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At t;he satellite Cosmo..;-}78, launched November 1?, 1970 . 

into the orbit with the perie,ee of 240 km , the apogee of 1700 km 

and the inclination of 74° t':le measurements of cl:arged parl:;icles 

i:l the broad energy rar.ge (in particular of fluxe!l of electrons 

with £ > 40 kev and E = 0 . 8-10 k~v) and of dens:l.ty and tempera

ture of ionospheric electrons and ions were made . These measure

mer ts could be perfc rmed continiously along the whole o:;:l)i t with 

the help of the memorizing device installed on the satellite . In 

the present paper only a part of the data obtained during the 

flight of the satellite over the south hemisphere at the local 

time near the noon is f,i\en . 

The steady influx of so lar wind thermalized plasma into the 

magnetosphere from th& magnetosheath were first.observed at the 

ionosphere altitudes from the satellite ISIS-1 by Heikkila and 

Winningham ( 1] • 'J'h:'_s influx occurs through the regions nea,r the 

neutral lines of the dayside magnetosphere. Frank [2] with the 

help of the satellite :MP-5 first discovered and examined these 

influxes Of SOlar wind plasma both at the magnetOpAUSt.. and at 

diffe1.mt altitudes in tbe mue;netosphere. Magnetospheric zones 

througl:l wJoich solar. v.lnd plasma penetrates into th~ days :!.e mag

netosphere wr re labelled dayside mae;netospheric cusps [1 J OT polar 

cusps [2] • Indications of the polar cusp were observed t; FraLk 

and Ackerson [3,4] in the range of ionospheric altitudes from 
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the satellite Injun-5 at the local time 10h. The published in

formation about polar cusps (1-5} lS illainly concerned to the 

cbservations over north hemisphere of the Earth (inf2J it is 

reported about "presumably exist~ncc" of the south polar cusp); 

the data on the south cusp are significar-tlY more poor (only in 

the dissertation by Winningham [5} we have found the results of 

observatio~s of the south dayside cusp from the satellite ISIS-I 

at 10h LT). There are no data in this information on simultanAous 

.ee,suremellts of local parameters of ionospheric plasma. 

Therefore the Cosmos-378 resu~·ts of observatirns of low 

energy electrons precipitating into the high-latitude iunosphere 

over the Earth's south heillisphere at the local time near the noon 

and simultaneous measurements of the ionospheric plasma density 

and the temperature seem to be interesting. An example of ~eaeu

remen'l:; results of electron fluxes with energ.:.es >.1!0 kev , elect

ron fluxes with energies ..(10 kev, the ionospheric ion density and 

the ionospheric electron temperature obtained during the flight 

of the satellite thr,ugh the high-l~titude ionosphere on Novemb

er 27, 1970 near the ap?go (1500-1?50 km) are sLnm in Fig. 1. 

During 13 min of the flight (from sh12m to sh25muT) the orbit 

of the satellite lies in the ~ange of altitudes from 1?00 to 

17~ klll; at ;;his time the invarian-t gec,magnetic latitude A of 

the satellite at first inorea~ed. from 70° to ?9,5° and then de

creasl..d. to 75°. It corr~sponds to variations of the 
1
.ooal time 

from rf- to 16h. 
·Thus the part of ';he satellite orbit under co.osiderati on is 

related to the same l.oca:;. time and th.:: val"J.es of 1\ • at which 

the sharp e:phancement of ionospherlc e1.ectron fluxes wi t:1 ener

gies .( 1 . kev is observed over the north hemiE":>!lere from ISIC-1 

(1} and Injun-5 {;, 4] and is idetltified by the authors of 



these observations with the polar cusp. 

The detailed description of the devices installed on Cosmos

?:;78 will be published els'itvhere. In the presen'l; pape;- we notice 

only that electrons with the energy > 40 kev are detected with 

t he help of properly screened gas-discharr~e counter [6} • Spectra 
I 

of electrons with energies <10 kev were recorded once each 15 sec 

by means of two cylindrical multi layered electrostatic analyzers• 

which were t he modi.fication of the device , described in [7] , in 

enerey ranges with A f /E =:. 0,4 at following values of £ : 
1 kev, 2 kev, 4 kev and 8 kev , Measur~ments of the density of io

nospheric positive ions were made with the help of the spherical 

ion trap, the photography of which is shown in ( 8 J • ThJ measu

rements of the ionoc:;?h&ric plasma temperature were perfo:rmed in 

two different ways: by means of spherical Langlliuir probe and 

sphericaJ. hic;h-frequency probe , The external grid of the ion 

trap, which is similar to desc:·ibed in fg J , was used as a~_.,he
ricql Langmuir probe . 

