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Abstract-We present a brief description and the parameters of the ALFA-1 instrument installed onboanl 
the Tail Probe and Auroral Probe for local measurements of the characteristics of low-energy plasma and for 
a study started during the Lu1w-2 and Lrllla-3 missions [I, 21 of the spatial distribution of plasma in the 
Earth 's magnetosphere. Some of the preliminary results obtained with this instmment inside and outside the 
plasmasphere at middle and high latitudes arc also discussed. 

INSTRUMENTATION 

The ALFA-3 instrument was installed on board the 
Tail Probe and Auroral Probe to measure the charac­
teristics and energy spectra of ion nuxes with energies 
0-25.5 eV and to study the spatial distribution of cold 
ions in the Earth's magnetosphere. 

The instrument consists of the following units: 
(I) A plane electrostatic analyzer of the PL-48 

(RPA) type with retarding potential, which is mounted 
011 the frame of the measuring direct-current ampli­
fier; 

(2) A plane electrostatic modulating analyzer of 
the PL- I 9 (MPA) type with a quasi-resonance amp I i­
fier built in the special compartment of the analyzer 
frame and tuned to the modulation frequency; 

(3) An electronic AP-3 unit providing the required 
modes of analyzer operation and signal exchange with 
satellite service systems. 

At both satellites, these two analyzers ai·e installed 
011 the no11sunlit satellite surface and oriented antisun­
ward. The normals to the surface or the entrance win­
dO\·VS are parnllel to the satellite rotation axis. If we 
disregard the deviation of the satellite rotation ax is 
from the sunward direction, which may re.ach several 
degrees, we can consider, with allowance for the 
width of the analyzer's angular diagram, that tho two 
analyzers arc oriented along the -X axis or the solar­
ecliptic coordinate system. The nonsunlit arrange­
ment of the two analyzers ruled out the direct action 
of solar ultraviolet radiation on their readings. 

The electric scheme of the .PL-48 analyzer is 
s~own in Fig. I a. Entrance grid I and screen grids 3 

and 4 are connected with the analyzer frame. Suppres­
sor grid 5 is kept at the -40 V potential. The voltage 
u" = 0-25.5 vis applied to the analyzing double-grid 
electrode 2. 

All grids arc made of nickel-plated tungsten wire 
0.02 mm in diameter. Collector C made of a nickel 

I 

plate 0.5'111111 thick is kept at n negative potential of 
-20 V. The potentials of all electrodes are measured 
relative to the analyzer frame. 

The current-voltage characteristic of the PL-48 
analyzer. i.e., the dq;endcnce of analyzer current on 
the poteiitial U at the analyzing grill and on the angle 
1\ between the ion flux direction and the normal to the 
entrance window, is plotted in Fig. I b. The currents 
arc normalized to the cmrcpt value at 1\ = 0°, and the 
potentials are normalized to the Etc value, where E is 
the ion beam energy, and e is the electron charge. 

The l'illlin technical parameters of the PL-48 ana·· 
lyzer are the following: 

Energy range of measured !luxes 
Number of energy intervals 
Energy interval widlh 
Range of measured fluxes 
Effective collector area 
Width of" angular diagram 
Spectrum measuring lime 

0- 25.5 eV; 

21l; 

O.I-J.2 cV; 
. I 05-1 0'1 cnc2 s- 1; 

I 0.56 cm 2; 

HiO"; 

1.8 s. 

11 should he noted that the AC current from the PL-48 
collector is recorded in flight as a !"unction of AC poten­
tial at the analyzing gri(l, and, thercl"ore, the analyzer's 
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Fig. I. (a) Schematic view of the PL-4R analyzer; (h) cur­
rent-voltage characteristic of the I'L-4R analyzer, which 
gives the dependence of the analyzer current on the poten­
tial U at the analyzing grid and on the angle of attack 
(angle hetweenthe direction of the ion flux and the normal 
to the analyzer entrance window). 

output is nol the retardation curve (occasionally called 
the integral spectrum) but the differential spectrum. 
Simult;ineously, as the energy spectrum is measured, 
the total flux of charged particles in the analyzer col­
lector circuit is also measured. Only ions with E > Usc 
(where Usc is the positive spacecraft potential) and 
electrons with E > 40 eV (if the negative potential 
Usc< 40 eV) can reach the collector C. 

