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PThe results of uieasurements of electrons with B =U.07 #

ek a5 >»40 keV, teuperature ond cnergy disiributdon

LAdcL.oon of Lonospheria electrons made on Noveuber 18, 1970 9
snopoard tne Cosuos- Vs sastellite are givene In the presence ‘
of low enersy electron fluxss the ionospheric sliectron tenyara-
.ure rises asnd the enzrgy distribution funetion consicderabliy
ieviates Troa mawwellian onee. The electrons with nearn energy
~d eV and thas teuperatuce iower inan ionospheric eleciron teui-
pera.ure werz observede The possiitie reasons of existence of

Juch quasieunergetic icno3pheric electrons are considered.
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This paper deals with the resulis of the s>imu3.l.taneous measu=-
rements in thé southern day polar cusp of the fluxés of low-ener-
gy electrons (E=0,07+8.5 kev), electrons with E 40 kev, tempera-
ture and the energy distribution function of ionospheric electrons

v carried out in HovembEE£L197O from thé "Cosmos-378" satellite.
Por the measurements of low-cnergy electron fluxes twd cylindric
electroastatic analygers were installed on board the satellite

thet pecorde the fluxes of electrons with the following

1r5 energies: 0.07; I; 2423 4+2; 845 kev [I] end were oriented in
| tie vppogite directions. Geiger counter was used for the neasu-
rements of the fluxes of clectrons with E > 40 kev [2] » Tempera-
ture of ionospheric electrons was taken by means of sphericsl
high-frequency probe [3] and Langmuir spherical probe with modu-
lation [4] » Tp find the velocity distribution function of ther-
nal electrons Langmuir probe with modulation was also used.

The satellite apogee was about I750 km, perigee about
240 km, revolution period near I00 min. The orbital plane incli-

nation to the equator plene wa3s ~ 74°, The maxinmum invariant

“-— 3 ?3 satelbite

war  egagfeneod  im the. cusp 1£940

latitudes wepre - 829 3uch an orbital inclinetion of the satel-

/s

lite allowed to perform the long-time measurements (up to I5-
20 min) in the day high-latitudinal region of low-ener;y elec-
tron precipitation (the day cusp reqiggl}ﬂ

e ——————

——

Figel gives the typical exuiple of the results obtained #52 ;

by means of the mentioned ~covos 1astrunents in the southern day

polar cust region. Jurin 1% sin of the flight (fro.a 00.22 to

00,37 UT) the smateliite oruit woer within altituaes frown TI70 to
1650 km; here invariant geonmag netic latitude of the satell. ‘e

increased at first fron 66° tc 82° and then decreased up *. 65°.

T T—

The appropriate variations of local time LT were 8h~15h.
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The top of Figel presents “he fluxes of electrons averaged
over three-second intervals according to the readings of one gf
the analygzers corresponding to three accepted energies of elec~-
trons: 0,07; 1¢0; 865 keve The botiom of this Fig. shows the
lime varigtiou for electron fluxes with E > 40 kev, The solid
and «Jdashed lines denoted by o conform with the orientation of

wrelyzer and Geiger counter relative to the magnetic field vec~

ey,

Let us comsiaer the variations of electron fluxes against

..o A invariant latitude changes. The sharp increase of elec~

on Tluxes wilh E € 8¢5 kev began at 00,22 UT for A =66° when
e savellite was still at the trapped radiation region (e€lectron
fiuxes witn E > 40 kev exceed the background level by the ordbi
of two)e Up to 00625 UT the fluxes of these low-energy.electrons
were almost continuéusly regisiered, spectral density of the -
energy flux having e naximum in 2-4 kev range. and fluxes being
relatively stable within IS5 secs At 00,25 UT the fluxes becanme
fast-changeable, often varying by the order of magnétude during
Cel=Qe3 sece At the same time moment the fluxes of electrons

1ith E=Qs07 kev and I.0 kev sharply increased whereas the fluxes
of electrons with E=8,5 kev did not practically change on an
aver.i;es The given moment coincides with the beginning of sharp
£u1l (up to the background level) of the trapped electron flux
(A ~76°). At Q0e3b (A ~T72°) the fluxes of electrons with
& o W0 og0v o snerply lncrease and in about 30 sec the flux of elec-
vrons wicn Bg Ge5 kev falls up (o the background levels
» i o characiver of fiuxes registered allows to identify

o &Onx 4§ the precipitation of soft particles in the region of

vpen force lines of the magnetic field (the boundary of which
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we determine from the sharp fell of fluxes of electrons with

E> 40 kev) with the high-latitudinal region of penetration of-
the piasmz of the magnetosheath into the magnetosphere, the day

polar. cuspe

At tne bottom of Fig.l the soiid-lines show the results
¢f ionospheric electron temperstures ricasured by means of high
frequency probe, triangles show that obtained by Langmuir prgbe
with modulaticne. at the region outside the cusp (A<66°) elec~
iron temperaturcs measured by these two techniques are.in good
aprecaents Jhen the satellite enter the region of intensive pre-
cipitation of lcw-energy electrons (00.25 UT, A =77°) the found
agreement is often broken and sharp fluactuations of temperature
up to J0U0°-4000°K are cvbserved,

Fige2 plver &3 exanple some volit-ampere characteristics
for derivatives of eciectiron current of Langmuir spherical probe
dependent orn decelerating veliazage V. Veriical arrows at the
FigeIl bottom part denote the time mounentis fér which in FigeZ2
volt—~ampere characteristice cre given narked by the same figures.
it is knovm from the Langmuir probe tha2cry that at the region
of deceleratin.; potentiel wiili the velocity liaxwell distribution
the volt-ampere characteristic of spherical probe plotted on a
semilogarithric scale is a strazint line. This line slope is
defined by tenmperature oif measured particles. In the ionosphere
resions outside the precipitation zone the form of volt-ampere
characterisiics in umost cases correspdnds to the velocity Max-
well distribution of eleatrons. (Characteristics I and 6 in
Pig.2). The so-called high-temperature tails are the most abgun-
dant type of irregularities in the Maxwell distribution that can

appear with the presence of photoelectrons and precipitating
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particles in - the ionospheree.