The decrease of the counting rate of electrons with energies 

> Ll() kev is the indicator of the boundar.v of the trapp~d radia

tion -.;one, i.e, boundary of closee. geomagnetic field lines and 

the low-latitude polar cusp roundary at the ~side magneto

sphere , Frank anJ. ~erson (:;, 4] well foundedly call the bound

ary of the trapped radiation "natural courdi..JB.te", when consider-

' / ing the phenomena related ~o the particle precipitation in the 

high-latitude ionosphere. 

Let us consider the results 6f measurements, shown in 

Fig . 1. From the top part of this figure it is seen, that the 

trapped radiation boundary (A--- 75°) was crossed by the aatel

li te at - 11h MLT; fluxes of' electrons with ener~ies 0 . B -

10 kev did not exceed 4 . 106cm-2sec-1kev-1s ter- 1 inside the ra-
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d"'.ation belt (values of fluxes indicated in this figure are 

maximum values, recorded in each energy range). Il• this region 

the fluxes are regular enough. Immediatelt after the crossing 

· the mentioned bound.ary tl e flux of electrons with E = 000-

1200 ev ~harply increases and sometimes ~xceeds 3.107cm-
2
sec-

1 

kev-1 ster-1 • A certain increase of ·t;he electron fluxes are also 

oryserved in the energy range 1600-2400 ev . Fluxes of electrons 

with higher energy increase essentU.lly less and th"!ir values 

never exceed 6.106cm-2sec-1kev-1 ster-1 (broken line). It shoultl. 

be noted that in this region outside the trapped radiacion boun

dary fluxes of low-energy electrons are greatly variable with 

characteristic times apparently less than the measurement time 

constant (0.2 sec). Values of fluxes in this region are also 

probably underestimated because of a certain influence of u.'.tr"l.

violet solar radiation and thvse values are distorted to some 

extent owing to inte~ferenced whic h seem to be connected with 

rapid variations of the sa' el1i te potential. Howe"'-er this does 

not change the general character of the behaviour of electron 

fluxeA. Curves J.. shown in the figure give the angle between 

the :nigi<etic fieJ.d direction and the ax1s of analyzers, 

At the decre"l.sing of the sa~ellite invariant latitude A 
again ':o 75° at -15~T the counting r8.te of electrons with £ 

>40 kev sharply increases, the satellite is returned into the 

trapped radiation zo.ae <J.nd .;he fluxes or' electrons with E =-800-

1200 ev decrease sharply, reaching nh( value {105cm- 2sec-1kev·1 

ster •1 at A· ·70° • . The enhc..ncement of tile density of io.nc spheric 

positive ions from 3.10hcm-} to 5.104cm-; at rh~ altitude 1?00-

1754 km shown in Fig. 1 is observed in the zone of e~istence 

of in ... ense fluxes. of electrons with energtes 0.8-10 kev. At last , 

the results of th~ measurements of ionospheric elect~on t empera-
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ture ~ are also shown in Fig. 1; the f;olid curve corresponds 

to averaged values obtained by means of high-frequency probe and 

triangles-by means of the sprerical Langmuir probe with the period 

of tifue from 1 to 5 minutes. Both probes showed the significant 

growth of ~ (from 3000°K to 6000 + ?000°K) during the transi

tion from the trapped radiation zone to the precipitation zoue 

of-electrons with energies ~0-1200 ev. 

It is necessary to note that the d~ta of the Langmuir probe 

gave us the opportunity to make some con ~lusions about the dis

tx·ibution function of ionospheric electrons. Besides the record

ing of the probe curve i t was analyf'"d by the modulation method 

similar to tho.t used by Bo '!en et al. ( 9] • The analysis of the 

res~lts showed that after the exit of the sate:lite out of the 

zone with closed geomagnetic field lines (after the fall of tho 

counting rate of electrons with £ > 40 kev) , the valoci tv dis

tribution of ionospheric electrons w~s often non-M~ellian. 

This l'"()peared to be causeu by ther· :al plasma disturbances by 

fluyes of more energeti.c particles. ~o values of 1; in the 

region of 1\ >?5° are the measure of a certain "effective tem

perature", which represents t"'e intensity of the disturbance 

of thermal ionospheric plasma in the regi~n under consideration. 