The schematic view of the•PL-19 analyzer is pre­
sented in Fig. 2a. Grid I is pla~ed in the analyzer win­
dow. In the experiment considered, grid I is conduc­
tively coupled with the analyzer frame. Electrode sys­
tem2 is designed to provide a change of the analyzer's 
angular diagram. In the course of experiment, elec­
trode 2 is connected up alternately either with the ana­
lyzer frame or with analyzing electrode 4 via .the volt­
age divider. Screen grid 3 and screen package 5 are 
connected with the analyzer frame. The screen pack­
age, consisting of 5 interconnected grids, provides 
complete electrostatic insulation of analyzing grid 4 
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Fig. 2. (a) Schematic view of the PL-19 analyzer; (b) cur­
rent-voltage ch~racteristies of the PL-19 analyzer. 

from collector C. Figure 2b shows the current-voltage 
characteristics of the PL-19 analyzer for the two vari­
ants of electrode 2 connection (U2 = 0 Von the left, 
and U2 = 0.9U" on the right). 

The energy range of measured fluxes, the number 
and width of energy intervals, the range of measured 
fluxes, and the spectrum measuring time coincide 
with similar, parameters for the PL-48 analyzer. The 
widths of angular diagrams for the first and second 
modes of the PL- 19 operation are ±50° and ±40°, 
respectively. The collector effective area is 11.3 cm2• 

The complete telemetry frame from the ALFA-3 
instrument contains 3 energy spectra: the spectrum 
measured by the PL-48 analyzer and two spectra mea­
sured by the PL-19 analyzer in two modes. 

Energy spectra are measured by the PL-48 ana­
lyzer with the following proce~lure: 

I . The presence of a measurable ion flux with ener­
gies 0- 25 .5 eY is determined; 

2. If an 'ion flux is revealed in the above energy 
range, the voltage U11 at the analyzing grid is mea­
sured, at which the analyzer begins to detect the cur­
rent increase in response to the change of the analyz­
ing voltage. The voltage U1, which determines the 
position of the ion flux spectrum on the energy scale, 
can be varied in the range 0-25.5 V with a step of . 
0 . 1 V. The combined voltage U" = U1, + U, is applied 
to the analyzing grid, with the scanning voltage U,, 
variable fl'om 0 to 25.5 V. The voltage U, does not 
exceed 25.5 V. The scanning voltage U,. is grouped 
into 6 groups of 4 steps each. In the first group, the scan­
ning voltage varies in 0.1 V steps. In each subsequent 
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Fig. 3. Ion nuxes recorded on September 14, 1996, in three successive orbits of the Auroral Probe. 

group, this voltage step is doubled. In the last group, 
the scanning voltage step is 3.2 V. For each analyzing 
voltage, currents are measured in the analyzer collector 
circuit. The spectmm measurement ends when the mea­
sured current falls below the sensitivity limit or when 
the analyzing voltage reaches the value uti = u, + uf = 
25.5 V; after that, the measuring cycle in the PL-19 
analyzer begins. 

3. If the collector amplifier in the PL-48 analyzer 
does not measure current in the process of energy ., 
scanning, the PL-19 analyzer begins its measure­
ments. 

Measurements with the PL-19 analyzer are carried 
out with the use of a similar algorithm, except that in 
this case, the analyzing voltage is u{/ = u, + uf + VIII, 
where U111 is the modulating rectangular voltage with 
a frequency of 500Hz, the full swing of which is equal 
to the difference between the given and subsequent uf 
values. With this choice of modulating voltage, the 
differential spectra are also recorded by the PL-19 
analyzer. 

