latitude is
A =30-50°, independent of how low the OF jon density js. This brings fo the
idea that H* jon in distribution along ‘magnetic field | lines is controlled by
equalizing the pressure along the entire field tube and does not depend severe-
ly on O+ and H* interactions in the ionosphere. Such!conclugion means that
measurements at heights of about 1,000 km of H+ density reflect the dyna-
mics of plasmasphere rather than that ot the mnosphere,

9. Equatorial Anomaly

Figure 9 illustrates light ion distribution at 1,000 km at night |32} It is
well seen that the distribution of hydrogen iovns is bi-thaximal, Minimum H+
density is to be found in the cquatorial region. Hydrogen ion density falls
sharply after ~40° latitude, forming the equatorial bountary of the midlatitu-
dinal trough of light ions. The anomaly appears aiso in} the ion composition
and temperature. Such minimum and two maxima in the equatorial F-region
are formed in afternoon hours as a result of two effects’ — ExB drift due to
E-W electric field and plasma diffusion in meridional direction along the mag-
netic field tubes. This is familiar as “fountain” effect. But the theory of night-
time equatorial anomaly formation and its dynamic should not be considered
accomplished yet. In particular, the equatorial anomaly property largely depends
on longitude. Longitudinal variations of equatorial ionosphere result from
upward and downward plasma motion effects. In their. furn, the latfer fo a
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Fig. 9. Light ions distribution at height of ~ 1,000 kkm flom latilude
|
i .
large degree are determmined by the neutral winds. Simulfanecus measurements
of electric lields, eleciron and ion density distribution and velocity of charged
particles drift on board polar orbit setellites would enable the better under-
standing of the cntire complex of sophisticated interacting factors,
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10. Circulation in the Thermqwhere

Certain ionospheric phenomena are directly linked to winds in the upper atmo-
sphere. Interaction between solar wind and atmosphere is effected by two basic
mechanisms: (1) auroral particle precipitation; dissipation of ionospheric current
systems, These processes take place in general at high-latitude atmosphere, while
ultraviolet heating has maximum at the subsolar point. The relatively constant heat-
ing by the solar uv generates thermospheric circulation which is the reason
of the global wind system generation at heights of 100 km, described in
|33, 34]. The Joule heating and heating from precipitated particles due to the
above-mentioned process results in generation of a secondary wind system of va-
riable equatorial boundary in dependence on the magnetic activity. Typical circula-
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Fig. 10. Diagram of the zonal mid-meridional
circulation in earth thermosphere for the equinox
period with reference to various levels of auroral
activity (e) extremely calm geomagnetic activity,
(B) average activity (1018 erg. S—T1) and (¢) geo-
magnelic storm (10" erg. S—1). The contours
illusirate schematically the mass flux and the
arrows show Lhe motion direction

tion pattern in the meridian plane is shown in Fig. 10 [33, 34, 35, 36}, The for-
mation of a secondary wind system oriented from high to low geographic
latitudes may be due to the fact that the heating in high-latitude regions be-
comes comparable to the solar ultraviolet heating [37].
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In cquinox periods the circulation due to solar uliraviolet is manifested
by upward motion over the geographic equator with a subsequent poleward
streaming. The sccondary circulation due to auroral heating has a reverse di-
rection - - from the pole to the equator and its equatorial boundary depends on the
energy supplied into the atmosphere. During magnetic substorms the notmal
circulation is constrained only to heights lower than 150 kin and to low and
mid-geographic latitudes. ) .

During the solar solstice the circulation due to the solar ultraviolet has
direction from summer to winter hemisphere. Auroral atmospheric heating gives
fise to circulation irem pole to equator in the winter hemisphere. Its equatori-
al boundary shifts depending on the degree of the mdgnetic disturbance, In
the summer hemisphere the circulation is maintained at ifs normal state. The
changes described above are the major motions of thermospheric circulation in
which the Eerth upper atmosphere is involved during magnetic distrubances.
Many small-scale motions are also observed. ;

Investigations of the three-dimentional circulation of thermosphere under
various levels of solar and magnetic activity are still in their initial phase.
The complete understanding of these processes would permit the evaluation of
the ionospheric effect on circulation. Simultaneous meastrements of the diffe-
tential charge particle specirum and the dissipalion of current systems would
enable the definition of total encrgy fiux at subauroral and auroral latitudes.
A possibility to establish a model of earth atmospheric! circulation emerges
from combined data on air-glow emissions {38]. ;

1. Plasma Irregularities in the lonosphere

Meastrements performed on board satellites [32, 39] enabled the discovery of
irregularities in the ionospheric plasma at relatively high|latitudes. The spatial
sizes of these irregularities range hetween 30 and 50 km. These irregularities
play an imporfanl role for the problem of spaceborne !radiocommunications.
:Particularly interesting is the shortwave irregularities phenomenon (10-100 km).
In order to measure irrcgularities in ionospheric plasma i density, the applica-
tion of Lapngmuir probes may be useful. If is substantial to understand the
main mechanisms of irregularity generation. Particularly Iéarge irregularities are
observed in the region of the wmidlatitudinal trough which could result, for
tnstance, from large gradients and strong electric fields triggering the genera-
jlon of various types of plasma irregularities. Still open is the problem of
nteractions between midlatitudinal trough dynamics and the equatorial boun-
dary of the high-latitude irregularities. Simultaneous measurements on thermal*
plasma and electric fields on board polar satellite of circular orbit may help
to obtain the answer to these questions. Very important is the study of irre-
gularities in the equatorial ionosphere. The nonreliability of satellite communica-
tion systems contributes to the increased interest iowérd this phenomenon.
VHF-signals emitied by satellites and received on earthare largely deformed
in the equatorial region.

Conclusion

The data presented in this work clearly show that the launch of satellites
with circular polar orbits at heights of about 1,000 kin would permit to solve
a series of important problems related {o phenomena in injerplanetary medium,
magnetosphere, fonosphere and earth atmosphere, !
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O HexoTOpHIX npoGieMax TeoH3UKH, PEIAEMbIX € MOMOLIBIO
CIIYTHUKOB Hd NOJNSAPHBIX opfuTax :

- . |
B. M. Baaebanos, M. M. Fozowes, E. M. Hybunun, M| C. Kymues,
H. M. ITodeopuu, K. B. Cepagumnos P

(Peswue)

PaccMaTpuBaeTcs BO3MOXHOCTL YCTAHOBJACHAS BaBHCHMOCTH MEXKIY KOHBEKLHel
MarHuTOCOEPHOH NAa3Mbl K MargHTHBIM IOAEM  [OCPEACTBOM H3MEPEeHHS 9JICK-
TPHUECKOTO ¥ MATHANTHOTO MOARH H pETHCTPAliMK IasMeHHoro jpeida.

Taxue oxenepuMeHTHl MOTYT GHITH BBITOAHEHB Ha CIYTHUKAX HA MNOJAAPHLIX
opfHTax KaK ¢ LeAbid BHABMACHUS KOHBEXUMH B OBMACTH MArH4THO! IUaNKH, TaK
W AN M3y4EHUS ABJACHUT ‘B OSKBATOPUANbHLIX paHOHAx W Tepmocdepuod uup-
KyJsiun,
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