Samples of measurement results of electr<n fluxes- with 

E > "0 kev and E = 800-1200 ev shown in Fig. 1, which corres

pond to the dayside hig,.-latitude ionosphere over E r th's soutb 

hemisphere are similar to results of measurements carried out 

in the dayride ionosphere :from the satellites ISIS-1 [5] , I1 

jun-? [ 3, IJ.J Measu:rements from ISIS-1 showed, that in the 

rl'nge of 1\ from 74° to 79° the sharp growth of fluxes of 

electrons with en~rg5~s of an order of h~dreds of ev was observ

ed (!ippr-~x11113tely by an order of v~lue from 108 to 109c:re-2aec-1 

ste:r-1) 
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and the highest energies (up t o 1 kev) were observed near A=77°. 
Since the electrostatic a nalyzer on Cosmos-378 could record only 

the oost energetic part of the electrons, recorded at A---74-79° 

by means of ISIS-1, one can consider that values of electron 

f luxes recorded in tht. same :..ange of J\. from Cosmos-378 do 

no·t contradict to the data by Heikkila end Winningham [ 1 ] • Si-· 

milarly to the observations by Frank and Acker s on, the sharp 

growth of fluxes of electrons with the energy of an order of 

hundJ.'eds ev fro m the ··esul ts of Cosmos- 378 takes place immediate

l y outside the boundary of the trapped radiati on zone . 

Taking into account these points and that the rang" of lo

cal time included the noon, one can interpret the results of mea

surements of electron fluxes shown in Fig . 1 as the results re

lated to the observations of the sou~h dayside polar cusp and 

th,. ~e:fore aB the additional experimental confirmation of the di-

rect penetration of t;hermalized solar plasma from the magnetc

sheu.th into the ionosphere through the neutral band of tht! south 

dayside magnetopause. 

It is seen from flg. 1 that in the dayside polar cusp at 

alti".;udes -1700 km the density of ionospheric charged particles 

and t.lle temperature of ionospheric electrons significantly i n

crea.se. Local enhancements of ch:-,rged particle density at dif

feren t alti tude s including 2000-3000 km in the higt1-lati tude 

ionosp.b.ere have been observed by many authors [ ·10-12] • ~~:ors~ 

et al. (12}· on the ground of the analysis of the data on si~Jl

t aneous observations of the precipitation of el ectron~ with 

E::: 2 . 5 kev and the data o:f the ion trap from the satellite OVI-15 

concluded that local enhancements . of the charged particle dens'.ty 

caused by electrons w.:. th the ene1•gy of the order of 1 kev and 

less penetrating into the ionosphere, c~n arise both beneath 
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the maximum of F -region and above it. The experimental data , 

~ited in [12J are, however, obtained or1.y at ni{y'lttime. Ac fo · 

dayside polar cusps , the systematical enhancements of F -region 

critical frequencies in the region of the geomae;netic pole ncar 

the magnetic noon studied b.Y Besposvannaya and Udovich (13] can 

serve as the indirect evide~ce of its ·influence n the ionosphere. 

Pr,.,sent results Jf simultaneous local measurements of elec

t ron fluxes penetratin~ into the ionosphere from the dayside mag

netosphere cusp and the enhancements of the ion density and the 

electron temperature are indicative of the ionizing effect of 

solar plasma electrons on the upper atmosphere. Apparently th~> 

ionisation and the heating of the ionosphere takes place at low

er alti.tudes benaath the F -regio..>. maximum (according to (14} 

the a1 ti tude of maximum ionizing effect of electrons with E 
.... 1 kev is ..... 160 km and with £-0.5 kev --240 Ian) and positive 

ions detec·ted by Cosmos-3?8 reached the altitude -1700 klll as 

the resul t of vertical diffusion. 

In conclusion it should be no ted once more the significant 

peculiarity cf the orbit of Cosmo~-3?8: this satellite covere 

t h e: r ange of local ti-le - 5 hours during one 10 min real time 

flight across the dayside cusp. Owing to this point the re~ults 

of measurements from Cosros-j78 give the most convincing confir

mation of the magl!etospheric model by Winningham [ 5 J end Heik

kila {15j , constructed on the ground of the datR of many flight 

of t~.e satellite ::SIS-1 across the dayside cusp; accor,ding to 

this model the dayside cusp extends from the noon ~eridian ~J~ 

eeveral hours local time in bo+h sides. 
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fiFmre caption 

Fig. 1 Fluxes of electrons •:1i t!l f ~ 10 kev and £ ">'l.O kev. 

Positive ion density ( /'tt ) , electron tempere.ture ( ~ ) • 

~ffiT'- magnetic local time, 

LT - local time , 

UT - universal ~ime, 

rA111., < 10 kev - the angl e between the ma.g;netic vector and 

the normal to the a]?e:.:ture or the electrostatic anW.yze_• , 

ol.{'/q >4V kev - the angle between the mag:netic vector ".nd 

the normal to the averture of the gas-discharBe counter . 

A - the invariant latitude, 

h - the altitude of the satellite o>er 

the Earth 1 r surface. 
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