When measuring the energy spectra by each ana­
lyzer, the following data are transmitted to the telem­
etry system: 

the conventional code of each analyzer; 

the voltage U, specifying the position of the ion 
flux spectrum on the energy scale; 

the current value in every energy interval; and 

the number of the scale used by the current ampli­
fier. 

· In addition, the magnitude and sign of the total cur­
rent of the PL-48 collector at U" = 0 V is transmitted 
to the telemetry system. 

I , 

MEASUREMENT RESULTS AND DISCUSSION 

Below we give and discuss the results of measure­
ments obtained with the PL-19 analyzer onboard the 
Auroral Probe during the period Sept~tmber 9-14, 
1996, which are typical for the September-October 
period of 1996. We consider separately the results of 
measurements in the, plasmapause, in the outside 
region adjacent to the plasmapause, and at geocentric 
distances 4RE above the polar cap. 

Measurements in tire Plasmasphere 
and Exoplasmasphere 

The results of measurements of ion fluxes in the 
energy range 0- 25 .5 eV from 08:40 to 23:50 UT on 

· September 14, 1996, as a function of the Universal 
Time arc shown in Fig. 3. The maximum fluxes, which 
may be as high as 2 x I 09-5 x I 09 cm-2 s-1, are 
detected near the orbit perigee. The dramatic fluctua­
tions of ion fluxes observed at -I 0:00 UT and espe­
cially at -16:00 UT are explained by the probe pas­
sage through a region of high latitudes and the polar 
cap; they are related to fluctuations of cold plasma 
concentration. It is also evident from Fig. 3 that the 
smooth variation of measured flux values before and 
after the passage of the perigee by Auroral Probe 
(during the probe flight across the plasmasphere) is 
accompanied every time by a sharp decrease in mea­
sured fluxes. The decrease in fluxes can be explained 
by the probe passage through the plasmapause. Posi­
tions of the plasmapause, which were determined by 
the shai·p decrease or increase of the ion flux recorded 
by the instrument, are marked in Fig. 3 by arrows, 
while the values of the L coordinate and local time 
corresponding to the plasmapause positions are plot­
ted on the lower axis. Th~ positions of the plasma-
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Fig. 4. Energy spectra measured outside (at 09:03-09:06 UT) and inside d1e plasrnasphere (at 09:07-09:29 UT). 
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pause detected by the ALFA-3 instrument 0~1 Septem­
ber 14, 1996, correspond to the phase of refilli,Jg of 
the plasmasphere with ionospheric plasma after its 
depletion, which was likely to occur at the period of 
two intensive substorms on September 12, 1996, and 
on September 13, 1996, when the Kl'111 (maximum K1,) 

value was 5_ and 50 , respectively. 

The data in Fig. 3 make it possible to estimate the 
rate of refilling of the plasmasphere :and the shift of 
the plasmapause onto th_e more distant L shells, which 
is related to such refilling: in 18 hours of measure­
ments, the plasn1apause in the noon sector shifted 
from L = 3.2 to L = 3.7, and in the midnight sector, 
from L = 3.8 to L = 4.1. 

Outside the plasmasphere (in the magnetospheric 
region located between the plasmapause and the 
plasma sheet, which is currently called "exoplasmas­
phere"), heavily fluctuating ion fluxes are measured 
by the instrument, whose values, as a rule, range from 
2 x 106-3 x 107 cm-2 s-1 and only occasionally, near 
the apogee at R = 4/?E and L > 9, reach the values 
lOs_ I 09 cm-2 s-1• 