At the region of low-energy eleciron precipitation
(E 3 0.I kev) including the cusp once more type of deformation
of voltaée—current characteristics is often seen {(characteris-
tics 2 and 3 in Figo2). Two rectilinear parts appear on the

characteristics with the different steepness, the steeper part

corresponding to the greater values of Vo, The analysis of such
characteristics allows to assume that there are two groups cf
electrons in the plasma electron component registered by Lang- ﬁ

muir probee. Electrons of the first group have the higher density

and temperature of about 4000°-5000°; electrons of the other
group, "cool" electrons, have temperature of about 200@°-3000°
but the mean kinetic energy of them is equal to abcut I+I.5 ev,

ieee approximately 5 times exceeds the mean energy defined by

YT T

temperature of these particles. 1t proves the fact that some

TN

mechanism of acceleration of’these particlees up to energy of

about I ev existis. Electrons with such a mean kinetic energy

are often registered in the satgllite passing of the cusp region
Triangles connected by vertical lines in FigeI show tem- g

peratures for the two ;;oups of electrons, Note that the tempe-

rature value measured by high-frequency probe is close to the

temperature value of the "cool" electron groupe. It is evidently

associated with the fact that floating potential of this probe

is within - I 4 I.5 v, i.es within the linear part of volt-

ampere characteristic of Langmuir probe for "cool" electronse.

So the given results of the plasma measurements at the

day polar cusp region indicate the presence on this region at

~ I500 km of electrons with temperature Te=2000° + 3000°K and

i .
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with the mean energy of azbout I + I.5 ev considerably exceeding
the mean energy of ionospheric thermal electrons with Te=4000°*

5000°, Tue "Cosmos=-378" equipment and its performances do not
allow 10 Geieraine the distribution of "cool" electrons over

pitvch-angies that does not permit to define the direction of

epol creciron flux relative to the geomagnetic fields
formation of electrons with tRe mean energy of
1500 km i nighly probable as all the mechanisms

of acceigrai.on and Leating of electrons at this zltitude asso-

ciched with the formation of secondary electrons or photoelec-
trons znd wiih the local electric fields should lead to accele-

ration or heating of the total mass of ionospheric electrons

but noi vo appeurance of the two groups of electrons with the

differens w-.n 2nergys The formation of such electrons at an
altitude higner than 1500 km 1s also Impossible; at this region
temperature of electiron increases with altitude and when acce-
lerating ithermal electrons the thermal spreading must be kepte
3ince the energy corrgsponding to temperature of "cool"” elec-
trons is lauch less than their mean energy (I-I.5 ev) it is pro-
bable that their formation should occur in the region below the
satellite orbit, is.e. at altitudes ~ 1500 km. In this connecti-
on we can assume that the phenomenon observed is caused by the
flux of electrons accelerated in the lower layers of the iono-
sphere by the longitudinal eRectric field. The flux of these
electrons can also be a return current which occurs in the io-
nosphere under the predominant precipitation of fluxes of par-
ticles with the same sign or fluxes of particles with different

signs but with the various pitch-~angular distributions.

To accelerate electrons up to energiés I + I.5 ev at
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300 km to I500 km aPtitudes the electric field is necessary

with B, = 1070

v/cne The question on the presence and the
value of the longitudinal electric fields along magnetic force
tdons i3 contradictory since there are disagreements between
(ile various experimental results. During the direct measure-
itenis oy probe tae values E, =~ :2xIO"4 v/cm are recorded, i.ce

o7 four osders greater thean 10"8 v/cme The quesation on longi-

81

.udinal currents (Berkeland currenis) in the ionosphere has
been counsidered in detail in Arnoldy's paper [5] o This work g
deals with the review of the phenomena associated with the
appearance of longitudinzl currents with precipitation of par-
ticlese Arnoldy has made *he following conclusions:

"There appears to be little doubt that Birkeland current
existeee The data from polar orbiting satellites indicate that
the current sheets are associazed with auroral displays and
that field aligned electiron fluxes on the order I kev energy
are significant charge carries for connectional currents direct-
ed ous ol the atnospheres..s The return current is the illusive - g
part of the overall ysteme It is uncertain whether it is car- g
riei by positive chargee or very low energy electrons below
the threshold of instruments which have attempted to measure
ite Thnere 2re o few nszsurcnents which indicate that low energy'
tas distritution recponsible for the return current®.
The longitudinal electric fields of I0™ %= I0™° v/em were re-
~“istered in the experinents of [6] s [7] .

All the considered above allows to assume that our plasma
measurcments can confirm the fact that in the ionosphere of the
day polar cusp the longitudinal electric fields with E”~IxIOJ%/

cm-can exist providing return current from the ionosphere




during precipitatica into the ionosphere of the fluxes of par-
ticles with the same sign or with the different signs and the

different pitch~-angular distribution. -
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