Before proceeding to the examination of the results 
of spectral measurements of cold ion fluxes, we con­
sider it necessary to dwell on the problem of the 
dependence of the results of the measurements of low­
energy plasma on the satellite potential. The effect of 
the SC potential on the results of measuring the cold 
plasma manifests itself, on the one hand, in the change 
near the SC of the local density of charged particles 
with energies E- eUsc. where Usc is the SC potential 
[3, 4] and, on the other hand, leads to the shift of the 
nwasured energy spectra along the energy axis. The 
positive potential moves the ion spectrum toward 
lower energies, while the negative potential, toward 
higher energies. Moreover, the positive SC potential, 
whose value Usc- (3-S)kT/e (here k is the Boltzmann 
constant, T is the absolute temperature, ~md e is the 
electron charge), or 1-3 V, may cause the effect of so 
called "hidden" plasma [5]. This effect manifests 
itself in that the cold p\asma, which really exists near 
the SC having a positive potential with respect to the 
ambient medium,. remains "invisible" to onboard 
instruments. It is known that the SC potential is 
formed primarily under the influence of the fluxes of 
charged particles and electromagnetic radiation acting 
upon the SC. It is also known that the Usc depends on 
many "technological" factors: the SC frame material, 
surf<ice treatment and surface conditions, the type of 
coating, etc. The theoretical estimates and• experimen­
tal data obtained from many experiments' in the iono­
sphere and plasmasphere [4] show that Usc usually 
varies from a few tenths of a volt to a few volts, and 
its sign is negative. As the SC travels toward the plas­
mapause, the absolute Usc value decreases and tends 
to zero near the plasmapause. Outside the plasmas­
phere, but near it, the Usc values are also small, but the 
sign of Usc is often positive. For example, the paten-

tial of the geostati·onary satellites GEOS and SCATHA 
was, according to [6], close to +3 V, with the GEOS 
potential variations from +3 V to +8 V; and the poten­
tial of the /SEE satellite was positive in the solar wind, 
in the magnetosheath, and in the magnetosphere (out­
side the plasmasphere) [7]. However, in the plasma 
sheet, Usc may become negative and reach significant 
values. On the ATS-5, A7:5-6, and SCA711A satellites, 

.. when they were in the Elrth's shadow cone, the poten­
tials as high as a few kiloelectronvolts were measured 
[4, 8]. 

The surface of Auroral Probe was metallized, 
, which excluded the effect of differential charging of 

the SC surface. The preliminary analysis of the energy 
spectra of cold plasma, measured at the period from 
September 09, 1996, to September II, 1996, shows 
that in the plasmasphere, Usc was close to zero. In any 
case, its value was not higher than 0.5 V, and its sign 
was, as a rule, negative. 

Figure 4 displays <{ series of differential energy 
spectra of ion fluxes measured by the ALFA-3 instru­
ment on the inbound leg of the orbit on September 14, 
1996, when Auroral Probe crossed successively the 
exoplasmaspher~, plasnmpause, and plasmasphere in 
the noon sector of the magnetosphere from 09:03 UT to 
09:29 UT. The day of September 14 is characterized by 
a moderate geomagnetic disturbance, when Kl'111 = 3 (K

1
,111 

is the maximum value of the K
1
, index on the day of 

measurements); however, on September 13, 1996, we 
had K

1
,, = 5 __ , and on September 12, 1996, we had 

Kl'111 = 5+. In connection with this, we may assume that 
the measurements on September 14, 1996, were made 
at the time of filling of field tubes with ionospheric 
plasma after their devastation caused by intensive sub­
storms on September 12, 1996, and September 13, 
1996. At that period, the satellite velocity Vsc was in 
the range 4.1-5.4 km s-1, and the angle of attack A 
(angle between the normal to the entrance window 
and the direction of satellite flight) varied from 78° at 
09:03 UT spectrum measurement to 57° at 09:29 UT 
measurement. For each spectrum shown in Fig. 4, we 
give the initial time of spectrum measurement, and the 
corresponding geocentric distance RE and the L coor­
dinate. For the first and the last spectra, the angles A 
are also indicated. The results of measurements shown 
in Fig. 4 allow us to make the following conclusions: 

I. At the time interval 09:03-09:06 UT, the ana­
lyzer measures only ion fluxes with E >- 9 eV; their 
value varies from I 05 to I 07-cm-2 s-1 e y-1; 

.. ' 

2. Between 09:06 and 09:07 UT, the flux of ions with 
E < 25.5 eV sharply increases up to 108 cm-2 s-1 eV-1; 
in this case, the maxima in the spectrum are shifted to 
E < I e V. These dramatic changes in the flux valpe and 
the position of the spectrum on the energy axis are 
accounted for by the satellite's crossing of the plasma­
pause; they are.typical for the crossing of the plasma­
pause by Tail Probe and Auroral Probe in the night­
side, dawn, and days ide sectors of the magnetosphere. 
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As follows from the above discussion, the shift of 
the maximum in the measured ion flux spectra toward 
higher energies, when going .hom the plasmasphere to 
the exoplasmasphere, cannot be explained by decreas­
ing Usc down to -20 e V. Thus, the high-energy shift 
of the maximum in crossing the plasmapause on the 
outbound legs of satellite orbits may be caused by an 
increase in the energy of directed motion of the low­
energy plasma with the velocity component perpen­
dicular to the entrance window. Since the analyzers 
installed onboard the Tdil and Auroral Probes are ori­
ented antisunward, the low-energy i(in fluxes have a 
velocity component V, · in solar-ecliptic coordinate 
system corresponding to the energy 9 ~ E ~ '25.5 eY. 
We believe that outside the plasmasphere, the fluxes of 
low-energy ions with energy between 9 and 25 eY, which 
presumably take part in the large-scale magnetospheric 
convection, are recorded with the ALFA-3 instrument, 
and the region where convective fluxes of low-energy 
plasma are detected adjoins directly to the plasma­
pause. The descending shape of the spectra measured 
outside the plasmasphere suggests that the ion fluxes 
are generated by ions of atmospheric origin. The last 
conclusion agrees well with the viewpoint that low­
energy plasma of atmospheric origin is quite abundant 
in the Earth-'s magnetosphere and is an essential com­
ponent of the large-scale structures of the terrestrial 
magnetosphere [I 0, II]. The density of low-energy 
ions outside the plasmaspherc at low and middle lati­
tudes is 1-3 em-\ which is reasonably consistent with 
the results obtained in [6, 9, 12]. 

It is also evident from Fig. 4 that, inside the plas­
masphere, immediately after the plasmapause cross­
ing, from 09:07 to 09:17 UT (3.18 > L > 2.79), the 
shape of the measured spectra differs significantly 
from the Maxwellian distribution. Beginning from 
09: 18 UT ( L < 2. 7 5), the shape of the measured spec­
tra agrees quite satisfactorily with the Maxwellian 
distribution. 

Analysis of experimental data obtained in Septem­
ber-October of 1996 at different levels of geomag­
netic disturbance shows that the existence· in the plas­
masphere of a region adjacent to the plasmapause 
where the energy distribution of ions differs substan­
tially from the Max well ian seems to be a permanent 
feature of the plasmasphere, although the L coordinate 
of the inner boundary may vary over wide limits. The 
existence of this region is possibly related to the pro­
cesses described in [ 13, 14J, which attend the filling of 
geomagnetic tubes with ionospheric plasma after their 
devastation caused by geomagnetic disturbances. It 
should be stressed that, accqrding to [ 15], the data 
obtained by the DE- l satellite indicate that, within a 
day after the decline of the level of geomagnetic dis­
turbance, t~1e new ionospheric plasma refilling previ­
ously depleted field tubes had near-Maxwellian 
energy_ distribution. 
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Measurements at Geocentric Distances 4RE 
above the Polar Cap · 

It is known that the concept of the polar wind was 
suggested by Axfc1rd [ 16], and by Banks and Holzer 
[17] in 1968. However, it is likely that the first mea­
surements of the polar wind were only made 12 years 
later by Hoffm<\n and Dodson [ 18]. Systematic exper­
imental data concerning the polar wind were obtained 
on the DE satellites. These data were used as the basis 
for constructing the model of the polar wind known as 
the "cleft ion fountain" or "geomagnetic mass-spec­
trometer" model [ 19. 20]. The authors of this model 
considered the flux of the polar wind to consist of a 
mixture of IF, He+, and Q+ ions with allowance for the 
longitudinal (amhipolar) and transverse (convection) 
electric fields in the Earth's gravitational field. 
According to the above model, the flux of the polar 
wind from'the nightside sector, which initially con­
sisted of the mixture of three light ions, begins to split 
at altitudes -1.51?-E under the action of gravity. At first, 
o+ ion !luxes, at higher altitudes, He+ fluxes, and at still 
higher altitudes, proton fluxes separate from it. The 
fluxes of o+ ions fall in the region of the plasma sheet 
nearest to the Earth; He+ ions come to the more distant 
region, and, finally, proton fluxes are brought into the 
most distant region of the plasp1a sheet. To date, many 
experimental works are published in which data are pre­
sented on the detection of multicomponent fluxes of 
molecular 

1
ions in the polar ionosphere at altitudes 

- I 0000 km (see, for example, [20]). 

Let us consider now the measurements of ion energy 
distributions obtained outside the plasmasphere, at geo­
centric distances- 3.9RE (L > 8.2). As noted above, out­
side the plasmasphere, the instru ment measured ion 
fluxes- 105-107 cm-2 s·· l with an energy of- 10-20 eV. 
However, it is evident from Fig. 3 that ncar the apogee of 
a number of orbits of Auroral Probe, the instrument mea­
sured, as a mle, one or several spectra of ion fluxes with 
flux values - 5 x 107-5 x 108 cm-2 s-1• Figure 5 shows 
several differential energy spectra for such ion fluxes 
recorded in 5 passages of Auroral Probe near the apo­
gee, in the pre-noon and dawn sectors of the magneto­
sphere in the period from September 9, 1996, to Septem­
ber 14, 1996. We can see from Fig. 5 that at RE = 3.9 and 
L > 8.2, the measurement of energy spectra typical, 
according to ALFA-3 data, for the exoplasmasphere 
(F < 107 cm-2 s-1, the energy of directed motion E > 
20 cY) is suddenly interrupted, and instead, one or 
several spectra with many clear-cut maxima with F > 
5 x I 07 cnr2 s-1 and the bulk velocity component nor­
mal to the analyzer entrance window and correspond­
ing toE< 0.5 e V arc measured. Thereafter, the record­
ing of spectra withE> 20 eY is resumed. The spectra 
measured on September 9, 1996, at 2:41 Ul~ on Sep­
tember II, 1996, at 15:21-15:24 UT, and on SepteJ~l­
ber 14, 1996, at 12:41, 12:44, and 18:43 UT have a 
common characteristic feature: the ratios of the posi­
tions of the I s,t, 2nd, 3rd, and 4th maxima on the 
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Fig. 5. Examples of multicomponent spectra measured at RE = 4 at high latitudes. (a) September 9, 1996, 10.6-10.8 MLT, R = 
3.9RE, L= 8.8- 8.2,A = 134°-130°; (h) September II. 1996,7.2-7.4 MLT,R = 3.9RE, L= 32-30,A = 110°-115°; (c) September 
14, 1996, 7.5-8.2 MLT, R = 3.9RE, L = 39-35, A= 172°-l 80°. 

energy scale in each spectrum (Et> E2, E3, and E4) are 
close to l :4:16:32. This circumstance can be considered 
as an indication that the modulation analyzer of the 
ALFA-3 instmment, having recorded energy spectra 
with four maxima, thus measured the ion flux consisting 
of the following mixture of ions: H+, He+, o~ + N•, and 

o; + N; + NO+. The table contains the values of ion 

fluxes He+, N+ + 0+, and N; + o; +NO+, normalized 

to the flux of H+ ions, and the total fl ux values for the 
multicomponent spectra presented in Fig. 5. The data 
on the partial fluxes in the table are given together 
with the UT values, geocentric distances, L coordi­
nate, local magnetic time, and the 'maximum value of 
the K, index forthe day preceding the measurements. 
Attention should be drawn to the good agreement 
between the partial fluxes of the molecular ions mea­
sured by the ALFA-3 instrument on Auroral Probe 
and by the SMS instrument on the EXOS-D satellite 
[21] and to the significant discrepancy existing 
between the values of the total flux of molecular ions: 

> I 07 cm-2 s-t in the first case and I 05 cm-2 s-1 accord­
ing to [21]. 

Bearing in mind that all measurements of multi­
component fluxes on Auroral Probe have been per­
formed at high latitudes and at geocentric distances 
-4R~;. these fluxes, as well as the polar wind fluxes, 
should be assigned to the magnetospheric phenomena 
related to the plasma outflow from the high-latitude 
ionosphere. 

CONCLUSION 

We can draw the following preliminary conclu­
sions from the experimental data presented in this 
paper: 

I. The ALFA-3 instrument, containing an analyzer 
with retarding potential and modulation an~llyzer, is 
an effective tool for measuring fluxes of low-energy 
ions inside and outside the plasmasphere. These 
instruments make it possible to determine reliably the 
instant of the plasmapause crossing by a satell ite, by 
measuring the flux value and the component of bulk 
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· Table 

Date, UT R,I?E L MLJ Kpm 1996 

9 Sept. 6.09 3.9 8.6 10.7 2_ 

II Sept. 15.21 

15.22 3.9 30 07.4 5_ 

. 15.24 
' 

14 Sept. 12.41 4.0 37 . 07.6 

12.44 3.9 35 08.1 4o 

18.43 3.9 15 07.1 

velocity of low-energy plasma, normal to the entrance 
window of the analyzer. 

2. Experimental evidence is obtained for the exist­
ence of a region in the noon and midnight plasma­
sphere, adjacent to the plasmapause on the inside, 
where the velocity distribution of low-energy ion 
fluxes differs significantly from the Maxwellian. 
According to preliminary data, this region may coin­
cide with geomagnetic tubes that are filled with iono­
spheric plasma after their devastation by a magnetic 
substorm. It is possible that the position of the inner 
boundary of this region coincides wi'th the nearest-to­
Earth position of the plasmapause, which was occu­
pied by the latter during the substorm development. 

3. In the region of the magnetosphere, immediately 
adjacent to the plasmapause on the outside, the fluxes 
of low-energy plasma (with energy in the range 9-
25.5 e V) participating in the magnetospheric convec­
tion are systematically recorded. 

4; At geocentric distances -4RE (8 < L < 30), in the 
dawn sector of the magnetosphere, the energy spectra of 
ion fluxes with several maxima are sometimes recorded. 
The ratio of the energies of these maxima is close to the 
I :4: I 6:32 ratio, which suggests that the multicomponent 

ion fluxes containing H+, He+, 0+, and o; + N; + NO+ 
ions may sometimes exist above the polar cap, with the 
values F > 5 x I 07 cm-2 s-1• 
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FHcJF H+ F IF 
N• +o· u• F N2+ + 02+ + NO.I F H+ 

F, 108 cm-2s-1 

0.48 0.22 0.06 3.1 

0.56 0.16 0.07 0.9 

0.48 0.16 0.06 1.5 

0.49 0.14 0.06 0.7 

0.53 0.13 0.06 1.5 

0.30 0.12 0.05 5.6 

0.49 0.11 0.06 0.4 
-

J. 
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